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PREFACE 

UV-exposuie represents the most important risk factor for the development of 
nonmelanoma skin cancer. Additionally, assessment of sun exposure parameters 
has consistently shown an association between the development of malignant 
melanoma and short-term, intense UV-exposure, particularly burning in childhood. 
As a consequence, protection of the skin from UV-exposure is an integral part of 
skin cancer prevention programs. However, more chronic, less intense UV-exposure 
has not been found to be a risk factor for melanoma and in fact has been found in 
some studies to be protective. Moreover, 90% of all requisite vitamin D is formed 
within the skin through the action of the sun—a serious problem—for a connection 
between vitamin D deficiency and various types of cancer (e.g., colon, prostate and 
breast cancers) has been demonstrated in a large number of studies. Hence, the as-
sociation between vitamin D deficiency and various internal malignancies has now 
opened a debate among dermatologists and other clinicians how to balance between 
positive and negative effects of solar and artificial UV-exposure. 

The goal of this volume is to provide a comprehensive, highly readable overview 
of our present knowledge of positive and negative effects of UV-exposure, with a focus 
on vitamin D and skin cancer. Topics that are discussed in-depth by leading researchers 
and clinicians range from the newest findings in endocrinology, epidemiology, histology, 
photobiology, immunology, cytogenetics and molecular pathology to new concepts for 
prophylaxis and treatment. Experts in the field as well as health care professionals not 
intimately involved in these specialized areas are provided with the most significant 
and timely information related to these topics. It is the aim of this book to summarize 
essential up-to-date information for every clinician or scientist interested in how to 
balance between positive and negative effects of UV-exposure to minimize the risks of 
developing vitamin D deficiency and skin cancer. 

All the chapters are written by authors who are experts in their respective research 
areas, and I am grateful for their willingness to contribute to this book. I would also 
like to express my thanks to Ron Landes, Cynthia Conomos, Megan Klein, Sara 
Lord and all the other members of the Landes Bioscience staff for their expertise, 
diligence and patience in helping me complete this work. 

Jorg Reichrath, Ph.D. 
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CHAPTER 1 

Sunlight, U V-Radiation, Vitamin D 
and Skin Cancer: 
How Much Sunlight Do We Need? 
Michael F.Holick* 

Abstract 

Vitamin D is the sunshine vitamin for good reason. During exposure to sunlight, the 
ultraviolet B photons enter the skin and photolyze 7-dehydrocholesterol to previtamin D3 
which in turn is isomerized by the body s temperature to vitamin D3. Most humans have 

depended on sun for their vitamin D requirement. Skin pigment, sunscreen use, aging, time of day, 
season and latitude dramatically affect previtamin D3 synthesis. Vitamin D deficiency was thought 
to have been conquered, but it is now recognized that more than 50% of the worlds population 
is at risk for vitamin D deficiency. This deficiency is in part due to the inadequate fortification of 
foods with vitamin D and the misconception that a healthy diet contains an adequate amount 
of vitamin D. Vitamin D deficiency causes growth retardation and rickets in children and will 
precipitate and exacerbate osteopenia, osteoporosis and increase risk of fracture in adults. The 
vitamin D deficiency has been associated pandemic with other serious consequences including 
increased risk of common cancers, autoimmune diseases, infectious diseases and cardiovascular 
disease. There needs to be a renewed appreciation of the beneficial effect of moderate sunUght for 
providing all humans with their vitamin D requirement for health. 

Prehistorical and Historic Perspectives 
The major source of vitamin D for most land vertebrates, including humans, comes from ex-

posure to sunlight. From a prehistoric perspective, some of the earliest unicellular organisms that 
evolved in the oceans including phytoplankton produced vitamin D when exposed to sunlight.̂ *̂  
Vertebrates that evolved in the ocean took advantage of their high calcium environment and used 
it effectively for developing a mineralized endoskeleton. When vertebrates ventured onto land, 
they needed to adapt to the calcium poor environment by increasing their efficiency for intestinal 
absorption of dietary calcium. They took with them the abiUty to photosynthesize vitamin D3 in 
their skin which became essential for enhancing intestinal calcium absorption and maintaining 
serum calcium levels in most land vertebrates including homosapiens.̂ "^ 

In the mid-1600s Whistler and Glissen reported that children living in industrialized cities 
in Great Britain had short stature and deformities of their skeleton especially their lower legs.̂  
This scourge of the industrialization of Europe and North America persisted for more than 250 
years. Even though Sniadeckî  suggested in 1822 that the most likely reason for why his young 
patients who lived in Warsaw had a high incidence of rickets while the children whom he cared 
for living in the countryside did not was due to lack of sun exposure. It would take 100 years 
to appreciate this insightful observation. Palm in 1889^ also recognized that "sunbathing" was 

*Michael F. Holick—Department of Medicine, Section of Endocrinology, Nutrition and 
Diabetes. Vitamin D, Skin and Bone Research Laboratory, Boston University Medical Center, 
715 Albany Street, M-1013, Boston, MA 02118, U.S.A. Email: mfholick@bu.edu 

Sunlight, Vitamin D and Skin Cancer, edited by Jorg Reichrath. ©2008 Landes Bioscience 
and Springer Science+Business Media. 
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2 Sunli^t, Vitamin D and Skin Cancer 

important for preventing rickets based on reports from his colleagues who saw children living 
in the most squalid conditions in India and Asia who were not afflicted with rickets whereas 
it was epidemic in the industrialized cities in Great Britain. By the turn of the 20th century 
upwards of 90% of children living in Leyden, The Netherlands and in Boston and New York 
City were afflicted with this bone deforming disease and suifered its long term consequences. In 
1903 Finsen received the Nobel Prize for his insightful observations that exposure to sunUght 
cured a variety of diseases including lupus vulgaris (skin infected with tuberculosis).^ Finally, in 
1919, Huldschinski^ reported that exposure of children to radiation from a mercury arc lamp 
was an effective means of treating rickets. This was quickly followed by the observation of Hess 
and Unger^ that exposure of children to sunlight on the roof of a New York City hospital was 
an effective means of treating rickets. 

The recognition that exposure of both people and animals to ultraviolet radiation was ef-
fective in preventing and treating rickets prompted Hess and Weinstock^ and Steenbock and 
Black̂ ^ to irradiate with ultraviolet radiation a wide variety of substances including lettuce, 
grasses and corn, olive and cotton seed oils. Before the irradiation, none of the substances 
had antirachitic activity, but after the irradiation, they were effective in preventing rickets in 
rodents. It was also known at that time that cod liver oil was an effective method for prevent-
ing and treating rickets and it was Park̂ ^ who demonstrated that rachitic rats could be cured 
of their bone disease by either cod liver oil or by ultraviolet irradiation suggesting that the 
two were related. Steenbock^ ̂  appreciated the practical benefit of these observations when 
he reported that the irradiation of cow s milk imparted antirachitic activity and, thus, would 
be an ideal way of preventing rickets in children. 

By the early 1930s it was appreciated throughout Europe and in the northeastern United 
States that exposing children to sensible and adequate sunlight without causing sunburn was 
an effective method of preventing rickets in children. The United States set up an agency in the 
US Government that promoted sensible sun exposure to parents as a means of preventing their 
children from developing rickets.̂ '̂ ^ 

Photoproduction of Vitamin D3 
When the skin is exposed to surdight, the ultraviolet B radiation (UVB) that is able to penetrate 

through the ozone layer with energies 290-315 nm (Fig. 1) is absorbed by 7-dehydrocholesterol 
in the epidermis and dermis.̂ '̂̂ '̂ ^ This absorption causes the double bonds to be excited causing 
the B-ring to open making the rigid steroid structure into a more flexible molecule known as 
previtamin D3 (Fig. 2). Previtamin D3 exists in two conformations. It is the thermodynamically 
less favorable cis, cis form that converts to vitamin D3. Thus, when previtamin D3 was made in an 
isotropic organic solution such as hexane or ethanol, it would take several days for it to convert to 
vitamin D3 at 37°C. To enhance the thermal induced isomerization of previtamin D3 to vitamin 
D3,7-dehydrocholesterol is incorporated within the fatty acid hydrocarbon side chain and polar 
head group of the triglycerides in the plasma membrane. When exposed to sunlight, 7-dehydro-
cholesterol is efficiently converted to the cis, cis conformer which rapidly isomerizes to vitamin 
D3 (Fig. 2). Vitamin D3 is ejected out of the plasma membrane into the extracellular space where 
it enters the dermal capillary bed bound to the vitamin D binding protein.̂ ^ 

There has been a lot of debate as to whether dietary vitamin D3 is equivalent to vitamin D3 made 
in the skin. Although both have the same biologic activity once they are metabolized, the half-life of 
vitamin D3 produced in the skin is prolonged in the circulation because 100% is bound to the vitamin 
D binding protein whereas when vitamin D3 is ingested, only about 60% is bound to the vitamin D 
binding protein and 40% is rapidly cleared in the lipoprotein bound fraction.^^ 

Factors Controlling Cutaneous Vitamin D Synthesis 
Melanin evolved as a sunscreen that absorbed UVB and ultraviolet A (320-400 nm) radia-

tion protecting the UV absorbing macromolecules including DNA, RNA and proteins from the 
damaging effects from excessive exposure to UVR. However, as people migrated north and south 
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Figure 1. Action spectrum of 7-dehydrocholesteroi to previtamin D3 conversion in human 
skin. Hoiick copyright 2007 with permission. 

of the equator, they needed to quickly mutate their skin pigment gene in order to have the ability 
to make enough vitamin D3 to sustain their calcium and bone metaboUsm.̂ ^ 

Melanin is so efficient in absorbing UVB radiation that it markedly reduces the cutaneous 
photosynthesis of vitamin D3. The dark melanin pigment of Africans and African Americans 
with skin types 5 and 6 (never burns, always tans) is so efficient in absorbing UVB radiation that 
it reduces the capacity of the skin to produce previtamin D3 by 95 to 99% when compared to a 
Caucasian with skin type 2 (always burns, sometimes tans).̂ ^ 

The application of a sunscreen with a sun protection factor of 15 absorbs approximately 
99% of UVB radiation and, thus, reduces the skin s capacity to produce previtamin D3 by 99%.̂ ° 
The angle at which the sun's rays hit the earth's surface has a dramatic effect on the cutaneous 
production of previtamin D3. As the angle of the sun becomes more oblique to the earth's 
surface, the UVB photons have to travel a longer path through ozone which efficiently absorbs 
them. Thus, season, latitude, time of day, as well as weather conditions dramatically affect the 
cutaneous production of previtamin D3̂ ^ (Fig. 3). Living above and below approximately 35° 
latitude, children and adults are able to produce an adequate amount of vitamin D3 in their 
skin during the spring, summer and fall. However, essentially all of the UVB photons are ab-
sorbed during the winter months, thus either completely eliminating or markedly reducing the 
capacity of the skin to produce vitamin D3. This is the explanation for why there is a seasonal 
variation in circulating levels of 25-hydroxyvitamin D3 [25(OH)D] which is considered to 
be the major circulating form of vitamin D̂ ^ (Fig. 4). Similarly, early in the morning and late 
in the afternoon, the sun's rays are more oblique and as a result, most of if not all of the UVB 
photons are absorbed by the ozone layer. Thus, even in the summer in the early morning and 
late afternoon little, if any, vitamin D3 is produced in the skin (Fig. 3). 
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Figure 2. Photolysis of provitamin D3 (pro-Da. 7-dehydrochoiesteroi) into previtamin D3 (pre 
D3) and its thermal isomerization to vitamin D3 in hexane and in lizard skin. In hexane is 
pro-D3 photolyzed to s-c/s,s-c/s-preD3. Once formed, this energetically unstable conformation 
undergoes a conformational change to the s-trans,s-c/s-preD3. Only the s-c/s,s-c/s-preD3 can 
undergo thermal isomerization to vitamin D3. The s-ds,s-cis conformer of preD3 is stabilized 
in the phospholipid bilayer by hydrophilic interactions between the 3p-hydroxl group and 
the polar head of the lipids, as well as by the van der Waals interactions between the steroid 
ring and side-chain structure and the hydrophobic tail of the lipids. These interactions sig-
nificantly decrease the conversion of the s-ds,s-ds conformer to the s-trans,s-ds conformer, 
thereby facilitating the thermal isomerization of s-c/s,s-c/s-preD3 to vitamin D3. Reproduced 
with permission,^^ copyright 1995 National Academy of Sciences, U.S.A. 

Sources and Metabolism of Vitamin D 
The major source of vitamin D (D represents D2 or D3) for most humans is exposure to sunlight. 

Very few foods naturally contain vitamin D. These include oily fish such as salmon, cod Uver oil 
which contains vitamin D3 and sun dried mushrooms which contains vitamin D2. Vitamin D3 
is 2 to 3 times more effective in raising blood levels of 25(OH)D compared to the same dose of 
vitamin Di.̂ ^ Some foods are fortified with vitamin D including milk and some juice products in 
the United States and Canada and some breads, margarines, cereals in the United States, Canada 
and Europe. Sweden and Finland now fortify milk with vitamin D. Typically there is 100 lU (10 
micrograms) of vitamin D in a serving such as 8 ounces of milk or orange juice.̂ '̂ ^ 

Once vitamin D is made in the skin or ingested firom the diet, it must metaboUze in the Uver 
to 25(OH)D^'^^ (Fig. 5). The metaboUte is biologically inactive, however, it is the major circu-
lating form of vitamin D that is used by physicians to determine a patients vitamin D status. 
25(OH)D undergoes an obligate hydroxylation by the 25-hydroxyvitamin D-la-hydroxylase 
(CYP27B1; 1-OHase) in the kidneys to form the biologically aaive form 1,25-dihydroxyvitaniin D 
(l,25(OH)2D). l,25(OH)2D, a steroid like hormone, interacts with its nuclear vitamin D receptor 
(VDR) in target tissues including the small intestine, osteoblasts in bone and in the renal tubular 
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Figure 3. Influence of season, time of day in July and latitude on the synthesis of previtamin 
D3 in Boston (42°N)-o-, Edmonton (52°N)-n-, Bergen (60°) - ^ - . The hour is the end of the 
one hour exposure time in July. Holick copyright 2007 with permission. 

cells in the kidneys. l,25(OH)2D is responsible for the maintenance of calcium homeostasis and 
bone health by increasing the efficiency of intestinal calcium absorption, stimulating osteoblast 
function and increase bone calcium resorption. It also enhances the tubular resorption of calcium 
in the kidneys (Fig. 5). 

1,25(OH)2D is such a potent regulator of calcium metabolism that in order to control its own 
actions, it induces its own destruction by enhancing the expression of the 25-hydroxyvitamin 
D-24-hydroxylase (CYP24)?^-^^ CYP24 causes oxidation on carbons 24 and 23 leading to the 
formation of a C23 acid known as calcitroic acid. This water soluble inactive metabohte is excreted 
in the bile (Fig. 5). 

Role of Vitamin D in the Prevention of Chronic Diseases 
Most tissues and cells in the body including brain, skin, breast, prostate, colon and activated 

T and B lymphocytes possess a VDR.̂ '̂̂ ^ It is now recognized that l,25(OH)2D is one of the 
most potent hormones for regulating cell growth and maturation. It is estimated that more 
than 200 genes are either directly or indirectly influenced by l,25(OH)2D.^^ 

There have been numerous studies that have implicated living at higher latitudes and being at 
increased risk of vitamin D deficiency with many serious and chronic and deadly diseases including 
cancers of the colon, prostate and breast, autoimmune diseases including multiple sclerosis, type 
I diabetes and rheumatoid arthritis, infectious diseases including tuberculosis and influenza and 
hypertension and heart disease.̂ '̂̂ '̂̂  

What has been perplexing is the fact that exposure to sunlight results in an increase of circulating 
levels of 25(OH)D but not l,25(OH)2D. The reason is that parathyroid hormone, calcium and 
phosphorus and fiberblast growth factor 23 tightly control the production of l,25(OH)2D in the 
kidneyŝ ^ (Fig. 5). Since 25(OH)D is incapable of altering vitamin D responsive gene expression 
at physiologic concentrations, there needed to be another explanation for the sunlight-vitamin 
D health connection. 

It has been recognized for more than 30 years that activated macrophages, placenta and skin 
expressed the l-OHase."̂ ^̂ ^ In the late 1990 s, there were numerous reports of various cell culture 
systems that expressed the 1-OHase that were capable of converting 25(OH)D3 to l,25(OH)2D3 
including colon, prostate, breast and lung cell cultures.̂ "̂̂ "̂  It was also observed that normal prostate 
cells obtained from prostate biopsies and both normal and colon cancer cells obtained at the time 
of surgery expressed the 1-OHase and had the capacity to make l,25(OH)2D.̂ ^^^ These observa-
tions have led to the hypothesis that by raising blood levels of 25 (OH)D, there is enough substrate 
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Figure4. A: Relationship between hours of sunshine and serum 25(OH)D. • Hours of sunshine; 
• 25(OH)D (ng/ml). B: Seasonal fluctuation of serum 25(OH)D according to frequency of 
sun exposure. • Regular sun exposure; • Occasional sun exposure; • Avoiding direct sun 
exposure. Reproduced with permission,^^ copyright 2001 British Journal of Nutrition. 

for many tissues and cells in the body that express the 1-OHase to produce locally l,25(OH)2D. 
It s believed that the local production of 1,25(OH)2D is important for regulating cell growth and 
maturation and, thus, is able to prevent cells from becoming malignant. l,25(OH)2D3 accom-
plishes this by either restoring the cell to its normal proliferative state or by inducing its death by 
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apoptosis. If the cell becomes malignant, an additional strategy for l,25(OH)2D^^ is to inhibit 
angiogenesis to the malignant cells.̂ ^ 

l,25(OH)2D locally produced by macrophages is important for innate immunity in humans. 
l,25(OH)2D enhances the production of the bacteriocidal protein catheUcidin which was shown 
to be effective in killing infective agents including Microbacterium tuberculosis.^ l,25(OH)2D is 
also an effective immunomodulator which may be the explanation for why the local production of 
1,25(OH)2D by activated macrophages may be important for reducing risk of developing multiple 
sclerosis, rheumatoid arthritis and Crohn's disease.̂ ^ In addition, l,25(OH)2D enhances the produc-
tion of insulin and, thus, may play an important role in type II diabeteŝ ^ and metabolic syndromê ^ 
and inhibits the production of renin̂ ^ which is important for blood pressure regulation. 

Vitamin D Deficiency Pandemic 
It is estimated that one billion people world-wide are at risk of vitamin D deficiency.̂ ^ Upwards 

of 30-50% of both children and adults in the United States, Europe, South America, Middle East 
and Far East are at risk.̂ '̂̂ ^ The major cause for this pandemic is the lack of appreciation of the 
beneficial effect of sunlight in producing vitamin D.̂ *̂ *̂̂ ^ In the sunniest areas of the world, vitamin 
D deficiency is common because of lack of adequate sun exposure.̂ ^̂ ^ 

It has been previously thought that the adequate intake for vitamin D to satisfy the body's 
requirement is 200 lU for all children and adults up to the age of 50 years, 400 lU for adults 51 
to 70 years and 600 lU of vitamin D for adults over the age of 70.̂ ^ However, it is now recognized 
that a 25(OH)D should be at least 30 ng/ml to have the fidl benefits of vitamin D for overall 
health and welfare.̂ -̂ '̂̂ '̂  In order to attain a level above 30 ng/ml, 800 to 1,000 lU of vitamin 
D/d is required from dietary sources or from exposure to sunlight.̂ '̂ *̂̂ '̂̂ ^ Since diets that include 
vitamin D supplemented foods are only able to satisfy between 10 and 40% of this requirement, 
it is not at all surprising that vitamin D deficiency is probably one of the most common medical 
conditions world-wide. 

The consequences of vitamin D deficiency are often silent, but insidious in nature. For children, 
it may prevent them from attaining their peak height and bone mineral density.̂ '̂ ° Adults are at 
increase risk of developing osteopenia, osteoporosis and increase riskof fracture.̂ '̂̂ '̂̂ ^ In addition, 
vitamin D deficiency increases risk of a wide variety of chronic diseases (Fig. 6). 

Sunlight, Vitamin D and the Skin Cancer Conundrum 
Humans evolved in sunUght and their skin pigment gene has evolved in order to protect the 

skin from the damaging effects from excessive exposure to sunlight, but permitting enough UVB 
radiation to enter the skin to produce an adequate amount of vitamin D to sustain health. The 
pigment gene has rapidly mutated to decrease skin pigmentation^^ in order to permit humans to 
survive in environments where there is markedly reduced UVB irradiation and, thus, vitamin D3 
synthesis. 

The skin has a large capacity to make vitamin 03̂ *̂ .̂ When young and middle aged adults were 
exposed one time to one minimal erythemal dose of ultraviolet B radiation, the circulating levels 
of vitamin D that were observed 24 hours after the exposure were similar to adults who ingested 
between 10,000 and 25,000 lU of vitamin D2̂ ^ (Fig. 7). Thus, only minimum suberythemal ex-
posure to sunlight is often adequate to satisfy the body's vitamin D requirement.̂ ^^^ 

It is well documented that excessive exposure to sunlight will increase risk of nonmelanoma 
skin cancers.̂ "̂  However, it is also known that occupational sun exposure decreases the risk of the 
most deadly form of skin cancer, melanoma.̂ '̂̂ ^ 

People of color who live near the equator and are exposed to sunlight on a daily basis sustain 
blood levels of 25(OH)D of 40-60 ng/ml.̂ ^ Their skin was designed to produce an adequate 
amount of vitamin D and the melanin pigmentation prevents the damaging effects minimizing 
risk of nonmelanoma skin cancer. 

As skin pigment devolved in order to permit humans to produce an adequate amount of vita-
min D3, the skin was perfectly designed to take advantage of the beneficial effect of sun exposure 
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Figure 5. Schematic representation of the synthesis and metabolisnn of vitamin D for regulating 
calcium, phosphorus and bone metabolism. During exposure to sunlight 7-dehydrocholesterol 
(7-DHC) in the skin is converted to previtamin D3 (preDj). PreDs immediately converts by a heat 
dependent process to vitamin D3. Excessive exposure to sunlight degrades previtamin D3 and 
vitamin D3 into inactive photoproducts. Vitamin D2 and vitamin D3 from dietary sources are 
incorporated into chylomicrons, transported by the lymphatic system intothe venous circulation. 
Vitamin D (D represents D2 or D3) made in the skin or ingested in the diet can be stored in and 
then released from fat cells. Vitamin D in the circulation is bound to the vitamin D binding protein 
which transports it to the liver where vitamin D is converted by the vitamin D-25-hydroxylase 
(25-OHase) to 25-hydroxyvitamin D [25(OH)D]. Figure legend continued on next page. 
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Figure 5, continued from previous page. This is the major circulating form of vitamin D that 
is used by clinicians to measure vitamin D status (although most reference laboratories 
report the normal range to be 20-100 ng/ml, the preferred healthful range is 30-60 ng/ml). 
25(OH)D is biologically inactive and must be converted in the kidneys by the 25-hydroxyvi-
tamin D-la-hydroxylase (1-OHase) to its biologically active form 1,25-dihydroxyvitamin D 
[1,25(OH)2D]. Serum phosphorus, calcium, fibroblast growth factor (FGF-23) and other fac-
tors can either increase (+) or decrease (-) the renal production of l,25(OH)2D. l,25(OH)2D 
feedback regulates its own synthesis and decreases the synthesis and secretion of parathyroid 
hormone (PTH) in the parathyroid glands. 1,25(OH)2D increases the expression of the 25-hy-
droxyvitamin D-24-hydroxylase (24-OHase) to catabolize 1,25(OH)2D and 25(OH)D to the 
water soluble biologically inactive calcitroic acid which is excreted in the bile. 1,25(OH)2D 
enhances intestinal calcium absorption in the small intestine by stimulating the expression of 
the epithelial calcium channel (ECaC; also known as transient receptor potential cation chan-
nel sub family V member 6; TRPV6)) and the calbindin 9K (calcium binding protein; CaBP). 
1,25(OH)2D is recognized by its receptor in osteoblasts causing an increase in the expression 
of receptor activator of NFKB ligand (RANKL). Its receptor RANK on the preosteoclast binds 
RANKL which induces the preosteoclast to become a mature osteoclast. The mature osteoclast 
removes calcium and phosphorus from the bone to maintain blood calcium and phosphorus 
levels. Adequate calcium and phosphorus levels promote the mineralization of the skeleton 
and maintain neuromuscular function. Holick copyright 2007 with permission. 

while minimizing the damaging effects. A study in people who frequent a tanning bed at least 
once a week at the end of the winter had robust levels of 25(OH)D of approximately 40-50 ng/ml 
which was comparable to people of color being exposed to sunlight on almost a daily basis living 
near the equator̂ ^ (Fig. 8). 

Figure 6. A schematic representation of the major causes for vitamin D deficiency and potential 
health consequences. Holick copyright 2007 with permission. 
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Figure 7. Comparison of serum vitamin D3 levels after a whole-body (in a bathing suit; trunks 
for men, bikini for women) exposure to 1 MED (minimal erythema! dose) of simulated sunlight 
compared with a single oral dose of either 10,000 or 25,000 lU of vitamin D2. Reproduced 
with permission,^^ copyright 2002 Current Opinion in Endocrinology and Diabetes. 

Aging will dramatically affect the amount of 7-dehydrocholesterol in human skin.̂ ^ As a result, 
a 70 year old has about 25% of the capacity to produce vitamin D3 in their skin compared to a 
young adult. However, because the skin has such a large capacity to produce vitamin D3, elders 
exposed to either sunlight,̂ -̂ '̂̂ ^ a tanning bed̂ ^ or other UVB emitting deviceŝ âre able to raise 
their blood levels of 25(OH)D often above 30 ng/ml. 

How long should a person be exposed to sunlight to satisfy their vitamin D requirement ? It depends 
on time of day, season of year, latitude, weather conditions and the persons d^ee of skin pigmentation. 
Typically for a Caucasians skin type II livii^ at approximately 42° N in June at noon-time, exposure of 
arms and 1 ^ to sunlight on a dear day between the hours of 10 and 3 pm for approximately 5-15 minutes, 
two to three times a week is adequate to satisfy the body's vitamin D requirement. The use of sun pro-
tection of the face is reasonable since it is often the face that is most sun exposed and sun damaged and 
relative to the rest of the body based on surface area provides only a minimum amount of vitamin D3. 
After the 5-15 minutes of sun exposure, the application of a sunscreen with a SPF of at least 15 is then 
recommended if the person stays outside for a longer period of time in order to prevent sun buming 
and the damaging effects due to excessive exposure to sunlight. 

Conclusion 
Humans have always depended on sun for their vitamin D requirement. It is curious that the 

same UVB radiation that is so beneficial for maldngvitamin D3 is also the major cause of nonmelanoma 
skin cancer. It is excessive exposure to simlight and the number of sunburns that is responsible 
for the alarming increase in nonmelanoma skin cancer.̂ ^ The fact that most melanomas occur 
on the least sun exposed areas at least raises the question whether moderate sun exposure is at all 
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Figure 8. Mean (±SEM) serum 25-hydroxyvitamin D concentrations in tanners and nontanners. 
Single points for each category are means ± SEMS. *Significantly different from nontanners, P 
<0.001. Reproduced with permission/^ copyright 2004, American Society for Nutrition. 

related to an increase risk of this deadly disease. Two reports suggest that moderate sun exposure 
decreases the risk.^^'^^ It is also worth noting that children and young adults who had moderate 
sun exposure had a decreased mortaUty if they developed melanomâ ^ and a 40% reduced risk of 
developing nonHodgkin s lyumphoma.̂ ^ 

It s unfortunate that the sun has been demonized for more than thirty years by those who have been 
poorly informed or lack knowledge about the beneficial effea of sunlight̂ ^ that our forefathers had 
appreciated more than 100 years ago. Most experts agree that at least 800-1,000 lU of vitamin D/d is 
needed for all children and adults to help sustain healthfiil blood levels of 25(OH)D of >30 ng/mL 
It is very difficult if not impossible to obtain this amount of vitamin D from dietary sources. It is also 
unrealistic to recommend that all humans on the planet increase their vitamin D intake to 1,000 lU of 
vitamin D/d and to avoid all direa sun exposure. There needs to be moderation in the recommendation 
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regarding sensible sun e3q)osure and increasing die awareness of die vitamin D deficiency pandemic. 
Increased food fortification with vitamin D and encouraging both children and adults to increase their 
vitamin D intake firom a vitamin D supplement of 1,000 lU/d is also needed. 
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CHAPTER 2 

Solar Ultraviolet Irradiance 
and Cancer Incidence and Mortality 
William B. Grant* 

Introduction 

Rates for many cancers are generally higher with increased distance from the equator. The 
first paper positing a link between sunlight and reduced risk of cancer was published in 
1937.̂  Persons in the US Navy with greater "skin irritation** (actinic keratosis and skin 

cancer) had lower risk of internal cancers. A second paper appeared then reported that residents of 
sunnier states had lower cancer risk.̂  Although many studies have tried to explain these geographic 
variations, including differences in dietary factors and socioeconomic status, the most promising 
is that solar ultraviolet-B (UVB) (290-315 nm), through production of vitamin D, reduces the 
risk of cancer incidence and increases survival chances. Data at the World Health Organization^ 
indicated large latitudinal gradients in cancer mortaUty rates recorded as early as 1955 for breast, 
colon, intestinal, lung, prostate, rectal and renal cancer. However, rates were also low for countries 
where much fish was consumed, such as Iceland and Japan and in countries where animal products 
were a small fraction of the total energy supply, such as Egypt. Thus, it would have taken a clever 
researcher to suggest that solar UVB and fish were important sources of vitamin D and could 
explain much of the variance. 

This chapter reviews the observational support for the UVB/vitamin D/cancer theory, outlines 
the supporting evidence and discusses the level of certainty for the theory. It also presents the 
evidence for beneficial effects of UVB and vitamin D for other diseases and conditions. 
Cancer 

Solar UVB of Geographic Location as the Index of Vitamin D 
Production—Single- Country Studies 

The solar UVB/vitamin D/cancer theory was proposed in 1980 by Cedric and Frank Garland, 
then associated with the Johns Hopkins School of Public Health. They heard a lecture on the 
geographic variation of cancer mortality rates in the United States that was based on the Adas of 
Cancer Mortality for US Counties: / 950'1969^ Maps had age-adjusted mortality rates for various 
cancers displayed in color for five categories: 

• significantly high, in highest decile; 
• significantly high, not in highest decile; 
• in highest decile, not significant; 
• not significandy different from the United States; and 
• significandy lower than the United States. 

For most of the cancers, the color for "not significandy different from the US" dominated the 
atlas. However, for large-intestine-except-rectum cancer for males, Arizona, southern California 
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and New Mexico were colored "significandy lower dian die US," as were parts of die soudiern 
states east of the Mississippi River, whereas the northeast had the highest rates. They knew that it 
was sunny in the southwest and hypothesized that since the most important physiological effect of 
solar radiation was the production of vitamin D, vitamin D levels must be higher in the southwest. 
Vitamin D, they posited, reduced the risk of cancer mortahty. They did an ecologic study of colon 
cancer mortality rates for 17 metropoUtan and 32 nonmetropoUtan stateŝ  with respect to annual 
hours of solar radiation on the basis of cancer data in LiUenfeld et al.̂  

Their work was slowly extended over the next two decades. They showed that dietary vitamin 
D and calcium were inversely correlated with coloreaal cancer̂  and that serum 25-hydroxyvitamin 
D (calcidiol) levels were inversely correlated with colon cancer.̂  They also extended their ecologic 
studies to include breast̂ '̂ ^ and ovarian cancer.̂ ^ Their account of their work on vitamin D was 
recendy pubUshed as a commentary^ ̂  along with the republication of their seminal paper in the 
International Journal of Epidemiology,̂ ^ along with commentaries by others on the progress 
and status of the understanding of the roles of UVB and vitamin D in cancer risk reduction.̂ "̂ ^̂  
Schwartz and coworkers added prostate cancer to the list of vitamin D-sensitive cancers in the 
1990s as well.̂ '̂̂ ° Freedman added nonHodgkins lymphoma (NHL) in 1997 through a study of 
residential and occupational exposure to sunUght and mortaUty.̂ ^ 

However, the 1990s saw litde progress on the UVB/vitamin D/cancer theory, partly because 
the ecologic approach was considered only a hypothesis-generating approach^^ and since the 
case-control and cohort studies designed to test the hypothesis were based primarily on dietary 
vitamin D. Diet provides about 250-300 international units (lU) (6-8 fxg) of vitamin D per day 
in the United States, primarily from vitamin D3-fortified foods such as dairy.̂ ^ Dietary sources of 
vitamin D are too low to have an easily discernible effect on colorectal cancer risk since it takes about 
1,000-1,500 lU/day to reduce the risk by about 50%.̂ "̂ ^̂  Supplements could provide that much, but 
the US recommended daily allowance is about 400 lU/day and both vitamin D2 (ergocalciferol) 
and vitamin D3 (cholecalciferol) are used in US supplements. Vitamin D2 is much less effective 
than vitamin D3,̂ ^ and most researchers did not consider whether the vitamin D used was D2 or 
D3. Thus, there was litde support provided for the theory for about two decades. 

Two ongoing concerns: 1) many think that UV irradiance is associated primarily with risk of 
skin cancer and cutaneous malignant melanoma (CMM) and 2) market-based economic systems 
have Utde incentive to promote solar UVB irradiance and oral vitamin D consumption to reduce 
the burden of disease. However, the risk of skin cancer and CMM should generally be of much 
less concern than the health benefits of vitamin D for most people. 

The case for the UVB/vitamin D/cancer theory was bolstered in 2002 when I, then working 
in atmospheric sciences at the NASA Langley Research Center in Hampton, Virginia, published 
a paper identifying 14 UVB/vitamin D-sensitive cancers [Grant, 2002b] (Tables 1 and 2). After 
publishing a few ecologic studies of dietary links to Alzheimer's disease,̂ ^ heart disease,̂ ^ prostate 
cancer,̂ ° and rheumatoid arthritis,̂ ^ I focused on cancer in the United States after the more recent 
Adas of Cancer Mortality in the United States, 1950-94}^ became available. After determining 
that dietary factors could not explain the up to a factor-of-two variation in mortaUty rates between 
the southwest and northeast, I posed two questions: how many cancers were UVB sensitive and 
how many Americans died prematurely from cancer annually because of insufficient UVB and 
vitamin D. Since my position at NASA dealt with stratospheric ozone, I knew about the surface 
solar UVB map for July 1992 derived from the NASA Total Ozone Mapping Spectrometer 
(TOMS) satellite instrument.̂ ^ The overall variation of the UVB doses seemed to match the 
maps in the Adas, with highest UVB in the southwest, lowest in the northeast and intermediate 
elsewhere. I digitized the map to provide values to use with the approximately 500 state economic 
areas of cancer mortaUty rate data. I omitted some states from the analysis since some of the high 
cancer rates near the Mexican border were apparendy unrelated to solar UVB and other cancer 
risk-modifjdng factors were not included in the analysis. The finding in this study was that about 
14 cancers were UVB/vitamin D sensitive and that 17,000-23,000 Americans died prematurely 
from cancer annually.̂ ^ This study prompted others on the role of solar UVB and vitamin D in 
reducing cancer risk. 
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Ô " 
ro 

od ro 

rC ro 

"̂  ro 

vO 
vO 

<T> 
ro 

oo" 
ro 

^ ro 

vO 
LO 

0^ 
ro 

oo" 
ro 

'̂  ro 

, ̂~" 

"̂  

IX 
oo 
'— 
VO 

00 
vO 
CN 

LO 

^ 
^ ro 

00 
^ ^ . CN 
CN CN K 

^ O T— hv T— VO '^ 
r^ i:^ Tt VO VO K OO ^ 
' - r-* ro d ' - "̂ * f^ * 

o rC fo" o" vo" ro" °° ?i q o" o 
CO LO ro ^ cyj O 1̂  CD CN "^. ^ 
•^ CD K r-* CN K I T- rs '^* -^ 

_̂ 0) 
T5 
T3 

CO 

en 

CD 

C 
o 
o u 

15 a; 
0) ^ GDTJ 
nj 03 
-5 i5 

Q. 

O 

cj I 2 z O 

0̂  

5 "̂  i;; 
S u 2 
if en qj 

D> af Q/ 

en I 
Q) I 
•ft I 
Cn I 

^ I 
D 
(D I 

-C 

c I 
r5 I 

O 
o" o 

^ I 
^ I 
(D I 

• ^ I 
I * I 



Solar Ultraviolet Irradiance and Cancer Incidence and Mortality 19 

Table 2, Vitamin D-sensitive cancers with moderate support 

Cancer Mortality Rate, 1970-94^^ M,F North America Europe 

66, 67, 56 

Leukemia 
Lung 
Multiple myeloma 
Oral 
Ocular melanoma, uveal 
Small intestine 
Thyroid 
Totals 

8.80,5.16 
69.4, 23.93 
3.10,2.08 
3.99,1.41 

0.33, 0.42 

39,98 
34,37 
39 
38,98 
121 
39 
39 
7 

66, 

56 
2 

*deaths/100,000/year in the United States 

Soon, Freedman reported her ifindings regarding sunlight and mortality from breast, ovar-
ian, colon, prostate and nonmelanoma skin cancer (NMSC) on the basis of a composite death 
certificate-based case-control study.̂ ^ Only female breast and colon cancer, however, also showed 
significant negative associations with jobs with the highest occupational exposure to sunlight 
(odds ratio [OR], 0.82 (95% confidence interval [CI], 0.70-0.97) for female breast cancer; OR 
0.90 (95% CI, 0.86-0.94) for colon cancer). NMSC was direcdy correlated with sunUght, yielding 
evidence that the index of solar UVB was reasonable. 

Since the ecologic study using the TOMS UVB doses did not include data for other cancer 
risk-modifying factors, more studies were conducted in which such factors were included. Lung 
cancer mortality rate was used as the index of the health effects of smoking, based on an analysis 
of lung cancer mortality rates with respect to other cancer mortaUty rates for black American 
males.̂ ^ Other factors included alcohol consumption per capita rates, fraction of the popula-
tion living below the poverty level, fraction of the population living in urban regions and ethnic 
background. Mortality rate data in the United States are divided into those for white and black 
Americans, white Americans including Hispanics. Thus, the data for black Americans could be 
treated separately, whereas for Hispanic heritage, the fraction of the population with Hispanic 
heritage was used as a factor. Since the data for several of these factors was most readily available 
by state, the state was adopted as the geographical unit in these studies. 

Fifi:een types of cancer were then identified as UVB/vitamin D sensitivê '̂̂ ^ (Tables 1 and 2). 
Three minor cancers, gallbladder and oral cancer and Hodgkin s lymphoma, were added to that 
list. They could be added because 1) by using state-averaged data, the statistical uncertainties were 
reduced and 2) by including the other factors, their effects on the geographic variations could be 
accounted for. Three cancers reported as having significant correlations with UVB—cervical, 
laryngeal and pancreatic cancer—were later determined to have a spurious correlation due to 
an interaction with other factors rather than an effect of solar UVB. Hie correlations with other 
risk-modifying factors other than the poverty index generally agreed with the journal literature. 
However, it was recendy realized that the criterion for statistical significance at the 95% confidence 
level {p < 0.05) is valid only for univariate regressions; in multiple linear regression analyses, the 
correct value is 0.05/«, where n is the number of factors in the model. Thus, many of the factors 
identified in boldface font in Refs. 37 and 38 as statistically significant at the 95% confidence level 
but with/? > 0.009 were found not to be significant in a later analysis that also included dietary 
factors [Grant, in preparation]. The poverty index was no longer correlated with cancer risk when 
dietary factors were included. 

More recendy, Boscoe and Shymurâ ^ did an ecologic study of US cancer incidence and mortality 
rates. They used data from a set of 3.1 million incident cancer cases and 3.1 million cancer deaths 
from the North American Association of Central Cancer Registries'̂  and the National Cancer 
Institute s SEER*Stat database.̂ ^ They processed TOMS UVB data to obtain annual average data with 
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a 1-degree by 1-degree (approximately 100 km x 100 km) grid. They found stronginverse correlations 
with cancers at 12 sites, weaker inverse correlations for eight sites and inverse correlations for three 
cancers that were different for the sexes. For some cancers, mortality rates had a higher correlation 
with UVB than did incidence rates: bladder, colon, other biliary, ovarian, rectal, renal, soft tissue, 
uterine corpus and vulvar cancer and NHL, whereas for others, the situation was reversed: gastric, 
pancreatic and prostate cancer, leukemia and multiple myeloma. The effect of vitamin D may be 
apparently stronger with respect to mortality rates than with incidence rates since cancer initiation 
and progression is affected by many factors, whereas metastasis may be affected by fewer factors and 
vitamin D reduces metastasis. Also, some of the cancer screening programs such as mammography 
often identify types of cancer that might not become life threatening if left untreated. 

Diet is also important in cancer etiology. In previous work, I assumed that dietary macro- and 
micronutrients were too uniformly consumed in the United States to determine their effect. 
However, I recendy found dietary data for the four quadrants of the United States for 1988-94'̂ '̂̂ ^ 
and included these data in the analysis of US cancer mortality rates for 1970-94. Dietary zinc 
was inversely correlated with 12 types of cancer, whereas dietary iron was directly correlated with 
10 and solar UVB was inversely correlated with 11 cancers for which the iron and/or zinc index 
was significandy correlated [Grant, in preparation]. Thus, adding more factors to the ecologic 
study did not eliminate solar UVB as a risk reduction factor for US cancer. However, the dietary 
sources of zinc include whole grains, beans/legumes, red meat and seafood, whereas the primary 
dietary source of iron is red meat. Many components of the dietary sources probably contribute 
to cancer risk modification, so taking zinc supplements to try to reduce the risk of cancer would 
be premature. 

Two case-control studies found NHL inversely correlated with solar UVB. An AustraUan study 
found odds ratios (ORs) of 0.5-0.6 for increased solar irradiance, with greater benefit correlated 
with nonworkday exposures."^ A Swedish study found ORs of 0.6-0.7 for the highest levels of 
solar irradiance."̂ ^ Interestingly, both countries have many Ught-skinned white people who Uve in 
countries with near highest and lowest solar UVB doses. However, a recent study conducted in 
Connecticut, USA, found direct correlations between several measures of solar UV irradiance and 
risk of NHL.'^ In addition, it was noted that several other papers had reported similar results. It 
could be the case that UVB, through production of vitamin D, reduces the risk ofNHL, while UVA, 
through other mechanisms, increases the risk of NHL. Further research is clearly indicated. 

Five independent reviews of single-country ecologic studies of solar UVB irradiance and cancer 
risk have been conducted recendy. Two were from those actively developing and extending the 
theory."̂ '̂"̂ ^ Two others were from some who have devoted most of their careers to studying the ill 
effects of solar UV irradiance such as a risk factor for CMM and NMSC.'̂ ''̂ ^ Another was from 
a group with Utde investment either way.̂ ^ All five reviews agreed that, at least for some cancers, 
there is reasonably strong evidence for a beneficial effect. 

Critique of Geographic Location as the Index of Solar UVB Irradiance 
Despite the general agreement among these three US ecologic studies, the concerns have been 

raised that either UVB irradiances are not well correlated with UVB doses or that in summer, 
vitamin D production rates from solar UVB irradiance are practically independent of latitude.̂ ^ 
Kimlin et al s objection is surprising in light of the large variation of US solar UVB doses in July,̂ ^ 
as well as a recent estimate of vitamin D production rates as a fimction of latitude in Australia, 
finding a strong latitudinal gradient.̂ ^ The US July variation is due primarily to two factors: 1) 
higher surface elevation from the Rocky Mountains to the west and 2) lower stratospheric ozone 
column over the western United States because of the prevailing westerly winds pushing the tro-
popause height upward as the air masses prepare to cross the Rocky Mountains. 

NMSCas the Index of Vitamin D Production 
Several studies have addressed the first objection by using NMSC incidence or mortaUty rate 

as the index of UVB irradiance at the population level. For fair-skinned individuals, approximately 
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80% of NMSC deaths are due to squamous cell carcinoma (SCC).̂ "̂  The most important risk 
factor for SCC is integrated lifetime UVB irradiance.̂ ^ 

I recently used NMSC mortality rates as the index of UVB irradiance at the population level in 
an ecologic study of cancer morality rates in Spain.̂ ^ In a country such as Spain, where the inhabit-
ants descended from people who have lived there long enough that their skin phenotype has adapted 
to normal UV doses, they are fairly well protected against skin cancer and CMM.̂ ^ Thus, NMSC 
mortality rates should reflect UVB irradiance rather than merely being related to latitude, as it is 
in countries such as the United States, where most inhabitants have skin phenotypes that are not 
well suited for the usual UV doses in the southern portion of the country. Lung cancer mortality 
rates were used for the effects of smoking and both latitude and CMM mortaUty rates were used 
in an exploratory fashion. Age-adjusted mortality rates for various cancers for 48 continental 
provinces for 1978-92 were used. Seventeen cancers had mortality rates inversely correlated with 
NMSC mortaUty rates,̂ ^ including both lung cancer and CMM. UVA irradiance appears to be the 
primary risk factor for CMM in association with Ught pigmentation, whereas UVB and vitamin 
D reduce the risk. Latitude was not as useful an index for UVB as was NMSC in this case. 

A second study was a meta-analysis of discovery of a second cancer after diagnosis of NMSC. 
The data for each type of second cancer had to be adjusted for smoking rates for each population 
by using lung cancer rates since smoking is a risk factor for basal cell carcinoma (BCC)̂ ^ and SCC^̂  
but a risk reduction factor for CMM.̂ -̂ ^ Several cancers were found to have rates significandy less 
than 1.00 for average lung cancer rates: for a diagnosis of SCC, risk ratios for subsequent colon, 
gastric and rectal cancers were significantly reduced, with that for renal cancer being marginally 
insignificant. For NMSC, risk ratios for cervical, esophageal, gastric and rectal cancer were sig-
nificantly reduced; those for colon and gallbladder cancer were marginally insignificant, whereas 
those for female breast, laryngeal, ovarian, renal and uterine corpus cancers were insignificantly 
reduced.̂ ^ 

Several other studies correlated diagnosis of NMSC with reduced risk of other cancers. A 
study in The Netherlands found that skin cancer patients were at decreased risk of developing 
prostate cancer compared with the general population (standardized incidence ratio [SIR], 0.89, 
95% CI, 0.78-0.99), especially shordy after diagnosis.̂ ^ The risk of advanced prostate cancer was 
significandy decreased (SIR, 0.73, 95% CI, 0.56-0.94), indicating a possible antiprogression ef-
fect of ultraviolet radiation. A UK study correlated all measures of solar UVB irradiance (e.g., 
skin phenotype, childhood sunburning and sunbathing) with reduced risk of prostate cancer.^ 
Although reduced risk of prostate cancer was always correlated with increased risk of BCC, this 
seems a small price to pay, especially since BCC is easy to treat and when similar effects would 
be expected for many UK cancers. Ihus, the studies involving diagnosis of or death from NMSC 
strongly support the UVB/vitamin D/cancer theory. 

Solar UVB Doses or Geographic Location as the Index of Vitamin D 
Production—Multicountry Studies 

Single-country ecologic studies prove that cancer incidence and mortaUty rates often increase 
with increasing latitude. This phenomenon can also be seen in a comparison of cancer mortaUty 
rates versus latitude for common cancers in several countries. However, there is not a good cor-
relation of cancer rate with latitude per se for such data since many factors affect cancer risk in 
addition to solar UVB. Thus, other factors such as diet,̂ ^ smoking rates and alcohol consumption 
should be included in the model for multicountry ecologic studies. A second challenge is to find 
an appropriate index for solar UVB. Latitude is the easiest index to use, but better indices are 
based on either UVB measurements or models to estimate UVB doses on the basis of latitude, 
stratospheric ozone, cloud cover and perhaps surface elevation. The third chaUenge is that health 
care systems differ in screening and treatment for cancer and other diseases. Including countries 
with similar health care systems or including as many countries as possible to overcome the effect 
of different health care systems is one solution. 
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I presented the first multicountry study to investigate the role of UVB in reducing the risk of 
cancer.̂ '̂̂ ^ I used cancer mortaUty rates for 1989-91 for 16 Western European countries in an eco-
logic study. The first study used latitude as the index of solar UVB doses, whereas the second used 
annual average solar UVB doses from the European Light Dosimeter Network.̂ ^ Dietary supply 
factors including alcohol for 1974-76 or 1979-81^^ were used for the effects of diet. It takes about 
15-20 years for cancer to go from initiation to discovery or death/^ so there should be a similar 
lag between dietary supply data and cancer rates. Eight cancers had significant correlations with 
increasing latitude (Tables 1 and 2). Latitude or solar UVB doses were not a good index for vitamin 
D for the Nordic countries, where fish and supplements provide much of the vitamin D.̂ ^ 

I conducted an ecologic study of breast cancer by using mortaUty rates for 1989-96, dietary 
supply data from 1974-76 and 1979-81 and latitude from 35 countries.^ The countries were studied 
as all, all less Asian and all less Asian and Latin American countries. The fraction of energy derived 
from animal products (risk) combined with that from vegetable products (risk reduction), followed 
by solar UV-B radiation and, to a lesser extent, energy derived from alcohol (risk) and fish intake 
(risk reduction), explained 80% of the variance of breast carcinoma mortality rates. The dietary 
factors identified in this study are now generally accepted as important for breast cancer risk. 

There have been a few multicountry ecologic studies of prostate cancer with respect to solar 
UVB. In one study, mortality rates in 32 countries with white people as the predominant popula-
tion were used with latitude and dietary supply factors.̂ ^ Latitude was not a s^ificant factor in 
a multiple linear regression analysis. In the second study, mortality rate data for 71 countries in 
2000 were used with UVB data that were obtained from the Tropospheric Emission Monitoring 
Internet Service,̂ ^ and dietary faaors were obtained from the FAO.̂ '̂̂ ^ The normalized correlation 
coefficient for the UVB index was -0.27 (95% CI, -0.58 to 0.04). Thus, this study found UVB to 
be marginally insignificantly inversely correlated with prostate cancer mortality rates. 

Cancer incidence and mortality rates for 17 "Astern developed countries in 2002̂ ^ were recendy 
used in a multicountry study with latitude and maximum temperature used as UVB indices, along 
with dietary supply factors for 1985, fraction of energy derived from animal products, alcohol, fruit 
and sweeteners (added sugar).^ Interestingly, for breast cancer, the UVB index was important for 
mortality rates but not incidence rates, possibly reflecting the effea of mammographic screening 
on incidence rates. For NHL and renal cancer, the adjusted i?̂  was higher for mortality rates than 
for incidence rates. Perhaps more factors affect cancer incidence than cancer mortality, so that the 
UVB/vitamin D effect is more pronounced for mortaUty rates. 

The multicountry ecologic approach is now being appUed to cancer incidence rates on a truly 
global scale by the group at UC-San Diego led by Garland. They developed a UVB index based 
on solar UVB at the top of the atmosphere, the angle with respect to the surface and either cloud 
cover in winter^ or stratospheric ozone amount.̂ ^ For renal cancer, solar UVB was significantly 
inversely correlated with incidence rates, as was fraction of dietary energy derived from animal 
produas, whereas cloud cover was inversely correlated.̂  For ovarian cancer, solar UVB and fertiUty 
rate were inversely correlated with incidence rates, whereas ozone was directly correlated.̂ ^ More 
investigations using this approach are under way. 

CMM 
Several studies indicate that CMM is also a vitamin D-sensitive cancer. Sunscreen use was 

Unked to CMM risk in the 1990s.̂ ° The reason proposed was that simscreen in widespread use 
at the time blocked UVB weU but not UVA. Diffey essentially conceded that point when point-
ing out that modern sunscreen formulations should provide good protection against CMM.̂ ^ A 
study reported that risk of CMM among fair-skinned people living at different latitudes changes 
more slowly than that for SCC and BCC.̂ ^ The difference is attributed to the slower latitudinal 
variation of UVA than UVB. Osborne and Hutchinson^^ reviewed the evidence for vitamin D. 
Another study reported that CMM rates in a multicountry study were correlated with the ratio 
of UVA to UVB.̂ "̂  A dietary study found that risk of CMM was inversely correlated with oral 
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vitamin D.̂ ^ The finding of the ecologic study in Spain that CMM mortality rates were inversely 
correlated with NMSC further indicates a beneficial role of UVB.̂ ^ 

UVB is considered an important risk factor for CMM partly because CMM rates are strongly 
correlated with solar UV doses where fair-skinned white people live in countries considerably 
equatorward of their Northern European ancestral homelands and litde effort is made to separate 
the effects of UVA and UVB. However, inspection of data in the Adas of Cancer Mortality in the 
United States, 1950-94,̂ ^ provides more evidence for the role of UVA, not UVB, in the etiology 
of CMM. First, between 1950-69 and 1970-94, mortality rates for NMSC decreased by 31% 
for white males and 47% for white females, whereas the corresponding changes for CMM were 
increases of 89% and 42%, respectively. Second, in an ecologic study of cancers that includes such 
factors as smoking, poverty and dietary data, CMM rates are linked to latitude, whereas NMSC 
rates are linked to solar UVB doses for July [Grant, submitted]. Latitude here is assumed to be an 
index for solar UVA doses since UVA is much less affected by surface elevation than UVB and is 
not affected by ozone. 

Causality 
Most evidence supporting a beneficial role of solar UVB for cancer is observational and generally 

ecologic. Thus, examining the ecologic approach's validity and determining whether the criteria 
for causaUty in a biological system are generally satisfied is worthwhile. 

Ecologic Approach 
The ecologic approach has long been used. A famous early work was John Snow s use of a 

map of cholera cases in London to identify the Broad Street well as source of the outbreak and 
take effective action, even though the mechanism of transmission was unknown.̂ ^ A well-known 
ecologic study of the relation between diet and various forms of cancer appeared in 1975.̂ ^ Many 
types of cancer were found correlated with animal fat in a multicountry ecologic study, providing 
the strongest evidence up to that time of diet s importance in cancer risk. However, a paper by 
one of the same authors later suggested that ecologic studies could be used only for generating 
hypotheses, not in proving links.̂ ^ Ecologic studies are considered prone to overlook confounding 
factors that more likely explain the correlations identified. The ecologic approach has been held in 
low regard for many years pardy because seemingly well-designed cohort studies could not confirm 
the findings of the ecologic studies.̂ ^ However, when overall dietary patterns were considered, 
the cohort studies identified that the Western diet was associated with colorectal cancer risk.̂ ^ A 
case-control study found meat direcdy correlated and fish inversely correlated with breast cancer 
incidence.̂ ^ The vegetable to meat consumption ratio was a relevant factor in cancer studies.^ 
Thus, systematic problems with the cohort studies may sometimes be used to downplay ecologic 
study results. One limitation is that many of those in the cohort have similar dietary patterns. 
This effect was recently highlighted in the Women's Health Initiative study of a "low-fat diet" 
and risk of colorectal cancer; the low-fat diet had the women consuming about 30%-32% of their 
energy in the form of fat compared with 40% in the control group or at the start of the study ;̂^ 
no significant risk reduction was found. 

Another way to judge the effectiveness of ecologic studies is to look for ecologic studies that 
first identified the link between a risk factor and a disease. Some examples firom my work include 
the first study to link dietary factors to risk of Alzheimer's disease (total fat and total energy as 
risk factors, fish and cereals/grains as risk reduction factors),̂ ^ sugar as a risk factor for coronary 
heart disease for women,̂ ^ meat as a risk factor for the expression of rheumatoid arthritis,̂ ^ and 
the addition of nine cancers to the list of UVB/vitamin D-sensitive cancers.^ All these findings 
have been well supported in subsequent observational studies. 

Yet another way to judge the validity of a hypothesis or theory is to examine whether predictions 
based on the model can be verified. There are several ways this has been done for the UVB/vitamin 
D/cancer theory: 

• Determining whether oral vitamin D reduced the risk of cancer. This prediction was 
satisfied for colorectal cancer̂ '̂ *̂̂ ^ and breast cancer.̂ ^ 
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• Determining whether serum calcidiol is inversely correlated with cancer risk, which it 
is.« 

• Determining whether cancer rates correlate inversely with indices for solar UVB irradi-
ance in individual countries. This assertion has been found true for Japan,̂ ^ Australia,"^ 
Norway,̂ ^ Spain,̂ ^ China [Grant, submitted] and France [Grant, submitted]. 

Criteria for Causality 
Hill laid out causality criteria for a biological system in his Presidential Address to the Royal 

Medical Society in 1965.̂ ^ They were based on those postulated by Robert Koch in 1882, which 
Koch had used to help justify his finding that a bacterium caused tuberculosis.̂ ^ Criteria are use-
ful because cause-effect relations in biology do not generally have tight equations as they do for 
physics and engineering. 

The primary criteria for diseases such as cancer are strength of association, reproducibiUty in 
different populations, a generally linear dose-response relation, identification of mechanisms, ac-
counting for confounding factors and experimental verification. 

Strength of Association 
Strong inverse correlations have been found for many cancers with respect to solar UVB doses 

or irradiances (Tables 1 and 2). 

Reproducibility 
The ecologic study results have been repeated in many populations and under many different 

conditions, as indicated in Tables 1 and 2. Some earUer studies on dietary vitamin D or serum 
calcidiol failed to find a significant effect on cancer risk reduction because the amounts considered 
in the study were generally too low, often because the contributions from solar UVB irradiance 
were overlooked.̂ ^ However, there are some puzzling results in the Uterature, such as for pancreatic 
cancer. The data from two cohorts in the United States found a statistically significant risk reduc-
tion with respect to dietary vitamin D.̂ ^ However, a study of male Finnish smokers found that 
higher prediagnostic serum calcidiol was associated with a threefold increased risk of pancreatic 
cancer.^ 

Dose-Response Relation 
Dose-response relations are generally Unear, although there may be some saturation at the 

higher doses.̂ "̂  Meta-analyses of studies of oral intake of vitamin D and serum calcidiol have es-
timated the dose-response relations for coloreaal cancer, with 1,000-1,500 lU/day required for 
a 50% reduction̂ *̂̂ ^ and breast cancer (4,000 lU/day for a 50% reduction) .̂ ^ Giovannucci et al̂ ^ 
estimated that 1,500 lU/day would reduce male cancer mortality rate by 29%. 

However, several studies have questioned the dose-response relation for prostate cancer. The 
most recent, one in the Nordic countries,'̂  found that both low and high levels of serum calcidiol 
were associated with increased risk for prostate cancer. This finding is still being investigated. 

Mechanisms 
The well-known mechanisms whereby vitamin D reduces the risk of cancer include increased 

cellular differentiation and apoptosis, increased calcium absorption, attenuation of growth signals, 
reduced angiogenesis around tumors and reduced metastasis.̂ ^̂ ^̂ ^ 

Accountingfor Confounding Factors 
Recent studies of solar UVB and cancer mortaUty rates have included several other risk-mod-

ifying factors such as smoking, alcohol consumption, ethnic background,̂ '̂̂ ^ and diet.̂ '̂̂ '̂  

Experimental Verification 
Lack of experimental verification in a prospective double-blind, randomized, placebo-controUed 

study is the primary weakness in linking solar UVB and vitamin D to cancer risk reduction. The 
health systems used to quaUfy synthetic pharmaceutical drugs for disease treatment and generally 
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require such a study showing effectiveness before drugs can be marketed. There has been at least 
one prospective double-bhnd study on vitamin D plus calcium supplementation and colorectal 
adenoma, a precursor to colorectal cancer,̂ °̂  which found a beneficial effect of the two substances 
combined. The largest related trial to date, the Women's Health Initiative study,̂ ^ had the partici-
pants take only 400 lU of vitamin D3/day and found no effect on risk of either colon cancer or 
hip fracture rate. This amount was too low to have a pronounced effect. However, those women 
with higher oral intake of vitamin D before starting the study had a 40% reduced colorectal 
cancer risk.̂ °̂  

In summary, the UVB/vitamin D/cancer theory generally satisfies the criteria for causality, 
lacking only a well-designed and conducted double-blind study. I believe that such a study would 
readily provide the desired experimental verification. 

Other Diseases for Which Solar U VB and Vitamin D Are Beneficial/ 
Protective 

Although solar UVB and vitamin D are hot topics in cancer risk reduction, these faaors are also 
beneficial for other problems, including bone conditions and diseases, muscles and neuromuscular 
control, autoimmune diseases and infectious diseases. Table 3 summarizes these conditions and 
diseases and the strength of the evidence for the beneficial effect of solar UVB and/or vitamin D. 
There are also several recent reviews on the health benefits of vitamin D.̂ ^̂ '̂ ^̂  

Summary and Conclusion 
Evidence supporting the UVB/vitamin D/cancer theory continues to mount with Uttle detrac-

tion, although there are some inconsistent results, such as some from Nordic countries, with respect 
to serum calcidiol levels. Also, studies designed and conducted before it was realized that dietary 
sources are largely inadequate to have a pronounced effect on cancer risk were largely unable to 
confirm a beneficial role for vitamin D in reducing the risk of cancer.̂ ^ 

The analysis of the economic burden of solar UVB irradiance and vitamin D deficiencies com-
pared to excess solar UV irradiance for the United States yielded interesting findings. One was 
that the US economic burden due to vitamin D insufficiency from inadequate exposure to solar 
UVB irradiance, diet and supplements was estimated at $40 billion to $56 billion in 2004, whereas 
the economic burden for excess UV irradiance was estimated at $6 billion to $7 billion. ̂ °̂ These 
findings are probably still approximately correct, if not on the low side, with respect to vitamin D 
because of the additional benefits found recently, such as protection against infectious diseases. 

Table 3. Conditions and diseases for which solar UVB and/or vitamin D are beneficial 

Case-Control̂  
Condition or Disease Hypothesis Latitudinal Studies Cohort Studies Mechanisms 

107, 108 

115,116 

Bone health 
Muscle pain avoidance 
Hypertension 
Periodontal disease 
Parkinson's disease 
Multiple sclerosis 
Type 1 diabetes mellitus 
HIV 
Influenza 

112 

119 
120 

110 

113,114 
117 

109 

111 

118 
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CHAPTER 3 

Vitamin D Status and Cancer Incidence 
and Mortality 
Edward Giovannucci* 

Introduction 

The role of excessive sun exposure in increasing risk of skin cancers is well established. Less 
known, less established and more controversial is the potential role of sun exposure in 
reducing risk of several types of internal cancers. The hypothesis that sunlight may be 

beneficial against several types of cancer extends back almost seven decades. Initially, Peller and 
Stephenson observed higher rates of skin cancer, but lower rates of other malignancies in United 
States Navy personnel in the 1930s.̂  Based on this observation, Peller and Stephenson hypothesized 
that acquiring skin cancer conferred immunity against other cancers. Several years later, Apperly 
observed an association between latitude and cancer mortality rate, which led him to state that 
"The presence of skin cancer is really an occasional accompaniment of a relative cancer immunity 
in some way related to the exposure to solar radiation".̂  However, no plausible mechanism was 
proffered and these observations were essentially ignored for about four decades. In 1980, Garland 
and colleagues hypothesized that the potential benefit of sun exposure was attributed to vitamin 
D.̂  Initially, the hypothesis was centered on colon cancer,̂  but later it was extended to breast 
cancer,̂  ovarian cancer,̂  prostate cancer,̂ '̂  and to multiple cancer types.̂  

When Garland and colleagues hypothesized a role of vitamin D, the hypothesis was premised 
on the fact that sun exposure increases vitamin D levels, but the varied actions of vitamin D were 
not well understood at the time. Subsequently, the potential benefit of vitamin D on cancer risk 
has received substantial experimental support. These laboratory studies have suggested the fol-
lowing model: many cells types, normal as well as neoplastic, express vitamin D receptors, express 
l-a-hydroxylase which can convert 25(OH)D to the active l,25(OH)2D and activation of the 
vitamin D receptor induces a number of anti-cancer properties, including reduced proUferation, 
invasiveness, angiogenesis and metastatic potential and increased differentiation and apoptosis.̂  
Such data suggest that autocrine or paracrine influences of 25(OH)D could potentially help retard 
cancer causation or progression in some tissues. If the 25(OH)D level is rate limiting for these ac-
tions, associations with indicators of vitamin D status and cancer incidence and mortality should 
be observable in human populations, depending on the dose-response relation and on the range 
of vitamin D status in the specific population considered. 

Since Garland s initial hypothesis, a number of epidemiologic studies have generated evidence 
regarding the role of sun exposure or vitamin D on risk of various cancers. In these studies, the 
measurement of sun exposure is assumed to be a determinant of vitamin D status. The basis of this 
assumption is that the vast majority of vitamin D in most human populations is made through 
exposure to solar UV-B radiation. However, it is possible that sun exposure has other yet to be 
identified effects. Limited randomized trial data to test the vitamin D-cancer hypothesis are 
currently available. This chapter provides a review and synthesis of these studies, focusing on the 
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relative strengths and limitations of the various approaches that have been utilized to evaluate the 
relationship between vitamin D status and cancer occurrence or progression. 

Ecologic Studies of Sun Exposure 
Latitude or region UV-B radiation has been examined in relation to various cancers.̂ '̂ '̂ ^ In gen-

eral, lower incidence and mortality rates of various cancer have been noted in regions with greater 
solar UV-B exposure. For example, Grant showed that regional UV-B radiation in the United States 
correlated inversely with mortaUty rates of numerous cancers, especially for cancers of digestive 
organs.̂  In Grant s analysis, the strongest associations were observed for cancers of the colon and 
rectum; out of all the preventable cancers estimated attributable to Uving in a low sun area, 60% 
were due to colorectal cancer in men; in women, 35% were due to colorectal cancer and 42% were 
attributable to breast cancer. In total, at least 15 types of cancers have been correlated with low sun 
exposure.̂  ̂  Those of the colorectum and breast appear to be most important quantitatively. 

An important limitation of these ecologic studies is that other potentially confounding fac-
tors related to regional differences in solar UV-B radiation could account for the associations; 
thus, a cause-effect association is not secure. However, corroborating evidence that an inverse 
association between regional solar UV-B exposure and cancer risk may be causal is that this as-
sociation is observed in regions outside of the United States. Indeed, similar relationships have 
been observed in diverse populations such as in Japan for digestive organ cancers (esophagus, 
stomach, colon, rectum, pancreas and gallbladder and bile ducts) ̂ ° and Spain.̂ ^ Thus, a putative 
confounding factor would have to have similar relationships with regional solar UV-B exposure in 
diverse populations such as in the United, Spain and Japan. This possibility cannot be excluded, 
but appears somewhat remote. 

The capability of region to act as a surrogate of solar UV-B radiation and vitamin D status is 
prone to a number of complexities. These include increasing urbanization over time and more 
time spent indoors, winter vacations to sunny climates and altered sun exposure behavior such as 
sun avoidance or use of sun-screen. These factors could vary among populations and could change 
over time within the same population. Of note, in a study in Spain,̂ ^ the rates a number of cancers 
correlated inversely with rates of nonmelanoma skin cancer. This finding confirms that region is a 
good surrogate of actual UV-B exposure, at least in some circumstances, because rates of nonmela-
noma skin cancer (especially squamous cell cancer) are very likely associated with cumulative sun 
exposure. A potential strength of ecologic studies is that they may provide some indication of sun 
exposure during childhood and adolescence; such an assessment may be difficult in typical cancer 
cohort or case-control studies, which are usually conducted in adulthood. Even cancers that are 
diagnosed in middle-aged or elderly individuals may have been initiated during childhood. 

Case-Control and Cohort Studies of Sun Exposure 
Ecologic data examine hypotheses at the population level. Case-control and cohort studies, 

called analytic epidemiologic studies, assess exposure and outcome at the individual level. In 
principle, confounding may be better controlled because typically more detailed information 
can be assessed on other covariates in analytic studies. In addition, the study population may be 
relatively homogenous, which may reduce the potential for residual or uncontrolled confounding 
that may not be captured by multivariate analysis. An additional strength of such studies is that 
exposure is actually assessed for the individual, whereas in ecologic studies eiq)osure is inferred—for 
example, presumably living in sunnier regions may allow for greater opportunity for sun exposure, 
but actual exposure will depend on the individuals' behaviors. Because the strengths and potential 
limitations of ecologic and analytic epidemiologic studies differ, these two sources of data can be 
considered complementary. 

Several case-control and cohort studies have assessed surrogates of sun exposure in relation to 
cancer risk. Prostate cancer appears to be the most studied cancer through this method. In a cohort 
study of 3414 white men, among whom 153 developed prostate cancer based on NHANES I 
data, residence in the South at baseline (relative risk (RR) = 0.68), state of longest residence in 
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the South (RR = 0.62) and high solar radiation in the state of birth (RR = 0.49) were associated 
with significant reductions in prostate cancer risk.̂ ^ In a recent population-based cohort study 
conducted in the Netherlands, male skin cancer patients diagnosed since 1970 (2,620 squamous 
cell carcinomas, 9,501 basal cell carcinomas and 1,420 cutaneous maUgnant melanomas) were 
followed up for incidence of invasive prostate cancer until 2005.̂ ^ Skin cancer patients had an 
11% reduction in total prostate cancer and a 27% reduction in advanced prostate cancer relative 
to expected population rates. The reduction was especially seen in patients with skin cancers that 
were located in the chronically ultraviolet radiation-exposed head and neck area. 

An innovative approach has been to use a reflectometer to measure constitutive skin pigmenta-
tion on the upper underarm (a sun-protected site) and facultative pigmentation on the forehead 
(a sun-exposed site) to calculate a sun exposure index.̂ ^ The difference between facultative skin 
pigmentation and constitutive pigmentation is a function of overall sun exposure, at least on the 
forehead. This measurement predicted risk of advanced prostate cancer in a case-control study. 
Specifically, a reduced risk of advanced prostate cancer was associated with high sun exposure de-
termined by reflectometry (RR = 0.51) and high occupational outdoor activity level (RR = 0.73). 
Others have used factors such as childhood sunburns, hoUdays in a hot climate and skin type in 
case-control studies to predict prostate cancer risk. In a study in the United Kingdom, subgroups 
stratified by childhood sunburns, holidays in a hot climate and skin type displayed a remarkable 
13-fold gradient in prostate cancer risk across extremes of sun and skin type exposure. ̂ '̂̂^ 

Freedman et al̂ ^ conducted a large death certificate based case-control study of mortaUty from 
five cancers: female breast, ovarian, colon, prostate and nonmelanoma skin cancer as a positive 
control to examine associations with residential and occupational exposure to sunlight. The cases 
consisted of all deaths from these cancers between 1984 and 1995 in 24 states of the United States. 
The controls were age frequency matched to a series of cases and excluded deaths from cancer and 
certain neurological diseases because of possible relationships with sun exposure. The investigators 
found that residential exposure to sunlight was inversely associated with mortality from female 
breast, ovarian, prostate and colon cancer. However, only female breast and colon cancer also were 
significantly inversely associated with jobs with the highest occupational exposure to sunUght 
(RR = 0.82 for breast cancer and RR = 0.90 for colon cancer). For both of these cancers, the 
inverse association with occupational sunlight was greatest in the geographical region of highest 
exposure to sunUght. Also, these associations were independent of occupational physical activity 
level. Nonmelanoma skin cancer, acting as a "positive control", was positively associated with both 
residential and occupational sunUght. 

In the Health Professionals Follow-Up Study, men living in the northeastern and mid-Adantic 
states had a statistically significant 24% higher rate of cancers of the digestive system compared 
to those living in the southern states.̂ ^ This result was adjusted for multiple cancer risk factors, 
including age, tobacco use, body weight, physical activity, various dietary factors and alcohol. In 
a sample of the cohort, men living in these states were shown to have lower levels of 25(OH)D by 
6.4 nmol/L compared to men living in the South. In a United States population-based case-control 
study of colon cancer limited to Northern California, Utah and Minnesota, estimated sun exposure 
by residence was only weakly and non-significandy associated with a reduced cancer risk (RR = 
0.9).'° 

Prospective Studies of Circulating 25 (OH) vitamin D and Cancer Risk 
A relatively small number of studies have examined plasma or serum 25(OH) level in relation 

to cancer risk, especially for colorectal cancer and for prostate cancer. The circulating 25(OH)D 
level accounts not only for skin exposure to UV-B radiation, but also for total vitamin D intake 
and for faaors such as skin pigmentation that all affect vitamin D status. 25(OH)D has a relatively 
long half-life (ti/2) in the circulation of about 2-3 weeks and thus can provide a fairly good albeit 
imperfect indicator of long-term vitamin D status. For example, in one study of middle-aged to 
elderly men, the correlation of two 25(OH)D measures approximately three years apart was 0.7̂ ^ 
In epidemiologic studies, circulating 25 (OH)D has typically been based on a measure in archived 
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blood samples in a nested case-control study. Because the sample is taken before the diagnosis of 
cancer, in some cases over a decade before, it is unlikely that any association observed is spuriously 
due to the cancer influencing the blood level, a phenomenon referred to as reverse causation. 
Several studies have been based on the measurement of 25(OH)D in individuals already diagnosed 
with cancer; these studies need to be interpreted very cautiously because of the potential for the 
phenomenon of reverse causation. Results for studies of colorectal cancer, prostate cancer and 
breast cancer are briefly reviewed here. 

Studies that have examined 25(OH)D levels prospectively in relation to risk of colorectal cancer 
or adenoma have generally supported an inverse association.̂ '̂̂ ^ In a recent systematic review of the 
colorectal cancer studies, individuals with >33 ng/mL (82 nmol/L) serum 25-hydroxyvitamin D 
had 50% lower incidence of colorectal cancer (p < 0.01) compared to those with relatively low 
values of less than or equal to 12 ng/mL (30 nmol/L) .̂ ° The total number of colorectal cancer 
cases was 535. The two largest studies were based on the Nurses' Health Study (NHS) and the 
Women's Health Initiative (WHI) In the NHS,̂ "̂  the multivariable RR, controlling for the known 
risk factors for colorectal cancer, decreased monotonically across quintiles of plasma 25(OH)D 
concentration, with an RR of about 0.5 for those with the highest compared to the lowest levels 
of 25(OH)D. In the WHI, a similar inverse association was observed between baseUne 25(OH)D 
level and colorectal cancer risk. The WHI was primarily a randomized placebo-controlled trial of 
400 lU vitamin D plus 1,000 mg a day of calcium in 36,282 postmenopausal women; however, as 
discussed below, the interventional component of this study did not support a protective role of 
vitamin D intake.̂ ^ A similar reduced risk of colorectal cancer has been confirmed in the Health 
Professionals FoUow-Up Study (submitted manuscript). Thus, based on multiple studies of circulat-
ing 25(OH)D and colorectal cancer risk, individuals in the high quartile or quintile of 25(OH)D 
had about half the risk of colorectal cancer as did those in the lowest group. The dose-response 
appears fairly linear up to a 25(OH)D level of at least 35-40 ng/mL and controlling for multiple 
covariates have had litde influence on the findings. 

Although ecologic studies of regional UV-B exposure and of sun exposure in case-control studies 
tend to support an association for sun exposure and prostate cancer risk, higher 25(OH)D level has 
not been clearly associated with a reduced risk for prostate, although some of the studies suggest 
weak inverse associations.̂ '̂̂ ^ In addition, four studies that have evaluated dietary or supplemental 
vitamin D have not found substantial protection for prostate cancer.̂ "̂̂  Only two studies,̂ "̂̂ ^ which 
were conducted in Nordic countries, supported an inverse association for 25(OH)D. However, 
one of these studies also found an increased risk in men with the highest 25(OH)D values."̂ ^ 
Although l,25(OH)2D that is produced intracellularly is believed to be more important than 
circulating l,25(OH)2D, several studies found supportivê ^ or su^estive^^ inverse associations 
for circulating 25(OH)D and aggressive prostate cancer, particularly in older men. With further 
follow-up in the Physicians' Health Study, men with both low 25(OH)D and l,25(OH)2D were 
at higher risk of aggressive prostate cancer (RR = 1.9).'̂ ^ In the Health Professionals Follow-up 
Study, both lower 25(OH)D and l,25(OH)2D appeared to be associated surprisingly with lower 
(mosdy early stage) prostate cancer risk̂ ^ but possibly with higher risk of advanced prostate cancer, 
although numbers of advanced cases were limited (n = 60).̂ ^ Thus, overall the studies of circulat-
ing 25(OH)D have been equivocal for prostate cancer; the association has not been as clear as 
that for colorectal cancer. 

In one study, breast cancer cases had lower 25(OH)D levels than did controls."^ Another study 
found that serum levels of 25(OH)D were significandy higher in patients with early-stage breast 
cancer than in women with locally advanced or metastatic disease."̂ ^ However, the possibiUty of 
reverse causation cannot be ruled out in these two studies because 25(OH)D levels were assessed 
in women who already had breast cancer. In the Nurses' Health Study, stored plasma samples were 
assessed in 701 breast cancer cases and 724 controls."^ Cases had a lower mean 25(OH)D level than 
controls (P = 0.01) and women in the highest quintile of 25(OH)D had a RR of 0.73 (P trend 
= 0.06) compared with those in the lowest quintile. The association was stronger in women ages 
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60 years and older, suggesting that vitamin D may be more important for postmenopausal breast 
cancer. There have been no other prospective studies of 25(OH)D level and breast cancer risk. 

There is one report of a prospective study of serum 25(OH)D in relation to pancreatic cancer 
risk. This study was based on the Finnish Alpha-Tocopherol, Beta-Carotene Cancer Prevention 
cohort of male Finnish smokers.'̂ ^ Contrary to expectation, this study found a significant posi-
tive association between higher 25(OH)D levels and increased risk of pancreatic cancer. This 
association persisted in multivariate analysis and after excluding cases early in follow-up (to avoid 
reverse causation). 

One analysis based on the Health Professionals Follow-up Study used a surrogate of 25(OH)D 
to examine risk of total cancer.̂ ^ The analysis was based on a two-stage approach. First, in a sample 
of 1,095 men in this cohort circulating 25(OH)D levels were measured. Then, geographical region, 
skin pigmentation, dietary intake, supplement intake, body mass index and leisure-time physical 
activity (a surrogate of potential exposure to sunUght UV-B) were used to develop a predicted 
25(OH)D score using multiple linear regression. This score can be interpreted as an estimate of 
25(OH)D level. Secondly, the score was calculated for each of approximately 47,000 cohort mem-
bers and then this variable was examined in relation to subsequent risk of cancer incidence and 
mortaUty using multivariate analysis. In the cohort analysis, a 25 nmol/L increment in predicted 
25(OH)D was associated with a 17% reduction in total cancer incidence and an even greater 29% 
reduction in total cancer mortality. Additionally, digestive cancers (colorectal, pancreatic, stomach 
and esophageal cancers) were considered as a group, as these had been considered a priori to be 
most likely to be "vitamin D sensitive** based on ecologic geographic data in the United States 
and in Japan.̂ '̂ ^ The risk reduction of total cancer incidence and mortality was largely though not 
solely due to a the reduction in digestive organ cancers; specifically, a 43% reduction in incidence 
and 45% reduction in mortality for these cancers was associated with a 25 nmol/L increment 
in 25(OH)D. A strong inverse association overall was also found for oral/pharyngeal cancers 
and for leukemias. Multivariate analysis of the major known risk factors for cancer risk had little 
influence on the findings. 

The predicted 25(OH)D approach may have some advantages and disadvantages compared to 
the use of a single measurement of circulating 25(OH)D in epidemiologic studies. The measure-
ment of 25(OH)D is more direct, intuitive and encompasses some of the sources of variabiUty of 
25(OH)D not taken into account by the score. The most important of these is actual sun exposure 
behaviors, such as type of clothing and use of sunscreen. However, in some aspects, the predicted 
25(OH)D measure may provide a comparable or superior estimate of long-term vitamin D status 
over a single measurement of circulating 25 (OH)D. Most importandy, some factors accounted by 
the predicted 25(OH)D score are immutable (skin color) or relatively stable (region of residence, 
body mass index). In contrast, circulating 25(OH)D level has a half-life of two to three weeks and 
thus a substantial proportion of variabiUty picked up by a single blood measure would likely be 
due to relatively recent exposures that are not necessarily representative of long-term exposure. Of 
interest, in the Health Professionals Follow-Up Study, for colon and advanced prostate cancer, an 
actual measure of 25(OH)D and the score provide similar (approximately 40-50% reduction in 
colon cancer risk and su^estive but nonsignificant 20% reductions in advanced prostate cancer 
risk. These finding surest that as a measure of long-term vitamin D status, presumably the exposure 
of interest, the predicted score provides a comparable assessment as does a single measurement of 
circulating 25(OH)D. 

Studies of Vitamin D Intake 
Vitamin D intakes are relatively low in general and in most populations much more vitamin 

D is made fi:om sun exposure than is ingested. Nonetheless, vitamin D intake is an important 
contributor to 25(OH)D levels, especially in winter months in regions at high latitudes when 
it may be the sole contributor. A number of case-control and cohort studies have examined 
vitamin D intake in relation to risk of colorectal cancer or adenoma. These studies, which have 
been reviewed in detail previously, have generally found an inverse association between vitamin 
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D intake and risk of colorectal cancer or adenoma.̂ "̂ '̂̂ ^ Many of the studies controlled for known 
or suspected risk factors for colorectal cancer. However, because calcium and vitamin D intakes 
tend to be correlated, the independent effects of vitamin D and calcium intakes may be difficult 
to separate entirely. The magnitudes of the risk reductions have been relatively modest in the range 
of 20 to 30% reductions in studies in the United States, where supplement use is higher and milk is 
fortified with vitamin D. Yet, even with added vitamin D from supplementation and fortification, 
vitamin D intake at typical levels currently do not raise 25(OH)D levels substantially and most 
variability in populations comes generally from sun exposure. 

In contrast to colorectal cancer, studies of vitamin D intake and prostate cancer risk have gener-
ally not supported an association with prostate cancer incidence.̂ ^"^ One report, which combined 
data firom the Nurses* Health Study and the Health Professionals Follow-Up Study examined total 
vitamin D intake (from diet and supplements) in relation to pancreatic cancer risk based on 365 
incident cases over 16 years of follow-up.̂ ° This study found a linear inverse association, with a 
significant 41 percent reduction in risk comparing high (>600 lU/day) to low total vitamin D 
intake (< 150 lU/day). There is some suggestive but limited evidence of a potential relationship 
between higher vitamin D intake and lower risk of breast cancer. ^̂ '̂^ 

Randomized Trial of Vitamin D Intake and Colorectal Cancer 
Only one adequately powered randomized controlled trial has examined vitamin D intake in 

relation to cancer risk, specifically colorectal cancer. The WHI, a randomized placebo-controlled 
trial of 400 lU vitamin D plus 1000 mg a day of calcium in 36,282 postmenopausal women, did not 
support a protective role of calcium and vitamin D over a period of seven years, with 332 colorectal 
cancer cases diagnosed.^ However, this study likely had important limitations. First, the vitamin 
D dose of 400 lU/day was probably inadequate to yield a substantial contrast between the treated 
and the control groups. Specifically, the expected increase of serum 25(OH)D level following an 
increment of 400 lU/day would be approximately 3 ng/ml. In comparison, in the epidemiologic 
studies of 25(OH)D, the contrast between the high and low quintiles was generally at least 20 
ng/mL. This wide range is likely due primarily to differences in sun exposure. Further, the adher-
ence was sub-optimal and a high percentage of women took nonstudy supplements, so the actual 
contrast of 25(OH)D tested between the treated and the placebo group in the intent-to-treat 
analysis was further reduced. An additional factor is that it is unclear if the duration of seven years 
was sufficiendy long to show an effea. In fact, the epidemiologic data on duration, although limited, 
suggest that any influence of calcium and vitamin D intakes may require at least 10 years to emerge 
for colorectal cancer as the endpoint.̂ "̂  Thus, this WHI trial was probably not a robust test of the 
hypothesis that improving vitamin D status would lower the incidence of colorectal cancer. 

Solar Radiation, Vitamin D and Survival Rate of Colon Cancer 
Some recent studies have examined seasonal variation of the time of cancer diagnosis and treat-

ment in relation cancer prognosis. The populations studied were in areas of high latitude, where 
vitamin D production does not occur during the winter months. The first study was conducted in 
Norway, where all cancer diagnoses since 1953 have been registered in the Cancer Registry. The 
investigators examined the influence of season of diagnosis on survival from colon, prostate and 
breast cancers.̂ *̂̂ ^ No significant annual variation in the incidence rates of these cancers was found, 
suggesting that there was no seasonal bias in the diagnosis of cancers. The death rates at 18 months, 
36 months and 45 months were 20 to 30% lower in the cancers diagnosed in autumn months 
compared with those diagnosed in the winter months. The findings were very statistically robust, 
being based on over 40,000 breast, colon and prostate cancer cases. Subsequently, some potential 
benefit of autumn season of diagnosis was observed for lung cancer with an approximately 15% 
lower case fatality for yoimg male patients diagnosed during autumn versus winter.̂ ^ Finally, in this 
population, season of diagnosis was examined in relation to survival from Hodgkin s lymphoma.̂ ^ 
A 22% improved survival was observed for autumn versus winter diagnosis and a 63% improved 
survival was noted for patients younger than 30 years. 
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A study of surgery season and vitamin D intake with recurrence-free survival in 456 early-stage 
nonsmall cell lung cancer patients was conducted in Boston, Massachusetts.̂ ^ Patients who had 
surgery in the summer had a better recurrence-free survival than those who had surgery in the 
winter (adjusted hazard ratio, 0.75), with 5-year recurrence-free survival rates of 53% and 40%, 
respectively. Furthermore, patients who had surgery during summer with the highest vitamin D 
intake had better recurrence-free survival (adjusted hazard ratio, 0.33) than those who had surgery 
during winter with the lowest vitamin D intake, with the 5-year recurrence-free survival rates of 56% 
and 23%, respectively. Surgery season and vitamin D intake were similarly associated with overall 
survival. Subsequently, levels of 25(OH)D at the time of surgery were taken for these patients and 
similar results su^esting a survival benefit associated with high 25(OH)D levels was found.^ 

Recently, a large study of season of diagnosis and sunlight exposure in cancer survival for 
cancers of the breast, colorectum, lung, prostate and at all sites combined was conducted of 
over a miUion cancer patients from the United Kingdom.̂ ^ The investigators found evidence of 
substantial seasonality in cancer survival, with diagnosis in summer and autumn associated with 
improved survival compared with that in winter, although the associations tended to be weaker 
than those observed in the Norwegian study. Reductions in the hazards ratio were observed for 
female breast cancer patients (hazard ratio, 0.86) and both male and female lung cancer patients 
(hazard ratio, 0.95). Cumulative sunlight exposure in the months preceding diagnosis was also 
a predictor of subsequent survival, although season of diagnosis was a stronger predictor than 
cumulative sunhght exposure. 

Ihe findings from these three studies indicate that summer/autumn season of diagnosis may 
improve survival for multiple cancers. The mechanism behind this influence of season is unclear, 
but could possibly relate to vitamin D status. In the late summer in Norway, 25(OH)D levels are 
about 50% higher than that in late winter. Wintertime vitamin D production is also minimal in 
Boston and in the United Kingdom, where the other studies were conducted. Effects of vitamin 
D in late carcinogenesis stages such as reduction in metastases are observed in numerous animal 
models. In some animal studies, vitamin D may improve tumor control by radiation treatment, 
possibly by promoting apoptosis.̂ ^ 

Vitamin D and Cancer Rates in United States Black Men 
Melanin efficiendy blocks UV-B induced production of vitamin D in the skin. Not surprisingly, 

darker skinned individuals, such as African-Americans, have been documented to have markedly 
lower vitamin D levels.̂ '̂̂ ^ In African-Americans, low levels of vitamin D had been hypothesized 
to account for their higher prostate cancer rates,̂  more aggressive prostate and breast cancer,̂ ^ 
and higher total cancer incidence and mortality.̂  In addition, an inverse association between 
regional solar UV-B radiation and mortahty rate of breast, colon, esophageal and gastric cancers 
was demonstrated for African-Americans in one study.̂ ° In the Health Professionals Follow-Up 
Study cohort, a prospective study which consists of highly educated, generally health conscious 
male health professionals, even after adjusting for multiple dietary, lifestyle and medical risk factors. 
Black men were at 32% higher risk of total cancer incidence and 89% higher risk of total cancer 
mortality compared to Whites.̂ ^ In multivariate analyses. Black men also had especially high risk 
of digestive organ maUgnancies (colon, rectum, oral cavity, esophagus, stomach and pancreas), the 
group of cancers that had been identified most strongly associated with low predicted vitamin D 
by other studies. The increased risk of these cancers in Black men was especially marked if they 
had additional risk factors for vitamin D deficiency, such as low vitamin D intake or Uving in the 
northeastern part of the United States. 

The higher rates of these cancers in Blacks do not prove a cause and effect relationship because 
other factors could be relevant. Nonetheless, one cannot ignore that that African-Americans have 
a partictdarly high prevalence of hypovitaminosis D and they have higher rates of the types of ma-
Ugnancies that appear to be most associated with low sun exposure or vitamin D levels. Moreover, 
the relationships appear stronger for mortality than for incidence. These patterns suggest that the 
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high prevalence of vitamin D deficiency in African-Americans could potentially contribute to 
their substantially higher rates of cancer mortaUty. 

Synthesis of Evidence Regarding Sun Exposure, Vitamin D and Cancer 
Incidence and Mortality 

Since Garland and Garland initiated the hypothesis that vitamin D reduces cancer incidence 
and mortality in 1980, a number of epidemiologic and mechanistic studies have been conducted 
to test this hypothesis. This chapter has reviewed the major studies that have examined the vitamin 
D-cancer hypothesis. Many of the initial studies were based on correlation between incidence or 
mortality rates of various cancers with estimations of solar UV-B by region. In addition, a number of 
case-control and cohort studies have found that individuals with higher exposure to sun (measured 
in a variety of ways) have a reduction in cancer incidence and cancer mortality rates. Qimntitatively, 
maUgnancies of the large bowel and breast appear to be the most important. 

There are two major limitations in interpreting these studies; first, a confounding factor may 
account for the association with solar UV-B radiation and second, if one assumes the association 
is real, a factor other than vitamin D could be the causal protective factor. Confounding could 
occur if regions with more solar UV-B have a higher prevalence of a protective factor and/or a 
lower prevalence of a causal risk factor. Some of the ecologic analyses have accounted for some of 
the likely major confounding factors for cancer incidence (e.g., tobacco use, alcohol) and these 
do not seem to account for the association. Perhaps the strongest argument against confounding 
is that these associations have been observed in diverse populations, such as in the United States, 
Japan and Spain. It is not impossible, but appears unlikely that a consistent confounding factor 
would be operative in all these diverse populations. The second consideration is whether vitamin D 
does indeed account for the association. This is impossible to prove through such studies, though 
the mechanistic evidence for vitamin D appears strong and no other strong candidates for cancer 
protective effects of sunUght have been offered. Other Unes of evidence are required to evaluate 
whether vitamin D is the causal agent. 

Probably the most direct evidence for a role of vitamin D is from serum or plasma based studies 
of vitamin D status. To date, colorectal cancer and prostate cancer have received the most study. 
The studies have been relatively consistent for colorectal cancer and support about a doubling of 
risk of this malignancy associated with low levels of 25(OH)D. For prostate cancer, the data on 
circulating 25(OH)D have been equivocal, st^esting no association, or at least an association 
of a much weaker magnitude as has been observed for colorectal cancer. It is plausible that for 
prostate cancer, vitamin D level much longer before the time of diagnosis is most relevant, con-
sistent with the notion that the process of prostate carcinogenesis encompasses a very long time 
period. Prostate cancer cells appear to lose 1-alpha-hydroxylase activity early in carcinogenesis, so 
it is plausible that exposure to vitamin D early in life is most relevant. In addition, determinants 
of prostate cancer incidence may differ from prostate cancer progression and ultimately mortaUty 
and most of the available data have assessed incident prostate cancer, as opposed to a^ressive or 
fatal prostate cancer. 

In the plasma- or serum-based studies, the best single indicator of vitamin D status, 25(OH)D, 
is assessed at the individual level and examined in relation to subsequent risk of cancer. Potentially 
confounding factors such as body mass index and physical activity are accounted for in the statisti-
cal analyses. A Umitation is that although the 11/2 in the circulation is only about 2-3 weeks, studies 
have been based on a single measurement throughout the year and the correlation with long-term 
(for example, over decades) vitamin D status is unclear. An important feature of these studies is that 
they are conducted in a single region or controlled for region so the variation in 25(OH)D levels 
is completely independent of region. This fact is critically important because if an association with 
cancer is shown, these results can be considered as completely independent supporting evidence 
from the studies based on regional solar UV-B level. It is imlikely that the same confounding factors 
would occur for region UV-B and for individual vitamin D levels in individuals in the same region. 
At the ecologic level, the overall potential for sun exposure is assessed based on how much UV-B 
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radiation is falling in that region. At the individual level within a specified region, this variable in 
not variant and behaviors and skin pigmentation determine actual exposure. 

In regards to dietary studies, it is important to understand that in most populations diet contrib-
utes a relatively small proportion to vitamin D stores. For example, a glass of fortified milk, though 
generally perceived as being a good source of vitamin D contains only 100 lU vitamin D, whereas 
being exposed to enough UV-B radiation to cause a sUght pinkness to the skin with most of the skin 
uncovered (1 minimal erythemal dose) produces vitamin D equivalent to an oral dose of 20,000 
lU vitamin D.̂ ^̂ ^ On the other hand, in higher latitudes during the winter months no vitamin D 
is made from sun exposure so diets and supplements become relatively more important sources. 
One important issue is that ergocalciferol (D2) is ofi:en used in supplements and ergocalciferol 
has been estimated to be only one-fourth as potent as cholecalciferol (D3) in raising 25(OH)D.̂ '̂  
Only colorectal cancers and adenomas have been reasonable well studied in relation to vitamin D 
intake and as a whole, the literature is si^estive of a moderate inverse association associated with 
higher intakes (i.e., about a 20 to 25% risk reduction). From epidemiologic studies, it has not been 
possible to study the effects of intakes above 600 lU per day, because few individuals have had 
such high intakes in the populations that have been studied to date. In addition, adequate calcium 
intake is a likely protective factor for colorectal cancer and in populations that fortify milk with 
vitamin D and that consume abundant milk products, calcium intake will tend to be correlated 
with vitamin D intake. Thus, it has not been possible to disentangle the independent effect of 
vitamin D from these studies. 

In the past several years, some studies have found that prognosis of various cancers, including 
colon, breast, lung, prostate and Hodgkin s lymphoma may be better in those diagnosed and pre-
sumably treated in the summer months than in the winter months. These studies were conducted 
in northern latitudes (Norway, United Kingdom, northeastern United States) in which 25(OH)D 
levels differ markedly between summer and winter months. It is possible that a confounding factor 
accounts for these results, but they surest the intriguing possibility that vitamin D status at the time 
of treatment may influence outcome of various cancers. Given that many patients are vitamin D 
deficient at the time of diagnosis, randomized intervention trials can be feasibly conducted in 
which high doses or vitamin D are provided to the randomized subjects to rapidly increase vitamin D 
stores at the time shortly before treatment. 

Implications for Future Research 
The data on vitamin D and cancer incidence or mortaUty are intriguing, but many important 

questions remain. Although not definitive at this point, the epidemiologic and supporting mecha-
nistic and animal evidence indicate that vitamin D may have a role in reducing cancer incidence 
and progression. The "gold standard** study would be a randomized intervention that unequivocally 
demonstrates a reduction in cancer risk. The only relevant randomized study to date, the WHI, 
did not show a benefit of vitamin D, but several important limitations of that study cannot be 
ignored. Based on hypotheses suggested by the current evidence, several types of trials may be con-
sidered. A primary prevention trial with the endpoint of cancer incidence may be most difficult to 
achieve, because the time period needed and the required dose are unknown. Doses much higher 
than 400 lU/day of vitamin D and periods longer than seven years may be required to observe an 
effect. Trials of established intermediate endpoints, such as colorectal adenoma recurrence, may 
be useful. One such trial is currendy being conducted (Baron J, personal communication). Other 
intermediate endpoints, such as cell proUferation and apoptosis in specific tissues would not be 
definitive, but such studies could provide useful complementary mechanistic evidence. Probably 
the most feasible trial design would be to enhance vitamin D status at the time of cancer diagnosis 
with high doses of vitamin D to test the hypothesis that vitamin D status may favorably interact 
with treatment. Such a trial may achieve a result within a relatively short time frame. 

Beyond randomized trials, further observational studies would be useful in testing the hypoth-
esis that vitamin D may help prevent cancer. Serum or plasma-based studies of a wider spectrum of 
cancers than has been studied would be useful. Such studies could help estabUsh the dose-response. 
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what level of 25(OH)D is optimal and what intakes of vitamin D would be required to achieve this 
level. These studies can also help establish the role modifying factors, such as genetic variants in 
the vitamin D pathway and other factors such as retinol intake, which may antagonize the actions 
of vitamin D. In addition, the evidence for a causal association between sun exposure or enhanced 
vitamin D status and cancer risk can be fortified if these relationships are observed in a variety of 
diverse populations worldwide. If a relevant genetic polymorphism in the vitamin D pathway were 
consistently associated with a cancer, the evidence for causality would be increased. To date, only 
the vitamin D receptor has received substantial study and the functionality of polymorphisms 
studied have been unclear. Thus, perhaps not surprisingly, the results have been equivocal. 

Confirming that vitamin D reduces risk of cancer incidence or mortaUty is critical because 
current health recommendations typically do not encourage high intakes of vitamin D and they 
tend to discourage sun exposure. Current dietary recommendations are geared only to prevent 
quite low vitamin D levels and if the association between vitamin D and reduced cancer risk is 
causal, such levels are almost definitely inadequate. While messages to avoid excessive sun exposure, 
which may cause skin aging and cancer, are appropriate, one cannot ignore that extreme avoidance 
of sun exposure, if not countered by relatively high intakes of vitamin D, may be associated with 
hypovitaminosis D, a potential risk factor for numerous cancers. Defining what are optimal levels of 
vitamin D for general health status remains a challenge and further study should be a high priority 
because of the great potential for cancer prevention achievable through vitamin D. 
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CHAPTER 4 

Sun Exposure and Cancer Survival 
in Norway: 
Changes in the Risk of Death with Season 
of Diagnosis and Latitude 

Alina Carmen Porojnicu,'*' Arne Dahlback and Johan Moan 

Abstract 

Epidemiological and experimental studies suggest that derivatives of vitamin D may improve 
prognosis of a number of cancer types. Sun is our most important source of vitamin D. 
Seasonal variations and latitudinal gradients of calcidiol (the marker of vitamin D status) 

have been reported. We wanted to investigate if season and latitude play any role for survival 
from seven different cancer types in Norway. Seasonal and geographical variations of vitamin D 
were estimated by calculations and were compared with clinical data. For the survival analyses, 
249373 cancer patients were followed for three years after diagnosis and the risk of death was 
analyzed separately for summer- and winter diagnosis, as well as for two geographical regions 
with different UV exposures. We found a 15-25 % better survival for patients diagnosed during 
sunmier and a slight beneficial effect for residents of the high UV region for some of the cancer 
forms investigated. 

Based on our results we surest that calcidiol concentration at the time of cancer diagnosis is relat-
ed to survival and discuss briefly ways to improve the vitamin D levels in the general population. 
Introduction 

Solar radiation, a recognized skin carcinogen,̂  may also reduce mortaUty from internal can-
cers. This intriguing suggestion was first pubUshed by Apperly in 1941.^ He observed that cancer 
patients living at high latitudes in USA had a higher mortality risk compared with those living in 
the south. Later, in 1980, Garland and Garland^ surveyed the association between solar exposure 
and risk of dying from colon cancer and hypothesized that the negative association between these 
two may be related to the level of vitamin D. A number of similar ecological studies were carried 
out in the following years, most of them supporting the proposed association.'̂ ^ The level of solar 
exposure were either approximated by using latitude, UV satellite measurements, UV indexes 
(the case of ecological work), assessed through records of personal history of sun exposure or 
estimated by structural changes in the skin.̂ ° A number of cancers were investigated throughout 
this period and in a recent publication fifteen cancer types were found to be sun-sensitive with 
respect to progression.̂ ^ 

A north-south gradient seems to be present in USA as well as in Europê '̂̂ ^ and even in 
Japan. ̂"̂  
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These epidemiological observations tri^ered experimental work aimed at understanding the 
mechanistic background. As si^ested by Garland and Garland a possible link between the level 
of solar exposure and cancer mortaUty is vitamin D.̂  It is well known that sun is our main source 
of vitamin D. Our epidermis and dermis contain 7-dehydrocholesterol (7-DHC), a precursor 
of both vitamin D and cholesterol.̂ ^ When UVB (ultraviolet B, 280-320 nm) photons from the 
sun or from artificial sources, hit the skin, 7-DHC absorbs energy and is structurally changed to 
previtamin D which is unstable and isomerizes in a temperature dependent process to vitamin D. 
Vitamin D is transported by the blood flow, bound to DBP (vitamin D protein), first to the Uver 
and then to the kidneys. The molecule undergoes steps of enzyme-catalyzed hydroxylation, result-
ing in the formation of 25 hydroxyvitamin D (calcidiol) in the Uver and 1,25 dihydroxyvitamin 
D (calcitriol) in the kidneys.̂ ^ Calcidiol is used in the clinical vitamin D monitoring, since its 
formation is not tighdy regulated. Therefore it is reflecting the vitamin D status. 

The serum level of UV-induced calcidiol is influenced by several factors that modify the 
biosynthetic pathway. Among these, the level of UVB reaching the ground, the skin properties 
(pigmentation, thickness), the function of liver and kidneys as primary sources of active vitamin 
D as well as BMI (body mass index) and possibly hormonal status are the main predictors.̂ '̂̂ ^ 

The seasonal variation of calcidiol is a well documented fact. In a healthy, adult population Uv-
ing in Norway the percent increase from winter to summer is 15-50%.̂ ^̂ ^ From October to April 
solar vitamin D synthesis does not take place in this part of the world̂ ^ and vitamin D deficiency 
will become manifest unless adequate amounts of the vitamin are ingested. The maximal serum 
levels of calcidiol are usually achieved during the months September-October, reflecting a delay 
from the maximal solar UVB fluence rate midsummer. 

Materials and Methods 
The purpose of our work was to study the association between the level of solar exposure 

and cancer prognosis in Norway. The exposure level changes with season and residential region. 
Outcome was calculated using Cox proportional hazards regression model and expressed as relative 
risk of death (RR). The category with the lowest solar exposure was chosen as reference and set to 1. 
Analyses were adjusted for a number of possible confounders, as outlined below. 

Cancer Database 
In our study we used data from The National Cancer Registry of Norway, a population-based 

registry that since 1953 collects data on cancer incidence and survival. Information is obtained 
from three sources: diagnosing physician, pathology laboratories and Statistics Central Bureau 
and this assures a high degree of reUability. The Registry records information on patients char-
acteristics (date of birth, sex, residence), date of diagnosis, primary tumor site, stage of diagnosis 
and follow up for vital status. 

After I960, each Norwegian inhabitant received a unique identification number. This allowed 
us to link the Cancer Database to The Population Registry whenever we were interested in obtain-
ing fiirther socio-demographic information. 

In our work we included all patients diagnosed with prostate-, breast -, colon -, lung-, ovar-
ian- and bladder cancer, as well as with Hodgkin lymphoma. Description of the period of inclusion, 
number of cases and number of deaths from cancer is presented in Table I. 

Using the date of diagnosis, the season of diagnosis was defined as follows: winter (December 
1-May 31) and summer (June 1-November 30). 

Solar Exposure in Norway 
The main factors influencing the ultraviolet (UV) irradiances at ground level are solar zenith 

angle (variable with season, latitude and time of day), cloud and snow cover and the thickness of 
the ozone layer.̂ ^ 

In this study, the global solar UV irradiance was calculated using a radiative transfer model.̂ '̂̂ ^ 
Total ozone amounts used in this model were measured by TOMS sateUite instruments. The daily 
cloud cover varies in Norway, with coastal regions being cloudier than the inland regions. The 
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Table 1. Description of population included 

Cancer Type Period of Inclusion No Cases Mean Age ± Std 

45 

No Deaths 

Prostate cancer 
Breast cancer 
Colon cancer 
Lung cancer 
Ovarian cancer 
Bladder cancer 
Hogkin lymphoma 

1964-1992 
1964-1992 
1964-1992 
1960-2001 
1964-2000 
1964-2000 
1964-2000 

46205 
49821 
38541 
45681 
42096 
23890 
3139 

74 ± 8 
62 ±14 
70 + 11 
66 ±10 
59 ±14 
68 ±11 
44 ±19 

10090 
6615 
14221 
29856 
7112 
5864 
769 

magnitude of this was estimated for each of the Norwegians counties, from measured reflectivi-
ties from an ozone-insensitive channel of the same satellite instruments. The effect of snow cover 
was estimated by comparing the calculations with UV measurements from the Norwegian UV 
monitoring network. The calculated annual UV exposures are based on available satellite measure-
ments in the period 1980-2000. 

Seasonal UV Doses 
The results are pardy presented as erythemally effective UV doses (CIE) measured in units 

of J/m.^ In some of the analyses we used the efficiency spectrum for vitamin D production giv-
ing the relative effectiveness of solar radiation at different wavelengths in converting 7-DHC to 
previtamin D. Briefly, an efficiency spectnim is calculated by multiplying the intensity of the solar 
radiation (wavelength by wavelength) with the action spectrum for the vitamin D production for 
the corresponding wavelength. The vitamin D action spectrum was measured by MacLaughlin 
et al in ex vivo skin specimens.^^ 

Regional U V Doses 
The Norwegian mainland covers 13° of latitude, from 58° N to more than 71° N (Fig. 1). In 

the present study we have investigated the mean annual UV irradiances in each of the Norwegian 
counties and attempted to correlate them with cancer survival. Additionally, to control for the 
real UV exposure obtained by different populations, we have plotted the incidence rates (IR) of 
squamous cell carcinoma of the skin (SCC) vs the calculated UV dose in each of the Norwegian 
counties, since it is widely accepted that UV from the sun is the main risk factor for SCC.^ The inci-
dence rates were age-adjusted and the plotted values represent an average of the period 1960-2004. 
Log—log plots are usually used for incidence—annual UV—dose relationships in the case of skin 
cancer.̂ ° The reason for this is that the relationship is not Unear, but closer to quadratic. In fact, 
in most cases it follows the equation log (incidence) = At log (Dose), where At is the so-called 
biological amplification factor.̂ ^ The largest city, Oslo, was excluded from all analyses, to reduce 
errors that may arise from different sun-exposure habits and high inunigration rate. Oslo has the 
highest proportion of inmiigrants with 18% of its population being of nonwestern origin.̂ ^ 

Statistical Analyses 
The data were analysed in a multivariate Cox regression model using SPSS Version 10 (SPSS 

Inc, USA). The dependent variable was death from cancer within 36 months after diagnosis (or 
18 months in the case of lung cancer). As independent variables we included in most analyses: 
age, sex (were relevant), birth cohort, stage of disease and a UV index based on season of diagnosis 
and residential region. Additionally, for prostate, breast and colon cancer, attention has been paid 
to the level of education, profession and parity as described elsewhere.̂ ^ Since these adjustments 
did not significandy change the estimates, we did not include them in the analyses of the other 
cancer forms. 
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Figure 1. A map of Norway showing its latitude and division into counties. The three different 
tones of color denote the three regions shown in Figure 5. 

In this paper we present the effect of season of diagnosis and/or residential region on the relative 
risk of death (RR death) from cancer. Concerning the seasonal comparisons, winter (the season 
with lowest UV doses and the lowest vitamin D levels) was chosen as the reference group. When we 
included the combined UV variable that took into account both season of diagnosis and residential 
region, diagnosis in the winter in the midwest region was chosen as the reference category. 

Dependency of Surviyal on Season of Diagnosis 
Figure 2 presents the seasonal variation of calculated production of vitamin D in human skin 

at two geographical locations: north Norway and south Norway. 
Seasonal variation of UV doses may be relevant for cancer survival and we hypothesized that 

the effect may be mediated through vitamin D synthesis in the skin. Figure 3 summarizes the 
relative risk of death by season of diagnosis for all cancer types included. Significantly reduced 
RRs (relative risk) of deaths were found in the summer for cancers of prostate (0,76), breast (0,75) 
colon (0,79) and Hodgkins lymphoma (0,84). The mortality from ovary-, bladder- and lung cancer 
showed no seasonal variation. 
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Figure 2. Calculated production of vitamin D (in relative units) in human skin at two different 
geographical locations in Norway. 

Figure 3. RR death within 36 months after cancer diagnosis for cases diagnosed during sum-
mer. Diagnosis during winter is the reference category and is set to 1. 

Dependency of Survival on Residential Region 
The Norwegian mainland covers 13° of latitude, from 58° N to more than 71° N (Fig. 1) and 

the UV level decreases with increasing latitude (Fig. 4). The UV exposure rate is roughly 30% 
higher at 56° N than at 70° N in the middle of the summer (Fig. 2). 

The UV exposure at ground level does not necessarily reflect the exposure achieved by the 
population. To check the significance of this, we grouped the Norwegian counties according 
to the incidence rate of SCC, which is known to be strongly correlated with the accumulated 
UV exposure. When we have plotted the age adjusted incidence rates of SCC in each of the 
counties against the calculated UV dose, three regions with different UV exposure patterns can 
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Figure 4. The UV exposure from the sun in Norway, adjusted according to the CIE reference 
spectrum of erythema. The number in the brackets gives the county's number. 

be identified: die nordiern region (counties 18-20); the midwest region (counties 5,12,14-17) and 
the southeast region (counties 1,2,4,6-11) (Fig. 5). A complicating faaor in the regional analyses,is 
the difference in the level of vitamin D intake. People living in the northern region, are exposed to 
low UV doses but consume high quantities of vitamin D through fat fish.^^ According to Brustad 
et al̂ ° the level offish intake in the north does not show any seasonal variation. Inhabitants of the 
midwest region receive moderately high doses of both UV and vitamin D through food while those 
living in the southeast are exposed to high UV doses and have a low vitamin D intake (Table 2). 

Figure 5. Annual ambient UV exposure (D) vs age adjusted rate of squamous cell carcinoma 
(R) in Norway (1960-2004). The relationship is described by the relationship InR = A*lnD, 
where A is the amplification factor.^° 
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Table 2. Relative values for the annual synthesis of vitamin D and the daily intake 
of vitamin D and fish in the three regions 

North Midwest Southeast 
Region Region Region 

Annual vitamin D formation in skin (rel. unitP 1 1,2 1,5 
Vitamin D intake (̂ lg/dayp^ 5,4 5 4,7 
Fish intake (g/dayP 90 72 59 

Table 3. Relative risk of death at 36 months after diagnosis for summer and winter 
diagnosis in two different regions marked in Figure 2 

Prostate cancer 
Breast cancer 
Colon cancer 
Lung cancer** 
Ovarian cancer 
Bladder cancer 
Hodgkin lymphoma 

Midwest, 
Winter (Ref) 

Midwest, 
Summer 

0,8 (0,7-0,84)* 
0,76 (0,7-0,8)* 
0,82 (0,7-0,86)* 
1 (0,96-1) 
1 (0,8-1,3) 
1 (0,9-1,1) 
1 (0,9-1,1) 

Southeast, 
Winter 

1 (0,99-1,1) 
0,97(0,9-1,05) 
1 (0,9-1,07) 
0,93 (0,89-0,96)* 
1 (0,8-1,3) 
0,9(0,8-1) 
1 (0,9-1) 

Southeast, 
Summer 

0,8 (0,75-0,85)* 
0,75 (0,7-0,8)* 
0,79 (0,7-0,84)* 
0,93 (0,89-0,96)* 
1 (0,6-1) 
0,9 (0,9-1) 
0,8(0,9-1,1) 

*indicates statistical significance, p < 0,05 
**fol low-up was restricted at 18 months 
The death rate for winter diagnosis in the midwest region is set to unity. Overall data for all ages 
and both sexes are presented. Values in parentheses indicate 95% confidence intervals. 

In the multivariate analyses of prognosis we have not included data from the northern region 
because of the high intake of vitamin D and the relatively low population number. Furthermore, 
we have created a combined variable that accounts for both season of diagnosis and residential 
region. We consider four categories: winter diagnosis in the midwest region (reference); summer 
diagnosis in the midwest region; winter diagnosis in the southeast region and summer diagnosis 
in the southeast region. 

Table 3 shows the results of the multivariate regression analyses. The relative risk of death seems 
to be slighdy lower in the southeast region (i.e., high UV doses) for breast-, colon- and lung cancers, 
while no regional effect is observed for the other cancer types. 

Discussion 
Our results can be summarized as follows: For prostate-, breast-, colon cancer and Hodgkin 

lymphoma, patients diagnosed during the summer have a 15-25% reduced risk of death during 
the first 36 months after diagnosis, compared with those diagnosed during the winter. In addi-
tion, residing in southeast Norway seems to add an extra beneficial effect to the improved summer 
prognosis for breast- and colon cancer and makes apparent a slight protective effect for lung cancer. 
No seasonal or latitudinal gradient was observed for bladder and ovary cancer. 

It is well estabUshed that season is an important predictor of the vitamin D level. The seasonal 
calcidiol variation in humans has been investigated in a number of Norwegian studies and the 
results show a winter to summer increase of 15S0%^̂ '̂ ^ which is in accordance with our calculated 
vitamin D production (Fig. 2). 
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The fact that the incidence rates of SCC decrease monotonously with increasing latitude (Fig. 5) 
indicates that the UV exposures achieved by the population can be approximated by calculated 
or measured ambient UVfluences, as earlier done.̂ "̂ '̂ ^ Unfortunately, no comparison of measured 
calcidiol levels in north and south Norway has been performed. However, one can make a rough 
analysis, based on the knowledge of the yield of calcidiol from skin synthesis and that from intake. 
Following similar calculations as described in̂ ^ we found that a 15% higher vitamin D intake in 
the fish region (Table 2) is balanced by the 50% larger annual UV fluence in the south (Table 2) 
Furthermore, the mid-summer photosynthesis of vitamin D is only 30% larger in the south than 
in the north according to our calculations (Fig. 2) and the real differences in calcidiol levels are 
likely to be smaller, since large UV fluences degrade vitamin D in skin.̂ ^ Moreover, whole body 
exposure to one MED (minimal erythema dose) gives a high increase in the vitamin D concentra-
tion but only a moderate increase in the serum calcidiol level.̂ ^ Comparisons of our calculation 
with measured calcidiol levels in Scandinavia confirm that calcidiol concentrations in the south 
of Scandinavia are not significantly higher than those in the north.̂ '̂̂ '̂ *̂ *̂̂ ^ 

The cancer sites that have been most extensively examined in relation to vitamin D status are 
colorectal, breast and prostate cancers.̂ ^ For other internal cancers, evidence is limited and comes 
mosdy from ecologic investigations.̂ '̂ *̂̂ ^ 

Our study indicates that cancer survival may be affected by the level of UV exposure close 
to the time of cancer diagnosis in five out of seven cancers types investigated (Table 3). We have 
suggested that this may be explained in terms of vitamin D-photosynthesis. According to our 
hypothesis, patients with high levels of calcidiol at the time of diagnosis (summer diagnosis) have 
a greater chance to survive compared with patients with low levels of calcidiol (winter diagnosis). 
High calcidiol concentrations in the serum would provide the cancer cells with the precursor for 
local synthesis of calcitriol, or, alternatively, calcidiol itself may be bind direcdy to the VDR (vitamin 
D receptor) and act anticarcinogenic. 

The anticarcinogenic effects of vitamin D are indicated by a number of experimental inves-
tigations with cell lines and animal models. In the case of breast cancer an important amount of 
research, thoroughly reviewed by Colston et al̂ ^ shows that calcitriol is able to regulate cell cycle 
progression, induce apoptosis, modulate cell signalling through growth faaors and reduce invasive-
ness and angiogenic activity in breast cancer models.̂ ^ A number of preclinical studies have proven 
that calcitriol derivatives enhance the effect of established chemotherapeutics for breast cancer 
treatment."̂ "̂  Cancer of the prostate also responds to vitamin D therapies presumably by similar 
molecular mechanisms."̂ '̂"̂ ^ The same is true for colon cancer.'̂ '̂̂ ^ In vitro studies, performed with 
lung-cancer cell lines, have shown that vitamin D derivatives inhibit cell-growth and prolifera-
tion̂ ^ Animal studies have demonstrated the capability of these compounds to suppress invasion, 
metastasis and angiogenesis in vivo.̂ '̂̂ "̂  

Controversy still exists as to whether only calcitriol, or both calcidiol and calcitriol, have 
biological functions in humans. Each of these derivatives binds specifically to the VDR receptor 
(member of the nuclear receptor superfamily), the affinity of calcitriol beeing 600-700 higher 
than that of calcidiol.̂ ^ On the other hand calcidiol is present in an approximately 1000 times 
larger concentration in serum and is therefore more bioavailable than calcitriol. Beside the well 
described role of calcitriol in maintaining calcium homeostasis through processes in the intestine, 
bones and kidneys, calcitriol and/or calcidiol may act in other normal or pathologic tissues.̂ ^ The 
effect may either be from the systemic pool or from local ones in tissue, since most tissues are able 
to produce their own calcitriol.̂ ^ The concentrations at which calcitriol is active in vivo appear 
to be higher than what has been assumed physiological concentrations, i.e., above 100 pmol/1. 
However, this effect may at least pardy be mediated by locally produced calcitriol or direcdy by 
calcidiol taken up from the blood. 

Our epidemiological data from Norway point to the importance of calcidiol.̂ ^ 
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Conclusions 
The vitamin D level in serum of Norwegians is 15-50% higher in summer than in winter. 

Recently, our group hypothesised for the first time that this may be of significance for the prognosis 
of major cancer forms, like prostate cancer, breast cancer, colon cancer, lung cancer and lympho-
mas.̂ '̂̂ ^ '̂̂ ^ The relative risk of death three years after diagnosis and start of therapy is estimated to 
be 15-25% higher for summer diagnosis than for winter diagnosis. A recent study involving over a 
million cancer patients in the United Kingdom gave similar results.̂ ^ The action mechanism has 
almost equivocally been attributed to vitamin D production by UV and this view is supported by 
cell and animal experiments as reviewed in the present chapter. 

The health effects of ultraviolet radiation from the sun are now being debated worldwide.^^ 
Focus of this debate is an understanding that UV has both negative health effects, namely induc-
tion of skin cancer^ and beneficial health effects through induction of vitamin D.^ Solar UV is a 
well-estabUshed skin carcinogen being responsible for more than half of all cancers and causing 
about 250 deaths per year in Norway.̂ ^ Large sun-safety campaigns have been launched, which 
seems to have had a significant impact since the increasing trend of skin cancer incidence rates 
observed from I960 or earlier is reversed for young persons after about 1990 (for more details, 
see chapter by Leiter and Garbe). However, in the same time period, i.e., after 1990, vitamin D 
deficiency has developed in many populations. Since solar UV is a main source of vitamin D, 
this deficiency may, at least partly, be due to reduced sun exposure. Another important source of 
vitamin D is supplemental/dietary intake. From evolutionary, epidemiological and experimental 
perspectives, the optimal nutritional intake vitamin D may be defined as the amount equivalent to 
what an adult can acquire through exposing the whole skin surface to summer sunshine.^^ Based 
on this, a physiologic intake of vitamin D for an adult might range up to 250 M-g/day (i.e., 50 times 
the daily recommended dose in Norway) .̂ ^ 

Implementation of public health policies to optimise the vitamin D nutritional status would be 
relatively inexpensive but would meet various limiting factors such as: risk of toxicity in susceptible 
populations (infants, individuals suffering from hyperparathyroidism, sarcoidosis, tuberculosis, 
lymphomas, WiUiams syndrome, etc), inability to reach vulnerable populations with different 
dietary preferences or aversions against specific foods such as milk, higher prevalence of lactose 
intolerance and low milk consumption in African-Americans (population at high risk of vitamin 
D deficiency), need for thorough labelling of all food items containing vitamin D. Any public 
health strategy requires both safety- and efficacy-testing.^ Controlled use of UV exposure might 
be evaluated as a supplemental and safe source of vitamin D. Due to the seriousness of both vitamin 
D deficiency and skin cancer induction, more research is needed on the topic of UV and health. 
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CHAPTER 5 

Optimal Serum 25-Hydroxyvitamin D 
Levels for Multiple Health Outcomes 
Heike A. BischoflF-Ferrari* 

Abstract 

Recent evidence suggests that higher vitamin D intakes beyond current recommendations 
may be associated with better health outcomes. In this chapter, evidence is summarized 
from different studies that evaluate threshold levels for serum 25(OH)D levels in relation 

to bone mineral density (BMD), lower extremity function, dental health, risk of falls, admission 
to nursing home, fractures, cancer prevention and incident hypertension. For all endpoints, the 
most advantageous serum levels for 25(OH)D appeared to be at least 75 nmol/1 (30 ng/ml) and 
for cancer prevention, desirable 25(OH)D levels are between 90-120 nmol/1 (36-48 ng/ml). An 
intake of no less than 1000 lU (25 meg) of vitamin D3 (cholecalciferol) per day for all adults may 
bring at least 50% of the population up to 75 nmol/1. Thus, higher doses of vitamin D are needed 
to bring most individuals into the desired range. While estimates suggest that 2000 lU vitamin 
D3 per day may successfully and safely achieve this goal, the impUcations of 2000 lU or higher 
doses for the total adult population need to be addressed in future studies. 

Introduction 
Current efforts to assess optimal levels of serum 25(OH)D levels generally focus on bone 

health in older Caucasian persons and the common means to define optimal 25(OH)D has been 
the level that maximally suppresses senun parathyroid hormone (PTH). This is a usefiil criterion 
because PTH promotes bone loss, but concerns related to this approach are several, such as fluc-
tuations related to diet,̂ -̂  time of day,"̂  renal function^ and physical activity.̂  Estimates of optimal 
25(OH)D levels using PTH suppression vary widely from 20 to 110 nmol/1 (9 to 38 ng/ml) 
and a consensus has not been reached. 

Thus, this chapter examines several alternative endpoints to the maximal suppression of PTH 
for bone health, including BMD in younger and older adults of different racial/ethnic backgrounds 
and antifracture efficacy based on a recent meta-analysis of double-blind randomized controlled 
trials (RCTs).̂ ^ In addition, optimal 25(OH)D levels for nonskeletal outcomes of pubUc health 
significance are evaluated, including lower extremity function and falls, nursing home admission, 
dental health, cancer prevention and hypertension. Finally, the optimal 25(OH)D levels and cor-
responding vitamin D intakes throughout adult life that best enhance health are discussed.̂ ^ 

25(OH)D Levels and Bone Health 

Background 
BMD may be a better endpoint than scrum PTH for the estimation of optimal 25(OH)D 

levels in regard to bone health for a large part of the population, including younger individuals 
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and nonCaucasian ethnicities. In the elderly, BMD is a strong predictor of fracture risk̂ '̂  and 
evidence from several RCTs suggest a positive effect of vitamin D supplementation on BMD.̂ '̂̂ ^ 
Furthermore, BMD integrates the lifetime impact of many influences on the skeleton, including 
PTH. 

Optimal 2S(0H)D Levels for BMD 
A threshold for optimal 25(C)H)D and hip BMD has been addressed among 13,432 individuals 

of NHANES III (The Third National Health and Nutrition Examination Survey) including both 
younger (20-49 years) and older (50+ years) individuals with different ethnic racial backgroimd.̂ ^ 
Compared to the lowest quintile of 25(OH)D the highest quintile had higher mean BMD by 
4.1% in younger whites (test for trend; p < 0.0001), by 4.8% in older whites (p < 0.0001), by 1.8% 
in younger Mexican Americans (p = 0.004), by 3.6% in older Mexican Americans (p = 0.01), by 
1.2% in younger blacks (p = 0.08) and by 2.5% in older blacks (p = 0.03). In the regression plots 
higher serum 25(OH)D levels were associated with higher BMD throughout the reference range 
of 22.5 to 94 nmol/1 in all subgroups (Figs. lA and B). In younger whites and younger Mexican 
Americans, higher 25(OH)D was associated with higher BMD even beyond 100 nmol/1. 

Optimal 25(OH)D Levels for Fracture Prevention Efficacy 
A meta-analysis of primary prevention high-quality RCTs published in 2005, evaluated the 

antifracture efficacy of oral vitamin D supplementation in older persons (all trials used chole-
calciferol).̂ ^ Five RCTs for hip fracture (n = 9294) and seven RCTs for nonvertebral fracture 
risk (n = 9820) were included. There was heterogeneity among studies for both hip fracture and 
nonvertebral fracture prevention, which disappeared after pooling RCTs with low dose vitamin 
D (400 lU/day, 10 meg/day) and higher dose vitamin D (700-800 lU/day; 17.5-20 meg/day) 
separately. 700-800 lU vitamin D per day reduced the relative risk (RR) of hip fracture by 26% 
(pooled RR = 0.74; 95% CI [0.61,0.88]) and any nonvertebral fracture by 23% (pooled RR = 
0.77; 95% CI [0.68,0.87]) compared to calcium or placebo. No significant benefit was observed for 
RCTs with 400 lU vitamin D per day (pooled RR for hip fracture was 1.15; 95% CI [0.88,1.50] 
and for any nonvertebral fracture 1.03; 95% CI [0.86,1.24]). The most recent Wbmens Health 
Initiative (WHI) trial comparing400 lU vitamin D plus 1000 mg calcium to placebo among 36,282 
postmenopausal women confirm the findings of the earlier meta-analysis indicating no benefit of 
low dose vitamin D on hip fracture risk (RR = 0.88; 95% CI [0.72,1.08]).^^ 

From left to right, Figures 2 A and B indicate increased antifracture efficacy with higher achieved 
25(OH)D levels in the treatment group for both hip (2A) and any nonvertebral fracture (2B), 
which reached significance in meta-regression analyses. From Figures 2 A and B optimal fracture 
prevention appeared to occur in trials with achieved mean 25(OH)D levels of at least 74 nmol/1. 
This level was reached only in trials that gave 700-800 lU cholecalciferol starting from mean baseline 
levels between 44 to 77 nmol/1. Thus optimal fracture prevention may require more than 700-800 
lU vitamin D in populations with baseline 25(OH)D levels below 44 nmol/1 and baseline levels 
may depend on latitude,̂ ^ type of dwelling)̂ *̂̂ ^ and fortification of dairy products with vitamin 
D.̂ ^ Low baseline levels plus low compliance may in part explain why two recent trials from the 
UK, which were not included in the 2005 meta-analysis, did not achieve antifracture efficacy with 
800 lU cholecalciferol per daŷ -̂̂ ^ 

In the Record Trial, starting from a mean of 38 nmol/1 (15.2 ng/ml), the achieved mean 
25(OH)D levels were 62 nmol/1 in the vitamin D treatment group. This is, according to the 2005 
meta-analysis, not enough for fracture prevention. The small increase in 25(OH)D levels despite 
the 800 lU vitamin D intervention dose may be explained by the low compliance in the trial: 60% 
at 12 months and 47% at 24 months among persons who returned the 4-monthly questionnaire 
and even lower if all participants were considered. In the second UK trial 800 lU vitamin D by 
Porthouse and colleagues 25(OH)D levels were not reported.̂ ^ Limitations of the Porthouse trial 
were the open design plus low compliance. In addition, instructions given to the control group 
regarding adequate calcium and vitamin D intake may have biased the result towards the null. 
Still, the authors report an effect size for hip fracture prevention with vitamin D that is similar to 
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Figure 2A and B. Fracture efficacy by achieved 25(OH)D levels. Figures 2A and 2B are 
adapted from Bischoff-Ferrari HA et al. "Fracture Prevention with vitamin D supplementa-
tion: a meta-analysis of randomized controlled trials", JAMA 2005, Vol. 293, Issue 18, Pages 
2257-64, Copyright©(2005), American Medical Association. All Rights reserved.^^ Dotted line 
represents relative risks (RRs) for the risk of any hip fracture among those who took vitamin D 
vs those on the control group. All trials identified for the primary analysis are included (from 
left to right: Lips et aP"̂ ^ Meyer et aP'̂ ^ Trivedi et aP^̂  Decalyos 11,̂ "̂̂  Decalyos P )̂. Error bars 
represent 95% confidence intervals (CIs). Trendline is based on series of effect sizes (open 
squares). A meta regression, including 9294 individuals indicated a significant inverse relation 
between higher achieved 25(OH)D levels in the treatment group and hip fracture risk (Beta = 
-0.009; p = 0.02; meaning that the log RR of hip fracture is estimated to decrease by 0.009 
per 1 nmol/l increase in 25(OH)D). 
Figure 2B. Dotted line represents relative risks (RRs) for the risk of any nonvertebral fracture 
among Those who took vitamin D vs those on the control group. All trials identified for 
the primary analysis are included (from left to right: Lips et aP"̂ ^ Meyer et aP'̂ ^ Pfeifer et aP^ 
Trivedi et aP"*̂  Decalyos ll,̂ "*"̂  Decalyos 1,̂ ^ Dawson-Hughes et aP )̂. Error bars represent 95% 
confidence intervals (CIs). Trend line is based on series of effect sizes (open squares). A meta 
regression, including 9820 individuals, indicated a significant inverse relation between higher 
achieved 25(OH)D levels in the treatment group and any nonvertebral fracture risk (Beta = 
-0.006; p = 0.03; meaning that the log RR of nonvertebral fracture is estimated to decrease 
by 0.006 per 1 nmol/l of 25(OH)D achieved in the treatment group). If the Record trial was 
added to the graph, it would be super-imposed to the trial of Lips et al on the far left (Record 
achieved 62 nmol/l 25(OH)D with 800 lU cholecalciferol per day in the treatment group 
and the RR of cholecalciferol preventing any low-trauma fracture in Record was 1.02, 95% 
CI [0.88,1.19]24). 
Diasorin equivalent values (Diasorin, Stillwater, Minnesota, USA "̂̂ )̂: Lips"̂ :̂ 54 nmol/l; Meyer̂ '̂ .̂ 
as reported, Diasorin equivalent values not available '̂̂ ^* Pfeifer^^: as reported, Diasorin 
equivalent values not available; Decalyos IP"*"*: 63 nmol/l; Decalyos P̂ : 75 nmol/l; Trivedî "^ :̂ 
74 nmol/l; Dawson-Hughes^^: 99 nmol/l). 

the result of the meta-analysis (RR = 0.75; 95% CI [0.31,1.78), however surrounded by a large 
confidence interval. 

Figure 3 illustrates hip fracture efficacy by total vitamin D intake in the treatment group 
considering compliance and additional vitamin D intake (WHI women consumed a mean of 
360 lU vitamin D throughout the trial).̂ ^ The graph suggests that efficacy increases with higher 
predicted actual mean intake of vitamin D in the treatment group. Studies that were successful 
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Figure 3. Fracture efficacy of Vitamin D by estimated total intake under consideration of 
compliance. Figure 3 is adapted from Bischoff-Ferrari HA "How to select the doses of vita-
min D in the management of osteoporosis", Osteoporos Int 2007; 18(4):401-7. Copyright © 
(2007), Osteoporosis International. All Rights reserved.^'*'' Compliance in the different trials 
was reported as follows: Lips (400 lU per day) = 85%,i4i Record = 47%,24 WHI* intent-to-treat 
analysis (400 ID per day plus additional reported mean vitamin D intake of 360 lU) = 59%,^^ 
Trivedi (100,000 lU every 4 months equals to 820 lU per day) = 76% (^includes hip plus 
forearm fractures),^^^ Chapuy (800 lU per day) = 84%,^^ WHI**compliant women (400 lU 
per day plus additional reported mean vitamin D intake of 360 lU) = 100%.^^ In most stud-
ies being compliant was defined as taking 80% or more of the study medication. The x-axis 
gives the DiaSorin equivalent 25(OH)D levels in nmol/l achieved in the treatment arm of 
the trials. #For the Record trial a HPLC method has been used for 25(OH)D measurement 
with an unknown DiaSorin equivalent value. In the WHI trial, 25(OH)D levels have not been 
measured at follow-up in the study population (n.a. = not available). 

in fracture reduction had an actual mean estimated intake of more than 600 lU per day and as-
sociated achieved mean 25(OH)D levels were close to 75 nmol/l. 25(OH)D levels are expressed 
in DiaSorin equivalent levels in Figure 3 as measurements of 25-OHD vary between assayŝ ^ and 
the DiaSorin assay is widely used. 

In summary, the data for bone health, based on BMD in younger and older adults, as well as 
prevention of hip and any nonvertebral fractures in older adults, surest that serum 25(OH)D 
levels of at least 75 nmol/l are desirable. 

25(OH)D and Lower Extremity Function 

Background 
The protective effect of vitamin D on fractures has been primarily attributed to the established 

benefit of vitamin D on calcium homeostasis and bone mineral density.̂ '̂̂ '̂̂ '̂̂ ^ However, muscle 
weakness is also a prominent feature of the clinical syndrome of vitamin D deficiencŷ -̂̂ ^ and may 
plausibly mediate fracture risk through an increased susceptibility to falls.̂ '̂ ^̂ ^ 

A meta-analysis of RCTs published in 2004 addressed the effect of vitamin D on the risk of 
falling in older persons.̂ ^ Based on 5 RCTs (n = 1237), vitamin D reduced the risk of falling by 
22% (pooled corrected OR = 0.78; 95% CI [0.64,0.92]) compared to calcium or placebo.̂ '̂̂ "̂̂ ^ 
Subgroup analyses suggested that the reduction in risk was independent of the type of vitamin 
D, duration of therapy and gender. However, the results from one trial suggested that 400 lU of 
vitamin D may not be clinically effective in preventing falls in the elderly,̂ ^ while two trials that 
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used 800 lU of vitamin D per day plus calcium reduced the risk of falling.̂ -̂̂ ^ For the two trials 
with 259 subjects using 800 lU of cholecalciferol, the corrected pooled OR was 0.65 (95% CI 
[0.40,1.00]).^^ The importance of dose of vitamin D in regard to antifall efficacy was addressed 
within one double-blind RCT among 124 nursing home residents receiving 200,400,600 or 800 
lU vitamin D compared to placebo over a 5 month period. Participants in the 800 lU group had 
a 72% lower adjusted-incidence rate ratio of falls than those taking placebo (rate ratio = 0.28; 
95% confidence interval = 0.11-0.75) and their mean 25-hydroxyvitamin D level increased from 
51to72nmol/1.^2 

Since the 2004 meta-analysis, long-term antifall efficacy of cholecalciferol was shown in 
community-dwelling older women. The double-blind RCT compared 700 lU vitamin D plus 500 
mg calcium to placebo over a 3-year intervention among 246 community-dwelling older men and 
women. Among women, treatment resulted in a 46% reduction in the odds of falling (odds ratio 
[OR], 0.54; 95% confidence interval [CI], 0.30-0.97)."̂ ^ Fall reduction was most pronounced in less 
active women (OR = 0.35; 95% CI,0.15-0.81), while the effect in 199 community-dwelling older 
men was neutral (OR=0.93; 95% CI, 0.50-1.72). Only, among compliant less active men, there was 
a suggestion of a benefit of treatment in regard to fall reduction (OR = 0.65; 95% CI, 0.18-2.29). 
25(OH)D levels in this trial increased firom 67 to 99 nmol/1 (Diasorin adjusted levels). 

A physiologic explanation for the beneficial effect of vitamin D on muscle strength is that 
1,25-dihydroxyvitamin D (l,25(OH)2D), the active vitamin D metabolite, binds to a vitamin D 
specific nuclear receptor in muscle tissue'̂ ^^ leading to de novo protein synthesis,̂ "^ muscle cell 
growth^ and improved muscle fimction.^^'^^'^^'^^ Higher serum 25(OH)D levels raise the substrate 
level for intracellular, tissue-specific 1-a-hydroxylases, thereby permitting intracellular levels of 
l,25(OH)2D to rise in muscle and other tissues.'̂ ^ 

Optimal 2S(0H)D Levels and Lower Extremity Function 
A threshold for optimal 25(OH)D and lower extremity function has been addressed in two 

population-based surveys, one firom the US (NHANES III including4100 ambulatory older adults 
age 60 and older )'̂ ^ and one firom the Netherlands (Longitudinal Study of Aging Amsterdam) .̂ ^ 
In the US survey, functional assessment included the 8-foot-walk test and sit-to-stand test.̂ °'̂ ^ 
Both tests depend on lower extremity strength and mirror functions needed in everyday Ufe. In 
both tests, performance speed continued to increase throughout the reference range of 25(OH)D 
(22.5 to 94 nmol/1) with most of the improvement occurring in 25(OH)D levels going from 22.5 
to approximately 50 nmol/1. Further improvement was seen in the range of 50-94 nmol, but the 
magnitude was less dramatic. For the 8-foot walk test, compared to the lowest quintile of 25 (OH)D, 
the highest quintile showed an average improvement by 5.6% (test for trend: p < 0.001). For the 
sit-to-stand test, compared to the lowest quintile of 25(OH)D the highest quintile showed an 
average improvement by 3.9% (test for trend: p = 0.017) 

Results were similar for subgroups of active and inactive individuals, men and women, three 
ethnic groups (Caucasians, African Americans and Mexican Americans) and persons with higher 
(>500 mg/day) and lower calcium intakes (<500 mg/day). 

This is supported by data from the Longitudinal Aging Study Amsterdam including 1351 Dutch 
men and women age 65 and older.̂ ^ In that study, physical performance improved continuously 
firom very low levels of serum 25(OH)D up to 75 nmol/1. Compared to individuals with 25(OH)D 
levels of 75 nmol/1 and higher , individuals with serum levels below 25 nmol/1 had a 2.54- fold 
cumulative odds (95% CI [1.63-3.97]) of scoring 1 point lower on the walking test (score range 
was 0-4), a 2.23-fold cummulitive odds (95% CI [1.45-3.41]) of scoring one point lower in the 
chair test and a 2.17-fold cumulative odds (95% CI [1.31-3.59]) of scoring one point lower on 
the tandem stand. For all tests there appeared to be a trend between better test performance and 
higher 25(OH)D levels. 

Thus, data for lower extremity strength suggest that serum 25(OH)D levels of at least 50 
nmol/1 are desirable, but 75-100 nmol/1 are best. Consistent with and likely closely linked to 
better function and lower fracture risk, the LASA data also showed a significant trend between 
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baseline 25(OH)D levels and risk of nursing home admission over a 6 year follow-up. Compared 
to older individuals with adequate 25(OH)D levels of 75 nmol/1 or higher, risk of nursing home 
admission was 3.48-fold higher (95% CI [1.39, 8.75) among individuals with 25(OH)D levels 
<25 nmol/1,2.77-fold higher (95% CI [1.17-6.55]) individuals with 25(OH)D levels between 
25-49nmol/landl.92-foldhigher(95%CI [0.79-4.66]) amongindividualswith25(OH)D levels 
between 50-74 nmol/1 (p-value for trend test = 0.002). 

25(OH)D and Dental Health 
Periodontal disease is a common chronic inflammatory disease in middle-aged and older 

persons characterized by the loss of periodontal attachment, including the periodontal Ugaments 
and alveolar bone. Periodontal disease is the leading cause of tooth loss, particularly in older 
personŝ ^̂ ^ and tooth loss is an important determinant of nutrient intake and quality of life.̂ '̂̂ ^ 
Several epidemiological studies have reported positive associations between osteoporosis or low 
bone density and alveolar bone and tooth loss, indicating that poor bone quaUty may be a risk 
factor for periodontal disease.̂ ^^ Chronic marginal gingivitis, a chronic inflammation of the 
gingival tissues that is induced by bacterial dental plaque appears to be independent of underlying 
bone, but may in susceptible patients, eventually lead to the destruction of periodontal Ugament 
and alveolar bone and may thus evolve into periodontal disease. 

Vitamin D has been linked to both gingivitis and periodontal disease with an indication of a 
threshold of 75 nmol/1 or above associated with best outcomes. Vitamin D may also reduce both 
gingivitis and periodontal disease through its antiinflammatory effect.̂ '̂̂ ^ One epidemiologic 
study evaluated data from 77 503 gingival units (teeth) in 6700 never smokers aged 13 to 90 y 
from NHANES III. Compared with sites in subjects in the lowest 25(OH)D quintile (median: 
32.4 nmol/L), sites in subjects in the highest 25(OH)D quintile (median: 99.6 nmol/L) were 20% 
(95% CI: 8%, 31%) less likely to bleed on gingival probing (p-value for trend test = 0.001).^' The 
association appeared to be linear over the entire 25(OH)D range, was consistent across racial or 
ethnic groups and was similar among men and women. Furthermore, the association was inde-
pendent of age, sex, income, BMI, intake of vitamin C, ftdl crown coverage, calculus, frequency of 
dental visits, diabetes, use of oral contraceptives and hormone replacement therapy among women, 
number of missing teeth and diabetes. 

Another epidemiologic study evaluated the association between 25(OH)D levels and alveolar 
attachment loss, a measure of periodontal disease, in NHANES III including 11,202 ambulatory 
subjects aged 20+ years.̂ ° The analysis revealed that 25(OH)D status was not significantly associ-
ated with attachment loss in younger men and women (20-50 years). However, in persons above 
50 years of age, a significant association between 25(OH)D and attachment loss was observed in 
both genders independent of race/ethnicity (trend-test in men: p = 0.001; trend-test in women: 
p = 0.008). Figures 4 A and 4B display the quintiles of 25(OH)D levels in relation to degree of at-
tachment loss. On average, the men aged 50 y who were in the lowest quintile of serum 25(OH)D3 
concentration (<40 nmol/1) compared to those in the highest quintile (>85 nmol/1) lost 27% 
AL (95% CI: 12%, 42%). Similary women in the lowest quintile lost 23% (95% CI: 8%, 38%) 
compared to those women in the top quintile. Surprisingly, BMD of the total hip region was not 
associated with attachment loss and adjustment for this did not attenuate the association between 
25(OH)D and attachment loss. 

Today, one RCT tested the benefit of vitamin D (700 lU/day) plus calcium (500 mg/day) 
supplementation compared to placebo in regard to tooth loss. Treatment significantly reduced 
tooth loss in older individuals over a 3 year treatment period (OR = 0.4; 95% CI [0.2,0.9]); while 
serum 25(OH)D levels increased from 71 nmol/1 to 112 nmol/1.̂ ^ Thus, available evidence suggests 
that for dental health serum 25(OH)D levels between 75-100 nmol/1 are desirable. 

25(OH)D and Cancer Incidence and Mortality 
Serum 25(OH)D, afi:er its conversion to 1,25-dihydroxyvitamin D, inhibits cell proliferation 

and induces cell differentiation and apoptosis in tumor ceUŝ ^ and thus may reduce cancer risk. It has 
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Figure 4. Solid lines relate to left axis, dashed lines relate to variables on right axis. The out-
comes depicted as RRs are fracture risk (for more detail see Fig. 2) and colon cancer (data 
from the Nurses Health Study^^). For BMD, the example of older Caucasian was chosen (for 
more detail see Fig. 1) and the unit is displayed in the upper part of the right side y-axis. For 
lower extremity, we chose the 8-foot walk (8'walk) test results from NHANES III discussed 
in this chapter^^ and the unit is seconds, as shown on the lower half of the right-side y-axis. 
Attachment loss is based on data discussed in this chapter^° and is given in mm units for 
older men, as displayed on the lower half of the right side y-axis. Based on this summary of 
all outcomes, the desirable serum 25(OH)D level to be achieved for optimal health is at least 
about 75 nmol/l and best 90-100 nmol/l. 

been suggested that for cancer prevention the conversion of 25(OH)D to 1,25-dihydroxyvitaniin 
D is primarily performed locally in various tissues, such as in colon cells by a local 1-alpha-hydrox-
ylase.̂ ^ Importantly, this system critically depends on the substrate 25(OH)D. 

A recent pooled analysis for breast cancer incidence and 25(OH)D levels among 1760 women 
su^ested a dose-response relationship/"^ Pooled odds ratios for breast cancer from lowest to highest 
quintile for 25(OH)D were 1.00, 0.90,0.70,0.70 and 0.50 (p-value for trend test <0.001). The 
medians of the pooled quintiles of serum 25(OH)D were 15,45,72.5,92.5 and 120 nmol/l. Thus, 
women with serum 25(OH)D levels of about 120 nmol/l had a 50% lower risk of developing breast 
cancer compared to women with severe vitamin D deficiency with serum 25(OH)D levels below 
15 nmol/l serum 25(OH)D of approximately 120 nmol/l had 50% lower risk of breast cancer. 

Similarly, a recent pooled analysis for colorectal cancer incidence of five studies si^ested a 
dose-response between higher serum 25(OH)D and lower colorectal cancer risk.̂ ^ Pooled odds 
ratios for colorectal cancer from lowest to highest quintile of serum 25(OH)D, were 1.00,0.82, 
0.66,0.59 and 0.46 (p-value for trend test <0.0001). The medians of the pooled quintiles of serum 
25(OH)D were 15,40,55,67.5 and 92.5 nmol/l. Thus, individuals with serum 25(OH)D levels of 
about 93 nmol/l had a 54% lower risk of developing coloreaal cancer compared to individuals with 
severe vitamin D deficiency with serum 25(OH)D levels below 15 nmol/l serum 25(OH)D. Most 
research in regard to cancer prevention with vitamin D has been performed for colorectal cancer 
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and all the studies of colorectal cancer that took into account supplementary vitamin D reported 
an inverse association/^^^ In fact, after supplementation with vitamin D, circulating 25(OH)D 
levels are inversely associated with the size of the proUferative compartment in the colorectal 
mucosa in humans.̂ ^ Mechanistically, colorectal cancer prevention with vitamin D is explained 
by several in vitro studies demonstrating the ability of 1,25-dihydroxyvitamin D or 25(OH)D to 
reduce proliferation and increase differentiation of colorectal cancer cells.̂ ^̂ ^ 

Findings from WHI appear to contrast with the epidemiologic data for colorectal cancer.̂ ^ 
However, two critical issues are dose and duration.̂ ^ In the Nurses Health Study, a statistically 
significant reduction of colorectal cancer for higher vitamin D intake emerged only at doses above 
550 lU per day in consistent users of greater than ten years (RR = 0.42,95% CI, 0.19-0.91]).'° In 
the WHI, median follow-up was only seven years. Furthermore, similar to the most recent findings 
on 25(OH)D levels and risk of colo-rectal cancer in the Nurses Health Study (Fig. 5),'^ there was 
a significant inverse trend between lower baseUne serum 25(OH)D levels and an increased risk 
of colo-rectal cancer observed in the WHI participants (p-value = 0.02). 

Incidence and mortaUty from all cause cancer among men in relation to estimated 25(OH)D 
levels was addressed recently.'̂  Among 47,800 men of the Health Professionals Follow-Up Study 
an increment of 25 nmol/1 in predicted 25(OH)D level was associated with a 17% reduction in 
total cancer incidence (multivariable relative risk [RR] = 0.83, 95% confidence interval [CI] = 
0.74 to 0.92), a 29% reduction in total cancer mortahty (RR = 0.71,95% CI = 0.60 to 0.83) and 
a 45% reduction in digestive-system cancer mortality (RR = 0.55,95% CI = 0.41 to 0.74). Thus, 
an incremental increase in 25(OH)D levels of 25 nmol/1 could reduce total cancer incidence by 
17% and digestive cancers by 45% among men. 

Based on data for all cause cancer, breast cancer and colorectal cancer, estimated optimal serum 
25(OH)D levels were at least 90 nmol/L. For the prevention of breast cancer serum 25(OH)D 
levels of 120 nmol/1 may be desirable. Each incremental increase of serum 25(OH)D levels by 
25 nmol/1 appears to reduce total cancer risk by 17% and most pronounced digestive-system 
cancer risk by 45%. This conclusion is supported by a 2004 NIH (National Institute of Health) 
sponsored symposium where the role of vitamin D in cancer chemoprevention and treatment 
was discussed.'̂ '̂ ^ 

Optimal 25(OH)D Levels for Blood Pressure Control 
Central to cardiovascular health is blood pressure control. Ecologic studies have suggested an 

inverse association between latitude and blood pressure. In the INTERS ALT study, which had 53 
centers world-wide, a linear correlation between rise in blood pressure or the prevalence of hyperten-
sion and the latitudes north and south of the equator were observed.̂ ^ Furthermore, observational 
studies found an inverse association between 1,25-dihydroxyvdtamin D levels and blood pressure 
or plasma renin levels among both normotensive '̂̂ °° and hypertensivê '̂ °̂ '̂ °̂  individuals. And 
the results firom these observational studies are supported by one small RCT, in which vitamin D 
treatment reduced blood pressure in community-dwelling older women.̂ ^̂  In the trial by Pfeifer 
and colleagues, within 2 months, treatment with vitamin D (800 lU/day) plus calcium (1200 
mg/day) lead to a decrease in SBP by 13 mmHg (p = 0.02), a decrease in DBP by 6 mmHg (p = 
0.10) and a decrease in heart rate by 4 beats/min (p = 0.02) compared to calcium alone (1200 
mg/day). Similarly, in a randomized controlled trial by Krause and colleagues ultraviolet B light 
(UVB) significandy lowered SBP by 6 mmHg [-14;-1] and DBP by 6 mmHg [-12;-2] within 
six weeks if compared to ultraviolet A light (UVA).^^ 25-Hydroxyvitamin D levels increased in 
the UVB group firom 58 to 151 nmol/1, while there was no increase in the UVA group. 

Two possible mechanisms are suggested. First, several in vitro and animal studies surest that 
vitamin D is a vasoactive agent and may play a protective role in the development of arterosclerosis: 
In vascular smooth muscle, several studies have documented the presence of the VDR °̂̂ '̂ ^ and in 
vitro studies found that 1,25-dihydroxyvitamin D antagonizes the mitogenic effect of epidermal 
growth factor on mesangial cell growth.̂ '̂̂ ^̂  
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Second, apart from establish renin regulators, such as renal perfusion pressurê °̂  and tubular 
sodium load,̂ °̂ recent studies surest that vitamin D suppresses renin production.̂ ^̂ '̂ ^̂  Li and 
colleagues found that renin and angiotensin II expression was increased in mice lacking the vitamin 
D receptor (VDR (-I-) mice), whereas angiotensinogen expression was unaltered. As a consequence 
VDR (-I-) mice developed hypertension, since angiotensin II is a potent vasoconstrictor.̂ ^^ 

Recent epidemiologic data provides evidence that the serum level of 25(OH)D that confers 
the maximum benefit in regard risk reduction of incident hypertension among men and women 
is at least 75 nmol/1 (30 ng/ml).̂ ^^ Two large prospective cohort studies including 38,388 men 
from the Health Professionals' Follow-Up Study and 77,531 women from the Nurses' Health 
Study demonstrated that 25-hydroxyvitamin D levels are inversely associated with risk of incident 
hypertension.̂  ̂ ^ Over a 4-year follow-up, men with serum 25-(OH)D levels of 75 nmol/1 or higher 
had a 6.1-fold reduced risk of incident hypertension (95% confidence interval [CI]: 1.00 to 37.8) 
and women had a 2.7-fold reduced risk (95% CI: 1.05 to 6.79) if compared to vitamin D deficient 
individuals (25(OH)D levels <35 nmol/1). 

Thus, available evidence suggests that for hypertension prevention serum 25(OH)D levels 
between 75-100 nmol/1 are desirable. 

Vitamin D Intake Needed to Achieve Optimal 25(OH)D Levels 
Currently recommended intakes are 200 lU/d for young adults, 400 lU/d for those aged 51 

to 70 years and 600 lU/d for those over age 70 years.̂ ^̂  
The vitamin D intake needed to bring a large majority of adults to the desirable 90-100 nmol/1 

25(OH)D range has not been defined precisely and depends to some extent on the starting level. 
Studies in older persons show that 25(OH)D levels could be increased by approximately 10 to 
40 nmol/1 to mean levels of about 60 nmol/1 with 400 lU vitamin D/day,'̂ '̂̂ ^̂ '̂ ^̂  by 31 nmol/1 to 
mean levels of 79 nmol/1 with 600 lÛ ^̂  or by 50-65 nmol/1 to mean levels of 100 nmol/1 with 
800 lU of vitamin D per day.̂ '̂̂ ^ Mean levels of 75 to 100 nmol/1 are achieved with intakes of 
700 to 1000 lU/d in groups of young and older adults.̂  ̂ ^̂ °̂ In young men and women (age 41 
± 9 years SD) 4000 lU vitamin D per day (100 meg/day) may increase 25(OH)D levels by 56 
nmol/1 to mean levels of 125 nmol/1.̂ ^̂  

Adding Calcium to Vitamin D 
As calcium absorption is improved with higher serum 25(OH)D levels,̂ ^̂ ^̂ ^ future studies may 

need to evaluate whether current calcium intake recommendations with higher doses of vitamin 
D beyond 2000 lU per day are safe or require downward adjustment.̂ ^̂  If dietary calcium is a 
threshold nutrient, as su^ested by Dr. Heaney,̂ ^ then that threshold for optimal calcium absorp-
tion may be at a lower calcium intake when vitamin D nutrition is higher. 

Discussion 
This chapter reviews optimal blood 25(OH)D levels for BMD and fracture risk reduction, lower 

extremity function, falls, risk of nursing home admission, dental health, cancer prevention and 
risk of incident hypertension. For aU endpoints, the data suggested that the minimal target level 
of 25-OHD should be above 75 nmol/1 (30 ng/ml) and optimally between 90 to 120 nmol/1 (36 
to 48 ng/ml). As such, reaching the optimal 25(OH)D range for bone health, which is the most 
widely acknowledged benefit of adequate vitamin D status, is expected to provide additional benefit 
for the investigated nonskeletal outcomes, which all have significant pubhc health implications. 
Among older individuals, better lower extremity funaion, less falls and fractures, better dental 
health and a lower risk of hypertension directly define quality of life and independence at older 
age, which is reflected in a lower risk for nursing home admission among older individuals with 
adequate 25(OH)D from one prospective study. The target level of at least 75 nmol/125-OHD 
to achieve optimal health is supported by several experts. 

Based on the 2005 fracture meta-analysis, achieved 25(OH)D levels of at least 74 nmol/1 
could prevent about one fourth of all hip and nonvertebral fractures in both ambulatory and 
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institutionalized older persons.̂ ^ Given the high cost of fracture treatment and the personal bur-
den of disability after fractures, especially hip fractures, this finding has significant public health 
imphcations.̂ ^̂ '̂ ^̂  Furthermore, because the positive association between 25(OH)D levels and 
BMD in younger adultŝ ^ (Fig. 1 A) is consistent with the concept that higher levels of serum 
25(OH)D may contribute to peak bone mass, maintaining high 25(OH)D levels in younger 
adulthood could further protect against firactures at older ages.̂ ^̂  

For the prevention of cancer, higher achieved 25(OH)D levels between 90-120 nmol/1 may 
be most desirable. With little at hand for the prevention of cancer, the suggested benefits of 
achieved 25(OH)D levels in the range between 90-120 nmol/1 on breast cancer risk reduction 
(50%),̂ ^̂  colorectal cancer risk reduction (54%)̂ ^ and total cancer risk reduction (17%)̂ ^ are very 
significant. 

Based on a recent national US survey, only 31% of adult Caucasians between 20 and 49 years 
of age and less than 9% of older Caucasians and an even smaller firaction of the Mexican American 
and African American adults have serum 25(OH)D levels of 90 nmol/1 or more.̂ ^ Most vulnerable 
to low vitamin D levels are elderly,̂ '̂̂ ^̂  individuals living in northern latitudes with prolonged 
winters, ̂ '̂̂^̂  obese individualŝ ^^ and African Americans of all ages.̂ '̂̂ ^̂ '̂ ^̂  Other groups with dark 
skin pigmentation living in northern latitudes will also be at high risk of low vitamin D status. Thus 
a large majority of the population could benefit firom vitamin D supplementation, a simple, highly 
affordable and well-tolerated strategy that could reduce osteoporosis and fi*actures and probably 
reduce falls associated with lower extremity weakness, poor dental health, colorectal cancer and 
hypertension in older adults. 

Vitamin D intakes that may be required to achieve the optimal levels of 25(OH)D in most 
individuals are not established. Studies surest that 700 to 1000 lU of vitamin D per day may 
bring 50% of younger and older adults up to 90-100 nmol/1.̂  ̂ ^̂ °̂ Thus, to bring most adults to 
the desirable range of 90-100 nmol/1, vitamin D doses higher than 700-1000 lU would be needed. 
The current intake recommendation for older persons (600 lU per day) may bring most subjects 
to 50-60 nmol/1, but not to 90-100 nmol/1 and for younger adults, the current recommendation 
of 200 lU per day is unlikely to be adequate. ̂ ^ According to studies in younger adults, intakes of 
as high as 4000 lU (100 meg/day) to 10,000 lU (250 meg/day) are safê ^̂ .ni.ni and 4000 lU may 
bring 88% of healthy young men and women to at least 75 nmol/1.̂ ^̂  Heaney and colleagues, in 
a study of healthy men, estimated that 1000 lU cholecalciferol per day are needed during winter 
months in Nebraska to maintain a late summer starting level of 70 nmol/1, while baseline levels 
between 20-40 nmol/1 may require a daily dose of 2200 lU vitamin D to reach and maintain 80 
nmol/l.̂ "̂ '̂  ̂ ^ A recent risk assessment on vitamin D based on relevant, well-designed human clinical 
trials of vitamin D documented the absence of toxicity in trials conducted in healthy adults that 
used vitamin D dose 10,000 lU vitamin D3.̂ ^̂  The authors thus su^ested an upward adjustment 
of the safe upper limit firom currendy 2000 lU to 10,000 lU per day. 

If 75-100 nmol/1 were the target range of a revised RDA (recommended daily allowance), the 
new RDA should meet the requirements of 97% of the population. ̂ ^̂  Based on a dose-response 
calculation proposed by Heaney and colleagues of about 1.0 nmol/(l [zg day) at the lower end 
of the distribution and 0.6 nmol/(l fig day) at the upper end,^ a daily oral dose of 2000 lU (50 
meg/day), the safe upper intake limit as defined by the National Academy of Science,̂ "̂̂  may shift 
the NHANES III distribution so that only about 10-15% of individuals were below 75 nmol/1. 
This may result in a 35 nmol/1 shift in already replete individuals from between 75-140 nmol/1 
(NHANES III distribution) to 110-175 nmol/1, which are levels observed in healthy outdoor 
workers (i.e., farmers: 135 nmol/P̂ "̂  and lifeguards: 163 nmol/P^^). Thus, 2000 lU may be a safe 
RDA even at the higher end of the normal 25(OH)D serum level distribution and for the lower 
end it may be conservative. As a first sign of toxicity, only serum 25(OH)D levels of above 220 
nmol/1 have been associated with hypercalcemia.̂ '̂̂ ^^ 

Due to seasonal fluctuations of 25(OH)D levels,̂ ^ some individuals maybe in the target range 
during summer months. However, these levels will not sustain during the winter months even in 
sunny latitudes.̂ ^̂ '̂ ^̂  Thus winter supplementation with vitamin D is needed even after a sunny 
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summer. Furthermore, several studies suggest that many older persons will not achieve optimal 
serum 25 (OH) D levels during summer months suggesting that vitamin D supplementation should 
be independent of season in older persons.̂ ^̂ -̂ ^̂ '̂ ^ 

In summary, for bone health in younger adults and all outcomes in older adults, including 
antifracture efficacy, lower extremity strength, dental health, cancer prevention and hypertension 
prevention, serum 25(OH)D levels of at least 75 nmol/1 should be the target. For cancer prevention, 
serum 25(OH)D levels between 90-120 nmol/1 maybe warranted. While several studies suggest 
that 50% of the population may achieve serum 25(OH)D levels of 75 nmol/1 with a daily intake 
of about 1000 lU per day, limited data is available for intake estimates that would bring all adults 
up to this range. Given the low cost, safety and demonstrated benefit of higher 25(OH)D levels, 
vitamin D supplementation should become a public health priority to combat these common and 
cosdy chronic diseases. More studies are needed on the safety of higher doses of vitamin D applied 
to a population. Among healthy adults, 2000 lU per day may shift most individuals safely into 
the desired range. However, more data, especially among older individuals, are needed together 
with a reevaluation of calcium recommendations, which may need downward adjustment with 
higher vitamin D intakes. 
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CHAPTER 6 

Ultraviolet Exposure Scenarios: 
Risks of Erythema from Recommendations 
on Cutaneous Vitamin D Synthesis 
Ann R. Webb* and Ola Engelsen 

Abstract 

Exposure to sunlight is a major source of vitamin D for most people yet public health advice 
focuses overwhelmingly on avoiding exposure of unprotected skin because of the risks of 
erythema and skin cancer. We have calculated the exposure required to gain a number of 

proposed oral-equivalent doses of vitamin D, as functions of latitude, season, skin type and skin area 
exposed, together with the associated risk of erythema, expressed in minimum erythema doses. The 
model results show that the current recommended daily intake of 400 lU is readily achievable through 
casual sun exposure in the midday lunch hour, with no risk of erythema, for all latitudes some of the 
year and for all the year at some (low) latitudes. At the higher proposed vitamin D dose of 1000 lU 
lunchtime sun exposure is still a viable route to the vitamin, but requires the commitment to expose 
greater areas of skin, or is effective for a shorter period of the year. The highest vitamin D requirement 
considered was 4000 lU per day. For much of the globe and much of the year, this is not achievable 
in a lunchtime hour and where it is possible large areas of skin must be exposed to prevent erythema. 
When the only variable considered was skin type, latitudinal and seasonal limits on adequate vitamin 
D production were more restrictive for skin type 5 than skin type 2. 

Introduction 
The ultraviolet (UV) region of the solar spectrum (280-400 nm) is responsible for a number 

of biological and chemical effects. For humans, the direct effects occur in organs that are exposed 
to sunlight i.e., the skin and eyes. Here we consider only the skin. In skin, the main competing 
responses to ultraviolet radiation are the synthesis of vitamin D (positive health benefit) and 
damage to cells and DNA manifested as erythema and an increased probability of skin cancer 
(negative health risk). Previous chapters have covered the synthesis and benefits of vitamin D and 
later chapters provide extensive details of current knowledge of skin cancer. Here we summarise 
only the points relevant to debate the relative risks and benefits of sun exposure. 

Vitamin D has long been accepted as necessary for calcium metabolism and hence a healthy 
skeleton; more recently it has been linked with a protective effect against many life-threatening 
diseases, including a range of internal cancers and auto-immune diseases.̂ '̂  The so-called sunshine 
vitamin is also available through the diet, either in a very limited set of foods (mainly fatty fish, 
though some foods in some countries are fortified) or as supplements. As a dietary constituent, 
there are recommended guidelines for ingesting vitamin D. These are based only on bone health 
indicators and were aimed at eradicating the bone diseases of vitamin D deficiency: rickets and 
its adult form, osteomalacia. The guidelines range from zero dietary intake (assuming sunlight to 
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provide all necessary vitamin D) to 400-600 lU (international units) per day for those with extra 
growth requirements (pregnant and lactating women and children) or those "at risk" through 
potentially reduced capacity for cutaneous synthesis (the housebound and elderly).̂ '* The tolerable 
upper intake level for oral vitamin D is currendy 2000 lU per day.̂  At higher doses long-term inges-
tion is deemed to have negative effects,̂  although this limit has been disputed/ Single therapeutic 
doses of up to 50,000 lU are given under medical supervision to cure bone disease, but this is a very 
different situation to unregulated home intake of supplements. With the suggestion that vitamin 
D benefits more than bone health have come calls for an increase in the recommended daily intake 
(RDI) of the vitamin. Recent intakes proposed to secure all the potential benefits of vitamin D 
range firom 1000 lU^ to 4000 lU per day.̂  Clearly the higher doses breach the current guidelines 
for oral intake and would be difficult to achieve since supplements of this strength are not widely 
available, but this does not take into account the role of sunUght in providing vitamin D. 

In addition, there are differences in the effectiveness of different forms of vitamin D. Vitamin 
D3 is formed in the skin, while vitamin D2 (frequendy used in food fortification and supplements) 
is the plant derived form of the vitamin. There is evidence that vitamin D3, whether made cutane-
ously or ingested, is the more effective for increasing vitamin D status.̂ '̂ ^ 

Ultraviolet radiation, including that in sunlight, is a recognised carcinogen. Exposure to UV 
increases the risk of a cancer developing, although the details of the risk mechanism differ with 
the type of skin cancer. For the most hfe-threatening form, maUgnant melanoma, incidents of bad 
sunburn, especially in childhood, seem more important than the cumulative life time dose of UV 
that is implicated for squamous cell carcinoma, while basal cell carcinoma seems to combine ele-
ments of both sunburn and cumulative UV risks.̂ '̂̂ "̂  Current public health policy from e.g., UK, 
USA, AustraUa, World Health Organisation advises against sunlight exposure of unprotected skin, 
especially in the middle of the day (see websites for CRUK; EPA; Sunsmart; WHO)̂ '̂̂ ^ when the 
advice is to stay indoors or cover up completely. 

Existing recommendations to the public are contradictory: one assumes that UV exposure will, 
for a normal adult, provide necessary vitamin D, while the other advises minimising exposure to 
UV. This contradiction is exacerbated if calls to raise the recommended daily intake (or equivalent 
cutaneous synthesis) for vitamin D are considered, since achieving the higher su^ested levels would 
involve ingesting twice the existing toxic limit for long-term intake of vitamin D, or increasing 
the minimum RDI-equivalent UV exposure by a factor of 10. Here we explore the possibilities 
of achieving current and suggested vitamin D status through sunlight exposure and assess the as-
sociated risks expressed in terms of erythema. 

Differences between Vitamin D Synthesis and Erythema 
Vitamin D synthesis and erythema both result from exposing unprotected skin to ultraviolet 

radiation, but there are significant differences between the two responses. 

Action Spectra 
A fundamental diffisrence is that between the two action spectra. Vitamin D synthesis is very 

much a response to UVB radiation (280-315 nm), while erythema is elicited by both UVB and 
UVA (315-400 nm) radiation. The action spectra for the two responses are shown in Figure 1. 

The biologically effective dose rate for each response is given by 

Biologically effective doserate =/Ex A^ dX. 

Where Ê  is the incident radiation at a given wavelength, A^ is the biological response at that 
wavelength and X is wavelength. Since the solar spectrum is not a constant shape, especially in the 
UV, the ratio between erythema- and vitamin D- effective radiation is not a constant either. 

Biological Endpoints 
Erythema is damage to the skin and the endpoint of the damage is visible as a reddening and in 

extreme cases blistering, of the exposed skin. Vitamin D, by contrast, is synthesised in the skin but 
then enters the circulation and is hydroxylated in the liver to 25-hydroxyvitamin D (250HD). It 
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Figure 1. CIE erythema action spectrum^^ (bold line) and the action spectrum for the formation 
of prevltamin D in human skin^° (dots) with solar spectra measured at solar zenith angles of 
25 and 75 degrees. The units of irradiance are Wm ^nm ^ 

is the concentration of circulating 250HD that is measured as an indicator of a persons vitamin 
D status since the hydroxylation to the active form in the kidney, 1,25 dihydroxyvitamin D (1,25), 
is tightly controlled by other factors. Vitamin D synthesised in all exposed skin contributes to 
the concentration of 250HD in the blood, so increasing skin area exposed is one way to increase 
vitamin D status, rather than increasing exposure on a particular region of skin. 

Other organs also have receptors for 250HD and the cells can make their own 1,25 for internal 
use, hence the argument that once bone health requirements have been met, "left over" 250HD 
can be used by the body for other health benefits. To gain these benefits the circulating 250HD 
must be higher than the concentrations required simply to avoid rickets and the associated vitamin 
D intake/synthesis must increase correspondingly.̂  

Acute VS. Chronic Exposures 
Erythema is experienced when UV exposure reaches or exceeds a personal minimum erythemal 

dose (MED) in a single exposure, or exposures close together. Two sub-erythemal doses gained a 
week apart are not additive for erythema, while the same two exposures either side of lunch on the 
same day could produce an erythemal response since there is inadequate time for repair processes 
to fimction.̂ '̂̂ ^ All and any exposure will contribute to cumulative lifetime dose (and hence the 
risk of s e c ) , but avoiding erythema is a main goal in skin cancer prevention and risk-reduction 
for maUgnant melanoma. 

The absolute UV dose that produces a slight reddening of the skin, i.e., an MED, is individ-
ual-dependent. It is broadly related to skin typê ^ and skin colour, but neither is a very accurate 
prediaor of MED.̂ ^ The pigment melanin, which gives skin its brown colour, absorbs UV radiation 
and therefore prevents it from damaging DNA, or converting 7-dehydrocholesterol to previtamin 
D in the first step of vitamin D synthesis, but observation has shown that melanin is not the only 
determinant of MED. 

The photochemical production of previtamin D, the first step in vitamin D synthesis requires 
sufficient UVB photons incident on the skin, but is then rapid. If the UVB requirement is met then 
previtamin D accumulation is limited by further photochemical reactions during any one (or several 
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rapidly sequential) exposure(s). The previtamin D can be converted into several other biologically 
inert isomers and in sunlight the previtamin D in this isomer mixture never exceeds about 12%.̂ ^ 
Prolonged exposure is therefore of no benefit once there is sufficient UVB to produce the initial 
previtamin D because the next stage of thermal isomerisation to vitamin D takes several hours and 
does not therefore remove the previtamin D from the mixture on photochemical time scales. 

A generalised optimum exposure regime for acquiring and maintaining an adequate vitamin D 
status is therefore "litde and often" e.g., a sub-erythemal dose of sufficiendy UVB-rich radiation 
every day or two. The same regime is suitable for avoiding erythema and in this respect benefit 
gain and risk avoidance are served by the same behaviour. Indeed, regular sun exposure has also 
been shown to increase survival in cases of maUgnant melanoma, an effect that may be mediated 
by vitamin D.̂ ^ 

Implications for U V Exposure 

Ambient Solar UVRadiation 
The ambient solar UV radiation is most commonly expressed (measured or calculated) as the 

radiation incident on a flat, horizontal, unshaded plane. The human body is made of many surfaces, 
with orientations that change with the motion of the person relative to the position of the sun in 
the sky. Lacking any way to quantify the exposure of individuals relative to ambient, other than 
by personal dosimetry, the exposure of a flat horizontal plane will be taken as a default exposure 
that represents the local environment, while recognising that the exposure of any given body part 
will be a constandy changing fraction of this ambient UV. 

The ambient UV depends first upon latitude, day of year and time, which factors combine to give 
the solar zenith angle (SZA, the angle between the local vertical and a line from the observer to the 
sun). The smaller the SZA (the higher the sun in the sky), the more intense is the solar radiation. 
This is due to two processes. When the direct solar beam strikes the surface at an oblique angle, the 
incident energy is spread over a larger surface area than when the radiation is normal to the surface, 
reducing the intensity by the cosine (SZA). In addition, as the SZA increases the pathlength of the 
radiation, that is the distance it travels from the Sim through the Earth s atmosphere, also increases 
thus increasing the scattering and absorption occurring along the path of the photons travelling 
towards the Earth and thus fiirther reducing the radiation reaching the surface. 

Superimposed on the very predictable cycle of SZA are the effects of components of the 
atmosphere, notably clouds, aerosols and ozone. These influences can change unpredictably on 
a range of time scales and modify the daily and annual cycles in incident radiation. Nonetheless, 
general experience and expectation is for maximum solar radiation in the summer time and in the 
middle of the day and minimum in winter and towards sunrise and sunset. Cloudless skies act as 
the default that allow maximum irradiance in the great majority of situations. 

Solar Zenith Angle and the UV Spectrum 
In addition to changes in incident solar energy, changes in SZA also change the shape of the 

solar spectrum, particularly in the UV region. This is a result of the changes in pathlength and hence 
the amount of atmospheric absorption and scattering. The absorption and scattering processes are 
wavelength dependent and this is particularly true of ozone absorption and Rayleigh scattering 
from air molecules. For clouds and aerosols this is less so. Ozone absorbs strongly at wavelengths 
less than 280 nm, so much so that no radiation at these wavelengths reaches the surface. Its absorp-
tive properties then decrease rapidly through the UVB waveband and into the UVA, until there 
is no appreciable absorption for wavelengths greater than about 340 nm. The ozone absorption 
spectrum is mirrored in the rapidly increasing spectral irradiance in the UVB (see Fig. 1). As the 
distance the radiation has to travel through the stratospheric ozone layer increases, so does the 
absorption, attenuating the shortest wavelengths more than the longer UV wavelengths. 

The scattering of solar radiation by air molecules is accurately described by Rayleigh scattering 
theory. The scattering is proportional to the inverse fourth power of the wavelength (a X"̂ ), which 
means that radiation at 300 nm is scattered about 3 times more than that at 400 nm. A major part 
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of the ultraviolet radiation is back-scattered to space. At large SZA, most UV radiation is diffuse. 
Once more, increased pathlength leads to a disproportionate loss of the shorter UV wavelengths. 
Changes in stratospheric ozone will also alter the spectral shape, while cloud and aerosol effects 
are less wavelength dependent, but the dominant influence is SZA. 

This spectral dependence on SZA means that for small SZA the proportion of UYB in the 
total UV waveband is greater than for large SZA. Since the action spectra for vitamin D synthesis 
(UVB) and erythema (UVB + UVA) differ, the ratio between their two biological doses changes as 
the solar zenith angle changes: there is more vitamin D effective radiation per dose of erythemally 
effective radiation at small SZA than at large SZA. Therefore the most efficient time to gain some 
UV exposure (maximising vitamin D synthesis for a fixed erythemal dose) is at small SZA. For a 
given location this is around noon on any day and in the summer months.̂ '̂̂ ^ 

Unprotected Skin Area 
The area of skin exposed to UV radiation is extremely important in determining the resultant 

effect on vitamin D status since only exposed skin can synthesise vitamin D but circulating 250HD 
is the resultant effect of vitamin D from any part of the body surface. Skin area does not determine 
the severity of erythema in any way, only the skin area that might suffer from reddening and the 
region of skin for which there has been an increase in cumulative Ufetime dose. Thus the best way 
to increase vitamin D status while minimising the risk of erythema is to expose a large area of skin 
for a short period of time, rather than a small area of skin for a longer time. 

Note that for either effect the skin exposed must be unprotected i.e., free of any covering, 
including sunscreen and other skincare products that may contain an element of sunscreen e.g., 
moisturisers and foundation creams. Face, neck and hands are the most frequendy exposed skin 
areas (11.5%). At freezing temperatures, most people only expose the face (3.5%), except in 
extreme cold. In summer or during work-out, at least face, neck, arms, hands, legs (57.5%) are 
often exposed^^ 

Realistic Exposure Times 
A photobiological effect is the result of photons of suitable, effective wavelengths reaching 

target molecules in sufficient number that the resultant photochemical changes cause a noticeable 
biological reaction. In principle, even at very low irradiation rates, one can eventually acquire a 
sufficient dose to produce erythema, or a measurable change in circulating 250HD. In practice 
the time might be so long that other processes (repair, or use of vitamin D) prevent a noticeable 
biological reaction and there is said to be no biological effect, even though the underlying photo-
chemical reactions have occurred to a small degree. 

For long durations of sun exposure a biological effect may become apparent, but would require 
a devotion to sunbathing that is unreaUstic or impracticable, for example many hours exposure 
at high latitudes, where it may also be uncomfortably cold for prolonged exposure of bare skin. 
In considering the normal working adult we have taken one hour as the maximum period for a 
realistic daily exposure time, equating to a fiill lunch hour spent outdoors. Weekends and hoUday 
periods provide the opportunity for more extensive exposure, but it has already been established 
that a regime of UV exposure "litde and often** is most effective and beneficial. 

Assessing the Erythema Risks of Exposures for Vitamin D Synthesis 
To assess the risk of erythema associated with UV exposures sufficient to provide for our vita-

min D requirements there are several variables that have to be determined: what are the vitamin 
D requirements? What skin type to consider? What skin area to expose? The UV radiation at 
the ground can then be modelled as a function of time and place, having defined some baseline 
atmospheric conditions, and applied to the conditions for vitamin D synthesis and erythema. 

Throughout this study the FastRT UV simulation tooP° was used to calculate UV irradiances 
on a flat, horizontal surface at sea level. The atmosphere was taken to be cloudless and the surface 
nonreflecting. The ozone layer thickness was fixed at 350 Dobson Units, a typical level. Aerosol was 
taken to be of rural typê ^ with optical depth given by x = P*X~" where the Angstrom coefficient a 
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was set to 1.3 and the wavelengths (X) are in micrometers. The Angstrom coefficient p was related 
to 25 km visibility RJ^km] using the parameterization of Iqbal (1983),̂ ^ i.e., 

P = 0.55^H3.912/i?JW-0.01162)[0.02472*(i?j;^w/7-5) + 1.132]. 

In all other aspects, a US standard atmospherê ^ was assumed. 
Vitamin D3 effective doses were computed using the action spectrum for conversion of 7-DHC 

to previtamin D3 in human skin̂ ^ (CIE, 2006) (Fig. 1). The method used by Webb and Engelsen^^ 
(2006) for their standard vitamin D dose was appUed for a range of conditions. A vitamin D 
dose, VD(X) was defined as corresponding to the UV equivalent of an oral dose of X lU vitamin 
D. Since radiation is incident on the skin and the response to either irradiation or oral dosing is 
measured in the blood, the dose VD(X) must be qualified by the conditions of skin exposure. The 
relation between the UV equivalent of an oral dose and skin area exposed was based on the work 
of HoUck,̂ '̂  who equates exposure to VA of personal MED on V4 skin area (hands, face and arms) 
to an oral dose of 1000 lU vitamin D. UV doses were then calculated under a reference condition, 
i.e., mid-latitude midday in spring (Boston, 21 March, 42.2° N, ozone = 350DU), afi:er Webb and 
Engelsen (2006).̂ ^ First to be calculated was the time required to acquire a VA MED around solar 
noon, using FastRT modeP^ simulations. Then, using the same simulated solar spectra at the ground 
over the same time interval about noon, but weighting with the action spectrum for previtamin 
D3 synthesis,̂ ^ instead of the erythema action spectrum,̂ ' the vitamin D3 effisctive dose acquired 
over the same time interval was calculated. This is the VD(IOOO) based on exposure of V4 body 
surface area for a given MED. 

Holicks formula has here been generaUsed by linear extrapolation: 

VD(X, C, S) = 0.25* MED(S)* 0.25/C* X/1000 

Where C is the firaction of the skin exposed to UV radiation and S is the skin type. 
The calculations were performed for two MEDs equivalent to skin types 2 and 5.̂ ^ The calcula-

tions were also repeated for different degrees of skin exposure, as shown in Table 1 which lists all 
the variables used in the calculations. 

In the example above, a person exposing hands, face and arms would now make the equivalent 
of 1000 lU with 1 VD(IOOO) and would suffer a minimal erythema after 1 MED, which by defi-
nition is 4 times the VD exposure under the reference conditions (i.e., Boston, 21 March, 42.2° 
N, ozone = 350DU), but not necessarily for other conditions with a different shape to the solar 
spectrum at the ground. 

Assumptions and Limitations 
Calculations were all performed with an idealised atmosphere and receiving surface, neither 

of which would actually match reality in any but the rarest of cases. 

7a6/e /. VariaMes of vitamin D dose^ MED and skin area used in the model 
calculations 

Variable Value Reference 

X for VD(X) 

Skin type 

Skin area exposed 

400 lU 
1000 lU 
4000 lU 
2, MED = 250 J m-2 
5, MED = 600 J m-2 
Face, neck and hands (11.5%) 
F,N,H and arms (25.5%) 
F,N,H, arms and legs (57.5%) 

4 
8 
7 
21 
21 
29 
29 
29 



7S Sunli^ty Vitamin D and Skin Cancer 

Nonetheless, the atmosphere represents a collection of standard conditions and a flat surface is 
unambiguous even if it only represents the tops of shoulders, head and feet for the upright human 
body. The angle of incidence for radiation at any body site changes continuously with motion of 
both the body and sun: for some sites, some of the time, incident radiation will be greater than 
on a horizontal surface, but in many cases irradiances will be lower than the case for a horizontal 
plane. To explore different atmospheric conditions, including ozone, cloud, aerosol, surface albedo 
and surface elevation the reader is direaed to http://nadir.nilu.no/~olaeng/fastrt A^itD-ez_quart-
MED.html where user selected inputs can be appUed to the calculations. In the majority of real life 
cases we would expect the required exposure times to exceed those produced by the model. 

Three recommendations for dietary intake of vitamin D have been used, representing the 
upper end of the current pubUc health guidelines intended to prevent bone diseasê "* and two 
suggestions for revised guidelines that, it is suggested, would confer all possible health benefits 
associated with vitamin D̂ '̂ . No account has been taken of any sections of the population such 
as the elderly or pregnant who may have different vitamin D requirements,̂ '̂̂ ^ except insofar as 
they are intrinsically included in current guidelines based on bone health. Nor have confounding 
factors such as body fat^ been considered. 

The UV equivalence to an oral dose that is at the heart of these calculations is based on the as-
sumption that the relation between body surface area exposed and change in circulating 250HD is 
linear. We have used that assumption again in assessing exposures for different skin areas in table 1, 
but without clear proof that this linearity is anything more than sensible expectation. Additionally, 
the oral dose equivalence that we have used was not determined exacdy, rather the whole-body 
exposure to 1 MED of UV was shown to produce a rise in 250HD that fell between that produced 
by oral doses of 10,000 lU and 25,000 lU.̂  From this we followed HoUck^ in approximating 1 
MED, full body to 16000 lU and thus VA MED and VA surface area to 1000 lU. 

The action spectra used are, respectively, a mathematical fit to a collection of data, widely ac-
cepted through common use (erythema), or the only one available that is based on measurements 
in human skin (previtamin D synthesis). Alternatives to the latter are discussed by Webb and 
Engelsen (2006)̂ ^ but no better candidate was identified. As with the base case atmosphere, these 
action spectra must be understood as representative, in this case of human skin, not necessarily 
exact for every person. Similarly, the MEDs used to quantify a skin type are average values from a 
wide range. MED and skin type are loosely related but each skin type can encompass a wide range 
of MED values and the ranges overlap. 

In summary, the calculations shown here are for illustration. They should not be taken as precise 
recommendations for UV exposure since realistic situations will differ in many aspects from the 
limited range of conditions represented here. True exposure requirements may be either more or 
less than those shown depending on details of each location, the prevailing atmospheric condi-
tions and personal characteristics. What the calculations do allow is a comparison between the 
various existing or suggested recommended daily intakes of vitamin D, expressed as a UV exposure 
equivalent and the associated risks of erythema in each case. 

Results 
A sample of the calculations for different vitamin D, skin type and skin area scenarios is used 

here for illustration. Note that the latitudinal and seasonal pattern seen in all plots is a function of 
the changing spectrum and intensity of the solar irradiance with latitude- and season- dependent 
solar zenith angle (represented, for example, by noontime SZA). If the solar spectrum remained 
the same all day then the permutations of dose, skin type and skin area would be simple scaling 
factors of a single example set e.g., 1000 lU, skin type 1, skin area 25%. .For example, a doubling 
of the desired dietary equivalent intake would require twice the exposure time. Likewise, exposing 
twice the skin area would half the required exposure time. A skin type requiring twice as much 
UV radiation to get burnt, would require twice the amount of exposure time with constant UV 
intensity. 

http://nadir.nilu.no/~olaeng/fastrt
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Figure 2. Time in hours required to synthesise the oral equivalent of 400 lU vitamin D for 
skin type 2 exposing hands, face, neck, arms and legs. 

However, the spectrum changes with diurnal changes in SZA, with less irradiance and dis-
proportionately less at shorter UVB wavelengths, as SZA increases (i.e., as the sun gets closer to 
the horizon). The calculations start at noon and move symmetrically away, taking account of the 
changing irradiance in doing so. Thus an exposure time of 30 minutes means 15 minutes before 
noon to 15 minutes after noon (during which time the SZA and spectrum will not change very 
much). An exposure of 6 hours means 3 hours before noon to 3 hours after noon, during which 
time the SZA and UV spectrum can change more significantly. Scaling for the variables will provide 
a reasonable approximation to the full calculation when exposure times are short and the scaling is 
small, so that both situations are encompassed by times close to noon when the spectrum does not 
change significantly. When times or scaling factors are large the changing solar spectrum introduces 
increasingly large errors to any attempt to directly scale results. However, as stated previously, we 
take an one hour exposure around noon to be the maximum feasible on a regular basis and then 
for a given latitude and month scaling can be applied. 

Figure 2 shows the time required to achieve the oral equivalent of 400 lU vitamin D for skin 
type 2, exposing face, neck, hands and arms and legs (57.5% skin area). Even at 70° latitude it is 
possible for a skin type 2 individual to synthesise the equivalent of 400 lU vitamin D in less than 
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Figure 3. Thefractional MED gained during the minimum exposure required for 4001U vitamin 
D, skin type 1, skin area 57.5% (i.e., the situation in Fig. 2). 

an hour for about 6 months of the year, by exposing all but the torso to sunlight. Whether this 
would be practical or desirable given the temperature is a further pragmatic consideration and the 
year round clear skies of the model do not occur. The associated MEDs can be seen in Figure 3. 
As skin area exposed decreases, exposure times increase and the viable vitamin D season shortens. 
Nonetheless, 400 lU vitamin D can be achieved without erythema by less than one hour expo-
sure of hands, face and neck for several months even at 70° latitude, which we take as the limit of 
significant populations (400IU and 11.5% area exposed yield very similar results as 1000 lU and 
25% area exposed^^ and is consequently not repeated here). 

Figures 4 and 5 show the time required to achieve the oral equivalent of 4000 lU for skin types 
2 and 5 with 11.5% skin area exposed. Figure 6 shows the associated MEDs acquired in the same 
time for skin type 2; the pattern is similar and the smallest MED (1.9 in the Tropics) is the same 
for skin type 5. Thus, to achieve 4000 lU without risk of simburn is not possible unless large skin 
areas are exposed. Crude scaling of Figures 2-6 shows that 4000 lU can be achieved in this way in 
less than one hour and without incurring erythema at low latitudes. 

As an example of mid-latitude exposures in all situations. Table 2 shows exposure times and 
number of MEDs acquired while achieving the stated UV dose for all permutations of variables 
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Table 2. Exposure time^ In hours and associated MED (in parentheses) for Boston at 
the spring equinox for all permutations of variables 

Vit. D > 400 lU 1000 lU 4000 lU 

Skin Typo 

ArG3 V 
F,N,H 
(11.5%) 
F,N,H,A 
(25.5%) 

F,N,HAL 
(57.5%) 

2 

0.15 
(0.21) 
0.07 
(0.09) 
0.03 
(0.04) 

5 

0.35 
(0.21) 
0.16 
(0.09) 
0.07 
(0.04) 

2 

0.36 
(0.54) 
0.17 
(0.24) 
0.07 
(0.10) 

5 

0.89 
(0.54) 
0.40 
(0.24) 
0.18 
(0.10) 

2 

1.49 
(2.16) 
0.67 
(0.97) 
0.29 
(0.43) 

5 

3.95 
(2.16) 
1.62 
(0.97) 
0.70 
(0.43) 

Figure 4. Time in hours required to synthesise the oral equivalent of 4000 lU vitamin D for 
skin type 2 exposing hands, face and neck. 
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Figure 5. Time in hours required to synthesise the oral equivalent of 4000 lU vitamin D for 
skin type 5 exposing hands, face and neck. 

for Boston (42° N) at the spring equinox, where the MEDs for 1000 lU, skin type 2, skin area 
25% is 0.25 by definition (note skin area in the calculation is 25.5% so the MED is 0.24). At this 
time and location all exposure times except 4000 lU for skin type 5,11.5% skin area, are within 
1 hour either side of noon, so scaling is applicable. For other permutations, or alternative values 
of the variables readers may make their own calculations at http://nadir.nilu.no/'^olaeng/fastrt/ 
VitD-ez_quartMED.html 

In summary, current recommendations for 400 lU vitamin D supply (cutaneous or oral) are 
achievable through sun exposure, without risk of erythema, for all or part of the year, albeit in 
contradiction to public health advice on sun exposure. Supplements are readily available for the 
locations and periods when cutaneous synthesis is not practically possible. At the intermediate 
recommendation of 1000 lU vitamin D sun exposure of less than one hour can still serve as a single 
source at low latitudes and at middle to high latitudes (results not shown here) for some or all 
of the year for those wiUing to expose sufficient skin area. As latitude (or skin pigment) increases 
the viable periods for sun-induced vitamin D become ever more constrained. Supplementation 
at these levels is possible if not easily available commercially and a combination of sunUght and 
supplementation makes this level of vitamin D intake achievable for most indigenous people—it 
is harder for migrant communities who have moved polewards and they would be more reliant on 

http://nadir.nilu.no/'%5eolaeng/fastrt/
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Figure 6. The The fractional MED gained during the minimum exposure required for 4000 
lU vitamin D, skin type 2, skin area 11.5% (i.e., the situation in Fig. 4). 

supplements. Achieving 4000 lU equivalent of vitamin D by sun exposure becomes problematical. 
Where it is theoretically possible to provide this vitamin D through skin synthesis e.g., for skin type 
2 in the Tropics, the exposure time required also produces a significant erythemal dose: 1.9 MED 
for hand, face neck exposure and '^0.4 MED when arms and legs are also exposed. Skin type 5 can 
only acquire 4000 lU in less than an hour by exposing 25% or more skin area and incurring close 
to a full MED (at the smaller possible skin areas) even in the Tropics (results not shown here). It 
is not possible at this time to find over-the-counter vitamin supplements containing 4000 lU of 
vitamin D as this is twice the official tolerable limit. 

Public Health and Personal Choice 

One Size Does Not Fit All 
It is clear from the illustrations above that there is no single, simple recommendation for sun 

exposure for vitamin D synthesis that will apply to all people and all locations. It is therefore a 
harder message to convey than the simple "Stay out of the sun" health policy that it contradicts. 
UVdose requirements, in absolute terms, will depend on skin pigmentation and age, as well as skin 
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area exposed, while the time taken to achieve that dose will depend on location, season, time of day 
and weather conditions. The type of recommendation made by Holick^ of !4 MED on VA surface 
area for a 1000 lU equivalent dose is a practical way to account, at least approximately, for both 
personal characteristics and time-place-weather considerations. It does require some self-knowledge 
and a Uttle understanding of influences on UV, or use of the UV index̂ ^ as provided in weather 
forecasts. Surface areas and fractional MEDs can be changed to suit conditions or to provide the 
equivalent of other vitamin D requirements, within limits. 

Understanding the Options 
Sunlight exposure cannot be the complete answer to vitamin D supply as for large regions of 

the world it is not possible, or practical, to achieve significant cutaneous vitamin D synthesis for 
several months of the year. This problem is exacerbated for highly pigmented peoples living at high 
latitudes. It may be an adequate solution for a larger number of people if a short-term dip below 
optimum Vitamin D status is not detrimental to health, provided sufficient levels are maintained 
during the rest of the year, i.e., the observed seasonal cycle at mid-high latitudes is acceptable so 
long as the winter time low is not too deep or too long. This is an unknown factor. 

Where sunlight cannot provide adequate vitamin D, whether because of latitude, weather, pig-
ment, age, or because the selected requirements would in many cases incur erythema, oral intake 
(diet and supplements) is an alternative means to uphold vitamin D status. Food fortification is 
one means to increase the vitamin D content of modern diets, but this is variable from country to 
country and cannot be reUed upon to reach those parts of the population most in need of extra 
vitamin D. A vitamin supplement containing a known dose of vitamin D is the most reliable 
method of ensuring a steady supply of the vitamin, but at the higher end of suggested vitamin 
intake no such supplement is available and the issue of health hazards from long-term use has still 
to be clarified. Vitamin supplements must be purchased and can also be costly in the long-run, 
while sunlight is free, if not always freely available. 
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CHAPTER? 

At What Time Should One 
Go Out in the Sun? 
Johan Moan,* Arne Dahlback and Alina Carmen Porojnicu 

Abstract 

To get an optimal vitamin D supplement from the sun at a minimal risk of getting cutaneous 
malignant melanoma (CMM), the best time of sun exposure is noon. Thus, common health 
recommendations given by authorities in many countries, that sun exposure should be 

avoided for three to five hours around noon and postponed to the afternoon, may be wrong and 
may even promote CMM. The reasons for this are (1) The action spectrum for CMM is likely 
to be centered at longer wavelengths (UVA, ultraviolet A, 320-400 nm) than that of vitamin D 
generation (UVB, ultraviolet B, 280-320 nm). (2) Scattering of solar radiation on clear days is caused 
by small scattering elements, Rayleigh dominated and increases with decreasing wavelengths. A 
larger fraction of UVA than of UVB comes directly and unscattered from the sun. (3) The human 
body can be more realistically represented by a vertical cylinder than by a horizontal, planar surface, 
as done in almost all calculations in the literature. With the cylinder model, high UVA fluence 
rates last about twice as long after noon as high UVB fluence rates do. 

In view of this, short, nonerythemogenic exposures around noon should be recommended 
rather than longer nonerythemogenic exposures in the afternoon. This would give a maximal yield 
of vitamin D at a minimal CMM risk. 

Introduction 
In evaluations of positive and negative health effects of sun exposure, the human body is 

usually modeled as a horizontal, flat surface. Since ultraviolet B (UVB, 280-320 nm) is much more 
scattered in the atmosphere than ultraviolet A (UVA, 320-400 nm) is and has widely different 
health consequences, the choice of geometric representation for the human body is of frmdamental 
importance. This holds for evaluations of latitudinal as well as of time effects, both being related to 
zenith angles of the sun. A vertical cylinder surface represents the human body much better than 
a horizontal planar surface. As we will demonstrate, the choice of geometry plays a major role for 
health evaluations of solar radiation and should be paid more attention to. 

Methods 
The radiative transfer model used in the calculations are described in another chapter in this 

book (Ultraviolet radiation and maUgnant melanoma). Whenever possible, the calculations were 
checked and evaluated by comparisons with measurements and found to agree well. In the present 
calculations a vertical cylinder was used as a model for the human body. When different wavelength 
regions are to be compared, these two models give widely different results as shown here. 
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Figure 1. The time dependence on a midsummer day in Oslo (60° N) of vitamin D induc-
ing- and melanoma generating fluence rates of solar radiation. For action spectra and other 
details, see the text. All curves are normalized to unity at noon. 

There are at least five types of observation which indicate that UVA plays a major role in CMM 
induction by the sun and that melanin may be a cromophore for this: (1) CMM can be induced in 
the fish Xiphophorus by UVA;̂  (2) Albino black people who lack melanin, have very low incidence 
rates of CMM in spite of the faa that they have high incidence rates of non melanoma skin can-
cers;̂  (3) The latitude gradient of CMM is much smaller than those of non melanoma skin cancers, 
just as the latitude gradient of annual doses of UVA is smaller than that of annual doses of UVB;^ 
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(4) Some of the mutations found in CMMs are not due to UVB induced pyrimidine dimers, but 
rather to UVA induced DNA damages;"̂  (5) The action spectrum for light aaivation of melanin 
in Xiphophorus resembles that of CMM induction in the same fish.^ 

On this basis we have used the action spectrum for CMM induction in the fish Xiphophorus^ 
in the calculations below. For vitamin D generation we have used the action spectrum of Galkin 
and Terenskaya,̂  which is supposedly more accurate in the wavelength region above 300 nm, which 
counts most heavily, than the spectrum measured in human skin7 For the present evaluations the 
two spectra lead to quaUtatively similar conclusions. 

Results and Discussion 
As a representative example we carried out calculations for a midsunmier day in Oslo, Norway, 

using cylinder geometry and the CMM and vitamin D action spectra. Typical ozone values for 
Oslo, midsummer were used. To check the validity of the calculations we also measured UVA 
and UVB fluence rates using a Robertson Berger meter with cosine diffiisors. The UVA/UVB 
ratio of a commercial sun bed (Solarium Super Plus 100 W, Wolff System) was measured with 
the same instrument. 

Figure 1 shows that after noon fluence rates of vitamin D generating radiation falls off much 
faster than those of CMM generating radiation do. The vitamin D generation rate is halved about 
3 1/3 hours after noon, while the CMM induction rate is not halved before 6 1/2 hours after 
noon. The ratio of CMM to vitamin D generating fluence rate as a function of time is shown in 
the lower part of the figure. 

Measurements of the UVB and UVA fluence rates of the commercial sun bed showed that its 
UVB rate was similar to that of solar radiation at noon and that the UVB to UVA ratio was similar 
to that of solar radiation 41/2 hours after noon. 

We conclude that postponing moderate non erythemogenic sun exposures from noon to 
afternoon yields less vitamin D at a similar melanoma risk. The relative effects of a sun bed are 
similar to that of solar radiation 4-5 hours after noon. However, at that time longer sun exposures 
than sun bed exposures are needed to give the same vitamin D yield and CMM risk. In view of 
the present work, health authorities should consider to change their recommendations concerning 
"healthy and unhealthy" sun exposures. 
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CHAPTER 8 

Epidemiology of Melanoma 
and Nonmelanoma Skin Cancer— 
The Role of Sunlight 
Ulrike Leiter and Ciaus Garbe* 

Abstract 

Melanoma and nonmelanoma skin cancer (NMSC) are now the most common types 
of cancer in white populations. Both tumor entities show an increasing incidence rate 
worldwide but a stable or decreasing mortality rate.̂ *̂  The rising incidence rates of 

NMSC are probably caused by a combination of increased sun exposure or exposure to ultravio-
let (UV) light, increased outdoor activities, changes in clothing style, increased longevity, ozone 
depletion, genetics and in some cases, immune suppression. A dose-dependent increase in the risk 
of squamous cell carcinoma (SCC) of the skin was found associated with exposure to Psoralen 
and UVA irradiation. An intensive UV exposure in childhood and adolescence was causative for 
the development of basal cell carcinoma (BCC) whereas for the aetiology of SCC a chronic UV 
exposure in the earlier decades was accused. 

Cutaneous malignant melanoma is the most rapidly increasing cancer in white populations. 
The frequency of its occurrence is closely associated with the constitutive colour of the skin and de-
pends on the geographical zone. The highest incidence rates have been reported from Queensland, 
Australia with 56 new cases per year per 100,000 for men and 43 for women. Mortality rates of 
melanoma show a stabilisation in the USA, Australia and also in European countries. The tumor 
thickness is the most important prognostic factor in primary melanoma. There is an ongoing trend 
towards thin melanoma since the last two decades. Epidemiological studies have confirmed the 
hypothesis that the majority of all melanoma cases are caused, at least in part, by excessive exposure 
to sunlight. In contrast to squamous cell carcinoma, melanoma risk seems not to be associated 
with cumulative, but intermittent exposure to sunlight. Therefore campaigns for prevention and 
early detection are necessary. 

Introduction 
Melanoma and nonmelanoma (basal and squamous cell carcinoma) skin cancer (NMSC) are 

now the most common types of cancer in white populations. Both tumor entities show an increasing 
incidence rate worldwide and also in Germany.̂ '̂  Nonmelanoma skin cancers (NMSCs) constitute 
more than one-third of all cancers in the US with an estimated incidence of over 600,000 cases 
per year. Of these 600,000 cases, approximately 500,000 are basal cell carcinomas (BCCs) and 
100,000-150,000 are squamous cell carcinomas (SCCs).^ The incidence of NMSC (BCC and 
SCC) is 18-20 times higher than that of maUgnant melanoma. However, incidence data of high 
epidemiological quality on NMSC are sparse because traditional cancer registries often exclude 
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NMSC or are at least incomplete. Miller and Weinstock estimated the 1994 NMSC incidence to 
be higher, between 900,000 and 1,200,000.̂ °'̂ ^ The lifetime risks were estimated to be 28% to 33% 
for BCC and 7% to 11% for SCC (Ufetime risk of developing NMSC for a child born inl994.) 

The incidence of melanoma is much lower compared to NMSCs but has been rising in 
fair-skinned populations throughout the world for several decades.̂ '̂̂ ^ The annual increase varies 
between populations but in general has been estimated to be between 3 and 7%, with mortaUty 
rates increasing less quickly. These estimates surest a doubling of rates every 10-20 years. Cutaneous 
maUgnant melanoma is the most rapidly increasing cancer in white populations. The frequency 
of its occurrence is closely associated with the constitutive colour of the skin and depends on the 
geographical zone. Incidence among dark skinned ethnic groups is 1 per 100,000 per year or less, 
but is up to 50 per 100,000 per year among Ught-skinned Caucasians and higher in some areas 
of the world. The highest incidence rates have been reported from Queensland, AustraUa with 
56 new cases per year per 100,000 for men and 43 for women.̂ "̂  The current estimated annual 
incidence of melanoma in the US among white populations, adjusted for the same standard 
population and for the same year (1987), is 14 and 11.33 In Northern Europe the incidence rates 
appear more moderate with less than 5 per 100,000,̂ ^ The cumulative lifetime risk for melanoma 
is now in the order of 1:25 in Australia and it has been estimated to be around 1:75 in the US 
by the year 2000.̂ ^ In Germany an estimation for MM incidence by the Robert Koch Institute 
indicates 6,225 new cases in Germany in 1998 (age-standardized incidence rate Europe about 
7.0 per 100,000).̂ ^ In Germany the incidence of melanoma is increasing continuously, no trend 
of a stabiUsation or decrease could be observed. During 1976-2003 period, the incidence of CM 
approximately was tripled for males and females, reaching 10.3 and 13.3 per 100,000 per year, 
respectively.̂ ^ An estimation for Great Britain reveals an ongoing increase of the incidence for 
another 30 years by which time the predicted age-standardized rate of melanoma may be around 
twice that presently observed.̂ ^ 

Mortality rates of melanoma show a stabiUsation, no further increase could be reported. ̂ ^ This 
trend was found in different European countries.̂ ^̂ *̂ ^ The reason is benefits of intervention strate-
gies, early detection of suspected lesions which lead to a constant decrease of tumor thickness at 
the time of diagnosis and a better prognosis. 

Nonmelanoma Skin Cancer 

Incidence of Nonmelanoma Skin Cancer 
Nonmelanoma skin cancer (NMSC) is by far the most frequent cancer in white populations 

and numerous studies have shown that incidence rates of NMSC are increasing worldwide.̂ '̂̂  
Incidence rates of NMSC vary vasdy by geographical area with most extreme rates reported from 
AustraUa and New Zealand. In the United States, approximately 800,000 new cases of BCC and 
200,000 new cases of SCC were diagnosed in 2000.̂  ̂ -̂^ Nonmelanoma skin cancer generaUy occurs 
in persons older than 50 years and in this age group, its incidence is increasing rapidly. 

In the white population in the USA, Canada and AustraUa a mean increase of NMSC of three 
to eight percent could be observed since I960. Because the common basal ceU and squamous ceU 
cancers are not reportable to SEER, there are only few data counting for the incidence of basal 
ceU carcinoma and squamous ceU carcinoma.̂ ^ 

One study found nearly 50-fold differences in the incidence of basal ceU carcinoma (BCC) and 
100-fold differences in squamous ceU carcinoma (SCC) between Caucasian populations in northern 
Europe and AustraUa.̂ *̂̂ ^ Within AustraUa there is a marked North to South gradient with the 
most extreme incidence rates of NMSC recorded in Queensland.̂ ^̂ ^̂ ^ A three year study recently 
conducted in TownsviUe found age-standardized incidence rates of BCC were 1,445 for men and 
943 for women and of SCC were 805 for men and 424 for women.̂ '̂ ^ This study also showed that 
within the three year study period 38.5% of the patients suffered from multiple NMSC. 

In Europe, the incidence rate of NMSC was reported to be 129.3 in men and 90.8 in women 
(European standard), in northern Germany (Cancer Registry of Schlewig-Holstein) the crude 
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incidence rate was 119.3/100,000 in men and 113.8/100,000 in women between 1998 and 2001.̂ ^^ 
The NMSC incidence rates in Germany corresponded well with data from Denmark (96 and 74 
cases in 100,000 men and women, respectively).^ In South Wales an NMSC incidence rate of 104 
cases for men and 83 cases for women in 100,000 was observed.̂  

Basal Cell Carcinoma 
Basal cell carcinoma demonstrates to be the most common malignant skin cancer worldwide, 

the incidence rate of basal cell carcinoma increased in the USA (New Mexico) have measurably 
increased in two time periods: 1977-1978 and 1998-1999 by 50% in males and 20% in females, 
whereas rates of squamous cell carcinoma roughly doubled in both males and females,̂ ^ see Table 1. 
In Queensland, Australia yearly age standardized incidence rates (per 100,000 inhabitants) ofbasal 
cell carcinoma (BCC) were 2,058 for men, 1,194 for women in 1997. Compared to incidence 
rates, age-standardized rates of lesions of BCC were 2.1 times higher in men, 1.6 times higher in 
women.̂ ^ 

In Germany a crude incidence rate for basal cell carcinoma was given with 96.2 in men and 95.3 
in women, standardized for the European Standard population with 80.8 for men and 63.3 for 
women (per 100,000 inhabitants). Table 1. Compared to Germany, the incidence rate standard-
ized for the United States population and the world standard population was found to be up to 
10 fold higher in the USA and up to 20 fold higher in Australia. 

Squamous Cell Carcinoma 
Squamous cell carcinoma is mostly associated with a higher age (mean age at diagnosis ca. 70 

years), for squamous cell carcinoma an increase of age-adjusted incidence rates increased by 90% 
in males and by 109% in females from in the USA (New Mexico 1998/99, Men 356/100,000, 
Women 150/100,000), see Table 1. For SCC the percentage changed in SCC crude rates and 
increased with advancing age in males, the incidence rates were highest rates among those ages 
over 55 years.̂ ^ In Australia the incidence rates accounted for 1,332 in men and 755 in women 
(1997, Queensland) per 100,000 inhabitants and year, age standardized for the United States 
population and world standard population, respectively, see Table 1. In Germany, the incidence 
rate for squamous cell carcinoma accounted for 30 per 100,000 inhabitants and year.̂ ^ 

Decrease of Mortality in Nonmelanoma Skin Cancer 
Compared to the incidence the mortality of NMSC is quite low. A large American study 

showed an age adjusted NMSC mortality rate of 0.91 (per 100,000 persons per year), of which 
almost half (0.45) were due to genital carcinoma. Nonmelanoma skin cancer mortality increased 

labh 1. Incidence rate of NMSC in New Mexico^ USA, in Queensland, Australia and 
Germany, according to the Krebsregister Schleswig-Holstein 

Queensland, 
New Mexico USA Australia Germany 

2004 

80.8 
63.3 

18.2 
8.5 

Incidence rates per 100,000 inhabitants and year, age standardized per the 2,000 United States 
population, for the World Standard Population and for the European Standard population.^ '̂̂ '̂̂ ^ 

Basal cell carcinoma 
Men 
Women 
Squamous cell carcinoma 
Men 
Women 

1977/1978 

619 
399 

188 
72 

1998/1999 

920 
486 

356 
150 

1997 

2058 
1194 

1332 
755 
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sharply with age. The mortaUty rate from nongenital NMSC in men was more than twice that in 
women, but for genital NMSC this ratio was reversed. Overall, nongenital squamous cell carci-
noma and basal cell carcinoma death rates have declined and mortaUty due to genital carcinoma 
was about half of total NMSC deaths.̂ ^ In Finland the mortality rate for BCC in 1991 through 
1995 was 0.08 per 100,000 person-years in men and 0.05 in women and for NMSC, it was 0.38 in 
men and 0.23 in women. The mortality trend was decreasing for both cancer types.̂ ^ The Rhode 
Island nongenital SCC mortality rate (adjusted to the US 1970 population) comparing two time 
periods (1979-1987 and 1988-2000) was estimated to decrease for men and women. Also, the 
BCC mortality rate for the current period is estimated at 0.05 compared with 0.10 for the earUer 
period. Hence, the BCC and nongenital SCC mortaUty rates appear to be decUning over time in 
Rhode Island. Similar findings have been reported in AustraUa.̂ '̂ *̂̂ '̂̂ ^̂  

An analysis of the mortaUty data 1968-1999 in western Germany revealed a continuous decrease 
of the mortaUty rates since the 70ties. This becomes even clearer if the age standardized mortal-
ity rates are considered. In men the age standardized mortaUty rate (world standard population) 
decreased from 0,56 in 1968 to 0,24 in 1999 (per 100,000 inhabitants and year), in women this 
rate decreased from 0.42 to 0.11 ? 

Clinical Epidemiology of NMSC 
Nonmelanoma skin cancers (NMSCs) constitute more than one-third of aU cancers in the US 

and the standardized ratio of BCC to SCC is roughly 4:1.2.̂  ̂ ^̂ '̂^ 
Nonmelanoma skin cancer generaUy occurs in persons older than 50 years and in this age 

group, its incidence is increasing rapidly, patients with SCC were generaUy older at the time of 
diagnosis.̂ '̂ '"̂ ^ The anatomic pattern of increase in BCC and SCC incidence was consistent with 
an effect of greater sunUght exposure. Over 80% of NMSCs occur on areas of the body that are 
frequently exposed to sunlight, such as the head, neck and back of the hands. BCC is also most 
commonly foimd on the nose. Body site- and gender-specific incidence rates for skin cancer were 
estimated in an AustraUan study.̂ ^ For NMSC the highest body site-specific incidence rates were 
found for Up, orbit, naso-labial and ear, nose, cheek and the dorsum of the hands. Studies of BCC 
and SCC occurrence are needed to identify possible behavioral and environmental factors and to 
assess possible changes in diagnostic practices that might account for the rise in incidence of these 
common malignancies.̂ '̂ ^^ The rising incidence rates of NMSC is probably due to a combination 
of increased sun exposure or exposure to ultraviolet (UV) Ught, increased outdoor activities, 
changes in clothing style, increased longevity and ozone depletion. Further etiological factors 
were genetics (Xeroderma pigmentosum), immune suppression and actinic keratoses, see Figures 
1 and 2. A dose-dependent increase in the risk of SCC but not BCC of the skin associated with 
exposure to PUVA was reported by Stern et al."̂ ^ This observation was concordant to the results 
of a large Canadian risk factor study, revealing that an intensive UV exposure in childhood and 
adolescence was causative fort the development of BCC whereas for the aetiology of SCC a chronic 
UV exposure in the earUer decades was accused."̂ '̂̂  

In organ transplant recipients a highly increased risk for nonmelanoma skin cancer was found 
in several studies. This cancer risk associated with transplantation is higher for sun-exposed than 
for nonsun-exposed epitheUal tissues, even among populations living in regions with low insola-
tion."̂ '̂̂  Infections with human papiUoma virus HPV5 and HPV8 may represent an increased 
risk for SCC development in transplant recipients. The mechanisms by which these viruses may 
contribute to skin cancer development stiU remain unclear. 

Sun Exposure and Nonmelanoma Skin Cancer 
Sun exposure has long been regarded to be the major environmental risk factor for nonmela-

noma skin cancer."̂ '̂'̂  Lifelong cumulative sun exposure has been postulated to be a causal factor 
for SCC^̂  while mixed effects of intermittent and cumulative sun exposure have been discussed as 
being causal for BCC."̂ ^ A dose-response curve for sun exposure and basal ceU carcinoma could be 
reported by several groups."̂ ^ There is strong evidence to suggest that the role of ultraviolet (UV) 
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Figure 1. Hypothesized pathways to the development of basal cell carcinomas. 

radiation in the development of skin cancer is multi-fold: (1) it causes mutations in cellular DNA 
that might ultimately lead to unrestrained growth and tumour formation, (2) it induces a state of 
relative cutaneous immune-suppression that might prevent tumour rejection and (3) might allow 
the persistent infection with Human Papilloma Viruses (HPV) as shown in immune-suppressed 
patients.̂ ^ It could be demonstrated that mortahty of NMSC could be prevented by reducing 
excessive exposure to UV light and prompt treatment of NMSC.̂ ^ 

Incidence rates of NMSC vary vastly by geographical area and latitude with most extreme 
rates reported from AustraUa and New Zealand?^ Within AustraUa there is a marked North to 
South gradient with the most extreme incidence rates of NMSC recorded in Queensland.̂ '̂ °'̂ ^̂ ^ 
Most UV-induced damage to the cellular DNA is repaired, however, mutations may occur as a 
result of base mispairing of the cellular DNA. The genes involved in the repair process are also 
potential UV targets. p53 is a nucleoprotein encoded by a tumour suppressor gene. Mutations of 
the tumour suppressor gene p53 are implicated in the genesis of a wide variety of human neoplasia 
including NMSC.̂ ^ These mutations were reported to be present in 50% to 90% of SCCŝ ^ and 
approximately 55% of BCCs including very small lesions.̂ "̂  A second tumour suppressor gene, the 
gene for the patched (PTCH) protein in the epidermal growth-stimulating Hedgehog pathway, 
the human gene homolog of the Drosophila segment polarity gene patched, has also been shown 
to be mutated in more than 50% of sporadic BCCs, in patients with Gorlin-Goltz syndrome and 
with xeroderma pigmentosum.̂ '̂̂ ^ 

Furthermore, it has been reported that the observed point mutations both in the PTCH and 
the p53 genes were predominantly UV-specific transitions.̂ '̂̂ ^ These results provide the first 
genetic evidence that UV radiation is the principal causal factor for NMSC. So far, mutations in 
the PTCH gene seem to be specific for BCC transformation, apart from SCCs in patients with 
a history of multiple BCCs.̂ ^ On the other hand, in BCCs, UV-specific mutations of both p53 
and the PTCH gene seem to frequently co-exist.̂ "̂ '̂ '̂̂  
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Figure 2. Hypothesized pathways to the development of squamous cell carcinomas. 

The routine use of sunscreens on the skin by adults seems to be amenable to prevention of 
cutaneous squamous cell carcinoma, but not basal cell carcinoma.̂ ^ 

Melanoma 

Increase ofMelanoma Incidence in White Populations 
The incidence of cutaneous melanoma (CM) increased most rapidly in the past decades until 

the late 1980s.̂ '̂̂  From the mid 1980s onwards, studies form Europe, Canada, the USA and 
AustraUa revealed that incidence rates were slowing down, stabiUsing or decreasing.̂ "̂̂ ^ In the 
United States an increase of melanoma incidence was reported in men from 8 to 22/100,000 and 
in women from? to 15 7100,000 in the time period froml975 to 2000, Figure 3. For 2003 54,200 
new diagnoses and 7,600 deaths of melanoma were expected.̂ '̂ ^ 

The highest incidence rates were reported in Australia and New Zealand with 30 to 60 per 
100,000 inhabitants/year. ̂ "̂'̂ '̂̂ '̂̂^ In these countries, CM is one of the most frequent cancer types. 
The highest incidence rates were found in the northern equatorial parts of these countries as in 
Queensland (Australia) where incidence rates up to 60/100,000 inhabitants/year were found. 

In Europe the highest increases of the incidence rates were found in Scandinavian Countrieŝ '̂ ^ 
but also in Central Europe and Southern Europe significant increases of melanoma incidences 
were found.̂ '̂ '̂̂ '̂ ^ The lowest incidence rates were found in Mediterranean countries.̂ '̂ "̂̂ '̂ '̂̂ *̂̂ ^ 
The reason for this North-South is a darker skin type (type III according to Fitzpatrick) in the 
Mediterranean population on one hand and different recreational activities, see Figure 4. 

Stabilisation ofMortality Rates 
Mortality from CMM has been increasing until the late 1980s in young and middle-aged 

populations from most European countries,̂ ^̂ "̂  as well as from North America, Australia and New 
Zealand.̂  MortaUty rates peaked in 1988-1990. Thereafter, trends have been less uniform, with 
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mortality rates still rising in several European countries for middle aged adults, but with more 
favourable trends among women and some levelling ofFin rates for young adults, remaining roughly 
constant among men.̂ ^ The favourable mortality trends have been related to changing patterns of 
sunshine exposure and simburn in younger generations as well as to a better and earlier diagnosis 
of CMM '̂̂ °'̂ '̂̂ '̂̂ '̂ '̂ '̂̂ ^ Additionally. A trend towards thinner and less invasive melanomas in both 
Central Europe and Queensland was observed in the last two decades.̂ '̂ ^ 

Clinical Epidemiology 
Analyses for the clinical aspects of melanoma epidemiology are mainly based on data from 

the Central MaUgnant Melanoma Registry (CMMR),^ '̂̂ ^ which is presently one of the largest 
CM databases worldwide/^ In 1983 the German Dermatological Society founded the Central 
Malignant Melanoma Registry (CMMR) a clinical-based melanoma registry in order to overcome 
the shortage of basic information on CM. Over the last two decades the CMMR developed into 
a large multi-centre project recording data retro- and prospectively from patients diagnosed with 
CM in 66 dermatological centres located in the former Federal Republic of Germany, 16 centres 
located in the former German Democratic Republic. Several dermatological centres provided 
their CM data bases dating back to the beginning seventies. Until 2005,72,176 cases with CM 
were registered. 

Compared to the 70ies where almost 2/3 of CM patients were women, equalization in both 
sexes was visible in the 90ies in Germany. Whereas in countries with a lower incidence as Great 
Britain still a higher ratio of women in melanoma patients con be found.̂ ^ Countries with a high 
CM incidence as Australia show a more equivalence proportion or even a preponderance of 
men.̂ '̂̂ «'8̂  

Anatomic Site 
The anatomic site varies according to gender. In men most of the tumors are localized on 

the trunk, in women the preferred site is lower extremity, see Table 2. In men 56% of CM are 

Figure 3. Incidence and mortality of melanoma in the USA according to SEER Cancer Statistics 
Review 1975-2000, J NCI 2003. 
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Figure 4. Melanoma incidence in Europe.̂  

localized at the trunk, thereof 38% at the back he followed by the lower leg in 16%. In women 
42% of CM are localized at the lower extremity, of these 24% at the lower leg, followed by the 
trmik (26%). CM localized at the head and neck region and the upper extremity follow and 
are nearly equivalence in both sexes.̂ *̂̂ '̂̂ "̂  

This site distribution was found in most industrial nations with inhabitants of Caucasian origin 
as Europe, the USA and Australia.̂ '̂ '̂̂ ^ -̂̂ ^ 

The site specific incidence of melanoma varies according to the age. The incidence of melanoma 
localized on the trunk and on the lower extremity decreases in higher ages, whereas a significant 
increase of melanoma localized in head and neck areas can be found in older patients.̂ -̂̂ ^ Nearly 80% 
of melanoma in age groups of 80 and more years were found in head and neck areas.̂ ^ Melanomas 
developing at different body sites are associated with distinct patterns of sun exposure. Melanomas 
of the head and neck are associated with chronic patterns of sun exposure whereas trunk mela-
nomas are associated with intermittent patterns of sun exposure, supporting the hypothesis that 
melanomas may arise through divergent causal pathways.̂ ^ 

Histological Subtype 
Superficial spreading melanoma is the most firequent histological subtype covering nearly 56% 

of all CM followed by the nodular melanoma (20% of all CM) and the lentigo maUgna melanoma 

7a6/e 2. Anatomic sites of CM in the CMMR according to gender. The median age is 
given at the time point of diagnosis 

Anatomic Site 

Face 
Scalp 
Neck 
Anterior trunk 
Posterior trunk 
Genital region 
Upper extremity 
Lower extremity 

Men 
% 

8.2% 
5.1% 
2.2% 
16.3% 
39.3% 
0.2% 
12.2% 
16.5% 

Median 

66 
64 
57 
55 
55 
59 
58 
52 

Age 
Women 
% 

10.1% 
2.0% 
1.6% 
77% 
17.1% 
0.8% 
18.4% 
42.3% 

Median Age 

70 
61 
56 
45 
48 
65 
59 
56 
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(9% of CM) and the acrolentiginous melanoma (4% of CM). A similar distribution is found in 
the analyses of incidence rates in the USA and Canada.^^^ 

Different age distributions are found for the respective histological subtypes. The peak for 
superficial spreading melanomas is found in patients of 55 to 59 years, for nodular melanomas in 
patients of 60 to 64 years, for acrolentiginous melanoma in patients of 65 to 69 years and in lentigo 
maUgna melanoma in patients of 70 to 74 years. 

Tumor Ihickness 
The tumor thickness is the most important prognostic factor in primary melanoma.^^ In this 

respect tumor thickness is the most important criterion for early diagnosis. In Germany there is 
an ongoing trend towards thin melanoma since the 1980ies.'̂ '̂ '̂̂ '̂̂ ^ The median tumor thickness 
decreased from 1.81 mm to 0.53 mm in the year 2000. The percentages of in situ and level II CM 
increased.̂ ^ This trend is now alleviated and currendy no distinct trend to a further decrease of 
tumor thickness is visible (Fig. 5). 

The tumor thickness at the time point of primary diagnosis is also age dependent. Generally 
there's a significant decrease of melanoma with a tumor thickness of 1.0 mm or less in higher ages 
and is less than 50% at the age of 70. In contrast the fraction of thick melanoma increases signifi-
candy and reaches 20% at the age of 80 years in both genders. 

An analysis of the prognosis 5,873 patients with primary CM of the clinical registry of the 
in consideration of tumor thickness was performed at the department of dermatology at the 
University of Tuebingen. In patients with a tumor thickness of 1.0 mm or less, 10 year survival 
rates were 96% and decreased to 85% in patients with a tumor thickness of > 1.0 to 2.0 mm and to 
70% in patients with a tumor thickness of 2.01-4.0 nmi. Ten year survival rates were lowest (55%) 
in patients with a tumor thickness of more than 4 mm (Fig. 6). No changes could be observed 
over the recent decades. 

Sun Exposure and Melanoma 
To date, it is widely accepted that total risk of melanoma is determined through the interplay 

between genetic factors and exposure to sunlight.^^ 80% of melanoma develop in intermittently 

Figure 5. Time trends of median tumor thickness of in men and women between 1976 and 
2005 recorded by the German CMMR. A significant decrease of tumor thickness can be found 
until the mid of 1990ies, afterwards tumor thickness stays nearly constant. 
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sun exposed regions. Intermittent sun exposure and sunburn history have been identified as risk 
factors for melanoma in epidemiologic studies.̂ '̂̂  

Melanocytic nevi have been identified as the most important risk factor for cutaneous mela-
noma. Sun exposure, sunburns and light pigmentation have been found to be associated with 
their development in childhood. In adulthood, sunburns and sun exposure is associated with the 
development of actinic lentigines.̂ '̂ ^ 

In a study of 1,812 German Kindergarten children high numbers of nevi in children were 
associated with the number of weeks on sunny holidays, outdoor activities at home, skin type, 
facial freckling, ethnicity and the number of nevi on the arms of parents. A strong association 
was found between nevus development in children and the number of parental moles, which 
most likely points to an inherited factor.̂ ^ In Germany, moderate sun exposure such as outdoor 
activities during a German summer without sunburns seemed to be sufficient for induction of 
melanocytic nevi.̂ '̂̂ '̂  

The pathogenic effects of sun exposure could involve the genotoxic, mitogenic, or immunosup-
pressive responses to the damage induced in the skin by UV. Controversial is whether the UVB 
or the UVA component of solar radiation is more important in melanoma development.̂ '̂̂  To 
date it is not clear and further epidemiologic and basic science studies will be necessary to unravel 
the contribution that UVA or UVB might make in the production of BRAF mutations which 
were found to be present in about 60% of melanomaŝ ^ and in 20%-80% of melanocytic nevi.̂ '̂ °̂  
Among kindreds predisposed to multiple atypical melanocytic nevi and melanomas because of 
germ-Une mutations in the CDKN2A gene encoding the tumor- suppressor proteins pl6 and 
pl9 or possibly other genes, retrospective analyses suggest that the incidence of melanoma has 
increased in recent generations, a phenomenon ascribed to the independent risk factor of increased 
sun exposure.̂ °̂ '̂ °̂  

There are particular genetic changes in melanomas in different sites, consistent differences re-
lated to ultraviolet exposure on sites that are chronically exposed (head and neck) or intermittendy 
exposed (chest and back) and in acral and mucosal skin. For example, CCNDl amplification occurs 
predominandy in acral regions, whereas activating mutations in BRAF occur most frequendy in 
skin sites of intermittent sun exposure.̂ ^ °̂̂  

Epidemiological studies have confirmed the hypothesis that the majority of all melanoma 
cases are caused, at least in part, by excessive exposure to sunUght.̂ '̂ ^̂ '̂̂ '̂̂ °'̂ °̂ '̂ °̂  For example, the 
greatest increases in incidence of melanomas have been seen in the regions of the body subjected 
to intermittent exposure, such as the torso in men and the lower legs in women. Indeed, it is likely 
that abrupt changes in sunUght exposure, is a causal factor in the increase in melanoma incidence 
observed in recent years. Epidemiological data have also su^ested that a history of exposure to 
large doses of sunUght sufficient to cause sunburn in childhood is a particularly important mela-
noma risk factor.̂ ^̂  

Latitude studies reveal a higher mean UV index to be significantly associated with an increase 
in melanoma incidence in non Hispanic whites in a large American study (r = 0.85, P = .001). 
Latitude also had a significant correlation with incidence in non Hispanic whites (r = -0.85, 
P = .001). A substantial portion of the variance in registry incidence in non Hispanic whites 
could be explained by the UV index (R2 = 0.71, P = .001). Melanoma incidence was shown to 
be associated with increased UV index and lower latitude in non Hispanic whites, but also in 
Hispanics and blacks.̂ °̂ Although, melanoma are uncommon in darker-skinned people; in the 
United States, the incidence among blacks is only 1/10 that among whites.̂ ^̂  

The epidemiologic evidence implicating sun exposure in the causation of melanoma is supported 
by biologic evidence that damage caused by ultraviolet radiation, particularly damage to DNA, plays 
a central part in the pathogenesis of these tumors.̂ '̂̂ *̂ ^̂ '̂ "̂̂  UV exposure in the childhood seems 
to be the main factor to induce mutations in the melanocytic system associated with an increased 
induction of melanocytic nevi and an increased risk for the development of melanoma. 

Gilchrest et al described a potential explanation for the epidemiology of melanoma as compared 
with nonmelanoma skin cancer:̂ ^̂  After exposure to ultraviolet radiation, the most severely dam-
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Figure 6. Ten year survival rates according to tumor thickness classes in primary CM in primary 
CM recorded by the German CMMR between 1976 and 2005. The current classification 
(AJCC2002) is mainly based on the tumor thickness. 

aged keratinocytes undergo apoptosis, leaving the less damaged keratinocytes to up-regulate their 
DNA-repair capacity and to undergo nearly perfect repair. The skin tans, providing protective 
melanin to the surviving cells. Frequent subsequent exposure to ultraviolet radiation within the 
SOS-response period will then perpetuate the increases in repair capacity and melanin content, 
minimizing (but not eliminating) cumulative mutational damage. Intermittent high-dose exposures 
to ultraviolet radiation would have little effect on the development of basal-cell and squamous-cell 
carcinoma. Repeated low-dose exposure would be expected to cause multiple mutations in the 
retained cells of the basal compartment and hence to give rise to keratinocytic cancers. In melano-
cytes, in contrast, a high dose of UV radiation will cause substantial damage but not apoptosis; the 
melanocytes will survive to mutate and divide. The appearance of freckles in children, is consistent 
with this speculation, because freckles are thought to represent clones of mutated melanocytes 
and their presence is associated with an increased risk of melanoma. Some mutations induced by 
ultraviolet radiation are thought to enable melanocytes to cross the epidermal basement membrane 
into the dermis, where subsequent proliferation gives rise to junctional nevi. 
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CHAPTER 9 

Ultraviolet Radiation 
and Malignant Melanoma 
Johan Moan,̂  Alina Carmen Porojnicu and Arne Dahlback 

Abstract 

Essential features of the epidemiology and photobiology of cutaneous malignant melanoma 
(CMM) in Norway were studied in comparison with data from countries at lower latitudes. 
Arguments for and against a relationship between ultraviolet radiation (UV) from sun and 

Sim beds are discussed. Our data indicate that UV is a carcinogen for CMM and that intermittent 
exposures are notably melanomagenic. This hypothesis was supported both by latitude gradients, by 
time trends and by changing patterns of tumor density on different body localizations. However, 
even though UV radiation generates CMM, it may also have a protective action and/or an action 
that improves prognosis. The same may be true for a number of internal cancers. 

There appears to be no, or even an inverse latitude gradient for CMM arising on non-UV 
exposed body localizations (uveal melanoma). Furthermore, CMM prognosis was gradually 
improved over all years of increasing incidence (up to 1990), but during the last 10 to 15 years, 
incidence rates decreased and prognosis was not fiirther improved. 

While CMM incidence rates are twice as high in South Norway as in North Norway, the ratios 
of death rates to incidence rates are higher in the North, where the annual UV fluences are lower. 
Death- and incidence rates in Australia and New Zealand frilly support this. 

Comparisons of skin cancer data from Norway and AustraUa/New Zealand indicate that 
squamous cell carcinoma and basal cell carcinoma are mainly related to annual solar UVB fluences, 
while UVA fluences play a larger role for CMM. 
Introduction 

Ultraviolet radiation (UV) from the sun is an important risk factor for skin cancer.̂ '̂  For 
squamous call carcinoma (SCC) and basal cell carcinoma (BCC) there is a clear relationship 
with UV, although for BCC the dose-response relationship has not been firmly established in all 
investigations.̂  For cutaneous maUgnant melanoma (CMM) the relationship has been debated 
for decades,̂ '̂ ^ although most investigators tend to conclude that UV is CMM-generating in 
humans. 

As it will be discussed in this chapter, there are arguments both for and against a relationship. A 
complicating faaor is that the exposure pattern (continuous occupational exposure versus episodes 
of intense exposure, often termed intermittent exposure) seems to be of importance for CMM. 

Scandinavia is located at high latitudes (>54°N). Therefore, the annual UVB (280-320 nm) 
exposures are limited and are of the order of 25% of the Equatorial UVB exposures.̂ ° In spite of 
this, CMM is a significant health problem in Scandinavia, in fact much more important than one 
might expect in view of the high latitudes, with Norway presenting surprisingly high incidence 
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rates. In 2002, the estimated age adjusted incidence rate of CMM for women in Norway was 15,7 
as compared with 11,3 in France, 5,5 in Spain, 6,2 in Italy and 9 in Germany.̂ ^ 

While BCC and SCC, like most other cancers, are diseases of old people, with risks increasing 
sharply with age almost in an exponential manner, CMM is most frequent among middle aged 
people. The localization pattern on the body is also different for the three skin cancer forms, and 
this pattern is changing with time. 

The fact that the incidence rates of CMM have increased over many decades has been a serious 
concern for health authorities. Therefore, large campaigns against sun- and sun bed exposure and 
for sunscreen use have been launched. An emerging, complicating factor associated with such 
campaigns is that the health benefits of vitamin D have become evident during the last decade. 
Not only solar radiation, but also radiation from sun beds produces vitamin D,̂ "̂  while sunscreens, 
applied as recommended, eliminate the production.̂ ^ 

In this chapter we will summarize the epidemiology of CMM in Norway, compare it with data 
from other countries and try to elucidate some of the puzzles mentioned above. We will start with 
a list of the arguments against and for a melanoma-generating effect of solar radiation and attempt 
to perform an evaluation of the arguments. 

Does UV Radiation Induce CMM? 

Arguments against a Relationship^''''^^'^^ 
1. CMM is more frequent among people with occupation giving low accumulated UV 

exposure, so called white collar workers, than among people with large accumulated UV 
exposures (farmers, fishermen, etc). 

2. The localization pattern of CMM on the body is different from that of SCC. 
3. CMM appears to be uncommon among albino Africans; opposite to what is found for 

BCC and SCC. 
4. The incidence rate of CMM in sunny Australia is only about two times higher than in 

the high-latitude country Norway, while the incidence rates of BCC and SCC are 20 to 
40 times higher. 

5. In Europe, CMM is more frequent in the north than in the south. The whole area is mainly 
populated by Caucasians. 

6. Not all case-control epidemiological studies show an increase of CMM incidence with 
increasing UV exposure. 

7. Some sunscreen investigations indicate no CMM protective effect of UVB absorbing 
sunscreens. 

8. Some sun bed investigations indicate a protective rather than a generating effect of artificial 
UV sources. 

9. Aroimd CMM lesions little solar elastosis is found. Solar elastosis is related to cumulative 
UV exposure. 

10. Sun and artificial sources of UVB are efficient generators of vitamin D. Vitamin D reduces 
carcinogenesis and tumor progression. 

11. CMM may be a disease related to affluence, since the incidence rates appear to increase 
with increasing GDP (gross domestic product). 

Arguments for a ReUtionshif'^'^"'^^^^ 
1. In populations with strictly similar skin type there is a clear latitudinal gradient for CMM, 

although it is smaller than that for BCC and SCC. 
2. The risk of getting CMM decreases with increasing pigmentation. 
3. Migration to more sunny countries increases the CMM risk. 
4. UV induces pigmented nevi, and CMMs often arise in the borders of such nevi. 
5. Sunburn episodes appear to increase the CMM risk, although conflicting results have 

been reported. 
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6. CMM patients often have low DNA repair capacity and low minimum erythema doses 
(MEDs). 

7. Lentigo maligna melanoma is clearly related to UV exposure. 
8. Patients with Xeroderma Pigmentosum (related to abnormal DNA repair) have at least 

1000 times increased CMM risks compared with control persons. 
9. Some CMMs contain UV fingerprint mutations. 

10. CMM-resembling tumors can be induced in some animals by UV (examples: Angora goats, 
Sinclair swine, Monodelphis Domestica (an opossum), white horses andXiphophorus (a 
small swordfish). 

11. Patients with CMM have increased risk of BCC. 
12. Some investigations indicate increased risk of getting CMM for persons frequently using 

sun beds. 

Materials and Methods 
The epidemiological data presented for Norway are extracted from the database of the 

Norwegian Cancer Registry. Rates are given per 100 000 and adjusted to the world (W) standard 
population. Data from other sources are also used, as referred to in the text. The two largest cities, 
Oslo and Bergen, are excluded from the study, to reduce the errors that may arise from different 
sun-exposure habits of urban and rural populations, although this does not seem to be of major 
importance for skin cancer incidence in Norway.̂  

TKe global solar UV (i.e., direct + diffrise radiation on a horizontal surface) was calculated 
with a radiative transfer model.̂ *̂̂ ^ The daily ozone values measured by the TOMS instruments 
the Nimbus-7 and Earth Probe satellites were used as inputs to the model. The daily cloud cover 
for each site used in the calculations was derived from measured reflectivities from an ozone-in-
sensitive channel in the same satellite instruments. Notably, costal regions (Regions 11-15, Fig. 
1) are cloudier than inland regions (Region 1,2,4-6, Fig. 1). The effect of snow cover in different 
regions was estimated by comparing the calculations with UV measurements from the Norwegian 
UV monitoring network. The calculated annual UV fluenccs given in this chapter are based on 
available satellite measurements in the period 1980-2000. 

The fluences of carcinogenic UV from the sun were determined, assuming that the action 
spectrum of CMM is similar to the CIE reference spectrum for human erythema.̂ ^ Similar results, 
although with slighdy diflFerent latitude slopes of the incidence curves, would have been obtained 
if the fish melanoma spectrum '̂̂  had been used. 

Annual fluences are given, althoi^h summer values (May-August) are probably dominant with 
respect to real fluences obtained by the population. However, as earlier shown by comparisons with 
s e c incidence rates, the annual fluences are good approximations for the skin cancer generating 
fluences received by the population.̂ ^ Average summer temperatures may be relevant for CMM 
induction, but are similar for all regions.^ 

Results and Discussion 

Latitude Gradients 
Latitude gradients are conveniendy described by the so called biological amplification factor. 

At,, which is defined by the equation Ab = (dR/R)/(dD/D), where R is the age adjusted incidence 
rate and D is the annual exposure to carcinogenic solar radiation. D is often calculated by using 
the CIE reference spectrum for erythemâ ^ and so is done in the present chapter. Using a planar, 
horizontal surface in the exposure calculations, D increases by 50% per 10" latitude decrease in 
Norway. ̂ ^ The Norwegian skin cancer data are well described by the equation InR = At InD + 
constĵ ^̂ *̂ ^ corresponding to the equation of definition for A^ above. 

For s e c and BCC values of Ab between 1.5 and 2.5 are found, slighdy smaller than those 
for CMM.̂ '̂ °'̂ ^ For BCC and SCC the Norwegian and Australian data agree quite well and At, 
values of 2.3-2.5 are obtained when the two data sets are combined.^ At, values of 1.5 and 2 
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correspond to 75% and 100%, respectively, increase in skin cancer incidence rates per 10° decrease 
in latitude. Thus, the risks of SCC and BCC are roughly twice as large in South Norway (60° N) 
as in North Norway (70° N). 

In our analysis Norway is divided in 20 counties (Fig. 1). EarUer we have found biological 
amplification factors of about 3 for CMM in Norway.̂  There were no significant differences 
between urban and rural areas, neither between different body locaUzations.̂  Furthermore, the 
factor remained constant over the time period from 1966 to 1986.̂  As shown in figure 2A and 2B, 
the relationship between age adjusted incidence rates of CMM (averaged for the period 1960 to 
2001) and CIE weighted exposure is also well described by the same equation as given above for 
BCC and SCC and as earlier found for CMM,̂  but the biological amplification factor is sUghtly 
smaller, about 2.4 for both men and women (Fig. 2). The death rates follow the same equation, but 
with sUghtly smaller slopes i.e., Ab values. This is demonstrated by the ratios of death rates (DR) to 
incidence rates (R) in the lower part of figure 2. For men the slope of this curve is (-8.6 ± 8.3) 10"̂  
and for women the slope is (-3 ± 1)10" .̂ Thus, the prognosis is improving with increasing annual 
UV exposure. The Norwegian data for the latitude dependency of DR/R agree with the combined 
data from Scandinavia, New Zealand and AustraUa (see table 1 in Ref 28). The death to incidence 
ratios for CMM are, according to 2002 estimates, about 0.09 (women) and 0.14 (men) for New 
Zealand and Australia. The corresponding ratios for Northern Europe are significantly larger: 0.16 
and 0.26, respectively. The incidence rates are much higher in AustraUa and New Zealand than in 
Northern Europe: 29.4 (women), 37.7 (men) versus 10 (women), 8.4 (men) in Europe. These data 
are in full agreement with our data. No difference in CMM diagnosis, nor in therapy, is expected 

Figure 1. A map of Norway showing the different counties, given the numbers used in this 
chapter. 
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Figure 2. Incidence rates (filled circles) and death rates (open circles) as functions of CIE 
weighted annual UV doses for CMM in men (A) and women (B) in Norway. Age adjusted 
rates for the period 1960 to 2004 are given. The ratio of death rates to the incidence rates 
are shown in the lower panels. 

to be found in the different regions of Norway and our data seem to indicate that prognosis of 
CMM is really improving with increasing sun exposure, in agreement with the work of Berwick 
et al̂ ^ and with the recent immunological work by Sigmundsdottir et al.̂ ° Their findings indicate 
that small UV doses may improve the potency of the immune system of the skin, possibly through 
generation of vitamin D from 7-dehydrocholesterol. 

The dependency of ocular melanoma on latitude in USÂ ^ can be interpreted in a similar way: 
stimulation of the immune system by UV radiation via vitamin D synthesis may explain why uveal 
melanoma decreases in rate with increasing UV exposure, opposite to what is foimd for CMM. 

Table 1. Age adjusted incidence rates (W) by skin cancer type in Norway 
and Australia 

Age Standardized Rates Per 100,000 (W) 

Basal cell carcinoma 
Norway 
Austral ia^̂  
Squamous cell carcinoma 
Norway 
Austral ia^̂  
Cutaneous malignant melanoma 
Norway 
Australia^2,i3 

1990-1994 

18.5 
726 

9.1 
250 

15.4 
29.7 

1995-1999 

30.7 
788 

10.75 
321 

15.3 
38.1 

2000-2004 

33.3 
884 

11.85 
387 

15.5 
44.3 
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When the CMM rates in Australia and New Zealand are brought into consideration together 
with the Scandinavian data, the value of Ab becomes smaller, about 1 (Fig. 3B). However, using 
recent data for SCC and BCC in Australiâ '̂̂ ^̂ ^ and in Norway we find that SCC and BCC are 
about factors of 35 and 25, respectively, more frequent in Australia than in Norway per 100,000 
persons (Table 1), while CMM is only a factor of about 2 more frequent (Fig. 3). As earUer pro-
posed,̂ ^ this may have two explanations: 1) Scandinavians may follow a more melanomagenic sun 
exposure pattern i.e. a more intermittent pattern than Australians. 2) UVA from the sun may play 
a larger role for CMM induction than for BCC and SCC induction, in agreement with Setlow s 
action spectrum for melanoma in Xiphophorus, as earUer discussed.̂ ^ 

In some investigations latitude gradients opposite to those shown in the present work, are 
found.̂ "̂ '̂ ^ In USA most states that are in the two highest CMM death rate quartiles are not found 
at the lowest latitudes. Furthermore, the north-south incidence gradient has been decreasing since 
the 1950ies, so that within some years no gradient is expected.^ Furthermore, in southern Europe 
the CMM incidence rates are much smaller than in Scandinavia.̂ ^ This may have at least two rea-
sons: 1) Southern Europeans generally have darker skin and darker hair than blond or red-haired 
Scandinavians and Celts. 2) We have shown that CMM incidence rates of different countries 
seem to increase with GDP/capita (gross domestic product, a measure of economic standard).^ 
This may influence on the sun exposure pattern, since one may assume that rich people can afford 
more vacations and weekend tours associated with strong intermittent exposures. Several CMM 
epidemiologists have stated that CMM is more of a "white collar" than a "blue collar" disease. 

Figure 3. Incidence rates of CMM in the Nordic countries, New Zealand and Australia, for 
two time periods (1976-1986, filled circles and 1987-1997, open circles) for men (A) and 
women (B) as functions of CIE weighted annual UV doses. Two age groups are included: 
0-49 and 50+ years. 
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Figure 4. Incidence rates of CMM (men open circles, women filled circles) and death to 
incidence ratios (DR/R) in Norway as functions of the time of diagnosis. The data are for the 
period 1960 to 2004. 

Recently, and as mentioned, the latitude dependencies of CMM and ocular melanoma in some 
states in USA were studied.̂ ^ Latitude gradients, similar to those reported in the present work, 
were found for CMM and for external, ocular melanomas (eyelid and conjunctivae melanomas). 
For uveal melanomas (internal ocular melanomas) an opposite gradient was found: increasing 
incidence with increasing latitude. In agreement with our suggestions, it was concluded that solar 
radiation has both a protective and a generating effect with respect to melanomas. Obviously, 
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Figure 5. Incidence rates of CMM in Norway and five years survival percentage as functions 
of time. Men filled circles, women opened circles. 

total exposures as well as exposure patterns are crucial for the balance between the two effects: 
High, intermittent exposures wiU mainly act generating, while low, regular exposures will act 
more protective. Time trends of uveal melanomas seem to be opposite of those of CMM: While 
the incidence rates of CMM increased in many countries upto around 1990 (see below), those of 
uveal melanomas tended to decrease.̂ '̂̂ ^ 

Time Trends 
For several decades the incidence rates of all three skin cancer forms were increasing in Norway, 

as in most other Western countries.̂ -̂  However, during the last decade the increase of the rates of 
CMM has stopped, and for the youngest persons, even a decreasing trend is seen (Fig. 4). Similar 
trends have been reported from other countries."̂ '̂ ^ The prognosis of CMM improved over all 
the years of increasing incidence, as indicated by the decreasing DR/R ratio (Fig. 4, lower part). 
However, after 1990, when the rates changed from an increasing to a decreasing trend, the improve-
ment of prognosis appears to have stopped, although our data do not allow any firm conclusion 
yet (Fig. 4). Another way to study prognosis is to determine the five-year survival percentage (Fig. 
5). From I960 to about 1990 the percentage of CMM patients surviving five years after diagnosis 
increased from below 50% to about 75% for men and from about 65% to about 90% for women, 
while after 1990 no significant change has taken place, neither for men, nor for women (Fig. 5). 
Again a relationship with the flattening incidence curves (Figs. 4 and 5) seems possible. In agree-
ment with these observations is the finding that the ratio of the number of old (> 50 years) to 
that of young (< 50 years) patients has been increasing, notably for men in the southern regions 
of the country.̂ ^ 

Upto 1990 the time trends of CMM incidence rates are similar in all Nordic countries, in all 
regions of Norway and for all age cohorts above 35 years.̂  
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Figure 6. Relative tumor density of CMM on different body localizations (see the text for 
definition) among women in two age groups (0-49 and 50+ years) in Norway as a function 
of time. 

Body Localization 
Relative tumor density (RTD) is here defined as the age adjusted incidence rate of CMM on 

a given body localization (head and neck, trunk, breast etc) divided by the fraction of the total 
body area occupied by the given localization. Thus, the higher the RTD is, the more CMMs arise 
per cm.̂  The values of the fraction of the skin at different sites are taken from Lund and Browder 
and are 0.09 for head and neck, 0.3 for trunk and 0.05 for breasts.̂ ^ 
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Figure 7. Age specific incidence rates of CMM among women in Norway. Data for the period 
1992-2001. Body localizations: head and neck (circles) trunk (triangles), filled symbols: south-east 
Norway (counties 1, 2, 6-11), open symbols: north Norway (counties 18-20). 

Figure 6 shows that for women older than 50 years the RTD is, as expected in view of solar 
exposure, larger on head and neck than on trunk, excluding breast and larger on trunk than on 
breast. However, surprisingly, for women younger than 50 years the RTD is larger on trunk than 
on head and neck, notably after I960. For younger women the RTD on breast is higher than for 
older women. This gives valuable information about the impact of the changing pattern of sun 
exposure. The fact that the RTD on trunk, excluding breast, is larger than that on head and neck, 
which certainly are much more heavily UV exposed, is a strong indication that intermittent UV 
exposure is a carcinogen for melanoma, while regular exposure is a much weaker one. Practically 
no CMMs arose on the breasts of Norwegian women before the advent of the topless fashion at 
about 1970. This is a strong argument for the melanomagenic power of solar exposure. As indicated 
by the curves for the breasts (Fig. 6), the topless fashion may have culminated some time before 
1994. These data are in agreement with our earUer findings.̂ '̂ ^ 

The incidence rates of CMM on head and neck and that on trunk have different age dependen-
cies (Fig. 7). While the age specific rate of CMM on head and neck increases uniformly with age 
(as do those for SCC, BCC and practically all internal cancers), that for CMM on the trunk has a 
maximum at an age of 50-70 years. This is true for the north as well for the south part of Norway 
and agrees with earlier findings.̂  We conclude that the risk of CMM on head and neck, areas 
regularly sun exposed, increases with age, while that on trunk has a maximum between 50 and 70 
years when the population as a whole is considered, i.e., at a sUghtly higher age than found for the 
period 1976 to 1985.̂  This is certainly related to changing habits of clothing and sun exposure. 
People who are now 70-80 years did not follow an intermittent exposure pattern when they were 
young to the same extent as young people do now. 
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Seasonal Variation oflncidence and Prognosis 
As earlier shown, there is a peak of diagnosed cases of CMM in June and minima in July and 

December.̂ ^ This is probably related to summer- and Christmas vacations. Furthermore, for the 
youngest patients (< 29 years), the prognosis is best for summer diagnosis,^ just as earUer found 
for several internal cancers.̂ '̂̂ "̂̂ ^ We have proposed that the optimal survival after summer and 
autumn diagnosis is due to the optimal vitamin D level at these seasons. 

Effects of Sun Beds and Sunscreens 
A sUght increase of CMM incidence rates was found for sun bed users in Norway."̂  However, 

other investigations have observed decreasing rates as well as increasing rates.'̂ '̂̂ ^ We have recently 
found that two weekly, moderate (10-15 minutes, completely non-erythemogenic) sun bed expo-
sures for 5 weeks almost doubled the serum calcidiol (25 hydroxyvitamin D, serum marker of the 
vitamin D status) level, from winter values to summer values, and that the recommended vitamin 
D intake of 200 lU per day was not enough to maintain that level,̂ ^ (manuscript in preparation). 
Furthermore, we have found that recommended appUcation of a sunscreen with a moderate or 
high UVB protection factor almost eliminates the vitamin D synthesis, by sun as well as by sun 
beds,̂ ^ (manuscript submitted). 
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CHAPTER 10 

Solar UV Exposure and Mortality 
from Skin Tumors 
Marianne Berwick,* Anne Lachiewicz, Claire Pestak and Nancy Ihomas 

Abstract 

Solar ultraviolet radiation (UVR) exposure is clearly associated with increased mortality from 
nonmelanoma skin cancer—usually squamous cell carcinoma. However, the association with 
cutaneous melanoma is tmclear from the evidence in ecologic studies and the few analytic 

studies show that high levels of intermittent UV exposure prior to diagnosis are somehow associ-
ated with improved survival from melanoma. Understanding this conundrum is critical to present 
coherent pubUc health messages and to improve the mortaUty rates from melanoma. 

Introduction 
Solar UV Exposure. Solar ultraviolet radiation (UVR) exposure can be measured in a mul-

titude of ways, but there is no "gold standard" applicable to epidemiologic studies of incidence 
and mortality at the moment. This problem leads to the lack of consistent observations regarding 
mortality from skin cancer that currently exist in the literature. Solar UVR exposure consists of 
two broad types of wavelengths—UVB (280-320 nm) and UVA (320-400 nm). UVB at ground 
level is reduced by its passage throi^ the thin stratospheric ozone shield around the earth at 10-16 
km above the earths surface and by factors in the atmosphere, such as cloud cover, pollution and 
water vapor. UVA is not substantially modified by stratospheric or atmospheric conditions and 
accounts for approximately 90% of UVR reaching the earths surface. Another measure utilized 
is erythemal UV irradiance, a measure of spectral irradiance between 250 and 400 nm weighted 
for ultraviolet by erythema-inducing capacity in human skin. 

Measurement. Multiple studies use an "ecological" approach to assessing the role of sunlight and 
mortaUty from cancer, particularly melanoma. However, both latitude and satellite measures can 
only measure potential exposure at the site and do not take into account a particular individual s 
characteristics or behavior. Using latitude alone also ignores the complexity of other geographic 
factors that modify solar UV exposure, such as altitude and cloud cover. On the other hand, latitude 
is a static variable and is readily available for ecological analyses. 

Ground level meter readings. Robertson-Berger meters have been placed at ground level at vari-
ous weather stations throughout the world and give readings for the erythemal action spectnmi. 
Unfortunately, these are not often calibrated and so the readings are somewhat suspect. 

Satellite measures and mathematical algorithms. Several algorithms using satellite measures 
have been used and are generally considered more accurate than the Robertson-Berger meter 
readings. Satellite measures and mathematical algorithms have advantages over latitude in that 
they also can take into account variations in the Earth-Sun distance, cloud cover, ozone column 
and surface elevation. 
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Self-reported outdoor activities. Occupationally associated ultraviolet exposure is generally 
determined by a combination of an individuals self-reported occupation—either as a history or 
as that occupation engaged in for the longest period. This information is then often converted by 
an occupational hygienist into an exposure matrix and a summary variable of exposure is gener-
ated. Recreational ultraviolet radiation exposure is also determined from numerous self-reported 
activities, time outdoors and combinations thereof. 

Combination of satellite measures and self-reported outdoor activities. Perhaps the most 
rigorous estimation has been published by Kricker et aP where a number of types of exposures 
are presented in relation to risk of melanoma, including: potential lifetime and early life ambient 
erythemal UV exposure estimated using lifetime residential history and a satellite-based model and 
history of sunburns, holiday hours in sunnier climates and hours in outdoor beach and waterside 
recreational activities. Less rigorous algorithms often use latitude of current residence combined 
with beach activities, or another similar combination. 

Observed Relationships for Nonmelanoma Skin Cancer 
The relationships for solar exposure and mortality in nonmelanoma skin cancer—squamous 

cell carcinoma and basal cell carcinoma—seem to be more straightforward than for melanoma 
skin cancer. That said, it should be pointed out that most deaths from nonmelanoma skin cancer 
are from squamous cell carcinoma; few individuals die of basal cell carcinoma. Possibly because 
there is a somewhat linear relationship between solar ultraviolet light exposure and squamous 
cell carcinoma, there is a consistent association between any of the measures of solar ultraviolet 
radiation and mortality from squamous cell carcinoma. However, this relationship is not so clear 
for melanoma skin cancer. 

An analysis of solar ultraviolet radiation and nonmelanoma skin cancer comes from a death 
certificate based study^ in which usual occupation derived from death certificates was the surrogate 
for occupational sunlight exposure and 24 states were categorized as low, medium or high residential 
exposure using data from the United States Weather Bureau. Analyses were controlled for age, 
sex, race, physical activity and socioeconomic status. These data show for Caucasians that living 
in a state with "high" ultraviolet radiation increased mortality from nonmelanoma skin cancer 
significantly (Odds Ratio [OR] 1.23, 95% Confidence Interval [CI] 1.14-1.33) and that having 
an outdoor occupation also increased the mortality from nonmelanoma skin cancer significantly 
(OR 1.30,95% CI 1.14-1.47). This study illustrates the problems with ecological analyses, even 
though it was based on individual death certificates. There is always the potential misclassification 
of underlying cause of death, occupation and residential exposure. Lifetime residential history, 
individual behaviors and accurate measures of ground level ultraviolet radiation are unavailable 
in such a study. 

A more sophisticated analysis of cancer mortaUty and latitude was conducted by Grant̂  using 
Spanish data. He concluded that data on the latitudinal gradient for melanoma and nonmelanoma 
skin cancer distinctly diflFerentiates the two cancers and that nonmelanoma skin cancer mortality 
is a good proxy for chronic solar exposure, whereas melanoma is due to intermittent sun exposure 
and thus an analysis based on latitude alone will not capture this type of exposure. Further, in 
Spain at least, latitude seems to correlate more strongly with smoking than with sun exposure in 
the association with nonmelanoma skin cancer. In Spain, melanoma mortality was inversely but not 
significandy associated with latitude. An important and highly salient point made by Grant, using 
the 2002 International Agency for Cancer Research Globocan data, is that melanoma mortality 
rates increase with increasing latitude from those Uving in their ancestral homelands, but rates 
decrease with increasing latitude for pale-skinned populations who have migrated to countries 
such as Australia, New Zealand, Israel and the United States. 

Interest has focused on nonmelanoma skin cancer among subgroups such as blacks. Pennello 
et al̂  compared non melanoma skin cancer rates among whites and blacks using Robertson-Berger 
meter readings as the exposure variable. Although there is a trend for mortaUty among whites by 
UVB tertile, there is no clear trend for blacks. White males move from 0.83 deaths per 100,000 
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in the lowest fertile to 1.19 in the highest and, similarly, white females move from 0.39 in the 
lowest tertile to 0.49 in the highest. However, although black males do move from 0.58 deaths per 
100,000 in the lowest tertile to 0.68 in the highest, the trend is not linear. The trend is even flatter 
fr)r black females moving from 0.37 in the lowest tertile to 0.39 in the highest. 

Observed Relationships for Cutaneous Melanoma 

Ecologic Studies 
As stated above, ecologic studies are subject to many unknown biases. However, they can also 

provide insights into scientific problems and so have some utility. In the area of melanoma mortal-
ity there are few large studies that have been conducted, so the large data bases maintained by the 
U.S. SEER program and the WHO data base can be helpfiil to evaluate trends over time and by 
latitude. Lemish et al̂  observed that survival from melanoma increased with increasing melanoma 
incidence among several populations and suggested that high levels of ambient sun exposure might 
induce a more biologically benign type of melanoma. Recent data evaluating a very large number 
of populations support this association between the positive temporal and geographic association 
with incidence and survival.̂  

Conflicting analyses, however, occur (Table 1). For example, two studies have found no asso-
ciation between latitude or other measures of UV exposure and mortaUty from melanoma in the 
US,̂ '̂  and BuUiard et al̂  reported a positive association between increasing latitude (decreasing 
UV) and increasing melanoma rates in New Zealand. The mean percentage increase in mortality 
rates per degree of latitude ranged from 0.27% to 4.01%. On the other hand, two other studies 
have found a positive (or inverse) association̂ °'̂ ^ between melanoma mortaUty and latitude. An 
important difference among these studies, however, is that Lachiewicz (in preparation) evaluated 
individual tumor characteristics whereas Boscoe and Schymura only evaluated latitude and mor-
tality without adjustment for critical covariates that can be obtained from the SEER registries, as 
their analysis evaluated multiple cancers. Clearly, the more refined and specific data analysis is likely 
to be more informative. Finally, WHO data. Garland et al̂ ^ found a strong negative association 
between melanoma mortality and UVA as well as UVB in 45 countries. 

A different measure of previous sun exposure derived for ecologic study is season of diagnosis. 
Seasonahty of mortality has been shown to be associated with melanoma mortality in one study. 
Boniol et aP̂  found that in Australia those diagnosed in the summer had a significandy reduced 
risk of dying from melanoma compared to those diagnosed in the winter (HR = 0.72,95% CI = 
0.65-0.81). In contrast, a report from Spain̂ "̂  showed a significant association between diagnosis 
in July and August and mortality from melanoma. 

Occupation is sometimes used as a surrogate for solar exposure. Gass et aP̂  reported that in 
Switzerland, occupation outdoors was sUghtly protective for mortality from melanoma, whereas 
indoor workers had an increased risk, consistent with meta-analyses of incidence.̂ '̂̂ ^ 

It is clear that despite the complexity and inherent bias in ecologic studies that the preponder-
ance of the evidence upholds Lee ŝ *̂̂ ° projections—that the upward gradient noted by Elwood̂ ^ 
in 1974 has been decreasing since 1950 and that rates of mortality in the contiguous US would be 
unaffected by latitude by the early 21st Century. A study by Fears et al̂ ^ su^ests that ecological 
data assigning UV exposure to an individual based on the place of diagnosis (or by inference death) 
is more likely to be measuring current rather than lifetime UV exposure. He found that among 
melanoma patients studied at sites in Philadelphia and San Francisco only 13% had spent their life 
there. Most participants had spent only about half their life at the place of diagnosis. 

No particular associations between measures of UV and melanoma mortality were noted 
by Pagê ^ when evaluating deaths from melanoma among WWII veterans of the Pacific and the 
European theatres, or by Larsen̂ ^ in evaluating associations among histology, survival and solar 
elastosis—a marker of sim damage and a large study of mortality among children and UV levels 
found no association with UV irradiance and the hazard of dying from melanoma. 
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â  â  

o 
(T̂  
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So, in summary, the ecologic studies are mixed in their results, but the weight of the evidence 
no longer supports a strong positive association between latitude or UV exposure, regardless of 
how measured and mortality from melanoma. 

Analytic Studies 
Unfortunately, few analytic studies have interviewed patients for sun exposure and residential 

histories and then followed subjects for mortaUty. 
In the most recent study, Berwick et aP"̂  reported an inverse association between measures 

of solar exposure and melanoma mortality among a population of 528 subjects who had been 
interviewed within 3 months of diagnosis and then followed for a mean of 5 years for mortality. 
Variables associated with sun exposure over a lifetime were inversely and significantly associated 
with mortality from melanoma in univariate analyses: A history of ever having been severely 
sunburned (Hazard ratio [HR] 0.5,95% Confidence Interval [CI] 0.3-0.9, P = 0.02), a history 
of high levels of intermittent sun exposure (HR 0.6,95% CI 0.3-1.0, P =0.04) and the presence 
of any solar elastosis in the matrix surrounding the lesional biopsy (HR 0.5,95% CI 0.5-0.9, P = 
0.02). This study was unique in that individual level characteristics of surveillance were carefiilly 
and thoroughly collected: skin self-examination practices, physician skin examination and skin 
examination by a partner, as well as "awareness" of skin. A self-reported awareness of skin for 
cosmetic or medical reasons resulted in a reduced risk of dying from melanoma (HR 0.4,95% CI 
= 0.2-0.7, P< 0.001). 

In multivariate analyses, controlling for clinical characteristics known to be important prognos-
tic factors, solar elastosis remained an important predictor for reduced mortality (HR 0.4,95% 
CI 0.2-0.8, P = 0.009). The authors suggested that this provocative finding might be related to 
this beneficial effect of sun exposure in relationship to survival with melanoma could be mediated 
by vitamin D. Alternative hypotheses were also offered: that previous sun exposure might induce 
more indolent melanomas through increased melanization and DNA repair capacity. 

Interestingly, Heenan et al̂ ^ pubUshed a somewhat similar analysis among 486 subjects diag-
nosed with melanoma inl980/1981.In their univariate analyses, they found that solar elastosis was 
of borderline significance {P for trend = 0.07) and inversely associated with death from melanoma: 
Mild solar elastosis resulted in a rate ratio of 0.64 (95% CI = 0.30-1.37) and severe solar elastosis 
a rate ratio of 0.46 (95% CI = 0.19-1.12) and because of the borderline significance, this variable 
was not included in multivariate analyses. This study is the only other study evaluating melanoma 
mortality and solar elastosis in the Uterature and, interestingly, had very similar findings to the 
Berwick paper. 

Zanetti et al^ have also su^ested that intense sun exposure prior to the diagnosis of melanoma 
is associated with an improved survival. They found that intermittent sun exposure (time spent 
over a lifetime at the beach) was inversely associated with risk of death from melanoma (HR = 
0.41 95% CI = 0.17 to 0.98). 

In summary, there are few analytic studies evaluating mortality in relationship to solar expo-
sure prior to diagnosis. The three found show an inverse association that is worthy of additional 
investigation. Analytic studies are generally considered to be more valid than ecologic studies and 
could come up with different interpretations of data because they may suffer less from misclas-
sification of solar UV and the measures of individual sun exposure are more precise than those 
estimated by latitude. 

Potential Mechanisms 
If UV exposure prior to a diagnosis of melanoma is protective, then there are multiple hypoth-

eses as to how that could happen. Sun exposure prior to the diagnosis of melanoma, i.e., lifetime 
exposure, may lead to the development of less a^ressive melanomas^ and potentially increases 
DNA repair̂ ^ and possibly the higher levels of serum Vitamin D stimulated by the UVB exposure 
delay tumor onset. In addition, sun exposure after diagnosis—or near the time of diagnosis—may 
increase serum levels of Vitamin D that may limit tumor progression. To know how UV is associ-
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ated with incidence and mortality we need to rely on a more clear understanding of the biology 
of melanoma progression. Thus, none of the ecological studies are necessarily in conflict with the 
Berwick study finding that solar elastosis may be an independent indicator of better survival—if 
in fact the temporal relationship of sun exposure to melanoma differs by incidence and mortality. 
Unfortunately, this is an area where we have little hard evidence. 

Vitamin D 25-hydroxy vitamin D3 has antiproliferative and proapoptotic effects.̂ '̂̂ ^ UVB 
induces serum vitamin D yet it also plays an important role in the development of melanoma. 
Possibly the circulating vitamin D levels are insufficient to reduce the risk of developing melanoma, 
particularly as melanocytes may have been programmed toward the development of melanoma 
quite early on. However, perhaps sun exposure does increase the protective reaction^ of tanning 
and enhanced DNA repair capacity, in combination with the antiproliferative and proapoptotic 
effects of vitamin D, so that in combination, these factors are able to keep the invasive lesion "in 
check". Evidence for the vitamin D theory suggests vitamin D limits tumor progression—perhaps 
people with melanoma stay out of the sun during and following melanoma diagnosis, thus they 
do not receive the survival benefit (this would correspond to Boscoe s study examining current 
environment risk faaors, all ecological). Since migration is so frequent, we would expea ecological 
data (like assigning UV to SEER sites) to measure current sun exposure as well. Garlands study, 
on the other hand, although ecological as well, might be capturing Ufetime exposure as well as 
current exposure if people are less likely to migrate between countries than within countries. 
Additionally, countries with higher incidence of melanoma, like Australia, have relatively better 
survival potentially due to increased incidence of less aggressive melanomas. 

Thus, none of the ecological studies are necessarily in conflict with the Berwick study finding 
that solar elastosis maybe an independent indicator of better survival, if in fact they are measuring 
two different temporal aspects of sun exposure. 

Conclusions 
Clearly, there is much more to understand about the specific wavelengths involved in the devel-

opment and progression of cutaneous melanoma and clearly sun exposure is a classic "two-edged 
sword". Data to date are only provocative and not convincing. If we assume that most ecological 
studies are measuring current UV exposure rather than Ufetime exposure, the null or positive 
associations between melanoma mortality and UV exposure could be due to (1) a tendency for 
melanoma patients to tend to avoid sun exposure following diagnosis so they are not getting the 
benefit from Vitamin D, (2) a lack of variability in Vitamin D levels among melanoma patients 
(e.g., Ught pigmentation or sun avoidance) to detect any association with vitamin D levels, or (3) 
the fact that melanoma is a cancer, like renal cell carcinoma, more responsive to immune system 
response than other cancers; thus the rationale for interferon therapy and the occurrence of vitiligo 
among melanoma patients. It is possible that the effect of a UV-induced decrease in cellular im-
munity negates any benefit from Vitamin D antiprohferative and proapoptotic effects. 

Much more work needs to be carried out to elucidate the effects of solar UV on melanoma 
development and progression before any conclusions can be drawn. Unfortunately, these data 
indicate that our public health messages—which are already confusing ("wear sunscreen all the 
time and stay out of the sun"—versus "some sun is good for you")—are not biologically driven and 
in order to stem the rising incidence of melanoma, it is critically important to understand better 
the basic biology of the disease. 
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CHAPTER 11 

Health Initiatives for the Prevention 
of Skin Cancer 
Riidiger Greinert,* Eckhard W. Breitbart, Peter Mohr and Beate Volkmer 

Introduction 

Skin cancer represents the most common type of cancer in the white population worldwide 
and the incidence has dramatically increased during the last decades. UV radiation is the 
most important risk factor responsible for this development. Socio-economical and cultural 

changes in behaviour of large groups of the society led to an increase in UV-exposure due to 
life-style trends which go along with more leisure time and hoUdays spent in the sun and (in the 
last decades) with frequent exposure to artificial UV in sunbeds. 

While at the end of the 19th century a pail taint was still associated with persons forming 
part of the "upper social class", who don't had to work outdoors or on the fields, the 20th century 
started with changing attitudes to sun exposure. A tan became a new status symbol because only 
the wealthy could afford holidays in foreign countries seeking sporting activities at the sea or in 
the mountains. Already in 1910 the Lancet reported: "Righdy or wrongly, the face browned by 
the sun is regarded as an index of health".̂  

This and comparable estimates were adopted by a majority in the white population worlwide 
and was supported and expanded by the industry and different trendsetters in fashion and lifestyle 
which "advertised" a tan to by associated not only with being healthy but also trendy, sexy and 
successful. This led (especially after World War II) to a tremendous increase in outdoor activities 
and in tourism to sunny places and countries where people exposed themself to UV-radiation of 
the sun, unadapted, unwise and without any caution and protection. During the last decades this 
behaviour was further uncouraged through the wellness-movement which, additionally introduced 
exposure to artificial UV in sunbeds, which is also known to increase the risk of skin cancer.̂  

Individual behaviour under certain conditions of UV-exposure has, therefore, to be considered 
as the main "risk factor" responsible for the drastic, worldwide increase in skin cancer incidence 
which has been monitored during the last decades.̂ '̂  Environmental changes, however, like the 
depletion of stratospheric ozone, due to man-made chlorofluorocarbons (CFCs) released into the 
atmosphere and which increase the amount of UVB radiation reaching Earths surface,̂ '̂  played 
an important role and will gain further significance if climate changes are not stopped and hope-
fully reversed in the future.̂  

Already at the end of the 19th century early reports about the the association between sun 
exposure and skin cancer appeared in dermatological publications. They attracted only Utde atten-
tion in the public community. During the next decades, however, knowledge about the hazardious 
effects of excessive sun exposure as well as about the etiology of skin cancer increased, mainly 
because of epidemiological analysis of the skin cancer problem in Australia, where the incidence 
is particularly high because of geographical, environmental and ethnical reasons.̂ ^ 
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Therefore it is understandable that primary and secondary prevention of skin cancer originated 
in AustraUa and that new health initiatives have been developed on the basis of AustraUan experi-
ence during the last 10-30 years. 

Prevention of Skin Cancer 
Development of skin cancer can be influenced at three temporally different levels of prevention. 

Primary and secondary prevention as well as tertiary prevention (which already includes therapy 
and rehabiUtation). This is schematically shown in Figure 1. 

Skin cancer is a type of cancer which is highly preventable because the main risk factor, 
UV-radiation, is know and excessive UV-exposure can be reduced to a great extend by using 
simple strategies which can be educated by means of primary prevention. Even if first signs of 
skin cancer already appear, early detection, as a strategy of secondary prevention, goes along with 
nearly 100% curabihty. This holds for basal cell carcinoma (BCC), squamous cell carcinoma 
( s e c ) but also for malignant melanoma (MM) of the skin. In this contribution we will focus on 
primary prevention. 

Primary Prevention of Skin Cancer 
Initiatives in primary prevention of skin cancer should inform and enUghten the pubUc as 

well as representatives in pubUc health and poUtcs about possible health benefits and health risks 
of natural and artificial UV-exposure in the sense of avoidance of causaUty through changes in 
risk-awareness. It is the aim, on the short and long tem, that primary prevention will change social 
behaviour of the pubUc in direction of save an more conscious use of UV-radiation. 

The prominent role of UV-radiation in the etiology of skin cancer renders this type of cancer 
most suitable for primary prevention, because the main risk factor can easily be avoided by sticking 
to simple rules for the behaviour in the sun or under artificial UV (e.g., sunbeds). 

Programmes to limit excessive sun-exposure started in the early 1980s in AustraUa with the 
"Slip (on a shirt). Slop (on some sunscreen). Slap (on a hat)" initiative. The programme and the 
subsequent SunSmart̂ ^ campaign has highly influencend other countries to develop their own 
intervention programmes. Several international consensus meetings profited firom Australian 
experiences and formulated common aims in the primary prevention of skin cancer: 

Figure 1. Different types of prevention at different time points of development of illness. 
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• Consensus meeting "Educational needs for primary and secondary prevention of 
melanoma in Europe", 1991, by the EORTC Melanoma Group̂ ^ 

• Consensus Conference "Early Melanoma", 1992, by the National Institut of Health (NIH), 

• Consensus meeting "How to decrease morbidity and mortality of skin cancer, 1994, by 
the Commission of Early Detection and Prevention of Skin Cancer of the working group 
of dermatological prevention (ADP e.V) in Germany.̂ '̂̂ ^ 

The United Nations (UN) also became aware of the worldwide problem of increase in skin 
cancer incidence and recommended 1992 at the United Nations Conference of Environment 
and Development under Agenda 21: "to undertake as a matter of urgency, research on the effects 
on human health of increasing ultraviolet radiation reaching Earths surface as a consequence of 
depletion of the stratospheric ozone layer"; and furthermore "on the basis of the outcome of this 
research, to consider taking appropriate remedial measures to migrate the above mentioned effects 
on human beings". 

In response to this, WHO established the Global UV Project, INTERSUN,^^ in collabora-
tion with the United Nations Environment Programme (UNEP), the World Meteorological 
Organization (WMO), the International Agency for the Research on Cancer (lARC) and the 
International Commission for Non-Ionizing Radiation Protection (ICNIRP). In accordance 
with this project several institutions and organizations developed (coimtry-) specific prevention 
strategies throuhout the world to reduce the burden of disease resulting from the exposure to 
UV-radiation. Just to mention a few, there have been huge, ongoing campains of primary preven-
tion of skin cancer in the USA by the Skin Cancer Foundation (http://www.skincancer.org), in 
the UK by the Health Protection Agency (HPA, formerly NRPB: http://www.hpa.org.uk), in 
France by Association Securite Solaire (http://www.vivreaveclesoleil.info) or in Germany by the 
German Cancer Aid (Deutsche Krebshilfe: http://www.krebshilfe.de) in collaboration with the 
Association of Dermatological Prevention (Arbeitsgemeinschaft Dermatologische Pravention, 
ADP: http://www.unserehaut.de). These and other programmes tried to reach the public as a 
whole or certain target groups. Especially children at school have been in focus of certain inter-
vention programmes, which have been described and partly evaluated.̂ '̂̂ ^ These studies show 
that interventions in schools involving childrens of different grade classes are suitable to change 
knowledge about harmful effects of UV-radiation and how to protect against them. New stud-
ies from the USA demonstrate that, e.g., intentions to play in the shade increase significantly in 
children of primary and scondary schools (grade K-8) during the SunWise School Programme. 
Modest changes in the intention to use sunscreens were described as well as a significant decrease 
in attitudes regarding the healthness of a tan.̂ ^ However, studies already starting with interventions 
at kindergarten level also show that sun protection education has to be provided continously over 
several school years in order to produce changes in sun safety behaviour.̂ ^ This result holds also 
for other target or age groups which shall be reached by cetain intervention programmes for skin 
cancer prevention (see below). 

Initiatives for the prevention of skin cancer throughout the world more or less use the same 
kind of messages, although there is still a need for harmonization.̂ ^ The main fields which should 
be affected by these messages in primary prevention have been summarized by WHO when the 
INTERSUN Programme was relaunched.̂ ^ They include :̂ ° 

• development and use of an internationally recognized UV Index (UVI) to fascilitate sun 
protection messages related to daily UV-intensity 

• special programmes for schools to teach children and teachers about sun protection 
• guidance for tour operators providing services to customers travelling to sunny places 
• recommendations to limit sunbed use 
• guidance on decreasing occupational UVR exposure for outdoor workers 

(http://www.who.int.uv.en) 

http://www.skincancer.org
http://www.hpa.org.uk
http://www.vivreaveclesoleil.info
http://www.krebshilfe.de
http://www.unserehaut.de
http://www.who.int.uv.en
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These activities should encourage people to enjoy the sun safely and protect themselves against 
UV-radiation to avoid excessive exposure, especially in childhood, because it is well estabUshed 
meanwhile that childhood UV-exposure is a main risk factor for skin cancer as an adult. 

Focussing on primary prevention in childhood and adolescence is supported by many organiza-
tions, institutions and partly by governments. For example in 2001, the European Society of Skin 
Cancer Prevention, EUROSKIN, organized an international conference "Children under the 
Sun" in Orvieto, Italy, which included a WHO workshop "Children's Sun Protection education". 
It has been recommended after this conference that: 

"Health authorities and relevant international responsible bodies, such as the EC should be 
reminded of the importance of addressing the UVR health messages to the parents, teachers and 
other carers of children using key interventions and of the importance of providing support for 
resources to achieve this".̂ ^ 

In order to achieve these goals, the Association of Dermatological Prevention (ADP) introduced 
a "Periods-of-Life-Programme" (POLP) during the EUROSKIN conference "Children under 
the Sun". POLP defines certain target groups for age-specific education levels in the population. 
This target grouping starts with parents of unborns (lasting from fertilization to birth), followed 
by babies ( up to 12 month), children (1-6 years of age), youth (12-17 years of age), adults (^18 
years of age) and parents (see Fig. 2). As can be seen from Figure 2, the target group of children 
can be subdivided in three further groups: children at the age of 1-3 years, Idndergarten children 
(3-6 years of age), children at the age after (ground-) school entry (6-11 years of age). 

For all target groups certain caretakers in the health and education system have been identified 
and special information and eduction material has been developed and was distributed to them. 
This was done in order to integrate their help as important members of supporting target groups. 

Figure 2. Schematic representation of the Periods-of Life-Proramme (for further explanation, 
see text.). 
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These include gynecologists, midwifes, pediatrics, kindergarten teachers, teachers at schools and 
(always) parents (see Fig. 2). 

In 2002 the ADP started POLP in Germany with the target group of babies and their par-
ents. This was followed in 2003 by an intervention campaign targeting kindergarten children. 
In 2004 children entering (ground-) school represented the next target group. This campaign 
closely followed WHO s "Sun Protection programmes in schools" (download: http://www.who. 
int/phe/uv). Materials have been developed and distributed to more than 16,000 ground schools 
in Germany, containing information and materials for pupils as well as for their teachers. These 
education materials were cpmplemented by a special CD of a German songwriter who composed 
a number of "sun-songs", which were easily learned, adopted and often song by pupils at school. 
The 2005 campaign tries to reach the group of teens (12-17 years of age). For this age group prizes 
were awarded for best video-clips produced by groups at school, transporting sun-protection- and 
sun-behaviour-messages like "seek shade", "use textile protection", "use sun screens", etc. 

All interventions in context of a POLP since 2002 have been accompanied by huge eifforts in 
pubUc relations, including press conferences, spots for TV and in cinemas, as well as by nation-wide 
bill-posting of so called "eye-openers" to awake interest in the public. Some examples are shown 
in Figs. 3 and 4. All efforts have been financially supported by the German Cancer Aid (Deutsche 
KrebshilfecV.). 

Further Developments 
In a recent systematic review Saraiya et al su^ested a classification of interventions into four 

broad groups: 
• individual-directed strategic 
• environmental and poUcy interventions 

Figure 3. Example of a poster ("eye-opener'O used in the German POLP (target group: babies 
and their parents). The German text in the upper right corner translates to: "In the sun babies 
carry the highest risk. Save your child". 

http://www.who
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Figure 4. Example of a poster ("eye-opener") used in the German POLP (target group: ground 
school children). The German text in the poster translates to: "Your child is not able to escape 
it's skin! Sun causes skin cancer. Please donate shade". 

• media campaigns 
• multicomponent programs and comprehensive community-wide interventions 

and subdivided individual-directed strategies further according to settings, i.e., childcare, pri-
mary school, secondary school, collage, recreational and tourism sites, occupational and healthcare 
settings.̂ "̂  The authors concluded that education and policy approaches to increase sun-protection 
behaviours were only effective when implemented in primary schools and in recreational and tour-
ism settings. However, they found insufficient evidence for effectiveness of educational and poUcy 
approaches in other settings like childcare centers, secondary schools, colleges and occupational 
settings. Prevention activities also showed Uttle effectiveness when targeting healthcare settings 
and providers, media campaigns alone, interventions oriented to parents and commimity-wide 
multicomponent interventions. 

Although specific intervention activities in primary prevention of skin cancer have been reported 
to be successful by others, Brandstrom points out̂ ^ that the comprehensive review by Saraiya and 
coworkerŝ ^ highUghts the need for more well-evaluated studies of skin cancer preventive inter-
ventions. Brandstrom concludes that "one way to use theories of individual health behaviour in 
prevention is to use them to identify individuals or groups with specific needs for information or 
preventive interventions. A successful assessment of groups with differing needs for interventions 
enables tailoring or targeting of preventive strategies towards these groups. Assessing and targeting 
people with different sun-exposure profiles is one way to match diflFerent needs with appropriate 
intervention".̂ ^ 

POLP (see above) is a practical approach to primary prevention of skin cancer which identifies 
individuals or groups with specific needs for information and targets them to specific preven-
tion strategies. On a more theoretical basis it becomes evident that skin cancer prevention tries 
to reach individuals and/or groups with different sun- and/or artificial UV-behaviour (e.g., in 
the case of indoor tanning). The categorization of this behaviour defines UV-exposure profiles 
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with different motivations for being exposed or protected from UV-radiation and thus different 
preventive strategies are needed to change the behavionr.̂ ^ These profiles can be described by the 
tanning- (exposure-) behaviours of individuals. The profiles depend on different times, situations 
and places and are not mutually exclusive for a certain individual. Nevertheless, they can be used 
to specify and develop specific preventive interventions. Characterization and typical behaviour 
patterns of profiles can be found in the recent excellent review by Brandstrom.̂ ^ Briefely, these 
profiles can summarized as follows: 

• Compulsive sunhathers {intentional tanning) 
Example: Travelers to sunny vacation resorts, who like to subathe, see no or few risks, do 
not want to change their behaviour and do not seek information. 

• Professional tanners {intentional tanning) 
Example: Travelers to sunny vacation resorts and/or sunbed users, who like to sunbathe, see 
some risk with tanning, do not want to stop sunbathing (exposing themselves to artificial 
UV-radiation) and seek information. 

• Incidental tanners 
Example: People who spend time on outdoor activities (e.g., gardening, sailing, golfing, 
etc.), who do not necessarily like to sunbathe, see some risk with tanning, do not want to 
change and do not seek information. 

• Inevitable sun-exposed 
Example: people like outdoor workers, who might like to sunbathe, might be unconscious 
of risks and do not seek information. 

• Unprotected children-. 
Example: Young children on shade-less beach, who do not like to sunbathe, who are 
unconscious of risks and do not seek information. 

Althought this list of profiles already covers a broad range of UV-exposure behaviours it has, 
surely, to be completed by at least one further profile which characterizes 

• Professional sunbed users: 
Example: People who frequently use sunbeds, who like to get a tan for cosmetic rea-
sons, who see some risk with tanning, do not want to stop tanning and might seek 
information. 

This profile describes the quickly growing number of individuals (especially young women and 
adolsescents) which has to be treated by specific preventive interventions which provide informa-
tion about the health risks of exposure to arificial UV-radiation in sunbeds, which is known to 
increase skin cancer risks remarkably.̂  

A number of specific preventive strategies for the different profiles have been su^ested.̂ ^ These 
have been used already in a number of intervention campaigns and it is interesting to note that 
unconventional strategies are effective. The group of professional tanners, e.g., seems to react more 
sensible on messages emphasizing the negative consequences of sun exposuere for appearance (early 
skin aging) than on messages concerning negative health effects.̂ ^̂ ^ 

This also might be a good strategy for the special case of professional sunbed users for whom 
intervention campaigns, however, should provide further information which clearly shows that 
there are no health benefits of artificial UV exposure at all and that sunbed use is not recom-
mended by international health organizations (WHO, ICNIRP, EURO SKIN) because of the 
known increase in the risk of skin cancer development after frequent sunbed use.̂  If, nevertheless 
indoor tanning is used, this should only be done in sunbed studios which are regulated according 
to national or international guidelines which try to enable UV-exposure at putative reduced risk 
(e.g.̂  by limiting the maximum irrdiance to 0.3 w/m,^ mandatory for Europe for new irradiation 
devices on the market from July 2007 on) 

(http://ec.europa.eu/health/ph_risk/committees/04_sccp/docs/sccp_o_03 Ib.pdf). 
In many cases it's to early already to decide if certain campaigns have been successfiiL However, 

profile categorization should help to tailor and target preventive messages more effectively and to 
better evaluate the outcome of intervention programmes. 

http://ec.europa.eu/health/ph_risk/committees/04_sccp/docs/sccp_o_03
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Balanced Messages (Concerning Vitamin D) 
Because of the knonw risk factor (UV-radiation) skin cancer represents an ideal target cancer 

for primary prevention, because UV-radiation can easily be avoided by sticking to simple rules for 
the behaviour in the sun or under artificial UV (e.g., sunbeds). 

However, because UV-exposure can not and should not be avoided totally, recommendations 
and information for the public should be as clear and as weighted as possible. Advices to avoid 
UV-exposure at a certain age or for a certain group (profile) should not introduce any deficits in 
possible benefitial health effects of UV-radiation. Nevertheless, WHO is adresssing the issue wether 
current sun protection messages in primary prevention might be to strong and if they are balanced, 
especially in connection with UV(B) (280-315 nm)—induced vitamin D photosynthesis and the 
role of this vitamine in individuals health. WHO concentrates on questions like:̂ ^ 

• What is the balance between healthy sun exposure that provides the body's requirements 
for vitamin D and excessive exposure that leads to skin cancer later in life ? 

• Is it possible to recommend dietary supplements in countries that lack sufficient sunshine 
(i.e., high lattitude countries in winter) to account for the loss of natural vitamin D 
production? 

• Are there UVR-mediated beneficial effects on health, other than those stemming from 
the production of vitamin D ? 

These and other questions have already been discussed on an "International Worshop on 
UV exposure Guidance", 2005 in Munic, Germany, which was organized by ICNIRP, hosted 
by the German Radiation Protection Offices (BfS) and cosponsored by the German Federal 
Environmental Ministry (BMU), WHO and EUROSKIN. It was the principal aim of this work-
shop to review current knowledge and undertake a scientific based evaluation of sun exposure 
which counterbalances health risks and benefits of UV-radiation. 

The vitamin D issue was particularly considered, because it is known, that UV(B) induced 
vitamin D, which is produced in exposed skin, regulates calcium levels in the blood and is needed 
for bone musculoskeletal health. Furthermore, only recendy a number of ecological, observational 
and experimental studies seem to support the view of beneficial effects of sun exposure by reveal-
ing a link between a number of cancers, e.g., breast, prostate and colon cancers and low vitamin 
D levels.̂ '̂̂ "̂  There are also reports which indicate that vitamin D lowers the risk of autoimmune 
diseases, e.g., multiple sclerosis, diabetes type I and II as well as rheumatoid arthritis.̂ '̂̂ ^ However, 
evidence of these findings has been assessed as not yet convincing.̂ ° This might be explained by 
the fact, that there exists still an expert s controversy about how much vitamin D a healthy person 
actually needs and, if vitamin D deficiency is really a problem for large parts of the white population, 
although there is some evidence that even in sunny countries and in lighdy pigmented populations, 
vitamin D insufficiency is not uncommon.̂ '̂̂ '̂̂ ^ 

The range of concentration of vitamin D in the blood (which means the concentration of 
25-hydroxyvitamin D, [25(OH)D]) that is considered "normal" varies, depending on the literature 
which is taken to be relevant."̂ ^̂ ^ Sometimes 50 nmol/125(OH)D seem to be currendy accepted 
as a lower limit of sufficiency,̂ ^ although recent results seem to indicate that at least 80 nmol/1 
are required to prevent physiological changes associated with vitamin D insufficiency.'̂ '̂̂  HoUck 
states"̂ ^ that it has been suggested that the body uses between 3000—5000 lU"̂ ^ of vitamin D per 
day to satisfy physiological needs, which will not be achieved by vitamin D supplementation, 
which is not widely practiced and might not be sufficient, because most supplements only contain 
400 lU of vitamin D. There seems to be, however, kind of an agreement between experts, that a 
daily intake of 1000 lU of vitamin D, in the absence of sun exposure ('.), is sufficient to maintain 
a healdiy blood level of 25(OH)D of between 75—125 nmol/1 (20—50 ng/ml).̂ « On die other 
hand, the Institute of Medicine for the National Acadamy of Science (USA) suggested in 1997 that 
an adequate intake of vitamin D of children and adults up to the age of 50 years of 200 lU (5 |jig) is 
sufficient, because this age group recieves adequate amounts of sunlight. For adults 50 to 70 years 
and older than 70 years 400 and 600 lU daily have been recommended.'̂ ^ Nevertheless, scientifical 



Health Initiatives for the Prevention of Skin Cancer 133 

and epidemiological knowledge about sufficient levels of vitamin D for healthy individuals still 
seems to be insuffient and a urgent need for evidence based recommendation exists.̂ ° 

Wether UV-induced vitamin D production is connected to a decrease in the incidence of 
certain forms of cancer or has a protective effect for other diseases still has to be elucidated in 
more detail. Surely, this issue has to be considered in terms of balanced messages used in preven-
tive intervention programmes which try to reduce the risks of skin cancer development, because 
95% of human body's requirement of vitamin D comes from exposure to UV(B)-radiation of the 
sun. For a healthy person this can easily achieved by a reasonable, intelligent and save use of the 
sun. It has been recommended that exposure of hand, arms and face two or three times the week 
to approximately one quarter or on third of an minimal erythemal dose (MED) of UV-radiation 
from the sun is more than adequate to satisfy a skintype II body's requirement. HoUck and co-
workers have estimated, that if only 6% of the body surface is exposed to one MED (about 250 
J/m^), approximately 600 to 1000 lU vitamin D are produced.̂  ̂  Whole body exposure of young 
adults to one MED is sufficient to produce an amount of vitamin D equivalent of taking between 
10,000 to 25,000 IU.̂ 5.51.52 

Having these numbers in mind it can easily be calculated, that moderate, sub-erythemal espo-
sure to the sun's UV-radiation is sufficient to produce enough vitamin D for a healthy person. For 
example, at an UV-Index (UVI) of 6 (which is typical for a month at noon time in summer at a 
lattitude of 50-52° N, e.g., in the UK or Germany) an equivalent of 200 lU vitamin D is produced 
in about only 8 min, if only 6% of the body (hands, arms, face) are UV-exposed. Even at a very 
low UVI = 1, which, still can be reached even in wintertimes, or in summer before 11:00 am or 
after 3:00 pm, the comparable time will be about 50 min. Exposure of larger parts of the body will 
even reduce these times to clearly sub-erythemal doses to produce the same amounts of vitamin 
D. Knowing that one unit of the UVI corresponds to 0.42 MED/h, exposure times for other 
vitamin D requirements (e.g., for older peolple) and for different UVI-values can be calculated, 
showing that a moderate, suberythemal exposure to the sun is more than sufficient to satisfy the 
health requirements of the human body. 

There is no need for an excessive natural UV-exposure (from the sun) or an additional exposure 
to artificial UV (e.g., in sunbeds). On the contrary, excess UV-exposure will degrade vitamin D 
into inert photoproducts.̂ '̂̂ ^ Even if there exists a treshold level of UV(B) radiation required to 
induce vitamin D production,̂ ^ which is not generally reached during the winters in areas above a 
lattitude of 40°, adequate stores of vitamin D can be built up during spring, summer and autumn, 
or vitamin D supplementation (e.g., by vitamin D fortificated milk or other food products) should 
be used.̂ ° Furthermore, as WHO states, the use of sunbeds remains unsafe because of its link to 
an increased skin cancer risk.̂ *̂ ° Sunbeds emit mosdy UVA rather than vitamin D inducing UVB, 
thus increasing the risk of skin damage without a concomitant increase in beneficial vitamin D 
production.̂ ^ This judgement is in full agreement with conclusions which have been drawn from 
the "International Workshop on UV exposure Guidance", 2005 in Munich, Germany. There was 
general agreement̂ ^ that: 

• Sun exposure is responsible for a substantial burden of skin and eye disease and may play 
a role in reactivating some viral diseases. 

• A lack of vitamin D is a serious health problem. 
• There is still much to be learned about the quantitative relationship between 25(OH)D 

health and much more research is necessary to address this issue. 
• More research is needed on investigating optimal levels of vitamin D for different groups 

within the general population and on deriving "upper safe limits" on vitamin D uptake. 
• Litde is know about the effects of UVR exposure on vaccination efficacy and infectious 

deseases and research is needed in this area. 
• The use of sunbeds is not recommended for vitamin D enhancement. 
• Sun protection messages need to be aimed at the idividuals or groups risk and the factors 

affecting that risk such as location and time of the year and that the solar U V Index should 
be actively promoted as part of protection programmes. 
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• Moderation of sun exposure is an important goal and a key message is to ensure that people 
protea themselves when the Solar UV Index is greater than 3. 

Conclusion 
If open questions in the above list are answered and given recommendations are implemented 

into health initiatives for the prevention of skin cancer, they will be able to provide the public 
with balanced messages which support the reduction of health risks of excessive UV-exposure. 
On a long term this should increase the awareness of adverse health effects of natural and artifi-
cial UV-exposure and produce changes in sun-related behaviour. First results from Australia and 
New Zealand show that educational interventions are moderately effective in improving at least 
short-term knowledge and behavioural intentions to be protected in the sun.̂ '̂̂ ' Furthermore, 
recent results from Australia and Switzerland already show a decrease in incidence of nonmelanoma 
skin cancers for people younger than 50 years, despite an increase in the overall age-standardized 
incidence. '̂̂ ^ It is also interesting to note that, although the incidence of malignant melanoma still 
sharply increases in Southern and Eastern Europe,̂ ^ in Canada, Northern Europe, Australia and 
New Zealand a trend for a plateau in the incidence of cutaneous maUgnant melanoma becomes 
appearant.̂ '̂̂ '̂̂ ^ These changes probably reflect the effectiveness of sun-avoidance programmes 
over the last 50 years.̂ ^ This also shows that the main messages of primary prevention: 

• enjoy the sun but save your skin 
• use textile sun protection 
• don't stay unprotected in the sun between 11:00 am and 3:00 pm (seek shade) 
• use sunscreens properly 
• wear a hat in the sun 
• wear sun glasses 
• during your holidays at sunny places, behave like the local residents 
• take care for your kids in the sun (be an example in sun protection) 
• don't use sunbeds 

which have been used over the years in many campaigns throughout the world seem to be 
effective in reducing the risk of skin cancer. There are no convincing indications until now, that 
these messages have produced any adverse health effects, e.g., problems in the vitamin D physiol-
ogy, because amounts of UV needed are small. However, if vitamin D insufficiency for certain age 
or risk groups turns out to be a problem, this can be counteracted by proper diet and/or special 
advice for sun behaviour without excessive UV-exposure. There is surely no "one message fits all" 
approach,^^ but balanced information in health initiatives for the prevention of skin cancer, which 
use evidence-based modern strategies, will further be needed in the future to reduce the incidence, 
morbidity and mortality of the most frequent cancer worldwide. 
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CHAPTER 12 

Sunscreens 
Guido Bens* 

Ultraviolet Radiation 

Naturally occurring ultraviolet radiation (UVR) from the sun has been divided into 
two broad band regions: low-energy UVA (with wavelengths of 320 to 400 nm) and 
high-energy UVB (280-320 nm). Relative effectiveness of different wavelengths in pro-

ducing a biologic reaction is called action spectrum for this particular reaction. The most obvious 
acute reaction of white skin to UVR is erythema which is commonly addressed to as "sunburn". 
The action spectrum of solar erythema lies mainly in the UVB band region, with a peak at 295 nm 
and rapid decline towards the UVA region (Fig. 1): 295 nm UVB radiation (UVBR) is about 
1000 times more erythemogenic than short-wave UVAR. Under normal conditions, middle and 
long-wave UVAR do not induce sunburn. UVAR has therefore been further broken down into 
two bands UVAl (340-400 nm) and UVA2 (320-340 nm) because of the increased erythemogenic 
activity of UVA2 compared to UVAl. 

Solar radiation is significandy modified by the earth s atmosphere with ozone in the stratosphere 
being the major photoprotective agent that absorbs all high-energy cosmic radiation, UVCR 
(200-280 nm) and short-wave UVBR up to 290 nm. Clouds, pollutants and fog furthermore 
decrease UVR by scattering and absorption. However, UVAR and visible light (400-700 nm) are 
much less affected by the way through the atmosphere. Less than 5% of the sunUght that reaches 
the earths surface is UVR, with a ratio of UVA to UVB of about 20:1, depending on geographical 
latitude, altitude, season of the year, time of day and meteorological conditions.^ UVAR but not 
UVBR traverses window glass and is therefore present also indoor. UV exposure does not only occur 
by direct sunshine on the skin, but also by light reflection, e.g., by snow, glass, sand and light-colored 
metals, with once more wavelengths in the UVA band being more reflected than UVBR. About 
50% of effective UVA exposure has been estimated to occur in the shade.̂  The predominance of 
UVA in the solar energy in our environment permits UVA to play a far more important role in 
contributing to the harmful effects of sun exposure than previously suspected. 
Effects of Ultraviolet Radiation in Human Skin 

UVA penetrates far deeper into the skin than UVB does (Fig. 2): The major part (70%) of UVB 
is absorbed or scattered by the stratum corneum. Twenty percent of UVB reaches Uving cells in 
the epidermal spinous layer and 10% superficial dermis. UVAR and visible light are less filtered by 
stratum corneum, but after absorption by melanin, 30% of UVA hits basal cells of epidermis and 
still 20% reaches reticular dermis. One percent of UVAl penetrates up to the limits of subcutis.̂  
The skin penetration of visible light is even more important, but little is known about its biologic 
effects in human skin. 

Positive and harmful effects of UVR in the skin are tightly woven as they contribute to the 
natural mechanisms of photoprotection. UVR that is not scattered by the superficial homy layer is 
absorbed by endogenous chromophores. Photochemical reactions of these absorbing biomolecules 
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Figure 1. Action spectrum of natural terrestric UVR for solar erythema and vitamin D3 
synthesis, (adapted from ref. 3). 

result in alterations of skin biology that lead to the immediate or delayed UV effects represented 
in Figure 3. 

Epidermal chromophores with absorption spectra within the UVB range are urocanic acid, 
melanin, aromatic amino acids such as tryptophane and tyrosine in epidermal proteins and nuclear 
DNA."̂  Urocanic acid is most expressed in the superficial layers of epidermis. It absorbs UVB by a 
trans to cis isomerization. Its synthesis from histidine liberated by filaggrin breakdown is triggered 
by UVBR.̂  Another major target for UVB and UVA2 are nucleotides. Absorption of UVR by 
pyrimidine and purine bases results in DNA photoproduct formation, mainly pyrimidine dimers, 
but also pyrimidine (6-4) pyrimidone photoproducts. These DNA photoproducts are continu-
ously excised by DNA repair enzymes. If repair fails, they can lead to p53-mediated apoptosis or, 
after repUcation, to DNA mutations.̂  C->T and CC-^TT mutations are considered as a nuclear 
fingerprint of UVB-induced photodamage. UVB-generated thymine dimers induce p53 which is 
a pro-apoptotic protein that helps to eliminate cells in which DNA is too heavily damaged to be 
repaired.̂  UVB triggers in the skin the production of cholccalciferol (vitamin D3) from 7-dehy-
drocholesterol (DHC). The action spectrum for this synthesis is nearly identical to the one for solar 
erythema (Fig. 1). UVA alone does not permit cutaneous vitamin D3 synthesis.̂  UVB exposure 
stimulates mitotic activity in epidermis and, to a lesser extent, also in papillary dermis that persists 
from days to weeks. This results in acanthosis and hyperkeratosis with an approximate two-fold 
thickening of these skin layers that is best characterized by the German term "Lichtschwiele* 
("Ught-induced callosity"). This phenomenon provides supplementary UV protection to the 
underlying Uving cells. UVA does not induce such epidermal thickening. 

While UVB effects in the skin occur by direct UVB photon absorption by the target mol-
ecules, UVA effects are mostly mediated by the formation of radicals:̂  Absorption of UVAR 
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Figure 2. Penetration of ultraviolet radiation into the skin. 

by appropriate chromophores such as urocanic acid, NADH, flavins and unsaturated lipids 
promotes these molecules into an excited state. Dissipation of this energy occurs either by 
internal conversion which may generate an organic radical, or, more frequently, by reaction 
with tissular oxygen or oxygen-containing molecules which leads to formation of so-called 
reactive oxygen species (ROS)7 ROS are unstable and extremely chemically reactive molecules 
that can cause lipid peroxidation in plasma, nuclear and mitochondrial membranes. They can 
damage cellular proteins and cause DNA strand breaks and oxidation of nucleic acids.̂  The 
corresponding characteristic DNA fingerprint is 8-hydroxyguanine which generates G : C ^ 
T:A mutations by error pairing of 8-hydroxyguanine with adenine instead of cytosine during 
following replication. These mutations generated by oxidative stress do not induce p53 and 
escape therefore more easily to apoptotic control than UVB-induced mutations.^ Melanocytes 
seem to be more sensitive to UVA-induced DNA damage than keratinocytes.̂ ^ Pyrimidine 
dimers are not only formed by direct UVBR but also by oxidative stress after UVA irradiation. 
DNA repair of pyrimidine dimers induced by UVAR is less effective than excision repair of 
UVB-induced DNA damage.̂ ^ 
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Figure 3. Biologic effects of UVR in human skin. 

In response to damage to DNA and to other chromophores by UVB and UVA, cytokines 
and inflammatory mediators are released into the skin following UVR.̂ ^ This is responsible for 
sunburn as acute clinical effect of overexposure to sunlight. 

DNA damage by UVB or UVA2 triggers a tanning response in human skin.̂ ^ Nucleotide 
fragments removed from the DNA after repair activate melanocyte tyrosinase, the key enzyme 
in melanogenesis.̂ '̂̂ ^ UVBR seems to be most effective in stimulating de novo melanogenesis 
from pre-existing melanin monomers and precursors. Melanocyte dendrites elongate and branch, 
melanosome numbers and sizes increase and their transfer from melanocytes to keratinocytes is 
enhanced. This results in delayed tanning that becomes visible within 3 days after UV exposure.̂ ^ 
In white skin, melanosomes are diffusely distributed within keratinocyte cytoplasm but they ag-
gregate above the nucleus to form a kind of cap. Melanin is a large opaque molecule absorbing 
throughout the UV and visible light band. It is photostable, i.e., it converts the absorbed energy 
into heat rather than into chemical energy.̂  Both constitutive and induced melanin pigmentation 
protect against UV-induced DNA damage. UVA-induced tan seems to be less protective than the 
one induced by UVB.̂ ^ This may be explained by the more basal localization of UVA2-induced 
pigmentation and the lack of epidermal thickening after UVAR. UVA2, UVAl and short-wave 
visible Ught also induce another kind of pigment reaction after exposure: In Uttle doses, these 
wavelengths generate a greyish skin color within 15 minutes after exposure that is called immediate 
pigment darkening (IPD).̂ ^ It progressively declines and disappears within 2 hours. Higher UVA 
doses induce a longer-standing pigmentation of more brownish color called persistent pigment 
darkening (PPD) that persists after 2 hours. IPD and PPD do not represent de novo melanin 
synthesis, but they are a product of photo-oxidation of pre-existing melanin and precursors in 
presence of oxygen. Neither IPD nor PPD provide protection against UV-induced skin damage. 
They do not prevent sunburn. 
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Oxidative stress by UVAR can be massively enhanced by the presence of pathogenic chromo-
phores in the skin that generate after UV irradiation far greater amounts of ROS than do cutaneous 
chromophores under normal conditions. The resulting acute cutaneous inflammation is addressed 
to as phototoxic reaction. Examples of phototoxic agents are furocoumarins contained in plants 
causing phytophotodermatitis after UVA irradiation or phototoxic drugs, e.g., cyclins. 

Penetrating up to the dermis, UVAR is responsible for photoaging changes: The action spec-
trum for these degrading mechanisms lies mainly in the UVAl band. UVB alone does not induce 
photoaging. UVA induces a series of matrix metalloproteinases that degrade the dermal collagen 
framework.^ The presence of collagen detritus inhibits dermal procollagen synthesis and thereby 
a^ravates the degenerative process.̂ ^ UVA-induced oxidative stress also increases elastin messen-
ger RNA levels in dermal fibroblasts which explains the elastotic changes that are characteristic 
of photoaged skin.̂ ^ 

Both UVA and UVB have immunosuppressive potential even at suberythemal doses:̂ ^ After 
UV irradiation Langerhans cells in the skin are diminished in number and their morphology and 
function are altered. This eflFect is used for therapeutic purposes in dermatologic phototherapy. 
UVA suppresses delayed-type contact hypersensitivity.̂ ^ Nghiem et al showed in a mouse model that 
even estabhshed systemic immune response is impaired by short-wave UVA.̂ ° It remains unclear, 
however, if UVA2 effectively suppresses anti-microbial inmiune response in humans. 

The 20-fold increased risk of skin cancer in therapeutically immunosuppressed organ transplant 
patients suggests a role of the immune system in preventing those skin tumors. Photo-induced 
immunosuppression is therefore thought to contribute to the carcinogenic effect of UVR. The 
mutagenic action of UVR is physiologically controlled by several mechanisms: DNA repair enzymes 
in first Une, pro-apoptotic regulation, e.g., by p53 in second line and cellular immune defense in 
third line. UVR can affect each one of these three defense lines: UVAR has been shown to inhibit 
DNA repair enzymes.̂ '̂ ^ When mutations concern the p53 gene, apoptosis control is impaired 
and actinic keratoses, squamous and basal cell carcinomas may arise.̂ ^ When UV-induced DNA 
mutations hit the patched gene, this can contribute to the carcinogenesis of basal cell carcinoma.̂ ^ 
Finally the UVR-induced cutaneous immunosuppression probably concerns in the same way local 
anti-tumor immunity, although this has not been demonstrated in human skin so far. 

Topical Photoprotection Agents 
The numerous deleterious effects of UVR make protective measures necessary. Total avoid-

ance and protective clothing are without any doubt the most effective methods but they are not 
practicable for daily consequent protection. Moreover, modern lifestyle going along with a great 
popularity of sunbathing encourages acute intermittent sun exposure. For this reason topically 
apphed sunscreens are since 40 years the most used photoprotective means. 

Suncare products are available as oils, creams, lotions, sprays, gels and sticks. They are composed 
of different UV filter agents and, depending on their galenic presentation, of moisturizers, con-
servatives and often alternative photoproteaants such as antioxidants. UV protection increases 
with filter concentration in sunscreens, but toxicity and poor cosmetic acceptance limit UV filter 
concentration for in vivo use in human beings. Classic recommendation for sunscreen use is to apply 
15 to 30 minutes before sun exposure and to repeat appUcation every two hours. The product has 
to be reappUed earUer after activity that may wash or rub off the sunscreen, i.e., after swimming, 
sweating or towel drying. "Water-resistant" suncare products are defined as protecting skin for 40 
minutes of bathing whereas "waterproof (or "very water-resistant" in the EU) sunscreens protect 
for 80 minutes.̂ ^ The term "rcmanence" describes a sunscreens resistance to external elimina-
tion by water, sweat or rubbing. Tightly related to remanence is a product s "substantivity" that 
characterizes the capacity of a filter substance to fix to structures in the upper epidermis which 
ensures a long lasting action. 

The ideal sun protection agent should provide high protection that is equally effective against 
UVA and UVB. Moreover, it should be waterproof, sweat-proof, photostable, cosmetically ac-
ceptable and nontoxic. 
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Regulations and Marketing 
Sunscreen marketing is submitted to national legislation. These regulations are harmonized 

among the member states of the European Union where UV filters are Usted as cosmetics by the 
European Cosmetic Toiletry and Perfumery Association (COLIPA). In the United States, in 
contrast, sunscreens are considered as over-the-counter drugs that are subject to Food and Drug 
Administration (FDA) regulation. They must therefore undergo considerable safety and allergy 
testing in cUnical trials that is responsible for high costs to the manufacturers and important 
delay before marketing as compared to the EU where new filter products can enter the market 
more rapidly. Strict FDA regulations—and bureaucracy—have conducted to a kind of regrettable 
underdevelopment of the US suncare market. For this reason, although it was in the United States 
where the first commercial UV filter preparation was available in the 1920s, 80 years later French, 
German and Swiss manufacturers are global market leaders in this domain. 

The following discussion of filter substances that are Usted in Table 1 is adapted to the positive 
list of the European Cosmetics Directive. I regard this filter selection as more representative of 
today s possibiUties in the UV filter domain than the substances listed in the US FDA sunscreen 
monograph. The UV filters in the European list are commercially available in most countries 
outside the US. 

Measuring Photoprotection 
The sun protection factor (SPF) of sunscreens expresses their capacity of protection from 

erythema after UV exposure. SPF therefore essentially translates protection from UVBR. 
For SPF testing, erythema is induced by a xenon lamp solar simulator. The smallest dose causing 

a minimally perceptible erythema with well-defined borders at 24 hours after one single irradiation 
is called minimal erythema dose (MED). Basic MED mainly depends on the individuals natural 
photoprotective potential provided by constitutive and adaptive pigmentation and skin thicken-
ing, but also on variable parameters such as nutrition and drug intake. The standard product dose 
for SPF testing is 2 mg of finaUzed sunscreen per cm^ of skin. SPF is a ratio calculated from the 
following formula: 

MED with the tested sunscreen 
SPF= ; 

MED without sunscreen 

This MED-related procedure has the advantage compared to in vitro spectrophotometry to be 
directly related to the biologic consequences of UV exposure in a given individual. It is based on 
the individual sensitivity to UVR at a given moment. However, DNA damage and immunosup-
pression occur even below the erythema threshold dose. These harmful eflFects are not considered 
by SPF calculation.̂ "̂  At least theoretically, SPF permits to estimate the factor by which sun 
exposure can be extended in daily practice until erythema threshold: If the recommended dose of 
2 mg/cm^ is applied (which is in general not the case!) and no external elimination occurs, a SPF 10 
suncare product permits to stay ten times longer in the sunUght without erythematous reaction 
than without this protection. 

The relation between the percentage of filtered UVB/UVA2 radiation and SPF is a logarithmic 
and not a linear one (Fig. 4). In recent years cosmetic industry gave a race to higher and higher SPFs 
and great SPF numbers have become for the consumer the first criterion of choice between differ-
ent sunscreen products. Indeed UV absorption increases from 0% to 90% between a moisturizer 
without SPF and a SPF 10 sunscreen, but only from 97% to 99% between a SPF30 and a SPF 100 
product. It has never been demonstrated that SPFs of more than 30 have any clinically relevant 
impact on the deleterious action of UV exposure in the skin compared to SPF30 sunscreens (which 
yet absorb almost 97% of erythemogenic UVR). To limit the implicit deception of the consumer 
by high SPF numbers which can lead to a false hope of "complete" protection and subsequent 
overexposure to harmful photodamage, several countries have regulated sunscreen labeling: In the 
European Union sunscreens with SPF of more than 50 have to be labeled "SPF50+''. In Australia 
the SPF scale is Umited to 30. 
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Figure 4. Reduction of erythemogenic UVR by sunscreens. 

UVA protection is more difficult to quantify than UVB-SPF, because UVA is few erythemo-
genic. Currently there is no uniformly accepted standard method for measuring UVA protection 
by sunscreens. The most commonly used methods are in vivo PPD and critical wavelength assessed 
in vitro by spectrophotometry. Critical wavelength is defined as the wavelength below which 90% 
of the sunscreens UV absorbency occurs as measured in the band region from 290 to 400 nm.̂ ^ 

Organic UV Filters 
Organic UV filter substances mainly act by absorption of photons in the UV wavelength band. 

They are aromatic molecules conjugated with carbonyl groups. These chromophores absorb UV 
photons through electron resonance delocaUzation in the aromatic compounds that raise the 
molecule from the electronic ground singlet state So into an excited electronic state Si or higher. 
In most classic UVB absorbers such as PABA this leads to a transitory polarization of the organic 
molecule (Fig. 5). Organic UV filter molecules capture photons of a more or less specific wavelength 
X around their absorption maximum. No organic UV filter, especially not the "classic molecules", 
cover the entire UV spectrum. For this reason, finalized sunscreen products are in general an as-
sociation of several filter substances. The absorbed energy is dissipated by vibronic relaxation that 
delivers heat via collisions with the surrounding medium.̂ ^ A minor part of energy may also be 
emitted in form of fluorescent radiation (X = 400-700 nm), i.e., visible light, with wavelengths 
that are longer than those of the initial photon. Although this kind of radiation is harmless, it has 
to be Umited for the cosmetic acceptance of the UV filter. Energy release permits the excited filter 
molecule to return to its ground state where it is again available to absorb additional photons. 
Filters that perfecdy repeat this cyclical process without undergoing significant chemical change 
are classified as photostable. Photostable filters can retain their UV-absorbing potency during 
long exposures. 

The excited form of filter molecules after UV absorption has to be very short-lived in order to 
prevent chemical reactions between the filter and tissular proteins or oxygen which could lead to 
photoallergic or phototoxic reaaion. Unfortunately such reaaions, mainly photoallergy, have been 
described repeatedly with PABA derivatives, cinnamates and benzophenones.̂ '̂̂ ^ Several molecules 
have been withdrawn. The photosensitization to benzophenone-3 (oxybenzone) is particularly 
severe, because photoallergic cross-reactions are known with benzophenone-4 (another broad 
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Figure 5. Mechanism of UVB absorption by the "classic" UV filter PABA. 

spectrum filter), topically applied ketoprofen and even with systemically administered fenofibrate.̂ ^ 
Considering the large use of sunscreens, however, these photocontact allergies to UV filters remain 
relatively rare events. In the case of eczema in sun-exposed skin areas that have been treated with 
sunscreens, not UV-related contact sensitization to UV filters as well as contact and photocontact 
allergy to other components of sunscreens besides the filters have to be eliminated. 

Some UVB filters such as cinnamates undergo after UV absorption an intramolecular trans to 
cis isomerization. Others experience definitive structural transformation which alters their protec-
tive capacity. This is a major problem with the currendy used UVA filter avobenzone which looses 
considerably of its photoprotective potential after irradiation in its pure form.̂ ^ As photoprotection 
by sunscreens is tested by single irradiation, the photounstable character of the concerned molecules 
is not assessed by standard test protocols. Photounstable filters can be stabilized by association 
with other organic UV filters (see Table 1) or with inorganic filters. In the US an association of 
avobenzone and oxybenzone with 2-6-diethylhexyl naphtalate, a photostabilizing solvent, has 
recendy been marketed in order to overcome the avobenzone photodegradation problem and to 
comply with FDA regulations (Helioplex®, Neutrogena). But this combination still suffers from 
the presence of oxybenzone as a photoallergenic filter with significant systemic absorption. 

Indeed classic organic UV filters are little-sized more or less Upophihc molecules. These 
chemical properties allow easy penetration at least into the deeper layers of the epidermis where 
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the filters encounter living cells (Fig. 6) which explains the incidence of photoallergy as a clinical 
manifestation of immunologic reaction to filter molecules having formed haptens after photoacti-
vation. Percutaneous systemic absorption of organic UV filters has been reported for several filter 
molecules: Sarveiya et al found 1% of topically applied oxybenzone in the urine of 48 hours after 
sunscreen use.̂ ^ Janjua et al detected oxybenzone, octyl-methoxycinnamate (OMC) and 4-meth-
ylbenzylidene camphor (MBC), i.e., representative molecules of 3 different famiUes of organic 
UVB filters, in plasma and urine of healthy volunteers.̂ ^ The penetration of systemically absorbed 
sunscreens into the organs and their clearance have never been assessed. One study reported an 
estrogen-like activity of octyl dimethyl PABA (OD-PABA), OMC, homosalate, 4-methylbenzyh-
dene camphor, oxybenzone and avobenzone in vitro in MCF-7 breast cancer cells and in vivo in the 
immature rat uterotrophic assay.̂ ^ These results were not confirmed in human adults.̂ ^ Sunscreen 
absorption and endocrine activity have never been examined in prepubertal children who are not 
only more prone to systemic absorption than adults but are also more sensitive to low levels of 
hormone action due to their low levels of endogenous reproductive hormones. 

For these penetration problems, the use of organic UV filters is not recommended for young 
children who have an immature stratum corneum and for patients with pre-existing skin lesions 
that may go along with an impairment of the epidermal barrier function. In these two groups of 
users, penetration of organic filters is probably yet more important than for the general skin-healthy 
adult population. They may be exposed to a higher risk of photocontact sensitization to organic 
filter molecules and to systemic absorption of larger amounts of these substances. 

Besides their proper dermal penetration, organic UV filters have been shown to enhance topical 
penetration of herbicides and insecticides. This has been demonstrated for the herbicides 2,4-dichlo-
rophenoxyacetic acid and paraquat and for the insecticides parathion and malathion.̂ ^ The filters 
OD-PABA, OMC, homosalate, octyl saUcylate, octocrylene, oxybenzone and benzophenone-4 
(molecules from 5 different chemical subgroups of organic UVB filters) were tested in a mouse 
model and in human split skin in vitro :^ All but octocylene were found to increase cutaneous 

Figure 6. Organic and inorganic UV filters on the skin: mechanism of UV protection and 
penetration of the filters into the skin. 
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penetration of the applied herbicides and insecticides. This finding is particularly alarming for 
agricultural workers using pesticides who are encouraged to wear sunscreens for their outdoor 
work and for fair-skinned individuals firom the temperate zone who seek to protect themselves 
during a stay in tropical countries from both intense sunUght and insect attack. 

By reaction with tissular proteins, DNA or oxygen, photounstable UV filters may cause harmful 
or even procarcinogehic effects in the skin: In vitro studies found DNA nucleotide dimer formation 
to be enhanced under PABA treatment,̂ ^ UVR-induced mutagenity to be increased by isoamyl 
p-methoxycinnamate and tissular radicals to be formed by photo-degraded avobenzone. However, 
the in vivo significance of these findings is doubtful and a review of available clinical data concluded 
that UV filters, at least when used occasionally, do not pose a human health concern.̂ ^ 

The first sunscreen in the world appeared in 1928 in the United States with the commercial 
introduction of an emulsion that contained the two organic UVB filters benzyl salicylate and benzyl 
cinnamate.̂  PABA was patented in 1943. The main concern when the first topical sunscreens were 
developed was to provide protection from UVB-induced sunburn. During the following decades 
new chemical filter families with more and more derivatives were developed and optimization 
of their concentration and combination of several filters with complementary absorption peaks 
allowed higher SPFs. Up to the 1980s, high SPFs in a cosmetically pleasant galenic presentation 
were sufiicient to satisfy sunscreen users worldwide. Absence of UVA protection was tolerated as it 
provided desirable tan without risk of sunburn. With increasing evidence about the role of UVAR 
in the long-term deleterious effects of sun exposure, organic filters with absorption maximum 
in the UVA band range and benzophenones being the first UVB/UVA2 broad spectrum filters 
were marketed. But benzophenones provide only insufficient protection in the long-wave UVAl 
band region. Because of photolability and dermal penetration of classic organic filters, the above 
described adverse events—mostly photoallergy and contact dermatitis—^were successively reported. 
Research therefore focused on the development of filter substances providing both a maximum of 
product safety and an absorbing coverage of the entire UV spectrum, but permitting on the other 
hand an association with classic UV filters in finalized products. 

In 1993 L'Or̂ al (Clichy, France) introduced the first representative of a new generation of 
organic broad spectrum UV filters: terephthalidene dicamphor sulfonic acid (Mexoryl® SX, 
MSX). MSX is a water-soluble filter that is suitable for day wear sunscreen formulations including 
sunscreen-containing moisturizers and facial formulations. In 1998 the same manufacturer com-
pleted its range of products by an oil-soluble substance: drometrizole trisiloxane (Mexoryl® XL, 
MXL), a hydroxybenzotriazole derivative. This molecule is composed of two different chemical 
subunits: The 2-hydroxyphenyl benzotriazole subunit contains the UV-absorbing potential over 
the whole UVB, UVA2 and UVAl wavelength spectrum with two different absorption peaks, one 
in the UVB band (X = 303 nm) and another one at the limit between UVA2 and UVAl (X = 344 
nm). The siloxane subunit of MXL confers to the molecule a lipophilic character that renders it 
suitable for water-resistant sunscreen formulations, including those worn on the beach and during 
vigorous physical exercise.̂  Another hydroxybenzotriazole derivative was commercialized in 1999 
by Ciba Specialty Chemicals (Basel, Switzerland): The hydrosoluble methylene bis-benzotriazolyl 
tetramethylbutylphenol (MBBT, Tinosorb® M) covers, with two absorption peaks, the entire UVB 
and UVA spectrum. This organic filter has the particularity to associate for its UV-protective ac-
tion both absorbing and reflecting properties. UV reflection is normally only seen with inorganic 
UV filters. MBBT consists of microfine organic particles that are dispersed in the aqueous phase 
of sunscreen emulsions. 

The latest oil-soluble UV filter is bis-ethylhexyloxyphenol methoxyphenyltriazine (BEMT, 
Tinosorb® S). It was introduced in 2002. The mechanism of action of BEMT is illustrated in 
Figure 7: BEMT is a large polyaromatic molecule. Its size impedes dermal penetration in spite 
of its lipophilic property. The asymmetric structure of the molecule harbors separate absorp-
tion sites for UVBR and UVAR. After absorption of UV photons the molecule is promoted 
into an excited state that undergoes photo-tautomerism with intramolecular proton transfer. 
The duration of this isomerization is in the order of 10"̂ ^ second. This extremely short time 
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Figure 7. Mechanism of UVAand UVB absorption by bis-ethyihexyloxyphenol methoxy-phen-
yltriazine (BEMT, Tinosorb® SP. 

span does not permit any external chemical reaction to be triggered. This prevents the forma-
tion of radicals or haptens from the photoexcited BEMT molecule. BEMT returns by vibronic 
relaxation with heat release into its energetic ground state in chemically unchanged form and 
is again ready to absorb UVR.̂ ^ 

Mexoryls and tinosorbs provide strong absorbency up to the UVAl range and excellent 
photostability. Their use in commercial sunscreen preparations permits to achieve significantly 
better UVA protection as measured by the PPD protocol. In order to obtain high UVB-SPF and 
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UVA-PF which cannot be achieved with one filter alone, they are nevertheless associated with 
classic organic filters and inorganic pigments in commerciaUzed sunscreens. They can stabilize 
photolabile filters such as cinnamates or avobenzone.̂ ^ Percutaneous absorption, photoallergic 
and phototoxic reactions have not been reported so far with these last generation organic filters. 
Both MBBT and BEMT do not have estrogenic or androgenic activity in vitro.̂ ^ 

Thirteen years after its marketing in most parts of the world, MSX finally obtained FDA ap-
proval in July 2006. Tinosorbs are still not available in the United States. 

Inorganic UV Filters 
Inorganic UV filter substances are chemically inert pigments that stay in the upper layers 

of the epidermis and stratum comeum. They reflect or scatter radiation (Fig. 6). The degree of 
reflection and scattering by these pigments is strongly dependent on their particle size and shape. 
Two inorganic oxides are used for UV protection in humans: zinc oxide (ZnO) and titanium 
dioxide (TiOi). In their nonmicronized form, with a particle size of 200 to 500 nm, inorganic 
filters act as opaque radiation blockers that reflect not only UVR in both the UVB and the UVA 
spectrum, but also visible light and infrared radiation. In this form they are particularly suitable 
for protection in visible Ught-induced photosensitivity diseases such as porphyrias.̂ ^ However, the 
reflection of visible Ught makes inorganic simscreens visible to the eyes and thus cosmetically less 
acceptable. Iron oxide, a reddish pigment with absorbing capacity in the UVA range, is sometimes 
added to large sized particle inorganic filter preparations to correct their "white" look. Cosmetic 
acceptabihty of inorganic UV filters is improved by micronization of the particle size to 10-50 nm. 
Decreasing the particle size reduces reflection, mainly of longer wavelengths and shifts protection 
towards shorter wavelengths by increasing absorbency by micronized filter particles.̂  Microfine 
ZnO protects over a wide range of UVA, including UVAl, but is less effective against UVBR. It 
is very photostable and does not react with organic UV filters."^ Micronized TiOi provides good 
protection in the UVB and UVA2 range, but is insufficient for UVAl. ZnO and Ti02 are therefore 
perfecdy complementary in one sunscreen preparation. They are frequendy associated to organic 
UV filters for their photostabilizing properties. Although the particle size of micronized Ti02 
is smaller than the one of ZnO, it has a higher reflective index and appears therefore whiter than 
ZnO.̂ *"̂  Micronized Ti02 is also more photoreactive than ZnO by UV absorption: The crystalline 
forms of TiOi are semiconductors. UVB or UVA2 photons can promote electrons from the valence 
band to the conduction band, generating simple electrons and positively charged spaces called holes. 
After formation, electrons and holes either recombine or migrate rapidly in about 10"̂ ^ second 
to the particle surface where they react with the surrounding medium. In aqueous environment, 
this can lead to formation of ROS and in vitro cellular DNA damage has been reported in one 
study.̂ ^ As inorganic filters do not penetrate into layers of epidermis containing Uving cells, this 
phenomenon does not seem to play a significant role in clinical use of sunscreens. Nevertheless, 
the photoreactivity of inorganic UV filters reduce their protective efficacy. 

For this reason, TiOi and ZnO particles are often coated with dimethicone or siUca which 
stabiUzes the filter substances.̂  Another possibiUty is to integrate micronized inorganic UV filters 
together with organic filters into solid Upid nanoparticles (SLN). In SLN, the inorganic filter 
pigment is embedded in association with UpophiUc organic UV filters such as cinnamates into a 
drug-carrying soUd lipid phase at nanoscale that is coated with triglycerids (Fig. 8). This triglycerid 
envelope permits to establish two-phase UV filter delivery systems by dispersion of SLN within an 
aqueous phase by high-pressure homogenization.'̂ '̂̂ ^ In SLN, organic UV filters and TiOz stabilize 
each other and their association yields higher SPF than the two filters separately. The embedding 
into a soUd lipid matrix inhibits the direct contact between TiOi crystals and water and thereby 
prevents the formation of ROS by Ti02 photoreactions. It furthermore reduces the intrinsic ir-
ritation provoked by Ti02 and the photoallergenic potential of cinnamate filter molecules.'̂ ^ 

Inorganic UV filters are characterized by good substantivity by fixation to stratum corneum 
proteins and litde or no penetration into the skin. ZnO in a phenyl trimethicone solution was 
even shown to inhibit transdermal pesticide penetration, whereas Ti02 alone had no effect.̂ ^ 
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Figure 8. Solid lipid nanoparticles (SLN) for coating of inorganic UV filters. 

Immunologic sensitization to inorganic filter pigments has not been reported so far.̂  They are 
therefore ideal sunscreen agents for young children and patients with pre-existing skin lesions. 

Efficacy of Sunscreens 
Sunscreen SPF is defined by the product s capacity of protecting from UV-induced erythema. 

If applied correctly, sunscreens are therefore by definition effective against sunburn. 
But today, consumers expect sunscreen use to also protect them from the other harmful ef-

fects of UVR that have been developed above. It is difficult to comment on the "real" efficacy of 
sunscreens for other indications, especially for tumor prevention, for two major reasons: 

• Studies on the protective efficacy of sunscreens against skin aging and cutaneous carcino-
genesis often use animal models in which these changes are induced within weeks after UV 
irradiation. However, in human beings, cutaneous carcinogenesis is a multi-step process 
developing over several decades. As skin tumor formation in humans seems to be a much 
more complex scenario than in mouse models, the observations obtained in these models 
can be transferred to the situation in humans only with great caution. In the same way, 
murine skin aging models do not necessarily reflect the conditions in human skin. 

• Skin tumors arising a very long time after irradiation, up to 40 years, the entire epidemio-
logic data available today was obtained with sunscreen agents commercialized before the 
introduction of UVA1/UVA2 filters and last generation broad band filters. Although 
sunscreen use was already wide-spread in the 1980s, the advances in sunscreen development 
achieved since that time concerning the coverage of the entire UVA spectrum and filter 
photostabiUty do without any doubt contribute to the long-term efficacy of sunscreens. 

Factors affecting the efficacy of sunscreens are essentially inadequate application and external 
elimination. 
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Whereas SPF testing protocol is based on an application of 2 mg/cm^ of sunscreen, under 
real life conditions users were found to apply rather amounts about 0.5 mg/cm .̂ Under these 
application conditions, a SPF50 sunscreen indeed provides a SPF of only 5.^ Indeed protection 
increases exponentially with increasing sunscreen concentration."̂ ^ Some sites such as back, lateral 
sides of the neck and ears are regularly missed during sunscreen application. Because of their white 
appearance, inorganic sunscreens are often applied in lesser amounts than organic filters which 
obviously even more decreases their efficacy compared to the one that could be expected from 
dieir UVB-SPF/UVA-PF.^ 

Most people apply sunscreens only occasionally for important and planned sun exposure, 
mosdy during leisure time and hohdays. However, as the greatest part of cumulative lifetime UV 
exposure occurs outside these periods, i.e., through short-time but repeated daily outdoor stays 
and by UVAR indoor, it is not surprising that daily use of a sunscreen is more protective against 
UV-induced skin changes than intermittent use of the same produa."̂ ^ 

When correcdy used, sunscreens provide a satisfactory but not complete protection against 
photodermatoses: Light forms of polymorphous light eruption, actinic herpes labiaUs, solar ur-
ticaria and actinic reticuloid can be prevented by broad spectrum sunscreens. ̂ "̂  Broad-spectrum 
sunscreens with high UVB-SPF also protect lupus erythematodes patients from flares."^^ 

UVAR is the principal responsible for UV-induced skin aging.̂ ° For this reason, only studies 
that assess dermal changes after solar simulating irradiation, i.e., containing UVA, are representative 
of the skin aging process in humans. In reconstructed epidermis,̂ ^ mouse models,̂ -̂̂ ^ and humans 
in vivo,̂ ^ only sunscreens with high protection factors in both the UVB and the UVA spectrum 
were found to diminish skin aging effeas. But even with MXS the protection remained incomplete 
although the test was performed with litde UVA doses and after repeated long-term exposure, 
elastotic changes appeared even in sunscreen-protected skin areas. PhiUips et al emphasized the 
importance of consequent daily application in prevention of skin aging: They showed that forgetting 
sunscreen application only every fourth day significandy impairs treatment benefits in long-term 
use."̂ ^ But the efficacy and safety of sunscreens in skin aging prevention has not been established 
for long-term use over several years. 

To prevent cutaneous photo-immunosuppression, sunscreens must provide protection against 
both UVBR and UVAR. But even broad spectrum sunscreens can only partially restore Langerhans 
cell numbers, delayed-type hypersensitivity to recall antigens and contact hypersensitivity (CHS) 
response to chemical allergens.̂ "̂ '̂ '̂̂ ^ A nearly complete conservation of CHS is only obtained 
with sunscreens offisringhigh UVA-PPD protection with a superiority of mexoryls compared to 
avobenzone.̂ ^ In humans, sunscreen protection against photoinduced immunosuppression is not 
correlated to SPF and it is inferior to protection from erythema.̂ ^ 

The protective value of sunscreens against photocarcinogenesis is difficult to access because 
of the long time span between the beginning of UV exposure and the appearance of a clinically 
perceptible skin tumor in humans. Although sunscreens are widely used since the 1960s, the inci-
dence of melanoma and nonmelanoma skin cancer is steadily increasing. This raises some doubt 
about the capacity of simscreens to prevent cutaneous photocarcinogenesis. Two randomized 
case-control studies, one conducted over only six monthŝ ^ and another one conducted over 4.5 
years,̂ ^ found a reduced number of new actinic keratoses (AK) and a higher number of remission 
of pre-existing AK in the group treated with daily sunscreen compared to the placebo group. The 
benefit of daily sunscreen application was in the order of an average of one AK avoided per person 
over the 4.5-year study period.̂ ^ Concerning squamous cell carcinoma (SCC), Wuif et al found a 
delay in the incidence of UV-provoked tumors in a mouse model with sunscreen protection com-
pared to an unprotected control group. But finally, earlier or later even in the sunscreen-protected 
group nearly all mice developed skin cancer.̂ ^ Although sunscreens seem to have some delaying 
effect on AK and SCC, a complete protection cannot be achieved even by daily appUcation. But 
none of these studies examined last generation broad spectrum filters. For the evaluation of this 
new substance group, only preclinical assays are available to date: 
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Several studies in micê ^ and in humanŝ '̂̂ '̂̂ ^ have shown an inhibition by sunscreens of p53 
expression increase after UV irradiation, considered as a marker of DNA damage, but no impact 
on the appearance of p53 mutations. In these studies, Ti02 was superior to OMC. A product con-
taining MSX, MXL, avobenzone and Ti02 with an UVA-PF (PPD) of 14 completely suppressed 
p53 expression in humans whereas another sunscreen having a UVA-PF of 7 and containing only 
avobenzone and Ti02 as UVA filters did not.̂ ^ The use of reduced p53 ei^ression as efficacy marker 
of sunscreens is subject of controversy: Indeed p53 is a pro-apoptotic protein that intervenes in 
the organisms natural anti-tumor defense. Its suppression is therefore not an ideal criterion for 
the evaluation of anti-photocarcinogenic activity. 

MSX and OMC were found to provide equal protection against pyrimidine dimer formation 
in mice that were irradiated with a solar simulator. But when polychromatic Ught was used that 
contained only UVA and visible light, MSX protected better than OMC.̂ ^ The same workgroup 
reported that MSX completely abrogated UV-induced DNA fragmentation in a comet assay.̂ ^ 
In vivo they described a superiority of MSX compared to OMC in preventing tumor formation 
in mice after UV irradiation.̂ ^ One should notice, however, that all cited studies on MSX activ-
1̂ 51.54.62,63 j^y^ \y^^j^ JQĴ ^ g^^ ̂ g research center of L'Or̂ al (Clichy, France) who is the manufaaurer 
ofmexoryls. 

A randomized controlled trial over a 4.5-year period on 1383 adult patients in Austraha 
found a reduced incidence of SCC in the patient group that appUed daily a SPF15+ sunscreen 
compared to the group without photoprotection, but no difference between these two groups in 
incidence of basal cell carcinomas (BCC).^ This lack to protect from BCC incidence in adults 
may be explained by the fact that BCC is probably induced by sun exposure during childhood 
and adolescence^^ whereas SCC incidence is related to cumulative UV dose including chronic 
exposure during later phases of life. 

The positive or negative role of sunscreens in the development of melanoma has produced major 
controversy: Some retrospective studies pubUshed in the late 1990s concluded that melanoma 
incidence was higher among sunscreen users and that, paradoxically, simscreens may induce mela-
noma.̂ ^^ These studies were criticized for confounding, e.g., people who are at most risk ofbuming 
and most likely to develop melanoma are also most likely to use sunscreens.̂ ° Two meta-analyses 
on all data published between 1966 and 2003 did not confirm any relation between sunscreen 
use and melanoma incidence, neither in positive nor in negative sense.̂ '̂̂ ^ 

How to explain this confusion? Wavelengths that induce melanoma are not known. The 
Uterature emphasizes the role of acute-intermittent sun exposure with sunburn, especially during 
childhood and adolescence,̂ '̂̂ ^ which suggests a role of UVBR in melanoma induction. On the 
other hand, the augmented melanoma incidence among former PUVA patientŝ ^ demonstrates that 
UVAR probably also contributes to melanoma initiation. Finally, genetic susceptibiUty that is not 
controlled by sun protection habits may play a more important role in melanoma tumorigenesis 
than previously suspected. 

In summary, the to date available epidemiologic data do not prove a protective role of sunscreens 
against melanoma and BCC, although both tumors are at least partially UV-induced and they 
show only an incomplete effect against AK, SCC and skin aging. This may have several reasons 
that are linked under each other: 

• The use of sunscreens with insufficient UVB-SPF and lack of coverage in the UVA 
spectrum: Most data were collected before last generation broad spectrum filters were 
available. Based on the results of preclinical studies with the new filters, we can expect 
better protection performance with these sunscreens. But as the time span between UV 
exposure and skin cancer manifestation in humans is extremely long, incidence numbers 
will not decrease before several decades. 

• The inadequate choice of study population for prospective epidemiologic studies: For both 
BCC and melanoma, the role of UV exposure especially during the early years of life has 
been emphasized.̂ '̂̂ "̂  Studies should therefore focus on protective intervention during this 
period which makes them yet more difficult to realize as the corresponding tumors arise 
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about 40 years after critical sun exposure. Gallagher et al reported a randomized controlled 
intervention trail on white children in which the treatment group that appUed a broad 
spectrum SPF30 sunscreen beft)re each sun exposure over three years developed fewer nevi 
than the unprotected group. The difference was particularly significant in freckled white 
children who developed 30% to 40% fewer nevi in the sunscreen-protected group than 
freckled children assigned to the control group.̂ ^ As high nevus density is recognized as a 
risk factor of melanoma, this study may indicate a protective potential of broad spectrum 
simscreens if they are used regularly during childhood. 

• The induction of overexposure behavior by sunscreens protecting effectively against 
erythema: Autier et al confirmed that sunscreen users usually stay longer in the sunUght 
than unprotected people.^ High SPFs suppress the alarm signal of UVB-induced sun-
burn and induce a false hope of "complete** protection in its users. But DNA damage and 
photo-immunosuppression are induced already by suberythemal UV doses. Especially if 
UVA protection of the employed sunscreen is not perfect, overexposure can induce severe 
photodamage that is not immediately obvious to the sunscreen user. 

• The suppression of natural photoprotection mechanisms by the currently marketed 
simscreens: Melanine synthesis, release of melanosomes and thickening of stratum cor-
neum are mainly triggered by UVER that is effectively blocked by modern sunscreens. 
In the case of repeated sun exposure with a topical photoprotectant having an elevated 
SPF/PPD (UVB/UVA protection) ratio, the sunscreen user is thus more submitted to 
the harmful epidermal and dermal effects of UVAR than an unprotected individual who 
will undergo natural adaptation that protects against both UVBR and UVAR. This is 
consistent with the observation that people with important chronic UV exposure by 
occupational outdoor activity, e.g., agricultural workers, who typically have tan and skin 
thickening in sun-exposed sites, are at a significandy reduced risk of melanoma compared 
to indoor workers with intermittent UV exposure.̂ '̂̂ "̂  

Sunscreens and Vitamin D3 Synthesis 
Besides its well-known key role in skeletal homeostasis, vitamin D has been reported to have 

anti-carcinogenic properties. Some studies found an inverse correlation between solar UVB 
exposure and mortality from cancers, including colon, breast and prostate cancer and between 
sun exposure and incidence of colon cancer. But these reports failed to eliminate confounding by 
geographic variations in population genetics or lifestyle behaviors, diet and socioeconomic status 
of the examined population. Moreover, several other studies did not confirm a role of vitamin D 
in preventing these cancers (reviewed in ref 6). An antiprohferative effect for vitamin D is also 
supported by cell culture and animal model experiments, but the vitamin D concentrations needed 
to produce these data were generally in the toxic range for humans. 

As the cutaneous synthesis of cholecalciferol (vitamin D3) firom 7-DHC in cell membranes is 
exclusively tri^ered by UVR in the UVB-spectrum (Fig. 1), an interference of high SPF sunscreens 
with vitamin D3 synthesis seems, at least theoretically, possible. Reduced serum concentration of 
25-hydroxyvitamin D has been reported in some persons after regular sunscreen use.^ 

Cutaneous cholecalciferol production is saturated at 10% to 20% of the original epidermal 
7-DHC concentration.̂ ^ This threshold amount is achieved by far suberythemal UVB doses 
in the order of 0.25% DEM to the face and backs of hands 3 times weekly.̂  Additional UVBR 
transforms previtamin D3 into the biologically inactive metabolites tachysterol and lumisterol.̂ ^ 
Two prospective controlled studies, one conducted in Australia at a latitude of 37°S with a SPF 17 
sunscreen and another one done in Spain at a latitude of 4 FN with a SPF 15 sunscreen, did not 
find decrease of 25-hydroxyvitamin D serum levels in the protected group compared to the control 
group, even not in elder individuals of 70 years and older. Secondary hyperparathyroidism and 
change in markers of bone remodeling were not more frequent in the sunscreen users.̂ '̂̂ ^ Another 
workgroup followed the 25-hydroxyvitamin D serum levels of eight xeroderma pigmentosum (XP) 
patients who practiced for their severe DNA repair enzyme defect rigorous photoprotection by 
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avoidance, clothing and sunscreens. Over a 6-year study period, the 25-hydroxyvitamin D serum 
levels remained in the low normal range with normal levels of PTH and calcitriol.̂ ^ Of course, 
cutaneous vitamin D3 synthesis may be more difficult in countries at higher latitude than those 
where the cited studies were conducted, especially in the elder population. On the other hand, 
housebound elderly are certainly not the principal consumers of sunscreens. For the active popula-
tion who is continuously or intermittendy exposed to sunlight, the given data on the impact of 
UVB filters on photo-induced vitamin D production does not permit to change recommendation 
for regular sunscreen use. The actual sunscreen use habits providing only an incomplete protection 
from UVBR, the remaining UVB exposure seems to be widely sufficient to guarantee cutaneous 
vitamin D3 synthesis. Moreover, alimentary intake of vitamin D3, e.g., in form of fortffied milk 
or orange juice, can help to maintain sufficient plasma levels.̂  For patients at real risk for vitamin 
D deficiency, dietary supplementation is efficacious and safe. 

Alternative Photoprotective Agents 
A great number of substances for topical appUcation have been proposed for photoprotective 

purpose, e.g., antioxidants acting as radical scavengers, DNA repair enzymes, oUgonucleotides 
stimulating natural melanogenesis, vitamin A derivatives and active botanic components. They 
have anti-erythemogenic effisct and they provided DNA and connective tissue protection in mouse 
models or in vitro assays afi:er UV irradiation.̂  An anticarcinogenic effect in healthy humans 
has been described with none of these alternative photoprotectants. Some of them, especially 
a-tocopherol (vitamin E), L-ascorbic acid (vitamin C) and feruUc acid, are sometimes added to 
sunscreen preparations. Others are still at an experimental state. In a group of XP patients, topical 
appUcation of phage T4 endonuclease V (dimericine) during one year resulted in a 30% decrease 
of BCC incidence and a 70% decrease of AK incidence.̂ ^ Such significant efficacy of dimericine 
has not been demonstrated so far in individuals without XP. 

Antioxidants have also been tested for photoprotection in oral form. The most currendy em-
ployed substance is P-carotene with a recommended dose of 120 to 180 mg daily. It diminishes 
photosensitivity in mild forms of photodermatoses and can moderately increase MED in the 
healthy Caucasian population.̂ ^ This systemic antioxidant may cause cosmetical problems in some 
individuals by induction of brown-reddish skin color. However, oral p-carotene failed to prevent 
AK, s e c and BCC in a randomized controlled trial over 4.5 years.̂ '̂̂  

Although the photoprotective effects of these alternative agents are promising, tlieir anti-er-
ythemogenic and anti-elastotic action is by far inferior to the one of sunscreens and their efficacy 
in skin tumor prevention is not established. They may complement the photoprotective activity 
of sunscreens, but they will probably not replace them as first line photoprotective means. 

Discussion and Conclusion 
80 years after their commercial introduction, sunscreens remain still most effective for what 

they have originally been made for, i.e., protection gainst sunburn and other short-term UV effects 
such as photodermatoses. They have limited effect in preventing skin aging, AK and SCC. Also 
in some particular conditions such as genetic disorders or post-transplant iatrogenic immunosup-
pression that expose to important risk of intermediate-term development of multiple skin cancers, 
benefit from regular sunscreen use has been clinically established. However, based on this review 
of clinical and epidemiological data, today s sunscreen formulations cannot pretend to provide 
protection from nonsquamous cell skin cancer for the general adult population. The genetic part 
in the etiology of these tumors is not sufficient to explain their still rising incidence worldwide 
despite wide-spread sunscreen use. 

This disappointing lack of efficacy may partially be due to inadequate use of suncare prod-
ucts: Users do generally not apply them for daily short-term outdoor stays and indoor exposure 
to UVAR traversing window glass, although these conditions are responsible of the major part 
of cumulative life-time UV dose in the general population having rather indoor occupation. 
However, non-observance of daily application has been shown to cancel the benefit of sunscreens 
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in long-term use. Even for planned UV exposure, sunscreens are usually applied in insufficient 
quantity compared to the protection factor testing conditions which considerably reduces the 
effective SPF."̂ '̂ ^ Moreover, users often omit re-application every two hours that is recommended 
to compensate external product elimination. On the other hand, a consequent and lifelong use 
of sunscreens in the recommended amounts is not practicable for time and financial expense and 
safety raisons: In summer 2007, the price of a good quality broad spearum sunscreen with SPF 50+ 
and an SPF/PPD <2.5 ratio is about 300 €/kg in France. Before sun exposure on the beach, a man 
with a body surface area of 1.8 m^ who respeas the recommended simscreen amounts has to apply 
36 g for total body protection which causes costs of 10.80 € for only one application. On the other 
hand, the innocuousness of sunscreen long-term use in the recommended amounts has never been 
examined with regard to their irritation potential, interaction with toxic substances in the envi-
ronment, systemic absorption, endocrine activity and clearance.̂ ^ Another reason for sunscreen 
inefficacy my be the actual use of inadequate efficacy markers for measuring sunscreen protection 
potency: Both SPF and currently employed UVA-PF markers such as PPD or critical wavelength 
are not related to photostabiUty, remanence, genome protection and immunoprotection which 
are however critical parameters for cancer prevention.^^ For the consumer, sunscreen choice is no 
easy deal: For lack of standardization in UVA protection testing, UVA-PF is often not indicated 
even for sunscreens with protective activity in this band region. The efficacy of sunscreens is most 
of all determined by their UV filter composition. But for ingredient lists, the manufacturer can use 
INCI, lUPAC and trade names of filters which makes it difficult to the user to identify the respec-
tive substances. In Europe the consumer is furthermore confronted to confusing multi-language 
labeling and ingredient lists containing abbreviations in foreign language. 

With regard to this review, physicians should omit messages to their patients su^esting that 
sunscreens can protect from BCC and melanoma. Dermatologists should be concerned to pre-
serve our discipline's credibility in a context where public information is too much dominated by 
commercial interest of cosmetic and pharmaceutical industry. Sunscreens in their current form are 
probably not the key to skin cancer prevention in the general population. More basic, but highly 
effective measures should still be encouraged. This includes sun avoidance especially during peak 
UVR between 10:00 A.M. and 4:00 P.M., UV-absorbing window filters, photoprotective clothing 
and wearing broad-brimmed hats. Sunscreens can perfectly complete these recommendations, but 
they should never cancel them. Much educational work is yet to be done to overcome the popularity 
of sunbathing and the tanning ideal that are still wide-spread in our society especially in adolescents 
and young adults. After 30 years, primary and secondary prevention programs now begin to show 
positive outcomes in Australia, especially in melanoma incidence and survival.̂ ^ 

Nevertheless, the benefit of sunscreens against short-term harmful effects of UVR, in cancer 
prevention in patients with genetic or pharmacological risk of skin tumors and—to a minor de-
gree—even in prevention of skin aging and SCC in the general population is undeniable. Good 
sunscreen products afford both high SPF and a well balanced SPF/PPD ratio. At the moment, a 
SPF/PPD ratio of less than 2.5 should be recommended, but in the future even lower SPF/PPD 
ratios may become possible. Their regular use at least for unavoidable intermittent UV exposure 
seems to be safe and efficacious. Alternative topical and systemic photoprotectants such as antioxi-
dants and DNA repair enzymes are still at an experimental state in skin cancer prevention. 

Major progress has been made during the past 20 years in the sunscreen domain with the 
development of potent UVA filters, micronization of inorganic sunscreens and synthesis of new 
photostable and well-tolerated organic filter molecules. These recent sunprotective products will 
improve the acceptance of sunscreens and thereby the observation of recommendations. They 
protect us from sunUght probably better than former UV filters that were used in most epide-
miologic studies available today on sunscreen efficacy. Considering the slow development of skin 
cancer in humans, the benefit of our actual sunscreen market will take years to become clinically 
and epidemiologically obvious. This review will probably have to be revised when the outcome of 
long-term studies with recent sunscreens will be available. 
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CHAPTER 13 

UV Damage and DNA Repair 
in Malignant Melanoma 
and Nonmelanoma Skin Cancer 
Knuth Rass"*" and Jorg Reichrath 

Abstract 

Exposition of the skin with solar ultraviolet radiation (UV) is the main cause of skin cancer 
development. The consistently increasing incidences of melanocytic and nonmelanocytic 
skin tumors are believed to be at least in part associated with recreational sun exposure. 

Epidemiological data indicate that excessive or cumulative sunlight exposition takes place years 
and decades before the resulting malignancies arise. The most important defense mechanisms that 
protect human skin against UV radiation involve melanin synthesis and active repair mechanisms. 
DNA is the major target of direct or indirect UV-induced cellular damage. Low pigmentation 
capacity in white Caucasians and rare congenital defects in DNA repair are mainly responsible for 
protection failures. The important function of nucleotide excision DNA repair (NER) to protect 
against skin cancer becomes obvious by the rare genetic disease xeroderma pigmentosum, in which 
diverse NER genes are mutated. 

In animal models, it has been demonstrated that UVB is more effective to induce skin cancer 
than UVA. UV-induced DNA photoproducts are able to cause specific mutations (UV-signature) 
in susceptible genes for squamous cell carcinoma (SCC) and basal cell carcinoma (BCC). In SCC 
development, UV-signature mutations in the p53 tumor suppressor gene are the most common 
event, as precancerous lesions reveal'-80% and SCCs >90% UV-specific p53 mutations. Mutations 
in Hedgehog pathway related genes, especially PTCHl, are well known to represent the most 
significant pathogenic event in BCC. However, specific UV-induced mutations can be found 
only in —50% of sporadic BCCs. Thus, cumulative UVB radiation can not be considered to be 
the single etiologic risk factor for BCC development. 

During the last decades, experimental animal models, including genetically engineered mice, the 
Xiphophorus hybrid fish, the south american oppossum and human skin xenografi:s, have further 
elucidated the important role of the DNA repair system in the multi-step process of UV-induced 
melanomagenesis. An increasing body of evidence now indicates that nucleotide excision repair is 
not the only DNA repair pathway that is involved in UV-induced tumorigenesis of melanoma and 
nonmelanoma skin cancer. An interesting new perspective in DNA damage and repair research lies 
in the participation of mammalian mismatch repair (MMR) in UV damage correction. As MMR 
enzyme hMSH2 displays a p53 target gene, is induced by UVB radiation and is involved in NER 
pathways, studies have now been initiated to elucidate the physiological and pathophysiological 
role of MMR in malignant melanoma and nonmelanoma skin cancer development. 
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Introduction 
Sunlight is an indispensable requirement for life on earth by spending the essential thennal 

energy and facilitatingphotosynthesis in plants, which in turn supplies our atmosphere with oxygen. 
On the other hand, ultraviolet radiation of sunlight (UV) can be assumed to be the most impor-
tant and ubiquitously occurring physical carcinogen inducing melanocytic and nonmelanocytic 
skin cancer with increasing incidences. The solar UV spectrum consists of UVC (wavelengths 
below 280 nm), UVB (280-315 nm) and UVA bands (315-400 nm). The predominant part of 
the short-wave, high-energy and destructive UV spectrum cannot reach the earths surface: the 
ozone layer of the outer earth atmosphere absorbs the shorter wavelengths up to -310 nm (UVC 
and main part of UVB radiation). The remaining transmitted UV spectrum, i.e., a small UVB and 
the complete UVA band, is responsible for biological effects in human skin. 

UV light does not penetrate the body any deeper than the skin and is absorbed by the different 
skin layers in a wavelength-dependent manner: UVB is almost completely absorbed by the epider-
mis; only 10-20% of UVB energy reaches the epidermal stratum basale and the dermal stratum 
papillate. In contrast, UVA penetrates deeper into the dermis and deposits 30-50% of its energy 
in the dermal stratum papillare. These absorption characteristics in human skin explain why UVB 
effects have to be expected predominandy in the epidermis (skin cancer development) and UVA 
effects in the dermis (solar elastosis, skin ageing). As human skin is continuously exposed to solar 
UV hght, protection strategies that include melanin synthesis and active repair mechanisms were 
developed to avoid structural damage of the most important UV target molecule, the DNA. DNA 
is a major epidermal chromophore with an absorption maximum of 260 nm and a continuous 
absorption-decrease over the UVB and UVA spectra. Excessive or continuing chronic sun exposure, 
low pigmentation capacity in white Caucasians and rare congenital defects are important factors 
that may be responsible for failures of these adaptive defense mechanisms. 

UVB-and far less UVA-are able to cause molecular DNA rearrangements with formation 
of specific photoproducts, which are known to be mutagenic. The genotoxic potential of UVA 
is predominandy due to oxidative DNA damage. If UV-induced mutations concern particular 
genes involved in signaUng pathways of cell cycle control, proliferation, apoptosis or DNA repair, 
a malignant tumour can emerge. The fact that skin cancer does not occur immediately after sun 
exposure but with a latency period of years and decades underlines the theory that multiple ge-
nomic hits are necessary to estabUsh a maUgnant phenotype (multistep carcinogenesis). Extending 
mutations in affected skin cells make it subsequendy more probable that these cells gain abilities 
to progress (activating oncogene mutations) or loose cell growth inhibitory or anti-apoptotic 
functions (inactivating tumor suppressor gene mutations). 

Furthermore, UV radiation displays immunosuppressive effects and is able to generate toler-
ance against immunogenetic skin tumors. Thus, UV is considered to be a "double-edged sword" 
causing skin cancer by DNA damage on the one hand and enabling tumor escape from immune 
surveillance on the other. 

In the following essay, the pathogenic role of UV radiation for tumourigenesis of malignant 
melanoma and nonmelanocytic skin cancer (squamous and basal cell carcinoma) is elucidated, 
focussing on genotoxic effects of UV radiation and important repair mechanisms to avoid result-
ing structural DNA damage. 

U V Damage and DNA Repair 
In 1928 Gates described for the first time that the bactericidal effect of UV radiation is con-

nected with its absorption by prokaryotic DNA.^ Thirteen years later Hollaender and Emmons 
observed that the occurrence of mutations in eukaryotic (Fungi) DNA due to UV radiation is 
wavelength dependent.̂  Thus, the indispensable importance of DNA concerning cell survival and 
cell transformation on the one hand and the relevance of UV hght to induce potentially lethal 
genomic disruptions on the other was already known in the first half of the last century (for re-
view see refs. 3-5). In the 1960 s the essential molecular characteristics of DNA alterations caused 
directly by UVC and UVB radiation were uncovered: 
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Beukers and Berends,̂  as well as Setlow and Carrier̂  found covalent interactions between 
two adjacent pyrimidine bases forming cyclobutane pyrimidine dimers (CPD: thymine dimers, 
cytosine dimers); later on Varghese und Patrick^ described another typical dimer formation at 
di-pyrimidine sites, the 6-4 photoproducts (6-4 PP: thymine-cytosine dimers). 

UVC is completely absorbed by the atmospheric ozone layer. Nevertheless, if UVC would 
reach the earth surface-in consideration of an increasing ozone dismantling-its short wavelength 
spectrum would hardly allow to penetrate into the human epidermal stratum basale with an ef-
fective dose. On the other hand, it has been shown that squamous cell carcinomas (SCC) and 
fibrosarcomas could be generated by 254 nm UVC irradiation in mice.̂  Thus, it is not clear at 
present, to what extent UVC would be relevant for the induction of skin cancer in humans if 
ozone dismantling would continue. 

The biological effects of UVA on DNA are different from UVB/UVC and are predominantly 
indirect: UVA energy is mainly absorbed by chromophores other than DNA. The energetic activa-
tion of those chromophores-endogenous or exogenous "photosensitizers" like NADH or diflFerent 
drugs (psoralen, tetracyclines)-causes reactive oxygen species (ROS) by photochemical interac-
tions in vitro. The energy-enhanced photosensitizers themselves (type I) or the aggressive oxygen 
molecules (type II) in turn reaa with the DNA molecule leading to DNA single strand breaks and 
DNA-to-protein crosslinks.̂ ^ The relevance of these findings for carcinogenesis were confirmed by 
different animal experiments, which demonstrate the induction of SCC s, melanomas and other 
tumors by UVA alone and an enhancement of the carcinogenic UVB effect by UVA.̂  ̂ '̂^ Beside the 
indirect effects of UVA on DNA, a small part of the UVA spectrum (315-327 nm) is considered 
to be able to generate CPD s and 6-4 PP direcdy. Between 328 and 347 nm UVA irradiation can 
induce both, direct and indirect reaction types of DNA damage (Fig. 1).̂ "̂  

UV-induced DNA lesions influence cellular death, aging, mutagenesis and carcinogenesis, if 
they are not completely rejected by the nuclear DNA repair machinery. The ability to erase DNA 
photoproducts from bacterial DNA, a process nowadays known as nucleotide excision repair 
(NER), was discovered in 1964}^ NERis the main repair system responsible for correaing direcdy 
UV-induced DNA damage. Oxidized (indirect) DNA base lesions are removed by essentially two 
types of activity: base excision repair (BER), involving removal of single lesions by a glycosylase 
action and NER. In contrast to NER, disruptions in BER as a principle for cancer development 
are not known so far. 

NER failure or exceeding of its repair capacity is one important pathogenic step in UV as-
sociated skin cancer development as suggested by the rare autosomal recessive disease xeroderma 
pigmentosum (XP, Fig. 2): Patients suffering from XP are extremely sim-sensitive with severe 
sunburns in childhood, are characterized by photo-aged freckled skin and are very prone to 
sunlight-induced skin tumors (keratoacanthoma, SCC, basal cell carcinoma, melanoma) occur-
ring early in life (childhood-adolescence). As compared to unaffected individuals, skin cancer 
incidence in XP patients is appr. 2000-fold elevated.̂ -̂̂ ^ In 1968 Cleaver̂ ^ initially uncovered 
the etiology of XP as caused by deficient NER. As a consequence of deficient NER, UV-induced 
photoproducts accumulate in XP and subsequent mutations can result in malignant phenotypes. 
Seven different types (complementation groups A-G) and a variant form of XP have been revealed 
so far. Besides skin cancer development, XP is associated with internal malignancies, neurologi-
cal and ocular abnormaUties. Each complementation group is defined by underlying mutations 
in genes encoding different NER proteins (XPA-XPG, XPV; Table 1). In short, NER functions 
as follows: DNA photoproducts were recognized by different protein complexes, CSA/CSB in 
transcription-coupled repair (TCR) andXPC/hHR23B in global genome repair (GGR), whereas 
XPA, replication protein A (RPA) and damaged DNA binding protein (DDB)/XPE/p48 join the 
recognition complex both in TCR and GGR. The complexes combine with TFIIH, a transcription 
factor containing XPB and XPD, which reveal helicase activity in both DNA directions (3' ->5' 
and 5' ̂ 3 *) and are important for unwinding the double strand DNA. After recognition of CPD 
or 6-4 PP and unwinding the DNA, two endonucleases (XPF-ERCC1 and XPG) incise 5' and 3' 
from the lesion releasing a 25-27 nucleotide fragment containing the photoprodua. The following 
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Figure 1. UV-induced DNA damage. The reaction type of DNA damage is wavelength-de-
pendent: direct induction of DNA photoproducts (CPD, 6-4 PP) by UVB/UVC and shortwave 
UVA spectrum (315-327 nm); indirect induction of oxidative DNA disruptions (ssDNA breaks, 
DNA-protein crosslinks) by longwave UVA spectrum (347-400 nm); mixed reaction type 
with direct and indirect effects by UVA wavelength 327-347 nm. Oxidative DNA damage is 
mediated by photosensitizers (Type I reaction) or by photosensitizer-induced reactive oxygen 
species (ROS, Type II reaction). 

so-called "unscheduled** DNA synthesis fills the resulting gaps involving DNA polymerases e/8, 
proliferating cell nuclear antigen (PCNA), replication factor C (RFC) and DNA ligase I. Lesions 
in actively transcribed DNA are repaired faster and more accurately by TCR compared to those 
in the global genome or in the nontranscribed strand of active genes; 6-4 PP are removed faster 
than CPD (for review, see ref. 19). 

Apart from XP, most DNA photoproducts are eliminated in NER competent cells following 
UV-exposure. However, mutations may occur when the repair capacity is exceeded (for instance 
by repetitive UV expositions without adequate repair intervals). They can be identified as UV 
specific C^T transitions at dipyrimidine sites or CC^TT base changes (UV-signature, -finger-
print, Fig. 3).̂ *̂̂ ° Interestingly, neighboring thymines do not appear to yield a mutation, because 
non-informative bases on the template DNA strand were substituted by an adenine on the opposite 
DNA strand, the so called A-rule.̂ ^ Thymine dimers will therefore be regularly substituted by two 
thymines corresponding to the opposite DNA strand by NER. When UV-induced mutations 
affect critical genes encoding proteins or enzymes contributing to DNA repair, cell cycle control 
or apoptosis, it is likely that cumulative or subsequent DNA alterations are not sufficiendy eradi-
cated. Disrupted functions of such regulative proteins are strongly connected with early stages 
of skin carcinogenesis.̂ ^ Thus, UV-fingerprint mutations can be abundandy detected in the well 
characterized and pathogenically important tumor suppressor gene p53 firom squamouŝ ^ and 
basal cell carcinomâ ^ of human skin. 
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Figure 2. 9-year-old boy with xeroderma pigmentosum presenting with typical poikilodermia 
in the light-exposed skin, multiple actinic keratoses, actinic cheilitis, squamous cell carcinoma 
(bridge of nose) and basal cell carcinomas (right nose-canthus region, upper lip). 

More recent observations surest that another DNA repair system-the methyl-derived mam-
maUan mismatch repair (MMR)-may also be attributable to the multistep tumorigenesis of 
UV-associated skin cancer. Microsatellite instability (MSI), caused by replication errors of small 
repetitive DNA sequences can be detected in epitheUal and melanocytic skin tumourŝ "̂  and is 
characterized by length changes at those repetitive loci scattered throughout the genome.̂ "̂̂  Tumor 
cells that display MSI are typically defective in posttranscriptional MMR providing a direct link 
between insufficient mispairing DNA repair and genetic instabiUty.̂ *̂̂ ^ Concomitant replication 
errors in different tumor suppressor and growth regulatory genes are supposed to be the genetic 
mechanism of tumorigenesis in those cells. 

Mutations in MMR genes are etiologically responsible for hereditary nonpolyposis colon can-
cer (for review, see ref 29). Functional MMR alterations are furthermore associated with visceral 
maUgnancies and the occurrence of sebaceous skin tumors, keratoacanthomas and less frequently 
squamous cell carcinomas in the rare autosomal dominant Muir-Torre syndrome. Underlying 
mutations were found in the hMSH2 and hMLHl genĉ "̂̂ ^ 

MMR and NER seem to be funaionally connected: Mellon and Champê ^ demonstrated, 
that disruptions of the bacterial DNA mismatch repair genes mutS and mutL reduces NER of 
the lactose operon in E. coU. Human cells with mutations in particular MMR genes were likewise 
found to have a deficiency in the repair of UV-induced pyrimidine dimers.^ Furthermore specific 
binding of MSH2/MSH6 (human homologs of mutS) heterodimers to DNA incorporating thy-
mine- or uracil-containing UV light photoproduas^^ and UV-induced activation of transcription 
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Table 1. Xeroderma pigmentosum: complementation groups^ genetics^ clinical 
features and distribution 

Unscheduled DNA Number of 
Complementation Synthesis Neurological Reported 
Group (% of Normal) Skin Cancer Abnormalities Caseŝ '̂̂ ® Gene 

A 
B 
C 
D 
E 
F 
G 
Variant 
Total 

<10% 
3-7% 
10-20% 
25-50% 
40-50% 
10-20% 
<5-25% 
75-100% 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 

-
+ 

-
-
+ 
-

377 (48,7%) XPA 
3 (0,4%) 
71 (9,2%) 
60 (7,8%) 
22 (2,8%) 
44 (5,7%) 
8(1,0%) 

XPB/ERCC3 
XPC 
XPD/ERCC2 
DDB2/XPE/p48 
XPF/ERCC4 
XPG/ERCC5 

189 (24,4%) XPV/hRAD30 
774(100%) 

of hMSH2 via p53 and c-Jun̂ ^ seem to confirm a significance of MMR pathways for the repair of 
UV-induced DNA damage. On the other hand Rochette et al̂ ^ previously reported that human 
cells with homozygous mutations in the DNA mismatch repair genes hMLHl (homologs of 
mutL) or hMSH2 were proficient in NER. Thus the relevance of MMR concerning UV-induced 
DNA disruptions remains controversial. 

UV-Induced Carcinogenesis in Squamous Cell Carcinoma (SCC) 
The interfollicular epidermal basal keratinocyte is assumed to represent the precursor cell of 

SCC and its precancerous progenitor, the actinic keratosis (AK). AK and SCC are strongly related 
to solar UV exposure, because predilection sites were the regularly sun exposed skin areas (head, 
forehead, back of nose, ears, back of hands) in about 90% and the lifetime risk to develop a SCC 
correlates very closely with the individual cumulative UV dose.̂ ^ 

Historically, the connection between sunUght and epithelial skin cancer was initially described 
by Unnâ ^ and Dubreuilh"^ in the last decade of the 19th century. They observed AK and SCC 
in chronically sun-exposed skin from sailors and vineyard workers. The carcinogenic potential 
of solar UV radiation, substantiating the clinical observations by Unna and Dubreuilh, has been 
proved by animal experiments in the 1920 s.̂ ^ 40 years later hairless mice became available and thus 
an excellent animal model to investigate skin cancer induction by UV with similarity to human 
skin has been established. By means of hairless mice SCC with AK as precancerous lesion could 
be generated by UV and later on de Grujil demonstrated a wavelength dependency due to SCC 
induction effecivity: the murine UV action spectrum peaks at --300 nm in the UVB band and 
continuously decreases among the UVA band with a smaller peak at —380 nm."̂ ^ Thereupon these 
findings were applied to human skin estimating the differences in UV transmission characteris-
tics between murine and human skin and it was demonstrated that the relative efficacy to induce 
SCC by 300 nm UVB irradiaton is appr. 1000-fold higher as compared to UVA at 380 nm."̂ ^ The 
estimated human UV action spectrum correlates very closely with the measured concentration of 
CPD s in human skin in situ following UV radiation with a single peak at '-315 nm.̂ "̂  In contrast 
to UVC and UVB, the amount of inducible CPD by UVA irradiation is rather low.^ On the 
other hand it is meanwhile well estabUshed that UVA is also able, but less effective than UVB, 
to induce SCC, at least in mice.̂ ^ The small "-380 nm peak in de Grujil's action spectrum can be 
explained by the above mentioned UVA mediated indirect DNA damage: UVA predominandy 
causes photosensitizer-mediated oxidative DNA damage. In a teratocarcinoma cell Une it has 
been demonstrated that the greatest amount of DNA-protein crosslinks and single strand breaks 
are generated by wavelengths between 334 and 405 nm with a peak at 365 nm.̂ ° As in this part 
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Figure 3. UV-induced specific mutations: UV-signature mutations (#) resulting from 6-4 
photoproducts can be identified as C-^T transitions at dipyrimidine sites (cytosine-thymine, 
thymine-cytosine); cytosine cyclobutane dimers result in CC->TT tandem transitions. Thymine 
cyclobutane dimers do not yield a mutation, because non-informative bases on the template 
DNA strand were substituted by an adenine on the opposite DNA strand ("A-rule'O-

of the UVA spectrum (347-400 nm) direct DNA damage is not observed, it can be assumed that 
the indirect oxidative UVA effects contribute to the mutagenic potential of UVA in the above 
mentioned wavelength range."̂  

Finally, all these findings convincingly demonstrate that UVB is more powerful than UVA 
to induce AK and SCC and has to be considered as the predominant carcinogen of solar UV 
exposure. This is furthermore confirmed by the mutation characteristics in AK and SCC as 
described below. 

Numerous studies have verified the multistep carcinogenesis model of SCC, as precancerous 
AK can be found in up to 97% adjacent to SCC s.̂ ^ The necessity of further mutational events 
establishing an invasive SCC from an AK is reflected by the fact that not all AK, which are revers-
ible, result in invasive SCC: the 10-year risk for the development of AK into SCC is not more 
than 16%.̂ « 

The most important protein involved in early UV-induced carcinogenesis of SCC appears to 
be the tumor suppressor p53. p53 is an essential and well defined transcription factor regulating 
cell cycle control and apotosis."̂ ^ The most well known function is activation of the G1 checkpoint 
which is believed to provide time for DNA repair prior to entry into S-phase.̂ ° If the extent of DNA 
damage exceeds repair capacity and therefore is irreversible, p53 activates pro-apoptotic factors 
inducing programmed cell death independent from cell cycle control.̂ ^ UV-radiation is known 
to strongly induce p53 posttranslational stabilization and transcriptional activity by protection of 
protein degradation via MDM2 oncoprotein inhibition.^^" Mutations of the p53 gene were found 
in various tumors and play a general role for carcinogenesis.̂ "̂  Thus, UV specific p53 mutations 
can be found in 75-80% of AK̂ ^ and in more than 90% of cutaneous squamous cell carcinoma.̂ '̂̂ ^ 
These UV-fingerprint mutations of p53 mutations appear to correspond predominantly to UVB 
radiation, as UVA-induced carcinomas in hairless mice reveal p53 mutations only in 15%."̂ ^ 
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The important role of p53 for the protection against UV-induced cancer is furthermore 
demonstrated by p53-deficient mice: these knockout animals lacking a functional p53 reveal an 
enormously increased sensitivity to skin cancer by UVB radiation,̂ ^ 

The p53 gene is located on chromosome 17 (17p 13.1) .̂ ^ Dysfunction of the p53 protein, similar 
to other tumor suppressor proteins, depends on truncating mutations in both alleles. As only few 
dipyrimidine hot spot areas in the p53 gene are susceptible for UV mutations (codons 177,196, 
278,294 and 342), the probabihty for corresponding mutations on both alleles is appropriate.̂ ^ 
Moreover, loss of heterozygosity (LOH) in several chromosomes, including 17p, have been com-
monly found in AK.̂ ^ In vitro abrogation of both p53 alleles causes aneuploidy and uncontrolled 
gene amplification.̂ ^ Such additional events and further unknown UV accumulative mutations in 
susceptible genes encoding for example other growth control factors or DNA repair enzymes may be 
responsible for the multistep carcinogenesis from sunburn cells to AK and ultimately to SCC. 

Recent data suggest that the MMR protein hMSH2 is a novel p53 regulated target gene indi-
cating a direct involvement of p53 in DNA repair mechanisms. Scherer et al cloned the promoter 
region of hMSH2 and could detect a site with homology to the p53 consensus binding sequence.̂ ^ 
Furthermore, they demonstrated that purified p53 binds specifically to this hMSH2 motif.^ As 
our group and others were previously able to demonstrate that functionally active MMR protein 
hMSH2 is detectable in normal human skin, melanocytic and nonmelanocytic tumors, a link 
between UV radiation, DNA repair and carcinogenesis of skin cancer was supposed.̂ "̂̂ ^ Recendy, 
Liang et al reported that hMSH2 expression is elevated in precancerous skin lesions (AK, Bowen s 
disease), but not in SCC compared to adjacent normal skin.̂ ^ These observations have been con-
firmed by our group (Fig. 4a-b)^ and underline the above mentioned physiological importance of 
MMR due to UV-induced DNA damage in precancerous skin lesions; diminished hMSH2 expres-
sion in SCC could reflect the malignant transformation associated with DNA repair deficiencies 
followingp53 dysfunction (second alleUc hit, see above). The question whether down-regulation 
of hMSH2 is just a side effect or essential for the carcinogenesis of SCC is yet unsolved. 

UV-Induced Carcinogenesis in Basal Cell Carcinoma (BCC) 
BCC is the most common malignancy in white people with a worldwide increasing incidence. 

Exposure to UV radiation is assumed to be the main causative pathogenic factor for BCCs as well, 
but the precise relation between amount, timing and pattern of UV exposure and BCC risk is still 
discussed. Compared to SCC, the correlation of UV with basal cell carcinogenesis is far less obvi-
ous and epidemiological data are not completely in line with an impact of cumulative UV dose. 
Some studies revealed a link between cumulative UV dose and BCC risk, although the relative 
risks were small with odds ratios of 1.0 to 1.5.̂ '̂̂  Other investigations failed to demonstrate such 
an association.̂ ^ Thereupon the predilection sites of BCC do not exacdy correspond with the "sun 
terraces" as it has been shown for SCC; BCC predominandy affect the seborrhoical central parts of 
the face (root of nose-canthus region, nasal flaring, nasolabial fold), the head, the trunk and lower 
limbs; BCCs on the backs of the hands are absolutely rare. Thus, the anatomic distribution is not 
exclusively explainable with cumulative solar UV exposition. Parallel to melanoma, sunburns in 
childhood and adolescence may contribute more to BCC and recreational sun exposure in child-
hood seems to be an important risk factor.̂ '̂̂ ^ In this context, it has been recendy demonstrated, 
that in adulthood sunscreens protect against new formation of SCCs but not against formation 
of BCCs.̂ ^ Another facet underlines, that cumulative UV cannot be the decisive causative agent 
in BCC: Patients with BCC have a three year risk to develop a subsequent BCC between 33% 
and 77%, but only a 6% risk to develop a SCC.̂ ^ 

The BCC precursor cell is less well defined than in SCC and is supposed to stem from interfol-
Ucular epidermal basal keratinocytes with retained basal morphology, firom foUicular outer root 
sheath or sebaceous gland derived keratinocytes.̂ ^ The deeper anatomic localization of the BCC 
originating cells in hair follicles and sebaceous glands may be one explanation for differences in 
the carcinogenesis of BCC and SCC. 
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Figure 4. Immunohistochemical detection of hMSH2 protein in initial actinic keratosis (A) 
and Bowen's disease (B). Notice moderate staining for hMSH2 in basal cell layers of an initial 
actinic keratosis connpared to strong and homogenous staining for hMSH2 in Bowen's disease. 
HMSH2 expression in SCC in turn is diminished and might reflect the malignanttransformation 
associated with DNA repair deficiencies following complete p53 dysfunction (not shown). 
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BCC s are predominantly sporadic, or appear in persons suffering from rare hereditary disor-
ders like nevoid basal cell carcinoma syndrome (NBCCS; Gorlins syndrome) or XP (see above). 
NBCCS is an autosomal dominant neurocutaneous disorder characterized by multiple BCCs 
occurring early in life, development of other tumors (medulloblastoma, ovarian fibroma), jaw cysts, 
calcification of falx cerebri, skeletal defects, pitting of the palms and the soles of the feet and other 
abnormalities/^ Mutations in the human homologue of Drosophila segment polarity gcncpatched 
(PTCHl) are responsible for Gorlins syndromê '̂̂ ^ and UV exposition does not play a main role 
for BCC development in this complex disease. Physiologically, PTCHl plays a crucial role in 
embryonic patterning and is a member of the so-called Hedgehog (Hh) signaling pathway.̂ ^ 

In sporadic BCC, genetic mapping reveals only few chromosomal regions with LOH apart 
from chromosome 9q22. This region harbors the PTCH1 tumor suppressor gene and inactivating 
mutations of PTCH 1 in the second allele are described in BCC.̂ ^ Thereupon significant mutations 
concern the p53 gene on the one hand and PTCHl related genes involved in the Hh pathway 
(mutations of Sonic Hedgehog, Smoothened gene (SMO), PTCH2; up-regulation of Gli 1 zinc 
finger protein) on the other. The common effect of the latter genes consists in a constitutive Hh 
pathway target gene induction. Target genes are, among others, again PTCH, which was found 
overexpessed in all BCCs (famihal and sporadic) investigated in one study.^ So, it has to be as-
sumed, that the Hh pathway is the common key to BCC estabUshment, Finally, Hh pathway 
activation results in a positive effect of cell cycle progression and hence it stimulates cell growth.^ 
UV fingerprint mutations occur rarely in sporadic BCC compared to SCC: p53 mutations can 
be observed in appr. 56% of all BCCs and specific C->T transitions and/or CC^TT tandem 
mutations are present in appr. 65% of them.̂ ^ PTCHl mutations are less frequent with 30-40% 
and a UV signature rate of 41%.̂ ^ The frequency of UV specific mutations in other Hedgehog 
related genes in sporadic BCC is still unknown. Thus, overall UVB associated mutations can be 
detected only in appr. 50%. 

In XP the NER dysfimction contributes to a predominant UV dependency of carcinogenesis 
in those patients, as described in detail above. XP related BCCs are even stronger UVB associated 
compared to sporadic and familial BCCs: PTCH gene mutations were detected in 73% of BCCs 
from XP patients and 50% reveal both p53 and PTCH gene mutations with a high amount of 
UV-specific alterations (appr. 80%).̂ '̂̂ ^ Furthermore activating UV-specific mutations in the 
SMO gene have been found in 30% of XP BCCs.̂ ^ As mutations in genes participating in the 
Hh pathway are frequently found in BCC, but not in SCC, it can be speculated, that those are 
specific for BCC (amongst UV-induced skin cancer) and probably not directly involved in SCC 
formation.̂ '̂̂ ^ Interestingly, recent findings indicate that other factors that influence the risk to 
develop BCC or SCC include distinct variants of the melanocortin 1 reccptor.̂ ^ 

Role of DNA Repair for UV-Induced Carcinogenesis in Malignant 
Melanoma (MM) 

Epidemiologic and in vitro studies have shown that solar UV-exposure is not exclusively an 
etiologic agent for the development of SCC and BCC, but also for the development of malignant 
melanoma.̂ '̂̂ ^ Although great efforts are being made in understanding the underlying genetic basis 
of melanoma, fimdamental questions concerning UV radiation and the mechanisms by which it 
induces DNA damage and interacts with the DNA repair machinery remain unresolved, compro-
mising efforts to develop effective sun protection strategies and antimelanoma therapy. Recently 
developed experimental animal models, including genetically engineered mice, the Xiphophorus 
hybrid fish, the south american oppossum and human skin xenografts, constitute novel platforms 
upon which to build strategies designed to frirther elucidate the pathogenesis of UV-induced 
melanomagenesis.̂ ^ Important new informations were obtained analyzing UV-inducible melano-
genesis in the HGF/SF transgenic mouse.̂ '̂̂  Using this model, it was demonstrated that dermal 
melanomas arise in untreated mice with a mean onset age of approximately 21 months, a latency 
that was not overtly altered in response to chronic suberythemal, or skin nonreddening UV ir-
radiation.̂ '̂̂  In contrast, a single erythemal dose to 3.5-day-old-neonatal HGF/SF mice induced 
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cutaneous melanoma with significantly reduced latency.̂ '̂̂  (Fig. 5) Moreover, the UV-induced 
murine melanomas frequently resembled their human counterparts with respect to histopatho-
logical appearance and graded progression. Exposure of HGF/SF transgenic neonates to a second 
erythemal dose of UV-irradiation did not accelerate melanomagenesis, however, the dual exposure 
did significantly increase the number of melanocytic lesions arising per mouse.̂ '̂̂  (Fig. 5) The 
important role of the DNA repair system in the multi-step process of melanoma tumourigenesis 
is suggested by the autosomal recessive disease xeroderma pigmentosum, in which the develop-
ment of multiple skin malignancies including maUgnant melanomas early in life is associated with 
deficient nucleotide excision repair of pyrimidine dimers induced by UV irradiation.̂ *̂̂ '̂̂ ^ DNA 
repair plays a fundamental role in the maintenance of genomic integrity and decreased DNA 
repair has been associated with increased risk of several human cancers, including melanoma.̂ ^ 
A variety of somatic genetic alterations occur in malignant melanoma, including mutations that 
are associated with exposure to UV radiation.̂ ^ Various epidemiological studies have previously 
examined a putative association between individual DNA repair capacity (DRC) and melanoma 
risk [for review,̂ ^̂ ]̂. Hsu et al̂ ^ reported a higher level of bleomycin-induced DNA breaks in 
melanoma patients compared with controls. Roth et al^ observed increased loss of thymine dimer 
antigenicity in melanoma patients compared with controls. Wei et al^ and Landi et al̂ ^ used the 
host cell reactivation assay to evaluate repair of UV-induced DNA damage using lymphocytes 
from melanoma patients and cancer-free controls. Wei et al^ found that patients with melanoma 
had significantly reduced mean DRC as compared to controls. Landi et aP̂  did not find an 
overall case-control difference in DRC, but DRC was reduced among melanoma patients with 
low tanning ability and dysplastic nevi as compared to the corresponding controls. Recendy, an 

Figure 5. UV-induced melanomagenesis in the HGF/SF transgenic mouse.^ '̂̂ ° Dermal melanomas 
arise in untreated mice with a mean onset age of approximately 21 months, a latency that is 
not overtly altered in response to chronic suberythemal, or skin nonreddening UV irradia-
ĵQP 89,90 In contrast, a single erythemal dose to 3.5-day-old-neonatal HGF/SF mice induces 

cutaneous melanoma with significantly reduced latency.^^'^° Note that the UV-induced murine 
melanomas frequently resemble their human counterparts with respect to histopathological 
appearance and graded progression. Exposure of HGF/SF transgenic neonates to a second 
erythemal dose of UV-irradiation does not accelerate melanomagenesis, however, the dual 
exposure significantly increases the number of melanocytic lesions arising per mouse.^ '̂̂ ° 
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association of a polymorphism in the melanocortin receptor 1 gene, that is associated with a distinct 
skin type, with reduced DRC and an increased risk for the development of maUgnant melanoma 
has been reported.̂ '̂̂ °̂  There are only a few studies that analyze a putative assoziation of NER 
genotypes and melanoma risk and these studies do not provide consistent results. Winsey et al̂ °̂  
demonstrated an increased frequency of the XPF nt 2063 T/T genotype in melanoma patients 
compared with controls. These authors also reported a sUghtly increased frequency of the XPD 
codon 312 Asn/Asn and codon 751 Gln/Gln genotypes in melanoma patients compared with 
controls. Tomescu et al̂ ^ found an increased frequency of the XPD codon 751 Lys/Lys genotype 
in melanoma patients as compared to controls. These authors also reported positive associations 
for XPD markers in exon 6 and exon 22. Baccarelli et aP̂ ^ reported no overall association between 
XPD codon 312 and 751 genotypes and melanoma, but noted stronger associations for both variant 
XPD genotypes and melanoma at older ages. The authors also reported that DRC, as measured 
by the host cell reactivation assay, was lower in participants carrying the XPD codon 751 Gin al-
lele. Blankenburg et al̂ ^ reported no association forXPG codon 1104 genotype and maUgnant 
melanoma and no association for three markers inXPC: T1601C, G2166A and C3507G. In the 
same study population, these authors found positive associations for three other XPC markers: 
intron 9 PAT, intron 11 C-6A and codon 939 Lys/Gb.̂ ^^ In the Nurses' Health Study Cohort, 
Han et al̂ °̂  reported modest inverse associations between XPD codon 312 Asn/Asn and codon 
751 Gln/Gln genotypes and risk of malignant melanoma, but the results were not statistically 
significant. Interactions were observed between XPD genotypes and solar UV-exposure.̂ °̂  Taken 
together, the results of these studies suggested that XPD genotypes may play a role in the etiol-
ogy of melanoma, but further studies are needed to determine which alleles are associated with 
increased risk. In a well-done recent analysis, it was found that when genotypes across six NER 
genes {XPD, HR23B,XPGyXPCyXPF2jiAERCC6) were combined, maUgnant melanoma cases 
showed a statisticaUy significant trend toward more variant alleles compared with controls, althoi^ 
the magnitude of the trend was very smaU.̂ ^̂  These data provide preUminary evidence in support 
of a multigenic model for melanoma that includes NER genes. However, additional studies that 
incorporate a large number of NER genes are urgently needed to clarify the role of NER genes 
for pathogenesis of maUgnant melanoma. 

However, as pointed out above, an increasing body of evidence now indicates that nucleotide 
excision repair represents not the only DNA repair pathway that is involved in UV-induced 
melanomagenesis. Human ceUs with mutations in particular mismatch repair genes were found 
to have a deficiency in transcription-coupled repair of UV-induced pyrimidine dimerŝ -̂̂  as weU. 
The significance of mismatch repair pathways for the repair of UV light-induced DNA damage 
was confirmed by demonstrating specific binding of human MSH-2/MSH-6 heterodimers to 
DNA incorporating thymine- or uracil-containing UV light photoproducts^^ and by UV-induced 
activation of transcription of ̂ MSH-2 via p53 and c-Jun.̂ ^ These observations lead to the hypoth-
esis, that defective mismatch repair may be a risk factor for the multistep tumourigenesis of skin 
cancer, including maUgnant melanoma. However, the mechanism howhMSH2 is involved in the 
complex response mechanisms to DNA damage induced by UV or other agents are not completely 
clear. It was su^ested that the mismatch repair system is an initial step of the damage signaling 
and repair cascade.̂ ^̂  AdditionaUy, increasing evidence indicate an important function of MSH2 
for other pathways that are of importance for UV-induced melanomagenesis, including ceU cycle 
regulation and modulating the apoptotic response of ceUs foUowing UV-exposure.^^ As oudined 
above, the mechanisms by which MSH2 contributes to repair of UV-B-induced DNA damage are 
not completely understood. It has been hypothesized that MMR may indirectly facilitate removal 
of UV-induced adducts through ceU cycle arrest,̂ ^̂ ^̂ ^ thus suppressing mutagenesis. It has been 
demonstrated that MSH2 modulates UV-B-induced ceU cycle progression in melanoma cells. 
Additionally, it has been reported that in melanoma ceUs, MSH2 modulates the post-UV pro-
tective ceUular response of UV-B-induced apoptosis. These results were in contrast to findings in 
MSH2-nuU primary mouse embryonic fibroblasts where deletion of MSH2 resulted in significandy 
reduced sensitivity to UV-B-induced apoptosis as compared to wild-type control ceUs and it has 
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been concluded that the apoptosis-inducing effect of MSH2 is uncoupled in melanoma cells and 
that this mechanism may be of importance for the UV-induced melanomagenesis. 

MMRhas been shown to facilitate cell cycle arrest in the G2—M transition in response to DNA 
damage.̂ °̂ '̂ ^̂  Therefore, depending on the type of DNA damage, loss of MMR may result in loss 
of cell cycle control and/or resistance to apoptosis, both of which promote neoplastic transforma-
tion. The ability of MMR to contribute to the postreplicative repair of single base mismatches and 
loops, to contribute to the removal of some endogenous and exogenous DNA lesions, as well as to 
influence cell cycle arrest and apoptosis in response to some exogenous DNA damage illustrates 
the versatiUty of MMR for the maintenance of genomic integrity. 

We have analyzed previously the immunohistochemical staining pattern of hMSH2 in ma-
lignant melanoma, demonstrating increased immunoreactivity for MSH2 in primary cutaneous 
maUgnant melanomas and metastases as compared to acquired melanocytic nevi.̂ ^̂  Additionally, 
it has been reported that MSH2 RNA levels are increased in primary cutaneous maUgnant mela-
nomas and metastases as compared to acquired melanocytic nevi. Consistent with these findings, 
increased MSH2 RNA levels were found in melanoma cell lines as compared to cultured normal 
melanocytes. Additionally, it has been demonstrated that MSH2 RNA levels in melanoma cell 
lines are modulated following UV-B-treatment.̂ ^^ The complex mechanisms that are involved in 
the regulation of MSH2 gene expression in mammalian cells are only beginning to be elucidated. 
Recendy, the hMSH2 gene has been identified as a possible novel p53 regulated target gene, 
indicating a direct involvement of p53 in repair mechanisms via DNA-binding of a mismatch 
repair gene. 

Conclusions 
Sunlight-induced DNA damage and its repair are of high importance for skin cancer de-

velopment and its defense. UVB is significandy more powerful to induce non melanoma skin 
cancer than UVA. The unique role of NER to avoid melanocytic and nonmelanocytic tumors is 
graphically illustrated by the rare genetic disorder XP. An interesting new perspective in DNA 
damage and repair research, as recent publications suggest, lies in the participation of MMR in 
DNA photodamage correction; however, its clear function in DNA repair pathways and in skin 
carcinogenesis has to be elucidated in further investigations. 

UVB radiation is the predominant carcinogen responsible for the induction of SCC, xero-
derma pigmentosum related BCC and to a lower degree of sporadic BCC. Epidemiological and 
experimental data obviously demonstrate that cumulative UVB radiation is the main carcinogenic 
factor in AK and SCC. In BCC, the pathogenic role of UV is not that transparent and it seems 
that intensive sun expositions in childhood contribute to an elevated BCC risk. UV-specific muta-
tions in the p53 tumor suppressor gene are the common and pathogenically important event in 
AK and SCC. Mutations in Hedgehog related genes, especially PTCH1, which are only partially 
UV-specific, represent the most significant pathogenic event in BCC. 

Solar UV-exposure is widely regarded as the critical environmental risk factor for cutaneous 
malignant melanoma. Although great efforts are being made in understanding the underlying 
genetic basis of melanoma, fundamental questions concerning UV radiation and the mechanisms 
by which it induces DNA damage and interacts with the DNA repair machinery remain unre-
solved, compromising efforts to develop effective sun protection strategies and antimelanoma 
therapy. These circumstances have been fueled, at least in part, by the lack of a suitable genetically 
tractable, UV-dependent animal model for human melanoma. During the last decades, a number 
of animal melanoma models have been described, however, the histopathological appearance and 
graded progression of the arising melanocytic malignancies are, for most animal models, distinct 
from human melanoma. 

Recendy, in vitro and in vivo laboratory investigations have shown that the DNA repair 
machinery modulates in melanoma cells UV-B-induced DNA repair, cell cycle progression and 
apoptosis. These findings point at an important role of the DNA repair machinery for pathogenesis, 
progression and therapy of malignant melanoma. 
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CHAPTER 14 

Role of Viruses in the Development of 
Squamous Cell Cancer and Melanoma 
UlrichR.Hengge* 

Abstract 

In this chapter, the evidence for the role of human papillomavirus (HPV) in the pathogenesis 
of squamous cell cancer of the skin will be reviewed. Considerable dispute exists questioning 
the etiological role of HPV. This is due to the low copy number of HPV DNA in skin cancers 

and additional cofactors such as UV exposure, immunosuppression, light skin color and hyperpro-
liferative skin disease as well as the genetic background of the host. These additional cofactors are 
probably required because of the weak transforming activity of cutaneous HPV types in contrast 
to high-risk genital HPV strains. 

On a different note, the involvement of viruses in the etiology of melanoma has only recently 
been su^ested. Melanoma-associated retrovirus (MelARV) has been detected in mice and men 
and was shown to subvert immunosurveillance besides insertional mutagenesis. The state of the 
art of viral participation in melanomagenesis will be discussed. 
Nonmelanoma Skin Cancer 

Nonmelanoma skin cancer (NMSC) is the most common cancer of men. Of all NMSC, basal 
cell carcinoma (BCC) and squamous cell carcinoma (SCC) represent the two most common his-
tological types. Large population-based epidemiologic studies have identified several risk factors 
such as exposure to UV radiation, skin color and host immune status for the occurrence of skin 
cancer. The involvement of HPV in human SCC has been first recognized in patients with a rare 
hereditary disease, called epidermodysplasia verruciformis (EV). This disease is characterized by 
disseminated, persistent, flat warts and reddish-brown macules or plaques. Individuals affected by 
EV have a selective immune deficiency in recognizing HPV epitopes of HPV-4 and -7 that cause 
skin lesions in EV.̂  In addition, HPV types 5 and 8 are also involved. In EV skin lesions, high HPV 
copy numbers have been demonstrated within a few carcinoma cells by in situ hybridization. When 
these findings were applied to NMSC in immunocompetent patients, sensitive techniques such as 
nested polymerase chain reaction have identified HPV DNA in many NMSC lesions. 

Role of the Immune System in HPV Carriers 
Collectively, in immunosuppressed patients, up to 90% of SCC lesions contain viral DNA. In 

these individuals, multiple different HPV types, mostly belonging to the EV-associated genus, have 
been detected; several HPV types may also exist within the same lesion. In general, the HPV load 
in lesions from immunosuppressed patients generally tends to be higher than in lesions firom the 
general population. Moreover, the lag period from infection through latency to the development 
of cancer is considerably shorter (2-5 years instead of 15-20 years). 
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In contrast, in immunocompetent individuals no single HPV type has been found to 
predominate in skin cancers and there has also been no evidence for high-risk types in contrast to 
the occurrence of high-risk type analogues in EV or cervical cancer.̂ "̂  

Problems in Detection of HPV in Lesional and Normal Skin 
Part of the divergent results reported in the Uterature are attributable to differences in the 

sensitivity of the detection techniques used.̂ "̂  In these experiments using various PCR protocols, 
many new HPV DNA sequences have been identified. Collectively, these novel sequences belong 
to the supergroup B (cutaneous EV/HP V) of the phylogenetic tree of HP V. Another compUcating 
fact is the finding that HPV DNA is fi-equently detected in healthy skin specimens or in plucked 
hairs firom healthy individuals in up to 80% of analyzed samples/'̂  In addition, HPV was detected 
more firequendy in specimens firom the forehead than fi*om the arms or thighs, probably being the 
result of local photoimmunosuppression due to sunlight exposure, resulting in higher production 
of HP V. However, the detection of viral DNA in skin swabs or skin biopsies may also reflect surface 
contamination rather than estabUshed infection, unless detection is supported by the demonstra-
tion of viral gene expression within the epithelium or by seroconversion. 

Detection of HPV in SCC and Its Precursor Lesions 
Different cutaneous HPV types have been found using hybridization and PCR-based tech-

niques.̂ '̂ ^ Carcinogenesis ofNMSC is thought to occur firom individual lesions e.g., actinic keratosis 
(AK) or in situ carcinoma (M. Bowen), that ultimately may progress to SCC. For comparison, 
for the development of BCC no such precursor lesions have been described. Several studies have 
analyzed HPV DNA in AK and NMSC. In one of the first studies by de ViUier et al, HPV DNA 
was found in 65% of AKs, 91% of in situ SCC and 91% of invasive SCC, respectively.̂  

In another trial, HPV detection was associated with the presence of AK (odds ratio: 24.8; 95% 
CI = 2.3-262.6).̂ ^ A study fi-om Australia reported that HPV-38 was found significandy more 
ofiien in AKs than in SCC.̂ ^ In this study, a variety of 45 different HPV types was detected in a 
total of 59 Australian patients with BCC, SCC and AKs. Various HPV types of the B1 group (EV 
HPV types) were found in 26 of 64 (40%) of the lesions (BCC, SCC and AKs), 44 of 64 (69%) of 
perilesional swabs and 35 of 59 (59%) buttock swabs, respectively.̂ ^ Similar studies detected HPV 
DNA in 80% of AK, 46% of SCC and 54% of BCC, respectively.̂ ^ Perilesional skin was positive 
in 68%.̂ ^ Viral load in SCC, BCC and perilesional tissue was similar. Interestingly, viral loads 
found in AK were significandy higher than in SCC.̂ ^ The authors concluded that the persistence 
of HPV is not necessary for the maintenance of the malignant phenotype of individual NMSC 
cells, suggesting a carcinogenic role of HPV in the early steps of tumor development.̂ ^ 

Another recent study determined HPV DNA positivity (analyzed in plucked eyebrow hairs) 
in G7 of 126 (53%) of AK and 28 of 64 SCC (44%) as well as from 23 of 57 (40%) of tumor-free 
controls.̂ "̂  Interestingly, significant positive associations were observed for overall HPV LI sero-
positivity with increasing severity of the lesions accounting for 13, 26 and 37% in controls, AK 
and SCC patients, respectively.̂ "̂  In contrast, antibodies to E6 tended to decline with AK and 
SCC, especially for HPV-8 (21%, 11% and 2%, respectively). Generally, there was a positive trend 
between overall HPV DNA positivity and LI seropositivity, but not E6 seropositivity. 

As a major criticism of these studies, HPV DNA was found to be widespread in normal adult 
skin in 20 of 57 (35%).̂ ^ Another study by the same authors reported that 58 of 67 (87%) renal 
transplant recipients harbored HPV DNA in normal skin firom sun-exposed and non-exposed 
sites.̂ ^ The authors found a significant association between NMSC and the presence of EV HPV 
DNA (odds ratio: 6.41 (95% CI: 1.79-22.9). There was no association of HPV DNA from 
cutaneous or mucosal types and NMSC.̂ ^ In general, there was no difference between the HPV 
detection in normal appearing skin as compared with NMSC in transplant patients. Only in 
immunocompetent patients, there was an increased HPV detection in NMSC as compared with 
normal skin of the same individual.̂ ^ 
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In addition, the correlation of pl6 and pRb expression with HPV detection was described in 
Bowens disease in 28 of 32 (88%) of cases.̂ ^ Fifteen percent of analyzed cases contained HPV 
DNA. Most cases of Bowens disease were found to express pi 6, but not pRb. It has been hypoth-
esized that p 16 overexpression in Bowens disease may reflect destruction of the G1/S checkpoint, 
resulting in unregulated cell cycle progression.̂ ^ In contrast to these findings, an earlier study has 
failed to demonstrate HPV involvement in Bowens disease.̂ ^ 

NMSC in Organ Transplant Recipients 
The incidence of NMSCs is increased in organ transplant patients as has been demonstrated in 

several reports. One larger recent single-center study reported that transplant patients were about 
15 years younger at time of NMSC diagnosis compared to immunocompetent individuals.̂ ^ In 
addition, tumors in transplant patients often occurred as multiple lesions and in localizations 
aside from the head. The outcome of transplant SCCs, but not transplant BCCs was worse than 
in the normal immunocompetent control population.̂ ^ Unfortunately, HPVgenotyping was not 
performed in this study. 

Another study from the United Kingdom by Harwood et al reported detectable HPV DNA in 
37 of 44(84.1%) s e c , 18of24(75%)BCCand 15of 17(88.2%) AKsf^omimmunosuppressed 
patients with 27% being detectable in SCC, 36% in BCC and 54% in AKs in the immunocompetent 
group, respectively.̂  EV HPV types prevailed in all types of lesions from both groups of patients. 
Moreover, in immunosuppressed individuals cutaneous HPV types could also be identified at 
high frequency as well as codetection of multiple HPV types within single lesions. This rate of 
HPV DNA detection is in agreement with earlier findings, where HPV DNA was found in 65% 
of AKs, 91% of in situ SCC and 91% of invasive SCC.^ Furthermore, the same set of EV HPV 
types was detected in malignant lesions. 

Detection of HPV-Specific Antibodies 
As antibodies to HPV may be detected in more than 50% of serum from children up to 6 years 

of age, acquisition of HPV may occur very early in life.̂ '̂̂ ° The evidence from seroepidemiologic 
studies that try to link HPV infections with the occurrence of cutaneous tumors is rather weak.̂ ^ 
In one of the most convincing studies, the presence of antibodies against HP V-8 viral-like particles 
(VLP) was associated with large numbers of actinic keratoses after adjusting for gender, age, hair 
color and sun exposure, showing an odds ratio of 2.3 (95% CI = 1.0-5.3) and with the develop-
ment of SCC (odds ratio of 3.1 (95% CI = 0.74-13.3).'^ 

In a case control study from ItaUa including 46 patients with cutaneous SCC and 84 matched 
control subjects, infection with EV HPV types was assessed by serology.̂ ^ Positive serologic find-
ings for HPV type 8 were associated with SCC in immunocompetent individuals (odds ratio: 3.2; 
95% CI: 1.3-7.9), independent of other risk factors, whereas positive serology for HPV type-15 
was negatively associated with SCC.̂ ^ 

Potential Mechanisms of HPV in Skin Carcinogenesis 
In vitro studies have shown a rather weak transforming potential of cutaneous HPV̂ *̂̂ "̂  The 

E6 gene of EV-HPV seems to be the most powerful oncogene in rodent cells, leading to altered 
morphology and anchorage-independent growth; however, tumorigenicity has not been observed 
in nude mice. The E6 proteins of high-risk HPV-16 and -18 are known to bind cellular p53 and 
to promote its proteolytic degradation.̂ ^ In addition, E6 proteins of cutaneous HPV types have 
been demonstrated to reduce the level of the proapoptotic cellular Bak protein independent of 
p53 function, thereby inhibiting UVB-induced apoptosis.̂ ^ 

The E7 gene of HPV type-5/-8 was also able to transform rodent cells in collaboration with 
an activated H-Ras gene.̂ ^ In addition, the E7 proteins of high-risk HPV types interact with the 
retinoblastoma protein (pRb) .^ With regard to activation of the transcription of HP V genes upon 
exposure to UV irradiation, an UV-inducible p53-responsive element has been found in HPV-77 
that was isolated from a SCC of a transplant patient.̂ ^ 
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It should also be noted that potential unmunomodulatory functions of E6 and E7 proteins 
may impair the immunologic elimination of cancer cells.^ In particular, the secretion of anti-in-
flammatory cytokines from HPV-positive cells could protect the tumor from the action of the 
host immune system. 

However, a set of experimental data argues against a general role of HPV in skin carcinogenesis 
(Table 1). First, there were no high-risk HPV types within supergroup B in maUgnant tumors and 
second, the low copy number of HP V DNA in skin cancers with only a minority of the tumor cells 
containing HPV DNA. In addition, there is no experimental proof that HPV DNA and HPV 
viral activities are acquired for maintaining the maUgnant phenotype. Therefore, the implication 
of cutaneous HPV may possibly be important for tumor initiation and progression ("hit-and-run" 
mechanism of carcinogenesis). 

Future Studies 
In order to gain more insight into the pathogenetic role of HPV in cutaneous tumors, lon-

gitudinal studies of the natural course of cutaneous HPV infections are urgendy needed. These 
studies would have to determine the persistence and the activity of individual HPV types during 
the year-long process of skin carcinogenesis. Towards this goal, carefully designed case-control 
studies assessing type-specific humoral immune responses should be assessed over time making 
use of recombinant viral particles against HPV early antigens. These physiologic responses of the 
human body bear a higher potential to give the necessary information than the mere detection of 
HPV DNA with increasingly sensitive techniques. In addition, carefril attention should be placed 
on additional activators and risk factors of HPV transcription and replication. 

In addition, exact molecular tools to quantify HPV load and replication are required. HPV 
viral load quantification is particularly important as most individuals have been infected with 
various HPV types in childhood and early adulthood. 

Role of Retroviruses in Melanomagenesis 
In the 1980ies, it has been observed that p 16 melanomas derived from C57BL/6 mice express 

a melanoma-associated antigen (MAA) that is recognized by a particular monoclonal antibody 
(MM2-9B6).̂ ^ Interestingly, this antibody was highly efficient in eradicating lung and livermetas-
tases of C57BL/6 melanomas.^ Further immunoelectron microscopy studies have revealed that 
MM A is closely associated with the surface coat of C-type retroviral particles.̂ ^ More specifically. 

Table 1. Role of HPV In squamous cell carcinoma of the skin 

Pros 

• Clinical studies have detected HPV in a substantial fraction of actinic keratoses and SCC in 
individuals who were also at risk for UV exposure, light skin color and immunosuppression 

• Transforming potential of cutaneous HPV has been demonstrated in vitro 
• Immunomodulatory functions of E6 and E7 proteins may impair the immunologic elimination 

of cancer cells 

Cons 

• No single HPV type has been found to predominate in skin cancers 
• No evidence of high-risk HPV in immunocompetent patients with SCC 
• Low copy number of HPV DNA 
• Highly sensitive techniques detect HPV in lesional and nonlesional skin at similar frequency 

(contamination vs. infection) 
• No experimental proof that HPV DNA and HPV viral activities are acquired for maintaining 

the malignant phenotype 
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the MMA is encoded by the env gene of this ecotropic retrovirus.̂ ^ Southern blot analysis has sug-
gested that C57BL/6 melanoma cells contain at least four copies of ecotropic retroviruses inserted 
into different sites of the melanoma genome.̂ ^ One of these proviruses encoded the endogenous 
N-tropic/ecotropic retrovirus Emv-2 that is replication defective.̂ ^ The other ecotropic retrovi-
ruses are novel species that have emerged in melanoma cells during malignant transformation or 
tumor progression. 

In addition, C-type retroviruses have also been found in Cloudman S91 melanoma, which 
originated in DBA/2 mice and in K1735 melanoma of C3H mice.̂ ^ Consequently, the gene 
products of these recombinant retroviruses that have emerged in melanomas from DBA/2 and 
C3H mice are not recognized by the MM2-9B6 monoclonal antibody. 

Random Insertion of Retroviruses 
C-type retroviruses do not contain oncogenes and may therefore induce malignant transfor-

mation only due to insertion into the genome such as has been observed in clinical trials of severe 
combined immune deficiency syndrome.̂ ^ The insertion site affects the function of various onco-
genes or genes involved in the regulation of the cell cycle and ultimately leads to proliferation. 

The presence of C-type retroviruses that were initially discovered in murine leukemias raises the 
question of whether this melanoma-associated retrovirus (MelARV) was activated as a by-product 
of mahgnant transformation or whether it played an active role in melanoma formation. Towards 
this end, the B16 melanoma-derived ecotropic retrovirus MelARV was shown to infect and induce 
malignant transformation of cultured normal melanocytes.^ Interestingly, the retroviral insertion 
sites observed in the immortaUzed cells was found to occur on chromosome 8 within the c-maf 
proto-oncogene, which encodes a leucine zipper transcription factor related to the AP-1 family 
that is able to interact with Fos and Jun.̂ '̂̂ ^ 

Characterization of Melanoma-Associated Retrovirus (MelARV) 
Cloning and sequencing of the full-length MelARV genome and its insertion sites has revealed 

a typical full-length retroviral genome with a high degree of homology (98.5%) to Emv-2.̂ ^ It is 
probable that MelARV has emerged as a result of recombination within Emv-2 and an endogenous 
non-ecotropic provirus. The observed differences in the gag and pol regions of MelARV may ac-
count for the restoration of productivity and infectivity of a novel retrovirus that has somatically 
emerged during melanoma formation. MelARV by itself does not contain any oncogenes. 

Human Melanoma also Contains Retroviral DNA Sequences 
Endogenous retroviral sequences occur in up to 1-2% of the human genome. In human mela-

noma, the production of retrovirus-like particles that exhibit reverse transcriptase activity has 
been detected.̂ ^ In addition, these melanoma cells were shown to package sequences homologous 
to human endogenous retrovirus K (HERV-K) and contain mature forms of the gag and env 
proteins.̂ ^ 

HERV-K is the only known human endogenous retrovirus with open reading frames for the 
structural enzymes gag, pol and env.̂ '̂̂ ^ In addition, HERV-K also encodes a nuclear RNA export 
factor called rec, a functional homologue of the HIV-1 Rev protein.̂ ^ While the expression of 
HERVs is usually repressed, exogenous factors such as UV radiation, chemicals, related exogenous 
retroviruses as well as hormones and cytokines may aaivate repressed HERVs. Although full-length 
mRNA expression is detectable in many tissues, protein expression as well as particle production 
has been demonstrated only in cell lines established from human teratocarcinoma.̂ '̂̂ ^ In a recent 
trial, HERV-K protein expression was detected in 9 of 9 primary melanomas, in 9 of 9 lymph 
node metastases and in 3 of 3 cutaneous metastases, while it was only detected in 1 of 25 nevi.^ 
From these data, it was concluded that expression of retroviral genes and production of retroviral 
particles were activated during development of melanoma. While these data of detectable retroviral 
sequences and particles in melanoma cells do not prove their pathogenic role, the question needs 
to be answered, whether the retroviruses are activated as a by-product of malignant transformation 
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or whether they play an active role in melanoma formation or progression. So far, the detected 
HERV-K-like viruses were not able to infect normal cultured melanocytes, even under additional 
UV exposure. Even if melanocytes are nonpermissive for the melanoma-associated viruses, they may 
have retained important features of replicating retroviruses. Along these lines, de novo insertion 
by retrotransposition has the same pathogenic impact as insertion by infection, either by loss of 
function (tumor suppressor genes) or by gain of function (activating oncogenes) mutations. 

So far, no infectious HERV-K has been detected, probably due to the lack of env processing, 
a prerequisite for viral entry into host cells."̂ ^ A recent study suggested that retroviruses associ-
ated with melanoma express HERV-K antigens that are targets for cytolytic T-lymphocytes in 
melanoma patients."̂ ^ 

Another study assessed the expression of HERV-K using sets of primers that were able to 
discriminate between full-length and spliced mRNA and mRNA from deleted and undeleted 
proviruses."̂ ^ Expression of fiill-length mRNA from deleted and undeleted proviruses was detected 
in all human cells investigated. Expression of spliced env and rec was detected in 45% of the meta-
static melanoma biopsies and in 44% of the melanoma cell lines."̂ ^ In addition, viral proteins were 
expressed in primary melanomas, metastases and melanoma cell lines by immunohistochemistry 
and Western blot analysis.̂ ^ Moreover, 22% (13 of 60) of melanoma patients' sera contained 
antibodies against the recombinant HERV-K transmembrane envelope protein. 

This rather low detection rate is in contrast to the report by Muster et al̂ ^ Along the same lines, 
HERV-K-specific antibodies against rec and Mp9 were detected in sera of melanoma patients in 
14% for rec, but in 0% against Mp9.'̂ ''̂ ^ Of note, the generation of HERV-K-specific antibodies 
indicates the lack of tolerance to this retrovirus and also su^ests that expression during onco-
genesis does not occur. 

As an alternative scenario, the transmembrane envelope protein contains an immunosuppres-
sive domain that inhibits lymphocyte proliferation and modulates cytokine production."^ Thus, 
transcription from this endogenous retrovirus during melanoma development/progression will 
impair the host immune response. However, there are no data that describe an obvious difference 
in the course of the disease between patients with melanomas that express HERV-K with those 
that do not. Also, there was no correlation with age, gender, tumor thickness or tumor stage with 
the expression of sphced HERV-K mRNA.'̂ ^The role of endogenous retroviruses suppressing the 
host immune response was further supported by a recent report describing that inactivation of 
endogenous MelARV by RNA interference led to rejection of B16 melanoma cells in immuno-
competent mice that usually grow to lethal tumors."̂ ^ In this model, the transformed phenotype 
of tumor cells was not altered by RNA-mediated knockdown as shown by in vivo studies using 
immunocompromised mice."̂ ^ The authors described that tumor rejection could be reverted upon 
adoptive transfer of regulatory T-cells from control melanoma-engrafted mice, as well as from 
reexpression of the unique transmembrane envelope gene of MelARV."̂ ^ Therefore, it is tempting 
to speculate that MelARV is directly responsible for the induction of regulatory T-cells that will 
permit tumor progression.̂ "̂̂ ^ The immunodominant epitope was recendy identified within the 
N-protein of MelARV^^ Such an epitope may in the future be useful for diagnosis and in particular 
immunotherapy of melanoma. 
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CHAPTER 15 

Melanoma and Nonmelanoma 
Skin Cancers and the Immune System 
Diana Santo Domingo and Elma D. Baron'*' 

Introduction 

Aconnection between tumorigenesis and the immune system has been known to exist since 
the late 1960s. Two pioneers in this concept were Lewis Thomas and E Macfarlane Burnett. 
In 1967 Burnett introduced the concept of immunosurveillance.̂  This idea is based on the 

concept that an intact immune system actively recognizes and rids the body of tumor cells.̂ '̂  This 
concept raises several questions. If the body is indeed able to eUminate transformed cells, why do 
some survive, proliferate and even metastisize ? Does neoplastic growth result from a breakdown 
on the part of the immune system or a coup on the part of the tumor cells? What circumstances 
lead to spontaneous regression vs. metastatic malignancy? Furthermore, if tumor cells originate 
from cells that were previously seen as "self" what is the significance of autoimmunity and regula-
tion of these "surveillance" mechanisms? 

Knowledge of the relationship between immunology and cancer has evolved and developed 
through several stages continually increasingly in complexity. Current thinking favors tumor 
survival when tumor cells are able to shift: the chemical signaling milieu towards an environment 
supporting immunologic tolerance.̂  

Compelling evidence for the overlap of immunology and oncology has been supported by the 
fact that transplant recipients are known to have an increased risk for developing cancers, especially 
squamous cell and basal cell carcinomas of the skin. In immune competent individuals, it has been 
more difficult to demonstrate mechanisms of immune surveillance.̂  In addition, the fact that tumor 
cells can originate from self makes tolerance to self antigens an obstacle to complete antitumor 
activity.̂  Over the last two decades advances in methods of experimentation and the rapid surge in 
developing therapies have revealed the complex and dynamic role played by the immune system in 
tumorigenesis, tumor survival and tumor proliferation. This chapter will review what is currently 
known about the immune system and melanoma and nonmelanoma skin cancers. 

Epidemiology 

Skin Cancer in the General Population 
Skin cancer is the most common cancer in the United States effecting approximately one million 

Americans a year.̂  It is estimated that almost fifty thousand melanoma in situ will be diagnosed in 
2006.^ In immune competent individuals basal cell carcinoma is the most common non melanoma 
skin cancer with a ratio of BCC to SCC of approximately 4-5:17 
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Skin Cancer in Organ Transplant Recipients 
Skin cancer is the most common cancer to develop in organ transplant patients who are on 

immune suppressive therapy.̂  Interestingly, organ transplant recipients have an inverse ratio of 
BCC to s e c (1.2-1.5:1).^ Melanomas in renal transplant recipients have been reported to occur 
approximately eight times the rate of the general population. ̂ ° Additionally, the skin cancers seen 
in organ transplant recipients are more aggressive and more rapidly metastasize than those found 
in the non-immune suppressed poptdation.̂ *̂ ^ The risk of developing skin cancer correlates with 
the degree of immune suppression. For example, cardiac transplant recipients who are on higher 
levels of inmiunosuppressive drugs to prevent rejection are most susceptible to developing skin 
cancer, relative to other organ transplant recipients who receive lower doses of immunosuppres-
sives.̂ ^ Similarly, rates of skin cancer in transplant patients decrease when the immunosuppressive 
regimen is concurrently decreased.̂  Increased UV exposure remains a contributing factor in this 
population.̂ ^ The relationship between immune suppression and UV radiation will be discussed 
in more detail later in the chapter. 

It is believed by some that the high incidence of SCC in transplant patients cannot be adequately 
explained by immune suppression alone or by secondary oncogenic infections. The idea has been 
raised that indiscriminant immune suppression alone may not be responsible for transplant 
patients' susceptibility for skin cancers, but in fact, the immunosuppressive agent itself may have 
direct causative effects. Cyclosporin and tacroUmus in particular have been imphcated in this 
increased cancer risk.̂ ^ Systemic administration of calcineurin inhibitors has been implicated in 
skin cancer susceptibiUty by preventing the dephosphorylation of NFAT, a transcription factor 
necessary for DNA repair and Bcl2a agonist of cell death (BAD). Calcineurin inhibtors also sup-
press cytochrome C release and therefore prevent apoptosis.̂ ^ Azathioprine and the thiopurines 
have also been named as contributors to skin carcinogenesis. When exposed to UVA, azathioprine 
generates reactive oxygen species which cause oxidative stress and DNA damage events known to be 
a leading cause of carcinogenesis.̂ ^ These insights point to a mechanism of immune-manipulation 
rather than just suppression occurring to offset the delicate homeostasis of healthy skin and favor 
development of skin neoplasms. 

Skin Cancer in Other Immune Suppressed Individuals 
Patients infected with human immunodeficiency virus (HIV) do not show the same predilec-

tion for squamous and basal cell carcinomas seen in soUd organ transplant patients. However 
these patients are susceptible to other pathogens such as human herpesvirus 8 and human papil-
loma virus. These patients frequendy develop common warts and Kaposi's sarcoma. Interestingly, 
viral warts have been implicated as a risk factor for NMSC in transplant recipients.̂ ^ While it is 
unclear as to what extent these HPV infections in HIV patients do translate into frank NMSCs, 
an association is not unreasonable. HIV infected individuals do have a higher incidence of BCC 
than the immune competent population.̂ ^ Furthermore, it is known that when these patients 
develop SCC and melanoma, the course of their disease is more aggressive than that of an immune 
competent individuals^ 

UV Light and Immune Suppression 
UV from solar radiation is the major environmental influence in the pathogenesis of both mela-

noma and non melanoma skin cancer. Chronic UV exposure is the main risk faaor for development 
of squamous cell and basal cell carcinoma.̂ '̂̂ ^ Although melanoma pathogenesis is less understood, 
it has been postulated that intermittent intense UV exposure is a risk factor for its development. 
One way UV light directly promotes tumorigenesis is through DNA damage.̂ ^ DNA absorbs 
UVB which causes formation of cyclopyrimidine dimers and other photoproducts, which if left 
unrepaired can result in mutagenesis.̂ ^ UVA may also have consequences on DNA via oxidative 
pathways resulting in the production of modified bases such as 8-hydroxy-2'deoxyguanosine or 
OHdC.̂ ^̂ ^ Interestingly, UV-induced DNA damage has been shown to result in upregulation of 
cytokines with immunosuppressive fimction.̂ '̂̂ ^ 



Melanoma and Nonmelanoma Skin Cancers and the Immune System 189 

It has been found that over 90% of patients with nonmelanoma skin cancer exhibited depressed 
immune response or required increased hapten to initiate an immune response in the form of 
decreased contact hypersensitivity response to cutaneous antigens.̂ -̂̂ ^ These results indicate that 
maintenance of immune responses is essential in preventing tumor growth. There are several 
mechanisms by which UV radiation induces inmiunosuppressive effects on the skin. One is through 
release of immunosuppressive cytokines.̂ *̂̂ ^ When stimulated by UV radiation, dermal neutrophils 
secrete 11-4 and IL-10.̂ ° These cytokines induce tumor associated macrophages (TAMS) to an M2 
tumor favorable state.̂ ^ These M2 TAMS promote tumor progression which will be discussed later. 
Keratinocytes receive a significant portion of UV radiation. In response to this direct stimulation 
they release IL-1 and TNF alpha.̂ ^Another mode of immune suppression is achieved by induction 
of T-lymphocytes into apoptosis.̂ '̂̂ "̂  Still another mechanism involves Langerhans cells' presenta-
tion of antigens upon UV exposure, which can activate suppressor T-cells.̂ '̂ ^ 

UV radiation suppresses Langerhans cell function and numbers. It does so by affecting their 
morphology and ATP-ase activity.̂ '̂̂  In vitro studies show that low doses of UVB inhibit the 
capacity of Langerhans cells to produce Thl but not Th2 type cytokines and in this way UVB 
disrupts the cytokine milieu towards a Th2response.̂ ^ In vitro UV exposed CD4^ T-cells produce 
decreased amounts of IFN ganmia and IL2, as well as increased amounts of IL-4 and 5.̂ ^ A link 
between UV mediated DNA damage and Fas/fasL has been described, indicating that when DNA 
damaged cyclobutane pyrimidine dimers are presented to CD4^ T-cells, there is down regulation 
of responding Fas+ T-cells and up regulation of FasL leading to T-cell apoptosis.̂ ^ 

In the stratum corneum, urocanic acid (UCA) absorbs UV light and undergoes isomeriza-
tion from trans to cis forms. The cis but not trans form has been shown in vitro and in vivo to be 
one factor responsible for UV induced immune suppression through impairment of the antigen 
presenting abiUty of dendritic cells.̂ ^ Murine studies have shown a relationship between dermal 
mast cells and more specifically mast cell derived histamine and the extent of immune suppression 
induced by UV light.̂ '̂̂ M cell degranulation is a response to the isomerization of trans UCA 
to cis UCA."̂ ^ The same link between mast cells, histamine and decreased immune response is 
hypothesized to exist in human skin.'̂ ^ Keratinocytes perpetuate increased dermal mast cells 
when activated by UV radiation. They do this through the release of IL-1 and IL-10, which are 
chemotactic for mast cell migration."̂ "̂̂  This relationship between immune suppression and mast 
cell degranulation provides some explanation for the correlation between a high concentration of 
dermal mast cells and risk for basal cell carcinoma.̂ ^ 

UV radiation is particularly dangerous because it acts as both a tumor initiator and promoter.^ 
Overall, UV radiation suppresses both the initiation of immunity (Langerhans cells) as well as 
long term immunological memory (T-cells). T-cell damage produces what is known as tolerance 
induction."̂ ^ It unclear whether primary or secondary inmiune responses are more vital to a tumor 
cell s escape from the body's surveillance mechanism."̂ ^ What is known, is that UV Ught is an im-
mune suppressor with a significant and multi-faceted role in carcinogenesis. 

Role of the Immune System 
The ability of tumor cells to escape detection firom the immune system is known as "tumor 

immune escape"."* The immune system is traditionally divided into two parts—innate and adaptive. 
Each part has a distinct function. Innate immunity is mainly responsible for responses that are con-
sidered non specific and immediate, such as fighting bacterial and viral pathogens.̂ ^ Alternatively, 
adaptive immunity is more specific, involving B and T-cells that become activated afiier contact 
with unique antigens.̂ ^ The role of B-cells in tumor immunity is still unclear. Recent evidence 
supports that they may have a role in recruiting mast cells to tumor stroma, but the impUcations 
are still unclear. It has been proposed that B-cells play a role in lymphogenesis and metastasis of 
melanoma cells.̂ ^ 

Adaptive immunity was previously thought to be the major contributor to tumor surveillance via 
T-cells and their receptors. The role of antigen presenting cells and innate immunity was considered 
minor. It is now believed that both components may be equally vital. Other key factors include 
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a complex play of costimulatory molecules, ligands and cytokines that bring together innate and 
adaptive elements. This section outlines some of the key elements of both adaptive and innate 
immunity and ways in which skin tumor cells manipulate protective functions to circumvent 
elimination and survive. 

Inflammation 
Acute inflammation causes a cascade of linked events including cytokine proliferation and 

cell migration. Similarities between wound repair and tumor development are evident. Both 
are strongly governed by inflammatory cells. During an inflammatory response in wound repair, 
platelets, neutrophils and mast cells participate by releasing many of the same growth factors and 
protineases released by tumor cells to initiate angiogenesis and re-epitheUaUzation. However, these 
signals usually resolve upon re-epitelialization. On the other hand, in tumor tissue the response is 
chronic and persistent thereby promoting undesirable effects of growth and invasion.̂ ^ 

Areas of chronic inflammation have been known since the mid nineteenth century to be com-
mon sites for many epitheUal cancers.̂ ^ It is now known that inflammation could be serve as a 
tumor promoting microenvironment.. 

In the lab several inflammatory chemicals such as 12-O-tetra-decanoylphrobol 13 acetate (TPA) 
and 7,12-dimethylbenzanthracene (DMBA) are applied to the skin of mice to produce epitheUal 
tumors. In fact, most experimentally used tumor promoters also initiate some inflammatory re-
sponse.̂ ^ Clinical evidence linking chronic inflammation to skin cancer is evidenced by Marjolin s 
ulcer̂ ^ and an association with SCC development in non healing wounds and inflammatory 
disorders such as discoid lupus, osteomyelitis, perineal inflammatory disease and epidermolysis 
buUosa.̂ ^ Moreover healed wounds with scar tissue are more susceptible to development of SCC 
and BCC. Interestingly, a transient inflammatory stage was observed during the transformation 
of actinic keratoses to SCC.̂ ^ 

Cells of Innate Immunity 

Macrophages 
Inflammatory chemokines act on undifferentiated monocytes to generate tumor infiltrating 

macrophages and dendritic cells.̂ ^ Activated macrophages are subdivided into two main groups. 
Ml macrophages are capable of inducing nitric oxide synthase, interleukin-12 and tumor necrosis 
factor (TNF). M2 macrophages produce arginase, IL-10, transforming growth factor beta (TGF 
beta) and prostaglandin E2 (PGE2). With their respective cytokine repertoire. Ml macrophages 
promote tumor elimination while M2 macrophages promote angiogenesis and tissue remodeling. 
M2 macrophages contribute to a tumor permissive environment by restricting the Type 1 response 
and secreting IL-10. This action perpetuates an M2 state.̂ ^ Their secretion of pro-inflammatory 
cytokines also perpetuates an inflammatory state.̂ ^ Type I macrophages and antibodies to IL-10 
were shown to produce a rapid regression of tumors through IL-12 and TNF as well as release 
of nitric oxide.̂ ^ 

Stat-3 is an oncogenic pathway commonly and constitutively activated in several cancers 
including those of epithelial origin.̂ ^ Stat 3 macrophages have been shown to have an anti tumor 
effect by producing IL-12. En^maticaUy, Stat 3 was demonstrated to be responsible for incomplete 
maturation of dendritic cells. Some studies showed that termination of the Stat 3 pathway resulted 
in an increased immune response which was not seen in Stat-3 positive mice.̂ ^ 

Mast Cells 
Enhanced recruitment of mast cells has been observed during chemically induced skin carcino-

mas.̂ ^ In another study using the kl4-HPV16 mouse model spontaneous epithelial hyperplasias 
progressed to SCC in 20% of subjects. Mast cells were seen infiltrating all neoplasms and were 
found to contribute to activation of a tumor promoting environment, via release of chymase, 
tryptase and proMMP activators.̂ ^ Mouse models deficient in either mast cells or MMP 9 had 
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decreased incidence of skin tumors. Hence a link was established between mast cells and initial 
development of SCCs.̂ ^ 

NK'Cells 
NK-cells are a part of innate immunity s arsenal used against tumor cells.̂ '̂ ^ NK-cells use direct 

(perforin) and indirect (production of IFN gamma) methods to achieve their antitumor effect/^ 
The function of these cytotoxic cells depends on the balance between activating and suppressive 
signals within the surrounding environment.̂ ^ Melanoma cells can down regulate MHC class I on 
T-cells. Under such circumstances NK activity is upregulated.̂ ^^ Such increased NK-cell activity 
alone is not sufficient in eradicating tumor cells. 

NK-cells participate in tumor surveillance through a variety of receptors and mechanisms.̂ ^^ 
A receptor known as the NKG2d appears on both NK-cells and a subset of T-cells (gamma delta 
and alpha beta T-cells) and therefore links innate and adaptive immunity together in immune sur-
veillance.̂  NKG2D is a primary recognition receptor on suspect cells, such as transformed tumor 
cells.̂ ^ However tumor cells that express NKG2D escape tumor surveillance, perhaps through 
suppression of perforin synthesizing signals or resistance to perforin itself̂ ^ In vitro HLA-G has 
been shown to inhibit NK activity.^ Melanoma cells inhibit NK activity by interacting with a 
specific HLA-G class I molecules and interacting with KIRs.^ 

Dendritic Cells 
Initiation of an immune response begins with a signal. In the case of tumor surveillance this 

signal comes from a transformed cell.̂ ^ One way tumor cells evade the immune system is by failing 
to initiate an adequate warning signal.̂ ^This "danger" signal will activate antigen presenting cells 
(APC).̂ ^ such as Langerhans cells, which are the dendritic cells of the epidermis.̂ ^ Langerhans 
cells originate in the bone marrow from progenitor cells.̂ ^ They mature and diffisrentiate under 
the influence of growth and differentiation factors such as granulocyte macrophage colony stimu-
lating factor (G-MCSF) and fins-like tyrosine kinase 3 ligand.̂ ^ They are related to macrophages 
and monocytes through surface cell markers.̂ ^ They are distinguished by expression of CD la, 
E-cadherin and Birbeck granules.̂ ^ 

As Langerhans cells mature in skin they migrate to draining lymph nodes.̂ ^ Here they interact 
with naive lymphoid T-cells via a CD40-CD40 Ugand. This ligand is responsible for the regula-
tion of dendritic cell migration and therefore indirecdy affects T-cell activation. CD40 expression 
on keratinocytes is important in the costimulation of T-cell proliferation. Increased expression 
of CD40 has been observed in the epidermis associated with BCC. Another important role of 
dendritic cells is expression of costimulatory molecules and production of cytokines during 
the differentiation of Ih cells after antigen presentation.̂ ^ These events are characterized by the 
costimulatory molecules CD40, CD80 and CD86 and T-cell priming.̂ ^ 

Immature DCs have the ability to dampen the immune response. They can do this two ways, 
either by decreasing amounts of T-cells or increasing amounts of regulatory T-cells,̂ ° It has been 
shown that melanoma cells although unable to effect maturation of differentiated Langerhans 
cells, were able to inhibit differentiation of early Langerhans cell precursors in vitro. The degree 
of inhibition was directly related to the aggressiveness of the melanoma line.̂ ^ In fact, some deeply 
invasive melanomas have found dermal LC to be completely absent.̂ ^ The presence of CD la+ DCs 
was not found to be a prognostic indicator for melanoma disease, however the density of mature 
DCs especially when in the presence of activated T-cells, was found to be a predictor of survival 
and parameter of functional immune response in melanoma patients.̂ ^ 

Indoleamine 2,3-dioxygenase or IDO is an enzyme responsible for the cataboUsm of trypto-
phan.̂ ^ This enzyme is known in mice to play a role in the immunogenic tolerance of allogenic 
fetuses.̂ "̂  This molecule is also an inhibitor of T-cell proliferation in vitrô ^ and in addition down 
regulates T-cell responses in vivo.̂ '̂  A subset of human monocyte-derived dendritic cells express 
IDO.̂ ^ It has been speculated that IDO^ APCs may participate in the state of apparent immune 
responsiveness displayed by many cancer patients toward timior-associated antigens.̂ ^ TKeir direct 
mechanism of action on the immune system is however still undetermined. 
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Tumor Antigens 
Tumor associated antigens or TAAs are present on several tumor types including melanomas.^ 

Melanoma cells can express several tumor associated antigens.^ Antigens such as gplOO, tyrosinase 
related protein (TRPl)/^ TRP2, tyrosinase melanoma antigen recognized by T-cells (MART-1) 
are melanocyte lineage specific antigens.^Othcr tumor specific T-cell targets arc preferentially 
expressed antigen on melanomas (PRAME),̂ ^ and melanoma antigen 1 (MAGEl). Ihese are 
antigens derived from genes expressed in other cancers/̂ '̂ ^ Intuitively, the immune system should 
be able to eradicate these antigenic tumor cells from the body. Both antigen types have been used 
as tumor rejection antigens against melanoma with disappointing results. These results may be 
partially explained by the fact that these tumor antigens behave more like self antigens,̂ "̂̂  in 
which case T-cells respond with lower affinity relative to T-cell response against foreign Ags.̂ ^ 
Immunogenicity of tumor antigens can be diminished when tumor cells create dysfunctions in 
processing and presenting or deficiencies in quantity.̂ ^ Additionally, failure of costimulatory 
molecules on tumor cells to express themselves promotes a tumor tolerant environment. 

Cytokines 
Cytokines and growth factors control the balance between immune responsiveness and toler-

ance they play a role in the immunoregulatory function in both melanomâ *̂̂ "̂  and non melanoma 
skin cancers.̂ ^ 

IL'12 
IL-12 promotes a Thl response.̂  IL-12 was originally known as NK stimulatory factor and 

as cytotoxic lymphocyte maturation factor.̂ ^ IL-12 up regulates proliferation and maturation of 
T-cells, inhibits angiogenesis and induces the production of IFN gamma.̂ ^ 11-12 is thought of 
as a bridging cytokine between the adaptive and innate immune response because activation of 
CD40 ligand on dendritic cells induces 11-12 which goes on to effect CD8^ cells.̂ ^ There is also 
evidence that IL-12 can stimulate macrophageŝ ^ IL-12 can be produced by a variety of immune 
cells including dendritic cells, macrophages, B-cells and keratinocytes.̂ ^ IL-12 may interfere with 
the production of IL-10 in vivo.̂ Ît can also act synergistically with IL-2 to upregulate Th 1 cytokine 
production. Studies by Brunda et al̂ ^ have shown that transplantable tumors have a significant 
decrease in size and formation of metastasis when exposed to IL-12.̂ ^IL-12 also counteracts the 
immune suppression induced by UV Ught.̂ '̂̂ ^ and was shown in vivo to counteract the suppressive 
effects of cis-urocanic acid on Langerhans cellŝ ^ IL-12 is also associated with DNA repair that 
takes place afi:er UV exposure.̂ ^ 

IFN Gamma 
Interferon gamma (IFN gamma) is produced by CDS, CD4, T-gamma delta cells and NK-cells." 

This cytokine mediates multiple antitumor effects. It plays a role in melanoma controP^ and is 
known to inhibit cell proliferation.̂ ^ 

TNFAlpha 
TNF alpha plays a role in UV induced immune suppression and is also a well studied pro-in-

flammatory cytokine in skin carcinogeneis and in wound healing. TNF alpha knock-out mice 
were found to be resistant to the usual carcinogenic effects of DMBA or TPA.̂ ^ Further studies 
using antibodies to block TNF alpha demonstrate that induction of TNF alpha secretion by 
skin keratinocytes during the first 0-6 weeks is crucial to skin tumor promotion.̂ ^ Later stages of 
carcinogenesis are not effected by the absence of TNF alpha.̂ ^ 

Interestingly, TNF alpha and IFN gamma are produced by T-cells to increase target cell tox-
icity.̂ ^ Both have the abiUty to upregulate intercellular adhesion molecule 1 (ICAM 1) which is 
costimulatory molecule on the surface of APC.̂ "̂  Studies looking at BCC tumor cells' response 
to ICAM-1 in vitro have speculated that a decreased number of IFN ganmia receptors on tumor 
cells and shedding of ICAM-1 is one way that BCC tumor cells survive and evade the antitumor 
immune responses.̂ '̂̂ ^ 
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Il'6 
IL-6 dampens the Thl response and is a poor prognostic indicator in melanoma.'^ IL-6 has 

a key role in immune regulation and because of its potency, its production is under strict regula-
tion. IL 6 enhances tumor growth when transfected into human BCCs.^ Studies done in vitro 
and in vivo using BCC showed that IL-6 plays a role in the aggressiveness of BCC by decreasing 
apoptosis via Bel expression. IL-6 also increases angiogenesis through VEGF and Cox-2.^ IL-6, 
along with IL-8 prostaglandin E2, TGF B are melanoma-derived cytokines with direct effects on 
the body's immune responsê '̂̂ ^̂  

IL'IO 
IL-10 is produced by T-lymphocytes, B-lymphocytes and monocytes. It was shown, in vitro, 

to inhibit antigen specific activation. However, Shin-ichiro et al showed in vivo that high doses 
of IL-10 in mice activated production of anti tumor mediators IL-2 and IL-4 and activated and 
protected CD8^ T-cells.̂ °̂  IL-10 and IL-4 both considered type 2 or Th2 cytokines are predomi-
nant in cutaneous carcinomas.̂ ^̂  These were shown to be secreted by BCC and SCC tumor cells 
themselves.̂ ^ In BCC, IL-10 secretion accounts for many of this neoplasms mechanisms of im-
mune evasion. It is beUeved to be responsible either direcdy or indirecdy for the absence of HLA, 
ICAM-1 CD40 and CD80 on BCC in situ.̂ ^ 

Cytokines IL-10, TGF-beta and PGE2 and VEGF are all known to suppress the immune re-
sponse. This occurs via a number of ways, one being their effect on dendritic cells. ̂ °̂  However IL-6 
along with TNF alpha, IL 1 beta and prostaglandin E2 can be used in culture to induce dendritic 
cell maturation. At the same time PGE2 has been known to impair the production of IL-12 from 
dendritic cells and polarize naive CD4 T-cells towards Thl activity.̂ °̂  

TGFBeta 
It is difficult to classify TGF beta as tumor promoting or tumor suppressive because it appears 

to have a role in both. TGF acts on stroma, endothelial cells and immune cells to promote tumor 
growth. It appears to have a prohibitive effect in the early stage but a tumor supportive effect in 
the later stage.̂ °̂  

TGF beta has been thought to antagonize many of the antitumor effects of IL-12̂ ^ TGF betas 
form a group of ligands responsible for upregulating and downregulating various multicellular func-
tions. These include apoptosis, decreased cell proliferation, migration, differentiation, induction 
of MMP production, increased angiogenesis and decreased immune surveillance.̂ ^^ In mammals, 
TGF betas exist as several different isoforms which function through the same receptor signaling 
systems, although they appear to have distinct modes of action in vivo.̂ °̂  

Interestingly, mouse models have shown some cancers (breast) to become hypoplastic in the 
presence of active TGF beta,̂ ^̂  while others (lung and skin) have shown enhancement in the 
presence of this polypeptide ligand.̂ ^̂  Cui et al demonstrated that abundant expression of TGFB 
in keratinocytes prevented the development of benign papillomas, whereas the same overexpres-
sion of TGF beta in mice with transgenic tumors caused more aggressive tumors and increased 
metastasis.̂ °̂ Mice who are resistant to TGF beta have been shown to mount effective immune 
responses against tumors.̂  ̂ ^ In addition, mice in which the TGF beta pathway has been inhibited 
have shown effective tumor clearance.̂ ^ Malfunctioning of this cytokine contributes to several 
aspects of tumor progression including loss of inhibitory control, increased metastasis and evasion 
of immune surveillance.̂  ̂ ^ This evasion of immune surveillance is directly caused by the cytokine s 
interaction with cytotoxic lymphocytes (CTL). TGFB signals through Smad dependent and inde-
pendent pathwayŝ  ̂ ^ to inhibit T-cell proliferation. Smad is critical for inhibition of anti CD3 and 
anti CD28 but not necessary for TGF production of IL-2 nor its effects on T-cell regulation.̂  ̂ ^ 
TGF betas also effect the perforin and granzyme producing genes of CTL.̂ ^ 
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Adaptive Immunity 

T'Celh 
T-cells are a key component of the immune system s ability to reject cancer.̂  ̂  They interact with 

antigen presenting cells through a T-cell receptor (TCR). There are numerous subsets of T-cell 
populations, including cytotoxic T-cells (CTL), helper T-cells (Th), regulatory T-cells (Treg) 
which were previously known as T-suppressor cells,̂  ̂ ^ and natural killer T-cells which share a com-
mon receptor type (a P) with other types of T-cells, but are associated with NK-cells by common 
molecular markers. NKT-cells have an invariant T-cell receptor (TCR) which are known as iNKT. 
This receptor works through nonclassical MHC and is important in signaling and maturing DC.̂  ̂ ^ 
Activation of T-cells requires additional costimulation with molecules and ligands. T-cells can also 
be labeled by their receptor types and costimulatory markers: CD8^ (cytotoxic), CD4^ (helper) 
and CD4^ CD25^ (regulatory), CD4+ CD28+ (helper with CD28 costimulatory molecule), alpha 
beta (common T-cells), ganmia delta (intraepithelial T-cells) etc. 

The development of naive T-cells into their distinct subgroups is dictated by the predominance 
of cytokines expressed in their particular environment. Traditionally, these environments are 
dichotomized into stimulatory (Thl or Type 1) or regulatory (Th2 or Type 2). Cytokines such a 
interferon gamma and Interleukin-2 are associated with a Thl response, whereas Interleukin 4,5, 
6 and 10 are associated with a Th2 response.̂  ̂ '̂̂^ An effective antitumor response requires antigen 
processing by DC along with specific signaling pathways to initiate a Thl response.̂ ^ Melanoma 
cells have been shown to influence PBMCs towards a Th2 profile. Moreover, patients with advanced 
or progressing melanoma firequendy have circulating cytokines reflective of a Th2 environment̂  ̂ ^ 
A sustained Th2 profile allows for immune tolerance of melanoma cells allowing them to prolifer-
ate.̂  ̂ ^ Interestingly, CD4^ T-cells can express both Thl and Th2 cytokines as well as attract and 
activate other antitumor cells.̂ ° Furthermore Thl and Th2 mechanisms are not necessarily always 
anatagonistic but can work together to produce an effective antitumor effect.̂ ^ 

The skin contains a population of T-cells specialized by function and location. These are known 
as intraepithelial lymphocytes (lELs). ̂  ̂  ̂  In mice the majority of skin lELs are gamma delta T-cells. 
These cells are extremely specific with regard to antigen interaction in their V region similar to 
NK-cells of innate immunity, lELs become activated through NKG2d ligand. When skin is exposed 
to carcinogens, the induction of NKG2d ligands (Rae-1 and H60 in mice and MICA/MICB in 
humans) is triggered, resulting in eradication of stressed and transformed cells before they can 
multiply and become tumors.̂  

T-cells along with NK-cells are firequently seen infiltrating skin tumors.̂  ̂ ^ Yet surprisingly, 
T-cell density within BCC SCC or melanoma is no indication for a favorable prognosis. Tumor 
cells have several ways to manipulate T-cell mediated immunity in order to evade the immune 
response. Mouse studies have shown that melanoma could encourage the development of hypo 
responsive T-cells.̂ ^ One mechanism for immune evasion occurs through T-cell receptor ma-
nipulation. Tumor cells can evade T-cell detection by causing down regulation of MCH class I 
molecules, which is a key component needed for antigen recognition and therefore tumor surveil-
lance.̂ '̂ °̂'̂ ^̂ '̂ This interferes with critical events that generate an optimal interaction between 
dendritic cell and T-cell. 

Additionally, melanoma cells can interact with killing inhibiting receptors (KIR) on TCR scal -
ing. When CD8^ and CD4^ cells become activated they express CD28. CD28 is a costimulatory 
signal needed for proper CD8^ and CD4+ functioning. Failure of costimulatory molecules on 
tumor cells to express themselves has been shown to promote a tumor tolerant environment.̂ ^^ The 
tumor itself can also promote a favorable environment for survival. In patients with certain cancers, 
including melanoma, tumor cells release endosome derived microvesicles. These microvesicles are 
armed with various molecules including immunoregulators such as TGF-Beta which has been 
shown to suppress effective T-cell function against the tumor and generate myeloid suppressor cells 
(MSCs) thereby inhibiting the host inmiune response. Unlike interaction with receptor signaling 
these microvesicles function without cell to cell contact.̂ ^̂  Additionally, these (MSCs) are found 
in higher numbers in melanoma patients when compared to normal controls.̂ "̂̂  
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CDS Cells 
Cytotoxic T-cells are killer cells that attack viruses and tumors. They are known to play a protec-

tive role against melanoma. For this reason they have been used experimentally to treat the cancers. 
In human studies, CD8^ cells were induced by self/tumor antigens in significant quantities thought 
to be sufficient to produce tumor regression. However, despite the generation of these protective 
cells, tumor regression was not observed.̂ ^^ Another suspected way that melanoma tumors evade 
immune attack is by effecting the maturation of CD8^ T-cells.̂ '̂̂  This theory is supported by the 
finding that T-cells from PBMCs of melanoma patients are unable to release perforin and other 
lytic enzymes necessary for cytotoxic activity.̂ ^^ 

Human studies looking at melanoma specific T-cells showed that proliferation and induction 
of antigen specific CD8^ T-cells takes place later during the advanced stage of the disease and may 
be due to tumor growth and spread rather than an attempt at rejection. This suggests that T-cells 
generated during antitumor response may be distina firom those melanoma specific CD8^ T-cells 
found in late stage melanomas.^^ 

In several murine studies, vitiligo corresponded with melanoma regression.̂ ^^ Yet some patients 
whose tumors exhibit large amounts of tumor antigen positive T-cells fail to demonstrate either 
vitiUgo or regression. Other studies in mice have shown that CD8^ T-cells were necessary for the 
vitiligo response and concurrent tumor rejection.̂ ^^ This is evidence for either a different type of 
T-cell or a different mechanism. While mice models have been vital to unraveling the complexities 
of immune surveillance, it is more important to keep in mind that a difference exists between the 
immunogenicity of the cancer cells seen in mice vs. humans.^ 

CD4 Cells 
For effective and long term tumor eradication, the action of both CD8^ and CD4^ T-cells is 

required. This has been demonstrated using T-cell subset depletion studies, in which antibodies to 
CD4^ T-cells given to mice prior to tumor challenge showed that they were unable to mount an 
adequate anti tumor response.^° Although the role of CD4^ T-cells takes place during the priming 
phase,̂ ^ CD4+ T helper cells are needed for both the induction and maintenance of antitumor 
immunity.^^ Additionally cytokines released by these helper T-cells promote migration and activa-
tion of macrophages and eosinophils,^^ priming them to produce the nitric oxide and superoxides 
needed as part of the immunologic attack.̂ ^^ Cancer patients with progressive disease in general 
have decreased CD4^ counts. Interestingly, decreased CD4^ cells are found in tumor deposits of 
patients who failed therapy.̂ ^^ 

Murine studies by Willimsky et al̂ ^̂  raise the possibility that tumor cells do not just evade detec-
tion but actually induce T-cell tolerance, by decreasing IFN gamma and increasing TGF beta. 

T-Reg Cells 
CD4^ 25^ suppressor cells known as regulatory T-cells play a role in regulating immunity and 

maintaining peripheral self-tolerance.̂ ^°'̂  Murine studies demonstrated that removal of these cells 
using antibodies along with addition of IL-12 had a potent antimelanoma effect.̂  Conversely 
when CD8^ cells or NK-cells were blocked, tumor regression did not occur. In another study us-
ing melanoma B16, Turk et al found that this tumor was significantly more immunogenic in mice 
lacking T-reg cells than in mice with an intact T-reg population, indicating their importance in 
dampening the immune response to tumor antigens.̂ ^° 

Other Factors that Interact with the Immune Mechanisms 
in Tumorigenesis and Tumor Invasion 

Apoptosis 
Apoptosis, or programmed cell death is important for maintaining homeostasis. Cancer cells 

survive because of resistance to apoptosis. T-cells mediate cell death in two ways: (1) secretion of 
granzymes and perforin, (2)via interaction of Fas and fas Ugand. Fas-fasL plays an immunogenic 
role. It is responsible for discontinuing the T-cell response when no longer needed, decreasing clonal 
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T-cell population and promoting periphral tolerance to self Ags.̂ ^̂  Tumor cells can manipulate 
this pathway by becoming resistant to both the fas/fasl killing and the ERXl/2 mitogen activated 
kinase pathway.̂ ^̂  Ironically, the Fas- ligand (FasL) is also expressed by tumor cells and can be used 
by them to kill T-cells.̂ ^̂  Therefore through this mechanism of acquired immortality and T-cell 
attack, tumor cells are able not only to evade the immime response but manipulate it to their 
advantage.̂ ^̂  This attack by tumor cells does not eliminate all T-cells. It has been shown̂ "̂̂  that 
an unquantified subset of CD4^ and CD^ T-cells exisits that is not sensitive to Fas-fasL apoptosis. 
These T-cells kill tumor cells through a fas independent mechanism.̂ ^ 

Ligands 
CD80 which is found on T-and other cells is also known as B7-1. The B7H Ugands are a fam-

ily of tumor associated molecules found on stimulated macrophages, DCs and T-cells as well as 
some epithelial and endotheUal cells. Depending on receptor interaction they can have CD-28, 
ICOS (stimulating) or PD-Ll (supressive) effects. When interaction with PD-Ll takes place these 
ligands induce apoptosis of activated tumor reactive T-cells.̂ ^̂ *̂ ^̂  PD-Ll expression by tumor cells 
is one way for them to develop T-cell immunity.̂ ^̂  Antibodies used to block B7-H1 were shown to 
have therapeutic antitumor effects and increase the ejEBcacy of adoptive T-ceU therapy of squamous 
cell carcinoma of the head and neck in vivo.̂ ^̂  This study also demonstrated that B7-H1 can be 
upregulated by IFN gamma. This is significant because it suggests induction of B7-H1 may be 
used by tumor cells to decrease T-cell population and avoid elimination.̂ ^^ BH-71 also selectively 
costimulates the production of IL-10 and IFN gamma.̂ ^̂  

Tumor necrosis factor related apoptosis inducing ligand (TRAIL) is a member of the tumor 
necrosis factor family that preferentially induces apoptosis in transformed but not normal cells.̂ "̂  
TRAIL is expressed in the skin.̂ "̂  It is known to bind to two receptors TRAIL-Rl and TRAJL-R2. 
It is speculated that the high expression of TRAIL within the epidermis is protective against the 
development of skin cancer. TRAIL expression is decreased in elderly or chronically UV exposed 
skin as well as actinic keratoses and absent in squamous and basal cell carcinoma.̂ ^ 

MMP 
Immune suppression can be associated with increased matrix metalloproteinase (MMP) expres-

sion. The MMP family of proteinases are able to break down components of the extracellular matrix 
(ECM) and basement membrane (BM) and therefore promote tumor invasion.̂ ^ A study found 
that MMP expression from SCC in inmiune compromised patients was greater compared to that 
of SCC in immune competent individuals. MMPs can activate regulatory molecules including 
growth factors and cytokines, such as TGF beta.̂ "̂ '̂̂ ^ 

Iherapies and Future Work 
As mechanisms of tumor surveillance and survival become better understood, novel therapies 

attempting to manipulate these mechanisms to the host s favor are developed. Melanoma vaccines 
using tumor antigens have been tested with limited clinical outcome. Adoptive immunotherapy 
has also been attempted with mixed results.̂ "̂̂  Despite the various melanoma antigens only a 
small fraction (10-15) have been used in either type of therapy,̂ "̂̂  and methods to increase their 
immunogenicity are continually being examined.̂ ^̂  

Other potential immunotherapies take advantage of stimulating cytokines. ̂ "̂̂  For example, in-
terferon gamma and IL-2 have been shown to produce remissions and eradication of melanomas.̂ "̂  
IL-12 IL-2 pulse was also shown to enhance both Fas-fasL gene expression within the local tumor 
cite through an IFN gamma dependant mechanism.̂ "^ IL 12 has cytotoxic effects which occur in a 
dose dependant relationship.̂  Administering a plasmid encoding IL-12 with electro-corporation 
has been shown to be therapeutic on both primary and metastatic tumors.̂ "̂ ^ Current studies are 
looking into the effects of various cytokines including IFN '̂̂ "̂  and 11-2.̂ ^̂  

Other strategies include attempts to block signaling pathways that lead to decreased melanoma 
expression and loss of antigenecity.̂ ^^ Use of recombinant viruses and proteins encoding cancer 
A^s, immunization with whole tumor cells and Ag-loaded dendritic cells have also been studied.̂ ^ 
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These therapies initially showed promising results during phase I and II trials but were not able to 
rephcate their success in phase III randomized trials.̂ '̂̂  However, dendritic cells continue to be 
studied as an important entity in melanoma therapy.̂ "̂ '̂ ^̂  

Other research has attempted to manipulate T-cell functions. In one study specific toll like 
receptors on CD8^ T-lymphocytes were utilized for their secretion of tumoricidal cytokines to 
cause rejection of melanoma in mice.̂ ^^ Monoclonal antibodies against T-cell regulators as well a 
manipulation of tumor genes that effect T-ceUs are also being investigated with some success. ̂ ^̂  

While no therapy has provided a complete success these trials provide insight and inspire novel 
strategies to counteract the intricate immunological pathways responsible for tumor surveillance 
escape mechanisms.^^^ 

Conclusion 
The immune system actively attempts to eradicate transformed cells from the body. During this 

response a complex interplay between tumor cells, stimulatory molecules, ligands and immune cells 
takes place in an attempt to tip the balance of the surrounding cytokines and stroma between tumor 
eradication or immune escape. As the intricacies of these interactions are uncovered conventional 
models are replaced with a more fluid model of the immune system where cellular and molecular 
roles are not firmly defined and instead adjust according to the specific surroundings. As novel 
therapies are developed the dynamic nature of this relationship becomes increasingly apparent. 
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CHAPTER 16 

Solar UV-Radiation, Vitamin D 
and Skin Cancer Surveillance 
in Organ Transplant Recipients (OTRs) 
Jorg Reichrath^ and Bernd Ntirnberg 

Introduction 

During the last decades, the annual numbers of performed solid organ transplants continu-
ously increase world-wide. For example in the United States of America (US) alone, it 
has been reported by the United Network for Organ Sharing, that over 25,000 solid 

organ transplantations were performed in 2003 (based on OPTN data as of January 1, 2004).^ 
It is now well recognized, that soUd organ transplant recipients (OTR) have an increased risk to 
develop malignancies, with skin cancer representing the most common malignancy.̂  Additionally, 
OTR in general develop a more aggressive form of these malignancies. Therefore, dermatologic 
surveillance is of high importance for OTR and these patients represent an increasing and sig-
nificant challenge to clinicians including dermatologists. In OTRs, patient and organ survival 
have increased considerably and continuously over the past two decades as a result of better im-
munosuppressive regimens and better posttransplant care. However, it now has become evident 
that the more effective inmiunosuppression regimens have as an unintended consequence resulted 
in more frequent and a^essive skin cancers.̂ '̂  It has been convincingly demonstrated that the 
incidence of skin cancer increases with survival time after transplantation.̂  The biological behavior 
of these malignant skin tumors demonstrates a much more aggressive profile when compared to 
the non-immunosuppressed population, leading to considerable cutaneous morbidity, mortality 
and decrease in quality of life. 

Ihe First Challenge: Increased Incidence and Prevalence 
of Nonmelanoma Skin Cancer (NMSC) in Solid Organ 
Transplant Recipients 

Nonmelanoma skin cancer (NMSC), most importantly basal cell carcinomas (BCC) and 
cutaneous squamous cell carcinomas (SCC) represent the single most commonly diagnosed 
mahgnancy in the Caucasian population. In the US alone, an estimated 1 million new cases 
are reported each year.̂  Cutaneous SCCs are in general easily managed in immunocompetent 
individuals where they rarely grow aggressively or metastasize. However, when SCCs develop in 
patients who have been immunosuppressed over long time periods (e.g., in soUd OTRs), they grow 
a^essively and are a difficult management problem with substantial morbidity and mortality. It 
has now been convincingly demonstrated that NMSC accounts for appr. 90% of all skin cancers in 
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transplant recipients.̂ '̂ ° While SCC has been reported to represent the most common skin cancer 
in transplant recipients occurring up to 250 times as frequently as in the general population, the 
incidence of BCC is increased by a factor of appr. 10 in soUd OTRs.̂ ° Following transplantation, 
the usual BCC/SCC ratio in the general population (4:1 in higher latitude, respectively 2,5:1 
in lower latitude) ̂ ^ reverses in favor of SCC up to rates > 3:1.̂ ^ These differences are most likely 
markedly caused by differences in genetic back^ounds, skin types and sun exposure habits at 
different latitudes.̂ ^ 

In recent yeas, it has been convincingly shown that the incidence of NMSC increases continu-
ously with the duration of the time period after transplantation and with the level of immunosup-
pression. Additionally, recent data indicate that solar and artificial UV-exposure both before and 
after organ transplantation increase the risk to develop skin cancer and that the incidence of NMSC 
varies with the type and dose of immimosuppressive medication used. As an example, it has been 
reported that in Australia, NMSCs occur in appr. 3% of renal transplant recipients by 1 year after 
transplantation, approximately 25% by 5 years and appr. 44% by 9 years posttransplantation.̂ '̂  
Patients from the Netherlands, United Kingdom and Italy were demonstrated to have a 10-15% 
incidence of skin cancer 10 years after soUd organ transplantation. In the United States, a study 
from Oregon reported a 35% incidence of skin cancer 10 years after transplantation.̂ ^ 

Several independent pathogenetic mechanisms that mosdy involve the cutaneous immune sys-
tem were discussed to cause these clinical findings, including dysfunction of antigen presentation, 
induction of immunosuppressive cytokines (e.g., IL-10, TNF-a), isomerization of trans-urocanic 
acid to cis-urocanic acid and formation of reactive oxygen species.̂ ^ 

Ihe Second Challenge: Hie Aggressive Behavior of Nonmelanoma 
Skin Cancer in Transplant Recipients 

The biologic behavior of cutaneous SCC, including local growth and metastasizing behaviour, 
is more aggressive in sohd OTRs as compared to the general population. In OTRs, SCCs develop 
at younger ages, starting 3-5 years after transplantation. In OTRs, SCCs are also characterized by 
a more aggressive behaviour, with a high frequency of local recurrence (13.4%) during the first 
6 months after excision and with a high frequency of lymph node metastasis (7%) during the 
second year after excision.̂ ^ In OTRs, these tumors in general grow rapidly to a large size (>2 cm 
diameter) and have an aggressive histological growth pattern (Broders grade 3 or 4), that is often 
associated with perineural invasion or invasion of cartilage, fat, or bone.̂ ^ Metastatic SCCs have 
a poor prognosis with a 3-year disease specific survival of 56%.̂ ^ Patients with a history of NMSC 
prior to transplant are at an increased risk of metastatic NMSC, most likely because of genetic 
factors. As long-term survival after organ transplantation is increasing, partly because of better 
immunosuppressive regimens and posttransplant care, dermatologists including dermatologic on-
cologists will continue to be challenged in the optimal care of potentially life threatening NMSC 
in the posttransplant period.̂ ^ 

Risk Factors Associated with the Development of Nonmelanoma Skin 
Cancer in Transplant Recipients 

Several risk factors have been identified that lead to an increased risk of skin cancer in transplant 
patients. Some factors, such as Fitzpatrick skin types I or II, significant exposure to ultraviolet 
(UV) radiation and age lead to an increased risk of NMSC in the general population, as well as in 
transplant recipients.̂ *̂̂ " Other riskfaaors, including type, dosage and duration of immunosuppres-
sive medication, are more specifically associated with the transplant recipient population. Patients 
with a history of melanoma or NMSC are at higher risk to develop aggressive and potentially 
life-threatening skin cancer posttransplantation. Penn et al found that 62% of patients who had a 
history of NMSC developed additional NMSC after transplantation. They also noted that 30% 
of the patients who had malignant melanoma developed melanoma metastases and subsequendy 
died from metastatic melanoma.̂ ^ Increased number of actinic keratoses (AK) also leads to a higher 
risk of developing NMSC.̂ ^ It has to be emphasized that the management and treatment of AKs 
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is of high importance in OTRs. Other major risk factors for the development of skin cancer after 
transplantation are the level and the duration of immunosuppression. More intensive and longer 
regimens lead to an increased risk for the development of AKs and skin cancer.̂ *̂ '̂̂ ^ Infection with 
human papillomavirus (HP V) may be another risk factor for the development of NMSC, especially 
in immunosuppressed patients including OTRs. It has been speculated that cutaneous infections 
with HPV types 5 and 8 (HPV5, HPV8) may cause an increased risk for SCC development in 
transplant recipients.^ Local and systemic immunodeficiencies in general promote the proliferation 
and activity of HPV, which acts as a cocarcinogen. Therefore, the presence of HPV-induced ver-
rucous lesions in OTRs is associated with an increased risk of NMSC. Recent studies have shown 
the presence of HPV DNA in up to 70-90% of cutaneous SCCs.̂ '̂̂ '̂̂ '̂̂ ^ The incidence of HPV in 
AKs and NMSC has also been shown to be higher in OTRs as compared to non-immunosuppressed 
patients.̂ '̂̂ ^ It is well known that heart transplant recipients have the greatest risk to develop skin 
cancer posttransplantation, followed by kidney and liver transplant recipients. It has now been 
shown that recipients of cardiac transplantation have a threefold higher increase in the incidence 
of NMSC that occurs earlier after transplantation (mean: 2 years) as compared to recipients of 
renal transplants, most likely because of a more profound immunosuppression.̂ '̂̂ ^ 

In contrast, gender of the recipient, type of donor (cadaveric or live) and duration of dialysis 
do not appear to affect the incidence of posttransplantation skin cancer.̂ '̂̂ *̂̂ ^ 

Organ Allograft Recipients Are at Increased Risk 
for Malignant Melanoma 

Interestingly, epidemiologic studies indicate that organ allograft recipients are at a 2- to 
8-fold increased incidence of de novo melanoma after transplantation.̂ "̂  It has to be noted that a 
surprisingly high proportion of posttransplant melanomas arise in dysplastic nevi. This observa-
tion su^ests that immunosuppression in a host with a melanoma precursor confers a particular 
susceptibility to neoplastic transformation. Interestingly, the sudden appearance of both benign 
and neoplastic nevi in transplant recipients has been reported.̂ ^ Obviously, OTRs with de novo 
primary cutaneous malignant melanomas are unable to react with an appropriate cellular immune 
response to these neoplastic cells, permitting rapid evolution of the malignant tumor. In addition 
to the de novo development of melanoma post-transplant, one has to be aware of the concern of 
donor-derived melanoma, which frequently has been shown to affect the allograft, metastasizes 
rapidly in OTRs and in many cases results in the death of the recipient within months.̂ ^ 

Increased Incidence and Prevalence of Other Types of Skin Cancer 
in Solid Organ Transplant Recipients 

The immunosuppressed state and other factors lead in soUd OTRs to an increased incidence 
of other types of cutaneous malignancies besides SCC, BCC and malignant melanoma. In agree 
with this observation, Kaposi's sarcoma (KS) has been reported to have an appr. 84-fold increased 
incidence in solid OTRs as compared to the general population^ and Merkel cell carcinoma also 
appears to be more common in OTRs.̂ '̂̂ ^ Other tumors, such as atypical fibroxanthoma, derma-
tofibrosarcomaprotuberans, angiosarcoma, verrucous carcinoma, leiomyosarcoma and cutaneous 
T-cell lymphoma, are suspected to also have an increased incidence and more aggressive growth 
behaviour in OTRs. However, it has to be noted that this opinion has to be confirmed. For no 
large-scale studies have been performed the actual incidence of these rare malignancies in OTRs 
is unknown and available data are based solely on case reports.̂ '̂̂ ^ 

Immunosuppressive Treatment: A Double-Edged Sword 
After solid organ transplantation, patients usually have to take a lifelong immunosuppressive 

medication which is accused to play an important role in the cancerogenesis of NMSC and various 
other malignancies. It is well documented by the literature that the intensity and duration of im-
munosuppression is positively correlated with the development of cancer.̂ *̂ ^ However, it has to be 
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noted that the relative risk of individual immunosuppressive therapy modalities for cancerogenesis 
of NMSC is still unclear. 

Actually, four different classes of immunosuppressive medications can be distinguished ac-
cording to their different sites of cellular and molecular action: inhibitors of cell proliferation, 
amplification signals, STATs (Signal transducers and activators of transcription) or DNA synthesis.̂ ^ 
As a result of their relatively early introduction into clinical medicine, most retrospective data 
exist for azathioprine and ciclosporine. Azathioprine is an antimetabolite that acts via inhibition 
of the de-novo synthesis of purins. Cyclosporine belongs to the group of calcineurin inhibitors 
that were shown to modulate the amplification of intracellular signals. More recendy, biologies 
and other very effective immunosuppressive drugs were introduced into cUnical practice such as 
muromonab-CDs (orthoclonal OKT3), basiliximab, daclizumab, mycophenolate mofetil (MMF), 
tacrolimus, everolimus and sirolimus.'̂ '̂ ^ However, it has to be noted that in general, the causahty 
between a single immunosuppressive medication and the development of cancer is difficult to 
analyze because usually a combination of different immunosuppressive drugs is used and changes 
in individual immunosuppressive therapy modaUties including changes in dose rates are common 
practice in transplantation medicine. 

Consequently, the association of individual immunosuppressive therapy modaUties and cancer 
incidence has been analyzed. Jensen et al demonstrated in 1999 that kidney transplant recipients 
receiving cyclosporine, azathioprine and prednisolone had a 2.8 times increased risk of developing 
cutaneous SCC as compared to to kidney transplant recipients that received only azathioprine 
and prednisolone.^ Dantal et al showed in a randomized comparison of two cyclosporine regi-
ments in kidney graft: recipients that the dosis of cyclosporine significantly modulates the risk for 
the development of cancer. In this study, the low dose regiment was associated with a reduced 
incidence of malignancies as compared to the high dose regiment.̂ ^ 

Results of the studies analyzing the association of cancer risk with inmiunosuppressive therapies 
are still a matter of dicussion. Penn et al concluded 1999 that skin cancers occurred more firequendy 
in recipients receiving azathioprine (40,6%) and azathioprine combined with cyclosporine (34,2%) 
compared with those treated with a monotherapy of cyclosporine (25,1%),̂ ^ although he depicted 
that cyclosporin A accelerates the development of de novo maUgnancies (after 26 month) in com-
parision to azathioprine and prednisolone (after 64 months).̂ ^ Similar results were presented by 
Thiel et al in a comparision of kidney transplant recipients receiving cyclosporine versus a treatment 
with azathioprine and prednisolone.^ 

Immunosuppressive agents are also accused to influence the growth behaviour, including the 
agility and invasiveness of tumor cells in a direct cellular way. In agreement with this, Hojo et al 
demonstrated in 1999 a direct cyclosporine A-induced TGF-beta dependent tumor progression in 
SCID mice."̂ ^ Stallone showed in 2005 that sirolimus blocks the progression of dermal Kaposi's sar-
coma in kidney-transplant recipients resulting in a complete tumor regression within 3 month."^ 

Only a few studies analysed the potentially carcinogenic side-effects of immunosuppressive 
therapy modalities. Krupp et al investigated the side-effect profile of cyclosporin A in patients with 
severe psoriasis: skin cancer occurred in 0,7% and the SCC/BCC ratio was 6:1 which was su^ested 
to be at least in part be caused by previous treatment with PUVA and/or methotrexate."̂ ^ 

Vitamin D Deficiency in Solid Organ Transplant Recipients: 
An Underrecognized Risk Factor for a Broad Variety of Severe Diseases 

It is well known that, due to immunosuppression, OTRs are at increased risk for UV-induced 
NMSC. As a result, OTRs are advised to protea themselves firom exposure to solar UV radiation. 
Since sunlight is the major source of vitamin D for most humans, OTRs, who avoid the sun or 
wear sun protection, therefore are at risk of developing vitamin D deficiency. Vitamin D deficiency 
is not only associated with increased risk for metabolic bone disease, but is associated with other 
severe health problems including various types of internal malignancies (e.g., colon, prostate- and 
breast cancer) ."̂ '̂̂^ In consideration of these negative effects screening for vitamin D deficiency in 
OTRs is warranted. Serum levels of 1,25-dihydroxyvitamin D3 [ 1,25(OH)2D, calcitriol] have been 
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monitored in renal transplant patients since it was realized that the kidneys were responsible for the 
conversion of 25-hydroxyvitaniin D3 [25(OH)D] to l,25(OH)2D. Patients with bone disease after 
kidney transplantation are often monitored for their serum l,25(OH)2D levels. l,25(OH)2D and 
its active analogs such as alfacalcidiol and paracalcitol have been shown to be effective in prevention 
of post transplantation bone loss.̂ ^̂ ^ However, serum levels of 1,25-dihydroxyvitamin D3 in the 
normal range do not protect against the broad variety of independent diseases that are associated 
with deficient or insufficient 25(OH)D serum levels. We have recently analyzed the serum levels of 
25(OH)D, which is the major circulating form of vitamin D and is used to determine the vitamin 
D status of patients in OTRs.̂ '̂̂ ^ These patients need to protect themselves for medical reasons 
from sun exposure and therefore are at risk to develop vitamin D deficiency. Serum 25(OH)D 
levels were analyzed in renal transplant patients with adequate renal function and in an age- and 
gender-matched control group at the end of winter.̂ ^ All renal transplant patients had practised 
solar UVprotection after transplantation. Serum 25(OH)D levels were significandy lower in renal 
transplant patients as compared to controls (p = 0.007).̂ ^ Geometric mean (with 95% confidence 
interval) in renal transplant patients was 10.9 ng/ml (8.2-14.3) compared to 20.0 ng/ml (15.7-25.5) 
in the control group.̂ ^ In 10 of the 31 renal transplant patients serum 25(OH)D levels were unde-
tectable (<4 ng/ml). Five additional patients had 25(OH)D levels < 15 ng/ml. In renal transplant 
recipients, serum creatinine levels were ^4 mg/dl post transplantation [mean: 1.7 mg/dl, normal 
range: 0.7-1.2 mg/dl (male), 0.5-0.9 mg/dl (female)]; parathyroid hormone ranging from 37 to 
1058 pg/ml [mean: 198.7 pg/ml, normal range: 15-55 pg/ml].^^ To investigate whether vitamin 
D deficiency is characteristic for OTRs or can be found in other sunlight-deprived risk groups as 
well, we have analysed basal 25(OH)D3 serum levels in a small group of patients with Xeroderma 
Pigmentosum (XP, n = 3) and basal cell nevus syndrome (BCNS, n = 1) at the end of wintertime 
(February/March).̂ ^ 25(OH)D3 levels in all four patients were markedly decreased with a mean 
value of 9.5 ng/ml (normal range: 15.0-90.0 ng/ml).̂ ^ In conclusion, we demonstrated reduced 
serum 25(OH)D3 levels in OTRs and other sunlight-deprived risk groups.̂ '̂̂ ^ 

A Paradigm Shift in the Diagnosis and Management 
of Skin Malignancies in Solid Organ Transplant Recipients 

General Principles 
It has now become evident that the most important element of preventive management of skin 

cancer in transplant recipients is patient education and rigorous sun protection.̂ ^ Historically, 
patients were referred to dermatology or to dermatologic surgery only after having developed 
significant skin neoplasms. However, in recent years, a paradigm shift occurred and multidisci-
plinary approaches to patient care have been increasingly implemented with the integration of 
multiple services, including dermatology, dermatologic surgery and Mohs' micrographic surgery, 
transplant surgery, nephrology, cardiology and hepatology. The clinical paradigm is now one of 
preventive education, early intervention and administration of prophylactic regimens against 
cutaneous malgnancies. 

To realize this paradigm shift and to implement such an intervention, dermatology clinics are 
established onsite in some academic centers, within the transplant unit. The existence of a derma-
tology clinic within the transplant center greatly facilitates patient education regarding protection 
against artificial and solar UV-radiation, prevention of skin cancer in general and surveillance in 
the time period after transplantation. Guidelines of care for OTRs include education in sun pro-
tection and self-examination; risk assessment based on skin type, history of skin cancer, standard 
follow-up intervals and prophylaxis for high-risk groups. Additionally, patients are evaluated and 
assessed on risk of skin cancer development after receiving an organ transplant. Skin cancers have 
to be treated consequendy according to their aggressive growth behaviour, emphasizing rapid and 
direct access to dermatology. 

The implementation of a specialty dermatology clinic within the transplant center also allows 
the appropriate supervision of a^ressively growing SCC and enable the evaluation of the role 
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of sentinel lymph node biopsies and new immunosuppressive therapies in the management of 
NMSC. Additionally, the implementation of a specialty dermatology clinic within the transplant 
center also strengthens communication with transplant surgery on the development of a strategic 
approach toward reduction of immunosuppression in high-risk patients. 

All OTRs should be evaluated for skin cancer and educated on prevention as soon as possible 
after transplant. Very low-risk patients can be followed by their transplant physician on a regular 
basis and referred to the dermatology clinic in longer time intervals or if concern over any skin 
lesions arises. Any OTR who has multiple risk factors for the development of skin cancer after 
transplantation should be seen by a dermatologist either before transplantation or as soon as pos-
sible after receiving a transplant. In addition; they should be followed regularly by the dermatolo-
gist for a full-body skin examination. On the first visit with the dermatologist, OTRs should be 
educated on recognizing premaUgnant and cancerous skin lesions and encouraged to seek medical 
attention early if suspicious skin lesions develop. Patients should also be advised to perform skin 
self-examination on a regular (monthly) basis. 

Sun Protection 
All OTRs should be continually advised to use appropriate sun protection because of their 

increased risk of developing skin cancer. Patients should be counseled to avoid solar and arti-
ficial UV-exposure whenever possible. Use of sunscreens containing titanium dioxide should 
be advised to provide a physical block from solar UV-radiation. The sunscreen should be rated 
with a sun protection factor (SPF) of 30 or greater. Sunscreen should be applied every day to all 
solar UV-radiation-exposed skin and it is helpful to encourage OTRs to keep multiple botdes of 
sunscreen in the car or elsewhere to guarantee continuous protection. It should be recommended 
that sunscreen should be appUed every day, not just when solar UV-radiation exposure is expected. 
Protective clothing is also an important means of skin cancer prevention. OTRs should be advised 
to wear a wide-brimmed hat with a four-inch brim on all sides when they are out in the sun. Wearing 
tighdy woven long-sleeve shirts and long pants of darker color is also protective and should be 
recommended. Use of appropriate solar UV-radiation protection should be recommended at every 
follow-up visit with the dermatologist. 

Types of Skin Lesions 

Actinic Keratosis 
Actinic keratoses (AK) have the same clinical appearance in OTRs as in the general population; 

however, they may be more numerous in the former. They appear on chronically solar UV-radiation 
exposed sites such at the face, scalp, extensor forearms and dorsum of the hands. The lesions 
may appear as single or multiple discrete dry, rough, scaly plaques. Palpation may be helpful in 
the diagnosis of this type of lesion. Aks may progress to hypertrophic AKs or cutaneous horns 
characterized by a macular or papular base with a white, black, or yellowish keratotic cap. AKs are 
considered precancerous lesions that may progress to SCC if left untreated. Histologically, AKs in 
OTRs have been found statistically more likely to demonstrate bacterial colonization, confluent 
parakeratosis, hyperkeratosis, increased mitotic activity and verrucous changes.̂ ^ Because of the 
increased risk of developing SCC in OTRs, AKs should be managed consequendy and treated 
aggressively. Follow-up visits for OTRs with AKs should be scheduled at least every 6 months.̂ ^ 
Treatment regiments include cryotherapy, topical 5-fluorouracil (5-FU), electrodessication with 
curettage, topical treatment with imiquimod or photodynamic therapy (PDT). Any lesion that 
persists after appropriate therapy should be biopsied or excised to rule out progression to SCC. 
Patients with multiple AKs may also be treated with topical medication, e.g., imiquimod, which 
has been approved for the treatment of AKs. It has to be noted that to date, there is no evidence 
that topical treatment with imiquimod confers risk to the transplanted organ. 

Recendy, the efficacy of topical PDT with 5-FU in clearing epidermal dysplasia in organ trans-
plant recipients was compared, showing a greater efficacy of PDT in achieving complete resolution 
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of lesions, its superior cosmetic outcome and patient preference over 5-FU, despite the initially 
higher levels of pain associated with PDT treatment.̂ ^ 

While a number of studies demonstrated successful treatment of epidermal dysplasia in im-
munocompetent patients using topical PDT (with clearance rates ranging from 69-100%),^^ 
previous studies had clearly indicated reduced clearance rates in OTRs. Dragieva et al̂ ^ treated 
epidermal dysplasia (AK, CIS) in 20 OTRs and 20 controls with topical PDT using 5-ALA and 
in a second study compared MAL PDT with placebo in the treatment of 129 AKs in 17 OTRs7° 
In the first study, the overall CRR in OTRs at 4,12 and 48 weeks was 86%, 68% and 48% respec-
tively, whilst in the second study, the overall CRR at 4 months was 90% (56 of 62) for PDT and 
0 (0 of 67) for placebo. Schleier et al̂ ^ treated a total of 32 cutaneous lesions, comprising AKs, 
BCCs, keratoacanthomas and SCCs, in five OTRs and reported a CRR of 75% at 3 months. It 
has been speculated that the apparent decline in efficacy with time following PDT^^ may be due 
to either recurrence of inadequately treated lesions, or the appearance of new lesions at the treated 
site. Interestingly, de Graaf et al̂ ^ reported a randomized controlled trial in 40 OTRs where PDT 
showed no statistically significant effect on reduction of keratotic skin lesions on the arm treated 
with either one or two cycles of PDT. More recently however, Perrett et al reported that topical 
MAL PDT was more effective than topical 5-FU in the treatment of epidermal dysplasia in OTRs.̂ ^ 
The clearance rate of 89% at 6 months for topical PDT in that study was comparable to that reported 
in most existing open studies in both immunocompetents"^^ and OTRs.̂ '̂̂ ^ A number of possible 
explanations may account for why the efficacy of PDT was lower in the study of de Graaf et al in 
OTRs.̂ ^ as compared to the study of Perrett et al,̂ ^ including: (i) the treated keratotic lesions in 
the study by de Graaf and colleagues were not histologically confirmed and were not all necessarily 
areas of epidermal dysplasia; (ii) violet Ught (400-450 nm) was used in the study of de Graaf et al,̂ ^ 
which has reduced penetration compared with the red Ught (600-700 nm) used by Perrett et al;̂ ^ 
(iii) failure to remove lesional hyperkeratotic scale and crust before treatment may have prevented 
adequate penetration of photosensitizer in the study of de Graaf et al;̂ ^ (iv) 5-ALA was used by de 
Graaf et al which penetrates less deeply than MAL that was used by Perrett et al;̂ ^ (v) the treatment 
protocol of the study of de Graaf et al̂ ^ may not have been optimal with only half of the lesions 
treated twice but with a 6-month gap in between rather than 1 week; and (vi) the study sample 
of Perrett et al,̂ ^ was small. Interestingly, Perrett et aP̂  did not experience a decline in CRR with 
time for PDT-treated lesions as reported by Dragieva et al̂ ^ and, once again, different methods 
may have partly accounted for this. It has been emphasized that such practical considerations may 
be of particular relevance in optimizing PDT for immunosuppressed individuals.̂ ^ In the study of 
Perrett et al̂ ^ the improved outcome for PDT vs. 5-FU appears, at least in part, to reflect a poorer 
than expected clearance of epidermal dysplasia with 5-FU in the patient group. From data in im-
munocompetent patients, a 90% clearance rate should have been expected, as compared with the 
11% CRR that we observed at 6 months. It was concluded that 5-FU regimens recommended for 
treatment of immunocompetent patients may not be appropriate for OTRs.̂ ^ 

sec 
An important step for the management of SCC in OTRs was the pubUcation of guidelines by 

the International Transplant-Skin Cancer Collaborative (ITSCC). Based on this report, patients 
should be divided into low-risk and high-risk categories based on aggressive growth characteristics 
of the SCC. 

Low-Risk SCC 
First, any lesion suspicious for SCC should be biopsied or excised. Electrodessication and 

curettage (ED&C) may be performed at the time of biopsy for those lesions that are clinically 
determined to be less a^essive.^^ For lesions judged to be low risk based on histology as well, 
treatment options include: cryosurgery with curettage, ED&C, surgical excision, or Mohs' micro-
graphic surgery.̂ ^ For those areas where conservation of tissue is a priority or for sites that are in 
anatomic areas of moderate risk, Mohs' micrographic surgery is the best option.̂ ^ 
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Aggressive SCC 
For skin lesions that are determined to be aggressively growing based on clinical characteristics 

or histologic features, destractive techniques are not recommended. A^essively growing SCC 
should be treated with excisional techniques, particularly Mohs' micrographic surgery. Other 
recommended options for complete excision include surgery with intraoperative frozen section 
evaluation, or excision with postoperative margin assessment. Margins should include the subcu-
taneous fat and 6-10 mm beyond any surrounding erythema.̂ ^ If there is evidence of perineural 
involvement, invasion of surrounding bones or glands, unclear margins, or if the lesion persists 
after excision, then frirther evaluation is necessary. Radiation therapy shotdd be considered in 
cases where there is perineural involvement "or where there is inability to achieve clear margins.̂ ^ 
Sentinel lymph node biopsy (SLNB) has been shown in small studies to be effective in identifying 
nodal disease in patients with SCC of the lip.̂ -̂̂ ^ This option should be considered for patients 
with high risk SCC. The decision to decrease immunosuppressive therapy should be discussed 
with the patient s transplant team. 

Metastatic SCC 
Any patient with metastatic nodal spread should be evaluated for excision with therapeutic 

lymphadenectomy or primary radiation therapy (XRT). Patients with in-transit cutaneous metasta-
sis who do not have lymph nodes that are positive for metastatic spread should have excision of the 
primary and satellite lesions. In these patients, Mohs* surgery is recommended. Chemotherapy, the 
use of systemic retinoids and the reduction of immunosuppressive medication are other additional 
options that should be considered in patients with nodal spread or satellite lesions.̂ ^ 

MultipleNMSC 
Application of prophylactic topical retinoids or episodic 5-FU may be used in patients who 

develop multiple AKs or NMSC. In OTRs who develop more than five NMSCs in 1 year, pro-
phylactic administration of systemic retinoids should be considered. It has been reported that 
the administration of systemic acitretin (30 mg/day) leads to a reduction in the incidence of 
SCC.̂ ^ However, chemoprophylaxis with retinoids is problematic in OTRs because of the need 
for long-term therapy. Well known side effects include hyperlipidemia, which should be treated 
consequently in OTRs. Any patient receiving systemic retinoids should have liver frinction tests 
and Upids checked on a regular basis. A rebound effect after discontinuation of retinoids, resulting 
in an increase in the number of skin cancers, has been observed.̂ '̂̂ ^ Dermatologists should discuss 
the possibility of a reduction of the immunosuppressive medication with the transplant team for 
patients with more than 5-10 NMSC per year.̂  Recently, it has been analyzed whether common 
known polymorphisms in the regulatory region of the cyclooxygenase-2 (COX-2) gene (PTGS2) 
can be associated with NMSC predisposition after organ transplantation and whether cancer risks 
are associated with specific COX-2 gene haplotypes containing these polymorphisms.̂ ^ In that 
study, it was demonstrated that COX-2 common variants -765G—>C and -1195A—>G appear 
to be associated with risk of NMSC, although in different ways in the SCC and BCC subgroups, 
indicating that environmental and genetic risk factors may play different roles in the outcome lead-
ing to these two phenotypes.^ Recendy, a comprehensive literature review was carried out to discuss 
relevant genetic polymorphism for the development of NMSC in organ transplant recipients.̂ ^ 
These include genetic polymorphisms in glutathione S-transferase, interleukin-10, retinoblastoma 
andp53 genes. Additionally, genetic polymorphisms in the fi)late pathway, melanocortin 1 receptor 
and vitamin D receptor were discussed. The authors concluded that no single factor is causative in 
cutaneous carcinogenesis in transplant recipients and that most likely interactions of some of the 
above mechanisms with known environmental factors lead to increased risk.̂ ^ 

Keratoacanthoma 
Keratoacanthomas (KA) also have a similar clinical appearance in solid organ transplant re-

cipients as in the general population. Clinically, they appear as dome-shaped nodules or papules 
with a central keratotic plug. They occur on solar UV-radiation exposed areas and can grow very 
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rapidly. OTRs may have multiple KAs on solar UV-radiation exposed areas. KAs may not always 
be clinically distinguished from SCC and therefore should be treated with surgical excision. For 
OTRs with multiple KAs, systemic retinoids may be used. 

BCC 
BCC has the same clinical appearance in OTRs as in normal hosts. It presents as a pearly telean-

giectatic papule or as a crusted, atrophic or ulcerated lesion. In contrast to the general population, 
OTRs have much higher incidence rates of SCC compared to BCC. BCC can be treated with 
various therapeutic modalities, including ED&C, surgical excision, or Mohs' surgery depending 
on the size of the lesion, its location and whether it is recurrent. Topical imiquimod has also been 
approved for the treatment of superficial BCC in non-immunocompromised patients. Use of 
topical imiquimod in OTRs for superficial BCC has only been reported in a limited number of 
cases, but preliminary results are encouraging. 

Malignant Melanoma 
MaUgnant melanoma (MM) has the same clinical appearance in transplant recipients as in 

normal hosts, but has a slightly higher incidence in transplant recipients. It has been recommended 
that surveillance for MM should be more a^essive in OTRs. Many centers have utilized ftdl-body 
photography and dermatoscopy to follow patients with multiple pigmented nevi. Any lesion that 
is suspicious for MM should be biopsied or excised. Localized lesions should be treated with wide 
local surgical excision. In OTRs with MM that are more than 1 mm thick or that are ulcerated, 
sentinel lymph node biopsy may be usefiil. For kidney or pancreas allograft patients with metastatic 
MM, discontinuation of immunosuppressive medication should be considered.^ 

Follow-Up 
OTRs with a history of one NMSC should be seen every 6 months by a dermatologist. OTRs 

with a history of multiple NMSC, high risk NMSC or MM, should be seen at least every 3 months. 
Sites of any previous cutaneous malignancy should be reevaluated at every examination. Regional 
lymph node exam should also be performed. If there is any suspicion of metastatic disease, further 
evaluation that may include laboratory or radiologic studies has to be performed.̂ ^ 

Summary 
The introduction of organ transplantation in clinical medicine has resulted in a constantly 

increasing, large population of patients that are chronically on immunosuppressive medication. 
It is well known that skin cancer, especially SCC, in this population has higher incidence rates, 
behaves more aggressively and has higher rates of metastasis. OTRs who have been treated for 
many years with immunosuppressive medication are at the highest risk for developing maUgnant 
skin tumors. Therefore, the intensity of surveillance for cutaneous lesions is of high importance in 
OTRs. A frdl-body skin exam at least once a year and more frequendy if skin cancer or precancerous 
cutaneous lesions develop is recommended. Clinicians should not hesitate to biopsy or to surgically 
excise any suspicious skin lesion. Of high importance is also the education of OTRs about their 
increased risk. Protection against solar and artificial UV-radiation and monthly self-examinations 
are good ways to prevent and to recognize any new suspicious skin lesions. Patients are advised 
to always wear solar UV-radiation protection (e.g., clothing, sunscreen) before going outdoors. 
However, investigations have revealed that solar UV-B-exposure and serum 25(OH)D levels 
positively correlate with decreased risk for various internal malignancies (e.g., breast, colon, 
prostate and ovarian cancer) and other severe diseases. As we have shown previously, renal 
transplant recipients are at high risk of vitamin D deficiency. A sunscreen with a sun protection 
factor (SPF)-8 reduces the skins production of vitamin D by 95%. Clothing completely blocks 
all solar UVB- radiation and this prevents any vitamin D production. Therefore, it is important 
to detect and treat vitamin D deficiency in solid organ transplant recipients. Optimal manage-
ment of these patients requires communication between the transplant teams and the treating 
dermatologist and other cUnicians. For advanced or metastatic disease, collaboration between 
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clinicians of different disciplines, including the transplant team, dermatologists and radiation 
oncologists is also essential. In the future, dermatology clinics that are integrated into transplant 
centers may make it easier to manage and to treat OTRs, may make an interdisciplinary approach 
more effective and may thereby improve the clinical outcome in OTRs. 
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CHAPTER 17 

Histology of Melanoma 
and Nonmelanoma Skin Cancer 
Cornelia S.L. Mueller* and Jorg Reichrath 

Squamous Cell Cancer, In Situ Carcinomas, Actinic Keratosis (AK) 

According to the WHO classification of skin tumours from 2006 actinic keratoses are very 
common intraepidermal neoplasm of sun-damaged skin with variable atypia of the epi-
dermal keratinocytes. Main cause of these changes is chronical exposition to UVB light, 

but Aks are also observed following long term PUVA-treatments as well as exposure to arsenic.̂  
The actinic keratoses can be considered to represent early squamous cell carcinomas in situ,̂ *̂  
respectively possess a striking potential to progress to fully developed neoplasms.'̂  But only small 
portions of actinic keratoses will develop into an invasive squamous cell carcinoma. Regression of 
some cases of actinic keratoses have been reported, most likely as a result of immune mechanisms.̂  
Metastases after transformation of actinic keratoses into invasive squamous cell carcinomas are very 
rare except for those tumours that arise on the ear, lip, anus and vulva, which have been reported 
to be often associated with a more aggressive behaviour.̂  It has been widely accepted, that actinic 
keratoses are a cUnical manifestation of UV-induced neoplastic transformation of keratinocytes 
representing a continuum with progress to a fully developed squamous cell carcinomas.̂  Cockerell 
observed the same cytological features of keratinocytic atypia in actinic keratoses than in epider-
mal or metastatic SCCs.̂  Like current nomenclature of cervical intraepidermal neoplasia (CIN) 
Cockerell therefore recommends the use of the term "keratinocytic intraepidermal neoplasia" to 
illustrate the biological nature of these lesions.̂  

Histopathologically, the actinic keratoses are classified into six groups: hypertrophic, atrophic, 
bowenoid, acantholytic, pigmented and lichenoid. All of these subtypes collective is a partial 
thickness atypia of crowded keratinocytes with overlying parakeratosis and sparing of acrotrichia 
and acrosyringia extensions with overlying orthokeratosis. This characteristical pattern of alter-
nating ortho- and parakeratosis is often referred to as "flag sign" or "pink and blue patternV The 
cytologic atypia include nuclear enlargement and prominence, hyperchromasia, pleomorphism, 
mitotic activity and dyskeratosis. Constantly associated dermal changes are solar elastosis and a 
sometimes dense lymphocytic infiltrate and an increased vascularity. 

Bowen's Disease 
Clinically Bowen s disease represents a slow growing malignancy which most often arises in 

sun-damaged skin of the elderly.̂ '̂ ^ In Bowen's disease, the epidermis usually shows locaUzed full 
thickness atypia resembling carcinoma in situ and it is seen as a distinct clinicopathologic entity 
of the skin and the mucocutaneous junction. Typically, a completely disordered architechture, 
abnormal mitosis, dyskeratoses, involvement of the pilosebaceous unit with an intact epidermal 
junction is seen.̂ ^ Synonyms of the same entity are: squamous carcinoma in situ, intraepidermal 
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carcinoma, bowenoid dysplasia and bowenoid squamous carcinoma in situ. The most common 
causation of Bowen's disease is, likewise for the actinic keratoses, chronic exposition to UVB-light. 
Histopathologically characteristic^, hyperkeratosis, parakeratosis, hypo- or hypergranulosis and 
plaque-like acanthosis with an increased cellularity is seen, as well as a complete loss of epidermal 
polarity and keratinocytic maturation are found (Fig.l). Typically, crowding of atypical kera-
tinocytes with pleomorphism, multinucleated or vacuolated cells with hyperchromatism and 
dyskeratosis appear. In addition, very large atypical cells (Fig.2) and bizzar mitoses are usually 
found. In Bowen's disease typically the follicular epithelium is involved. Morphological variants 
have been described, including clear-cell, pagetoid and pigmented forms.̂ ^ As in actinic keratoses 
dermal changes are composed of solar elastosis, a lymphocytic and plasma cell- rich infiltrate in the 
papillary dermis and ectatic vessels. Bowen s disease affecting the penis is referred as Erythroplasia 
Queyrat.̂ ^ The histologically features of lesions on the glans or shaft of the penis are identical to 
those at other sites of the skin.̂ ^ 

Invasive Squamous Cell Carcinoma (SCC) 
SCCs are the most frequent form of skin cancer among blacks and the second one in the 

white population. The average age of patients is about 70 years and males are more frequently 
affected than females.̂ ^ Even genodermatoses such as Xeroderma pigmentosum, albinism and 
Epidermodysplasia verruciformis are at increased risk for SCCs.̂ "̂  Main factors associated with 
an increased risk of developing an invasive squamous cell carcinoma are UVB-exposition, viral 
HPV-infections, therapeutic immunosuppression for allogenic organ transplants, arsenic exposure, 
ionizing radiation and chronic dermatoses, e.g., lichen sclerosus genitaUs.̂ ^ 

By definition a SCC is a malignant neoplasia of epidermal (and mucous membrane) kerati-
nocytes in which the component cells show variable squamous differentiation^^ and the ability of 
local infiltration and tissue destruction.̂ '̂  Mostly seen in elderly people, they arise on chronically 

Figure 1. Bowen's disease. All images are available in color online atwww.Eurekah.com. 

http://atwww.Eurekah.com
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Figure 2. Bowen's disease; "monster cells". 

sun-damaged skin sites. Histologically SCCs are composed of nests, sheets or strands of squamous 
epithelial cells arising from the epidermis and extending into the dermis in a variable degree. Initially 
developing as carcinoma in situ, they later become invasive, infiltrating dermis, subcutis, muscu-
lature, cartilage or bone and may also lead to regional lymph node disease and distant metastatic 
spread.̂ ^ Typically, horn pearl formation and central keratinization are seen, depending on the 
degree of differentiation of the tumour. Immunohistochemically these atypical cells are positive 
for epithelial membrane antigen (EMA) and cytokeratins. 

Actually, multiple classification systems exist, mosdy historically developed: 
• Classification into "well", "moderately" and "poorly" differentiated types. 
• Broder s system of classification, based on four grades of differentiation 

grade 1:75% or more of the lesion is well differentiated 
grade 2: 50%-75% or more well differentiated 
grade 3: 25-50% well differentiated tumour cells 
grade 4: less than 25% well differentiated tumour cells.̂ ^ 

• WHO classification system distinction between in situ carcinomas and invasive carci-
nomas with the following variants: SCCs with horn pearl formation, spindle cell SCCs, 
lymphoepitheUal carcinoma, acantholytic SCCs, SCCs arising from Bowens disease and 
the verrucous carcinoma. ̂ ^ 

• Additionally, there are a lot of rare variants of SCCs known, including clear-cell, 
signet-ring, pigmented, basaloid, inflammatory, infiltrative, desmoplastic, verrucous and 
rhabdoid types.̂ "̂ '̂ ^ 

Though there are numerous classification systems, only Uttle is known about the behaviour 
with respect to local recurrence and metastasis. In general, poorly differentiated tumours recur 
and metastasize more frequently than well differentiated variants.̂ ^ Neurotropism is associated 
with high recurrence and metastasis rate. Perineural spread is particularly common in tumours 
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arising on head and neck, especially lips and mid-face. The clinical outcome of SCCs of the skin 
depends on the microscopic parameters of thickness and histologic grade. Additional, attention 
should be paid to the histologic subtype because the individual SCCs forms vary considerablely 
in prognosis. Based on a proposal of Cassarino et al the above mentioned forms of SCCs should 
be classified upon their malignancy behaviour and prognostic factors into four groups: low risk 
(less than 2% metastatic rate), intermediate (3-10%), high (greater than 10%) and the intermedi-
ate behaviour.̂ ° 

• Low risk SCCs: actinic keratoses, HP V associated SCCs, tricholemmal carcinomas, spindle 
cell SCCs not associated with radiation. 

• Intermediate risk SCCs: acantholytic SCCs, intraepidermal epithelioma with invasion, 
lymphoepitheUoma-like carcinoma of the skin. 

• High risk SCCs: de novo SCCs, SCCs arising in association with radiation, burn scars, 
immunosuppression, invasive Bowen*s disease, adenosquamous carcinoma, maUgnant 
proliferating pilar tumours. 

• Indeterminate behaviour SCCs: singnet-ring-cell, foUicular and papillary SCCs, SCCs 
arising in adnexal cysts, eccrine ductal carcinomas, clear-cell SCCs. 

In addition to the above mentioned classification systems prognostic relevant factors such as 
tumor size, differentiation, depth of invasion, perineural invasion should be announced when 
diagnosing a squamous cell carcinoma.̂ ^ 

Keratoakanthoma (KA) 
Clinically, keratoakanthomas appear as usually solitary dome-shaped nodules with a central 

keratin plug, fasdy growing and often spontaneously regressing. Severel dinical subtypes are known, 
as the giant KA, keratoakanthoma centrifi^um marginatum or subungual types. Even multiple 
and eruptive cases are described, occuring mosdy in immunosuppressed patients and within the 
Muir-Torre syndrome as well as at posttraumatic sites.̂ ^ Rare cases of perineural invasion^^ and 
intravascular spread̂ ^ have been reported, often occuring in the facial region. In most cases, these 
tumours affect sun-exposed hair follicle bearing skin of elderly individuals and they mimic clini-
cally and histopathologically well-differentiated squamous cell carcinomas. Keratoakanthomas can 
therefore be considered as a histologic variant of squamous cell carcinoma with distinct clinical 
and pathologic attributes.̂ ^ Histologically, they are exophytic squamoproliferative nodules with 
central keratin plug. Typically, the lesions appear symmetrical with a mixed inflammatory cell 
infiltrate, including eosinophils and neutrophils, with exocytosis of inflammatory cellŝ ^ (Fig. 3). 
The center of the tumour presents as a crater filled with eosinophilic laminated orthokeratotic 
scales. This central crater most often is partially encoled by a well defined Up that forms the super-
ficial border of the neoplasm (Fig. 3). The epitheUum of this lip may be hyperplastic, but there is 
usually no evidence of dysplasia or actinic keratosis in the epithelium adjacent to th tumour.̂ ^̂ ^ 
Nearly impossible is the differential diagnosis of squamous cell carcinoma in superficial shaves or 
punch biopsies.̂ ^ 

Basal Cell Carcinoma 
Basal cell carcinomas are tumours with in general nonmetastasizing behaviour that derive from 

undifferentiated pluripotent epithelial stem "germinative" cell. They are typically characterized by 
a fibrous stroma surrounding islands of dependent tumour cells that resembles keratinocytes of 
the basal layer of the epidermis or hair follicle. Usually, these tumour cells are fairly regular with 
rounded haematoxiphiUc nuclei and Utde cytoplasm. Typically, the proliferating cell component 
of the tumour is found predominantly in so called peripheral "palisades" of cells around the margin 
of each tumour nest (Fig. 4). It has been shown that this phenomenon corresponds to the way, in 
which basal cell carcinomas grow by slow progressive, local invasion.̂ ^ Basal cell carcinomas show 
a distinct tumour stroma, that is usually loose and mucin-rich (predominandy hyaluronic acid). A 
very typical sign of basal cell carcinoma is the presence of a constant retraction artefact; the sepera-
tion of the tumour cells from the underlying stroma. Five variants of basal cell carcinomas can be 
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Figure 3. Keratoakanthoma. 

distinguished: nodular/ulcerative (solid) with 45-60% (Fig. 4); diffuse (infiltrating, sclerosing) 
4-17% (Fig. 5), superficial multicentric 15-35%, pigmented varaients 1-7% and the fibroepithe-
lioma of Pinkus. Rare basal cell carcinomas have been referred to as metatypical carcinomas.̂ ^ 

Melanoma Skin Cancer 
In this topic a great variety of neoplasms with distinct clinical, morphological and genetic 

profiles are included. Because of their often fatal biological behaviour they are the most important 
group of skin cancer. The major environmental risk factor is intermittant high-dose UV radiation, 
aggravated by the combination with endogenous factors, such as skin types I and II or genetic 
susceptibility.̂ ^ Most important prognostic factor in malignant melanoma is Breslows tumour 
thickness measured from the top of the granular layer of the epidermis to the deepest point of 
invasion in the dermis. Accordant to the sequence of development of invasive epitheUal neoplasias 
starting with actinic keratoses, Bowens disease and finally, fully developed invasive carcinoma, the 
melanoma skin cancer also does show an evolutionary sequence with early lesions, as melanoma in 
situ or historically named lentigo maligna to fully developed invasive malignant melanomas. 

In Situ Melanoma (Syn Lentigo Maligna) 
Clinically these early melanomas present as flat, pigmented macules, mostly seen in chronically 

Ught-exposed skin sites. The clinical differential diagnoses include lentigo simplex, junaional mela-
nocytic nevus as well as nonmelanocytic lesions, as seborrhoic keratoses and basal cell carcinomas. 
Changes in preexisting melanocytic lesions or development of a new pigmented lesion later in life 
should be a striking hint to development of an early melanoma. 

Histologically, a melanoma in situ is characterized by linear and nested proUferations of atypi-
cal melanocytes predominantly along the dermo-epidermal junction and extending the adnexal 
epithelium. ̂ ^ Later on, single atypical melanocytes can be found in higher layers of the epidermis.̂ "̂  
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Figure 4. Basal cell carcinoma, solid type. 

Characteristically, in early melanomas the neoplastic melanocytes are localized within the epidermis. 
Dermal changes such as severe solar elastosis, ectatic vessels and a lymphocytic infiltrate but also 
epidermal atrophy are seen. The lentigo maligna is broadly accepted as in situ variant of the lentigo 
maligna melanoma, in which the dermis is infiltrated by atypical melanocytes. 

Invasive Melanoma 
Based on proposals by Clark and Mc Govern̂ ^ the clinicopathological classification of malig-

nant melanoma has evolved into 4 main groups: the lentigo maligna melanoma, the superficial 
spreading melanoma, the nodular and the acral lentiginous melanoma. The relative incidence of 
these subtypes vary in different areas of the world. The concept of the radial and vertical growth 
phase of melanomas is mainly accepted. A progressive centrifugal spread of flat pigmented areas 
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Figure 5. Basal cell carcinoma, sclerodermlformic type. 

characterized by intraepidermal proliferating melanocytes labels the radial growth phase. In most 
cases of lentigo maligna, superficial spreading and nodular melanoma the radial growth phase 
precedes the vertical growth phase, where the dermis gets infiltrated by melanocytic tumor cells. 
Associated with the development of the vertical phase is angiogenesis and the expression of vascular 
endotheUal growth factor.̂ *̂̂ ^ 

Superficial Spreading Melanoma 
ProUferating single or nested melanocytic cells with cytological atypias in all levels of the epi-

dermis characterizes this type of melanoma. The superficial adnexial struaures usually are involved. 
Dermal tumour masses contain lymphoid, epithelial, spindle-shaped melanocytic tumours cells 
with variable degree of pigmentation. Typically, maturation of melanocytic tumour cells in the 
deeper compartments is missing. Clinically superficial spreading maUgnant melanomas appear on 
any part of the body as wells as at any age. Not uncommon are areas of regression mostly caused 
by immune mechanisms.̂ ^ 

Lentigo Maligna Melanoma 
Basal proliferations of atypical melanocytes, singly or nested, focally a^egating to crowding 

conglomerates characterizes this type of melanoma. The deep adnexial epithelium is regularly 
involved and heavy cellular pleomorphism and cellular atypia are seen. Often there is a moderate 
to severe solar elastosis of the papillary dermis, but this is not a prcrequisit of the lentigo maligna 
melanoma. Only Uttle pagetoid spreading of atypical cells into higher levels of the epidermis is 
seen and there are quite often multinucleated tumor cells (Fig. 6). Microinvasive foci are strikingly 
ignored, in those cases highlightning these areas with S100 and HMB45 is a useful tool. Most of the 
lentigo maUgna melanomas appear in the face and other sun-exposed areas of elderly people.̂ ^ 
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Figure 6. Superficial spreading malignant melanoma; intraepidermal pagetoid spread of 
atypical melanocytic cells. 

Nodular Melanoma 
These melanomas do not have any radial growth phase,̂ ^ but show exclusively an vertical 

proliferation direction. The cUnical feature is therefore nodular, polypoid and sometimes pedun-
culated (Fig. 8). Amelanotic and ulcerated variants do exist. Typically, there is mostly no or Uttle 
intraepidermal component of atypical melanocytes. Mostly the tumour cells in the dermal part 
are round to oval with hyperchomatic nucleî ^ and an often epitheloid feature. The cell popula-
tion mostly appears monomorphous.̂ ^ Failure of deep dermal maturation is a strong hint to the 
malignant behaviour of this type of melanoma. Characteristically, SlOO, HMB45 and Melan-A 
as the typical melanocytic markers are expressed here. 

Akral Lentiginous Melanoma 
The acral lentiginous melanomas arise on nonhair bearing palmar, plantar and subungual skin 

sites.̂ ^ It has a characteristical but not distinct histology with marked acanthosis, expanded corni-
fied layer, elongated rete ridges and a lentiginous proliferation of atypical melanocytes in the radial 
growth phase, with a dominant intraepidermal component (Fig. 7). In the vertical growth phase 
mosdy spindle-shaped tumour cells and a desmoplastic stroma form a nodular tumour.̂ ^ 

Variants and Specialities 
Malignant melanoma is very well known for the wide range of histological variability and the 

ability of mimicking a variity of other malignancies. Besides the above mentioned classical forms 
there are a lot of different variants described, accountable for the often difficult recognition, even 
by expert dermatopathologists. Smoller and Rongiolette favour a classification of these melanoma 
variants into four groups corresponding to the architectural patterns, cytologic features, stromal 
changes and combinations of these three.̂ ^ This description is not only suggestive for pedogogic 
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Figure 7. Malignant melanoma, akro-ientiginous type. 

and nosologic values, but also important for the possible prognostic correlations. So espeacilly des-
moplastic melanomas tend to local recurrance after surgery, angiotropic and ballon cell melanomas 
tend to skin metastasis whereas signet ring cell melanomas are of poor prognostic sign. In the fol-
lowing the most important variants of malignant melanomas concerning to the above mentioned 
classification are accounted. 

Architectural Patterns 
Here polypoid, verrucous, angiomatoid, angiotropic, primary dermal bullous and pseudopapil-

lary/adenoid- cystic melanomas are oudined (Fig. 8). The polypoid malignant melanoma is marked 
of a distinct exophytic growth pattern with a nodule connecting the underlaying skin by a pedicle. 
Bulky proliferations of atypical melanocytes fill the nodule. Later on infiltration of these melanoma 
cells throi^h the pedicle in the underlying skin is seen. The verrucous melanoma is often been mis-
diagnosed clinically as benign lesions, such as dermal nevus or seborrhoic keratoses. Histologically 
strikingly at scanning magnification is the prominent papillomatous epidermal component, e.g., 
hyperkeratosis, parakeratosis and pseudoeptheUomatous pattern. The other mentioned variants of 
architectural forms of melanomas are extremely rare entities, e.g., only 2 cases ofbullous melanomas, 
with floating melanoma cells in a pigmented epidermal blister are described.̂ ^ In contrast it is not 
that uncommenly to see subepidermal blistering within classical melanomas. 

Strotnal Features 
In this firaction the desmoplastic or neurotropic melanoma is the most common representative. 

Among the classical forms desmoplastic melanomas are only seen in 3% of all melanomas.^ But 
also the myxoid and ossifying/chondroid melanoma has to be mentioned here. The myxoid pattern 
is often observed in elderly people and clinically presents as pigmented nodules on the trunk and 
extremities. Strikingly other mucin-containing neoplasms can be misdiagnosed. A strong positivity 
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Figure 8. Polypoid malignant melanoma. 

for S100 and NSE is observed, whereas Melan A or HMB45 are commonly negative. The osteocar-
tilagineous metaplasia is a very rare histological phenomenon in melanomas.̂ ^ Especially in akral 
and primary mucosal melanomas this pattern is sccnP 

Clinically desmoplastic melanomas present as indurated, pigmented or nonpigmented plaques, 
often associated to lentigo maUgna.̂ ° Histologically, spindle cell proliferations diffusely infiltrating 
the dermis and/or subcutis associated with a abundent stromal collagen are seen. In the conventional 
H&E stain these lesions mimick a scar or dermatofibroma. At higher magnification cytologic 
atypias are observed. Ihe overlaying epidermis often shows lentiginous proliferations of atypical 
melanocytes. The spindled cells are mosdy amelanotic. Concerning to an often strong neurotropism 
frequently recurrence of demsoplastic melanomas is a common feature after surgery.̂ ^ 

Cytological Features 
A great variety of melanomas subforms are condensed in this fractions: ballon-cell, spindle-cell, 

signet-ring-cell, small-cell, animal-type, amelanotic, spitzoid, rhabdoid, schwannoid, ganglioblas-
tic, plasmacytoid, merkel-cell-like and actin-rich melanoma. Mostly they have no distinct cUnical 
features, but are very often difficult not to be misdiagnosed histologically. It shows the capacious 
spectrum of morphological variants of melanocytes and their atypical forms. 

Variants of Combined Patterns 
Sometimes the above mentioned architectural and cytological features are associated and form 

histologically arrestingly melanoma variants. The malignant blue nevus, malignant peripheral 
nerve sheath tumor like melanoma, clear cell sarcoma (melanoma of the soft parts), the nevoid and 
minimal deviation melanoma are summarized here. Confusingly is the nomenclature spectrum of 
the so called nevoid melanomas: Reed 2000 called them minimal deviation melanoma, but also 
pseudonevoid, small diameter and small cell melanomas often mean the same histological entity.̂ ^ 
All these forms and terms in commen is the feature that tumor cells mimic nevus cells, with the 
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broad morphological spectrum of nevus cells. Clinically preferential sites are lower extremities 
and the trunk of middle- aged men and women.^^ 

Childhood Melanoma 
Childhood melanoma is a very rare and fatal entitiy, with only 1-3% of all childhood malig-

nancies^ occuring with a slight female predominance. Per definition, these melanomas occur in 
individuals prior to puberty and can be further subcatagorized as: 

• Congenital melanomas (onset in utero to birth) 
• Infantile melanomas (birth- to one year of age) 
• Childhood melanoma (one year to onset of puberty) 

They must be further distinguished from simulants of melanomas, as Spitz naevi and atypical 
nodular proUferations developing in congenital naevi in infants and young children. Childhood 
melanomas can be further subcatagorized into three principal groups^^: 

Conventional Melanomas 
In about 40 to 50% of childhood melanomas are similar in histology to those in adults. The 

lentigo maligna melanomas are not seen in this age group, but pagetoid spreading of atypical cells 
intraepidermal and nested or lentiginous proUferations of melanocytes are seen.^^ 

Small Cell Melanomas 
They are composed of monomorphous small cells reminiscent such cells as in lymphomas or 

melanocytic nevi. These cells are arranged in sheets or organoid configurations and they usually 
appear de novo or develop in congenital naevus. Striking Breslow index and a poor prognosis with 
a fatal outcome are often seen. 

Melanomas Simulating Spitz naevus 
These melanomas exhibit features strongly suggesting a Spitz naevus. Characteristically, 

wedge-shaped configuration, epidermal hyperplasia, epidermal clefting about intraepidermal nests 
with large epitheloid cells and spindle cells are seen. 

Approximately 50% of childhood melanoma arise in association with preexisting lesions (con-
genital melanocytic nevus but also other aquired melanocytic nevi).^^ Criteria for distinguishing 
childhood melanomas from nevi or Spitz naevus are: ulceration, high mitotic rate of more than 4 
mitosis/ mm^, large size of mor than 7 milimeters asymmetry, poorly demarked lateral borders, lack 
of maturation and marked nuclear polymorphism. It is suggested that melanocytic lesions that can-
not been classified sufficient as melanomas should be designated as biologically intermediate. 
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CHAPTER 18 

Cytogenetics of Melanoma 
and Nonmelanoma Skin Cancer 
Melanie A. Carless and Lyn R. Griffiths* 

Abstract 

Cytogenetic analysis of melanoma and nonmelanoma skin cancers has revealed recurrent 
aberrations, the frequency of which is reflective of malignant potential. Highly aberrant 
karyotypes are seen in melanoma, squamous cell carcinoma, solar keratosis and Merkel 

cell carcinoma with more stable karyotypes seen in basal cell carcinoma, keratoacanthoma, Bowens 
disease, dermatofibrosarcomaprotuberans and cutaneous lymphomas. Some aberrations were com-
mon amongst a number of skin cancer types including rearrangements and numerical abnormalities 
of chromosome 1, -3p, +3q, partial or entire trisomy 6, trisomy 7, +8q, -9p, +9q, partial or entire 
loss of chromosome 10, - 17p, + 17q and partial or entire gain of chromosome 20. Combination of 
cytogenetic analysis with other molecular genetic techniques has enabled the identification of not 
only aberrant chromosomal regions, but also the genes that contribute to a maUgnant phenotype. 
This review provides a comprehensive summary of the pertinent cytogenetic aberrations associated 
with a variety of melanoma and nonmelanoma skin cancers. 
Introduction 

Skin cancer represents an accumulation of genetic abnormalities, inherent and/or sporadic, 
that alter the cells in such a way that normal function is impaired and a tumor arises. MaUgnant 
melanoma originates from aberrant melanocytes located in the basal (innermost) layer of the 
epidermis, whereas nonmelanoma skin cancer (NMSC) is due to abnormaUties of other cell 
types. The two most common forms of NMSC are basal cell carcinoma (BCC) and squamous 
cell carcinoma (SCC), arising from keratinocytes in the basal and squamous (2nd innermost) 
layers, respectively.̂  Other NMSCs include those developing from keratinocytes: solar keratosis 
(SK), SCC in situ (Bowens disease; BD) and keratoacanthoma (KA)̂ ; and those arising from 
other cells within the skin or associated with the skin, such as: eccrine carcinomas, apocrine and 
sebaceous gland carcinomas, Kaposi sarcoma, liposarcoma, malignant fibrous histiocytoma, cutane-
ous lymphoma, Merkel cell carcinoma (MCC), extramammary Paget s disease, leiomyosarcoma, 
epitheUoid sarcoma, maUgnant schwannoma, maUgnant granular ceU tumor and dermatofibro-
sarcoma protuberans (DFSP).^ 

Although the development of both melanocytic and nonmelanocytic skin cancers is strongly 
reUant upon genetic factors, such as skin type, famiUal incidence (including inherited disorders), 
race and gender, it is also heavily influenced by environmental factors, most specificaUy ultraviolet 
(UV) radiation.̂ '̂  UV radiation is known to induce DNA point mutations and smaU deletions.̂ '̂  
Also, Emri and coUeagues detected the formation of micronuclei, cytogenetic indicators of chro-
mosomal damage, in melanocytes and fibroblasts exposed to UVB radiation and to a lesser extent 
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in fibroblasts exposed to UVA radiation/ This study indicated that at physiological doses of UV 
radiation, gross chromosomal aberrations can be induced/ 

Cytogenetic analysis is a powerful tool used in the identification of chromosomal aberrations 
with apphcations ranging fi-om identification of prenatal birth defects to detection and prognostic 
evaluation of diseases associated with sporadic or inherent karyotypic abnormalities. A wide variety 
of karyotypic abnormalities are associated with diseases, including changes in karyotypic number, 
size and structure. In particular, cytogenetic analysis has given invaluable insight into abnormali-
ties associated with hematological malignancies and soUd tumors. An important consideration in 
cytogenetic analysis of soUd tumors is clonal derivation as tumors may be of monoclonal (tumors 
evolve from changes in a single cell) or polyclonal (tumors evolve from multiple cells, each with 
distinct mutations) origin. Thus, cytogenetic reports ofi:en refer to changes associated with differ-
ent clonal populations and also to random mutations, which are not clonal changes. Particularly 
relevant to skin cancers is field cancerization, a process where a large epitheUal area may have 
undergone preneoplastic change after prolonged mutagenic exposure resulting in multiple inde-
pendent tumor foci.̂  As such, there is an increased risk of additional tumor development after 
the emergence of a tumor and consequendy these timiors, although distinct entities, may share 
similar cytogenetic abnormalities.̂  

Aneuploidy, or abnormal DNA content, is a consequence of defects in the mitotic checkpoint 
and is the most common characteristic of soUd tumors.̂  In fact, the frequency of aneuploidy in 
tumors suggests that it either contributes to or drives tumorigenesis, as well as indicating malignant 
potential.̂ '̂ ° Aneuploidy is typically detected by flow cytometry or image analysis, with these 
techniques showing high concordance (>90%) and comparisons with cytogenetic analysis also 
showing high concordance (>80%).̂ '̂̂ ^ DNA aneuploidy and tetraploidy in cancer cells has been 
associated with poor prognosis, advanced staging and poor histologic differentiation in a variety 
of solid tumors.̂ '̂̂ "̂  

Direct analysis of tumor karyotypes allows the detection of various structural and copy number 
changes that may be a cause or consequence of tumorigenesis. Analyses of hematological malignan-
cies have shown nonrandom, recurrent karyotypic abnormalities that are often highly specific to 
one or more cancer types.̂ ^ In particular, the Philadelphia chromosome, arising from a reciprocal 
translocation, t(9; 22)(q34; ql 1.2), was the first consistent abnormality identified in human cancer 
and some beUeve that it should be the defining characteristic of chronic myeloid leukemia. ̂ ^ The 
analysis of soUd tumors has been more problematic due to the culture of cells, which may lead 
to differential cell type selection, subclone selection and cell bias.̂ ^̂ ^ Studies of NMSC cultures 
have shown fibroblastic rather than the expected epitheUal growth pattern, potentially indicating 
preferential growth of contaminating stromal fibroblasts.^^ Analysis of eight cell lines derived firom 
malignant melanoma demonstrated selection of a subclone and subsequent emergence of its own 
subclones in each of the lines such that no long-term culture was identical to its line of origin. ̂ ^ 
Additionally, cell culture can be biased toward selection of tumor cells that have a high mitotic 
index, therefore the culture may not represent the entire tumor specimen.̂ ^ Each of these studies 
demonstrate inadequacy in some cytogenetic analyses of sohd tumors, including skin cancers. As 
such, caution is warranted in the interpretation of results in studies involving cell culture of skin 
tumors, particularly long-term culture. 

Comparative genomic hybridization (CGH) and fluorescence in situ hybridization (FISH) 
are fluorescence based molecular tools used for the detection of molecular aberrations. CGH 
involves hybridization of differentially labeled tumor and reference DNA to normal metaphase 
spreads to globally screen for gross (>20 mb) copy number aberrations.̂ ^ Imbalances are detected 
by changes in fluorescence values of the tumor DNA relative to the reference DNA and as such, it 
does not require the interpretation of complex tumor karyotypes or prior knowledge of aberrations 
for probe design.̂ '̂̂ ° Although CGH only reveals relatively large numerical or unbalanced aber-
rations, it identifies previously unknown DNA copy number changes of regions that may harbor 
tumor suppressor genes or oncogenes associated with cancer development. FISH also allows the 
identification of copy number changes, both large (up to whole chromosomes) and small (as low 
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as 1-200 kb), as well as detecting translocations and inversions that are difficult to determine using 
standard karyotyping techniques.̂ '̂̂ ^ As probes designed for FISH analysis are of a known, specific 
sequence, they can be hybridized to cells in interphase, making FISH a useful technique in the 
identification of aberrations in archival material such as frozen or paraffin embedded samples.̂ ^ 

Each technique used for cytogenetic analysis has both advantages and disadvantages, however 
a combination of these cytogenetic techniques in addition to other molecular genetic techniques 
can provide a comprehensive overview of abnormalities that drive tumorigenesis and may even 
predict outcome of the disease. Although not stricdy a cytogenetic technique, loss of heterozygosity 
(LOH) is ofi:en used in conjunction with cytogenetic analysis to confirm loss of regions or genes 
involved in tumorigenesis. Using highly polymorphic markers, or specific genes, a comparison of 
alleles firom normal and tumor DNA of an individual is made; a loss of an allele in the tumor tissue 
identifies or confirms a deleted chromosomal region.̂ ^ These regions of genetic loss may harbor 
one or more putative tumor suppressor genes pivotal in cancer development. Also, gene expression 
analysis can be useful in determining if aberrant regions correlate to transcriptional activity. Using 
cDNA microarrays, overexpression of several genes has been found to correlate with breakpoint or 
amplified regions,̂ *̂̂ ^ although others suggest this rate of association is quite low (3.8%).̂ ^ Tlie aim 
of this review is to present a comprehensive summary of cytogenetic and associated abnormalities 
involved in melanocytic and nonmelanocytic skin cancer development. 

Melanocytic Derived Skin Cancers and Iheir Precursors 
MaUgnant melanoma is the most fatal of the skin cancers, arising from the malignant transfor-

mation of cells (melanocytes) found within the basal layer of the epidermis.̂ '̂̂ ^ Lifetime risk for 
melanoma has been estimated at 2.04% for men and 1.45% for women in the US, with rates as high 
as 8.33% and 5.88% in Queensland, Australia for men and women, respectively.̂ '̂ ^ Melanoma 
can be classified into two major groups based on location of the lesion; cutaneous (skin; CMM) 
and uveal (eye), both of which have numerous chromosomal abnormalities.'̂  Melanoma stages 
I-IV are typically defined by level of invasion (Clark microstaging levels I-V) and tumor thickness 
(Breslow microstaging).̂ ^^^ Melanoma stages I and II refer to primary lesions yet to metastasize, 
stage III refers to lesions that have invaded the regional lymph nodes and stage IV refers to lesions 
that have metastasized to distant sites.̂ ^ Dysplastic nevi are considered a precursor to CMM and 
although most are biologically stable, their presence has been associated with 100% of familial 
and 60% of sporadic CMM cases.̂ ^ 

In a study of 34 nevi and 53 melanoma, aneuploidy was observed in 2.94% of nevi, 0% of level 
I-III melanoma, 34.48% of level IV melanoma and 100% of level V melanoma (Clark microstaging) 
and was associated lesion thickness (0% in lesions <0.76 and 83% in lesions >3.0 mm) .^Additionally, 
in a follow-up examination of a sub-group of patients 90% of aneuploid tumors showed recurrence, 
whereas only 17.39% of diploid tumors recurred; of the 15.09% of tumors that regressed during 
the study, all were diploid.̂ "̂  A study by Kheir and colleagues retrospectively examined 177 stage I 
cutaneous melanomas, including those in the previously mentioned study and found aneuploidy to 
be highly predictive ofboth recurrence and shorter disease-firee survival.̂ ^ Aneuploidy (as opposed 
to diploidy) was associated with increased thickness (8% of tumors < 1.5 mm; 39% of tumors > 3.0 
mm), Clark's level (11% of tumors level I, II or III; 31% of tumors level IVor V), ulceration (11% 
of nonulcerated tumors; 35% of ulcerated tumors), vertical growth (0% of tumors with no growth; 
26% of tumors with vertical growth), cell type (17% of epithelioid tumors; 30% of other tumors) 
and location (12% of tumors of head, neck and trunk; 32% of tumors at extremities).̂ ^ 

Many studies have investigated karyotypic abnormalities associated with CMM and a recent 
comprehensive review of all previously published karyotypes outlined the identified recurrent 
aberrations."̂  Hoglund and colleagues used the Mitelman Database of Chromosome Aberrations 
in Cancer̂ ^ to identify recurrent imbalances, including deletions, additions, isochrome formation 
and somy changes associated with 92 cases of cutaneous melanoma.'̂  The most common aberra-
tions detected were -10 (59%), -6ql0-q27 (42%), -9pl0-p24, -21 (37%), +7, -16 (36%), -14, 
+Iq24-q44, -4, -15 (33%), -5 (32%), -Ipl0-p36, -1 Iq23-q25 (28%), -12ql3-q24, +20 (27%), 
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-17p, +18 (26%), -8pl0-p23, +8ql0-q24 (25%), -3 (24%), -22, -X (23%), +6p21-p25, -18 
(22%), +3 (18%), -19 (17%), +9q22-q34 (15%),+19 (14%), +13, +17ql0-q25 (12%), +2, +15, 
+21 and +22 (11%)/ Two major karyotypic pathways were detected; the first involved +6p, -6q 
and possibly -16 as early cytogenetic changes and the second involved -3 and either +8q or -8p 
as early changes.̂  In addition to these imbalances, balanced translocations involving regions on 
Iq, 6q, I4q and 19p have been identified in a smaller percentage of cases.̂ ^ 

Some studies have investigated cytogenetic changes associated with dysplastic nevi, a precursor 
lesion to melanoma. One of these studies found loss of chromosome 9 in 2 of 4 dysplastic nevi, 
suggesting this may be a primary event in the transformation of melanocytes.̂ ^ Another study 
investigating three nevi firom a single patient with a family history of melanoma found simple trans-
locations in each of the nevi, including one with a 6ql3 breakpoint (t(6;15)(ql3;q21)), a region 
impUcated in CMM.̂ '̂̂ ^ An investigation of eight benign nevi also revealed single occurrences 
of reciprocal translocations involving t(6; 15), t(10;15), t(15;20) and t(4;5).̂ ^ This demonstrates 
that even in benign lesions, chromosomal instability may have already begun and could potentially 
signify lesions that undergo maUgnant transformation. 

Bastian et al analyzed 132 melanomas and 54 benign nevi by CGH and found that although 
96.2% of melanomas exhibited copy number aberrations, only 13% of the nevi displayed aberra-
tions.^ Specifically, of the seven nevi that exhibited aberration, six of these showed a gain of the 
entire l ip arm, which was not found in any of the melanomas.""̂  In the melanomas studied, regions 
of recurrent gain included 6p (37%), Iq (33%), 7p, 7q (32%), 8q (25%), 17q (24%) and 20q (22%), 
with regions of recurrent loss including 9p (64%), 9q, lOq (36%), lOp (30%), 6q (26%) and 1 Iq 
(21 %) ."̂  An earlier study on a smaller number of melanomas (16) also included analysis of metastatic 
tumors (12) and found similar aberrations as those Usted above for both lesions. Additionally, gains 
of 5p, 5q21-q23, lOpand 18q and losses of 2p21-pter, Ilql3-q23, 12q24.1-qter, 19ql3.1-qter 
and 22qter were detected in metastatic lesions but not in primary lesions and losses involving 9p 
and 17 occurred at a higher fi-equency in metastatic tumors.̂ ^ Specifically, investigation of primary 
and metastatic lesions excised firom the same patient (4 patients) showed additional aberrations 
associated with metastases, although none were determined to be recurrent."̂ ^ 

FISH analysis of melanoma has verified aberrations of: extra copies (89%) and translocations 
(25%) of chromosome 20 (whole chromosome painting);"̂ ^ extra cyclin D copies in primary (47%) 
and metastatic (35%) lesions;'̂ ^ higher rates of trisomy seven in metastatic lesions (25%) com-
pared to primary lesions (8%);^ extra copies oic-myc in nodular (61%) and superficial spreading 
(27%) melanomas;̂ 5 ̂ nd copy number gains of 7 (40.9%), 6,17 (27%), 9 and 10 (23%) as well as 
monosomies of 10 (55%), 9 (37%), 6 (27%), 17 (23%), 1 and 7 (18%) in malignant melanoma 
(14 primary and 8 metastatic)."^ LOH has been detected for at least one locus at 9p22 (31%), 
lOql 1 (31%) and lp36 (15%) in early stage CMM (13 cases),"̂ ^ and further analysis comparing 
benign and dysplastic nevi to CMM have shown higher frequency of Ip and 9p LOH in CMM 
(29% and 50% at most frequently lost loci) compared to dysplastic nevi (12% and 27% at cor-
responding loci) with complete absence of LOH in benign nevi."̂ ^ Figure 1 summarizes recurrent 
aberrations (>10%) detected in CMM samples using a combination of karyotypic analysis, CGH 
and LOH studies. 

Keratinocytic Derived Skin Cancers and Iheir Precursors 
Basal cell carcinomas are the most common form of NMSC, with an estimated lifetime risk 

between 28% and 33%.̂ ^̂  Although they are locally invasive and highly destructive, BCCs rarely 
metastasize with an estimated metastatic potential of 0.0028-0.55%.̂ ° Squamous cell carcinoma 
is the second most common form of nonmelanoma skin cancer and also the most metastatic, ac-
counting for about 20% of all cutaneous malignancies with a lifetime risk estimated at 7-11%.̂ '̂̂ ^ 
The metastatic potential of SCC is highly variable firom as low as 3.6% to 30% depending on the 
site and etiology of the lesion.̂ ^ Solar keratosis (SK) is a lesion commonly described as a biomarker 
for both melanoma and nonmelanoma skin cancer, with prevalence ranging from 11% to as high 
as 80%.̂ ^̂ '̂ ^ They are known to undergo progression to SCC (0.1-10%) and it has been proposed 
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Figure 1. Summary of recurrent genomic aberrations in cutaneous malignant melanoma. 

that all s e c are derived from SK, implicating these lesions as the first recognizable stage of 
NMSC.̂ '̂̂ '̂̂ ^ Additionally, up to 25% of lesions spontaneously regress.̂ ^ SCC in situ, commonly 
known as Bowen s disease, is a lesion that infrequently progresses to SCC (about 2-5%) and has 
limited metastatic ability.̂ '̂̂ ^ Keratoacanthoma (KA) is arguably classified as either a distinct le-
sion or a subtype of SCC, with typical solitary lesions displaying a pattern of growth, maturation 
and spontaneous regression," As SCC is considered to be the most a^essive form of NMSC, it 
might be expected that they exhibit a large degree of chromosomal instability. In turn, precursors 
of SCC or less a^ressive forms of skin cancer such as SK, BD and KA and also BCC, would likely 
show less severe instability. 

The incidence of DNA aneuploidy in BCC is fairly low (9-40%), which is indicative of its sta-
bility.̂ '̂̂ °'̂ ^ However, variability in aneuploidy rates has been seen in specific subgroups with rates 
of 80% for keratotic, 58% for metatypical, 24% for adenoid and 12% for solid and cystic forms.̂ ^ 
Aneuploidy rates are estimated to be higher in SCC (25-80%), concurring with the malignant 
spectrum.̂ '̂̂ '̂̂ ^ A study by Pilch and colleagues also detected differences between well (46%) and 
moderately (75%) differentiated SCC.̂ ^ Aneuploidy rates for SK, BD and KA have been estimated 
at 69%, 89-92% and 4%, respectively.̂ -̂̂ ^ Aneuploidy rates for SCC in situ (89-92%) are higher 
than those reported for both cutaneous SCC and SK and as such Kawara and colleagues have 
suggested that DNA aneuploidy may not be a good prognostic marker of cutaneous SCC.̂ "̂ '̂ ^ 
However, aside from these discrepancies in BD data, aneuploidy rates in tumors appears to be 
indicative of maUgnant potential with rates for SCC similar to or higher than its precursor lesion, 
SK, and also higher than rates for most forms of BCC. 

A number of recurrent numerical and structural alterations have been detected in BCC, 
although much of this has been done in short-term cultures, which allows for contamination of 
other cell types, subclone selection and cell bias. Using a chemically defined media for selection 
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Figure 2. Summary of recurrent genomic aberrations in basal cell carcinoma. 

of epithelial cells, Jin and colleagues investigated 69 new and previously published short-term 
(5-10 days) BCC cultures and identified numerical aberrations of+18 (30%), +7, +X (17%) 
and +9 (14%) as well as rearrangements of 9q (24%) and breakpoints involving lp32, lp22, 
Iqll , lq21, 4q21and 4q31 (10%).̂ '̂ ^ Less frequent breakpoints were also detected. Most of 
the cultures investigated had simple aberrant karyotypes consisting of only 1 to 3 aberrations, 
suggesting that these tumors are still relatively genetically stable compared to most other tumor 
types.̂ '̂̂ ^ Casalone and colleagues studied both direct preparations (24 hours; 73 samples) and 
short-term (10-28 days) cultures and showed inconsistencies in the aberrations detected in each 
of the techniques.̂ ^ In direct preparations, the most recurrent and nonrandom change observed 
was +6 (in a small number of cases) .̂ ^ Confirmatory FISH analysis detected +6 in a fiirther 8 (of 
21) cases where trisomy six was not observed cytogenetically, although this aberration was not 
detected in any of the short-term cultures.̂ ^ Similar to data found by Jin et al a number of other 
studies have identified structural abnormalities, such as translocations and inversions involving 
9q as a common event in BCCs.̂ '̂̂ '̂̂ ° 

CGH analysis has also confirmed that there is a reasonable degree of genomic stabiUty associ-
ated with BCC, finding that loss of genetic material is generally confined to 9q (33%), a region 
impUcated in karyotypic analysis/^ This loss was verified by LOH analysis, further defining the 
region to 9q22.3 in 53% of cases/^ Regions of recurrent genetic gain were also deteaed using CGH 
analysis at 6p (47%), 6q, 9p (20%), 7 and X (13%)/^ The gain of 6p is also consistent with karyo-
typic and FISH analysis, which have identified trisomy six as a frequent aberration associated with 
BCC.̂ ^ LOH studies in a Greek population have demonstrated losses of 9p21-p22 (55%), 17q21 
(34%) and 17pl3 (11%)7^ Quinn et al investigated LOH of BCC using a panel of microsatellite 
markers, finding loss at 9q (60%) and Iq (14%)7^ Other studies have also verified LOH at 9q22 
in 46-60% of cases/'*'̂ ^ A summary of recurrent aberrations (>10%) detected in BCC samples by 
karyotypic analysis, CGH and LOH can be seen in Figure 2. 
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In a study of short-term cultures of 13 primary cutaneous SCC and review of 10 previously 
published cases, Jin and colleagues detected recurrent numerical gains of +7p (32%) and +8q 
(27%) and losses of-21 (41%), -8p (36%), -4p, - l i p , -Y (32%), -13, -18q (27%), -lOp, -X 
(23%) and -9p (18%).̂  They also detected various anomalies in the form of isochromes: i(lplO), 
i(lqlO), i(5plO), i(8qlO), i(9pl0), i(9qlO), (all <20%); with i(8q) and i(9q) believed to be early 
genetic events.̂  Casalone et al examined direct preparations of three primary cutaneous SCC 
finding aberrations that had not been previously considered recurrent in short-term cultures; these 
included - 1 , +6, +8, +9,+11, -14, +16 and +21.̂ ^ However, as only three SCCs were investigated, 
these regions cannot be classified as recurrent. Most other cytogenetic studies have examined only 
small numbers of cultured SCCs or examined SCCs firom Xeroderma Pigmentosum patients and 
have not revealed any additional information. Available cytogenetic data on other keratinocytic 
tumors is somewhat limited. Short-term culture of three SKs and two cases of SK with SCC in situ 
has identified numerical changes of +7 and +20 (40%) and structural rearrangements involving 
chromosomes 1 (100%) and 4 (75%), however these numbers are too low to be considered infor-
mative.̂ ^ Heim et al investigated short-term cultures from a single SCC in situ and although early 
passives revealed various aberrant clones, passages 7-11 were dominated by a single clone with a 
sole anomaly of t(12;17)(pl3;q21).^^ Analysis of KA in two studies (1 lesion each) has identified 
2pl3 alterations in both lesions, although the type of aberration was different in the two lesions; 
no other anomalies were shared.̂ '̂ ^ 

Early CGH studies have investigated single cases of SCC and their related recurrences and 
metastases and although they found many copy number aberrations, including anomaUes unique 
to metastatic lesions, recurrent aberrations could not be defined. Our laboratory has investigated 
SCCs and SKs finding a similar pattern of aberrations in the two lesions, supporting their close 
relationship. Aberrations in SCC included gains of 3q (47%), 17q (40%), 14q, Xq (33%), 4p, 8q 
(27%), Iq, 5p, 7q, 9q, lOq and 20q (20%) and losses at 3p (53%), 18q (47%), 17p (33%), 4q (27%), 
5q, 8p, 1 Ip, 13q and 18p (20%).̂ ° For SK, gains were seen at 3q, 4p, 17q (33%), 5p, 9q and 17p 
(25%) and losses at 9p, 13q (53%), 3p, 4q, 1 Ip and 17p (25%).̂ ' The loss of 18q in 47% of SCCs 
was specific to this lesion (P = 0.04) and could likely harbor one or more genes that contribute to 
malignant progression.̂ ^ Clausen and colleagues performed initial CGH analysis on KA lesions, 
mosdy firom immunosuppressed organ transplant recipients and found copy number aberrations 
in 36% of KAs. Recurrent gains were detected at 8q (20%), Ip and 9q (16%) with losses at 3p, 
9p, 19p (20%) and 19q (16%).̂ ^ Their second study examined differences between KA and SCC 
and found gains of Ip, I4q, 16q, 20q and losses of 4p were significantly more frequent in SCC 
(P values <0.03), whereas a loss of 9p was significantly more frequent in KA (P = 0.04), support-
ing the theory that SCC and KA are distinct forms of NMSC.̂ ^ CGH studies surest that both 
SKs and SCCs are more genetically unstable than BCCs and KAs, showing a significandy higher 
number of aberrations indicative of a higher malignant potential. 

Frequent LOH has been observed in SCC (including BD lesions) at 17q (43%), 13q (38%), 
17p (34%), 9p (32%), 3p (26%) and 2q (20%).̂ ^ A higher firequency of LOH has been observed 
in SK compared to SCC, with losses detected at 17p (64%), 13q (52%), 17q (46%), 9p (39%), 9q 
(22%) and 3p (31%), a pattern similar to that seen in SCC.̂ ^ Individual analysis of a small number 
of BD has also revealed recurrent loss o£TP53 in a Korean population (27%).^ Also, LOH of the 
region encoding CDKN2A occurs in 21% of SK and 46% of SCC, indicating a possible role for 
CDKN2A inactivation in progression towards SCC.̂ ^ LOH is rare in KA, with isolated losses 
detected at 9p, 9q and lOq.̂ ^ This low frequency of LOH further supports the theory that KA is a 
distinct lesion rather than a subtype of SCC. Figure 3 presents a summary of recurrent aberrations 
(>10%) detected in SCC samples by karyotypic analysis, CGH and LOH. 

Rare Cancers of the Skin 
In addition to the most common forms of skin cancer, a number of rare benign and maUgnant 

lesions exist that arise from cells within the skin or are associated with tumor formation in the skin. 
Merkel cell carcinoma is a rare aggressive skin cancer arising from the neuroendocrine system.̂ ^ 



234 Sunlighty Vitamin D and Skin Cancer 

Figure 3. Summary of recurrent genomic aberrations in squamous cell carcinoma. 

Dermatofibrosarcoma protuberans is a rare cutaneous disease arising from spindle cells with a 
histology that may be fibroblastic, histiocytic or neural in origin.̂ ^ Cutaneous T-cell lymphoma 
(CTCL) and cutaneous B-cell lymphoma (CBCL) arise from the lymphatic system. Subtypes 
include mycosis fringoides (MF) and Sezary syndrome (SS) for CTCL; and follicular lymphoma 
(FL), marginal zone B-cell lymphoma and large B-cell lymphoma for CBCL.̂ '̂̂  

Even though these tumors are rare, a considerable amount of cytogenetic analysis has been 
performed on many of them. Table 1 summarizes some of the more pertinent studies that have 
been performed on these cutaneous lesions. Although other cytogenetic based analyses have been 
performed on additional rare skin tumors, Table 1 is generally limited to select tumors that have 
been investigated in multiple studies. 

Implications of Cytogenetic Findings 
Cytogenetic analysis is an extremely powerftd tool to aid in the detection of chromosomal 

abnormalities involved in neoplastic development and when combined with other molecular 
techniques, putative genes related to the progression and often outcome of cancer can be identi-
fied. Skin cancer results from the accumulation of genetic aberrations that arise within cells of the 
skin. Malignant melanoma is a particularly aggressive form of skin cancer with high probability of 
metastasis, whereas nonmelanoma skin cancer is typically less aggressive, although it does show 
a wide spectrum of clinical outcomes. Additionally, rare skin cancers display a range of clinical 
behaviors. As genomic instability is a hallmark of cancer aggressiveness, cytogenetic analysis of skin 
cancer has proven invaluable in detecting changes associated with malignancy and on occasion 
can be predictive of cUnical outcome. 

Analysis of aneuploidy in skin cancer is a simple method to detect abnormal chromosomal 
content. In CMM aneuploidy rates can be up to 100% in advanced disease and associations have 
been made with various adverse clinical parameters, including advanced disease indicators, disease 
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Table 1. Common chromosomal aberrations associated with rare tumors of the skin 

Tumor Major Findings Number of Cases 

MCC Karyotype: rearrangement of 1, -13 (67%), +11, -22 (33%)̂ ^ 6 cases 

CGH: +19q (63%), +19p (50%), +1p (54%), -3p (46%), +1q, 
+X (42%), +5p, +8q (38%), -10, +3q, -13q (33%), +20p 
(29%), +7p, -17p, +20q (25%), -5q, +6q, +7q, -8p, +13q, + 
18q (21%), -11q, +21 (17%); the average number of 
imbalances differed in patients surviving >24 months 
(6.6) and <24 months (11.2)«7 

34 cases (24 patients) 

CGH: +6 (42%), +1q11-q31, +5p (32%), +1q32-qter (26%), 
+1p33-pter, +12, -13q13-q31 (21%), -4q (16%)̂ ^ 

LOH: deletion of 10q23 (43%); unlikely involvement of PTEN^^ 

LOH: deletion of 1p35-36 (70%)̂ ^ 

DFSP Karyotype/FISH: t(17;22)(q22;q13), which fuses COL1A1 and 

PDCFB; often involves formation of ring chromosomes 
including sequences from these chromosomes (-70%)^^ 

CGH: +17q21-qter (100%), +22pter-q13 (82%), +5 (27%)̂ ^ 
CGH: +17q22-qter (83%), +22q13 (75%), 8q24.1-qter (25%)̂ ^ 

CGH: +17q21-qter (100%), +22pter-q13 (70%), +5 (40%), +1 
(40%), +12p, +12q23-qter, +21 (30%), +8, +20, -X (20%)̂ ^ 

Array CGH (pooled analysis): +8q24.3, +17q21.33-qter, 
+22cen-q13.1 (recurrent)^^ 

CTCL Karyotype (SS subtype): structural aberrations affecting 10, 17 
(28%), 1p (22%), 6q, 14q (17%) 
CGH: -1p (38%), -17p (21%), +4/4q (18%), -10q/10, +18, -19 
(15%),+17q/17(12%) 
FISH (SS subtype): rearrangements of 1p, 17p (33%), 10 (27%)̂ ^ 

LOH (SS subtype): deletion of 9p (46%), 17p (42%), 
10q,2p(14%) 
LOH (MF subtype): deletion of 9p (16%), lOq (12%), 1p, 17p 
(10%)«^ 

CBCL FISH: translocations involving IGH (52%), BCL2 (41%) 
and BCL6 (7%)̂ « 

FISH: translocations involving IGH (50%), MYC (43%), 
BCL6 (36%)̂ ^ 

CGH (secondary large CBCL, 5 cases): -17p (60%) 
CGH (primary large CBCL, 9 cases): +2q, +7q, +12, 
+13,-17p,+18,-19 
CGH (FL subtype): +3q, +4, +7qioo 

19 cases 

18 informative cases 

10 cases 

Review of 
published cases 

11 cases; 12 cases 

10 cases 
(fibrosarcomatous 
transformation) 

10 cases 

18 cases(SS 
subtype); 16 cases 
(MF subtype) 

15 cases(SS 
subtype); 51 cases 
(MF subtype) 

27 cases (FL subtype) 

14 cases (large 
B-cell subtype) 

14 cases (large B-cell 
subtype); 4 cases 
(FL subtype) 
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recurrence and shorter disease-free survival. Aneuploidy rates are fairly low in BCC, higher for SK 
and even higher for SCC, indicating increased rates with malignant potential. Supporting this is 
an exceptionally low aneuploidy rate for KA, which are well known for their regression. However, 
aneuploidy rates for BD are typically very high, which is not reflective of their low metastatic po-
tential. Aside from this exception, aneuploidy in skin cancer appears to associate with maUgnant 
potential. Additionally, highly aberrant karyotypes were associated with CMM, SCC, SK and 
MCC, each of these exhibiting more aggressive biologic behaviors. 

There were a number of aberrations that were very common amongst the different forms of skin 
cancer, including: rearrangements and numerical abnormalities of 1 (CMM, BCC, SCC, SK, KA, 
MCC, DFSP, CTCL); -3p (SCC, SK, KA, MCC); +3q (SCC, SK, MCC, CBCL); trisomy of 
aU or part of 6 (CMM, BCC, SCC, MCC); trisomy 7 (CMM, BCC, SCC, SK, MCC and 7q of 
CBCL); +8q (CMM, SCC, KA, MCC, DFSP); -9p (dysplastic nevi, CMM, BCC, SCC, SK, 
KA, CTLC); -h9q (CMM, SCC, SK, KA); loss of part or aU of 10 (CMM, SCC, MCC, CTCL); 
-I7p (CMM, BCC, SCC, SK, BD, MCC, CTCL, CBCL); -H7q (CMM, SCC, SK, DFSP); and 
gain of all or part of 20 (CMM, SCC, SK, MCC, DFSP). Certain aberrations were contradictory 
in some cancers, showing ampUfications and deletions with similar frequencies in the same region. 
Such examples include chromosomes 9q, 15, 18, 19, 21 and 22 in melanoma and 4q and 9q in 
SK. Such regions could be indicative of genomic instabiUty and may not represent aberrations 
associated with maUgnancy, or may contain both tumor suppressor genes and oncogenes related 
to tumor development and progression. Studies have shown that amplified regions contain genes 
that are both over- and under-expressed, thus gross chromosomal aberrations do not reflect all 
changes at the gene level.̂ ^ 

However, identification of commonly aberrant regions in skin cancer has led to the speculation 
and even identification of putative tumor suppressor genes and oncogenes involved in malignant 
progression. Of particular importance is loss of 9p, which occurs in various skin cancers with some 
studies impUcating a higher rate of 9p21-p22 loss in more progressive stages of disease including 
metastatic melanoma versus CMM versus dysplastic nevî "̂̂ ^ and SCC versus SK.̂ ^ This region 
harbors the CDKN2A tumor suppressor gene, a known susceptibiUty gene for hereditary forms 
of melanoma and it seems likely that loss of function of this gene is associated with maUgnant pro-
gression.̂ '̂̂ ^ However, various studies have been unable to find mutations in CDKN2A associated 
with all cases of loss and some studies have even indicated that there are two additional regions 
of interest that harbor tumor suppressor genes.̂ '̂̂ ^ Other potential tumor suppressor genes and 
oncogenes include: FHIT (3pl4.2), loss associated with MCC and lung cancer development;̂ ^ 
LAZ3 and BCL6 (3q26-q27);^^ E2F3 (6p22.3), over-expressed in retinoblastoma and bladder 
cancer;̂ °i GPNMB (7pl5), over-expressed in melanoma;̂ ^ CDAr< (̂7q21) andiVi?C^Af (7q31), 
over-expressed in melanoma;̂ ^ MYCC (8q24), amplified in lung cancer and over-expressed in 
uveal melanoma;^^PZ£'iV(10q23.3), loss of function mutations associated with Cowden disease, 
an autosomal dominant cancer-predisposition syndrome;̂ °̂  TPS3 (17pl3), present in about half 
of all human cancers;̂ ^ E2F1 (20ql 1), over-expressed in melanoma.̂ ^ Additionally, many other 
tumor suppressor genes and oncogenes exist in these regions and novel genes responsible for cancer 
development may yet to be discovered. 

Cytogenetic analysis has also implicated difierent regions in specific skin cancers, with some 
of the more pertinent aberrations following. Loss of 18q was found to be significandy higher in 
SCC compared to SK and may harbor genes responsible for transformation to a more malignant 
phenotype. 18q21 harbors a number of tumor suppressor genes, with Smad2 or Smad4 being likely 
candidates as they have been impUcated in malignant progression in other diseases.̂ °̂ '̂ ^ Analysis 
has implicated 9q22 in sporadic BCC development, a region which contains the PTCH tumor 
suppressor gene. PTCH functions to protect epithelial cells against a variety of genetic hits and 
had originally been identified in Gorlin's syndrome, an autosomal dominant disorder associated 
with propensity for BCC development.̂ *̂̂ ^ Various cytogenetic techniques have now implicated 
the same region in sporadic BCC development. Translocation involving 17q22 and 22ql3 is a 
hallmark of DFSP lesions, often involving the formation of supernumerary rings. This translocation 
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creates a characteristic gene fusion between COLlAl 2SiA.PDGFB, resulting in aberrant expression 
oiPDGFB^^ 

In summary, cytogenetic analysis of melanoma and nonmelanoma skin cancer has revealed 
a number of recurrent abnormalities. It is interesting to note that a large number of aberrations 
are common amongst different skin cancers, although whether the genes associated with these 
abnormaUties are common is yet to be determined. Because much of cytogenetic analysis focuses 
on large aberrations, imphcated regions may not always be responsible for malignant progression 
but may be a result of the genomic instabiUty associated with cancer development. However, it has 
become clear that a number of regions implicated by cytogenetic analysis harbor tumor suppressor 
genes and oncogenes involved in tumorigenesis. LOH, mutational and methylation studies may aid 
in the identification of putative cancer related genes and gene expression analysis can give direct 
evidence of transcriptional activity associated with implicated genes. A combination of cytogenetic 
analysis with other molecular techniques has imphcated a number of chromosomal regions and 
associated genes in melanoma and nonmelanoma skin cancer development and will continue to 
advance our knowledge in this area. 
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CHAPTER 19 

Molecular Biology of Basal 
and Squamous Cell Carcinomas 
Jingwu Xie* 

Abstract 

Basal cell carcinomas and Squamous cell carcinomas are the two most common human 
cancers. The incidence of these two types of cancer is estimated to double within 20 years. 
Identification of the key molecular events is critical in helping us design novel strategies to 

treat and to prevent these cancers. For example, identification of hedgehog signaling activation 
has opened up many opportunities for targeted therapy and prevention of basal cell carcinomas. 
Significant progress has also been made in our understanding of squamous cell carcinomas of the 
skin. In this chapter, we will focus on major recent developments in our understanding of basal cell 
carcinomas and squamous cell carcinomas at the molecular levels and their clinical implications. 
Introduction 

The incidence of nonmelanoma skin cancer doubles every 15 to 20 years due to many factors, 
including an aging population, changes in behavior towards sun exposure and increased UV light 
fluency at the earth surface with increasing ozone depletion. In particular, the incidence of these 
cancers in people less than 40 years has significantly increased in the last few decades.̂  In 2007, 
about 1.2 miUion Americans are estimated to have nonmelanoma skin cancer, most of which are 
basal cell carcinomas (BCCs, with estimated incidence about 90,000 in 2007) and squamous cell 
carcinomas (SCCs, with about 30,000 in 2007) (American Cancer Society Facts and Figures, 
2007, http://www.cancer.org), whereas the combined incidence from all other cancer types is 
around 1.4 miUions.̂  Despite the high incidence of nonmelanoma skin cancer, less than 2,000 
Americans are estimated to die from them. Consequendy, the actual incidence of these cancers is 
often under-estimated. For the same reason, research of nonmelanoma skin cancers, particularly 
BCCs, is under-fimded. However, growth of these cancers often causes facial destruction and 
scars following surgery. It is estimated that at least over 2 billion dollars of medical costs are di-
recdy associated with BCCs and SCCs in the US alone. In the last few years, significant progress 
has been made in our understanding of BCCs and SCCs, some of which contributed to cancer 
syndrome studies. 

Activation of the Hedgehog Pathway in BCCs 
The major breakthrough in our understanding of Hh signaling in human cancers came firom 

the discovery that mutations of human homologue of the drosophila patched gene (PTCHl) are 
associated with a rare hereditary form of BCC- Basal Cell Nevus Syndrome (also called GorUn 
syndrome).̂ '̂  PTCHl is the receptor for hedgehog proteins and previous studies indicated that 
PTCHl mainly functions in embryonic development. 

*Jingwu Xie—Department of Pharmacology and Toxicology, Sealy Center for Cancer Cell 
Biology, University of Texas Medical Branch, Galveston, TX 77555-1048, U.S.A. 
Email: jinxie@utmb.edu 

Sunlight, Vitamin D and Skin Cancer, edited byjorg Reichrath. ©2008 Landes Bioscience 
and Springer Science+Business Media. 

http://www.cancer.org
mailto:jinxie@utmb.edu


242 Sunli^t, Vitamin D and Skin Cancer 

The Hedgehog Pathway 
The hedgehog pathway, initially identified in drosophila, is a master regulator of cell prolifera-

tion, tissue differentiation and tissue polarity. The current understanding of the hedgehog pathway 
is as follows (see Fig. 1). Hedgehog proteins are a group of secreted proteins whose active forms 
are derived from a unique protein cleavage process and following posttranslational modifications.̂  
Secreted Hh molecules bind to the receptor PTC, thereby alleviating PTC-mediated suppression 
oismoothened (SMO). Expression o£hedgehogs (Shh, Ihh and Dhh) is suggested to stabiUze SMO 
protein possibly throi^ posttranslational modification of SMO. This effea of hedgehog molecules 
can be inhibited by hedgehog-interacting protein (HIP) through competitive association with 
PTC.^ In Drosophila, SMO stabihzation tri^ers complex formation with Costal-2, Fused and 
GU homologue CI, which prevents CI degradation and formation of a transcriptional repressor.̂  
However, such a mechanism has not been estabUshed in mammalian cells. Recent studies st^est 
an essential role of cilia components in transmitting SMO signalin '̂̂ ° SMO ultimately activates 
transcription factors of the Gli family. There is genetic evidence indicating that several proteins link 
SMO to GU. These signal transducers include Fu, Su(Fu), Rab23 and protein kinase A (PKA).̂ ^ 
As transcriptional factors, Gli molecules can regulate target gene expression by direct association 
with a consensus binding site (5' -tttggttgca-3') located in the promoter region of target genes. 

Figure 1. A diagram of the vertebrate hedgehog signaling pathway. The hedgehog (Hh) pathway 
is consisted of ligands (Sonic hedgehog, Indian hedgehog and Desert hedgehog), receptors 
[Patched-1 (PTCH1) and Patched-2), signalingtransducers and signaling intermediates [smooth-
ened (SMO), rab23, protein kinase A (PKA), p-TRCP and Su(Fu)] and transcription factors (Gli1, 
Gli2 and Gli3). Target genes of this pathway include PTCH1, Gli l and hedgehog-interacting 
protein (HIP), which maintain the Hh signaling at an appropriate level in a given cell. 
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There are several feedback regulatory loops in this pathway (see Fig. 1). PTC, GUI and HIP, 
which are components of this pathway, are also the target genes. PTC and HIP provide negative 
feedback mechanisms to maintain the pathway activity at an appropriate level in a given cell. In 
contrast, GUI forms a positive regulatory loop. Alteration of these loops wiU result in abnormal 
signaling of this pathway. 

Mutations ofPTCHl in Basal Cell Nevus Syndrome 
Loss-of-function mutations of the patched gene (PTCHl) are the cause of basal ceU nevus syn-

drome. This autosomal dominant disorder is characterized by development ofbenign and maUgnant 
tumors (including multiple BCCs, meduUoblastomas and ovarian fibromas and less frequently 
fibrosarcomas, meningiomas, rhabdomyosarcomas and cardiac fibromas) as weU as developmental 
defects (such as pits of the palms and soles, keratocysts of the jaw and other dental malformations, 
clefi: palate, calcification of the falx cerebri, spina bifida occulta and other spine anomaUes, bifid 
ribs and other rib anomaUes).̂ '̂̂ "̂  Ihe cUnical feature of this syndrome was carefuUy charaaerized 
by Dr. Robert Gorlin and this syndrome is also caUed the GorUn syndrome. 

Analysis of the distribution of BCCs in affected individuals in multiple famiUes su^ested 
that the underlying defect might be mutation in a tumor suppressor gene. The gene was later 
mapped to chromosome 9q22-31, which is also frequendy deleted in sporadic BCCs.̂ ^ Positional 
cloning and candidate gene approaches identified the human homolog of Drosophila patched as a 
candidate gene.̂ '̂ '̂ ^ Vertebrate patched was known to function in the development of the organs 
with abnormaUties in Basal CeU Nevus Syndrome, such as neural tube, somites and limb buds,̂ ^ 
making PT'C/f/ a good candidate gene for this syndrome. Screening of the/̂ /j!/rA^̂  coding region 
revealed a wide spectrum of mutations in Gorlin syndrome patients, with the majority prediaed to 
result in premature protein truncation. P JO/mutations are mainly clustered into the predicted 
two large extraceUular loops and the large intraceUular loop.̂ ^ Different kindreds with identical 
mutations differ dramaticaUy in the extent of clinical features, suggesting that genetic background 
or environmental factors may have an important role in modifying the spectrum of both devel-
opmental and neoplastic traits.̂ ^ 

The tumor suppressor role ofPTCHl has been further demonstrated in mice. Mice hetero-
zygous for a PTCHl nuU mutation exhibit the essential features in basal ceU nevus syndrome 
patients, such as tumor development such as (meduUoblastomas, rhabdomyosarcomas and BCCs) 
and developmental defects (such as spina bifida occulta).̂ "̂̂ ^ The mouse studies confitm that 
PTCHl functions as a tumor suppressor. 

Activation of the Hedgehog Pathway in Sporadic BCCs 
BCC, the most common human cancer, consistently has abnormaUties of the hedgehog pathway 

and often has lost the function ofPTCHl via point mutations and loss of the remaining aUele. 
Most PTCHl mutations lead to loss of the protein function. Mice heterozygous for a PTCHl 
nuU mutation develop BCCs foUowing UV irradiation or ion radiation. Currently, Ptchl̂ ^" mice 
represent the most practical model of UV-mediated BCC formation.̂ ^ 

The PTCHl gene region is lost in more than 50% human sporadic BCCs whereas the hedgehog 
pathway is activated in almost aU BCCs, suggesting alteration of additional genes in the hedgehog 
pathway in this type of skin cancer. Indeed, mutations of SMO are found in about 10% of sporadic 
BCCs.̂ '̂̂ ^ Unlike wild type SMO, expression of activated SMO molecules in mouse skin results 
in formation of BCC-like tumors.̂ ^ These findings provide additional insights into the role of the 
hedgehog pathway in human cancer. It is also reported that Su(Fu) is mutated in some BCCs.̂ ^ 
Unlike PTCHl, no LOH in the Su(Fu) gene region arc detected in sporadic BCCs, su^esting 
that Su(Fu) loss is not a major somatic change. Taking aU the mutation data into account, there 
are stiU about 30% of BCCs without the underlying molecular basis for the activated hedgehog 
signaling. Thus, we predict that mutations of additional genes in the hedgehog pathway are yet to 
be discovered in sporadic BCCs. 
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We have shown that activated hedgehog signaHng in BCCs, leads to cell proliferation through 
elevated expression of PDGFRa,̂ ^ whereas targeted inhibition of hedgehog signaUng causes 
apoptosis via Fas induction.̂ ^ 

Perspectives ofUsing Hedgehog Signaling Inhibitors for BCC Treatment 
The findings that hyperactivation of the hedgehog pathway is responsible for most sporadic 

BCCs prompt translational studies using hedgehog signaling inhibitors. Cyclopamine, a plant-
derived steroidal alkaloid, binds directly to the transmembrane heUces of SMO and inhibits Hh 
signaling. The discovery of small molecule antagonists of SMO such as cyclopamine has opened 
up exciting new prospects for molecularly targeted BCC therapy and prevention. 

Oral cyclopamine can block the growth of UV-induced BCCs in Ptchl^'~ mice by 50%, perhaps 
by increasing Fas-induced apoptosis.̂ ^ Furthermore, cyclopamine treatment in this mouse model 
prevents formation of additional microscopic BCCs, implying a potential use of cyclopamine for 
BCC prevention. Cyclopamine administration reduced BCCs, but not SCCs or fibrosarcomas in 
these mice, highhghting the specificity of cyclopamine for the hedgehog pathway.̂ ^ Using murine 
BCC cell lines derived from this mouse model, cyclopamine is shown to inhibit cell proliferation, 
possibly through down-regulation of growth factor receptor PDGFRa. Other synthetic SMO 
antagonists, such as CUR61414 from Curis/Genentech, have also been found to be effective in 
reducingBCCs homPtchl^'~ mice. Using an ex vivo model of BCC, CUR61414 causes the regres-
sion of UV-induced basaltic lesions in punch biopsies taken from Ptchl^'~ mice.̂ ° Since then, a 
topical formulation of this compound was tested against sporadic BCCs in a Phase I clinical trial. 
However, this clinical trial failed to show effects on Hh target gene expression by the compound 
and the reason is not clear. In addition, several other synthetic compounds have been identified 
to bind directly to SMO and with no structural similarity to cyclopamine. 

Recent studies indicate that vitamin D3, the secretion of which can be facihtated by PTCHl, 
can inhibit SMO signaling through direct binding to SMO. This finding raises a possibihty to 
treat BCCs with nutrition supplements.̂ ^ 

Crosstalk between the Hedgehog Pathway and Other Pathways 
Several signaling pathways have been identified to regulate the hec^ehog signaling pathway. 

The modulation of Hh signaling by other signaUng pathways is context dependent, occurring in 
some tissues or cell lines but not in others. Recent studies indicate that downstream signaling of 
Ras, PI3K and MEK, enhances Hh signaUng.̂ '̂̂ ^ We have shown a few years ago that hedgehog 
signaling activation in BCC cells results in elevated expression and phosphorylation of PDGFRa, 
which is required for hedgehog-mediated cell proliferation in BCCs.̂ ^ Later, it was shown in 
HaCaT keratinocytes that Shh induces EGFR signaling, which is required for matrix invasion of 
HaCaT cells.̂ ^ More extensive studies of the synergetic interactions between hedgehog signaling 
and EGF have been performed using primary human keratinocytes.̂ ^ It was found that both EGF 
and sonic hedgehog regulate different sets of target genes when added separately in culture. In the 
presence of both EGF and sonic hedgehog, another set of genes are induced. In several of these 
genes, the sites in the promoter have been identified. Similar studies in other cell types also indicate 
that both AKT and MEK signaling argimient GUI-mediated transcriptional activities.̂ '̂̂ '' The 
detaUed mechanisms of this regulation remain to be identified. Recent studies indicate that Ras 
can increase the stabiUty of GU molecules, possibly through regulation of GU degradation.̂ ^ Since 
constitutive activation of the hedgehog pathway is the most significant abnormaUty in BCCs, Ras 
mutation wiU not be required to activate hedgehog signaling since most BCCs have gene alterations 
in the hedgehog pathway. We thus predict that BCCs with Ras mutations are the tumors without 
mutations in PTCHl, SMO or Su(Fu), which can be tested in a large cohort study. 

Protein kinase A (PKA) was first identified as an inhibitory component of the Hh pathway 
in Drosophila. We found in mammaUan cells that the cAMP/PKA signaUng axis regulates GUI 
protein locaUzation, in part, through regulation phosphorylation of GUI at Thr̂ "̂̂ , which is near 
the nuclear locaUzation signal.̂ ^ Other crosstalk includes regulation of sonic hedgehog expression 
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by p63,^ enhancement of hedgehog-mediated carcinogenesis by p53 loss."̂ ^ Figure 2 summarizes 
the current understanding of the crosstalk. Recent studies also suggest an interaction between the 
hedgehog pathway and the Ras pathway in melanomas. 

Studies of the crosstalk between hedgehog signaling and other pathways have significant clinical 
impUcations. A recent study using hedgehog signaling inhibitor cyclopamine and EGFR inhibitor 
gefitinib in prostate cancer suggests that a treatment combining the two inhibitors is more effective 
than single treatment alone.̂ ^ In combination with docetaxel, the synergetic tumor inhibitory effects 
of cyclopamine and gefitinib are more evident."̂ ^ Thus, combination chemotherapy of cyclopamine 
with other specific pathway inhibitors in selected tumors has a promising clinical appUcation. 

Major Molecular Alterations in SCCs 

Major Genetic Alterations in SCC 
SCCs are different from SCCs in many aspects (see Table 1). While BCCs develop de novo, 

formation of skin SCC is a multiple-step process. Actinic keratoses (AK), are precancerous skin 

Figure 2. A diagram showing the cross-talks between the hedgehog pathway and other path-
ways. Bi-directional interactions between hedgehog signaling and the Ras pathway is noticed. 
On the one hand, hedgehog signaling can activate the Ras pathway through up-regulation 
of PDGFRa. On the other hand, the growth factor (GF)-growth factor receptor (GFR)-Ras 
pathway can interact with Gli molecules through PI3K or MEK. Furthermore, p53 family 
members are known to regulate expression of sonic hedgehog or promote hedgehog-mediated 
tumorigenesis. 
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Table /. Comparison of BCC and SCC 

BCC 

Sunlight, Vitamin D and Skin Cancer 

SCC 

Risk factor 

Predisposition 

Somatic mutations 

Precancerous stages 

UV irradiation 
immunosuppression 

intermitent 
20X 

PTCH1 

Hedgehog 
pathway [PTCH1, 
SMO, Su(Fu)] 
p53 

no 

cumulative 
200X 

Polymorphisms: 
53 (Codon 72) or 
H-ras (Codon 27) 

Loss of p53, 
Loss of p16 or Rb 
Activation of Ras, 
C-MYC, STAT 

Actinic keratoses 

lesions of SCC.̂ ^ It is estimated that - 1 % of these sun-induced lesions will develop into skin SCCs. 
AK can occur at multiple sites as well as in the vicinity of SCC, supporting the field cancerization 
hypothesis."^^^ Infection of human papillomavirus (HPV) is a significant risk factor of SCCs, but 
not BCCs."̂ ^ The major fimction of HPV is to immortalize keratinocytes through blocking the 
functions of p53 (via E6 viral oncogene) and Rb (through E7 viral oncogene). Transgenic mice 
expressing HPV-16 under the control of keratin 14 promoter is a reproducible mouse model for 
SCC progression."̂ ^ The biggest genetic change between BCCs and SCCs is loss of chromosome 
9p21 (containing the pi6/Arf locus) in SCCs."̂ '̂̂ ^ Ihe pl6/Arf locus contains two genes: pl6INK4 
as a cyclin kinase inhibitor linked to cell cycle regulation and pl4ARF as a negative regulator for 
p53 (see Fig. 3). Mutations of pl6 are more frequendy identified in SCCs, suggesting a significant 
role of pl6 in skin SCCs.̂ ^ Loss of pl6 or Rb not only allows cells to cycle out of control, but also 
promotes chromosome aberrations in cancer."̂ '̂ '̂̂ ^ 

Despite the differences between SCCs and BCCs, both tumor types harbor mutations in p53 
and Ras. UV signature mutation of the p53 gene occurs frequently in both copies of p53 in BCCs 
and SCCs although specific mutations of p53 are suggested for BCCs (codon 177) and SCCs 
(codon 278).̂ ^̂ ^ In contrast, cancer of internal organs, such as colorectal cancers, often harbors 
LOH near the p53 gene region in one copy and p53 mutation in the remaining copy. One major 
function of p53 is to regulate cell cycle and apoptosis (see Fig. 3). As the guardian of the genome, 
mutation of p53 is clearly linked to elevated genomic instabiUty.̂ ^^ 

In addition, C-MYC over-expression and activation of STAT signaling occur frequendy in skin 
SCCs although the mechanisms of these changes in SCC progression remain largely unknown.̂ *̂̂ ^̂  
C-MYC is known to be able to mediate tumor angiogenesis in mouse models through elevating 
expression ofVEGF.̂ ^ In the chemical carcinogenesis model, STAT activation is a major alteration 
through stimulation of cytokine secretion, resulting in progression of SCCs. 

The role of NFkB in SCCs is still controversial.'̂ '̂̂ "̂̂ ^ The NFkB pathway is a highly conserved 
pathway involved in regulation of inflammation, apoptosis, differentiation and proliferation. The 
NFkB/Rel transcriptional factors share a large Rel homology domain involving DNA binding 
and protein-protein interaction. The pathway can be activated by a variety of cytokines throt^ 
the upstream IKKs and inhibited by IkB proteins, which are designated to protein degradation 
via proteosome upon phosphorylation of IKKs. Several studies indicate activation of NFkB plays 
a critical role in human SCCs and in mouse SCCs from the two-stage chemical carcinogenesis 
protocol whereas suppression of NFkB signaling enhances Ras-mediated SCCs in mice. In head/ 
neck squamous cell carcinoma cells, expression of a dominant negative form of IkB inhibits cell 
survival, proinflammatory cytokine expression and tumor growth in vivo. In the two stage SCC 
model, expression of p50/p52 NFkB transcription factors, particularly p52, is induced in papil-
lomas and tumors. In contrast, suppression of the NFkB pathway in mice appears to promote 
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Figure 3. A diagram of the INK4/ARF locus, the gene products and their functions. The 
pl6INK4a and p14ARF proteins are encoded by the INK4/ARF locus on human chromosome 
9. As a CDK inhibitor, the p16INK4a protein inhibits the Rb functions via inactivation of the 
CDK4/6-cyclin D complex. The p14ARF protein, on the other hand, inhibits p53 functions. 

Ras-mediated SCC progression, which is in clear contrast with the role of the NFkB pathway 
in other types of tumors. One explanation of these contradicted results is that maintenance of a 
certain level of NFkB at a certain stage during carcinogenesis is necessary for normal growth of 
keratinocytes. Disruption of this fine balance throughout carcinogenesis will result in abnormal 
cell proliferation. 

Sequence of Molecular Events during Development ofSCCs 
The sequence of these alterations in SCCs has been studied in human specimens. In studies 

of human specimens, stabiUzation of p53 is one of the earUest markers of abnormal epidermis, 
which can be detected even in morphologically normal epidermis."^ Mutant p53 can be detected 
by immunohistochemistry with specific monoclonal antibodies (Pab240) recognizing only the 
mutant form of p53. Some of the p53 positive patches (foci) can develop into AK. UV signature 
mutations (C to T or CC to TT) are frequendy found in p53 in AK as well as in SCCs. About 
one in 1000 AKs develops into a SCC. AK harbors mostly random p53 mutations whereas SCCs 
often contain hotspot p53 mutations. In addition, LOH at the p53 locus is frequendy found in 
SCCs, but not in AKs. Progression from AKs to SCCs is accompanied by loss of pl6INK4a. 
Mutation of H-Ras or N-Ras is also observed in SCCs, with a frequency of 30-50%. Invasive 
SCCs contain multiple changes in different signaling pathways, including angiogenesis factors, 
cytokines and chemokines, leading to activation of the STAT pathway. However, the exact roles 
of these molecules in the progression of SCCs are not entirely clear. 

Several mouse models have been used to study the molecular events during SCC development 
and progression. The two-stage skin carcinogenesis using di-methyl-benzanthracene (DMBA) 
followed by the phorbole ester (TPA) has been on the forefront for providing clues regarding the 
cellular, biochemical and genetic events linked to the initiation, promotion and progression steps 
of skin cancer formation.'̂ '̂̂ ^ In this model, SCCs development requires three steps.̂ '̂  In tumor 
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initiation step, Ras activation is the key event. During tumor promotion, loss of pl6 (or Rb) and 
p53 inactivation takes place. For tumor progression and metastasis, loss of TGpp response is 
critical. However, the order of genetic events in this model is quite different from those in human 
SCCs, raising questions about human relevance of this mouse model. 

UV irradiation of SKHl hairless mice represents a closer model for UV-induced SCCs in the 
humans.̂ ^ In this model, p53 mutations appear before formation of SCCs, just like the human 
SCCs. The density of p53 positive patches is highly associated with the risk to develop SCCs in 
this model. Most mutations of p53 are UV related (c to T or CC to TT). Not to our surprise, 
development of SCCs in this model is dependent on UV irradiation doses.̂ ^ As predicted, de-
ficiency in DNA repair (XPC null mice) accelerates formation of SCCs.̂ ^ Activation of STAT 
signaling is also observed in this mouse model.^ However, additional molecular events during 
s e c development have not been thoroughly studied in this model. 

sec Susceptibility andPTCHl Polymorphism 
It is known that different genetic background determines the susceptibility to cancer, which is 

best illustrated in cutaneous carcinogenesis studies. For example, C57B/6 mice are more resistant 
to s e c development either by the two-stage carcinogenesis protocol or following expression of 
the Ras oncogene, whereas FVB/N mice are more susceptible to SCC formation. It is recently 
discovered that a Ptchl polymorphism, which causes N1267T mutation in the c-terminal of 
Ptchl, is responsible for the resistance of SCC development in C57B/6 mice.̂ ^ Transgenic mice 
in C57B/6 background expressing the Ptchl of FVB/N mice under the K14 promoter become 
susceptible to SCC development. N1267 amino acid is highly conserved residue. From these stud-
ies, it is suggested that despite a need of Ptchl functions during early stages of SCC development, 
Ptchl loss is not required for SCC progression. In contrast, a high level of Ptchl expression may 
be required for SCC formation. 

Iherapeutic Implications of Human SCCs 
Although significant progress has been made in our understanding of molecular events dur-

ing SCC development, no clear therapeutic appUcations have been established. One important 
reason is that multiple causes for this type of tumor have been identified and their carcinogenesis 
mechanisms may be different from different risk factors. However, several therapeutic targets may 
be used in considering SCC therapeutics. 

One important target in SCCs is inactivation of the p53 gene.̂ '̂̂ ^ Several small molecule com-
pounds have been developed to rescue the effects from inactivation of the p53 gene.̂ ^ Alternatively, 
expression of wild type p53 can be achieved through adenovirus.̂ ^ Furthermore, adenoviruses have 
been engineered to selectively kill only cancer cells with p53 mutations.̂ ^ Another therapeutic 
target is pl6 gene.̂ '̂̂ "̂  The most effective approaches to reduce the medical burden of SCCs are 
to reduce the risk factors. For example, HPV vaccines have proven to be effective in reducing the 
incidence of cervical SCCs.̂ ^ While more effective therapies are being developed, effective sun 
screen, avoidance of extensive sun exposure and other preventive measures are still the best advice 
to reduce SCCs. 

Summary 
Major advances have been made in the last few years in our understanding of BCCs and SCCs. 

Activation of the hedgehog pathway is the most important abnormaUty in BCCs. Thus, effective 
inhibition of hedgehog signaling using small molecules should be promising in shrinking BCCs. 
Development of SCCs is compUcated by the existence of many risk factors and multiple genetic 
alterations. Through fiirther understanding in each genetic change at the molecular levels, it will 
be possible to design strategies to treat or prevent SCCs. The advantage in skin cancer therapeutics 
is that topic apphcation of drugs is very effective, which will avoid many unexpected physiological 
and pathological side effects from systemic drug delivery. 
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Abstract 

The incidence of melanoma has increased more rapidly than any other type of cancer. 
In this review, we summarize the most important genetic alterations that contribute to 
the development of malignant melanoma. Our knowledge of the genetic and biologi-

cal events involved in the genesis and progression of this disease has been benefited from the 
evolvement of a wealth of genetically engineered animal models. Hopefully, the understanding 
generated by all these studies will contribute to develop new therapeutic strategies to handle 
this fatal maUgnancy. 

Introduction 
Melanoma probably is the most aggressive cancer in humans. When melanoma reaches a 

critical thickness (of about 4 mm), presents a high risk of metastasis and then treatment options 
as well as cure and survival rates decrease dramatically. Melanomas derive from melanocytes, 
the pigment-producing cells that mainly reside in the skin, although they can also arise from 
melanocytes residing in noncutaneous tissues; i.e., retinal pigmented epithelium. Both genetic 
predisposition and exposure to environmental agents are risk factors for melanoma development. 
It is beUved that the UV component of sunUght; i.e., UV-A (wavenlength 320-400 nm) and UV-B 
(wavenlength 290-320 nm), is the main risk factor for cutaneous melanoma. In contrast to other 
common skin tumors, such as basal cell carcinoma and squamous cell carcinoma that are derived 
from epidermal keratinocytes, melanoma results from intense rather than cumulative sun exposure, 
particularly during childhood.̂ *̂  Primary cutaneous melanoma have been classified into several 
histopathological stages:̂  superficial spreading melanoma is the most common form of melanoma 
in Caucasians, lentigo maUgnant melanoma typically occurs on chronically exposed skin of the 
elderly, acral lentiginous melanoma is the predominant form of this disease in individuals with 
darker skin and nodular melanoma is characterized by vertical growth of transformed melanocytes. 
However, this classification has been questioned by some authors (see refs. 4 and 5 for reviews). 
The majority of melanoma subtypes are observed to progress from a radial growth phase (RGP) 
to a vertical growth phase (VGP). RGP melanoma grows laterally and remains largely confined 
to the epidermis, while VGP melanoma invades the upper layers of the epidermis and penetrates 
into the underlying dermis and subcutaneous tissue forming expansile nodules of maUgnant cells. 
The crucial step in the evolution to maUgnant melanoma appears to be the transition from RGP 
to VGP melanoma.̂ '̂  
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Genetic Predisposition to Malignant Melanoma 
It is well known how physical characteristics, such as fair-skin, red or blond hair, the inability to 

tan and a frecklir^phenotype, correlate with increased risk for melanoma development. Since certain 
melanocortin-1 receptor (MC1R) polymorphic variants are associated with these charaaeristics and 
with a diminished ability of the epidermis to respond to UV damage, this pigment regulating gene is 
seen as a risk modifier of melanoma.̂ '̂  A predisposition to skin cancer is also associated with the rare 
hereditary syndrome xeroderma pigmentosum (XP). Individuals withXP carry a nucleotide excision 
DNA repair defect associated with an acute photosensitivity. The most significant characteristic of 
XP patients is a predisposition to develop multiple skin cancers, mostly squamous cell carcinomas 
but also basal cell carcinomas and malignant melanomas.̂ ° Nonetheless, the most significant risk 
factor for melanoma occurs in individuals with familial melanoma history. ̂^ 

MSH/MCIR Signalling 
When the a-melanocyte-stimulating hormone (aMSH) binds to its seven-transmembrane 

G-protein-coupled receptor MCIR, which is present on epidermal melanocytes, it triggers an 
intracellular signalling pathway that is considered the most important regulator of pigmentation.̂  ̂  
This pathway involves activation of adenylate cyclase and production of cyclic AMP (cAMP). 
Elevated cAMP levels leads to phosphorylation and activation of the cAMP responsive element 
binding (CREB) family of transcription factors. A critical CREB target gene is that encoding the 
microphthalmia associated transcription factor̂ *̂̂ ^ (Mitf), a basic helix-loop-helix leucine zip-
per (b-HLH-Zip) factor that in turn regulates the transcription of genes encoding enzymes that 
are essential for melanin synthesis, such as tyrosinase, tyrosinase-related protein-1 (TRP-1) and 

Figure 1. MC1R signalling. Binding of a-MSH to MC1R stimulates adenylate cyclase (AC) 
through a heterotrimeric G-protein complex. AC catalyzes the production of cAMP that trig-
gers (via several intermediate steps) the phosphorylation of CREB transcription factors family. 
ActivatedCREB recruits CBP/p300coactivatorstriggeringtranscriptional activation of multiple 
genes. MITF is a critical CREB target in melanocytes. The MITF transcription factor regulates 
genes involved in pigmentation and differentiation. 



254 Sunlight, Vitamin D and Skin Cancer 

dopachrome tautomerase (DCT) (Fig. 1). MCIR is highly polymorphic in the human popula-
tion. MCIR variants are associated with the Red Hair Color phenotype (RHC), characteristic 
of individuals with red hair, fair skin, resistance to tan and freckle tendency, synthesize increased 
amounts of the potentially dangerous pheomelanin (reddish-yellow pigment) instead of the 
photoreactive black-brown pigment eumelanin. In addition to its diminished UV-light protective 
capacity, pheomelanin produce cytotoxic and mutagenic metabolites and presumably contributes 
to increase melanoma risk.̂ '̂ '̂  ̂  In general, those MC1R variants that produce weak or absent cAMP 
response to MSH signals are associated with the RHC phenotype.̂ "̂  

Familial Melanoma. The CDKN2A Locus 
FamiUal melanomas represent about 8-12% of all melanoma cases. Linkage analysis studies of 

famihes with high melanoma incidence led to the identification of a locus at 9p21 in which the 
first melanoma susceptibility gene, CDKNIA, was identified.̂ '̂̂ ^ CDKN2A encodes two unrelated 
proteins: pl6INK4a and pl4ARF (also called pi 9ARF in mice) via a combination of alternative 

Figure 2. The CDKN2A locus. The CDKN2A gene encodes two proteins pl6INK4a and 
p14ARF. Each has a unique first exon (ip or 1a) that then splices to a common second and 
third exon, but in alternating reading frames. p16INK4a binds and inhibits the activities of the 
cyclin-dependent kinases CDK4 and CDK6, ensuring that pRb remains in a hypophosphory-
lated state in complex with E2F transcription factor, leading to G1 arrest. p14ARF stabilizes 
and enhances p53 levels by inhibiting MDM2-mediated p53 ubiquitylation and degradation 
through the proteasome.p53 accumulation leads toeither cell cycle arrest or cellular apoptosis. 
Adapted from Pons and Quintanilla. Clin. Transl. Oncol. 2006; 8:466-474. 
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splicing and alternative reading frames (Fig. 2). Bodi CDKN2A products are potent tumor suppres-
sors involved in cell cycle regulation, p 16INK4a specifically inhibits G1 cyclin-dependent kinases 
Cdk4/Cdk6-mediated phosphorylation of the retinoblastoma protein (pRb), arresting cell cycle 
progression through G1 -S.̂ ^ p 14ARF, on the other hand, enhances apoptosis and blocks oncogenic 
transformation by stabilizing p53 levels through inhibition of Mdm2-mediated p53 ubiquitina-
tion.̂ '̂̂ ^ Therefore, loss of pl6INK4a function promotes hyperphosphorylation and inactivation 
of pRb, leading to unrestricted cell cycle progression, while loss of pl4ARF inactivates p53. 

Overall, germline CDKN2A mutations have been found in 20-40% of familiar melanomas. 
They comprise missense mutations found in exons l a and exon 2, as well as in the 5' untranslated 
region and introns (see ref 11 for review). Aspl6INK4a shares exon 2 withpl4ARF{sec Fig. 2), 
many CDKN2A mutations affect both proteins confounding the specific role of each gene in the 
genesis of melanoma. However, mutations affecting ovAypMARFhsvt been described in some 
melanoma families,̂ '̂̂ "̂  thus pointing to pMARFzs a melanoma susceptibility gene that is inde-
pendent o£pl6INK4a. In fact, genetically mouse models have provided convincing evidence that 
hothpl4ARFzndpl6INK4a are tumor suppressor genes in melanoma development (see below). 
MCIR variants associated with the RHC phenotype increase melanoma penetrance in individuals 
harbouring CDKN2A germUne mutations.̂ *̂̂ ^ 

A second melanoma susceptibility gene, CDK4y was found at 12q 14.̂ '̂̂ ^ Germline and sporadic 
mutations in CDK4 abrogating binding of Cdk4 to pl6INK4a (see Fig. 2) have been foimd as-
sociated with melanoma pathogenesis. Thus, mutations in this gene have a similar impact to those 
in pl6INK4a and the phenotypic characteristics of families carrying CDK4 germline mutations 
do not differ firom those families affected in the CDKN2A locus.̂ °'̂ ^ Consistent with the human 
data, mice expressing a mutant form o{Cdk4 are predisposed to develop melanoma after carcino-
gen treatment.̂ ^ An additional evidence that links the entire p 16INK4a-Cdk4/6-pRb pathway to 
melanoma is the observation that hereditary retinoblastoma patients with germline inactivation 
of the retinoblastoma (RBI) gene are predisposed to melanoma.̂ '̂̂  

Of note, many reports have described the occurrence of cancers other than melanoma, such as 
pancreatic cancer, in families carrying CDKN2A mutations.̂ ^ However, the precise relationship 
between pancreatic cancer and the CDKN2A locus remains elusive. 

Sporadic Melanoma 
Despite its important role in melanoma predisposition, mutations in CDKN2A are rarely 

found in sporadic primary melanomas. In contrast, CDKN2A mutations are found frequently in 
melanoma cell lines (reviewed in ref 31). Ihis discrepancy could reflect a selective event imposed 
by cell culturing due to the critical role of pl6INK4a in senescence, as cells that lose pl6INK4a 
escape senescence and become immortalized. Nevertheless, genetic and molecular studies have 
identified several important molecules and signalling pathways besides pRb and p53 whose altered 
regulation appears to be crucial for melanoma development. 

RAF, RAS and the Mitogen-ActivatedProtein Kinase (MAPK) 
Signalling Pathway 

In melanocytic lesions, the most frequent activating mutations found in protooncogenes are 
those leading to constitutive activation of the mitogen-activated protein kinase (MAPK) signalling 
cascade. Strikingly, mutations in ̂ iL^i^ resulting in constitutive activation of this serine/threo-
nine kinase have been found frequently (27-70%) in melanoma.̂ ^̂ ^ Raf proteins are the primary 
mediators of Ras signaUing, which Unks extracellular mitogenic stimuU to transcription of genes 
that regulate cell growth, differentiation, survival, senescence, cell shape and cell migration, via the 
MAPKpathway^^ (Fig. 3). Most of these ̂ iL^i^mutations occur at a single site (T-A transversion) 
leading to the substitution of glutamic acid for valine (V600E) at the kinase domain, which confers 
constitutive activation.'^ This point mutation is not classically associated with UV damage,̂ ° ris-
ing the question of the role of sun exposure on jBiL î̂  mutations occurring in melanoma.̂  ̂  BRAF 
mutations are common in benign and dysplastic nevi,̂ "̂̂ ^ pointing to a potential initiating role of 
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Figure 3. The Ras/MAPK and PI3K-AKT signalling pathways. After binding of growth factors 
to their respective RTKs, activation of RTKs leads to binding of SOS (a cytosolic protein in 
close proximity to Ras on the plasma membrane) to the GDP-bound inactive form of Ras. 
Like other C-proteins, Ras cycles between the GDP-bound inactive form and the GTP-bound 
active form. The binding of SOS to Ras induces a conformational change that leads to the dis-
sociation of GDP and binding of GTP. The best characterized Ras effector pathway proceeds 
via a kinase cascade that involves phosphorylation of RAF. RAF in turn phosphorylates MEK 
which then phosphorylates ERK MAPKs. Activated ERKs translocate into the nucleus where 
they phosphorylate specific transcription factors that are involved in the regulation of vari-
ous cellular responses, particularly in promoting cell proliferation. Activated Ras can also 
bind P13K, stabilizing its membrane localization and activating its catalytic domain. PI3K 
catalyse the phosphorylation of phosphatidylinositols (Ptdlns) at their 3-position and converts 
Ptdlns(4, 5)P2 (PIP2) into Ptdlns(3, 4, 5)P3 (PIP3). PIP3 anchors AKT to the membrane allowing 
to its activation (by phosphorylation with the phosphoinositide-dependent kinases PDK1 and 
PDK2). Activated AKT mediates the activation and inhibition of several targets, resulting in 
cell growth, proliferation and inhibition of apoptosis (survival). 

BRAF in melanocyte transformation. Expression of mutant BRaf ̂ ^̂ ^ protein in cultured human 
melanocytes induces pl6INK4a-dependent cell cycle arrest and non pl6INK4a-dependent cell 
senescence.'̂ ^ These observations indicate the presence of a tumor suppressor within this unknown 
pathway leading to senescence, whose inactivation ought to cooperate with J5iL î̂  mutations for 
melanoma progression.̂ ^ The notion that ̂ iL^Fmutation is not sufficient for a full melanocyte 
neoplastic transformation is also supported by a genetically engineered fish model (see below). 

There have also been reports documenting mutations in RAS genes in melanocytic tumors. The 
most frequently mutated member of the family is NRAS, while mutations in HRAS and KRAS 
have only been found occasionally. Activating point mutations in NRAS have been reported in 
as many as 56% of congenital nevi, 33% of primary melanomas and 26% of metastatic melanoma 
samples,̂ '̂̂  but are rarely found in dysplastic nevi.'̂ '̂ ^ This fact indicates the possible existence 
of two distinct evolutionary paths to melanoma progression, from benign and dysplastic nevi.^ 
In contrast to BRAF mutSLtionSy NRAS mutations associated with melanoma appear to arise as a 
result of UV damage.'̂ '̂̂ ^ NRAS and BRAF activating mutations in melanoma (as also occur in 
other tumor types) are mutually exclusive, indicating that these genes function in the same cellular 
growth regulatory pathway.̂ ^ On the other hand, a recent report has found that mutations in BRAF 
are associated with enhanced sensitivity to pharmacological inhibitors of MEK compared to cells 
harbouringiL^^ mutations. These data suggest that melanoma cells carrying ̂ iL^Fmutations are 
much more dependent on MEK-ERK signalling than RAS mutant cells are."̂ ^ 
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C'METand Other Receptor Tyrosine Kinases (RTKs) 
Several studies support the notion that aberrant hepatocyte growth factor/scatter factor 

(HGF/SF) signalling is associated with melanoma progression.̂ ^ Increased expression o£c-Mety 
the tyrosine Idnase receptor of HGF/SF, has been observed in metastatic melanoma.̂ ^ In addi-
tion, gain of the 7q33-qter locus (where c-MET is located) has been correlated with late stages 
of melanoma development.̂ *̂̂ ^ Besides to stimulate proliferation and motility of cultured mela-
nocytes, HGF/SF disrupts adhesion between melanocytes and keratinocytes by downregulating 
the expression of the cell-cell adhesion proteins E-cadherin and desmoglein-1, which could favour 
deregulated cell proliferation and invasiveness.̂ ^ Interestingly, c-MET is a transcriptional target 
of Mitf, the melanocytic lineage transcription factor.̂ ^ As described below, MITF is amplified in 
malignant melanoma. The causal relationship between c-Met signalling and maUgnant melanoma 
is supported by in vitro experiments and genetically engineered models.̂  ̂  Several reports have also 
linked overexpression of the epidermal growth factor receptor (EGFR), associated with gains of 
chromosome 7, to advanced mthnomz}^'^^ EGFR is often amplified in breast and lung carcinomas 
and overexpression of this RTK in tumors is thought to result in deregulated kinase activity and 
maUgnant transformation.̂ ^ An important effector of oncogenic RTKs is the phosphatydilinositol 
3-kinase (PI3K)-Akt pathway that controls cell survival and motility.̂ ^ 

PTENand the PBK-Akt Pathway 
PTEN encodes a hpid and protein phosphatase involved in negative regulation of the PI3K-Akt 

signalling pathway (Fig. 3). PTEN is among the tumor suppressor genes most firequendy mutated 
in cancer. Involvement of PTEN in melanoma was suspected because loss-of-heterozygosity 
(LOH) of 10 q (where PTEN is located) occurs in 30-50% of melanomas.̂ ^ The region deleted 
at 10 q is, however, large and could include other tumor suppressor genes.̂ ^ In addition, somatic 
mutations in PTENhzve been found in about 10% of melanomas.̂ '̂̂ ^ Loss ofPTENlezds to 
hyperphosphorylation of Akt and enhanced cell proliferation and survival. The importance of 
hyperactivation of the PI3K pathway in melanoma development is further emphasized by the 
finding of constitutive aaivation of Akt in more than 60% of melanomas.̂ ^̂ ^ The level of phos-
phorylated Akt increases dramatically with melanoma invasion and metastasis and appears to 
correlate adversely with patient survival.̂ "̂  

Ihe Misunderstood Role ofp53 
The proportion of primary and metastatic melanomas containing mutations in the gene en-

coding p53 {TP53) is consistently low (<5%).'^ Although UV light-related TPS3 mutations are 
frequendy observed in other skin tumors (basal cell carcinomas and squamous cell carcinomas), 
the above observation suggests that UV-induced mutational inactivation of p53 is not involved in 
melanoma formation. However, several groups have reported relatively high mutation frequencies 
of TPS3 (in the range of 10-25%) in malignant melanomas (reviewed in re£ 4). The relevance of 
p53 in melanoma suppression is additionally emphasized in genetic models with mutant mice. The 
Tyr-RasVpSS^^' mutant mice develop cutaneous melanoma characterized by LOH of the wild-type 
p53 allele and retention o(ARE^^ As pl9Arf and p53 are within the same pathway (Fig. 2), the 
preferred inactivation of the pathway at the level of Arf, via 9p21 deletion, offers a mechanistic 
explanation for the pattern of genetic mutation observed in human melanoma.̂  ̂  

MITF as an Oncogene Involved in Melanoma Progression 
Mitf is a basic helix-loop-helix leucine zipper (b-HLH-Zip) transcription factor essential for 

melanocyte development (see ref 6G for a review). When mutated in mice {Mitf^"** mouse) leads 
to complete absence of neural crest-derived melanocytes as well as defeas in the retinal pigmented 
epithelium, mast cells and osteoclasts.̂ ^ These data surest that Mitf is essential for survival and 
differentiation of melanocytes. In fact, although Mitf plays a crucial role in pigmentation (Fig. 1), 
the destructive consequences of Mitf deficiency suggest that Mitf is primarily involved in lineage 
survival. Thus, the phenotype of Mitf-deficient mice is characterized by a complete absence of 
melanocytes. In humans, mutation of Af/77^ causes an autosomal inherited disease, known as 
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Waardenburg type IIA syndrome, characterized by deafness and white hairlock, arising from 
melanocyte deficiencies in the eye, forelock and inner ear.̂ ^ 

The M / j y gene has a complex organization. At least nine distinct promoter-exon units direct 
the synthesis of specific Mitf isoforms that arise by alternative spUcing.̂ ' Transcription factors that 
regulate Af/Ti^ expression include CREB, SOX 10, Tcf/Lef-1 and Mitf itself, among others.^ As 
already mentioned, a-MSH binds to MCIR which activates adenylate cyclase, followed by cAMP 
production (Fig. 1). cAMP leads to phosphorylation CREB transcription factors which in turn 
activates theM/jy promoter. Despite of the cAMP-CREB pathway is ubiquitous, Af/jy expression 
is cell-type specific. This is explained, at least in part, by the obUgate cooperativity between CREB 
and SOX 10, which is specific for the neural crest lineage.̂ ° Tcf/Lef-1, which binds P-catenin at 
the point end of Wingless-type (Wnt) signalling, links MITF with the Wht signalling pathway 
that is crucial for the diflFerentiation of melanocytes from the neural crest.̂ '̂̂ ^ In addition, Mitf 
expression is regulated by posttranslational mechanisms, namely by phosphorylation. Kinases 
that phosphorylate Mitf include MAPK, ribosomal S6 kinase (RSK), glycogen synthase kinase 
3p(GSK3P) and p38.^ Nevertheless, the role of phosphorylation on Mitf activity is obscure. For 
example, phosphorylation of Mitf by Erk2 increases recruitment of the transcriptional coactivator 
p300/CBP, a CREB binding protein and enhances Af/2Ttranscriptional activity, while simultane-
ously targets Mitf for ubiquitin-dependent proteolysis.̂ "̂ '̂ ^ 

Genomic amplification of Af/TF has been found in 10-20% of primary melanomas with a 
higher incidence in metastatic melanoma. In this setting, MITF amplification correlates with 
a decrease in 5 years patient survival.̂ ^ This, together with fimctional studies on immortalized 
melanocytes that have inactivated the p53 and pRb pathways, in which ectopic overexpression of 
Mitf complemented BRaf^^^ to confer sofi:-agar clonogenic growth,̂ ^ suggest ^t MITF is an 
oncogene in human melanoma. However, in other cases, Mitf and its targets {Tyrosinase y TRP-1 
and Z)C7) have been found downregulated in advanced melanoma.^ This si^ests that there are 
distinct subsets of melanoma. In some melanomas (characterized by a particular genetic context, 
as for example BRAF mut2Ltion)y cell survival is dependent on Mitf,̂ ^ while in others decreased 
expression of Mitf might provide a growth advantage by diminishing energy and oxidative stress 
associated with pigment production.̂ ^ 

Genetic Models of Melanoma 
Most of the genes found to be mutated (or altered) in melanoma patients have been tested in 

animal models, particularly in mice. Thus, a large number of genetically engineered mouse models 
have been generated in the last years (see refs. 11,66 and 77 for recent reviews), the most significant 
of which are summarized in Table 1. These mouse models have permitted to assess the requirement 
of genetic interactions between distinct pathways, as well as those with the environment, in order 
to recapitulate human melanoma disease (Table 1). 

One of the first melanoma mouse models was developed by targeted expression of simian virus 
40 (SV40) large tumor (T)-antigen to melanocytes under the control of the tyrosinase promoter.^ 
The viral T-antigen interacts with host proteins inactivating pRb and p53 functions in a manner 
reminiscent o£pl6Ink4a SLad p19Arf loss. Tyr-SV40 T-antigen^ transgenic mice developed skin 
melanomas at low fi-equency that appeared late on Ufe. In contrast, these mice induced highly ag-
gressive ocular melanomas that originated at a young age.̂ ^ However, when exposed to limited UV 
radiation shortly afi:er birth, the Tantigen transgenic mice developed metastatic skin melanoma.̂ '̂ ^ 
Mice with loss o£pl 6Ink4a that retain^/ 9Arf2^t predisposed to develop melanoma afi:er initiation 
with the chemical carcinogen 7,12-dimethylbenz(^)anthracene^^ (DMBA). Moreover, treatment 
with DMBA oipl 6INK4a-A.c^de,nt mice that were heterozygous ioTpl P^i^resulted in increased 
incidence of cutaneous melanoma that produced firequent metastasis.̂ ^ Similarly, DMBA was 
able to enhance melanomagenesis in mice harbouring a Cdk4 mutation that inactivates the pRb 
pathway, as found in familial melanoma.̂ ^̂ ^ These studies have provided compelling evidence that 
inactivation of both the pRb and p53 pathways are crucial for development of melanoma. The 
cooperation between these two pathways and that of PI3K-Akt has been evaluated in compound 
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Table 1. Genetically engineered melanoma animal models 

Afftected Carcinogen 
Genetic Lesions Pathways Exposure Tumor Phenotype/Comments References 

Mouse Models 
Tyr-SV40 T-Ag" pRb, p53 None 

UV 

Ink4a-^-, Arf^^ 
Ink4a-^-, Arf^-
Int4a-'-, Arf-^-, 
Pten^'-
Cdk4 (R24C)^ 

Tyr-Ras^ 

pRb 
pRb, p53 
pRb, p53, 
PI3K-Akt 
pRb 

MARK 

DMBA 
DMBA 
None 

None 
DMBA/TPA 

DMBA/UV 

Tyr-Ras^/lnk4a-^- pRb, MARK None 

UV 

Tyr-Ras^/Arf-^- p53, MARK None 

UV 

Tyr-RasVTrp53-^- p53, MARK None 

MT-HGF/SF^ c-Met, None 
MARK, 
R13K-Akt 

UV 

MT-HGF/SF^/ c-Met, UV 
Ink4a-^-, Arf-^- MARK, 

RI3K-Akt, 
pRb, p53 

Zebrafish Models 
Braf(V600E)^ MARK None 
Braf(V600E)^/ MARK, p53 None 

Low penetrance skin melanoma 78 
(metastatic eye melanoma) 
Short term, neonatal, 79, 80 
UV exposure induced 
melanocytic skin lesions and 
metastatic melanoma 
Low penetrance skin melanoma 81 
Metastatic skin melanoma 82 
Low penetrance skin melanoma 84 

Low penetrance skin melanoma 83 
High penetrance skin melanoma, 32 
no metastasis 
No spontaneous skin tumors 87 
without carcinogen; each 
carcinogen induced melanoma; 
DMBA was superior to chronic 
adult UV exposure 
High penetrance, nonmetastatic 85 
skin melanoma 
Single, neonatal, UV exposure 86 
had no impact in melanoma 
development 
High penetrance, nonmetastatic 85 
skin melanoma 
Single, neonatal, UV exposure 86 
accelerated melanomagenesis 
High penetrance, nonmetastatic 65 
skin melanoma 
Low penetrance metastatic skin 88, 89 
melanoma 

Single, neonatal, UV exposure 90,91 
enhanced melanoma 
development; chronic adult 
UV exposure had no effect 
Both loss of pl6/pl9 function and 92 
single, neonatal, UV exposure 
enhanced melanomagenesis 

Benign nevi 93 
Melanocytic lesions that 93 

continued on next page 
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Table 1. Continued 

Afftected 
Genetic Lesions Pathways 

Trp53-'-

Xiphophorus Fish Model 
Xmrk EGFR, 

MARK, 
PBK-Akt 

Carcinogen 
Exposure 

None 

UV 

Tumor Phenotype/Comments 

progress to invasive 
melanoma 

Spontaneous melanoma 

Increased melanoma 
susceptibility 

References 

94,95 

94,95 

mxxt3Six.pl 6INK4a/pl Pv^i^-deficient mice heterozygous for Pten^^ These mice developed a wide 
spectrum of tumor types including melanoma. Furthermore, loss o£ cither pl6Ink4a or pl9Arf{or 
Trp53) induced spontaneous skin melanomas with high incidence in transgenic mice expressing 
a//iL^^ oncogene in melanocytes.̂ '̂̂ ^ All these studies suggest that sustained activation of either 
Ras or PI3K-Akt signaUing interact with the pRb and p53 suppressor pathways for melanoma 
development. 

The cooperation between UV irradiation and loss of each of the tumor suppressor genes encoded 
by the CDKN2A locus has also been examined in HRas^ transgenic mice.̂ ^ The results of these 
studies show that loss oipl9Arfy but not oipl6Ink4a, cooperates with UV exposure to acceler-
ate melanoma development. As tumors arising in UV-irradiated RasVpl9ARF^' mice showed 
either loss o£pl 6INK4a or G/4d amplifications (both leading to disruption of the pRb pathway), 
these data indicate a joint cooperation between mutations at both p53 and pRb pathways and 
UV irradiation for UV-induced melanogenesis. Chronic exposure of adult mice with activated 
HRas (harbouring a normal Cdknla locus) to UV irradiation produced melanoma, but at low 
efficiency.̂ ^ It is interesting to note that DMBA, a chemical agent of unknown environmental 
relevance for human melanoma, is most efficient than UV to induce melanoma in different mouse 
models (Table 1). 

Interactions between RTK signalling and UV irradiation have been challenged in the HGF/SF^ 
transgenic mouse model. These mice develop melanomas, but after long latency periods,̂ *̂̂ ^ sug-
gesting that additional genetic alterations are needed for tumor development. A single neonatal 
dose of UV radiation was sufficient to induce melanoma lesions with high penetrance and short 
latencies in HGF/SF" transgenic mice, while chronic UV exposure in adult mice had no effect.̂ -̂ ^ 
The response of these mice is in accordance with epidemiological studies in humans su^esting that 
melanoma is caused by intense intermittent exposure to UV during childhood,̂ '̂  as mentioned 
before. The cooperation between neonatal UV irradiation and inactivation of the Cdnkla locus 
has been further demonstrated in HGF/SP transgenic mice. UV-krzdhtcd HGF/SF^/pl6Ink4a/ 
pl9Arf'^' mice exhibited a significant acceleration of melanomagenesis with respect to untreated 
HGF/SF^/pl6Ink4a/pl9Arf-^ mice and UV-irr^dmcdHGF/SF'/pl6Ink4a/pl9Arf'^ mice.̂ ^ 

These genetic models also include animals distinct firom the mouse, such as zebrafish and 
Xiphophorus fish. Thus, while there has been no report to date on a J^iJ^transgenic mouse model 
for melanoma, it has been shown that activating mutations of BRaf in zebrafish, which leads only 
to development of benign nevi, cooperate with inactivation of p53 for melanoma development.̂ ^ 
In Xiphophorus fish, activating mutations in Xmrky the EGFR homolog, enhances melanoma 
susceptibiUty.̂ '̂ ^ This observation is interesting, as no activating mutations in EGFR have been 
found in human melanoma. However, it is in agreement with a number of studies in melanoma 
cell Unes demonstrating that sustained activation of the EGFR signalling pathway provides potent 
autocrine survival signals for RAS-drivcn melanoma tumorigenicity.̂ ^ 

http://mxxt3Six.pl
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p53 Protein and Pathogenesis 
of Melanoma and Nonmelanoma 
Skin Cancer 
Cara L. Benjamin, Vladislava O. Melnikova 
and Honnavara N. Ananthaswamy'*' 

Abstract 

The p53 tumor suppressor gene and gene product are among the most diverse and complex 
molecules involved in cellular functions. Genetic alterations within the p53 gene have 
been shown to have a direct correlation with cancer development and have been shown to 

occur in nearly 50% of all cancers. p53 mutations are particularly common in skin cancers and UV 
irradiation has been shown to be a primary cause of specific 'signature' mutations that can result 
in oncogenic transformation; There are certain 'hot-spots' in the p53 gene where mutations are 
commonly found that result in a mutated dipyrimidine site. This review discusses the role of p53 
from normal function and its dysfunction in precancerous lesions, nonmelanoma and melanoma 
skin cancers. Additionally, molecules that associate with p53 and alter its function to produce 
neoplastic conditions are also explored in this chapter. 

Introduction 
Skin cancer is the most common type of human cancer with the incidence rapidly rising to an 

occurrence of 1.2 million new cases each year in the United States. Additionally, l%-2% of the 
Australian population is affected with nonmelanoma skin cancer (NMSC) annually. It is estimated 
that about 70% of NMSCs are induced by ultraviolet (UV) radiation, as a consequence of exposure 
to surJight. NMSCs, including squamous cell carcinoma (SCC) and basal cell carcinoma (BCC) 
are the most frequently diagnosed neoplasm. Epidemiological evidence of chronic over-exposure 
in sun-exposed areas of the body in persons with outdoor occupations have higher incidence of 
SCC than does a person who works indoors.̂  Additionally, the face, head, neck, back of the hands 
and arms are predominant sites for development of NMSCs. It is becoming increasingly clear 
that solar UV radiation is a major causative factor in the development of NMSC and was the first 
identified human carcinogen. Sun exposure is currendy the leading environmental risk factor for 
the development of NMSC in humans.̂ '̂  There are several reviews that discuss evidence showing 
that solar radiation is strongly imphcated in the induction of human skin cancer."̂ ^ 

Lifestyle changes have occurred over the years that have lead to increased UV exposure. 
Examples include increased outdoor recreational activities, changes in clothing styles and longev-
ity. UV radiation from sunlight is divided into three major categories separated by wavelength, 
UVC (200-280 nm), UVB (280-320 nm) and UVA (320-400 nm). UVB may have die potential 
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to be the most damaging due to its higher energy (and shorter wavelength), but UVA accounts 
for greater than 90% of the solar radiation that reaches the earths surface. Although UVA is the 
predominant component of solar UV radiation to which we are exposed, it was believed to be 
noncarcinogenic or weakly carcinogenic. However, few studies have demonstrated that wavelengths 
in the UVA region not only causes aging and wrinkling of the skin, but they have also been shown 
to cause skin cancer in animals when given in high doses over a long period of time.̂ '̂ ° More 
recently. Agar et al̂ ^ demonstrated that human SCCs harbored UVB type mutations in the upper 
part of the lesions and UVA type mutations in the lower part of the tumor tissue, si^esting a role 
for UVA in the pathogenesis of human SCC. Interestingly, UVA radiation has been shown to be 
involved in the development melanoma in fish.^^^^ In contrast, wavelengths in the UVC region 
are not present in natural sunUght because they are filtered out by the ozone in the atmosphere. 
Interestingly, UVC radiation although it is more effective in inducing DNA damage, mutation 
and cell lethaUty in vitro, it is not relevant to the problem of skin cancer in humans. UVA and 
UVB are then responsible for DNA damage, sunburn, mutations, immunosuppression and skin 
cancer. To counteract carcinogenic effects of UV, epidermal cells activate mechanisms that control 
cell proliferation, DNA repair and apoptosis. 

Activation of p53 tumor suppressor protein occurs in response to variety of cellular stresses 
including DNA damage, oncogenic stimulation, hypoxia, oxidative stress or telomere shortening 
and directs cells toward cell cycle arrest or apoptosis depending on the amount of DNA damage. 
The importance of p53 in tumor suppression is underscored by the fact that any impairment of p53 
function brought about by direct mutation, reduced gene dosage or by inactivation of pl4ARF 
activator or over expression of MDM2, a negative regulator of p53 is associated with increased 
tumor susceptibiUty. However, many of these mechanisms are inactivated once epidermal keratino-
cytes accumulate mutations in p53 gene. The purpose of this chapter is to provide an overview of 
recent advances on the mechanism of p53 functions and its role in the development of melanoma 
and nonmelanoma skin cancers. 

p53 Tumor Suppressor Gene 
There are multiple genetic alterations that have been shown to have a direct correlation with 

cancer development. Majority of these mutations can be found within three categories of genes: 
proto-oncogenes, tumor suppressor genes, or DNA repair genes. A mutation in one of these groups 
or any combination can cooperate to induce a neoplastic condition. The proto-oncogenes act as 
crucial growth regulators in normal cell division, while the tumor suppressor genes act as negative 
growth regulators. The p53 tumor suppressor gene is involved in the cell cycle arrest and activation 
of programmed cell death.̂ '̂̂ ^ Mutations in the p53 gene have been detected in 50% of all human 
cancers and in almost all skin carcinomas.̂ ^ p53 was discovered as a cellular protein bound to 
Simian virus 40T-antigen-bound cellular protein and codes for a 53-kDa phosphoprotein involved 
in gene transcription and control of the cell cycle by coordinating transcriptional control of regula-
tory genes.̂ '̂̂ ^ Human p53 is a highly conserved 11 exon gene that is located on the short arm of 
chromosome 17̂ ° that is about 20 Kb in size. The p53 protein forms tetramers through interactions 
between C-terminal regions of the protein. These tetramers can then recognize specific binding 
sites on target genes and stimulate their activation. Mutant forms of p53 rarely exhibit mutations 
in the oUgomerization region, but rather have mutations in the DNA binding domain. 

Majority of carcinomas have missense mutations that produce a full-length protein with altered 
function. Often the other allele is lost resulting in loss of heterozygosity (LOH), which is particu-
larly high (40-80%) in carcinomas of the colon, lung and bladder.̂ ^ In squamous and basal cell 
carcinomas of the skin, the frequency of LOH is much lower with a higher proportion of both p53 
alleles being independently mutated.̂ ^^ Mouse skin models have shown that standard chemical 
initiation/promotion protocols results in LOH, where as repeated carcinogen experiments (like 
UV exposure) results in independent mutations on both p53 alleles.̂ ^ 

The p53 protein is a latent, short-Uved sequence-specific DNA-binding transcription factor.̂ ^ 
Upon activation, p53 protein is phosphorylated at one or more serine residues at N- or C-terminus, 
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translocates into the nucleus, binds to the enhancer/promoter elements of downstream target 
genes and regulates their transcription. About one hundred proteins are known to be regulated 
by p53.̂ ^ Genes transcriptionally activated by p53 protein induce cell cycle arrest, DNA repair, 
apoptosis, inhibition of angiogenesis and metastasis.̂ '̂̂ ^ 

Cell Cycle Control 
The wild-type p53 protein maintains normal growth control and genomic stability by enforcing 

a G1 cell cycle arrest or inducing apoptosis in response to variety of cellular stresses.̂ '̂  p53-induced 
Gl arrest allows the cellular repair pathways to remove possible DNA lesions before the onset 
of DNA synthesis and mitosis, whereas p53-induced apoptosis eliminates potential progenitors 
of maUgnant tumor cells.̂ °̂ The accumulation of p53 protein after cellular DNA damage causes 
a cell cycle arrest at the Gl/S checkpoint by inducing expression of p21̂ ^̂ ^̂ ^̂ ^ inhibitor of 
cyclin dependent kinases A/6}^^^ p2iĴ ^̂ /c7P/ inactivates the cdk-cyclin complex by binding to 
Cdk4(6)/Cyclin D or E/Proliferating Cell Nuclear Antigen (PCNA). This causes accumulation 
of hypophosphorylated pRb and sequestration of E2F transcriptional factor, which is needed 
for cell cycle progression, thus leading the cell into Gl arrest.̂ '̂̂ ^ In addition, p53 is capable of 
inducing G2/M arrest by up regulating transcription of 14-3-3a, GADD45, Reprimo and B99 
and subsequent inhibition of Cdc2 cyclin-dependent kinase.̂ '̂̂ ^ 

DNA Repair 
p53 participates in DNA repair by activating Gl/S cell cycle check point and allowing more 

time for DNA repair,̂ ^ and also by inducing transcriptional activation of several genes known 
to direcdy participate in DNA repair.̂ ^ An example is of the transactivation is two xeroderma 
pigmentosum associated gene products, p48XPE and XPC, which are involved in recognition of 
DNA damage and among some of the factors involved in Nucleotide Excision Repair (NER).̂ ^̂ ^ 
A third p53-regulated protein is GADD45, which binds to UV-damaged DNA in vitro.̂ ^ p53 can 
also regulate DNA polymerase p, which is direcdy involved in DNA repair synthesis.̂ ^ 

Apoptosis 
An important protection strategy to escape malignant transformation caused by DNA damage 

is the activation of the apoptosis pathway. The first group of known pro-apoptotic transcriptional 
targets ofp53 includes: Bcl-2 family members, BAX, PUMA (p53 unregulated modulator of apop-
tosis), NOXA, p53AIPI (p53-regulated Apoptosis-Inducing Protein 1) and PIGa (galectin-7), 
which bind Bcl-2 protein to antagonize its anti-apoptotic function, localize to the mitochondria, 
induce cytochrome c release and activate the induction of programmed cell death through the 
Apaf-1-caspase 9-caspase 3 pathway.̂ °'̂  In addition to regulating Bcl-2 family members, p53 
may cause rapid disruption of mitochondria through a mechanism involving up regulation of 
death receptors FAS, Killer/DR5 and PIDD.̂ '̂̂ ^ Death receptor activation results in cleavage 
of procaspase 8 and release of cytochrome C from mitochondria followed by activation of the 
Apaf-1-caspase 9-caspase 3 apoptotic pathway. Several other transcriptional targets of wild-type 
p53 exert pro-apoptotic effects utilizing various mechanisms. This group includes such genes as, 
Siah E3 ubiquitin ligases suidIGF-BP3 (insulin-like growth factor-binding protein-3).̂ "^^ 

Inhibition of Angiogenesis and Metastasis 
As normal cells progress toward malignancy, they must switch to an angiogenic phenotype to 

attract the nourishing vasculature that they depend on for their growth. Over expression of p53 
has been fotmd to inhibit angiogenesis through up regulation of Thrombospondin 1 [TSPl)y 
Brain-specific angiogenesis inhibitor 1 (BAIl), plasminogen activator inhibitor type 1 (PAI-l) 
and some other angiogenesis inhibitors."^^^ 

Alteration ofpS3 Function Due to Mutation 
Normal functions of wild-type p53 are abrogated by mutations. All mutations identified 

in tumor-derived p53 gene are point mutations in the DNA-binding domain (amino acids 
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96'191) resulting in defective binding to promoters containing wild-type p53 response elements 
PuPuPuCA/TA/TGPyPyPy.̂ ^ Acquisition of point mutations in one allele maybe sufficient for 
transdominant suppression of the wild-type p53, since this molecule functions as a tetramer. p53 
deficient cells may thus have an impaired abihty to execute cell-cycle arrest, DNA repair and apop-
tosis.̂ "̂̂ "̂̂ ^ For example, p53-deficient thymocytes are remarkably resistant to radiation-induced 
apoptosis.'̂ '̂̂ ^ Epidermal keratinocytes with mutated p53 are resistant to UV-induced apoptosiŝ '̂̂ ^ 
though this effect may depend on their stage of differentiation.̂ ^ Most of the p53 knockout mice 
show gready increased genetic instability and develop malignant diseases by month 6 of age.̂ "̂  
p53 knockout mice lacking one or both copies of the p53 gene are also increasingly susceptible 
to UV carcinogenesis.̂ ^ 

In addition to the loss of functions, certain p53 mutants have been shown to exert oncogenic 
features due to acquisition of novel functions that confer proliferative advantage to cells sustain-
ing genetic damage.̂ '̂ ^̂ ^ Some tumor-derived p53 mutants, when introduced into p53-null cells, 
promote tumorigenicity and tissue invasiveness, increases frequency of metastasis and resistance 
to p53-independent apoptosis induced by chemotherapeutic drugs.̂ '̂̂ ^ We have recendy found 
that UV-induced mouse p53 mutant proteins are phosphorylated at critical serine residues and 
accumulate in large amounts in cell nucleus.̂ ^ 

Induction of p53 by UV and Biologic Consequences 
Solar ultraviolet radiation causes DNA damage, photoperoxidation of lipids, protein cross-

linking,-«unburn, immunosuppression, photoaging and cancer. p53 protein acts as molecular 
sensor for the effects of UV radiation by mediating cell cycle arrest and apoptosis, or sunburn, in 
damaged epidermal keratinocytes.̂ '̂̂ '̂̂ ^ Numerous studies demonstrated UV-induced activation 
of p53 protein both in cell cultures and in human and mouse tissues.̂ '̂̂ ^̂ ^ Studies by Nelson and 
Kastan̂ ^ indicated that UV-induced DNA lesions, pyrimidine dimers, when accompanied by exci-
sion repaiI%§sociated DNA strand breaks, tri^er p53 induction. UV radiation causes phosphoryla-
tion of the p53 protein at multiple serine residues, including SerlS, SerZO, Ser33, Ser37, Ser46 and 
Ser392.«̂ «̂  Evidence exists for the involvement of ATM, ATRandp38 ERKl/2 andJNK-1 MAP 
kinases in phosphorylation of various p53 serine residues in response to UV radiation.̂ ^̂ ^ 

Excessive DNA damage induced by UV may trigger apoptosis in a p53-dependent man-
ner.̂ '̂̂ '̂̂ "̂ ^̂  Brash and coworkers demonstrated that UV irradiation of normal mouse skin con-
taining wild-type p53 protein induced the formation of sunburn cells (apoptotic keratinocytes) 
and that p53-null mice were resistant to UV-induced sunburn cell formation.̂ ^ Our studies in 
Skh-hrl mice showed that acute UV exposure induces expression of p53, followed by induction 
ofp21Wafl/Cipl and apoptosis.̂ ^ 

An important finding about p53 was the fact that upon UV irradiation, there is an increased 
half-life of the p53 protein in murine 3T3 fibroblasts.̂ ^ Typically, wild-type p53 has a relatively 
short half-Ufe, but stabilization and elevation of p53 protein levels may signify early events in 
tumorigenesis. This information is important when considering that Ml leukemia cells arrest 
at the Gl-S and G2-M phases of the ceU cycle when irradiated.̂ ^̂ ^ Additionally, the levels of 
p53 induction in human skin is proportional to the level of UVB exposure, although there is no 
correlation to between UVB-induced p53 levels and erythema.̂ ^ Several DNA damaging agents 
have been shown to induce p53 and growth arrest,̂ '̂̂ ^ but only by those agents that induce strand 
breaks. Pyrimidine dimmers alone do not trigger p53 induction unless accompanied by excision 
repair-associated DNA strand breaks.̂ ^ 

Evidence for p53 Involvement in NMSC 

Role ofp53 Tumor Suppressor Gene In NMSC 
The p53 tumor suppressor gene is involved in the cell cycle arrest and activation of programmed 

cell death.̂ "̂ '̂ ^ Individuals with Li-Fraumeni syndrome inherit a mutation in one allele of the p53 
gene.̂ ^ These individuals have a high incidence of malignancies including NMSC. This data along 
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with observations that many cancers have a mutated or lost p53 gene, suggests that alterations 
in either pathway can contribute to neoplastic transformation. Inactivation of the p53 plays an 
important role in the induction of skin cancer by UV radiation. Mutations in the p53 gene have 
been detected in 50% of all human cancers and in almost all skin carcinomas. ̂ ^ 

Analysis of mutations in p53 gene has established an unequivocal connection between UV 
exposure, DNA damage and skin carcinogenesis. UVB and UVC radiation induces unique types 
of DNA damage, producing cyclobutane-type pyrimidine dimers (CPD) and pyrimidine (6-4) 
or pyrimidone (6-4) photoproducts.̂ '̂̂ ^ And it has been shown that p53 plays an important role 
in the protection of cells from DNA-damage from UVB exposure.̂ '̂̂ ^ UV-induced DNA damage 
activates mechanisms for removal of DNA damage, delay in cell cycle progression, DNA repair, 
or apoptosis by transcriptional activation of p53-related genes, such as p21,̂ ^ MDM2,̂ ^ and 
Bax. Normally, there is Uttle p53 protein in the cell, but in response to UV damage, high levels 
of p53 are induced.̂ '̂̂ ^ With high levels of p53 protein, there is a Gl arrest, allowing the cellular 
repair pathway to remove DNA lesions before DNA synthesis and mitosiŝ '̂̂  and an increase in 
apoptosis.'̂ '̂̂ ^ Therefore, p53 aids in the DNA repair or the elimination of cells that have excessive 
DNAdamage.15.43 

In UV-induced skin cancer, the frequency of C to T transitions is especially frequent at the 
trinucleotide sequence 5'-PyCG in the p53 gene.̂ ^ There are several *hot spot' mutation sites with 
in the p53 gene. Data collected from Pfeifer et al show that of the most commonly mutated sites 
in p53, five are mutated dipyrimidine in the sequence context 5'-CCG or 5'-TCG (codons 196, 
213,245,248 and 282). Additionally, they found only 19 5'-CCG or 5'-TCG transitions in the 
target sequence occurring between codons 120 and 290.^ Mouse tumors induced by irradiation 
with UVB lamps or solar simulators have identified a hotspot mutation at codon 270 of the p53 
gene, which correlates to a sequence change from 5'-TCGT to 5'-TTGT.'*̂  Codon 270 of the 
mouse p53 gene is the equivalent to codon 273 of the human p53 gene, but there is no dipyrimi-
dine sequence at this location. Codon 270 is methylated at the CpG site and UVB produced the 
strongest CPD at the 5'-TCG. Time course experiments have shown that the CPD at this sequence 
persists longer than average, which suggests that the CPD is responsible for the induction of this 
mutational hotspot in UV-induced skin tumors.^ In faa CPDs are responsible for majority of 
mutations induced by UVB irradiation in mammalian cells. Using mammalian cells containing 
the mutational reporter genes lacl^c^id cll You et al'̂ '' concluded that CPDs are responsible for at 
least 80% of the UVB-induced mutations in this model. 

p53 Mutations in Human Precancerous Skin Lesions 
The mutations in p53 gene appear to be an early genetic change in the development of 

UV-induced skin cancers. Thousands of p53-mutant cell clones are found in normal-appearing 
sun-exposed skin.'̂ '̂̂ ^ There is a high frequency of p53 mutations reported in premalignant actinic 
keratosis (AK) lesions, which are considered to be preSCCs. In an AK study by Ziegler et al,̂ ^ p53 
mutations were found at a (i^% frequency and a high proportion of them (23/35) were C-*T 
transition. Nelson et al̂ ^ showed that 8 of 15 (53%) AKs had C->T transition in p53 gene. A study 
by Campbell et al̂ ^ showed that 40% (8 oiit of 20) of individuals with Bowens disease carried p53 
mutations as well. Many studies analyzed the p53 mutational speara in Actinic keratoses and found 
p53 mutations clustering between amino acids 200 and 280.̂ ^ However, SCCs show the majority 
of mutations in the hot spot region 241 to 280. Since SCCs develop from AK it would appear as if 
those AKs possessing mutations in the hot-spot region 241-280 confer a clonal advantage toward 
the progression to malignancy. Hence, AK displays a diverse spearum of mutations that may result 
in local, non-invasive, benign proliferation. The process of malignant conversion may select for 
those tumor cells that have acquired a mutation in the region 241 to 280. Mutations in this region 
maybe either more effective in disruption of p53 fimction (loss of function phenotype) or confer 
oncogenic phenotype to p53 due to gain of fimction. BCCs appear to have a major mutational 
hot spot region at 241 to 280 and a minor region at 161-200. Thus, the advantage in acquisition 
of mutation at 161-200 may be specific for development of BCC. 
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Recent studies on p53 mutation spectra revealed that noncancerous skin adjacent to tumors 
harbor p53 gene mutations that are distinct from those present in the skin cancers. This provides 
molecular evidence that only a subset of UV-induced p53 mutations confer cells with maUgnant 
phenotype, while other p53 mutants are not necessarily associated with malignant progression. 
Ren et al̂ °̂  has shown that human epidermal cancer cells and accompanying precursors have 
identical p53 mutations, which are different from p53 mutations in adjacent areas of clonally 
expanded nonneoplastic keratinocytes. Kanjilal et al̂ ^̂  in their study of NMSC of the head and 
neck and adjacent nonmalignant skin samples, revealed multiple but distinct p53 mutations (C->T 
transitions at dipyrimidine sequences in 30% of missense mutations) in the two areas. Finally, one 
report̂ ^̂  compared multiple NMSCs with' and without p53 mutations in the same Xeroderma 
Pigmentosum (XP) patient and found that the former tend to exhibit more rapidly-growing and/or 
histologically immature clinical features, su^esting that p53 gene mutations would bring more 
malignant characteristics to NMSCs. 

These findings suggested that p53 mutations may be involved in the maUgnant conversion of 
precancerous lesions to SCCs and that mutations in p53 and/or p53 over expression may be used 
as biomarkers for skin cancer susceptibility. Since that, the presence of UV signature C->T and 
CC->TT mutations in the p53 gene in human and experimental mouse skin cancers has been 
well documented.̂ '̂̂ ^̂ "̂̂ ^ 

p53 Mutations in SCCandBCC of the Skin 
A number of investigators have detected p53 gene mutations in a large proportion of human 

squamous cell carcinomas and basal cell carcinomas.̂ '̂̂ '̂̂ '̂̂ '̂̂ *̂̂ ^ Initial studies by Brash and co-
workers^ revealed p53 mutation in 58% of human SCC. Later studies by Ziegler et al̂ ^ and Rady 
et al̂ ^ have demonstrated p53 mutations in human BCCs at 56% and 50% frequencies, respectively. 
Interestingly, Ziegler et al̂ ^ found that 45% of human BCCs contained a second point mutation 
on the other p53 allele. More recendy, Bolshakov et al̂ ^ analyzed 342 tissues from patients with 
aggressive and nonaggressive BCCs and SCCs for p53 mutations. p53 mutations were detected 
in 66% BCCs, 38% of nonaggressive BCCs, 35% of aggressive SCCs, 50% of nona^essive SCCs 
and 10% of samples of sun-exposed skin. About 71% of the p53 mutations detected in a^essive 
and nonaggressive BCCs and SCCs were UV signature mutations.̂ ^ 

Most recendy, Agar et al have examined 8 primary SCCs and 8 premaUgnant solar keratosis 
lesions for p53 mutations separately, in basal and suprabasal layers of keratinocytes using laser 
capture microdissection.̂ ^ Ihey were able to detect UVA-type mutations (A:T-^C:G transver-
sions) both in SCCs and SC lesions mostly in the basal germinative layer, which contrasted with a 
predominandy suprabasal localization of UVB-signature mutations in these lesions. ̂  ̂  This epider-
mal layer bias was confirmed by immunohistochemical analyses with a superficial locaUzation of 
UVB-induced CPD contrasting with the localization of UVA-induced 8-hydroxy-2'-deoxyguanine 
adducts to the basal epithelial layer. The basal location of UVA- rather than UVB-induced DNA 
damage and mutation suggests that UVA component of solar radiation is an important carcinogen 
in the stem cell compartment of the skin. 

Analyses of mouse skin cancers induced by U V radiation have provided strong evidence for the 
involvement of p53 mutation in the pathogenesis of UV-induced murine skin cancer. Analogous to 
human skin cancers, UV-induced mouse skin cancers also display p53 mutations,̂ '̂ '̂̂ '̂̂  although 
the frequency of mutations and the exons in which they occur differ among mouse strains, for 
reasons that are not yet clear. For example, in our study, p53 mutations were detected at 70-100% 
frequency in UV-induced SKH-hrl and C3H mouse skin tumors, respectively.̂ '̂̂  In contrast, 
20% of SCC from SKH-l/hr hairless mice and 50% of SCC from BALB/c mice exhibited p53 
mutations in another study.̂ ° Nonetheless, most of the mutations detected in UV-induced mouse 
skin tumors were C—>T and CC-*TT transitions at dipyrimidine sites, like those found in human 
skin cancers and most were located on the nontranscribed DNA strand. 

Further evidence for the involvement of mutations in p53 on the development of cancer is 
supplied by studies on p53 knockout mice. Heterozygous (+/-) and homozygous (- /-) p53 
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mice have been shown to develop spontaneous tumors of both primary lymphoid maUgnancies 
and various sarcomas.̂ -̂̂ ^ Ionizing radiation can enhance the frequency of these tumors even 
with a single dose.̂ ^ Interestingly, these mice failed to develop skin tumors. Chemical induction 
of skin cancer on these mice did not yield an increase in the frequency of papillomas, but there 
was a enhanced progression from papillomas to carcinomas compared to wild type mice7° Since 
there is a strong association between UV-induced skin cancers and p53 mutations, studies using 
congenic p53 mutant mice and UV-irradiation revealed that heterozygous mice had increased 
susceptibility to skin cancer induction and p 5 3 - / - mice were at an even greater risk of develop-
ing skin cancer. Tumors in the heterozygous (+/-) mice were predominantly sarcomas, while 
the tumors from homozygous (- / -) mice were mostly squamous cell carcinomas associated with 
premalignant lesions resembling actinic keratoses.̂ ^ Point mutations in the p53 gene affect the 
tumor susceptibihty differendy than allelic loss. Point mutations are generally associated with 
early stages of skin tumors, while allelic loss enhances tumor development at high levels of UVB 
exposure and increases progression of skin tumors to a higher maUgnancy.̂ ^ 

pS3 Mutations in NMSC of Patients with Xeroderma Pigmentosum 
and Renal Allograft Recipients (RAR) 

p53 mutations have also been found at high frequencies in skin cancers from patients with 
the genetic disorder Xeroderma Pigmentosum.̂ '̂̂ ^ Studies by Sato et al̂ ^ revealed that 5 of 8 XP 
skin cancers had p53 mutations and of the 6 mutations seen, 2 were C—>T transitions and 2 were 
C C ^ T T double base substitutions. Dumaz et aP̂  showed that p53 mutations were present in 17 
of 43 (40%) skin cancers from XP patients and 61% of these mutations were tandem CC->TT 
base substitutions. 

Immunosuppressed recipients of renal allografts (RAR) are also at much higher risk for skin 
cancer development. Over-expression of p53 protein and p53 mutations has been detected in 
large proportion of SCCs and premalignant lesions in RAR patients. In one study, accumulated 
p53 was present in 41% of premalignant keratoses, 65% of intraepidermal carcinomas and 56% 
of squamous cell carcinomas from RAR patients.̂ ^ McGregor et al̂ ^ has shown similarly high 
incidence of p53 mutations in nonmelanoma skin tumors from RAR patients and sporadic 
NMSC from immune-competent patients: 48% and 63% respectively. 75% of all mutations in 
transplant patients and 100% mutations in nontransplant tumors were UV-signature mutations. 
Some evidence suggest that arginine/arginine genotype at a common polymorphism site at p53 
codon 72 may confer a susceptibility to the development of NMSC in RAR patients.̂ ^ Finally, 
some evidence suggest a role for human papillomavirus (HPV) and its p53 protein-inhibitory 
activity in skin carcinogenesis within the immunosuppressed population.̂ ^ 

p53 Mutations Are an Early Event in UV Carcinogenesis in Human 
and Mouse Skin 

Mutations in p53 arise early in UV-induced skin cancer̂ '̂̂ °'̂ ^̂  and have been identified in 
normal sun-exposed skin'̂ '̂̂ ^ as well as UV-irradiated mouse skin.̂ ^ This differs from other cancers 
such as colon cancer in that p53 mutations are a late event marking the progression form a late 
adenoma to a carcinomâ ^ as well as with melanoma marking the progression to a higher grade 
malignancy.̂ ^ Noncancerous skin adjacent to cancerous tumors has been shown to harbor p53 
mutations that are different from those contained within the tumor.'̂ '̂̂ ^ Actinic keratoses carry 
p53 mutations at about 60% with 89% of them UV signature type mutations. This can suggest that 
actinic keratoses is a clonal expansion of the cells that already contain the 53 mutation. Recent data 
investigating the role of clonal expansion suggests that it is more involved than hyperproliferation. 
Brash et al has shown that UV not only can induce mutations, but that it drives clonal expansion 
of these cells by inducing apoptosis in surrounding normal cells and creating a micro-environment 
in need of repopulating. Thus, the repopulation is an enrichment for the death-resistant mutant 
cells. Using a mouse model that over-expresses Survivin, a molecule that functions in suppressing 
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apoptosis, clonal expansion of mutated cells was suppressed due to the reduced apoptotic death 
of the surrounding normal cells within the micro-environment.̂ ^ 

Mechanisms of Clonal Expansion 
Murine model of UV-induced carcinogenesis allowed a unique opportunity for invest^ating the 

fate of p53-mutant keratinocytes during various stages of skin cancer development. In skin of hairless 
mice, p53 mutations induced by chronic UV exposure could be detected by allele-specific PCR as 
early as one week after initiation of the experiment, with 100% animals incurring p53 mutations 
after eight weeks of UV treatment.̂ ^ Two-three weeks after beginning the UV treatment, clones of 
keratinocytes carrying mutant p53 can be visuaUzed using immunohistochemical assays.̂ '̂ "̂ '̂ ^ As 
a tumor promoter, U V induces cell proliferation by stimulating the production of various growth 
factors and cytokines, as well as activation of their receptors.̂ ^̂ ^ Repeated exposure of skin to 
UV radiation therefore results in clonal expansion of initiated p53-mutant cells.̂ '̂ "̂ '̂ ^ Brash and 
colleagues have shown that every successive UVB exposure allows p53-mutant keratinocytes to 
colonize adjacent epidermal stem-cell compartments without incurring additional mutations.̂ "̂  Two 
mechanisms are beheved to contribute to selective expansion of p53-mutant cells: their resistance 
to UV-induced apoptosis and their proliferative advantage over normal keratinocytes in response 
to stimulation with UV. Indeed, single UV exposure was shown to stimulate the proliferation of 
p53-mutant cells while inducing apoptosis in normal keratinocytes in culture and in artificial skin 
models.̂ '̂̂ "̂ '̂ ^ However, chronic UV irradiation of skin quickly induces apoptosis-resistance and 
stimulates hyperproliferation throughout the epidermis as an adaptive response.̂ ^ The mechanism 
of selective proUferative advantage of p53-mutant cells is yet unclear, but it may be a critical factor 
promoting clonal expansion of initiated cells. 

One mechanism that may contribute to expansion of initiated keratinocytes is thederegulation 
of UV-induced Fas/Fas-Ligand mediated apoptosis in skin. Hill et al̂ ^ shewed that accumulation 
of p53 mutations in the epidermis oiFasL deficient mice occurred at much higher frequency com-
pared with wild-type mice after chronic UV irradiation. Authors concluded that iwii!/-mediated 
apoptosis is important for skin homeostasis and that the dysreguration of Fas-FasL interactions may 
be central to the development of skin cancer. Ouhtit et al̂ ^ further found that in skin of chronically 
irradiated SKH-hr 1 mice, the progressive decrease of FasL expression was paralleled by accumula-
tion of p53 mutations and the decrease in a number of apoptotic cells. These findings suggest that 
chronic UV exposure would induce a loss of FasL expression and a gain in p53 mutations, leading 
to dysregulation of apoptosis, expansion of mutated keratinocytes and initiation of skin cancer. 

While patches of p53-mutant keratinocytes grow in density and size while UV treatment 
continues, they decline rapidly once the UV exposures are ceased.̂ '̂ *̂̂  Remeynic et aP showed 
that regression of precancerous p53-positive clones occurs due to mechanisms other than 
antigen-specific immunity, proceeding with similar kinetics in the skin oiRagl'' antigen-specific 
inmiunity incompetent mice and their wild-type counterparts. Our preliminary results suggest 
that elimination of p53-mutated keratinocytes occurs due to normal skin turnover. 

Both continued and discontinued regiments of chronic UV treatment ultimately result in skin 
tumor development with 100% incidence, although the kinetics of tumor occurrence is delayed 
in the later case.̂ ^ De Gruijl and coworkers have used a mathematical model that relates tumor 
occurrence to the daily dose of UV and the time needed to contract tumors. This model also offers 
prediction of skin cancer susceptibiUty depending on the load of p53-mutated keratinocyte clones 
in skin.̂ ^ Thus these studies suggest that skin cancer development can be delayed but not abrogated 
upon further avoidance of exposure to UV. 

Inhibition of UV-inducedp53 Mutations Protects Against Skin Cancer in Mice 
Our studies have shown that p53 mutations can be detected in UV-irradiated mouse skin months 

before the gross appearance of skin tumors suggesting that p53 mutations can serve as a surrogate 
early biological endpoint in skin cancer prevention studies.̂ '̂̂  To determine whether there is an 
association between reduction of UV-induced p53 mutations and protection against skin cancer, 
sunscreen (SPF-15 to 22) was applied onto the shaved dorsal skin of C3H mice 30 min before each 
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exposure to 4.54 kj/m^ of UVB (290-400 nm) radiation. Control mice were treated 5 days/wk 
with UV only or vehicle + UV. p53 mutation analysis indicated that mice exposed to UV only or 
vehicle + UV for 16 wk (cumulative exposure to 359 kj/m of UVB) developed p53 mutations 
at a frequency of 56-69%, respectively, but less than 5% of mice treated with sunscreens + UV 
showed evidence ofp53 mutations. More importantly, 100% of mice that received a cumulative 
dose of 1,000 kJ/m of UVB only, or vehicle + UVB developed skin tumors, whereas, the prob-
ability of tumor development in all the mice treated with the sunscreens +1,000 kj/m^ of UVB was 
2% and mice treated with sunscreens +1,500 kj/m^ of UVB was 15%. These results demonstrate 
that the sunscreens used in this study not only protect mice against UV-induced p53 mutations, 
but also against skin cancer. Because of this association, it was concluded that inhibition of p53 
mutations is a useful early biologic endpoint of photoprotection against an important initiating 
event in UV carcinogenesis. 

A Model ofUV'Induced Initiation and Progression ofSquamous Cell Carcinoma 
The best-characterized model of carcinogenesis is that of the UV-induced development of 

s e c , in which mutation-associated inactivation of p53 tumor suppressor gene plays a critical 
^Q\QP^'^M,n,\m,m Analysis of data on gene mutations in human premaUgnant actinic keratosis (AK) 
lesions, as well as data from the UV-induced carcinogenesis experiments in mice have suggested 
that the first step involves acquisition of UV-induced mutations in the p53 by epidermal kerati-
nocytes.̂ '̂̂ '̂̂ ^̂  This defect diminishes sunburn cell formation and enhances cell survival allowing 
retention of initiated, precancerous keratinocytes.̂ ^ Second, chronic exposures to solar UV results 
in the accumulation of p53 mutations in skin, which confer a selective growth advantage to initi-
ated keratinocytes and allow their clonal expansion, leading to formation of premalignant AK.̂ ^ 
The expanded cell death-defective clones represent a larger target for additional UV-induced p53 
mutations or mutations in other genes, thus enabling progression to carcinomas. 

Cellular and Molecular Mechanisms 
More recent data investigating the role of p53 in UV-induced skin carcinogenesis has revealed 

other factors that are important to mention, such as the molecular downstream targets of p53: 
MDM2, GADD45 and p21CIP/WAFl. Murine double minute 2 (MDM2) protein is a tran-
scriptional target of p53 which binds to the N-terminus of p53 to promote degradation through 
the ubiquitin-proteasome pathway.̂ ^̂ '̂ ^̂  Under normal cellular circumstances, in the presence 
of DNA damaging agents, p53 protein is stabiUzed by inhibition of the Mdm2-mediated p53 
ubiquination.̂ ^^ Growth arrest and DNA damage-inducible gene 45 (GADD45) is a member of 
a group of genes induced in response to growth-arrest signals and it is a p53 regulated gene that 
can suppress cell growth. Loss of GADD45 results in reduced nucleotide excision repair activ-
ity.̂ °̂  p21CIP/WAF1 is a moderator of p53-mediated cell-cycle arrest, by directly interfering with 
DNA synthesis by binding to PCNA. Its role is largely unknown, but there are two observations 
to support its importance. First, the p21CIP/WAFl promoter has a p53 protein-binding site. 
Secondly, there is a significant increase in p21CIP/WAFl mRNA following UVR in cells with 
intact p53, but not in cells with mutant p53.̂ °̂  

Calpains are calcium-dependent cytoplasmic proteases that are involved in various cellular 
functions, including exocytosis, cell frision, apoptosis and the differentiation and proliferation of 
keratinocytes. Inhibition of calpains has been correlated with the enhanced stabihty of the p53 
protein suggesting that the calpain system can also cleave the p53 protein.^^ Several studies have 
shown that calpains cleave the p53 protein to generate an N-terminally truncated protein.̂ '̂̂ °̂ In 
vitro addition of calpastatin, a calpain inhibitor, to reconstructed human epidermis resulted in the 
total inhibition of proteolysis of p53 and an increase in Mdm2 expression, binding and ultimate 
stabilization of p53 in response to UV irradiation.̂ ^^ 
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Different Mechanisms for DiiSerent Tumor Types 
Despite similarly high frequencies of UV-induced p53 mutations in BCCs and SCCs of the 

skin, some differences exist in the mechanisms of their UV induction. The originating cells may 
arise from interfollicular basal cells, hair follicles or sebaceous glands, thus from a deeper zone 
than the SCC ones, which probably means exposure to different doses or wavelengths of UV. 
Some of the genetic alterations in BCC pathway include those in the sonic hedgehog pathway 
of oncogenic transformation. Patched gene (PTCH) is a tumor-suppressor gene that encodes for 
a regulatory protein. Under normal conditions, PTCH conveys extracellular growth regulatory 
signals to the nucleus. Reifenberger et al has shown that 67% of BCC carry a mutation in the 
PTCH gene.̂ ^̂  PTCH mutations are more frequent in BCC and are typically UV-specific C:T 
transitions and represent earlier events that p53 mutations.̂ ^^ Additionally, XP patients have more 
PTCH mutations than sporadic mutations, which may be associated with alleUc loss at chromo-
some region 9q22.3.̂ ^̂ '̂ ^̂  Nonsense, missense and silent PTCH mutations were found in SCCs 
from individuals with Gorlins syndrome or a history of sporadic BCC.̂ ^̂  Besides mutations in 
the p53 and PTCH genes, a small subset of SCC and BCC of the skin also carries mutations in 
INK4a/ARF tumor suppressor gene products and ras oncogene.̂  ̂ ^ 

Tumor necrosis factor-related apoptosis-inducingUgand (TRAIL), is a ubiquitously expressed 
member of the tumor necrosis factor family that has been found to preferentially induce apoptosis 
in tumor cells, but not in normal cells.̂ ^̂  SCC and BCC do not express TRAIL while actinic 
keratoses and Bowen's disease show reduced levels of TRAIL.̂ '̂ Additionally, acute UVB does 
not alter the levels of TRAIL, but chronic UV as seen in elderly individuals shows a reduction 
ofTRAIL.̂ ^9 

Nonmelanoma skin cancers are derived from the keratinocytes that Ue within the basal and 
squamous layers of the epidermis, while melanoma originates from the pigmented melanocytes. 
There are three lines of evidence that show how different p53 mutations are in NMSC and melano-
mas. P53 mutations occur more frequently in NMSC with 10-90% versus 1-20% in melanoma.̂ °̂ 
Secondly, mutations in p53 ofNMSC are generally C->T and CC->TT transitions at dipyrimidine 
sites and melanomas display C:G-^T:A, suggesting an absence of UV mutational influence.̂ ^ 
Lasdy, p53 mutations are early events in NMSC and late events in melanoma.̂ ^ Ras mutations also 
differ in NMSC and melanoma. While data has shown that H-ras is more commonly mutated in 
nonmelanoma skin cancer, a mutationally-activated N-ras contributes to melanomagenesis.̂ ^̂ '̂ ^̂  

Melanoma 

Association between UV Exposure and Melanoma 
While the relationship between UV exposure and basal cell and squamous cell carcinoma is 

very clear and well documented, the role of UVR in the induction and progression of melanoma 
remains unclear. The likelihood of an individual developing melanoma is the result of a combination 
of inherited or predisposition and exposure to environmental factors relevant to tumorigenesis. 
Melanocytic lesions do not necessarily appear on the most heavily sun-exposed parts of the body, 
nor do they correlate with occupational or cumulative exposure to sunlight.̂ ^^ Regardless, it is 
believed that the major risk for melanoma is skin color and skin reaction to sunUght. It has been 
shown that fair-skinned people who burn only and never tan after sunUght exposure have a rela-
tively higher incidence of melanoma as pigmentation is inversely correlated with the incidence of 
cutaneous melanoma.̂ ^̂  A history of childhood sunburn may be sufficient to result in the forma-
tion of melanoma in later years,̂ ^̂  while some studies suggest that recreational activity resulting 
in adult sunburn is associated with melanoma risk.̂ ^̂ '̂ ^̂  

Genetic Alterations in Melanoma 
Numerous studies have shown that multiple genetic alterations contribute to the development 

of cutaneous melanomas as reviewed by Rees and Healy.̂ ^̂  The high frequency of UV-induced 
mutations in the p53 gene of skin carcinomas is not seen in melanoma and occurs in 10-30% 
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of cultured human melanoma cell lineŝ ^̂ '̂ °̂ and at 0% or 10-2'b% of uncultured melanoma tis-
sue.̂ "̂"̂ ^̂  Similarly low frequency of p53 mutations has been detected in dysplastic naevi (0-16%) 
and these mutations include CG to TA transition-type mutations induced by UV irradiation.̂ ^̂ ^̂ ^ 
This si^ests that p53 mutations may arise as early as in premalignant lesions. However, similar 
frequency of p53 mutations (0-18%) has also been detected in benign nevi, arguing that p53 
mutations play an in significant role in melanoma tumorigenesis.̂ ^̂ ^̂ '̂̂ ^ Some studies report that 
in metastatic melanoma lesions, p53 mutations are observed at a slighdy higher rate, suggesting its 
role in progression toward metastatic melanoma phenotype. There is recent evidence suggesting 
that genetic alterations in other genes may play a role in the formation of melanoma. These include 
genes involved in growth promoting pathway, such as RAS and BRAF as well as growth suppress-
ing pathway, such as INK4a-ARF. Despite the overall low frequency of p53 mutations observed, 
a complex genetic profile including pl6INK4a(ARF) + RAS(BRAF) + p53 mutations shows 
greater correlation with a^essive disease/poor survival than, for example, the pl6INK4a(ARF) 
+ RAS(BRAF) profile.̂ ^̂  

Alteration in Regulatory Mechanism Upstream ofp53 in Melanoma 
Linkage analysis has identified INK4a-ARFds a melanoma susceptibility gene and inactivation 

of the INK4a/ARF has been identified in approximately 20-30% of familial melanomâ ^̂  and 
0-30% of sporadic melanomas in which only half contained UV-signature mutations.̂ ^ '̂̂ ^ The 
INK4a/ARF locus encodes two independent bona fide tumor suppressor proteins, which func-
tion as growth inhibitors and effectors of cellular senescence: the cyclin dependent kinase (CDK) 
inhibitor p 16̂ ^̂ "" and the p53 activator p 14̂ ^̂  (mouse p 19^). With respea to melanoma progres-
sion, several studies have shown similar frequencies of deletions and LOH (loss of heterozygosity) 
alterations in matched primary melanomas and metastatic lesions.̂ "*̂ '̂ ^̂  Microsatellite analysis 
has revealed that LOH occurs firequendy in uncultured primary melanoma samples at 6q (31%), 
9p (46%), lOq (31%) and 18q (22%), while only one of 32 benign nevi displayed LOH.̂ 54 jj^^^ 
benign sample was an atypical melanocytic nevus and had LOH at 9q near the pi 6^^^"^ gene.̂ '̂* 
This finding suggests that LOH at 9q is an early event in progression to melanoma, but that it 
may not be sufficient for melanoma initiation. Analogous to human melanomas, spontaneous 
and carcinogen-induced murine melanomas also displayed inactivating mutations mpl6^'^'^ and 
plp^'fgicnes}^^ Transgenic mice that have a deletedplff^^^'', but retain functional/>iP^^demon-
strate melanomagenesis, which suggests thztpld^^^^ acts as a tumor suppressor gene in mice.̂ ^̂  A 
higher rate of spontaneous tumor formation (sarcoma, lymphoma and melanoma) was observed in 
pi6~^~ mice oweTpl 6^^~ 2xApl 6^^'*'}^'^ Additionally, the highest rate of tumorigenesis was observed 
mpl6~^~ mice with DMBA-induction, which led to frequent metastasis.̂ ^̂ '̂ ^̂  Recendy, analysis of 
a large number of cases for p 16INK4a protein expression by immunohistochemistry demonstrated 
that pl6INK4a is lost in melanoma but not in nevi and that metastatic lesions have a higher fre-
quency of protein loss than primary tumors.̂ "̂ '̂̂ ^̂  In addition, the thickness of primary melanoma 
tumors have been correlated to higher occurrence of alleUc loss or protein loss.̂ "̂ ^ 

Alterations and Expression of Targets Downstream ofp53 in Melanoma 
Apoptosisprotease-activatingfactor {Apaf-l) acts at the effector stages of apoptotic cascade to 

mediate p53-dependent cell death. Loss o£ Apaf-l is frequendy observed in melanoma and is 
associated with allelic deletion.̂ ^^ The associated defect in apoptosome formation can be linked 
to melanoma resistance to the toxic effect of chemotherapeutic drugs. Murine double minute 2 
(Mdm2) binds p53 to suppress its function and results in p53 degradation. Mdm2 expression is 
correlated with p53 over-expression and neoplastic phenotype.̂ ^^ Mdm2 is regulated by p l 4 ^ 
which binds to Mdm2 to restrict it to the nuclear compartment.̂ ^ As mentioned previously, 
p24ARF -J Qg-gn lost in melanoma and in turn Mdm2 is not confined to the nuclear compartment 
allowing it to destabiUze p53 and the p53-regulated apoptosis pathway is abrogated.̂ ^̂  GADD45 
suppresses growth by blocking the progression from GO to S phase and GADD expression can 
be either p53-dependent or -independent.̂ ^^ The impact of altered GADD expression in mela-
noma is not fiilly elucidated, but it has been shown that GADD expression decreases with tumor 
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thickness giving it a prognostic value.̂ ^̂  There are other genes downstream of p53 that influence 
the progression of melanoma including, p21. Box and others. For a review see re£ 164. 

Alterations inpS3 IsofortnspdS andp73 in Melanoma 
Two members of the p53 family were discovered to be structurally similar to p53 with similar 

ability to induce common downstream targets, but with their own unique functions in genome 
maintenance and embryonic development. For a review see ref 175. Knock out models of the p53 
family members have revealed the individual functions of each family member. Mice lacking p53 
develop early tumors ofbone, blood and muscle, but have no defects in embryonic development.̂ ^^ 
Knock out of p73 results in sever defects of the nervous system and runting,̂ ^ while mice lack-
ing p63 have sever development defects including tnmcated limbs and unstratified epidermis.̂ ^^ 
Analysis of melanoma tumorigenesis and progression revealed increased expression of dNp73 
isoform.̂ ^ Investigation of melanomacytic nevi, primary melanoma and metastatic melanoma 
tissues revealed that increased expression of p73 was associated with the progression from primary 
melanoma to metastatic desease.̂ ^̂  Two N terminal splice variants of p73 (p73dex2 and p73dex2/3 
which lack exons 2 and/or 3 found in full length p73) were also found to be increased in melanoma 
and this correlated with aberrandy high levels of p73 and E2F1.̂ ^̂  E2F1 is a cell cycle regulator 
known to transactivate expression of p73. The role of E2F1 in melanoma progression is yet to be 
determined. Melanocyte carcinogenesis model has revealed a very specific and limited expression of 
p53-family response that is different than the expression profile of cultured keratinocytes resulting 
in biological differences in apoptotic and cell cycle arrest response. ̂ °̂ This data suggests that the 
p53 response to DNA-damagc in melanocytes needs further study to understand the differences 
in the cellular response and conversion to malignancy. 

Summary 
It is well known that UV radiation present in sunlight is a potent human carcinogen. 

Epidemiological evidence si^ested the role of sunUght in skin cancer and both experimental 
and molecular evidence has shown that UV-radiation is a significant contributor to its pathology. 
The mutagenic and carcinogenic effects of UV light can be attributed to the induction of DNA 
damage and errors in repair and repUcation. Approximately 80,000 pyrimidine dimers per cell are 
induced in human epidermis in one hour of sunUght exposure. ̂ ^̂  Fortunately, cells are equipped 
with a variety of mechanisms that constandy monitor and repair most of the damage inflicted 
by UV light. However, occasional mistakes in DNA repair and replication can introduce muta-
tions in the genome. Accumulation of several mutations in key genes due to chronic exposure to 
sunUght can lead to the development of skin cancer. The p53 tumor suppressor gene is a primary 
target of DNA-damage caused by UV exposure that leads to skin cancer development. p53 is a 
complex molecule involved in numerous pathways as evidenced by the over 41,000 articles citing 
p53 with well over 3,000 articles pubUshed last year. This chapter provides an overview of some 
of the complex interactions of p53 and skin cancer. A comprehensive understanding of the role of 
p53 in the pathogenesis of melanoma and nonmelanoma skin cancer is critical step in progressing 
toward finding a cure or prevention for these malignancies. 
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Apoptosis and Pathogenesis 
of Melanoma and Nonmelanoma 
Skin Cancer 
Peter Erb,* Jingmin Ji, Erwin Kump, Ainhoa Mielgo and Marion Wernii 

Abstract 

Skin cancers, i.e., basal cell carcinoma (BCC), squamous cell carcinoma (SCC) and melanoma, 
belong to the most frequent tumors. Their formation is based on constitutional and/or in-
herited factors usually combined with environmental factors, mainly U V-irradiation throi^ 

long term sun exposure. UV-light can randomly induce DNA damage in keratinocytes, but it can 
also mutate genes essential for control and surveillance in the skin epidermis. Various repair and 
safety mechanisms exist to maintain the integrity of the skin epidermis. For example, UV-light 
damaged DNA is repaired and if this is not possible, the DNA damaged cells are eliminated by 
apoptosis (sunburn cells). This occurs under the control of the p53 suppressor gene. Fas-ligand 
(FasL), a member of the tumor necrosis superfamily, which is preferentially expressed in the basal 
layer of the skin epidermis, is a key surveillance molecule involved in the elimination of sunburn 
cells, but also in the prevention of cell transformation. However, UV light exposure downregulates 
FasL expression in keratinocytes and melanocytes leading to the loss of its sensor function. This 
increases the risk that transformed cells are not eliminated anymore. Moreover, important control 
and surveillance genes can also be directly affected by UV-light. Mutation in the p53 gene is the 
starting point for the formation of SCC and some forms of BCC. Other BCCs originate through 
UV light mediated mutations of genes of the hedgehog signaUng pathway which are essential for 
the maintainance of cell growth and differentiation. The transcription factor GU2 plays a key role 
within this pathway, indeed, GU2 is responsible for the marked apoptosis resistance of the BCCs. 
The formation of maUgnant melanoma is very complex. Melanocytes form nevi and from the nevi 
melanoma can develop through mutations in various genes. Once the keratinocytes or melanocytes 
have been transformed they re-express FasL which may allow the expanding tumor to evade the 
attack of immune effector cells. FasL which is involved in immune evasion or genes which govern 
the apoptosis resistance, e.g., Gli2 could therefore be prime targets to prevent tumor formation and 
growth. Attempts to silence these genes by RNA interference using gene specific short interfering 
RNAs (siRNAs) or short hairpin RNAs (shRNAs) have been functionally successful not only in 
tissue cultures and tumor tissues, but also in a mouse model. Thus, siRNAs and/or shRNAs may 
become a novel and promising approach to treat skin cancers at an early stage. 

Introduction 
The incidence of both melanoma and nonmelanoma (basal cell and squamous cell carcinoma) 

skin cancers has been raising over the last decades. Since 1985, basal cell carcinoma (BCC) rates 
have increased by 35%, squamous cell carcinoma (SCC) by even 133%. According to the World 
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Health Organization between 2 and 3 million nonmelanoma and over 130,000 melanoma skin 
cancers globally occur each year. One in every three diagnosed cancers is skin cancer. In USA, every 
fifth citizen may develop skin cancer in his/her lifetime according to the Skin Cancer Foundation. 
In Australia, according to a report of the National Cancer Control Initiative (NCCI2003), the 
rates for treated BCC and SCC were 893 and 295 per 100,000 in 2002, respectively. Concerning 
melanoma, the American Cancer Society reported that this skin tumor represented 3% of all 
cancers and 1% of all cancer deaths in 2005 with a 12-fold increase in incidence since 1935. The 
lifetime risk to develop melanoma is 1 in 75 in USA and 1 in 25 in Australia. Only 14% of patients 
with metastatic melanoma survive for five years. Altogether, skin cancers belong worldwide to the 
most fi-equent maUgnancies. 

The risk to develop skin cancers is usually based on constitutional and inherited factors com-
bined with environmental factors, mainly exposition to UV Ught throi^h sun exposure. This is 
aggravated by the fact that ozon levels are getting lower and therefore more UV radiation reaches 
the earth increasing the risk for skin cancer development. The WHO estimates that a 10% decrease 
of ozon level will result in an additional number of 300,000 nonmelanoma and 4,500 melanoma 
skin cancer per year. 

While SCC and melanoma bear the risk to metastasize, BCC does usually not. The reason why 
BCC does not metastasize but SCC and melanoma can metastasize is still unclear. Therapeutically, 
it is therefore mandatory to treat skin cancers as early as possible, in the case of melanoma or SCC 
to prevent the tumor to spread, for BCC to prevent invasive growth. Surgery to remove the primary 
tumor is the most frequent treatment. Other treatment forms include chemotherapy, cryotherapy, 
radiation, or topical treatment, e.g., with imiquimod (for BCC). Despite the variety of treatment 
possibilities, there is a need for more simple and efficient therapeutical options including modifiers 
of biological responses and gene therapy. 

In each multicellular organism homeostasis determines whether cells remain quiescent, divide, 
differentiate or die by apoptosis. Cell division as well as cell death by apoptosis are crucial to 
precisely control cell numbers and tissue size. Cancer cells often exhibit defective cell regulatory 
and apoptotic mechanisms allowing them to develop in an uncontrolled way. The various cancers 
may make use of these mechanisms in a diflFerent way. Apart firom the fact that the formation of all 
skin cancers is a very complex multistage process, the underlying mechanisms are understood in 
general context, but there are many gaps when looking in molecular details. However, it is evident 
that restoring the disordered apoptotic and cell regulatory processes may be a new and promising 
way to cure skin cancers. 

Pathogenesis of Nonmelanoma Skin Cancer 
Among the skin cancers the pathogenesis of BCC is currently perhaps the best understood 

one. BCC derives firom undifferentiated pluripotent keratinocytes presumably located in the 
basal layer of the hair follicles. SCC seems to originate firom keratinocytes possibly located in the 
suprabasal layer of the epidermis. 

SunUght and its underlying UVB (290-315 nm) radiation has two major effiscts, it suppresses 
the immune response in the skin and it can initiate transformation of skin epidermal cells. Upon 
UV exposure keratinocytes upregulate the RANK ligand (receptor activator of NF-kB ligand) 
which induces the proliferation of regulatory T-cells (Tregs).̂  Tregs are then able to suppress 
the physiological immune responses in the skin. Thus, the immune response is locally reduced. 
Concerning the transforming potential, UVA (315-400 nm) has been shown to be less effective 
than UVB. However, UVA, together with UVB radiation, may accelerate carcinogenesis. UV light 
is known to induce DNA breaks in exposed cells.̂  Most DNA breaks or local DNA damages are 
repaired by the/?53 tumor suppressor gene which is regarded as the "guardian of the genome".̂  If 
DNA repair is not possible, the DNA damaged keratinocytes must be eliminated. This occurs by 
apoptosis (so called 'sunburn cells') and takes place either under the control of the p53 gene or, 
as recendy reported, via the BH3-only protein Noxa, a member of the bcl-2 family.̂  FasL—Fas 
interaction has been found to play an important role for the formation of sunburn cellŝ  and thus 
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for the removal of dangerously altered cells. Certain individuals have inherited a lower DNA re-
pair capacity and for that reason, not only have a higher risk to develop skin cancers, they indeed 
develop a greater number of skin tumors. For example, persons with Xeroderma pigmentosum, an 
autosomal recessive disorder, which is characterized by extreme sun sensitivity, develop multiple 
skin cancers on sun-exposed parts of their body due to such a defective DNA repair mechanism. 
The risk of BCC and SCC formation is more than 1000-fold increased in these patients. 

Unfortimately, the 'guardian of the genome', xhcp53 gene can be itself mutated by UV irradia-
tion. As a consequence, uncontrolled cell proUferation and loss of apoptosis of the DNA dam-
aged cells can occur with the high risk of BCC or SCC formation. Mutations in thep53 gene are 
detected in about 56% of BCC^ and in >90% of SCC.^ The important role forp53 inactivation 
in skin carcinogenesis is further supported by the observation that homozygous or heterozygous 
p53 knockout mice develop skin tumors much earlier than wild-type mice upon UV irradiation.̂  
For SCC formation the ̂ 53 mutation is a major pathway. Following further solar UV exposure, 
p53 mutations accumulate and allow the clonal expansion of affected keratinocytes leading to the 
formation of premaUgnant actinic keratosis. Depending on environmental factors and the state of 
the immune system actinic keratosis can regress or further develop into invasive SCC. 

For BCC formation, an additional mechanism hesidcp53 mutation is known. Thus, mutations 
can occur in certain genes of the hedgehog (HH) signaling pathway, the patched (ptch) ovsmooth-
ened (Smo) genes which control transcription via the downstream Gli genes. The HH signaling 
pathway is very essential during embryogenesis. It regulates cell proliferation, tissue formation 
and differentiation but also apoptosis.̂  Although the HH signaling pathway is less important 
after embryogenesis, it remains active in some adult organs including the skin where it regulates 
keratinocytic stem cell proliferation and maintenance. Due to its broad activity the HH signaling 
pathway bears an oncogenic risk if deregulated. Indeed, different malignancies have been linked 
to overactivated HH signaling. Ptch gene mutations were originally found in patients with basal 
cell nevus syndrome or Gorlin syndrome. ̂ °'̂  ̂  Basal cell nevus syndrome is an autosomal dominant 
disorder characterized by the development of multiple BCCs at an early age, of medulloblastomas 
and meningiomas and skeletal abnormaUties. Most tumors where ptch is inactivated display a 
truncating mutation in one allele and deletion of the other allele. In sporadic BCC, ?>Q'4Q%ptch 
mutations are found. Ptch is the transmembrane receptor for the HH protein family.̂ '̂̂ ^ If the 
Hedgehog peptides are absent, ptch inhibits Smo, another transmembrane protein functioning 
as a G-protein coupled-like receptor and prevents it to signal. In this situation, the Gli proteins 
are retained in the cytoplasm being bound to microtubules via a protein complex comprised of 
Costal2, SuFu and an adapter protein Fused. This makes the Gli proteins sensitive to cleavage 
through protein kinases PKA, CKla and GSK-3p, resulting in a c-terminally truncated form of 
Gli which translocates to the nucleus and acts as a repressor of HH target genes. In the reverse 
situation, when the HH peptides bind to and imctiYZtc ptch, smo exerts its activity leading to a 
hyperphosphorylation of the proteins bound to the complex with Gli. This allows full length Gli 
proteins to dissociate from the microtubules and to translocate to the nucleus where they bind to 
and induce transcription of HH target genes (Fig. 1). 

Thus, loss-of-function mutations o£ptch or gain-of-fimction mutations o(Smo are often associ-
ated with BCC development, because these mutations result in a continuous overactivation of the 
Gli transcription factors. The direct Unk between human BCC and GU activation has also been 
verified in animal studies. Transgenic mice overexpressing GUI or Gli2 in cutaneous keratinocytes 
develop BCC-like tumors.̂ ^ In human, three Gli genes exist, Glil, Gli2 and Gli3. They code for 
large (>1000 amino acids) 5-finger Zinc finger transcription factors which bind DNA target 
sequences with the last three zinc fingers.^^ They have partially redundant and partially distinct 
functions, they activate different target genes and presumably act in a combinatorial manner. While 
Glil possesses only an activation domain, Gli2 and Gli3 contain both activation and repression 
domains. Glil and GU2 are transcriptional activators of HH signaUng, some of their regulatory 
functions are distinct, others are overlapping.̂ ^ Gli3 is a transcriptional repressor of HH genes 
and is itself repressed in response to HH signals.̂ '̂̂ ^ Among other t^LigctSy ptch is a gene that is 
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Figure 1. Overview over the Hedgehog signaling pathway inactive (top) or active (bottom). 
In the absence of the Hedgehog signal peptide (Hh), Smoothened (Smo) is inhibited by 
Patched (Ptch). In this situation Gli is retained in the cytosol bound to the cytoskeleton via 
a protein complex and gets processed by protein kinases, giving rise to a repressive form of 
Gli (c-terminally truncated). When Hh binds and inactivates Ptch, Smo is released, becomes 
active and signals to the protein complex, leading to hyperphosphorylation of the latter, 
followed by its disintegration. Full length Gli loosens its hold to the cytoskeleton and now 
translocates to the nucleus where it acts as a transcriptional activator. (E: Extracellular space; 
C: Cytosol; N: Nucleus). 
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transcriptionally repressed by Gli3 which thereby exerts a negative feedback loop of the HH signal 
itself High expression of GUI and Gli2 is frequendy found in human BCCs.̂ "̂̂ ° All available 
data so far show that Gli2 seems to be the primary positive transducer of HH signaling. Indeed, 
Glil knockout mice are viable and have no obvious defects whereas Gli2 knockout mice are not 
viable and are defective in the very same aspects as HH knockout mice.̂ '̂̂ ^ Moreover, hair foUicle 
development is dependent on GU2, but not on Glil.̂ '̂ The Unkbetween Gli2 overexpression and 
BCC formation is partially revealed and will be addressed below in more detail. 

Pathogenesis of Melanoma 
Melanocytes located in the basal layer of the epidermis form multiple contacts with keratino-

cytes.̂ ^ Upon adhesion keratinocytes control the growth of melanocytes and the expression of 
surface receptors. Most melanomas arise within the epidermis escaping the control of keratinocytes. 
The progression of normal melanocytes to melanoma is very complex. Melanocytes proliferate 
and can form nevi. Subsequendy, out of the nevi dysplasia, hyperplasia, invasion and metastasis 
can develop.^ In this process numerous molecular events are taking place, many are the result of 
gene mutations. 

Mutations of the NRAS or BRAF genes cause abnormal constitutive activation of the ser-
ine-threonine kinases in the ERK-MAPK pathway stimulating melanoma cell growth.̂ '̂̂ ^ Blocking 
NRAS and BRAF suppresses melanoma cell growth in vitro.̂ °'̂ ^ Mutation in the CDKN2A or 
PTEN genes is another molecular step towards development of melanoma. In 25-40% of famihal 
melanoma inactivated CDKN2A due to a gene defect is found, ̂ ^ while PTEN gene mutations 
occur in 25-50% of nonfamilial melanoma.̂ ^ Especially, lesions in the CDKN2A gene increase 
the probability of dysplastic nevi to become malignant. Alternative spUcing of exons within the 
CDKN2A gene yields the tumor-suppressor protein ARJ (alternate reading frame) which ar-
rests cell cycle and promotes cell death after DNA damage via p53 accumulation.^ Mutation in 
CDKN2A gene therefore prevents the recruitment of ARJ. Indeed, immortalization of cells often 
occurs with loss of either ARJ or p53. 

PTEN which encodes a phosphatase acts via phosphatidylinositol phosphate (PIP3) and AKT, 
a protein kinase B. In the absence of PTEN, PIP3 and AKT levels rise increasing cell proliferation 
and prolonging cell survival through the inactivation of the Bcl-2 antagonist BAD.̂ ^ 

The development, differentiation and maintenance of melanocytes is regulated by MITF 
(microphthalmia-associated transcription factor).̂ ^ In addition, MITF function leads to mela-
nocyte pigmentation. Mice without fimctional MITF are albinos because they lack melanocytes. 
Development from nevus to melanoma is accompagnied by decreased or absent pigmentation.̂ ^ 
MITF amphfication is frequently seen in melanomas with a poor prognosis and is associated with 
resistance to chemotherapy.̂ ^ In vitro, overexpression of MITF and BRAF transforms primary mela-
nocytes suggesting that MITF is an oncogene. MITF is therefore a potential target for therapy. 

Finally, invasion and spread of melanoma are consequences of alterations in cell adhesion. In this 
context, cadherins and integrins are of significance. Cadherins are important to sustain cell-to-cell 
contacts, to provide the link with the actin cytoskeleton and to induce signaling via P-catenin which 
is linked to the WNT (wingless-type mammary tumor virus integration-site family) pathway. 
Alterations in cadherin expression affects the interaction of melanoma cells with the environment 
and alters P-catenin signaUng. Integrins mediate cell contact with components of the extracellular 
matrix, i.e., laminin, collagen and fibronectin.^^ Melanoma growth is associated with the expression 
of aVP3 integrin which in turn increases the expression of the anti-apoptotic 6cl-2.̂ '̂ ^ 

A comprehensive review featuring the many possible pathways of the progression from mela-
nocyte to melanoma has been recendy pubUshed.̂ ^ 

The question arises why the inmiune system fails to successfiilly combat the tumor. This is an 
enigma because many tumor antigens have been identified on human melanomas, e.g., antigens 
encoded by cancer-germline genes (e.g., the various MAGE genes) or encoded by differentiation 
genes (Melan-A/Mart-1, gpl00/pMel,17 TRJ*-1, TRp-2 and others) or antigens resulting from 
point mutations (e.g., CDK4) (reviewed by).̂ ^ Patients usually build a T-cell response against their 
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melanoma, but the T-cells soon become ineffective. This is most likely due to local immunosuppres-
sive processes at the tumor sites, e.g., by the development of T-cell anergy and by the acquisition 
of apoptosis resistance of the tumor. The local immunosuppression may also be responsible for 
the failure of vaccination with tumor-specific antigens in most patients."̂ ^ 

Apoptosis Resistance of Skin Cancer 
A major feature of skin cancers is their sophisticated way to evade cell death and to prevent 

their destruction by the immune system. Two important pathways exist. Firstly, skin cancer cells 
actively defend themselves against immune effector cells via the expression of death-ligands (see 
below). Secondly, skin cancer cells acquired mechanisms to inhibit the intrinsic and extrinsic cell 
death program, i.e., apoptosis. In mammalian cells, both extrinsic and intrinsic apoptotic pathways 
are dependent on the activity of a defined set of enzymes, the caspases. Caspases are proteases with 
a cysteine residue that cleave other proteins behind an aspartic acid residue. Twelve caspases have 
so far been identified, among them are initiator and effector caspases. Initiator carnases (8 and 
9) activate effector caspases by cleaving their inactive pro-forms. Effector carnases (3,6 and 7) in 
turn cleave other proteins within the cell and mediate the apoptotic process. The extrinsic path-
way is mediated by death ligands and their receptors all belonging to the TNF- or TNF-receptor 
(TNF-R) family. Two ligands, Fas-Ugand (FasL) and TRAIL and their corresponding receptors, 

Figure 2. Extrinsic and intrinsic apoptotic pathways. In tine extrinsic apoptotic pathway death 
ligands bind to the death receptors activating initiator caspases which in turn activate effector 
caspases. In the intrinsic apoptotic pathway cell stress of any kind leads to pore formation of 
mitochondria and the release of cytochrome c which forms together with Apaf-1 and procas-
pase 9 the apoptosome complex and activates caspase 9. Effector caspeses are then activated 
and mediate the apoptotic processes. Both the extrinsic and intrinsic apoptotic pathways are 
linked by bid, which is cleaved and activated by caspase 8. For details refer to the text. 
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Fas or TRAIL-receptors (TRAIL-Rs), are of particular importance (reviewed in)."^ For FasL, 
one Fas-receptor and one Fas-decoy receptor (DcR3) exist, for TRAIL, five TRAIL-Rs have 
been identified, TRl (DR4) and TR2 (DR5) are functional receptors, while TR3 (DcRl) and 
TR4 (DcR2) are decoy receptors. The fifth receptor is the soluble osteoprotegerin, a regulator of 
osteoclastogenesis.̂ ^ All death receptors have a similar intracellular region, called the death domain 
(DD) which is required for signal transmission. Upon binding of the ligand, the death receptor 
is trimerized and its cytoplasmic domain undergoes a conformational change. These two events 
make the cytoplasmic tail of the death receptor available for the binding of an adaptor molecule, 
FADD (Fas Associated Death Domain), which then recruits procaspase 8.̂ -̂ ^ Procaspase 8 
binds to FADD via its death effector domains (DEDs). Upon binding it undergoes autocatalysis 
resulting in active caspase 8, which subsequently cleaves the effector caspase 3 (beside other cas-
pases). Caspase 3 now becomes activated and initiates apoptosis. The intrinsic death pathway is 
mitochondrial-dependent. It takes place in response to cell stress of any kind including oxidative 
stress, DNA damage or other insults. This leads to pore-formation followed by disintegration of 
the mitochondrial membranes resulting in the release of cytochrome c from the mitochondria. 
Cytochrome c together with Apaf 1 cleave procaspase 9 to active caspase 9 which then cleaves and 
activates the effector caspase 3 with the consequence of apoptosis initiation (Fig. 2). 

Apoptosis is a tightly regulated and balanced process which includes different pro- and 
anti-apoptotic molecules. Inhibition of the extrinsic apoptosis can be mediated by the decoy 
receptors which block the death-inducing activity of the ligands, or by other apoptosis-inhibitors 
such as lAPs (inhibitors of apoptosis), survivin or cellular Flice Inhibitory Protein (cFlip). cFUp, 
a structural homolog of carnate 8, binds to the death domains (DD) of FADD and prevents the 
recruitment of procaspase 8, thereby blocking caspase 8-mediated apoptosis. The intrinsic apoptotic 
pathway is executed by the members of the bcl-2 family. Different members of the bcl-2 family can 

Figure 3. BCC express Gli2, cFlip and TRAIL-receptors (TR). Gli2 and cFlip expression is found 
in the epidermis layer as well as in the BCC nodules. TRl is very weakly if at all expressed, 
whereas TR2 is strongly expressed in BCC. The decoy receptor TR4 is also very strongly 
expressed in BCC and may compete the activity of TRAIL. 
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function oppositely. For example, bax and bak induce while bcl-2 and bcl-xL inhibit apoptosis."̂ ^ 
Both the extrinsic and the intrinsic pathways are linked by bid."̂ ^ Bid, a pro-apoptotic member of 
the 6cl-2 family, is cleaved and activated by caspase 8. It then translocates to the mitochondrial 
membrane where it forms pores together with the pro-apoptotic bax leading to the disintegra-
tion of the membrane, the release of cytochrome c and the activation of caspase 9. As it will be 
discussed later, BCC cells increase their apoptosis resistance by controlling the anti-apoptotic 
molecules bcl-2 and cFlip via Gli2 

Most cancer cells have either defective apoptotic mechanisms or actively block apoptosis, al-
lowing them to develop in an uncontrolled way. Therefore, trying to restore apoptosis is a prom-
ising approach to treat cancers. In fact, some therapies (e.g., chemotherapy or radiation) already 
function in this way.̂ ° 

Skin Cancers May Use Death Ligands for Their Protection 
Melanoma cells have been found to express FasL,̂ ^ whereas Fas,̂ ^ TRAIL and TRAIL-Rs are 

not or to a variable amount expressed."'̂ ^ Melanoma progression has been shown to be associ-
ated with downregulation of Fas and upregulation of FasL̂ ^ as well as a decreased expression of 
TRAIL-Rs.̂ ^ Moreover, lack of Fas expression in maUgnant melanomas has been linked to poor 
prognosis. ̂ ^ 

Nonmelanoma skin cancers strongly express FasL, but not its receptor Fas.̂ ^̂ ^ TRAIL expres-
sion has been foimd by some authors,̂ ^ but not by others.̂ ^The differing data might mainly arise 
from the reagents used to detect TRAIL. TRAIL-Rs seem to be variably expressed. In some BCC 
we found a strong expression of TR2 (DR5) and decoy receptor TR4 (DcR2), but weak or no 
expression of TRl (DR4) and decoy receptor TR3 (DcRl) (Fig. 3). 

The high expression of FasL strongly su^ests that it is used by the nonmelanoma and melanoma 
cells for immune evasion, by killing attacking effector cells via FasL-Fas interaction. Although there 
is so far no direct proof for such a mechanism, indirect evidence supports such an assumption. 
Firstly, immune effector cells, which are as effectors highly activated, express Fas. Secondly, FasL 
expressed on nonmelanoma skin cancers has been shown to be functional and to kill Fas-positive 
target cells in vitro.̂ '̂̂ ^ Thirdly, infiltrating immune effeaor cells are hardly found in BCCs indicat-
ing that they are not able to invade the tumor.̂ ^ Fourthly, autocrine secretion of FasL was reported 
to shield uveal melanomas from Fas-mediated killing by cytotoxic effector cells.̂ ^ 

Thus, FasL seems to be 'missused' by the tumor cells for their protection as its biological role is 
clearly a different one. FasL is expressed in the normal skin epidermis, especially in the basal layer 
and it does not only prevent the influx of inflammatory cells from the dermis, it also eliminates 
DNA-damaged cells (sunburn cells) which have the potential to transform.̂  Chronic exposure 
to UV light downregulates FasL in epidermal cells which now lack their protection allowing 
DNA-damaged cells to survive and to transform into tumor cells. In the unfortunate case that 
the many other inbuild safeguards are overcome as well and/or genetic predisposition exists, skin 
cancer may develop. Once formed, the tumor cells switch back to the original epidermal expres-
sion pattern, i.e., they again express FasL, this time with the purpose to protect the tumor cells. 
The molecular mechanism governing this re-expression of FasL is unknown. 

However, FasL expression on skin cancers might be an interesting target for future treatment. 
From a therapeutical view, when tumor cells are forced to downregulate FasL, they might become 
accessible to the immune response. 

Whether skin cancers also use TRAIL for immune evasion remains unclear. TRAIL and 
TRAIL-Rs are rather considered as anti-tumor agents. Indeed, cancer cells are more sensitive to 
TRAIL-induced apoptosis than nontransformed cells^ and TRAIL is mostly unable to induce 
apoptosis in normal cells.̂ ^ Possible explanations are that normal cells might be protected by TRAIL 
decoy-receptors which compete with TRAIL-Rs for binding of TRAIL^ and/or high expression 
of cFlip and/or high NF-kB activation.̂ ^ Thus, it is rather unlikely that the tumor cells use TRAIL 
as an immune escape mechanism. Therefore, TRAIL might be therapeutically used. Indeed, mela-
noma cells are reported to be sensitive to TRAIL-mediated apoptosis provided they express TRl 
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(DR4) and they are resistant if they lack DR4.̂ '̂̂ ^ Whether this also holds true for nonmelanoma 
skin cancers has not been reported. We found that BCC cells expressing high DR5 and low DR4 
were also rather resistant to TRAIL-mediated kiUing in vitro (unpubUshed observation). Thus, if 
the cancer cells express the appropriate receptors or can be induced to express them, they might 
become promising targets for treatment. Attempts into this direction provide some hope.̂ ^̂ ^ 

Attempts to Break the Apoptosis-Inducing and -Resisting Properties 
of Skin Cancers 

As aheady mentioned, melanoma and nonmelanoma skin cancers strongly express FasL on 
their cell surface. Using this death Ugand the tumor cells may counteract the attack of Fas-bearing 
inmiune effector cells, thereby supporting their immune evasion. Thus, it is possible that inhibit-
ing FasL expression may make these tumors susceptible to immune effector cells preventing their 
growth or even leading to their regression. 

Downregulation of FasL has been successfully achieved by RNA interference (RNAi) which is 
a sequence-specific post-transcriptional gene silencing process using short double-stranded RNA 
of 21-23 nucleotides of length, so called small interfering RNAs (siRNAs).̂ ^ FasL-downregulation 
with specific antisense oligonucleotides was also shown to be possible,̂ '̂ but the siRNA approach is 
more efficient. Although gene silencing very reliably works in vitro, its application in vivo is more 
difficult. One of the largest obstacle of the siRNA technology in vivo is the siRNA delivery into 
tissues. However, we recendy showed that siRNA duplexes can be indeed efficiendy transfected 
ex vivo in BCC tissues paving the way for their in vivo application.̂ ^ Appropriate transfection of 
human BCC tissues showed that Rhodamin-labeled siRNA duplexes can be detected in all parts 
of the tissue. Using confocal microscopy, we were able to demonstrate that the siRNA complexes 
entered the cells within the BCC tissues. Moreover, the transfected siRNA duplexes were func-
tional and induced specific FasL gene silencing of about 70% which is similar as in cultured cells. 
A disadvantage of this treatment is that the transfection has to be regularly repeated as the siRNAs 
are used up for their gene silencing job. As a possible solution, plasmids containing shRNA (short 
hairpin RNA) cassettes could be used. ShRNAs continuously produce siRNAs and therefore 
maintain the gene silencing process. While this approach shows very promising results in a mouse 
model (unpublished results), its in vivo application in humans might still have ethical constraints. A 
similar treatment scheme could be envisaged for SCC and even melanoma at least for the primary 
tumors, which have not yet metastazised, although this has not yet been tried. 

Whether in vivo FasL downregulation alone would make skin cancers susceptible to the im-
mune response and lead to regression is, however, an open question, because it is known that tumor 
cells are also resistant to apoptosis. Thus, additional treatments may be necessary to overcome this 
resistance. At least for BCC, breaking the apoptosis resistance seems to be a very promising treat-
ment approach. As mentioned before, in most sporadic BCC the hedgehog signaling pathway and 
its downstream mediator Gli2 is involved. What is the contribution of high Gli2 expression to 
BCC formation? In gene chip analysis it was tested which genes are up- or downregulated if Gli2 
expression is high. Among several genes two were found to play a prominent anti-apoptotic role, 
bcl-2̂ ^ and cFlip (manuscript submitted). Thus, GU2 overexpression leads to the upregulation of 
bcl-2 and cFUp thereby increasing apoptosis-resistance. This could be proven using a tetracycline 
(tet)-inducible GU2 keratinocytic cell Une (HaCat NHis-Gli2)^^ but also direcdy in BCC tissues 
(Fig. 3). We found, that these cells and BCC cells were resistant to TRAIL-mediated apoptosis 
when Gli2 expression was high and that downregulation of either GU2 or cFlip using specific 
siRNA made the cells sensitive to apoptosis (manuscript submitted). Thus, in BCC a prime target 
for intervention is Gli2 or the downstream bcl-l and/or cFlip genes. Further strong support for the 
key role of Gli2 for tumor formation comes from mouse studies where BCC-like tumors showed 
a highly retarded growth if Gli2 expression was in vivo downregulated (manuscript submitted). 

As in SCC and melanoma the Gli-pathway is not involved, cFlip and/or bcl-2 might be 
direct interventional targets. In most human melanoma cell lines cFlip was found to be strongly 
expressed'̂ ^ and overexpression of cFUp by transfection rendered these cell lines more resistent to 
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FasL- or TRAIL-mediated apoptosis. Moreover, TRAIL-resistance of melanoma could be reversed 
by UV-irradiation which was shown to down^eg l̂ate cFlip expression.^ Downregulation of cFlip, 
bcl-2 or lAPs (inhibitors of apotosis)̂ '̂ ^ using specific siRNAs also strongly reduced apoptosis 
resistance of melanoma cells. In head-and-neck squamous cell carcinoma a synergistic cytotoxic-
ity was observed when the cells were treated with cisplatin followed by TRAIL. Interestingly, the 
synergism was related to Fhp-short cleavage, but not to Flip-long cleavage.̂ ° However, all these 
experiments have been done with cell lines and not with tumor tissues. 

Conclusions 
The formation of skin cancers is an extremely complex biological process firom which we usually 

only see rather narrow aspects of our scientific interest. Still, many pieces of the puzzle contributed 
firom various research disciplines may eventually lead to an overall picture. This is necessary for 
an efficient treatment. There are different therapeutical options already available, but the success 
rate is still not optimal at least not for maUgnant melanoma and for metastasizing and advanced 
tumor stages. Gene silencing by RNA interference may become a new and promising approach. 
However, two major prerequisites are necessary for its success. The in vivo delivers of the siRNAs 
or shRNAs have to be improved and to become more efficient and the right target genes have 
to be identified. While the former is a mere technical and therefore resolvable matter, the latter 
requires a clear and concise understanding of the biological mechanisms of tumor formation. Our 
attempts to reverse apoptosis resistance by targeting GU2 in cell lines, BCC tissues ex vivo and 
in a transgenic mouse model in vivo provides the proof of concept that such an approach may 
be therapeutically feasible. Skin tumors which are rather easily accessible due to its location are 
particular good targets for the gene silencing approach. 
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CHAPTER 23 

Treatment of Melanoma 
and Nonmelanoma Skin Cancer 
Knuth Rass* and Wolfgang Tilgen 

Abstract 

The incidence of skin cancer is increasing in Caucasian populations worldwide. Treatment 
approaches for Nonmelanoma skin cancer (NMSC) are predominandy curative and surgery 
can be regarded as standard of care. Nevertheless, novel and less invasive topical therapy 

modalities like photodynamic therapy or local immune modifiers are in progress. 
In contrast to NMSC, the mortality of melanoma has not changed considerably over the last 

years and decades. Melanoma survival mainly depends on primary tumor thickness underlining the 
importance of primary and secondary prevention by avoidance or early detection of the disease. 
The chance to cure melanoma patients is steadily decreasing with tumor stage. As the prognosis 
in distant metastatic disease is still poor, except for single situations therapy approaches are pallia-
tive and accompanied by an optimal supportive care of the patients concerned. Albeit removal of 
locaUzed metastases is currendy the most effective approach in metastatic melanoma, chemo- and 
chemoimmunotherapy has to be regarded as standard treatment in most of the cases. 

Novel and promising therapeutic options accrue from growing insights in tumor biology and 
immunology. Not only in melanoma, development and application of targeted therapies currendy 
attract the most attention in the treatment of advanced tumors. First cUnical experiences with 
those antiproliferative, antiangiogenic and proapoptotic agents reveal only moderate antitumoral 
activity in melanoma, so that future efforts aim at defining more effective combination strategies 
using chemo-, targeted and vaccination therapy approaches. 

Melanoma 

Introduction 
The incidence of maUgnant melanoma in Caucasian populations is steadily increasing world-

wide, whereas mortaUty is leveling off. This phenomenon is explained by a decrease of the mean 
tumor thickness and probably a success from information and prevention strategies.̂  Once a 
melanoma has developed, survival mainly depends on Breslow s tumor thickness and the occur-
rence of regional or distant metastases (Table 1).̂  Therefore the most crucial requirement to cure 
the disease is early detection of thin primary tumors. 

The treatment modalities of melanoma can be subdivided into surgical procedures, adjuvant 
and palliative therapy approaches. 
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Table 1. Melanoma survival rates depending 

Pathologic 
Stage 

lA 
IB 

IIA 

liB 

lie 
IIIA 

IIIB 

MIC 

IV 

TNM 

T1a 
Tib 
T2a 
T2b 
T3a 
T3b 
T4a 
T4b 
N1a 
N2a 
N1a 
N2a 
Nib 
N2b 
Nib 
N2b 
N3 
Mia 

Mlb 
MIc 

Breslow-
Thickness 

^1 mm 
^1 mm 
1.01-2.0 mm 
1.01-2.0 mm 
2.01-4.0 mm 
2.01-4.0 mm 
>4.0 mm 
>4.0 mm 
Any 
Any 
Any 
Any 
Any 
Any 
Any 
Any 
Any 
Any 

Any 
Any 

Ulceration 

No 
Yes or 
No 
Yes 
No 
Yes 
No 
Yes 
No 
No 
Yes 
Yes 
No 
No 
Yes 
Yes 
Any 
Any 

Any 
Any 

Level IV,V 

on AJCC classification" 

No. of 
Pos. Nodes 

_ 
-
-
-
-
-
-
-
1 
2-3 
1 
2-3 
1 
2-3 
1 
2-3 
>3 
Any 

Any 
Any 

Distant 5-Year-
Nodal Size Metastases Survival 

_ 
-
-
-
-
-
-
-
Micro 
Micro 
Micro 
Micro 
Macro 
Macro 
Macro 
Macro 
Any 
Any 

Any 
Any 

_ 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
Skin, 
soft 
tissue 
Lung 
Other 
visceral 
and/or 
elevated 
LDH 

95% 
91% 
89% 
77% 
79% 
63% 
67% 
45% 
70% 
63% 
53% 
50% 
59% 
46% 
29% 
24% 
27% 
19% 

7% 
10% 

Surgical Procedures 

Management of the Primary Tumor 
In the last three decades the surgical therapy of primary melanoma has changed considerably. 

As wide excisions with up to 5 cm margins, en bloc resections including the draining lymphatic 
vessels and prophylactic lymph node dissections have been usual up to the 1980s, those strate-
gies have been overcome by controlled clinical trials revealing no advantage due to survival or 
avoiding local recurrences.̂ '̂  The other way round, it has been demonstrated for primary tumors 
with ^2.0 mm tumor thickness that further reductions of the safety distance to 1 cm versus 3 
cm might be disadvantageous.̂  Nowadays, complete excision with safety margins from 0.5 cm 
(Insitu-melanoma), 1 cm (tumor thickness <2.0 mm) and 2 cm (tumor thickness ^2.0 mm) is 
recommended as standard treatment for primary melanoma patients.̂  

Since nodal staging by sentinel lymph node biopsy (SNB) has been implemented into primary 
care of melanoma in the last few years, adjuvant elective lymph node dissection (ELND) is not 
longer provided. Furthermore the missing benefit of ELND has been demonstrated in several ran-
domized trials that were not able to show any survival advantage in melanoma patients compared 
with delayed lymph node dissection in case of clinical evident metastases.̂  

As SNB status has been figured out to be an important prognostic factor in melanoma—the 
detection of micrometastasis is associated with a worse prognosis—SNB has become a routine 
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diagnostic tool in melanomas with a tumor thickness ^1.0 mm in many countries worldwide.̂ *̂ '̂  
If SNB is positive, a completing lymph node dissection is recommended to date for all patients 
concerned, even though the necessity of ELND for micrometastatic sentinel status (tumor cell 
complexes <2 mm in diameter) is currendy under investigation in randomized trials. 

However, the therapeutic value of the SNB approach is discussed controversially, because a 
significant survival advantage, similar to ELND, could not be clearly demonstrated in a large 
randomized multicenter trial and effective adjuvant systemic therapies for patients suffering from 
micrometastatic disease are lacking so far.̂ ^ 

Management of LocoregionalMetastases 
Locoregional metastatic spread defines stage III melanoma with sateUite, intransit and/or 

regional lymph node metastases (Table 1). The 10 year survival rates for macrometastatic disease 
range between 15% and 48% implicating a curative treatment option that can be reaUzed by 
complete surgical removement of skin or subcutaneous metastases and/or lymph node dissection 
respectively.̂ ^ Where tumor resection is unfeasible, different palliative strategies have to be dis-
cussed, for example isolated limb perfusion with melphalan +/- TNFalpha, intralesional injection 
of interleukin-2, cryosurgery, radiotherapy, systemic chemotherapy or chemoimmunotherapy 
(see below). 

Management of Distant Metastases 
At tiie stage of distant metastatic melanoma the treatment modaUties are predominandy pal-

liative, but again, surgery of localized metastases is currendy the most effective approach in stage 
IV as numerous studies impUcate.̂ ^ The main requirements for a potentially curative approach 
are complete resectability of the metastases (RO situation), an adequate performance status of the 
patient and a slow tumor progression, which can be estimated by re-evaluating the tumor dimen-
sions after 2-3 cycles of chemotherapy if applicable. Certainly the surgical risk has to be taken into 
account and should not exceed the expected benefit for the patient. 

As it is crucial to assess the tumor extent before performing metastasis surgery as sensitive 
as possible, staging with 18-fluorodeoxyglucose positron emission tomography (FDG-PET) 
and paticularly FDG-PET/CT will presumably gain in importance as diagnostic tool in this 
situation.̂ '̂̂ ^ 

The most convenient constellation for surgery in stage IV would be one metastasis at one site 
(isolated skin, distant lymph node, lung, liver, brain metastasis etc.). For an example, it has been 
shown that the 5 year survival rate in patients suffering from resectable lung metastases can be 
increased threefoldly compared with all patients in stage Mlb (22 vs 6,7%).̂ ^ The resection of 
metastatic disease followed by vacciniation with melanoma associated peptides could be even more 
successful with a previously reported median OS of 3.8 years and a 5 year survival rate of 45% in 
41 stage IV patients; 46% of them had visceral disease.̂ ^ 

Palliative removal of metastases aims on the other hand at symptom control and life quaUty in 
situations, where complete resectabiUty is impossible, other treatment options are not available 
or not immediately helpful. Important indications for palliative surgery are for instance resection 
of stigmatizing and function-limiting skin metastases, symptomatic brain metastases, bleeding 
or obstructing bowel metastases, lymph node and soft tissue metastases, which injure nerves or 
blood vessels. 

Adjuvant Therapy 
The goal of adjuvant treatment approaches is to avert a progression of high-risk tumors. In 

melanoma, the risk of recurrence, progression and death is most of all enhanced with an increase of 
Breslow s tumor thickness and an occurrence of regional or distant metastases. In general, adjuvant 
therapies are recommended for stage II (timior thickness ̂ 1.5 mm) and stage III melanoma (after 
removal of locoregional/nodal metastases). For surgically resected stage IV disease, no evidence 
for prophylactic treatment approaches exists. 
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Immunotherapy 
Interferon a (IFN a) can be basically regarded as standard of care in the adjuvant treatment 

of intermediate and high-risk melanoma patients beyond surgery as it is approved for stage II and 
III of the disease by the US and European authorities. Two types of IFN a (2a and 2b) are estab-
lished in melanoma therapy, which are slightly different in the carbohydrate components without 
displaying significant differences in their effectiveness. Several adjuvant trials have been carried out 
to examine, if IFN a is superior to clinical observation and some are still ongoing in order to find 
out ideal dosages and treatment durations. However, the results of the studies pubUshed so far are 
inconsistent with respect to overall and disease-free survival and generated some controversies. 
All relevant and below mentioned studies are summarized in Table 2. 

Basically, two IFN a treatment strategies can be distinguished: Low-dose IFN a (LDI) being 
in favor for stage II melanoma and the more toxic High-dose IFN a (HDI) is preferred for stage 
III disease. An intermediate dose approach showed no evidence due to distant-metastasis-free and 
overall survival in a recent trial and is currently not recommended.̂ ^ At present, some studies were 
conducted to prove an efficacy of modified, i.e., pegylated IFN a. As relevant data are not published 
so far, the future role of pegylated interferons in melanoma can not be anticipated by now. 

For stage II melanoma only two relevant randomized controlled trials (RCT) are avail-
able.̂ '̂̂ ^ They both demonstrated a significant prolongation of recurrence-free survival by LDI 
treatment over periods of 12 to 18 months, but a statistically significant survival benefit has not 
been attained. 

As only one study so far could demonstrate a significant better disease-free and overall survival 
in stage III melanoma patients treated with LDI (published as abstract),̂ ° the majority of trials 
revealed no effectivity in stage III disease (Table 2).̂ '̂̂ ^ Three pubUshed RCTs on HDI, conducted 
by the Eastern Cooperative Oncology Group (ECOG 1684,1690,1694), with a treatment dura-
tion of 12 months reported a significant benefit for recurrence-free survival and two of these trials 
showed an improved overall survival {O^), whereas the third one did not.̂ '̂̂ ^ One study with a 
short treatment period of 12 weeks could not detect any survival benefit.^ 

A recent systematic review on adjuvant therapies for high-risk melanoma patients with IFN a, 
levamisole, vaccine, or chemotherapy evaluated data fi-om 37 RCTs, two meta-analyzes and one 
systematic review.̂ ^ Another overview on diagnosis and treatment of melanoma calculated 11 
RCTs on adjuvant IFN a therapy with 4878 patients based on two meta-analyses.̂  With regard 
to IFN a the following issues can be concluded: 

• HDI as well as LDI significandy improve recurrence-free survival with a risk reduction 
ranging between 20-30% (Odds ratio 0.78 [0.68-0.90]; p < 0.0001); diese effects are 
stronger for HDI, especially in stage III melanoma 

• The effects of IFN a (all dose regimens) on OS are not significant with a minor risk 
reduction of 10% (Odds ratio 0.90 [0.81-1.02]; p = 0.09) 

• HDI improves OS yielding a slightly significant risk ratio for 2-year death of 0.85 
[0.73-0.99; p = 0.03] 

• Side effects of HDI occur frequently and mainly concern constitutional and neurologic 
symptoms, myelosuppression and hepatotoxicity. Adverse events may force to a dose 
reduction or treatment delay in up to 59% of the patients concerned.̂ "̂  

Thus, to date only a minority of patients gained a real survival advantage from an adjuvant 
IFN a therapy. That's the reason, why IFN a is not supplied in some European countries outside 
clinical trials. Furthermore, those patients responding to IFN a are not yet well characterized due 
to disease stage, tumor characteristics and individual factors. With respect to the large numbers 
needed to treat to probably save one life from melanoma and to the considerable therapy costs, 
this will be one urgent and challenging issue to be solved in the future. 

Other adjuvant immunotherapeutic approaches like nonspecific immune stimulation (e.g., 
BCG, C. parvum, Transfer factor, Megestrol, Levamisol, GM2-ganglioside, Iscador, melanoma 
oncolysate), other cytokines (Interferon y, Interleukin 2) and specific vaccination approaches re-
vealed either no significant impact on recurrence-free and OS, or have not precede the experimental 
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phase so far.̂ '̂̂ ^ But it should be noted on the other hand that a significant survival benefit from 
an adjuvant melanoma vaccine trial has been reported previously, which depends on the patient s 
HLA-status.̂ ° This observation again puts the focus on an "individualized" treatment approach. 

Chemotherapy 
Nearly all cytotoxic agents and combinations displaying palliative effects in metastatic mela-

noma have been tested in adjuvant settings predominandy in the 1980s and 1990s. In a recent 
meta-analysis RCT s on systemic adjuvant chemotherapy in melanoma showed no survival benefit 
compared to untreated control patients [risk ratio 0.94; p = 0.3], while cytostatic drugs obviously 
enhance morbidity.̂ '̂̂  

The combination of cytotoxic and immunogenic substances (DTIC and IFN a) seems to be 
as ineffective. Preliminary results from a recent trial conducted by the German Dermatologic 
Cooperative Oncology Group (DeCOG) give evidence, that the impact of IFN a on OS in stage 
II and III melanoma patients was even abolished by the addition of dacarbazine.̂ ° 

Prophylaaic locoregional adjuvant chemotherapy in melanoma located at the extremities can 
be performed by isolated limb perfusion (ILP) under hyperthermia. ILP is able to significandy 
reduce the incidence of recurrent in-transit metastases, but fails to influence the OS compared 
to observation as well.̂ ^ With respect to the invasiveness and considerable toxicity of ILP, this 
approach should be restricted to unresectable locoregional metastases. 

Palliative Treatment 
The prognosis of metastatic melanoma (Fig. 1) mainly depends on tumor extent and affected 

organ systems [Mia (skin/lymph node) > Mlb (lung) > Mlc (other visceral organs or elevated 
LDH)]. The median OS in stage IV disease ranges between 7-9 months, the 10-year-survival rates 
between 2.5% (Mlc) and 15.7% (Mla).̂ ^ 

Palliative treatment of metastatic malignant melanoma is based on the three estabUshed col-
umns of chemo-(immuno-) therapy, tumor surgery and radiation therapy. The aims of palliative 
treatment approaches consist in survival prolongation, delaying tumor progression, relieving tumor 
associated symptoms or at least providing Ufe quaUty as long as possible. 

So far, all appUed treatment options did not attain a significant impact on OS in patients with 
distant melanoma metastases, whereas few individuals who respond to therapy or can be treated 
by surgery might develop long lasting remissions and thus clearly have a surivival benefit. ̂ ^̂^ 

The choice of a certain treatment strategy in advanced melanoma should be generally adapted 
to the performance status, tumor associated symptoms, affected organs, locaUsation and amount 
of metastases and progression dynamics. Whenever possible and reasonable with respect to the 
restrictions mentioned above, metastases should be removed surgically. In all other cases the 
appUcation of cytotoxic drugs, immunogenic approaches and radiotherapy comes to the fore. 

Due to the fact that these treatment options have only a limited prospect of success, new 
approaches that can be generated fi-om an increasing molecular and immunological knowledge, 
like targeted therapies or vaccine strategies, are urgently needed and currendy under investigation. 
Those approaches target pathogenetically important pathways in the tumor cell and/or peritumoral 
stroma or augment antitumor immune responses (Fig. 2). 

Chemotherapy andBiochemotherapy 
The application of cytostatic drugs alone or in combination with cytokines (IFN a, IL-2) 

can be regarded as standard of care in metastatic melanoma, especially if a surgical approach 
is not feasible.̂ '̂̂ ^ Even though randomized placebo-controlled trials are missing in metastatic 
melanoma, chemotherapy with single dacarbazine (DTIC) is established as first-Une therapy over 
the last three decades.̂ ^ Two previously published randomized phase III trials on first-line DTIC 
reported objective response rates (OR) between 5,5-7,5% and median survival rates from 93-9.7 
months in stage IV patients without brain metastases (n > 400) [Schadendorf 2006; Bedikian 
2006].̂ '̂̂ ^ From these humbling results it can be concluded that the antitumoral effects of DTIC 
are rather limited. 
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Figure 1. Patient presenting with multiple cutaneous melanoma metastases on his right groin 
and thigh. 

The alkylating prodrug temozolomide (TMZ) shares its active metabolite (MTIC) with 
DTIC, but has the advantage to penetrate the blood-brain barrier and is orally applicable, so that 
a complete outpatient treatment is feasible. The activity and toxicity of TMZ is similar to DTIC. 
A large phase III study comparing first-line DTIC (250 mg/m^, dl-5, q3w) versus TMZ (200 
mg/m^, dl-5, q4w) in metastatic melanoma demonstrated a significant impact on progression-free 
survival and a trend to a prolonged survival in favour for TMZ.^^ Currendy TMZ, which is approved 
for primary brain tumors, is tested in a randomized trial on an extended, escalated dose schedule 
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Figure 2. Molecular mechanisms of tumor progression in malignant melanoma. 

versus DTIC by the European Organisation for Research and Treatmenf of Cancer (EORTC) to 
achieve an approval for melanoma. 

Further cytostatic substances with antitumoral effects in metastatic melanoma are amongst 
others vinca alkaloids, nitrosourea derivates, platin compounds and taxanes (Table 3). With respect 
to overall survival none of these drugs has been proved superior to DTIC in phase III trials."^ 

Fotemustine, an alkylating substance from the nitrosourea group has to be highlighted for 
its activity in melanoma and its abiUty to pass the blood-brain barrier, so that another substance 
especially for brain-metastasized patients is availabe. A randomized phase III study comparing 
fotemustine with DTIC showed significantly higher response rates and trends towards prolonged 
OS and time to occurrence of brain metastases.'̂ ^ Fotemustine is approved for melanoma only in 
few European countries. 

A more effective opportunitiy to enhance remission rates in melanoma up to 45% consists 
in combining several cytostatics. Polychemotherapy regimens might be indicated in situations, 
where an efficient tumor response is needed (tumor associated symptoms, high tumor burden 
etc.), or as second-line treatment after failure of monochemotherapy. However, RCTs have failed 
so far to demonstrate a survival advantage for polychemotherapy over single-agent treatment."̂ ^ 

Table 3. Palliative monochemo- and immunotherapies: treatment regimens 
and objective response rates (OR)^^ 

Drug Treatment Schedule OR 

Dacarbazine 250 mg/m^ iv d1 -5, q3w or q4w 12-18% 
Dacarbazine 800-1200 mg/m2 iv d l , q3w or q4w 5-23% 
Temozolomide 150-200 mg/m^ po d1-5, q4w 14-21% 
Fotemustine 100 mg/m^ iv d1,8,15 after 5 w rest: d l , q3w 7-24% 
Interferon-alpha 9-18 MU/m^ sc tiw continuously 13-25% 
lnterleukin-2 6 MU/kg iv 3 times daily d1-5 up to 14 single doses, q2w 16-22% 
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As combination regimens are more frequently accompanied by toxic side effects, the probability 
of adverse events and the potential of tumor remissions should be balanced with patients' perfor-
mance status and life expectancy. 

Polychemotherapies usually appUed in metastatic melanoma are for instance the CVD-, BHD-, 
BOLD- and Dartmouth(DBCT)-regimens (Table 4). 

In order to therapeutically use the immunogenicity of melanoma cells, cytokines have been 
introduced in the palliative treatment as well. IL-2 and IFN a have been applied as single-agents 
and are now usually combined with cytostatics (so called biochemotherapy); schedules and 
treatment efficacies of cytokines are listed in tables 3 and 4. Response rates and survival times are 
comparable with those achievable by single-agent chemotherapy."^ However, immunotherapy can 
cause significantly more severe side effects, especially high dose IL-2. Similar to polychemotherapy 
approaches objective response rates are improvable up to 60% by adding cytokines to cytostatics."̂ "̂̂  

Table 4. Palliative polychemo- and chemoimmunotherapies: treatment regimens 
and objective response rates (OR)^^ 

Drug 

CVD 1 

CVD2 

BHD 

DTIC (TMZ) 
+ Interferon-alpha 

BOLD 

DBCT 

''Legha'' 

Treatment Schedule 

DTIC 
Vindesine 
Cisplatin 
q3w or q4w 
DTIC 
Vindesine 
Cisplatin 
q3w or q4w 
BCNU 
Hydroxyurea 
DTIC 
q4w 
DTIC 
(or TMZ 
IFN-a2a/b 
IFN-a2a/b 
q4w 
Bleomycin 
Vincristine 
CCNU 
DTIC 
q4w - q6w 
DTIC 
BCNU 
Cisplatin 
Tamoxifen 
q3w or q4w 
DTIC 
Vinblastine 
Cisplatin 
IL-2 
IFN-a2a/b 
q3w 

450mg/m2ivd1+8 
3 mg/m2 ivd1+8 
50mg/m2ivd1+8 

250mg/m2ivd1-5 
3 mg/m2 iv d1 
100mg/m2ivd1 

150 mg/m2 iv d1 odd cycles 
1500mg/m2pod1-5 
150mg/m2ivd1-5 

850 mg/m2 iv d1 
150mg/m2podl-5) 
3MU/m2d1-5sc,w1 
5 MU/m2 tiw, w2-4, 

15 mg ivd1+4 
1 mg/m^ lvd1+5 
80 mg/m2 po d1 
200mg/m2ivd1-5 

220mg/m2ivd1-3 
150 mg/m2 iv d1 odd cycles 
25 mg/m2 ivd1-3 
2 X 10 mgpo/d 

800 mg/m2 iv d1 
1,5 mg/m2 ivd1-4 
20mg/m2ivd1-4 
9MU/m2ivd1-4 
9MUscd1-5,7,9,11,13 

OR 

24-45% 

13-30% 

14-28% 

22-40% 

19% 2̂ 

48%^2 
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But again, the advantage in favor of biochemotherapy in terms of OR is not translatable into better 
OS, as recently demonstrated by several phase III trials on biochemotherapy.̂ '̂̂ '̂̂  Without an 
impact on OS, cytokines substantially augment the antitumor activity of chemotherapy, but at 
the expense of considerable toxicity and impairment of quality of life. Severe and potentially life 
threatening complications by cytokine therapies have been reported, like fatal rhabdomyolysis or 
capillary leak syndrome."̂ '̂̂ ^ Therefore, at this moment biochemotherapy cannot be recommended 
as stanclard first-line therapy for metastatic melanoma.̂ ^ 

A fundamental cause of the limited efficacy of cytotoxic drugs in advanced melanoma patients 
has to be seen in chemoresistance mechanisms of the tumor, as shown by in vitro studies on meta-
static melanoma cell lines."̂ ^ In this regard, the most crucial factor seems to be resistance against 
chemotherapy induced apoptosis. Tumor cells display heterogeneous sensitivities to different 
cytostatic drugs in vitro. One strategy to overcome chemoresistance consists in performing in vitro 
chemosensitivity tests to pretherapeutically predict the individual antitumor activity. Recent data 
from a phase II trial on an ATP-based luminescence viability assay in advanced melanoma patients 
demonstrated multicenter feasibility and a survival benefit for chemosensitive patients.̂ ° 

Besides resistance against apoptosis, tumor cells are able to develop effisctive repair mechanisms 
to eliminate chemotherapy induced DNA damage. A novel approach to enhance the antitumoral 
activity of cytotoxic drugs is the addition of so called chemosensitizers, which inhibit DNA 
repair or antiapoptotic pathways in the tumor cell. The alkylating cytostatic effect of TMZ is at-
tributed to methylation of O^-guanine. This DNA damage can be diminished by an upregulation 
of the repair enzyme O^-methylguanine-DNA-methyltransferase (MGMT) in tumor cells. The 
co-appUcation of TMZ with pseudosubstrates competing with methylated DNA strands for the 
MGMT binding site might attenuate chemoresistance against TMZ. MGMT inhibitors like 
O^-benzylguanine and lomeguatrib in combination with TMZ are currently under investigation 
in early phase clinical trials and the optimum dosage and appUcation duration of these molecules 
still needs to be defined.̂ '̂̂ ^ 

Another approach to abrogate resistance to TMZ relies on the pharmacological inhibition 
of Poly(ADP-Ribose) Polymerase-1 (PARP-1), a component of the base excision repair system; 
preclinical studies with the PARP-1 inhibitor GPI15427 showed efficacy as chemosensitizer on 
cerebral tumors.̂ "̂  

Radiotherapy 
Melanoma cell lines exhibit a nearly total resistance to ionizing radiation in vitro as older inves-

tigations in melanoma cell lines revealed.̂ ^ However, this observation is not completely translatable 
to the biological behaviour of melanoma cells in vivo. Radiation of lentigo maligna melanoma for 
instance is an established alternative treatment with curative intention, if complete resectabiUty 
is not feasible or reasonable in view of the predominantly elderly patients. In contrast to this, 
melanoma metastases are characterized by an even worse response to radiotherapy, so that other 
treatment options generally should be prefered in metastatic melanoma (surgery, chemotherapy). 
With the objective of controlling tumor growth and symptoms, the use of radiation therapy in 
advanced melanoma can be considered in the following situations anyway: 

• Whole brain radiation—disseminated brain metastases'̂  
• Gamma knife (stereotactic) radiosurgery—single brain metastases (up to 3(-5) lesions 

measuring ^3cm in diameter); radiosurgery improves survival and is associated with a 
high local control rate and minimal morbidity'̂ '̂ ^ 

• Bone metastases—to avoid fractures and/or to treat metastatic bone pain'̂  
• Irradiation of irresectable soft tissue, lymph node or visceral metastases, which injure 

blood vessels or nerves or cause unmanageable pain'̂  
• Adjuvant radiotherapy after incomplete surgical resections (Rl, R2 situations)̂ ^ 
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Experimental Approaches 

Vaccination Therapy 
Over the last decades tumorimmiinological mechanisms—antitumor response and tumor 

escape—have been intensively investigated. Malignant melanoma can be regarded as an immu-
nogenic tumor, because melanoma cells express specific cancer antigens, wich are able to induce 
specific immune responses with tumor infiltrating lymphocytes (TILs). Furthermore melanoma 
is responsible to cytokine therapies, as mentioned above. This is one reason, why several differ-
ent specific and immune modulating therapy approaches have been developed. Vaccination ap-
proaches are impressive owing to their specificity for tumor cells and their low toxicity in contrast 
to cytostatic agents. On the other hand it is diffictdt to estabUsh standardized vaccines for a broad 
use, the technical effort and costliness at least for autologous approaches might be disadvanta-
geous and tumor material is not always accessible if required. Nevertheless the optimization of 
vaccination strategies due to different adjuvants, ways of application (intradermal, subcutaneous, 
intramuscular, intravenous, intranodal etc.) and combination schedules with immunmodulating 
substances, targeted approaches or chemotherapy will be pursued.̂ ^ 

It can be distinguished between autologous and allogeneic tumor-cell-based approaches with or 
without gene modifications, peptide-, DNA- and glycoUpid-vaccines and cell-based vaccines with 
activated autologous immune competent cells (Dendritic cells, adoptive T-cell transfer) .̂ ^ The proof 
of principle for several antitumoral vaccination strategies in melanoma has been shown in smaller 
studies; for a review see reference 40. However, as antitumor immune responses are considered 
as surrogate parameter correlating per se with a favorable prognosis, the value and significance of 
small nonrandomized studies are discussed controversially.̂ ^ Until now, RCT s on adjuvant or 
palliative melanoma treatment could not demonstrate a survival benefit for vaccinated patients 
compared with standard of care in each situation (i.e., observation, interferons, DTIC).̂ *̂̂ '̂̂  On 
the other hand one ot these trials on metastatic melanoma impressively demonstrated that patients 
with defined HLA-haplotypes (HLA-A2+, C3+, B44-) gain a significant survival benefit, if treated 
with peptide-pulsed dendritic cells versus DTIC: the median survival in this subgroup analysis was 
almost doubled (20.8 vs 11.1 months) .̂ ^ This promising observation implies further prospective 
randomized investigations with appropriately selected patients. 

The vaccination field of metastatic melanoma is currendy focussed on how to make immune 
responses more efficient, especially by circumventing immune tolerance. The induction of regulatory 
T-lymphocytes is an essential sequence of cellular immunity that averts autoimmune reactivity, 
but also weakens the antitumor activity of vaccines. One strategy to overcome tolerance consists 
in administration of a lymphodepleting chemotherapy followed by autologous adoptive T-cell 
transfer with heterogenous TILs. An OR of 51% has been reported with this approach in a phase 
I study of 35 patients.̂ ^ 

The termination of immune responses particularly depends on CTL-associated antigen 
(CTLA-4) expression on activated T-cells, which binds to B7 on antigen presenting cells and thus 
inihibits the costimulatory signalling via CD28 / B7. By inhibiting the inhibitor with monoclonal 
anti-CTLA-4 antibodies [ipilimumab (MDX-010) andticilimumab (CP-675,206)] moreeffeaive 
immune repsonses can be generated (Fig. 3).^ This approach has been recendy introduced into 
the treatment of metastatic melanoma: A phase II study showed an OR of 21% by the adminis-
tration of MDX-010 combined with a gplOO peptide vaccine.̂ ^ As expected, a major problem of 
CTLA-4 blockade is the frequent occurance of autimmune reactions (43% CTC grade III/IV in 
the above mentioned study), especially colitis, hypophysitis and hepatitis, which can be therapy 
limiting and even life-threatening. On the other hand autoimmunity seems to correlate with tumor 
regression and thus should be tolerated to a certain extent under intensive treatment monitor-
ing.̂ ^ The value of anti-CTLA-4 antibodies for metastatic melanoma in combination with other 
vaccination regimens or chemdtherapeutics has to be awaited, as several first-line phase III studies 
are currently ongoing. 



Treatment of Melanoma and Nonmelanoma Skin Cancer 307 

Figure 3. Improvement of antitumoral immune response by CTLA-4 blockade. A) Antigen 
presenting cells (APC) stimulate T-cells (Tc) by presenting tumor specific peptides on MHC 
class II molecules on their surface. The specific recognition of the T-cell receptor (TCR) and 
costimulatory signaling via B7-CD28 binding leads to an immune response against the tumor 
antigen. Activated T-cells in turn induce CTLA-4 to abrogate the immune response later on. 
B) The inhibitory CTLA-4 molecule displays a higher affinity to 87 and thus displaces CD28; 
the result is T-cell inactivation and induction of tolerance. C) By application of anti-CTLA-4 
antibodies the inhibition of T-cell responses can be restored. 

Further innovative approaches to enhance antitumor immune responses focus on stimulation 
of components of the innate immune system via so called toll-like receptors (TLR). TLR binding 
oligonucleotides or bacterial CpG motifs are acting as unspecific immune modifiers and probably 
have the potential to induce tumor regressions as single agents or vaccine adjuvants.̂ ^ An activity 
of TLR binding oligonucleotides on metastatic melanoma has been recently demonstrated in a 
phase II study.̂ ° 

Targeted Therapy 
Targeted therapy has currently to be regarded as the most innovative field in the treatment of 

cancer, as several targeting substances have been developed and approved over the last few years, 
particularly for colon, breast, renal and lung cancer, myeloid leukemia and plasmocytoma. Targeted 
therapy comprises substances, which inhibit or modulate target molecules inside or outside the 
tumor cell. Those target molecules are defined to play an important role for tumor pathogenesis 
(cell growth and proliferation, inhibition of apoptosis, angiogenesis and metastasis) for instance 
by genetic or epigenetic alterations of tumor suppressor gene expression or by activating oncogene 
mutations. Concerning malignant melanoma targeted therapy approaches are still experimental, 
but raise great expectations. Several molecules with different targets have already entered clinical 
phase III trials on patients with metastatic melanoma (Table 5)7^'^'^ 

Important mechanisms in the pathogenesis of malignant melanoma, which are accessible to 
targeted therapies, include: 

• Growth regulation/proliferation (e.g., Ras/Raf/MEK/ERK signaling pathway). 
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Tables. Selectioni 
melanoma 

Substance Group 

Tyrosine kinase 
inhibitors 
(Small molecules) 

Humanized 
antibodies 

Antisense 
molecules 

m-TOR inhibitors 

Farnesyl transferase 
inhibitors 
Proteasome 
inhibitors 

of targeted therapies under clinical investigation in 
I [modified according to ref. 72] 

Therapeutic Agent 

(1) Bay 43-9006 
(Sorafenib) 

(2)SU11248 
(Sunitinib) 
(3) STI-571 
(Imatinib) 
(4) OSI-774 
(Eriotinib) 
(5)ZD1839 
(Geftinib) 
(6)SU5416 
(Semaxinib) 
(7) Anti-VEGF 
(Bevacizumab) 
(8) C225 
(Cetuximab) 
(9) MEDI-522 
(Vitaxin) 
(10)bcl-2 antisense 
(Oblimersen) 

(11)CCI-779 
(Temsirolimus) 

(12) R115777 
(Tipifarnib) 
(13)PS-341 
(Bortezomib, Velcade®) 

Target(s) 

Raf, MEK, VEGFR-2, -3, 
PDGFR, EGFR, p38, 
Flt-3, c-kit 
VEGFR-2, PDGFR, Flt-3, 
c-kit 
Bcr/AbI, c-kit, PDGFR 

EGFR 

EGFR 

VEGFR-1, VEGFR-2 

VEGF 

EGFR 

aVp3 Integrin 

bcl-2 mRNA 

Mammalian target of 
rapamycin, 
PTEN/PI3K/Akt signaling 
RAS 

NF-KB 

malignant 

Administration 

po 

po 

po 

po 

po 

iv 
twice weekly 
iv 
q2w 
iv 
qlw 
iv 
qlw 
iv 
5x / cycle 
q3w 
iv 
1X week. 

po 

iv 
4x / cycle 
q3w 

• Tumor angiogenesis (e.g., by upregulation of VEGF secretion), 
• Resistance to apoptosis (e.g., by induction of the apoptosis inhibitor bcl-2) and 
• Chemoresistance (e.g., by induction of the DNA repair enzyme MGMT, see above). 

Hence different intra- and extracellular molecules inside the tumor stroma (tumor cell, en-
dotheUal cell, interstitium and blood circulation) can serve as targets for an antitumoral therapy 
(Fig. 4). 

Growth Modulating Substances/Signal Transduction Pathway Inhibitors 
Proliferation of tumor cells is mediated amongst others by mitogen-activated protein kinase 

signaling (MAPK = Ras/Raf/MEK/ERX). Somatic mutations of BRAF (V599E), which entail 
a constitutive activation of MAPK signaUng, can be frequently found in melanoma in up to 65% 
of the cases.̂ ^ Sorafenib (BAY 43-9006) as an orally applicable "multi kinase inhibitor" interacts 
with wild-type B-Raf, with the V599E mutant, with Raf-1, VEGFR-2, PDGFRp and other recep-
tor tyrosine kinases involved in tumor progression and angiogenesis.^^ When administered as a 
single agent, sorafenib diplays only moderate activity in the treatment of advanced melanoma, but 
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Figure 4. Pathogenetically important mechanisms for tumor progression of malignant mela-
noma. Relevant target molecules of tumor and endothelial cells accessible to targeted therapy 
approaches are characterized. The numbers fit to the therapeutic agents listed in table 5. 
aVp3 = proangiogenic integrin. Akt = murine v-akt oncogene homologue. Bcl-2 = 
B-cell-lymphoma/leukemia-2 mRNA. bFCF = basic fibroblast growth factor. EGF = Epidermal 
growth factor. ERK = extracellular signal-regulated kinase. MEK = mitogen-activated protein 
kinase kinase (MAP2K). mTOR = mammalian target of rapamycin. MSH = melanocyte stimulat-
ing hormon. PI3K = phosphatidylinositol-3 kinase. Raf= raf murine sarcoma viral oncogene 
homologue. RAS = rous avian sarcoma homologue. VEGF = vascular endothelial growth 
factor. VEGFR = VEGF receptor. 

has the capability to induce sustained disease stabilizations in melanoma and other solid tumors 
as well.̂ ^ As Sorafcnib has been already approved for the second-line treatment of metastatic 
renal cell carcinoma, several phase II/III trials on stage IV melanoma are currently conducted 
to support antitumoral activity in combination with cytotoxic drugs (DTIC, temozolomide, 
carboplatin/paclitaxel). 

Further presently investigated molecules with probable activity in melanoma targeting MAPK or 
phosphoinositol-3-kinase/Akt signaling are the farnesyl transferase inhibitor tipifarnib (R115777) 
and mTOR inhibitors like temsirolimus (CCI-779)7 '̂̂ ^ However, CCI-779 revealed only limited 
effects on metastastatic melanoma as single agent.̂ ^ That's why current strategies rather place em-
phasis on combination of different targeting drugs with each other or with cytostatics.̂ ^ 

The tyrosine kinase inhibitors imatinib, erlotinib and geftinib interact with the signaling of 
different growth factor receptors on tumor cells (c-kit, PDGFR, EGFR). Ihc single substance 
activity on metastatic melanoma again seems to be rather weak, whereas even imatinib mesylate, 
which is approved for myeloid leukemia, gastrointestinal stromal tumors and dermatofibrosarcoma 
protuberans, revealed notable toxicities in a high-dose phase II study.̂ ^ However, a restriction 
on patients revealing activating c-kit mutations was not provided in this trial, so that further 
investigations correlating the treatment outcome of imantinib with the individual mutational 
status of c-kit might be reasonable in melanoma patients.̂ ^ In contrast to imatinib, the side effect 
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profile of erlotinib seems to be more convenient, but data from clinical trials on melanoma are 
missing so far. 

Antiangiogenic Substances 
Tumor cells have the ability to generate endothelial growth factors and to escape control 

mechanisms of vascular homeostasis. Metastases from malignant melanoma are characterized by 
a tumor stroma plenty of blood vessels, so that antiangiogenic approaches seem to make sense. 

Thalidomide and lenaUdomide (CC-5013) display antiangiogenic and immune modulating 
features, though the precise mode of action of these drugs has not been unravelled so far. Several 
phase II studies on metastatic melanoma reveal a favourable tolerability of thalidomide and anti-
tumor activity in combination with cytotoxic drugs. An OR of 32% was recently reported for the 
combination of thaUdomide and TMZ in a phase II trial in patients with metastatic melanoma 
without brain metastases.^^ Furthermore it s interesting to note that thaUdomide clearly reduces 
CTC grade III/IV myelosuppression effects of TMZ as demonstrated by a randomized trial with 
181 stage IV melanoma patients.^^ On the other hand thalidomide seems to considerably enhance 
the risk for thromboemboUc events in melanoma patients metastatic to the brain.^^ 

Further substances with antiangiogenic activity currently investigated in palliative melanoma 
treatment target the endothelial growth factor VEGF and its signaling pathway. Bevacizumab, a 
humanized monoclonal antibody directed against VEGF, is approved for combination therapy of 
colon carcinoma due to a significant survival benefit.̂ ^ Several clinical trials are currently in progress 
to verify an activity of bevacizumab in metastatic melanoma in combination with chemotherapy, 
IFN-a, sorafenib, imatinib, erlotinib and temsirolimus. 

The predominantly antiangiogenic tyrosine kinase inhibitors semaxinib and sunitinib are 
further candidates for melanoma treatment as early clinical data suggest.̂ '̂̂ ^ 

VEGF upregulates the alpha v beta 3 (aVp3) integrin expression, which is involved in proan-
giogenic mechanisms. MED 1-522 (Vitaxin), a humanized monoclonal antibody directed against 
aVP3 and the human monoclonal anti-integrin (aVp3, aVpS) antibody CNTO-95 are further 
substances currently tested alone or in combination with DTIC in metastatic melanoma.^^ A 
preliminary analysis of a randomized open-label study comparing Vitaxin +/- DTIC showed a 
better overall survival for the MED 1-522 single-agent group, although objective tumor responses 
were not observed in the single-agent group.^^ 

The acitivity of COX-2 inhibitors like rofecoxib on maUgnant melanoma, particularly on skin 
metastases as previously reported, seems to depend predominantly on antiangiogenic effects via 
inhibition of aVP3 as weU.̂ ^̂ ^ 

Proapoptotic Substances 
Chemoresistance in melanoma is attributed to a deficiency of the tumor cells to undergo apopto-

sis and is connected with an overexpression of the antiapoptotic Bel- 2 (B-cell leukemia-lymphoma 
2) protein, which blocks the mitochondrial release of cytochrome C.^ In order to overcome 
apoptosis deficiency and thus enhance chemosensitivity in melanoma an antisense approach has 
been developed to inhibit Bcl-2 protein translation,^^ The activity of this antisense oligonucleotide 
(oblimersen) in metastatic melanoma has recently been investigated in combination with DTIC in 
a large randomized phase III study. The combination of oblimersen/DTIC revealed a significantly 
better progression free survival and OR compared to DTIC alone, whereas the survival difference 
was not significant (9.0 vs 7.8 months, p = 0.077).^'' However, in a post-hoc subgroup analysis, pa-
tients with normal LDH levels showed a significant survival benefit in favor of oblimersen/DTIC. 
Other regimens with oblimersen are currently being studied. 

Several further approaches to restore apoptosis are in clinical progress, for instance blockage of 
members of the "inhibitor of apoptosis protein" (lAP) and the "X-linked lAP" (XIAP) families 
by small molecules targeting the lAP survivin or by XIAP antisense nucleotides.̂ '̂̂ ^ Inhibitors of 
the proteasome, an important multienzyme complex, which is frequently deregulated in tumor 
cells, display proapoptotic and antiangiogenic effects by reducing p53 and I-KB degradation; the 
latter effect averts translocation of transcription factor NF-KB from cytoplasm to nucleus.̂ '̂̂ "̂  The 
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antitumor efFectivity of proteasome inhibitor bortezomib (PS-341), which is less active as single 
agent in metastatic melanoma, is presently beeing investigated in combination with TMZ and 
carboplatin/paclitaxel/̂ '̂ ^ 

From the hitherto experiences with targeted molecular therapeutics—not only in melanoma 
—can be concluded, that the charaaerization of pathogenetically relevant molecular mechanisms in 
tumors offer aplenty of targets available for a more or less specific antitumor therapy. However, with 
respect to melanoma a significant single-agent activity of targeting molecules has not been proven 
so far. Therefore, one future task in metastatic melanoma treatment will consist in proceeding with 
combination regimens with other targeting, immune modulating or cytostatic agents. Similar to 
vaccination therapies, an increase in antitumor effectivity can be presumably achieved by a more 
directed selection of patients due to specific expression patterns or mutations of tumor targets. 

Nonmelanoma Skin Cancer 

Introduction 
The most common epithelial tumors of the skin—basal cell carcinoma (BCC) and squamous 

cell carcinoma (SCC)—are set up in contrast to maUgnant melanoma and thus summarized as 
nonmelanoma skin cancers (NMSC). NMSC s are abo increasing in incidence ia the recent decades, 
approximately 80% are BCCs.̂ ^ Several factors are considered responsible for the growing risk 
to develop NMSCs besides well-defined genetical disorders (xeroderma pigmentosum, basal cell 
nevus syndrome): cumulative exposure to ultraviolet hght, increased Ufe expectancy and number 
of patients, who are immunosuppressed, particularly organ transplant recipients.̂ -̂̂  

NMSCs can be easily treated with a curative intention in most cases even in early stages. Thus, 
the timely and complete removal of the tumor has to be aspired in general. The standard treatment 
of NMSCs is complete excision of the tumor with histographic control of the excision margins 
where required (see below). Other local approaches can be considered in defined indications: 
cryotherapy, radiotherapy, photodynamic therapy, topical immune-modifiers, cytotoxic drugs and 
laser therapy. These techniques share the disadvantage of a missing immediate histopathological 
control of the therapeutic success and the subsequent risk of higher recurrence rates. Most of the 
latter treatment options, with the exception of radiotherapy, are restricted to superficial BCCs, 
nodal BCCs with a limited invasion depth and precancerous lesions like Bowens disease and actinic 
keratoses. Thus, the treatment choice depends on tumor size, invasion depth, localization, clinical 
behaviour, histopathological type and growth pattern, as well as on individual attributes like age 
and clinical performance status. The cosmetic outcome of each approach is an important factor 
for the patient and should be considered as far as the cure rates of the competing techniques do 
not significantly differ from each other. 

Basal Cell Carcinoma 
In contrast to SCC, BCCs reveal a more benign behaviour: while potentially invading deeper 

layers of the skin, muscle, cartilage and bone structures, BCCs virtually do not metastasize. Hence, 
it is not surprising that the treatment options for BCC are more comprehensive compared to 
SCC. 

Surgical removal of BCCs (i.e., excision with 3-5 mm safety margin) has to be regarded as 
standard therapy and can be performed with conventional histology or micrographic control of 
the resection margins, the so called Mohs micrographic surgery (MMS). As conventional histology 
is afflicted with a slightly higher 5 year-recurrence rate compared to MMS (3%-14% vs 1%-10%), 
MMS is recommended for large-sized (>2 cm), morphea-type and recurrent BCCs and for cos-
metically sensitive locations, especially the face.̂ ^ Surgical alternatives for superficial and locaUzed 
nodular BCCs consist in shave excision and curettage with or without electrodesiccation of the 
wound ground. The latter approach in fact is convenient for the medical practitioner but is clearly 
accompanied by more recurrences compared with conventional surgery.̂  

Cryotherapy is an effective treatment option as well for primary and recurrent BCCs showing 
5-year recurrence rates of 4%-17%.̂ '̂̂ °° Commonly, cryosurgery should be restricted to tumors 
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with well-defined borders and patients need to be informed about the expected side-effects, pain, 
scarring and dyspigmentations. Cryosurgery is performed with two freeze-thaw cycles of 30 seconds 
each. The cosmetic outcome of cryosurgery might be worse compared with surgical excision.̂ ^^ 

Expedient indications for radiation therapy of BCCs are mainly large-sized tumors in difficult 
locations, extensive recurrent tumors and BCCs in elderly patients.^°^ Recurrence rates of X-ray 
treated BCCs are reported to be 7.4% for primaries and 9.5% for recurrent BCCs at 5 years.̂ °̂  
As radiotherapy is afflicted with less favourable cosmetic results and an occurance of secondary 
malignancies in the radiation field after several decades, this treatment option is basically not 
suitable for younger patients (<50 years) and contraindicated in patients genetically disposed to 
skin cancer (e.g., xeroderma pigmentosum). 

The mechanisms of action of topical photodynamic therapy (PDT) are based on the local 
appUcation of photosensitizing precursors [methyl aminolevulinate (MAL), 5-aminolevidinic 
acid (ALA)], which are converted into photoactive porphyrins predominantly by the neoplastic 
tissue. After an incubation time of at least 3 hours tumor areas are treated with red Ught in suf-
ficient energy doses. Hereupon, the excited protoporphyrin IX induces cytotoxic free radicals and 
singulet oxygen molecules with the result of tumor cell apoptosis and necrosis.^^ Treatment with 
PDT is typically associated with local reactions (burning pain, swelling, erythema and edema), 
so that cooling with different techniques should be applied. 

PDT is recommended as an effective and reUable treatment option for superficial BCCs and 
nodular BCCs less than 2 mm in depth and outside the so-called H zone of the face (region 
with high risk BCCs due to deep tumor invasion). It offers advantages particularly for large, ex-
tensive and multiple lesions with excellent cosmetic outcomes.̂ ^^ Certainly, RCTs demonstrate 
better cosmetic results of PDT compared to excision and to cryosurgery. But on the other hand 
BCC recurrence rates after PDT are ranging between 14% and 38% at 4- and 5-year follow-ups 
in prospectively designed trials (for a review see ref. 106). The only available RCT of PDT vs 
conventional surgery in nodular BCC with 101 treated lesions revealed 2-year recurrence rates 
of 19% (PDT) vs 4% (surgical excision).̂ °^ This trend for higher recurrence rates with PDT in 
BCC compared to surgery should implicate further controlled studies with larger patient cohorts 
and longer follow up intervals. Even if PDT is repeatable in case of recurrence, the critical issues 
of thoroughly monitoring PDT treated patients over longer periods, the potential development 
of hardly recognizable deep invading recurrent tumors, PDT costs and missing long term results 
of RCTs have to be opposed to the cosmetic aspects. 

Other topical approaches to treat superficial BCCs are 5-fluorouracil (5-FU), which is ap-
proved as chemical ablative agent for many years and imiquimod, a topical immune-modulating 
drug that was at first approved for the treatment of genital warts and later on for actinic keratoses 
and superficial BCCs. 

There are only limited data available on 5-FU revealing 5-year recurrence rates between 6% and 
21% in superficial BCCs, comparable with cryotherapy. As local administration of 5-FU generates 
severe skin reactions, scarring and dyspigmentation, this approach is basically not indicated for 
resectable tumors and PDT as well as imiquimod achieve better cosmetic results. 

Imiquimod displays antitumoral effects via binding to cell surface Toll-like receptors on macro-
phages and other cells, which in turn induces synthesis and secretion of proinflammatory cytokines 
like IFN a and tumor necrosis factor-a. ConcemingBCC, it has been shown that imiquimod cream 
additionally causes Fas receptor (FasR) induction and FasR mediated apoptosis.^^ Imiquimod has 
to be applied once daily on 5 consecutive days per week over 6 weeks. Dose-related side effects 
(erythema, crusting and erosions) indicate an antitumoral activity and are generally well tolerated. 
The histopathological clearance rates at 12 weeks post-treatment range between 76% in nodular 
BCCs (off-label) and 82% in superficial BCCs. The cosmetic outcome has been assessed to be 
excellent (for a review see ref 98). However, long-term and comparative data for imiquimod are 
also not available so far. Its indication for BCC is therefore difficult to define. Provided that a good 
patient s compliance is on hand, imiquimod might be a useful treatment approach for large-sized 
and multilocular superficial BCCs comparable to PDT.̂ °^ 
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The mentioned treatment options for BCC offer many advantages and disadvantages. A pau-
city of comparative studies of BCC treatment has to be noticed. Regarding the low recurrence 
risk of surgical excision with or without micrographic histopathology, this approach has to be 
regarded as standard of care for BCC. Resectability and individual factors (age, compliance, im-
portance attached to cosmetic outcome) have to be considered for the use of alternative methods 
as described. 

Squamous Cell Carcinoma 
As squamous cell carcinomas (SCC) exhibit the potential to metastasize depending on tumor 

localization (mouth, scalp, ears, genital region, mucous membranes and recurrent tumors), invasion 
depth and differentiation (histopathological grading), complete surgical removal is the treatment 
of first choice. Analogous to BCCs Mohs micrographic surgery is recommended for recurrent 
SCCs, SCCs in problematic regions and desmoplastic SCC. 

In cases of unresectabiUty or patient s refusal to surgery, radiotherapy is an effective alternative 
treatment option, as SCCs are predominandy radiosensitive.̂ "^ Tumor control rates by radiotherapy 
are stated to range between 70-100%.̂ '̂̂ °̂ Due to possible cartilage radionecrosis, SCCs at the 
ears an tip of the nose should be generally treated by surgery. As far as possible, radiotherapy has 
to be avoided in immunocompromised patients and those suffering from DNA repair defects 
(xeroderma pigmentosum, see above). 

Alternative treatment approaches are appropriate and approved solely for precancerous le-
sions (Actinic keratoses (AK), Bowens disease): e.g., cryotherapy, PDT, imiquimod, 5-FU and 
diclofenac sodium gel.̂ ^̂  Those topical treatments are particularly attractive for extensive fields 
of precancerous lesions ("field cancerization"). Regarding AK, the competing approaches show 
complete clearance rates in 50%-60% (diclofenac sodium, imiquimod), 70% (cryotherapy) and up 
to a maximum of 80%-90% (5-FU, PDT) of the treated lesions.̂  ̂ '̂̂  ̂ ^ Advantages and disadvantages 
of these techniques for BCC treatment have been described in detail and accordingly apply for 
the treatment of precancerous lesions. Due to effectiveness and cosmetic outcome, PDT seems to 
be the most favourable approach for field cancerized patients by now. But again, RCTs comparing 
these novel therapies with each other are largely missing. 

Lymph node metastases are treated by complete lymph node dissection. Radiotherapy is rec-
ommended for irresectable or incompletely dissected lymph node metastases (Rl, R2) possibly 
in combination with chemotherapy.̂  ̂ ^ 

The occurrence of visceral metastases of SCCs is a rare event (-2%), but is connected with 
a very poor prognosis. Mainly affected are elderly patients, so that the appUcation of aggressive 
chemotherapy regimens is not feasible in many cases. Though remission rates up to 80% are re-
ported for polychemotherapy approaches in metastatic SCC, a significant survival prolongation 
can not be expected. Thus, the application of single-agent or polychemotherapy regimens has to be 
regarded as palliative approach. Mosdy applied cytostatic substances are methotrexate, cisplatin, 
5-fluorouracil, bleomycin and combinations with cisplatin and 5-FU or doxorubicine.̂ ^̂ '̂ ^̂  

Concluding Remarks 
In contrast to the highly effective treatment options for NMSC with a curative approach by 

surgery in the majority of cases, the therapeutic efficacy in melanoma utterly depends on early 
recognition of superficial tumors, which highlights the basic importance to advance with pre-
vention strategies. For melanoma skin cancer, especially the metastatic disease, there still is a gap 
between our progress in knowledge about the biological and molecular behaviour of the tumor 
on the one hand and the hitherto missing therapeutical benefit from these insights on the other. 
Thus, in all fields of melanoma and nonmelanoma skin cancer, great efforts are being made to 
develop more effective treatment modaUties or to optimize the available approaches. Although 
standard treatment in metastatic melanoma did not change since decades, the presendy growing 
spectrum of potential therapeutic targets in melanoma and the multitude of promising agents 
currendy tested in clinical trials give hope that the therapeutical deadlock can be broken in the 
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future. Along with improved vaccination strategies, the fascinating targeted therapy approaches 
currently attract the most attention in advanced melanoma treatment. Linked to these efforts, 
great importance might be placed on defining the most effective ways of how to combine available 
antitumoral agents and treatment strategies adapted to patients' characteristics and the individual 
tumor expression profile. 
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Oral equivalent 79-82 
Organic UV filter 147-149,152 
Organ transplant recipient (OTR) 92,181, 

188,203-212,233,311 
Osteomalacia 72 
Osteoporosis 1,7,59,61,65 
Ovarian cancer 17,22,31,45,49,211 
Oxidative stress 139,141,188,258,266,289 
Ozone 2,3,17,20-23,44,45,75-78,88,89, 

92,106,117,125,127,137,163,164, 
241,266 

P 

pl4ARF 246,247,254,255,266,275 
pl6INK4a 247,254-256,258,260,275 
P53 274 
Pancreatic cancer 19,24,35,36,255 
Parathyroid hormone (PTH) 5,9,55,56, 

157,207 
Patched gene (PTCHl) 93,141,162,171, 

174,241-244,246,248,274,285,286 
Periodontal disease 25,61 
Persistent pigment darkening (PPD) 140, 

147,151,154-156,158 
Photo-immunosuppression 154,156 
Photocarcinogenesis 154 
Photodynamic therapy (PDT) 208,209, 

296,311-313 
PI3K/Akt 308 
Porthouse trial 56 
Postmenopausal women 34,36, 56 
Prostate cancer 17,20-22,24,31-38,45,49, 

51,156,245 
PTEN 236,257,287,308 
Pyrimidinedimers 88,138,139,155,164, 

166,172,189,268,269,276 
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R 

Radiative transfer model 44,86,106 
Raf 255,307-309 
Ras 181,244-248,255-257,259,260,274, 

307,308 
Reactive oxygen species (ROS) 139,141, 

152,164,165,188,204 
Recommended daily intake (RDI) 72,73 
Rectal cancer 21,63 
Renal cancer 16,21,22 
Residential region 47 
Rickets 1,2,72,74 
RNA interference 184,283,291,292 

S 

Scandinavia 50,104,107,109,121 
Season 1,3,5,10,36,37,43-46,49, G6.72, 

78,80,84,119,137 
Season of diagnosis 36,37,44-46,49,119 
Sezary syndrome {SSt) 234,235 
Skin aging 40,72,74,76-80,82,83,131, 

153-155,157,158 
Skin area 76 
Skin cancer 1,7,10,16,17,19,21,31-33,45, 

51,72-74,89-93,98,104-108, 111, 117, 
118,125-128,130-134,141,154,155, 
157,158,162-164,166,167,169,171, 
173,174,179,187-190,196,203-209, 
211,215,216,219,227,229-231,233, 
234,236,237,241,243,247,248,253, 
265,266,269-274,276,283,284,288, 
290,296,311-313 

Skin tumor 141,153,154,157,158, 
162-164,166,190-192,194,203,211, 
228,234,252,257,259,269-273,284, 
285,292 

Skin type 3,10,33,72,76-83,94,98,105, 
173,207,227 

Smoothened 171,242,285,286 
Solar keratosis (SK) 227,230,231,233,236, 

270 
Solar radiation 17,31,33,43,45,75,86-88, 

98,105,106,110,121,137,188,265, 
266,270 

Solar spectrum 72,73,75,77-79 
Solar UV-exposure 171,173,174 
Solar zenith angle 44,75,76,78 

Squamous cell carcinoma ( s e c ) 21,22,45, 
47,50,74,89-93,104-109,113,126, 
154,155,157,158,162,164,167-171, 
174,179-182,187-191,193,194,196, 
203-211,215-218,227,230,231,233, 
236,241,244-248,265,266,269-271, 
273,274,283-285,291,311,313 

Sun bed 88,105,114 
Sunburn 2,73,80,95,98,105,137,140, 

150,153,155-157,169,266,268,273, 
274,283,284,290 

Sun exposure 1,2,6,7,10-12,31-40,43, 
51,72,75,76,82,83,86,89,92,96-98, 
108,109,113,118-120,122,123,125, 
132-134,137,141,142,150,154-156, 
158,162,163,169,181,204,207,241, 
248,252,255,265,283,284 

Sunlight 1,2,4, 5,7-10,16,17,19,31,33, 
35,37,38,72,73,75,80,82,84,89,92, 
97,98,117,118,120,132,137,140, 
142,150,156-158,162-164,167,174, 
180,206,207,252,265,266,274,276, 
284 

Sun protection factor (SPF) 3,10,142,147, 
151-156,158,208,211,272 

Sunscreen 1-3,10,22,35,76,94,105,114, 
123,126,127,134,137,141,142, 
146-158,169,208,211,272,273 

Survival 16,36,37,43-47,50,75,97,99, 
111, 114,117,119-123,158,163,187, 
191,194,196,203,204,229,236, 
246,252,255-258,260,273,275,287, 
296-306,310,313 

T 

T-regcell 184,189,191-197,284,288,306, 
307 

Tanning 9,10,123,130,131,140,158,172 
Targeted therapy 241,307,309,314 
T cell 189,191-197,205,234,287,288,306, 

307 
TNF alpha 189,192,193 
Tooth loss 61 
Transforming growth factor beta (TGF p) 

190,193,195,196 
Tumor antigen 192,195,196,287,307 
Tyrosine kinase inhibitors 309, 310 
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U 

Ultraviolet (UV) 1,2,7,16,17,20-23,25, 
31-35,37-39,43-51,63,72-80,83,84, 
86,89,92,93,98,99,104-109,113, 
117-120,122,123,125-128,130-134, 
137-143,146-150,152-158,162-169, 
171-174,179,181-184,188,189,192, 
196,203,204,206-208,210,211,215, 
219,227,228,241,243,244,246-248, 
252-260,265-276,283-285,290,292, 
311 

Ultraviolet A (UVA) 20-23,63,73,75,76, 
86-89,98,104,109,117,119,120, 
133,137-141,145-148,150-156,158, 
162-165,167,168,174,188,228,265, 
266,270,284 

Ultraviolet B (UVB) 2,3,7,10,16,17, 
19-25,44,63,73-76,79,86-88,98,104, 
105,114,117-123,125,133,137-152, 
154-157,162-165,167-169,171,174, 
181,188,189,211,215,216,227,265, 
266,268-274,284 

Ultraviolet radiation 2,21,33, 51,72,73,76, 
86,98,99,104,117,118,127,137,139, 
162,163,268 

Uterine corpus cancers 21 
UVB to UVA ratio 88 
UV carcinogenesis 268,271,273 
UV exposure 45,47,48, 50, 51,73-76,7S, 

89,92,98,105-108,113,117-120,122, 
123,131-133,137,140,142,154-156, 
158,167-169,179,182,184,188,189, 
192,259,260,265,266,268,269,272, 
274,276,284,285 

UV protection 138,141,149,152,207 
UV signature 171,246,247,270,271 
UV spectrum 75,79,147,150,163 

V 

Vaccination 133,288,296,299,306,311, 
314 

Vertical cylinder 86 
Vitamin D 1,2,4,5,7-12,16-25,31-40, 

43-51,55,56,58-66,72-84,86-88,105, 
108,114,122,123,132-134,156,157, 
203,206,207,210,211 

Vitamin D3 1-4,7,8,10,17,25, 55,65,73, 
77,123,138,156,157,244 

Vitamin D deficiency 1, 5,7,9,12,37,38, 
44,51,62,72,132,157,206,207,211 

Vitamin D receptor 4,31,40,50,64,210 
Vitamin D supplement 12,86 
Vitamin D supplementation 56, 58,65,66, 

132,133 

W 

Women's Health Initiative (WHI) 23,25, 
34,36,39,56,58,59,63 

X 

Xeroderma pigmentosum (XP) 92,106,156, 
157,164,165,167,171,174,207,216, 
233,253,270,271,274,285 




