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Preface

It gives us immense pleasure to write the first edition of the book entitled Skin Aging 
& Cancer: Ambient UV-R Exposure.

Skin is the largest human organ which offers protection to the body. However, 
our skin naturally ages with time which promotes skin inflammation, impaired 
wound repair, and increased risk of skin cancer. Skin aging occurs by multi-factorial 
processes, involving environmental and genetic factors. One of the major environ-
mental factors causing skin aging is ultraviolet radiation (UV-R) coming through 
sunlight which damages sun-exposed skin areas and promotes photo-induced aging 
or photoaging. Chronic UV-R exposures on skin often lead to skin cancer. Incidences 
of skin cancer are increasing globally, and major causing factors are increased out-
door activities, ozone depletion, genetic alterations, and immune suppression. This 
book will educate about how UV-R initiates cancer, mechanisms involved, potential 
therapy, and what protective measures can be taken. In this book, we discuss the role 
of UV-R-induced skin aging and cancer to provide insights into the pathogenesis 
and process to reduce photoaging. Furthermore, this book also describes 
nanotechnology-based therapeutic development of skin cancer in the recent era and 
bioinformatics explanations of skin aging and cancer.

All the authors in this book are highly skilled researchers with thorough and up-
to-date knowledge in the field and are actively doing research in the relevant fields. 
For all the chapters, we put our best efforts to provide collated information from 
research articles published so far related to the subject and arranged them in subsec-
tions to make them easy to follow. We have tried our best to use the simplified lan-
guage so that it can be understandable to all levels of readers.

We hope that after reading the book, the reader will have more knowledge, 
understanding, and awareness about the harmful effects of repetitive or chronic 
UV-R exposure as well as its interactions with other chemicals and drugs on the skin 
or inside the body.

Varanasi, Uttar Pradesh, India� Dr. Ashish Dwivedi
Los Angeles, CA, USA� Dr. Neeraj Agarwal
Lucknow, Uttar Pradesh, India� Dr. Lipika Ray
Varanasi, Uttar Pradesh, India� Dr. Amit Kumar Tripathi 
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Skin Anatomy and Morphology

Neera Yadav, Shama Parveen, Shilpa Chakravarty, 
and Monisha Banerjee

Abstract
The skin as an outer covering of the body is the largest organ and is obligatory 
for the support and protection of internal organs to function properly. It varies in 
thickness depending on its site and role it performs. It contains many appendages 
and glands to maintain homeostasis and normal temperature of the body. It also 
contains pigments which act as sunscreen to protect against UV radiation and is 
the site of vitamin D synthesis which is necessary for normal growth. The skin is 
divided in many layers based on the cellular structure to communicate in a way 
so as to function effectively. The cells of the skin contain numerous connecting 
proteins for transfer of messages across them. Genetic disorders in some of these 
proteins may lead to serious diseases.

Keywords
Skin · Largest organ · Homeostasis · Protection · Dermis · Appendages

1	 �Introduction

The human skin or cutaneous covering is the external covering of the body. Its ori-
gin is ectodermal. It is the major tissue system of the integumentary system, consist-
ing of the skin and the outer and inner linings of internal organs. The skin protects 
internal organs, bones, muscles, and other soft structures from harmful environmen-
tal agents, chemicals and pathogens, etc. It plays an important role in the synthesis 
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of vitamin D, sensation, and temperature regulation of the body. The skin also pro-
vides first line of defense from pathogens. The total surface area of the average adult 
human skin ranges from 1.5 m2 to 2.0 m2. The thickness of the skin ranges from 0.3 
to several centimeters. The skin is thinnest at eyelids and thickest at soles and palms. 
The skin can have weight of about 20 kg. The human skin is usually covered with 
small hairs. On the basis of hairs, the skin may be hairy or non-hairy. The non-hairy 
skin is called the glabrous skin. The skin has a property to revive itself continuously; 
even the severely damaged skin can heal by forming scar tissue which may be faded. 
Skin, depending on the type of cell and tissues, is divided into different layers. Cells 
are stacked into multiple layers together with connective tissues to form different 
configurations within each layer. Deep into the skin, numerous blood capillaries are 
entrenched to provide proper vascularization. It is well equipped with sensory sys-
tem. One centimeter square area of the skin typically contains 5 hairs, 6,000,000 
cells, 5000 sense end organs, 15 sebaceous and 100 sweat glands, 200 pain sensors, 
12 cold and 2 heat receptors, 400 cm nerve fibers, and 100 cm blood vessels. The 
skin of different locations has modifications according to the need of the site at 
which it is present. For example, soles have thick epidermis, the face is well fur-
nished with sebaceous glands in bulk, and the scalp is roofed with thick layer of 
keratinized cells in the form of hairs. Typically, the skin is divided into the outer-
most epidermis, inner dermis, basement membrane zone, and subcutaneous tissue.

2	 �Epidermis

The word epidermis is made of two different words; i.e., epi means outer and derma 
means skin. Henceforth, the epidermis is the outermost surface of the skin which is 
in direct contact with the environment. The epidermis lacks vascular system as it has 
no blood vessels; this condition is known as avascular. It consists of keratinized, 
stratified squamous epithelial tissue. The epidermis of different locations has differ-
ent thicknesses of epithelial cell layers, but commonly ranges from four to five. 
These grounds varied thickness of the epidermis at distinct sites. At distinctive sites 
such as soles and palms it can go up to 30 cell layers. The skin with up to four cell 
layers is designated as “thin” skin whereas, beyond it, skin is called “thick.” Except 
soles and palms, all the skin is thin. On the basis of arrangement of cells, layers have 
been categorized into four types, viz., stratum corneum, s. granulosum, s. spinosum, 
and s. basale (from outside to inside).

2.1	 �Stratum Corneum

The outermost layer needs resurgence as it is directly pretentious by the environ-
mental wear and tear. This perseverance can be achieved by stratum corneum, the 
outermost layer of the epidermis. It keeps continuous shedding of multilayer kerati-
nocyte cells (10–30 cell thick) to maintain skin hale and hearty. Keratinocyte cells 
of the stratum corneum are hardened as a horn of an animal and, thereby, known as 
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“horny cell layer.” As outermost cells grow older, soon they get damaged and 
become less active which results in sloughing off the dead cells to give space for 
new cells daily. It is an unremitting process which can take up to 28–50 days depend-
ing on the age of a person. The process of shedding slows down with the age of a 
person; as a result older people have rough and wrinkled skin.

2.2	 �The Stratum Granulosum

It is a 3–5-cell-thick layer which constructs the water-resistant barrier of the epider-
mis. It retains moisture of the lower epidermis by blocking passage of water and 
other water-soluble substances to underneath surfaces. Cells of this layer are flat-
tened and rectangular or polygonal in shape containing asymmetrical granules of 
two types, viz., the lamellar granules and the basophilic keratohyalin. These gran-
ules secrete certain substances performing different functions within the epidermis. 
For example, lamellar granules secrete a lipid-rich substance that accumulates in 
extracellular matrix to hold cells tightly closed to each other and avoid water loss. 
The basophilic keratohyalin secretes keratin proteins tonofilaments and filaggrin 
which together form pre-keratin structures called tonofibrils. These structures play 
an important role in keratinization.

2.3	 �Stratum Lucidum

It is a layer of closely packed flattened dead cells which can be found only in palms 
or soles. It is found between stratum granulosum and stratum corneum layers of the 
epidermis. It helps providing stretching, water proofing, and reduction of friction in 
the skin. Its thickness varies in different parts of the body but is thickest at soles and 
palms (Fig. 1).

Fig. 1  Layers of epidermis

Skin Anatomy and Morphology
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2.4	 �Stratum Spinosum

It is also known as prickle cell layer or spinous layer, located between the stratum 
granulosum and stratum basale of the epidermis. Cells of this layer have spiny 
appearance due to cringing of the microfilaments stuck between desmosomes. This 
layer consists of keratin-producing cells which produce fibrillar proteins called 
cytokeratin. Cytokeratin amassed to form tonofibrils within the cells which in turn 
form desmosomes (resilient connections between cells). Keratinization embarks in 
this layer only. There are several layers of polyhedral keratinocytes in it; the deepest 
endures mitosis to help in replacement of external hoary cells.

3	 �Stratum Basale

The spinous or prickle cell layer is located between the stratum granulosum and 
stratum basale of the epidermis. Cells of this layer are columinar or cuboidal in 
shape with a large nucleus. Cells are connected to the stratum spinosum through 
desmosome and hemidesmosome connections. Some of its cells act as stem cells to 
produce new cells to refurbish shedding epidermal portion, while the rest of the 
cells move outward and differentiate to get matured to form keratinocytes of the 
overlying layer, i.e., stratum spinosum. Cells of this layer undergo mitosis to form 
new cells to help rejuvenate the skin. Additionally, this layer consists of cells which 
perform vital roles in the skin, such as pigment-producing melanocytes, immune 
cells Langerhans, and touch receptors Merkel cells. Many skin problems including 
basal cell tumors and psoriasis arise in this very layer of epidermis.

3.1	 �Basement Membrane

The basement membrane layer is formed by different ECM (extracellular matrix) 
proteins like collagen, heparan sulfate, entactin, laminin, glycosaminoglycan, etc. 
These proteins are produced by keratinocyte cells in combination of fibronectin 
which is produced by dermal fibroblast. The basement membrane attaches with the 
basal side of epithelial cells via cellular receptors such as integrin and dystroglycan. 
The basement membrane also plays an important role in embryonic and organ 
morphogenesis.

4	 �Layers of Basement Membrane

4.1	 �Basal Lamina

It is made up of two precincts called the lamina lucida and lamina densa.

N. Yadav et al.
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4.2	 �Lamina Lucida

It is a roughly 40-nm-wide (electron-dense) lamina densa of the basement mem-
brane and electron-lucent zone flanked by the plasma membrane of the basal cells. 
It is composed of glycoprotein laminin.

4.3	 �Lamina Densa

The lamina densa is the part of the basement membrane zone sandwiched between 
the epidermis and dermis and is an electron-dense zone stuck between the lamina 
lucida and dermis. This zone is synthesized by the basal cells of the epidermis and 
is composed of anchoring fibrils made of type VII collagen, type IV collagen and 
dermal microfibrils, etc. It is a 20–50-nm-thick structure.

4.4	 �Lamina Reticularis

Lamina reticularis with the help of type VII collagen fibers (anchoring fibrils) is 
attached to the basal lamina and microfibrils (fibrillin). It is always toward the con-
nective tissue and it is made by the connective tissue. It is mostly absent in muscle 
fibers, Schwann cells, and capillary endothelia. Collagen I fibers are found on the 
external side of the reticular lamina.

The function of the basal lamina varies according to the cell types. In different 
organs the organization of the basement membrane changes according to their func-
tion. In kidney glomerular, the basal lamina is not usual. A lucent zone is found on 
both sides of the lamina densa.

Lucent zones are categorized into two types, lamina interna and lamina externa.
The basement membrane of the cornea is known as Descemet’s membrane. The 

basal lamina is much thicker in these membranes and the type IV collagen that is 
commonly found is replaced by type VIII collagen. The basal lamina of the neuro-
muscular junction has heparin sulfate proteoglycan (agrin) that helps in assembly of 
muscle of acetylcholine receptors in the junction of the plasma membrane. The 
epithelial cell’s basal lamina helps in anchoring of epithelial cells which is also 
produced by these cells. When two basal laminae are joined to each other and there 
is no separation by reticular lamina, it is called the basement membrane. This type 
of structure is also found in some tissues.

It performs different functions in different cells according to location. In the skin, 
the epidermis to the dermis is bound tightly by the basement membrane at the der-
mal epidermal junction (DEJ-BM). DEJ-BM acts as an important permeability bar-
rier that controls exchange of macromolecules. Restoration of skin’s normal 
functional properties after wounding is accomplished by repair of the DEJ-BM dur-
ing wound healing (Fisher and Rittie 2018).

Components of basement membrane – The basement membrane encompasses 
different types of protein-like heparan sulfate proteoglycans (HSPGs) and perlecan, 

Skin Anatomy and Morphology
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laminin (heterotrimeric), one or more of the variants of type IV collagens, and one 
or two nidogens. These component proteins form the basic structure of the base-
ment membrane and play a role in the interaction of ligands. The differences in 
laminin and collagen isoforms result in differences in their assembly which affects 
their receptor binding and subsequent cross-linking properties, allowing variations 
in final structure, stability, and signaling. Laminins, perlecan, type IV collagens, 
and agrin are large macromolecules ranging from 75 nm to 400 nm. In typical thin 
basement membranes (50–100 nm thick), the basic components generally form a 
single molecular layer with the long axes of laminin and collagen parallel to the 
surface (Yurchenco 2011). Each laminin (400–800 kDa) is a heterotrimeric mole-
cule consisting of one each of five a, four b, and three g subunits joined through a 
long coiled-coil domain (Parsons et al. 2002; Aumailley et al. 2005). Integrins are 
transmembrane heterodimeric receptors that mediate signaling initiated by ligand 
binding. They act bidirectionally and are modulated by the mechanical properties of 
the cell-ECM interface (reviewed in Berrier and Yamada 2007; Takagi 2007). 
Dystroglycan is part of a complex (dystrophin-glyco-protein complex, or DGC) that 
forms a link in a chain of bound proteins extending from laminins, agrins, and per-
lecan to a-dystroglycan to b-dystroglycan to dystrophin/utrophin to F-actin 
(reviewed in Barresi and Campbell 2006). Netrins (discovered as Unc6 in C. ele-
gans) represent a family of secreted ECM proteins found both within and outside 
the central nervous system, affecting axonal guidance, interneuronal migration, vas-
culogenesis, and branching morphogenesis (reviewed in Yurchenco and Wadsworth 
2004; Cirulli and Yebra 2007).

5	 �Functions

It provides support and help in anchoring of cells. It acts as a selective permeable 
barrier between tissues. It also helps in the work of cell division and instructs the 
growing process of cells during development and repair of tissue. It plays an impor-
tant role in angiogenesis (development of new blood vessel).

In genetic disease related to the basement membrane, congenital muscular dys-
trophies are disease related to laminin disorders. In this disease there is a mutation 
in the LAMA2 gene. It also arises from mutation in laminin receptors, i.e., integrin 
α7β1. Epidermolysis bullosa is a blistering disease. This splitting of the epidermal 
basement membrane and mutation are found in LAMA3, LAMB3, or LAMC2. This 
disease also results from keratin gene mutation. Elevated level of collagen VII is 
common in patient related to systemic sclerosis. Pierson’s syndrome is caused by 
mutation in the LAMB2 gene. Bullous pemphigoid is an autoimmune disease; 
immune system produces autoantibodies against the basement membrane (lamina 
lucida) between epidermis and dermis.

N. Yadav et al.
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6	 �Basement Membrane Role in Cancer

The basement membrane provides a physical barrier to the stroma and epithelial 
cells. Proteins (glycoprotein and proteoglycan) by which formation of the basement 
membrane occurs act as a ligand for integrins and help in outside and inside signal-
ing of cells. In cancerous cells the components of the basement membrane are mod-
ified. Reduced laminin levels are observed in cancerous cells. Activity of ECM 
proteases is inhibited by these proteins. In tumor cells the balance between ECM 
proteases and their inhibitor proteins is altered. MMPs (matrix metalloproteinases) 
are elevated and degrade ECM proteins. The level of collagen protein degradation is 
increased in metastatic cells.

7	 �Dermis

The skin is made up of mainly two layers of cells, innermost or lower layer known 
as dermis. The thickest layer of skin lies below the epidermis and above to the sub-
cutaneous layer. Due to the presence of fibrous and elastic tissue, it protects the skin 
and provides flexibility. The dermis consists of sweat gland (regulates body tem-
perature), blood vessels, lymph vessels, hair follicles, and sebum (an oily substance) 
that protect the skin from dryness. This component reaches at the skin surface 
through small openings of skin which act as pores. The dermis consists of two 
regions, papillary dermis and reticular dermis.

7.1	 �Papillary Dermis

It is found below epidermal junction, a thin layer made up of loose connective tis-
sue. A component that includes collagen protein, elastic fibers, reticular fibers and 
capillaries, etc.

7.2	 �Reticular Dermis

The reticular dermis is the thickest and the deeper layer of the dermis is located just 
above the subcutaneous layer. It contains compact arrangement of connective tissue 
that includes mast cells, blood vessels, collagen fibers, fibroblasts, nerve endings, 
and lymphatics. A component of the dermis is surrounded by substances like muco-
polysaccharides, chondroitin sulfate, and glycoprotein.

Cells and components are found in the dermis.

7.2.1	 �Fibroblast
These cells are responsible for the secretion of elastic fibers and procollagen. 
Procollagen is catalyzed by different enzymes and converts into collagen by forma-
tion of disulfide bond by cross-linking which creates strong layers.

Skin Anatomy and Morphology
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7.2.2	 �Collagen
It comprises more than 60% weight of the dermis. Mostly type I collagens are found 
but less amount of type III is also present (Fig. 2).

7.2.3	 �Hair Follicles
Various types of hairs found on skin are produced by hair follicles. This hair not 
only plays a role in the appearance of a person but also helps in regulating body 
temperature, protects skin from injury, and inhibits sensation. A follicle also has 
stem cells which help in regrowing of damaged skin.

7.2.4	 �Elastic Fibers
It provides elasticity to the dermis but these fibers are present in very less amount 
(less than 1%v of the dermis). It also plays an important role to resist the skin from 
forces that can change the shape.

Mucopolysaccharide helps in diffusion of nutrient and waste product to other 
tissues by the binding of two types of fibers together.

8	 �Mast Cells

It releases histamine (present in granules) and some other chemicals in damaged 
condition.

Fig. 2  Structure of dermis
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9	 �Vascular Smooth Muscle Cells

It helps in maintaining the body temperature (homeostasis) and also responsible for 
dilation and contraction of blood vessels.

10	 �Sweat Glands

These are twisted structures found almost on our body and consist of two portions, 
secretory section and excretory duct.

Location of secretory portion is in the dermis but some time it is also present in 
the hypodermis (deeper layer of skin). Opening of secretory portion is present at 
very top and secretory duct (portion of secretion) moves from dermis to epidermis 
(top most layer), opens at skin surface.

11	 �Types of Sweat Gland

Eccrine glands
Apocrine glands

11.1	 �Eccrine Glands

Eccrine glands are also true sweat glands and play an important role in maintaining 
body temperature.

11.2	 �Apocrine Glands

Apocrine glands are found in places like armpits, scrotum, anus, and labia majora. 
Ducts of these glands open into hair follicles. These glands are not important for 
homeostasis, but play a role in body smells.

12	 �Oil (Sebaceous) Glands

These glands are present in most of the skin except the palm and feet. Sebaceous 
glands secrete oils. Their function is to secrete compound sebum that is a mixture of 
sebum-producing cells, a mixture of fatty substance, and epithelial cell debris. 
Opening of these ducts into upper part of hair follicle is known as infundibulum. 
Sebum acts as a lubricant for the skin and helps in preventing the excess evaporation 
of H2O from the skin. Some chemicals are also present in sebum that kill bacteria 
and prevent their entry into the deeper layer of the skin.

Skin Anatomy and Morphology
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13	 �Blood Supply in Dermis

Blood supply provides temperature regulation, network of arteries in subcutaneous 
layer, and the sub-papillary plexus in the dermis. The sub-papillary plexus helps in 
giving the pink color of the skin. A hemangioma that is dense collections of dilated 
blood capillaries is present in birthmarks.

13.1	 �Disorders Related to Dermis

	1.	 Cutaneous atrophy – Striae, solar elastosis, white fibrous papulosis of the neck
(Shimizu), lichen sclerosus et atrophicus (LA), Werner’s syndrome, 

Rothmund-Thomson syndrome, progeria, and acrogeria
	2.	 Dysplasia – Congenital ectodermal dysplasia

14	 �Functions

It provides the skin its flexibility and strength.
It provides nutrition to the skin and regulates temperature.
Sebum (secreted by sebaceous glands) acts as a barrier against pathogens.
Nerve endings are present in the dermis which can sense touch, pain, tempera-

ture, and pressure.
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Abstract
Aging of the skin is a gradual process, which is associated with changes in the 
appearance, characteristics, and function of the skin. Skin aging occurs through 
genetic, lifestyle, dietary, and environmental factors. Within the skin the produc-
tion of collagen and elastin slows down, dead skin cells do not shed quickly, and 
the turnover of new skin cells decreases between the age group of 20 and 50. In 
addition to natural aging premature aging can also result which is due to sunlight 
exposure, chemical exposure, or other environmental pollutions. Ultraviolet 
radiation in sunlight damages the elastin and collagen fibers in the skin, which 
ultimately results in wrinkling of the skin at early stages of life. UV light induces 
approximately 99% of non-melanoma and 95% of melanoma-type skin cancers 
in humans. Excessive UV exposure produces genetic mutation that can lead to 
skin cancer. Skin carcinogenesis by DNA damage is considered a predominant 
paradigm for UV toxicity. Exposure to UV radiation can activate many onco-
genes, which leads to skin cancer. Initiation and progression of skin carcinogen-
esis mediated by UV radiation involve complex pathways including those of 
apoptosis, proliferation, autophagy, DNA repair, metabolism, and inflammation. 
PTEN (phosphatase tensin homolog) is well established as a tumor suppressor 
gene that induces apoptosis and reduces cell proliferation by inhibition of the 
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P13K/AKT pathway. p53 gene present in humans is being positioned on chro-
mosome number 17 and mutations analyzed in the tumor suppressor gene p53 
are one of prior genetic events which lead to the development of cancer in the 
skin due to exposure to UV rays.

In this chapter we have discussed the mechanism of aging and skin cancer as 
an integrative phenomenon. We have also discussed briefly regarding the molec-
ular biology methods and computational approaches to study the skin cancer and 
aging in a greater depth.

Keywords
Skin cancer · Aging · Molecular biology · Bioinformatics and melanoma

1	 �Introduction

Aging can be defined as the collection of advancements in the body with progress 
of time which leads to enhanced likelihood of disease occurring and demise. In 
other words aging is the threshold level of the functions and structures which 
occurs inside an organism throughout its growth and development. A famous 
American gerontologist named Bernard Strehler put forward aging as a mecha-
nism having four features, which are: (A) universal, present in all organisms of a 
species at varying pace; (B) intrinsic, agents of aging that must be present within, 
which do not rely on external elements; (C) progressive, alteration caused by 
aging that must occur during all advancement of life of an organism; and (D) del-
eterious, processes associated with aging that must have negative impact on an 
individual (Viña et al. 2007).

With reference to ‘free radical theory of aging’ postulated by Denham Harman, 
he states that usual production of ROS (reactive oxygen species) along with cellular 
components regulates alterations related to aging. The skin serves as a brilliant and 
model organ to perform research on aging. Skin aging is attributed to atrophy, emer-
gence of wrinkles, decreased tractile power, and diminished bruise curing. In 
response to ROS, human skin contains collection of antioxidants and enzyme sys-
tem. These antioxidants and enzyme system guard the cells from harmful outcomes 
of free radicals. Antioxidant compounds named as vitamin A, C, and E decrease the 
rate of aging progression by two means. The first way is to avoid oxidation of bio-
logical molecules by free radicals and second is by decreasing the production of free 
radicals and suppressing the ROS which were formed previously. Apart from this 
superoxide dismutase, catalase, and glutathione biosynthesis enzymes guard the tis-
sues from free radicals. The degree of antioxidants and its enzymes is decreased by 
internal and external contributors which are age and environmental factors. Primary 
antioxidants prevent oxidation by chain termination step. This reaction involves 
migration of a proton to free radical species. Glutathione, alpha-tocopherol, vitamin 

B. Singh et al.



13

E, and its derived products and ascorbic acid (vitamin C) are some primary antioxi-
dants. Glutathione and ascorbic acid are water soluble and fat soluble, respectively. 
Membrane-bound antioxidants are vitamin E and ubiquinols, respectively. 
Secondary antioxidants are used in synergy and they prevent destruction of primary 
antioxidants. Lipoic acid is a secondary antioxidant in the human skin which is 
water as well as lipid soluble. It also acts as an important cofactor for various 
enzyme systems (Harman 1956; Pinnell 2003).

In this chapter we will be discussing about various cellular and molecular events 
associated with progress of skin aging and cancer.

2	 �Cellular Senescence and Skin Aging

The organisms which have multifarious body organization consist of mitotic and 
postmitotic cells. The cells which have the ability to undergo cell division are called 
mitotic cells, while the cells with no cell division potential are termed as postmitotic 
cells. Epithelial and stromal cells of the skin are examples of mitotic cells whereas 
grown-up muscle and nerve and fat cells are some examples of postmitotic cells. As 
mitotic and postmitotic cells have contrast in their cell division, there is possibility 
that they possess dissimilar aging process. There are several various aspects of 
aging; one can be due to altered gene expression of mitotic cells and injury in the 
postmitotic cells. The frequency of cell division cycle in a typical cell prior to its 
senescence relies on factors such as the type of species, age, nature of cell, and 
genomic makeup of the contributor. For example, in the case of fetal or neonatal 
human cells, around 60–80 divisions take place. It has been found by the research-
ers that cells have the ability to intellect frequency of divisions finished mainly by 
extent of their telomere (Stanulis-Praeger 1987).

Seizing of cell multiplication is a characteristic of replicative senescence with 
reference to repression of tumor. In addition to this senescent cells also express two 
physical makeup alterations. First alteration is the senescent cells overcome apopto-
sis mechanism. This alteration is achieved by sustaining bcl-2 protein. This protein 
protects the cell from mortality. This characteristic feature of senescent cell to over-
come apoptosis emphasizes on the peculiarity between cell death and cell senes-
cence. This characteristic elaborates the collection of senescent cell with age in skin 
and other body tissues. In a study a biomarker named β-galactosidase which was 
present in only senescent (not even in presenescent cells) cells of fibroblasts and 
keratinocyte was identified. This biomarker was not present in inactive fibroblasts 
and keratinocyte evolved at terminal. By taking the skin sample of human at differ-
ent ages, they found that the concentration of this biomarker in dermal fibroblast 
and epidermal keratinocyte was increasing in accordance to age (aged samples were 
showing high concentration). With this they confirmed the presence and collection 
of senescent cells with age in vivo. Secondly, senescent cell display alteration in the 
function arises by differentiation. For example, in a study it was found that 
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senescent human fibroblasts and endothelial cells showed elevated levels of cyto-
kine interleukin-1α. This cytokine is responsible for hindrance of endothelial cell 
growth in in vitro condition. In another work it was found that senescent human 
endothelial cells elevated level of ICAM (intercellular adhesion molecule), which is 
a cell-type based adhesion molecule. This overexpression partially regulates 
increased connection among monoblast U937 and senescent endothelial cells. 
Moreover in senescent mammary epithelial cells were found to be showing elevated 
expression of retinoic acid receptor (β-isoform) (West et al. 1989).

From several studies it is evident that deposited senescent cells (skin-type) 
directly link to functional characteristics of skin aging. In other words we can say 
that replicative copies of senescent cells alter the regular tissue role in the organ. 
This statement gets validated in the case of skin. In a separate study it was found 
that presenescent dermal fibroblast showed relatively stumpy expression of matrix 
metalloproteinases  – collagenase and stromelysin. Matrix metalloproteinases 
account for degradation of extracellular matrix proteins. Further it was also found 
that these presenescent dermal fibroblasts were overexpressing tissue inhibitor of 
metalloproteinase 1 and 3 (TIMP 1 and 3). From this they made it evident that after 
senescence TIMP 1 and 3 expression elevates and collagenase and stromelysin 
(matrix metalloproteinase) expression drops off. Thermal fibroblasts presented as a 
model to study how replicative senescence plays a central role in shift of functional 
characteristics. Replicative senescence alters the functional character of matrix 
metalloproteinase by shifting its expression from matrix fabricating to matrix 
demeaning. The decrease and disconfirmation of dermal collagen are expression 
patterns of skin aging. From these studies it could be concluded that there is strong 
relation of deposition of senescent cells with dermal atrophy which arise with age 
(Maier et al. 1993; Swisshelm et al. 1994).

3	 �Solar Radiations and Skin Aging

In this part we will be discussing the impact of UV (ultraviolet), visible region, and 
IR (infrared) radiation on skin aging. The UV region falls under the wavelength of 
290–400 nm, visible region comes under 400–700 nm wavelength, and IR region 
starts after 800 nm wavelength. Now the role of an individual region in skin aging 
will be highlighted.

3.1	 �UV Region Impact on Skin Aging

The UV region of the solar radiation consists of UVA, UVB, and UVC. UVC region 
has wavelength range 100–290 nm, UVB has wavelength 290–320 nm, and UVA 
comprises of wavelength 320–400 nm. Decidedly lethal radiation among these is of 
UVC. It is trapped by the ozone layer, humidity in ambience, and prevents its entry 
in earth’s shell. Free radicals are responsible for around half of the damage by UV 
and remaining damage fulfilled by straight cell injury. Cellular photosensitization 
leads to oxidation mechanisms which further regulates the UV-mediated reactions 
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at a cellular level. The UV radiation is taken up by cellular constituents such as 
nucleic acid, urocanic acid, aromatic amino acids (tryptophan and tyrosine), qui-
nones, flavins, porphyrins, and NADH. Further this action leads to production of 
hydrogen peroxide, hydroxyl, and oxygen-free radicals (Trautinger 2001).

The radiation is primarily taken up by cellular constituents in UVB region. UVB is 
unswervingly taken up by deoxyribose nucleic acid (DNA) of epidermis cells. This 
take-up leads to the formation of distinctive cyclobutane pyrimidine dimers and 
pyrimidine cross-linked dimers. This pyrimidine dimer further regulates skin melano-
genesis. This mechanism protects the skin from additional UV injury. This injury in 
DNA prevents the transcription and thus activation of p53 proteins. Further it leads to 
keratinocyte apoptosis in epidermal cells which forms ‘suntan’ cells. Extended expo-
sure of the radiation is capable of repressing p53 intervened apoptosis which reflects 
in collection of injured cells. This repression becomes more lethal when it contributes 
to activation of mutagenesis and photo-carcinogenesis (Fisher et al. 2002).

On the other side UVA promotes photoaging by targeting dermal matrix. ROS 
interfere with TF (transcription factor) activator protein 1 by increasing its response 
which results in increased translation of matrix metalloproteinases (MMP). Matrix 
metalloproteinases are responsible for disruption of collagen. Various matrix metal-
loproteinases like MMP-1 (interstitial collagenase), MMP-3 (stromelysin), and 
MMP-9 (gelatinase) are translated. Leukocytes, keratinocytes, and macrophages 
start the degradation of dermal matrix proteins. Injury in collagen, GAGs (glycos-
aminoglycans), and elastin reflects physical characters of photoaging by rooting 
elastosis and wrinkles. In addition, TF activator protein 1 blocks translation of col-
lagen in dermal cells by retarding transforming growth factor-β and thus expression 
of type I and type III procollagen is downregulated (Sklar et al. 2013).

Sensitive UVB radiation results in sunburn, which after 6–24 h rises at its thresh-
old. Sunburn results in ruddiness and puffiness because of liberation of pro-
inflammatory moderators and vasodilation of dermis blood vessel. On the other 
hand, impermanent exposure of UVA results in immediate pigment darkening as a 
result of photooxidation of melanin and its reorganization in keratinocytes. 
Immediate pigment darkening disappears swiftly but, when exposure lasts more 
than 10 Jcm−2, results in persistent pigment darkening. Long-standing exposures of 
UVB result in delayed tanning response which arises because of initiation of mela-
nogenesis (Kollias and Baqer 1984).

3.2	 �Visible Region Impact on Skin Aging

Visible region of light falls under the wavelength of 400–700 nm. This region of 
light is stated as non-detrimental. It contributes to around 40% of solar rays which 
falls on earth’s shell. Visible light may account for situations like chronic actinic 
dermatitis, solar urticaria, porphyrias, erythema, initiation of pigment formation, 
and phototoxic and photoallergic skin responses. In a study it was found that visible 
irradiation on skin in vivo has the ability to initiate skin pigment formation and its 
survival rate is around 10 weeks. Another study reveals that visible light of wave-
length till 470 nm was able to persuade immediate pigment darkening. Heightened 
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response of immediate pigment darkening ranges from 300 nm to 500 nm. Apart 
from this visible region also accounts for erythema, which was showing higher 
response in individuals with darker skin as compared to the one with light skin-type. 
The heightened response in darker skin positively correlates with elevated levels of 
color-giving compounds such as melanin. Melanin soaks light-producing heat lead-
ing to dilatation of blood vessels and accounts for erythema (Bernstein et al. 2004).

Visible light promotes skin damage partially by oxidative stress. Taking into 
account in vitro approaches it was found that in skin cells the incidence of visible 
light produces micronuclei devoid of cyclobutane pyrimidine dimers. This is further 
linked with initiation of oxidative DNA injury in skin cells. The threshold of wave-
length causing DNA damage varies from 400 nm to 450 nm. The exposure of human 
skin with visible light starts the production of ROS, matrix metalloproteinase-1, 
matrix metalloproteinase-9, and pro-inflammatory cytokines (IL-1α, IL-1 receptor 
antagonist, IL-6, IL-8, and granulocyte-macrophage colony-stimulating factor). 
With the help of clinical models, incidence of visible light leads to heightened 
response of free radicals (produced as a result of oxidative stress). Visible light inci-
dence also produces hydrogen peroxide which depends on dosage. In addition to 
this, treating the skin cells with antioxidants prior to visible light exposure inhibits 
the formation of free radicals. Moreover visible light exposure initiates EGFR (epi-
dermal growth factor receptor)/ERK (extracellular signal-regulated kinase) path-
way in keratinocytes (Liebel et al. 2012).

3.3	 �IR (Infrared) Region on Skin Aging

IR region of solar radiation falls under the range of 800nm–1 mm. It is further cat-
egorized into IR-A, IR-B, and IR-C.  The wavelength of IR-A, IR-B, and IR-C 
comes under 700–1400 nm, 1400–3000 nm, and 3000 nm–1 mm, respectively. It 
contributes to around 50% of solar rays which falls on earth’s shell. The uninter-
rupted exposure of sunrays to human skin elevates skin temperature to around 
40 °C. The consumed IR is transformed into heat. Elevation in skin temperature 
depends on skin tone; that is, the darker the skin the higher will be the skin tempera-
ture. Greater than 65% of IR-A has the ability to reach the dermis and subcutaneous 
skin devoid of elevating skin temperature. IR-B and IR-C only elevate the skin 
temperature without entering beneath skin (Cho et al. 2009).

Light tone skin-type is more prone to IR-A as it leads to decrease in collagen 
production as well as elevated translation of matrix metalloproteinase-1 and matrix 
metalloproteinase-3. On the other hand, dark skin tone has least impact of IR-A on 
collagen production and matrix metalloproteinases as they trigger melanin synthesis. 
Disturbance of collagen balance in extracellular matrix of dermis is mediated by: 
lowering the new collagen formation and elevating translation of matrix metallopro-
teinase-1 which is responsible for disruption of collagen. IR-A-mediated translation 
of matrix metalloproteinase-1 is regulated by synthesis of intracellular ROS. It was 
found that IR-A radiation to average skin tone in vivo condition increased the tran-
scription of matrix metalloproteinase-1 by 3–4 times. On exposure of IR matrix 
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metalloproteinase-1 translation was elevated by stimulation of mitogen-activated 
protein kinase signaling pathways (Schieke et al. 2003). IR-A-stimulated mRNA of 
human skin fibroblasts was studied. With the help of microarray examination 599 
mRNA were found to be responsive on IR-A exposure. IR-A-induced genes belong 
to stress signaling, extracellular matrix, calcium homeostasis, and apoptosis. In real-
time PCR it was found that 13 genes native to above-mentioned classes were respon-
sive to IR-A radiation. With the help of chemical inhibitors it was demonstrated that 
ERK1/2, p38, JNK, P13K/AKT, STAT3, IL-6, and calcium-mediated signaling path-
ways were effectively indulged in IR-A-induced gene reaction. Further it was found 
that mainly mitochondrial ROS were involved in it while non-mitochondrial ROS 
were involved marginally (Calles et al. 2010).

3.4	 �Impact of Ozone on Skin Aging

Ozone is a three-oxygen-containing molecule denoted by 03 and is among lethal 
atmosphere compounds which compromise with human health. The top layer of 
human epidermis is targeted by the ozone, causing oxidation. Usually mean quantity 
of ozone in troposphere is below 0.08 parts per million while as in stratosphere its 
mean quantity is 10 parts per million. The amount of ozone over past three decades 
has elevated to 0.8 parts per million due to release of nitrogen oxides, methane, car-
bon monoxide, and sulfur-containing compounds. Ozone is unable to enter the skin 
but its lethal effects are triggered by oxidative stress which arises as a result of lipid 
peroxidation substances. Persistent irradiation of elevated levels of ozone in atmo-
sphere leads to reduction of antioxidants and oxidation of lipids and proteins in the 
stratum corneum (top most layer of skin). Ozone damages lysine, cysteine, and his-
tidine amino acids of protein and by production of 4-hydroxynonenal-protein (by 
addition reaction) lipids of skin are damaged. The impact of ozone on keratin cells 
maintained under lab conditions was observed. Ozone initiates the translation of pro-
inflammatory cytokine IL-8 in skin. Apart from this, ozone in skin triggers keratin-
10, PCNA (proliferating cell nuclear antigen) gene, Hsp (heat shock proteins), and 
markers of pro-inflammation – COX (cyclooxygenase)-2 and iNOS (inducible nitric 
oxide synthase). Ozone suppresses the transcription factor NF-kB (nuclear factor 
kappa-light-chain-enhancer of activated B cells). NF-kB is required for transcription 
of pro-inflammatory cytokines and contributes majorly for ozone-mediated skin 
inflammation. Introducing ozone to cells leads to amount-reliant elevation in tran-
scription factor p65 subunit, which serves as an indicator of NF-kB initiation. NF-kB 
involves primarily in modulating cell reactions accountable for apoptosis signaling 
pathways, tumor promotion, metastasis, angiogenesis, cell proliferation, and inflam-
mation. In vivo research confirms the impact of ozone in skin injury. The incidence 
of ozone elevated the expression of 4-hydroxynonenal and 8-iso-prostaglandin F2α in 
epidermis consolidating the connection of ozone with lipids of skin. The upregula-
tion of COX-2 and matrix metalloproteinase-9 was subsequently triggered by 
enhancement in NF-kB p65 expression on incidence of ozone. This also resulted in 
remarkable reduction in collagen-I and collagen-III (Valacchi et al. 2005).
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4	 �Impact of AGEs (Advanced Glycation End Products) 
on Skin Aging

Glycation is defined as the reaction among sugars having free aldehyde or ketone 
group, proteins, lipids, and nucleic acids and is mediated without the application of 
enzymes. Some sugars having free aldehyde or ketone group are glucose, galactose, 
fructose, and xylose. Production of AGEs starts with Maillard reaction in which 
‘C=O (carbonyl)’ group of sugars such as glucose establishes reaction with free 
amino group of mainly basic amino acids such as lysine or arginine, resulting in 
formation of unstable Schiff base. Even though Amadori product and Schiff bases 
are results of two-sided reactions, they can also react nonreversibly with amino acid 
dregs of proteins and comprise protein adducts. Optionally by oxidation, dehydra-
tion, polymerization, and oxidation break, various AGEs are formed. Various AGEs 
generally found in skin are glyoxal, methylglyoxal, GOLD (glyoxal-lysine dimer), 
and MOLD (methylglyoxal-lysine dimer). AGEs are consumed by food or gener-
ated by the organism’s metabolism at small extent, though the rate of metabolically 
generated AGEs is elevated in diabetic individuals. Factors such as diet and smok-
ing persuade speed of AGE production. The amount of AGEs in an individual is 
determined by the speed of AGE production as well as speed of their clearance. 
Various cells have formulated pathways for withdrawing lump of AGEs. Glyoxalase 
arrangement, which consists of glyoxalases I and II, has important function in pro-
tection from glycation (Fleming et al. 2011).

Aggregation of AGEs in dermis is a characteristic of skin aging. Collection of 
AGEs has been found throughout aging and diabetes in different tissues such as 
articular collagen. Skin autofluorescence linked with glycation displays relation 
with increasing age when detected in numerous fit individuals. Commonly, collec-
tion of AGEs is influenced by life span of proteins; that is, one with longer life span 
is considered to be primarily altered by glycation. With the progress of aging col-
lagen types I and IV (life span of 10 years) and various other prolonged life spans, 
proteins such as fibronectin are altered by glycation. Glycation of collagen was first 
detected at 20 years of age. The aggregating speed of glycation annually is around 
3.7%, which peaks up to 30–50% at 80 years span. Under lab conditions AGEs 
exhibit to alter the role of dermal cells. With the involvement of RAGE (receptor for 
AGE) and its association with induction of NF-kB and caspases, AGEs were respon-
sible for reduction in cell multiplication and boosting programmed cell death in 
human skin fibroblasts. In keratin cells AGEs were responsible for reduction in cell 
feasibility and emigration and trigger the manifestation of pro-inflammatory mod-
erators. In addition to this, in lab conditions AGEs are capable of activating prema-
ture senescence in human skin cells (fibroblasts) and keratin cells. With the activation 
of matrix metalloproteinases, the translation of collagen and extracellular matrix 
proteins was reduced. The epidermal growth factor receptor is responsible for regu-
lating cell multiplication, differentiation, motility, and endurance. AGEs like gly-
oxal and methylglyoxal alter the signaling of epidermal growth factor receptor by 
generation of epidermal growth factor receptor network, further inhibiting phos-
phorylation and altering induction of phospholipase C and extracellular 
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signal-regulated kinases. There is evidence that glycation of basic fibroblast growth 
factor restricts its cellular activity (Dunn et al. 1991; Zhu et al. 2012).

5	 �Progeria Syndromes to Comprehend Skin Aging

Progeria syndromes are categorized under early aging syndromes. Focused study on 
these syndromes can help in comprehending important means which helps in regu-
lation of aging. HGPS (Hutchinson-Gilford progeria syndrome) is exceptional 
genetically associated condition of early aging. This syndrome is a characteristic of 
scleroderma-type skin alterations, bone malfunctioning, hair loss, shortage of fat 
below epidermis, hindrance in growth, and inflexibility at connection between two 
bones. HGPS suffering individual’s normal survival is for 13 years. HGPS individu-
als on the whole decease from atherosclerosis. HGPS condition results from change 
in one DNA base (GGC to GGT in exon 11 of lamin A) which results in expression 
of progerin protein in which 50 amino acids are removed. Astonishingly, the finding 
of progerin in usual cells implies means of progeria in general aging process. 
Progerin is found richly in aged individuals and late passage skin cells. The mecha-
nism which leads to accumulation of progerin with age is found in skin projection, 
extending to cross-linked skin network with age, and some keratin cells (at their 
final differentiation stage) in mature individuals validate skin as ideal representative 
for human aging. Skin keratin cells of progeria-suffering individual show decreased 
intensity of CD34 and α-6 integrin (stem cell markers). Skin fibroblast of HGPS 
individual shows genetic faults like change in gene expression, nuclear bulging, 
disarrangement of elemental heterochromatin, impaired stem cell, enhanced dam-
age to DNA, cellular senescence, and elevated p16INK4A (tumor suppressor protein) 
(DeBusk 1972; Rosengardten et al. 2011).

6	 �Implication of Biological Databases and Computational 
Tools to Perceive Skin Aging

Bioinformatics databases and various computational tools offer a wide array of 
options to make significant understanding in the case of skin aging. In study (Glass 
et al. 2013) the change in expression of genes associated with skin aging was ana-
lyzed. The aim was to find out the key pathways and genes linked aging in skin. 
Expression data obtained from Illumina probe was verified by using NCBI build 36 
genome. NCBI (National Center for Biotechnology Information) (https://www.ncbi.
nlm.nih.gov/) with the help of information technology aids in perceiving basic 
course regulating genetic and cellular level during the ailment and well-being. With 
the help of this resource only distinctively equivalent Illumina read was selected for 
further analysis. After this IMPUTE software was used to perform the imputation of 
undetected genetic constitution (Marchini et  al. 2007). With the help of eQTL 
(expression quantitative trait locus) mapping in skin 2796 eQTL were determined 
(Glass et al. 2013). eQTL are genomic alternatives which change gene expression. 
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It is used to find the association among genetic variation and expression forms. 
Further Ime4 (Bates et al. n.d.), a linear mixed model, was used and with the help of 
AIC (Akaike information criterion) top model which gives details regarding source 
of alteration in individual gene translation level was employed (Maser and DePinho 
2002). At last it was found that noteworthy part of alteration in gene translation level 
associates with aging and these genes have impact in cell division control, senes-
cence, apoptosis, and oncogenesis. The whole microarray profiling document can 
be accessed at ArrayExpress (http://www.ebi.ac.uk/arrayexpress) database, 
(Kolesnikov et al. 2014) archived under the ID- E-TABM-1140. With the help of 
computational tools and biological databases, the understanding at gene level can be 
made possible to gain insightful information in skin aging.

7	 �Cellular and Molecular Events: Skin Cancer

Mutations occurring among genes label the cell as cancerous cells. Skin cancer is 
one of the predominant cancers occurring among people; with the increase in num-
ber of patients suffering from skin cancer it has become a matter of great concern. 
One of the major causes of skin carcinoma is the extensive exposure of UV radia-
tions to skin, although ozone present in stratospheric region leads to blockage of 
UVC (below 280 nm) radiations and also some segment of UVB rays (ranging from 
280 nm to 290 nm) from reaching the surface of the earth, but some UVB (radia-
tions in range 290–315 nm) and UVA (in range of 315–400 nm) rays arrive at the 
surface of the earth and cause damage to DNA, swelling and skin redness, peeling, 
variations in gene, immunosuppression due to swelling, and also skin cancer. UV 
radiations have an acute effect which encompasses damaging of DNA, lipid peroxi-
dation, and protein cross-linking peroxidation; with increase in the number of expo-
sure of UV radiations to skin, cancer occurs. Exposure to UVB radiation leads to 
formation of cyclobutane-type pyrimidine dimers and pyrimidine pyrimidone pho-
toproducts. UV radiation persuades primarily C → T and CC → TT transitions at 
the di-pyrimidine sequences. These two transition variations are known to occur 
through the semiconservative type of replication of the DNA and wrong incorpora-
tion of A residues at noninstructional positions occurs, which is as per the A rule: 
DNA polymerase inserts A residues by default when it encounters abrasion in the 
template DNA that cannot be interpreted by it. High levels of p53 are expressed on 
DNA damage that causes the arrest of cell cycle, which further causes activation of 
repair pathways of cells to remove DNA abrasion that exists before the start of syn-
thesis and mitosis of DNA.

Cancer due to UV radiation often leads to deactivation of tumor suppressor genes 
or the high activation of proto-oncogenes. Extensive exposure to UV radiations 
leads to the impairment of apoptosis (cell death) which causes divergent expansion 
of epidermal cell that produces keratin known as keratinocytes, including damaging 
of DNA, attainment of mutations in p53 gene, and inactivation of Fas receptor-Fas 
ligand interaction, which further leads to the start of skin carcinogen. Mutation in 
p53 gene by epidermal keratinocytes has a central role in skin carcinogenesis and in 
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skin exposed to sun and, which seems to be normal, thousands of p53 mutant cell 
clones are found. Due to long duration exposure to sun UV radiations, deactivation 
of interaction in Fas receptor and Fas ligand, and also p53 mutations accumulated 
in the skin, cancer occurs (Brash et al. 1991; Ouhtit et al. 2000). Other tumor sup-
pressors and oncogenes, which have a role in causing cancer in skin, have been 
discussed in Table 1.

8	 �Oncogenes and Tumor Suppressor Genes Causing Skin 
Cancer

There are several genes reported to be involved in the suppression of oncogenes and 
tumors in human. Few of these genes are discussed in this section as follows.

8.1	 �p53 Gene

p53 gene present in humans is being positioned on chromosome number 17 and 
consists of 11 exons comprising 20 kilobases. Mutations analyzed in the tumor sup-
pressor gene p53 are one of prior genetic events, which lead to the development of 
cancer in skin due to exposure to UV rays. Mutations in p53 gene occur with great 
frequency causing premalignant solar keratosis and these mutations are considered 
to be the cause for squamous cell carcinomas (SCCs); for example, a study con-
ducted for solar keratosis or actinic keratosis by Ziegler et al. gives the information 
that 66% of the lesions had mutations in p53 gene and C → T transition mutation 
was found in high proportion (23/35) (Ziegler et al. 1994).

Table 1  Tumor suppressor and oncogenes involved in skin cancer

S. No Gene name Function Location Type
1 p53 Involved in cell cycle arrest on DNA 

damage, activate proteins involved in 
DNA damage, initiate apoptosis if 
DNA damage is not repaired and also 
involved in aging

Nucleus of 
cell

Tumor 
suppressor 
gene

2 Patched Role in hedgehog signaling pathway, 
cell growth and signal transduction 
pathway

12-pass 
trans-
membrane 
protein

Tumor 
suppressor 
gene

3 Fas/FasL Regulation of immune system, involved 
in apoptosis

Trans-
membrane 
protein

Fas gene 
expression act 
as oncogene

4 Ras (H-, K-, 
N-)

Involved in cell growth, gene regulation 
and survival, cell transduction pathway

Cell 
membrane

Oncogene

5 Smoothened Role in patched and hedgehog 
signaling pathway

Trans-
membrane 
protein

Oncogene
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When DNA damage occurs due to mutations caused by exposure to UV rays, 
tumor suppressor protein p53 leads to the cell cycle arrest of damaged DNA in G1 
phase, so that repair of damage DNA could occur before its replication in S phase 
can be concluded. This causes the activation of p21 protein by p53 tumor suppressor 
protein; p21 further causes inactivation of complex CdK-cyclin by making complex 
Cdk2/A or Cdk2/E, cyclin/proliferating cell nuclear antigen/Waf1. Because of this 
complex formation, hypo-phosphorylation of retinoblastoma occurs, which further 
conducts release of E2F as it is required for initiation of synthesis of DNA 
formation.

p53 gene also causes apoptosis by upregulation of expression of proteins that are 
IGF-BP3, Fas, and BP3 proteins and also downregulation of expression of IGF-1R, 
IGFII, and Bcl2 proteins. The other pathway for apoptosis involves binding of p53 
to other proteins of cells which are involved in synthesis of DNA like replicating 
protein antigen (RPA), proteins involved in mechanism of repair including group B 
(XPB) and D (XPD) DNA helicases of xeroderma pigmentosum, topoisomerase I, 
TFIIH, and p62 proteins (Dutta et al. 1993).

High exposure to UV radiations induces mutations in p53, which inactivates the 
functioning of p53 and causes skin carcinoma. Mutation of p53 protein is found to 
be at a high frequency in Homo sapiens. Cutaneous squamous cell carcinomas 
(SCCs) occur 90% in humans and basal cell carcinomas (BCCs) occur 56% among 
humans and they contain unique mutations at sites of di-pyrimidine; also studies 
found that mutations in p53 appeared in precancerous actinic keratosis and in dam-
aged skin due to sun exposure. CT or CCTT base mutations at di-pyrimidine sites 
are mutations which occurred more frequently due to UV radiations and further 
cause skin cancer and SCC, sarcoma, and BCC which are types of tumor; 60% of 
the variations detected to be as mutations in p53 are CCTT transitions and sites 
where they occurred are identified as already known hotspots. Due to this distinctive 
quality of CCTT transitional mutations, they are also known as UV “signature 
mutations” (Dumaz et al. 1993; Hutchinson 1994).

Appearance of mutations in the tumor suppressor gene p53 is an advance genetic 
event for the growth of UV-induced cancers in skin. UV-induced skin cancers occur-
ring in mouse have C → T transitional mutations and mutations occurring in p53 
protein are 70%, although only 10–20% of CC → TT mutations have been detected. 
Interestingly, mutations in p53 were detected in the first week of persistent exposure 
of UV irradiations, and further the mutational frequency reached to 80–90% by 
4–8 weeks (Dumaz et al. 1993). However studies have analyzed that mutation in 
p53 occurs well earlier the countenance of skin cancer.

p53 mutations have been appeared in almost one in every two cases occurring in 
cancer. All these mutations, their location, and frequencies have been listed and are 
known. By using these listed mutations of p53 a theoretical method has been vali-
dated which will further support in analysis of mutagenic regions of p53. Master 
code scores were finalized by analyzing 393 codons of p53, by using 61 value for 
these codons which are finalized from genetic code. Codons having scores near to 1 
deduced to be conserved regions whereas codons having scores near to 61 deduced 
to be highly mutagenic regions.
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8.2	 �Patched Gene

Development of tumor is a very complicated process that inferred either immedi-
ately or due to exposure to genotoxic stress. However, with the discovery of ptc 
gene, a gene involved in the hedgehog signaling pathway of development of embryo 
and also known to be as a tumor suppressor gene has given new insight into study 
of biology of tumor. Protein of ptc gene consists of 1286 amino acids with molecu-
lar weight of 143 kilodaltons (kDa) and is also predicted as an integral membrane 
protein (Hutchinson 1994). Homology of Patched gene present in Drosophila has 
been identified in Homo sapiens for causing nevoid basal cell carcinoma syndrome 
(NBCCS), an autosomal dominant disorder. The ptc gene opposes the function of 
hedgehog (hh) gene by repressing the cell growth and differentiation. The hedgehog 
genes are found to be activated untypically in patched mutated gene mutants and 
cell growth occurs abnormally when hedgehog gene signaling goes uncontrollable. 
Studies of NBCCS (nevoid basal cell carcinoma signal) patients have shown that 
mutations including genomic and sporadic were detected in the ptc gene, which are 
the utmost cause of cell NBCCS. ptc is a tumor suppressor gene which is being sug-
gested from the number, distribution, and early out start of BCCs and mutations 
occurring in this gene cause skin basal carcinomas (Chen and Struhl 1996).

A polymorphism found in ptc gene which is C 3 T at nucleotide 2161 is an abso-
lute polymorphism of the ptc gene. Most of the mutations detected in ptc gene 
which are 79% are found to be UV induced; all the 79% mutations are positioned at 
bi-pyrimidine sites. All these mutations occurred due to the absence of DNA repair 
mechanism of UV-exposed skin, which causes DNA lesions, which include mostly 
cyclobutane pyrimidine dimers and 6–4 pyrimidine-pyrimidone. So unrepaired 
DNA which occurred due to the long duration exposure to UV rays causes muta-
tions in ptc gene. Fifteen out of 17 of the mutations, which are mainly substitutions 
found to be present in our xeroderma pigmentosum, are placed in the non-transcribed 
region of the strand of the ptc gene.

ptc gene can also act as an oncogene, as Hras mutations are observed in overexpression 
of ptc gene, and this further causes development of squamous carcinoma. Mutations in ptc 
gene cause abnormal expression or inactivation of genes involved in the SHH signaling 
pathway, finally leading to drawback in development, and result in cancerous phenotype. 
Mutations in the human ptc gene are responsible for NBCCS (nevoid basal cell carcinoma 
syndrome), distinguished by different developmental deformities and a great susceptibility 
to BCC (skin basal cell carcinoma) development. In mouse polymorphic variant found in 
ptc gene that confessed sensitivity to early postnatal squamous cell carcinoma (SCC) was 
identified with H-ras gene mutated (Wakabayashi et al. 2007). This also demonstrates that 
decrease in expression of ptc1 transgene promotes the formation of malignant SCCs.

8.3	 �Fas/Fas Ligand

Due to long-term exposure to UV rays, there occurs a change in expression of Fas 
receptor and ligand. Cell death can be activated by either of the two pathways: 
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intrinsic pathway and extrinsic pathway. Binding of death ligand to their receptor 
present on the damaged cell surface occurred in extrinsic pathway. Mutations occur-
ring in Fas signaling, finally, leads to uncontrolled growth of cell and formation of 
tumor.

Increase in the expression of the FAS receptor on surfaces of melanoma cells 
inhibits tumor growth. However, FAS ligand has a high level of expression in tumors 
BCCs and SCCs; one of the reasons for this expression is that FAS ligand expres-
sion concedes the neoplasms to avoid harm occurring from the immune system. 
FAS receptor and ligand have an important role in the attainment of skin cancers 
and it is also found that polymorphisms, which are functional in the genes of Fas 
ligand and receptor, may be having association with cancer perceptivity. Two such 
polymorphisms detected in the promoter region of FAS gene are rs2234767 and 
rs1800682; other two in the FAS ligand gene (rs763110 in the promoter region and 
rs5030772 in the second intron) have been found to be the cause of cancer. Three 
out of four polymorphisms have functional effect (Sibley et al. 2003).

8.4	 �Ras Gene

The proto-oncogenes H-ras, K-ras, and N-rasen code 21-kDa proteins that share 
about 70% sequence homology. Ras proteins bind to GTP and intricate in cell sig-
naling transduction pathway. Mutations occurred in the 12, 13, and 61 codons of 
gene ras and these codons are important for activation of ras gene and also for acti-
vation of all the other genes belonging to the ras family. According to reports muta-
tions in ras gene occurred at a frequency rate of 10–40% in human skin carcinoma. 
However, patients suffering from xeroderma pigmentosum have a high rate of fre-
quency (53%) to be occurred in ras gene; on the other hand, general population 
suffering from skin cancer has a frequency rate of 22% for mutations to be occurred 
in ras gene. Mutations in N-ras gene have been reported to occur in a mouse causing 
skin cancer due to UV rays (Daya-Grosjean et al. 1993).

It was the first oncogene discovered in which cellular transformation occurs due to 
point mutations. These mutations lead to senescence in cells, also effect the other 
functions which further cause alteration in the cell cycle and apoptosis control, and, 
finally, cause the induction of cellular transformation. The occurrence of mutations in 
RAS gene in cases of cutaneous squamous cell carcinomas or keratoacanthomas, a 
type of skin cancer due to UV rays, ranges between 3% and 30% as per the reports 
(Collado et al. 2005). Cancers develop after many years of exposure to chemotherapy, 
which causes genotoxic effects. Findings suggest that mutations in RAS genes occur 
more frequently due to abrasions, which arise mainly in skin damaged due to the sun.

B. Singh et al.



25

8.5	 �Smoothened Protein

Smoothened (SMO) is a transmembrane protein, which is the major constituent of 
hedgehog (HH) and patched (PTCH) signaling network and is mainly involved in 
the cell growth regulation and also in development of embryos. The gene of this 
protein is a G protein-coupled receptor that has interaction with patched protein, 
which is a known receptor for hedgehog pathway proteins. Variations that affect the 
hedgehog and patched signaling pathway members have association with the growth 
of skin basal cell carcinomas (BCCs) (Li et  al. 2011) due to out of control cell 
expression of transcription factors. Due to loss in functioning of ptc gene as per the 
UV rays, SMO signaling goes out of control, which leads to mutations and continu-
ous activation of hedgehog pathway. Mutations in amino acid sequence of SMO that 
cause an unrestrained receptor activity are called activating mutations. These muta-
tions in SMO protein contribute to about 6–21% of development of sporadic BCC 
(Xie et al. 1998).

9	 �Conclusion

Skin aging is largely influenced by both internal and external factors, inducing 
change at cellular and molecular level. These factors also influence rate of expres-
sion of the genes, which are associated with skin aging. The internal factor such as 
cellular senescence is associated with skin aging as it gets deposited with age in the 
case of skin and signifies aging. On the other hand, external agent such as UV con-
tributes to skin aging by formation of ROS, cyclobutane pyrimidine dimers, and 
pyrimidine cross-linked dimers and, thus, leads to activation of p53 protein and 
apoptosis of keratinocytes expressed as suntan cells. The extended radiation expo-
sure becomes more detrimental leading to repression of p53 protein and activation 
of mutation and photocarcinogenesis.

UV rays are the major cause of skin cancer. Mutations occurred due to long-term 
exposure to UV rays. These mutations occur in tumor suppressor genes and onco-
genes and lead to DNA damage. So, damaged DNA needs to be repaired and muta-
tions in genes involved in repair pathway are a major cause of skin cancer, as they 
further cause uncontrolled cell growth. Many genes and their proteins are involved 
in cell carcinomas. We have discussed the p53 gene as one of the major factors of 
skin cancer as mutation in p53 disrupts the DNA repair mechanism and transition 
mutations are responsible for loss in functioning of p53. Other genes and their pro-
teins such as RAS (H-, K-, N-), Smoothened, Fas receptor/ligand, and patched1 are 
also known as causes of skin cancer due to exposure to UV rays. All these proteins 
are mostly membrane proteins affecting the signaling pathway of cell.
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Abstract
Human skin is the largest organ of the body and it provides the first line of the 
defense system against environmental factors coming in contact by evading our 
ecosystem. Skin possesses notable regeneration capacity due to the presence of 
different types of stem cells including epithelial stem cells, melanocyte stem 
cells, mesenchymal stem-like cells, and progenitor cells. Moreover, the integrity 
of the skin is mainly maintained by epidermal stem cells. Skin and skin stem 
cells are more vulnerable toward aging process due to their direct contact with 
external stimuli including environmental pollutants, infection, and UV irradia-
tion. Aging is a complex and multifactorial process mainly caused by imbal-
anced redox status, DNA mutation, and telomere shortening. The reactive oxygen 
species (ROS) overproduction is the major contributor of skin aging as ROS 
exert oxidative damage to macromolecules and cell organelles, which continu-
ously accumulate and further accelerate aging process. Additionally, UV irradia-
tion induces oxidative stress, overproduction of ROS, and DNA damage which 
collectively cause photoaging of the skin. This chapter summarizes the overall 
effects of oxidative stress on skin aging, and several antiaging strategies such as 
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supplementation of nutritional antioxidants and autophagy modulation are also 
described to slow down the aging process of skin as well as skin diseases.

Keywords
Aging · Antioxidant · Oxidative stress · Photoaging · Skin · Stem cells

Skin is the complex and largest organ of the human body that offers protection 
against environmental stresses and serves as a sensory interface between the body 
and its surroundings. Human skin is made up of three main layers, viz., the epider-
mis, dermis, and subcutis. The cells of epidermal layer originate at the basal layer 
that persistently change their form as they rise to the surface of the skin and are 
ultimately shed; this is the natural cycle of epidermal layer. Anatomically, epider-
mal layer can be further divided into four layers, the basal layer, spinous layer, 
granular layer, and stratum corneum. All these layers made about 0.2-mm-thick, 
functioning barrier to protect the body from injurious external stimuli (Fisher et al. 
1997, 2002; Kang et al. 2001). Skin formation is a continuous process in which new 
cells are formed at the basal layer and rise up to the stratum corneum. This pattern 
of cycle is very unique to each individual. Aging of individuals weakens skin metab-
olism; consequently injuries take a longer time to heal. The slower cyclic pattern of 
skin leads to the accumulation of dead skin cells on the surface resulting in thin-
looking skin with a dull or rough appearance.

The dermal layer consists of hyaluronic acid, collagen, and elastin that are pro-
duced from fibroblast cells and help in maintaining skin hydration and firmness. 
However, this function can gradually decline as a result of skin aging, inflammation, 
and ultraviolet (UV) radiation exposure. The dermal layer provides firmness and 
elasticity to the skin. The epidermis is only 0.2 mm thick and comprises about 90% 
of skin’s thickness. The dermis provides a greater influence on skin firmness and 
elasticity than the epidermis. The thickness of skin reduces with the progression of 
age due to loss of dermal collagen. Moreover, UV radiation exaggerates these 
aging-associated changes which results in coarse wrinkling, pigmentation (solar 
lentigines), and telangiectasia in UV-exposed areas.

1	 �Skin Stem Cells

The epidermis constantly self-renewed itself in order to resist the damage caused by 
their physical, chemical, and biological surroundings. This self-renewal ability of 
the epidermis is granted by adult stem cells and progenitor cells. Moreover, the 
dermis is divided into different lineages during embryonic development from mor-
ula to blastocyst stage of preimplantation. The first one is the trophectoderm and 
second is the inner cell mass (Adjaye et al. 2005; Gardner and Beddington 1988). 
The later one is a supplier of embryonic stem cells which possess self-renewal 
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capability and pluripotency (Thomson et al. 1998). Local stem cells play a signifi-
cant role in the homeostatic maintenance of many organs and tissues. The best 
example is the epidermis, in which cellular turnover is high and also has high regen-
erative potential (Rando 2006). In the adult human body, there are different kinds of 
stem cells which involve in the renewal of the various cell types in the skin during 
normal homeostasis or wound repair. Normally, epidermal stem cells and melano-
blasts are located in the skin.

Stem Cell Localization in Skin  Different kinds of skin stem cells have been 
reported in heterogeneous environment of skin (Shi et al. 2006). The epidermal lin-
ings of skin are replaced several times in the course of a human lifetime. The undif-
ferentiated stem cells in the basal layer divide continuously and produce differentiated 
descendants that eventually discarded with the time. Epidermal stem cells have two 
common features like other stem cells; first, they have self-renewal capacity for 
extended time periods, and, second, they can form multiple lineages after differen-
tiation (Weissman et al. 2001). The stem cells possess specific cell markers such as 
p63, β1high/melanoma chondroitin sulfate proteoglycan, and a6high/CD71dim (Suzuki 
and Senoo 2012; Senoo et al. 2007; Pellegrini et al. 2001).

The multipotent stem cells that produced a series of differentiated cell types in 
the skin are to be found in a specific area that is adjoining with the epidermis, in the 
hair follicle, which is called as the bulge (Oshima et  al. 2001; Christiano 2004; 
Morris et al. 2004). The follicle bulge region can develop into hair follicle epithe-
lium, including hair shaft, inner root sheath, and outer root sheath. These cells have 
specified cellular markers named as Sox9, K15, Lgr5, CD34, Lhx2, NFIB, NFATC1, 
K15, PHLDA1, K19, CD200, etc. (Liu et al. 2003; Trempus et al. 2003; Jaks et al. 
2008; Nowak et al. 2008; Sellheyer and Krahl 2011).

Epidermal Stem Cells  Among a range of skin stem cells, epidermal stem cells are 
mainly linked to skin regeneration and tissue repair. Several studies suggested that 
epidermal stem cells are rare and occasionally dividing cells that produce short-
lived and fast-dividing cells to accomplish the regeneration of the epidermis. They 
can be assumed as a key epidermal cell population conscientious for repairing skin 
injury. Although the majority of epidermal stem cells are resident of the basal layer 
in the epidermis, a few may also be present in the bulge region of the hair follicle as 
well as in the base of the sebaceous glands (Watt et al. 2006; Fuchs 2008). Epidermal 
stem cells, during their entire life cycle, are dispersed in two different cell types; one 
is the slow-growing cell type, in which epidermal stem cells are dormant. While in 
another fast-growing cell type, they are fast dividing and produce a large number of 
cells for the renewal of skin tissue. In the end, they go through several cell divisions 
prior to terminal differentiation to complete skin renewal. During skin damage, both 
epidermal stem cells and follicular stem cells play an important role in wound heal-
ing (Ito and Cotsarelis 2008; Ito et al. 2005; Taylor et al. 2000). At the time of injury, 
in the wounded region, hair follicle-derived epidermal stem cells along with pro-
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genitor cells start to drift toward the wound spot. Thereafter, epidermal stem cells 
reactivate response to skin damage and assist to skin rejuvenation at the cellular 
level (Langton et al. 2008).

Melanocyte Stem Cells  Melanocyte stem cells present in the skin are a supplier of 
transient fast-growing cells and differentiated melanocytes. There is little known 
about melanocyte stem cells and their function. The first time, a functional role 
(niche) for melanocyte stem cells has been reported in the bulge region of the hair 
follicle, also explained as the lower permanent position (Nishimura et  al. 2002; 
Nishikawa and Osawa 2007). The stem cells are regulated by their microenviron-
ment which includes other adjacent cells, secretary signaling proteins, and scaffold 
proteins of the extracellular matrix. The niche is very helpful for the population of 
the stem cell to evade the loss of the stem cell pools; in addition they are promoting 
dormancy so as to inhibit the overgrowth of cells. Stem cells as well as supportive 
cells within the niche may show overexpression of adhesion and extracellular matrix 
proteins including integrins or cadherins for the homeostasis of the cell (Raymond 
et al. 2009).

Mesenchymal Stem Cell-Like Cells and Neural Progenitor Cells  Mesenchymal 
stem cell-like cells are present at the dermis, and after division, they form mesoder-
mal parts and some cells of the neural system. They are CD34 negative and CD105, 
CD90, as well as CD70-specific positive surface markers (Garzón et  al. 2013). 
Moreover, the follicle dermal papillae are the source of neural progenitor cells that 
can split into the glial and neural lineage, and like other organs or tissues, they 
shared similar cell markers such as nestin.

Hematopoietic Stem Cells  These cells are situated at the follicle dermal papillae, 
and after differentiation, they form myeloid and erythroid cell lineages and express 
similar surface markers like in other organs or tissues.

Shortening of the Telomere, Loss of the Stem Cells, and Skin Aging  Shortening 
of the telomere is a characteristic of aging which is manifested by the congregation 
of gene and DNA damage during cell divisions. On the basis of previous findings, it 
is clear that the nuclease, transferase, and polymerase enzyme activities of telomer-
ase are accountable for the protection of telomeres against programmed cell death 
in response to DNA damage (Blasco 2005). However, the mechanisms behind the 
shortening of telomere in skin stem cell aging remain unknown (Counter et al. 2003; 
Friedrich et al. 2000; Nakamura et al. 2002). Skin contains adequate levels of telom-
erase enzyme and it is active only in few skin stem cells, basal epidermal cells 
(Bickenbach et al. 1998; Engelhardt et al. 1997; Taylor et al. 1996), the bulge com-
ponent of the hair follicle, and keratinocytes (Boukamp 2005; Ramirez et al. 1997). 
Human epithelial cells or fibroblasts have low or sometimes no telomerase protein 
(Funk et al. 2000; Nakano et al. 1998; Zouboulis 2003). In dyskeratosis congenital 
patients, skin shows symptoms like early hair loss, hair graying, poor nail growth, 
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and skin atrophy which are related to shorting of telomeres that lead to defects in 
proliferation and function of skin stem cells and poor healing of the wound (Mason 
et al. 2005; Westin et al. 2007).

Consequently, germline and stem cells evolve mechanisms to prevent telomere 
abrasion and protect them from senescence. In this mechanism, telomerase gets 
activated, in which TERT, TERC, and dyskerin (DKC) are involved, and can extend 
the end of the chromosome with specific telomeric DNA sequences (Tomás-Loba 
et al. 2008; Collins and Mitchell 2002).

Estrogen, Stem Cells, and Skin Aging  Estrogens have a multifunction role in skin 
aging; it can prevent the loss of collagen, augment the skin thickness, reinstate skin 
moisture, stop hair loss, as well as improve the wound healing (Brincat 2000; Azzi 
et al. 2005). Estrogen acts through the estrogen receptors (ERs) and can directly 
regulate fibroblast function. For collagen production, estrogen increases TGF pro-
duction by fibroblasts (Ashcroft et al. 1997). Furthermore, estrogen can overturn 
epidermal atrophy by means of stimulation of the cell proliferation and synthesis of 
DNA in keratinocytes (Urano et  al. 1995). Between menopause and the age of 
60 years, the estrogen level 17-E2, DHEA, and progesterone rapidly fall and then 
exhibit a lower level plateau afterward (Morley 2001; Phillips et al. 2001).

It has been established that estrogen suppresses keratinocyte apoptosis. It also 
activates cell cycle checkpoint protein cyclin D2, predominantly by means of con-
tact with a cell surface receptor GPR30, that further activates cyclic adenosine 
monophosphate (cAMP)/protein kinase A (PKA) signaling pathway (Kanda and 
Watanabe 2004).

Estrogen has the ability to affect skin directly but its mechanism of action in 
regulation of skin progenitor cells is not very clear. On the other hand, at present, 
the role of estrogen in the regulation of different types of stem cells has already been 
made known. The alterations in hormone production with age play critical roles in 
the instigation of skin aging but the exact mechanisms involving skin stem cells as 
well as hormone deficiency remain unknown.

Reactive Oxygen Species (ROS), Stem Cells, and Skin Aging  Excess of xanthine 
oxidase and nitric oxide synthase in tissues, under pathological stress conditions, 
produces heavy endogenous ROS.  ROS production is drastically amplified after 
cigarette smoke, exposure to UV irradiation, and other abuse (Kohen 1999). It is 
very exciting that ROS mainly produced in mitochondria, as well as other cell 
organelles, play a crucial role in aging (Chance et al. 1979). In other studies, the 
exposure of UV irradiation to human skin fibroblasts increases oxidative stress and 
also increase the expression of signaling molecules p16INK4A and p53/p21WAF1/
CIP1 that further cause the early senescence of fibroblasts and the conversion of the 
fibroblast into myofibroblast (Chen et al. 2008; Ruiter et al. 2002). It is well estab-
lished that repeated exposure to solar UV irradiation is the principal environmental 
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factor for acceleration of skin aging process. In a study, skin samples were collected 
from sunlight exposure and sunlight-protected aged individuals and showed that the 
number of keratinocyte stem cells (KSCs) was considerably lower in photoaged 
than in the sun-protected skin (Kwon et al. 2008; Rass and Reichrath 2008).

UV Radiation and Photoaging of Skin  Among the radiation UV radiation is one 
of natural mutagens liable for the leading proportion of environmentally induced 
skin diseases, including inflammation and erythema, skin cancer, and age-related 
changes (Elwood and Jopson 1997). The UV exposure leads to excessive ROS pro-
duction such as superoxide, hydrogen peroxide, hydroxyl radical, and singlet oxy-
gen which are main contributors to the skin aging (Fig. 1). The effect of UV-induced 
oxidative stress on the skin aging is usually termed as photoaging. The UVA light 
mainly alters the physiology of dermis which is accountable for the progression of 
photoaging (Krutmann and Schroeder 2009). The UV-induced photoaging process 
also includes oxidative damage of DNA, especially the mtDNA (Berneburg et al. 
1997). However, UVA and UVB affect only epidermal cells due to their limited 
penetration ability and thus contribute to the photoaging process (Krutmann and 
Schroeder 2009).

Thus, UV radiation affects the cell’s macromolecules adversely through the pro-
duction of ROS and other reactive free radicals (Meyskens et al. 2001). Increase in 
UV radiation in the environment might be an important factor for increasing inci-
dent of skin cancer and melanoma from last several years (Armstrong and Kricker 
2001; Garbe and Leiter 2009). In childhood, UV protection is very important 

Fig. 1  Reactive oxygen species (ROS) produced from different sources initiate signaling path-
ways that contribute to change in skin structures and photoaging. The overproduction of ROS 
results in imbalanced redox status and oxidative stress which cause damage to various cellular 
macromolecules and eventually result in the development of photoaging of the skin. Abbreviations: 
IL interleukin, TNF-a tumor necrosis factor-a, VEGF-A vascular endothelial growth factor-A, 
MAPK multiple mitogen-activated protein kinase, JNK c-Jun N-terminal kinase, and MMP matrix 
metalloproteinases
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because it induces deposition of DNA damage in adulthood and leads to skin cancer. 
There is the significant skin’s anatomical difference between children and adults 
that makes easier for UV penetration and increases the risk of melanoma with 
excessive sun exposure before age of 10  years (Volkmer and Greinert 2011). 
Photoaging of skin is a combined effect of environmental and genetic factors and is 
mainly predisposed by exposure of UV radiation.

Skin stem cells are also susceptible to various genetic changes caused by harmful 
agents such as UV radiation; as a result tumor formation may occur (Perez-Losada 
and Balmain 2003). Interestingly, it has also been demonstrated that cyclobutane 
pyrimidine dimer (CPD) accumulates in epidermal basal cells upon chronic low-
level UVB exposure. CPD-retaining basal cells (CRBCs) were also observed in 
human skin receiving sporadic sunlight exposure (Mitchell et  al. 2001). Thus, 
CRBCs become targets for UV-induced skin cancer due to accumulation of DNA 
damage. On the other hand, the specific role of CRBCs in skin cancer induced by 
UV exposure has not yet been well documented.

2	 �Current Antiaging Strategies to Slow Down Skin Aging

During last couple of decades, a number of antiaging methods have been developed 
to slow down skin aging. The antiaging strategies include particularly preventive 
measurements, cosmetics, topical and systemic therapeutic agents, as well as inva-
sive procedures. Since it is well documented that aging process is the consequent of 
overproduction of free radicals, nutritional supplements containing antioxidants are 
the best remedies for aging as they scavenge free radicals and defend the cells from 
oxidative injure. These nutritional antioxidants comprise of lipoic acid, coenzyme 
Q, carotenoids, vitamin C, and vitamin E and trace elements including selenium and 
copper (Fusco et al. 2007; Marini 2011; Berger 2005). There are two safeguards for 
the skin, endogenous antioxidant (enzymatic antioxidants and synthesis of melanin) 
and exogenous antioxidant (which we eat in the food). UV-induced photoaging is an 
outcome of the failure of endogenous anti-oxidative repair processes. After this 
incident, the skin becomes clinically explicit with age, and functional harm to the 
skin prevails. At the moment, it becomes necessary to consume supplementary anti-
oxidants or to apply them on the skin in topical preparations (Poljsak et al. 2013).

Vitamin C is a water-soluble vitamin and presents in the skin predominantly that 
helps in protection of aqueous phase of the cells. Additionally, vitamin E protects 
the lipid portion of cell membranes and stratum corneum (Thiele 2001). The main 
concerns about the use of antioxidants include its compatibility, product stability, 
absorption inside the skin, and activation at the target spot. In the future, exact dos-
ing and administration route will be more important for the use of an antioxidant to 
give more drug-like effect. UV-induced early photoaging, wrinkling, and pigmen-
tary changes are measured as the most significant cutaneous manifestations. The 
antiaging strategies against UV-induced photoaging include the use of antioxidants, 
sunscreens to reduce UV exposure, and retinoids to promote collagen production. 
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Interestingly, combinatorial use of several strategies is the most powerful approach 
against UV-induced photoaging (Baumann 2007; Trautinger 2001).

Recently, the modulation of autophagy process has been shown to be an effective 
antiaging strategy against skin aging (Scherfer et al. 2013). Autophagy is a well-
conserved cellular process accountable for the continuous removal of oxidatively 
damaged macromolecules and cell organelles (Singh et al. 2017). The keratinocytes 
with defective autophagy demonstrate augmented DNA damage, senescence, and 
anomalous change in lipid profile after oxidative stress (Song et al. 2017). Since 
autophagy has been demonstrated to regulate skin stem cells, slow down aging pro-
cess, and deal with oxidative stress and microbial infection, the use of autophagy 
modulators provides a promising therapeutic strategy for alleviating skin aging and 
skin diseases (Li et  al. 2016). Skin tissue engineering is another novel strategy 
which provides alternative regenerative medicinal approach for possible manage-
ment of skin-related problems (Behera et al. 2017).

3	 �Conclusion

This chapter aims to give an overview of various types of stem cells found in the 
skin and their role in architecture and function of the skin. Moreover, the role of 
several factors including telomere shortening, UV irradiation, and oxidative stress 
in the general pathophysiology of the aging process of skin has also been critically 
reviewed. The process of aging in the skin is mainly driven by overproduction of 
reactive oxygen species which eventually lead to oxidative damage of macromole-
cules and cell organelles. Several antiaging strategies including nutritional antioxi-
dant supplementation, autophagy modulation, and skin tissue engineering have also 
been discussed to slow down the process of aging in skin and skin diseases.
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Abstract
From the epidemiological point of view, it is suggested that regular contacts to 
UVR irradiation since our childhood are the primary cause of skin tumors. UVR-
induced ROS production caused DNA damage, immune suppression, and deac-
tivation of tumor suppression genes or overactivation of proto-oncogene. These 
processes are interconnected with each other. Cyclobutane pyrimidine dimers 
(CPDs) and (6–4) photoproducts are main key products of DNA damage. Our 
body system has DNA repair mechanism which mainly involves nuclear excision 
repair and base excision repair pathways. Defect in repair pathways and continu-
ous accumulation of mutation lead to photocarcinogenesis. DNA lesions are an 
important  molecular mediator in initiation of immunosuppression which has 
a important role in the induction of UVR-mediated skin cancer. DNA damage 
induced by UVR involves inhabitation of cell cycle progress or apoptosis. P53 
plays an important role in cell cycle; it arrests the G1 phage and removes DNA 
lesion. Mutations in P53 gene come into light as an early event in the progress of 
UV-induced skin cancers.
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1	 �Introduction

Constant exposures to solar radiation since our childhood epidemiologically 
appeared to be the primary cause of skin tumors. Ultraviolet B (UVB) radiation has 
a minor portion of sunlight to which people get exposed. It caused DNA damage 
such as cyclobutane pyrimidine dimers (CPDs) and (6–4) photoproducts provoke 
change in skin cells and promote the of skin cancer development. Additionally UVB 
is known for the upregulation of gene expression which involves various types of 
skin-associated disease via the involvement of different types of intracellular signal 
transduction pathway. UVB has a significant impact for the induction and develop-
ment of nonmelanoma skin cancer and basal and squamous cell carcinomas and 
may also promote other skin disorders such as sunburn, photoaging, and actinic 
keratosis. UVB exposure also causes a huge amount of reactive oxygen species 
generation in skin cells, causing oxidative stress and DNA damage in skin cells. Our 
skin has a well-developed antioxidant defense system for the protection from oxida-
tive stress. Ultraviolet radiation are proved to induced DNA damage directly via the 
formation of DNA adduct and indirectly through oxidative stress.

2	 �Role of ROS in UVR-Induced Skin Cancer

Both nuclear and mitochondrial DNA are damaged by ROS and UVR. According to 
recent study it is found that skin aging is associated with mtDNA damage and muta-
tions. It is indicated that mtDNA mutation is a sensitive biomarker for ROS-mediated 
damage and UVR exposure (Birch Machin et al. 2013). In addition to this previ-
ously it has been demonstrated that ROS-mediated DNA damage and defects in 
DNA repair hOGG1 gene could accounted for photocarcinogenesis were associated 
with patients suffering from BCC (Chaisiriwong et al. 2016). In in vitro and In vivo 
models genomic damage that results from UVB and UVA exposure preferentially 
induces C-T transitions. UVB directly affect the when its photon absorbed by DNA 
molecule, which leads to the scuffling in nucleotide arrangement and cause defect 
in DNA structure. Cyclobutane pyrimidine dimers (CPDs) and (6–4) photoproducts 
are the major outcome of this UVB-induced rearrangement of nucleotides. UVB 
absorption leads to the formation of CPDs formed in adjacent pyrimidine nucleo-
tides by the cycloaddition between C5 and C6. While 6–4 PPs photoproduct 
is result of covalent bond formation between two adjacent pyrimidine bases gener-
ates, which further changes in to its Dewar valence isomer (Rochette et al. 2003). 
Meanwhile our cell system provokes DNA repair mechanism and halts cell division 
to restrict further DNA damage. In prokaryote, photolyase enzyme is responsible 
for removal of UV-induced DNA damage where enzyme binds at CPDs and 6–4 
photoproduct formation site split it and back it to undamaged site. However human 
beings do not have this type of repair system. Humans have the nucleotide excision 
repair (NER) pathway in response to UVR-induced DNA damage. There are total 
nine major proteins that work as NER in mammalian cells. RAD23s, RPA, ERCC1 
proteins, and others also contribute in nucleotide excision repair (de Laat et  al. 

J. Singh



43

1999). NER-defective syndrome like xeroderma pigmentosum (XP) noticeably dis-
closes the importance of neuclotide excision repair mechanism on human body sys-
tem.  The augmented UVR induced skin aging  photoaging and tremendous  high 
frequency of skin tumorigenesis of XP patients suggest UVR-induced DNA dam-
age could be the cause of serious damage to the human skin (Schuch et al. 2017). 
NER future divided into two sub pathways, which initiation mechanism is different 
from each other but once they recognised the DNA damage after damage recogni-
tion, both pathways activates the same molecular mechanism to remove damage. 
These two pathways are described as transcription-coupled NER (TC-NER) and 
global genome NER (GG-NER). TC-NER as its name suggested eliminates damage 
from transcribed strand of active genes. This mechanism of repair does not affect 
transcription machinery. While GG-NER removes damage part from the entire 
genome, it has been observed that this process is very slow and inefficient because 
this includes scanning of the whole genome for a single DNA damage. In general 
DNA repair pathways classified into 4 steps: (i) Reorganization of DNA lesion (ii) 
DNA unwinding, (iii) double incision and flanking the DNA lesion site, after that 
removes damaged fragment, and (iv) DNA repair and religation.

Since last two decades there has been an explosive clinical and experimental 
research for reactive oxygen species (ROS), producing from the metabolism of 
molecular oxygen and includes singlet oxygen (1O2), superoxide anion radical 
(O2−.) and the highly reactive hydroxyl radical (.OH). The existence of ROS in 
aerobic cells occurs with the balance of various type of biochemical antioxidants. 
ROS is tightly regulated and very important for signaling pathway but when the 
homeostasis between ROS generation and antioxidant disturbed, it react with lipid 
and other biomolecule and induced harmful effect (Sharma et al. 2012).

3	 �Role of Immune System in UVR-Induced Skin Cancer

From the last few years it has been observed that it’s UVB radiation has ability to 
suppress the human  immune  defence system. UVR can inhibit immune  reponse 
locally  and systematicaly, as the amount of UVR exposure increased  (de Gruijl 
2008). UVR action mechanism is diffenernt in comparison to immunosuppressive 
drugs which involve in  suppress  of the immune system in a general fashion 
while UVR works in antigen-specific fashion. UVR mainly behaves due the genera-
tion of T cells which play major role in immune supression T cells shows therapeu-
tic  nature in  the cure of (auto) immune-mediated diseases. UVR-induced 
immunosuppression plays a important role in development of UVR-mediated skin 
cancer, which is one of the most frequently occurring cancers worldwide (Hanneman 
et al. 2006). Therefore, study of the molecular pathways behind this gives the bet-
ter understanding of UVR innduced skin cancer and illustrates different strategies to 
more effectively detect and diagnosed of photocarcinogensis cases. Additionally, T 
cells (Treg) characterization (phenotypes and function) gives a  brief idea of the 
mechanism of their activation by the UVR which will further help to T cells model 
in  the cure and diagonsis of skin associated cancers.    Model to study 
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immunosuppression induced by UVR is contact hypersensitivity (CHS) induced by 
UVR.  If contact allergens directly applied on skin it resulted in antigen-specific 
sensitization which observed by swelling of ear after few days later upon the appli-
cation of the same allergen. If these potent contact allergens applied on skin which 
has already exposed to UVR, incident of contact hypersensitivity is suppressed and 
prevented (Toews et al. 1980). Characterized UV-induced Treg (UVR-Treg) express 
well CD4 and CD25, CTLA-4, GITR, neuropilin and interleukin (IL)-10 (Schwarz 
et al. 2010). Thus, they appear to represent a certain subtype of CD4 + CD25+ Treg. 
DNA damage caused by UVR reported as the main event to trigger UVR-induced 
immunosuppression (Kripke et al. 1992). Damage Induced by UVR are cyclobutane 
pyrimidine dimers and 6–4 photoproducts. Exogenous DNA repair enzymes pro-
mote removal of DNA lesions which further reduce UVR-induced immunosuppres-
sion, proving that DNA lesions is a essential molecular mediator in initiation of 
immunosuppression (Kripke et al. 1992). IL-12 was the first cytokine which is able 
to prevent UVR-induced immunosuppression (Müeller et al. 1995).It has been elu-
cidated that Intraperitoneal injection of IL-12 Inhibits the induction of 
CHS. Similarly, IL-12 treatment also stops Treg production in UVR-exposed mice. 
IL-12 showed tendency to reduce UVR-induced DNA damage (Schwarz et al. 2002) 
IL-12 decreased apoptotic cell death in  both in  vitro and in  vivo cell 
model  which caused by UVR DNA damage (Kulms et al. 1999). IL-12 activates 
nucleotide excision repair (NER), endogenous DNA repair system which was con-
firmed by this study where IL-12 on UVR-induced cell death was not observed in 
Xpa knock-out mice which are deficient in NER (Schwarz et al. 2002).

4	 �Tumor Suppressor Genes and Oncogene in UVR-
Induced Skin Cancer

Skin cancer caused by UVR often involves the deactivation of tumor suppression 
genes or overactivation of proto-oncogene. Tumor suppressor gene and gene product 
of p53 is the most diverse and complex molecules play an important role in different 
cellular functions. p53 gene protects our skin cells from DNA-damage caused by 
chronic UVB exposure. DNA lesions induced by UVR activates different molecular 
mechanisms to remove or repair DNA dmage, halts the cell cycle progression, or 
inhibits the apoptosis by transcriptional activation of p53-related genes, such as Bax, 
MDM2 and p21(Benjamin and Ananthaswamy 2007). In general, p53 occurs in very 
low amount but in response to UVR damage amount of this gene increased, it arrests 
the G1 phage where DNA lesions are removed before the mitosis phages. As a result, 
Consequently, p53 helps in repair of DNA dmage or removal of cells which have 
huge amount of damaged DNA (Levine 1997). The mutations in p53 gene observed 
as an early genetic changes in the progress of UV-induced skin cancers. Normal-
appearing sun-exposed skin has shown thousands of p53-mutant cell clones. 
Fortunately, our skin system is equipped with complex antioxidant enzymes systems 
that constantly observe and detect most of the damage caused by UV light. On the 
other hand, any mistake or fault in DNA repair mechanshim and replication can lead 
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to mutations in the genome. Chronic exposure to sunlight induced several mutations 
in key genes which accumulated in high amount in skin and induced skin cancer. 
Seeing as UVR-induced associated cancer does not arise suddenly after UVR expo-
sure mutated ras or p53 genes have to remain dormant for prolonged times (Setlow 
1982). It has been found that only after UV irradiation CC to TT mutations in the p53 
gene were detected in cultured human skin cells, and formation CC to TT dimer is 
increased at higher dose of UVR exposure. Two methods such as mutant allele-spe-
cific PCRs and ligase chain reactions are used to detect presumptive UV-specific p53 
gene mutations in UV-exposed normal skin. CC– > TT mutations involving codons 
247 and 248 of the p53 gene are associated with an increased risk of BCC (Nakazawa 
et al. 1994).

5	 �Conclusion

UVR is main cause of skin cancer; it promotes skin cells to become cancerous cells. 
Too much exposure to sunlight (UVR) or other sources such as sunbeds can damage 
the genetic material. International Agency for Research on Cancer (IARC) classifies 
UV radiation as “carcinogenic to humans.” It is recommended that seek the shade, 
especially between 10 AM and 4 PM.  If you are going outside apply sunscreen 
lotion to your entire body before 30 min.
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Abstract
The prolonged exposure to ultraviolet radiation causes serious health issues to 
human beings. Skin is the largest and most visible organ of our body and most 
exposed to UV radiation. UV radiation is one of the most important environmen-
tal stressors responsible for causing skin damage. In this chapter, we have given 
an overview of the chronic effects of ultraviolet irradiation such as photoageing 
and cancer. The mechanisms underlying these effects include free radical-
induced cell injury, direct and indirect DNA damage, genetic mutations, etc. We 
have elaborated on the risk factors and causes of UV-induced skin ageing and 
cancer in details. We have also enlisted the preventive measures that can mini-
mize the UV-mediated chronic pathologies including premature ageing and 
cancer.
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1	 �Introduction

Ultraviolet radiation (UV) is one of the principal components of solar radiation. It 
has a shorter wavelength than visible light and is invisible to human eyes. It can be 
divided into UVA, UVB and UVC based on the wavelength typically lying between 
100–400 nm, of which UVA has the longest wavelength  at 320–400  nm, UVB 
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intermediate  between 290–320 nm and the shortest is UVC ranging between 290–
100 nm. UVA and UVB are prevalent in the sun rays reaching us, because UVC is 
mostly filtered out by ozone layers and unreachable to the earth surface. In particu-
lar, UVA accounts for the highest amount of radiations on the earth crust.

The level of UV radiation varies throughout the day depending on different geo-
graphical locations; thereby the impact of UV rays is also varied in different popula-
tions  in different geographical areas. Studies have shown that the various factors 
pertaining to a particular geographical area, including altitude, latitude and sur-
rounding environment determine the UV strength because the atmospheric particles 
like dust and vapour scatter UV photons. It is understood that the higher the altitude, 
the higher is the exposure of UV rays because of the lesser atmospheric shield. 
Studies have revealed that people living in the high-altitude areas are highly prone 
to develop skin cancers and the risk increases by 2% with every 10 m rise in altitude 
(Haluza et al. 2014). Additionally, the risk of getting skin cancer is also higher in 
people working at high altitudes such as mountain guides, pilots, etc., (Hammar 
et al. 2002, Lichte et al. 2010). Also, UV ray is stronger near the equator due to 
sunlight directly hitting the earth. That is why melanoma is more prevalent in 
Caucasians living near the equator (Flament et al. 2013). A study by Cicarma et al. 
showed that melanoma risk is increased by 2–2.5-fold with every 10° decrease in 
latitude (Cicarma et al. 2010). Another study revealed that the risk is increased 1.5 
times in latitudes 0–20° (Chang et al. 2009).

More than 80% of UV rays are reflected back from snow especially in high-
altitude areas and hence the exposure to humans in those areas is doubled. Apart 
from geographical locations, lifestyle is also a major factor that predisposes to del-
eterious effects of UV rays. For example, the risk of melanoma is higher in the 
urban population than the people living in the rural regions. It can be possibly due 
to certain soical factors like increasing trends of artificial tanning and easy access to 
tanning booths in urban areas as compared to rural areas.

Skin being completely exposed to the outside environment is highly prone to be 
affected by environmental factors. Skin is highly sensitive to Ultraviolet radiations 
and its prolonged exposure causes several short-term and long-term effects on skin 
pigmentations (Coelho et al. 2009). People with fair skin are more sensitive to UV 
rays than people with darker skin (Hu et al. 2004). The exposure to UV rays is a 
major causative factor in melanomagenesis (Gilchrest and Eller 1999) and photo-
ageing. The details of UV radiations and their harmful effects on the skin have been 
elaborated in the subsequent sections.

2	 �Effects of UV Radiation Exposure

The UV radiations penetrate the skin layers causing inevitable changes in the cells 
which includes cellular deregulation and genetic mutation. Throughout our lifetime, 
UV radiation accumulates several damages on the skin cells, thereby leading to skin 
cancer and ageing. The UV radiations damage DNA which leads to initiation of cel-
lular senescence and carcinogenesis (Amaro-Ortiz et al. 2014). Prolonged exposure 
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is thought to be a major predisposing factor; however, the immunomodulation due 
to the exposure varies among the individuals and geographical regions as well.

Human skins have an adaptive tanning response to solar radiation. The UV expo-
sure favours cellular damage response which induces melanin production by mela-
nocytes. The deposited melanin in the keratinocytes increases pigmentations in the 
skin which can protect from the adverse effect of the UV radiations to the skin. A 
study also revealed that our body can protect the UV insults on skins by activating 
cutaneous melanocortin 1 receptor (MC1R) signalling response pathways (Amaro-
Ortiz et al. 2014; Suzuki et al. 1996).

Ultraviolet B damages the skins more than UVA and causes acute effects such as 
sunburn and chronic effects like skin cancer and photoageing. The carcinogenic 
potential of UVB is well reported by the World Health Organization (WHO) as well 
as US Department of Health and Human Services. The UV radiation is mainly con-
sidered to cause non-melanoma skin cancers such as basal cell carcinoma and squa-
mous cell carcinoma. Although UV rays have been strongly implicated in the 
process of melanomagenesis, the incidence of melanoma is far less than  non-
melanoma skin cancers.

The UVA rays are 30–50 times more prevalent in sun rays, due to equal relative 
intensity during all daylight hours. It can also penetrate through the clouds and 
glasses. Also, due to its longer wavelength, UVA radiation penetrates deeper into 
the skin than UVB. It is well known that UVA causes skin ageing and wrinkling. For 
a long time, it was believed that UVA caused no significant damage to the epidermis 
of the skin which is the primary site of most skin cancers.

However, it is now well established with the studies over the past two decades 
that UVA damages the keratinocytes in the basal layer of the epidermis and contrib-
utes to the development of skin cancer.

UVA is the dominant ray emitted from sunlamps used in tanning salons. The 
high-pressure sunlamps used in tanning salons emit 12 times higher doses of UVA 
as compared to that of sunlight. Excessive UVA exposure causes injury to the skin’s 
DNA. Skin responds to this damage by causing proliferation of the basal layer of the 
epidermis, which includes melanocytes. Melanocyte proliferation causes skin dark-
ening or tan. This cumulative DNA damage resulting from UVA can lead to skin 
cancer.

People who are regular users of artificial tanning booths are 2.5 times more likely 
to develop squamous cell carcinoma and 1.5 times more likely to develop basal cell 
carcinoma. According to research, melanoma risk is increased by 75% after the first 
exposure to tanning sunlamp, particularly in young people.

UVA phototherapy has shown in beneficial role in a number of dermatological 
disorders (Zandi et al. 2012). Understanding the molecular mechanism behind skin 
disorders is still an ongoing process; however it has been revealed that UVA induces 
collagenase or matrix metalloproteinase-1 expression level as well as can deplete 
immune cells like T cells, Langerhans and mast cells in the dermis. Furthermore, 
studies have also revealed that UVA exposure can stimulate the endothelial for 
forming new blood vessels. UVA phototherapy has a therapeutic role in a number of 
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dermatologic disorders like psoriasis, vitiligo, dermatitis, scleroderma, acne vul-
garis and cutaneous T cell lymphoma, etc.

3	 �Immunomodulation by UV Radiation

The overexposure to UV radiation may suppress proper functioning of the body’s 
immune system and the skin’s natural defences. For example, the skin normally 
mounts a defence against foreign invaders such as microbial infections. However, 
overexposure to UV radiation can weaken the immune system to reduce the protec-
tion against these invaders. Furthermore, solar UV exposure is another major factor 
associated with age-related changes (Makrantonaki and Zouboulis 2007).

Ultraviolet radiation elicits immunomodulation by inhibiting antigen presenta-
tion and altering cytokine levels. Although it does not show a direct role in immu-
nosuppression, several pieces of literature give evidence of UV immunosuppression 
through antigen-specific fashion. Ultraviolet-exposed skin induces antigen-specific 
tolerance, which damages the sensitization on the skins to mediate immunosuppres-
sion. The UVB induces DNA damage as a major molecular target for immunosup-
pression. Regulatory T cells also known as immunosuppression responsive cells are 
suppressed by UV rays. UV rays also damage the Langerhans cells in the skin. 
Interleukin-12 exhibits the capacity to reduce DNA damage to prevent UV-based 
immunosuppression and tolerance. Recently, studies have given more emphasis on 
understanding the molecular mechanism underlying UV-induced immunosuppres-
sion (Gonzalez Maglio et al. 2016). The immunosuppression   can deregulate the 
various stress response pathways in the skin cell. The skin homeostasis is main-
tained by mesenchymal stem cells and epidermal stem cells. The reduction of their 
number impairs homeostasis and causes skin ageing and cancer. These stem cells 
maintain self-renewable and multipotent ability to repair the damage by stressors; 
however, UV rays contribute to a reduction in both kinds of the cells augmenting the 
ageing process (Panich et al. 2016).

The high UVB exposure interferes with normal immunological functions and 
enhances infection rate. UVB radiation also initiates systemic immunosuppression 
and delayed-type hypersensitivity response. A study has also shown that even the 
use of sunscreen does not prevent UV-induced immunological suppression. 
Moreover, the UVB susceptibility on the immune systems of individuals with dif-
ferent skin types and color  has been well discussed by Vermeer et  al. (1991). 
Tropical populations are subjected to high UVB flux and a very high effective dose 
within a few hours of exposure to midday sun. The weakening of immunological 
response also dramatically decreases the survival rate of the populations.

4	 �Ultraviolet Radiation and Ageing

Exposure to UV rays attributes to nearly 80% of visible cutaneous signs of ageing, 
such as skin wrinkles, freckles, loss of skin tone and rough and dry skin (Grant 
2008). These signs are seen on the sun-exposed parts of the body like the face, neck 
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and dorsal surface of limbs. Overexposure to UV rays causes the premature appear-
ance of these signs also called as photoageing and predisposes the individual to 
actinic keratosis and melanoma. UV radiation, particularly UVB, is considered 
mutagenic which can cause cellular damage by both direct and indirect mechanisms 
(Cleaver and Crowley 2002; Krutmann et al. 2012; Wei et al. 2003), defective cel-
lular signalling (Prunier et  al. 2012) and photoageing (Stohs Sidney 1995). The 
study revealed that these changes in the skin increase the susceptibility to melanoma 
incidence (Wendt et  al. 2012). Photoageing and skin cancer risk correlates with 
cumulative duration of UV exposure. The UV exposure and DNA modulation begin 
early with sun exposure starting at a young age and hence it is encouraged to protect 
overexposure since the paediatric years. The correlation of age and sun exposure 
study showed that the excessive exposure before 10  years of age significantly 
increases the risk. The study revealed that UV contributed to the structural and ana-
tomical difference in skin enabled to penetrate to UV rays and increased risk of 
adult melanoma (Volkmer and Greinert 2011). It is also estimated that 80% of life-
time UV exposure occurs before the age of 20 (Amaro-Ortiz et al. 2014).

UV radiations caused several ill effects on human cells to initiate premature age-
ing through a variety of mechanisms including:

	1.	 Oxidative stress

Free radicals are produced during normal metabolic activities like mitochon-
drion oxidative phosphorylation and peroxide metabolism. The imbalance in the 
production of free radicals over the scavenging power can increase the oxidative 
stress in the cells. The levels of reactive oxygen species (ROS) increase with UV 
exposure. It can alter the cellular cytoskeleton by damaging lipids, proteins and 
nucleic acids (Zastrow et al. 2009; Meyskens Jr. et al. 2001). The DNA modifica-
tions can also be a result of oxidative injury, for example, 7,8-dihydro-8-oxoguanine 
(8-oxoguanine; 8-OH-dG) (Schulz et  al. 2000). Solar radiation can increase the 
level of oxidative stress on the skin, which causes the loss of skin elasticity (Langton 
et al. 2010; Naylor et al. 2011). Moreover, oxidative stress and ROS deregulates 
signalling mechanisms in the cell to interfere with the genome and transcriptional 
activities in the cells, which can contribute to photoageing, loosening of skin elas-
ticity, etc. Among the most overt sign of UV exposure is wrinkling in the skin. 
Wrinkling is majorly due to insufficient activity of antioxidant enzymes against 
UV-induced oxidative stress. Increase in ROS level can deplete the glutathione and 
trigger antioxidant enzymes such as catalase and SOD. Catalase acts on the excess 
hydrogen peroxide molecules to convert into water and molecular oxygen and UV 
radiations reduces the activity of catalase enzyme (Song et al. 2009). Melanocortin 
1 receptor (MC1R) and cAMP signalling are implicated as antioxidant regulator 
and a study has shown that pharmacological activation of MC1R/cAMP pathways 
can lower the level of UVA induced ROS via NADH oxidase and cAMP signalling 
(Henri et al. 2012). A study evidently showed that M1CR activation on melanocytes 
produce menlanocyte stimulating hormone (MSH) for melanin production to reduce 
oxidative stress upon UV exposure (Kadekaro et al. 2012).
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Human skin contains various antioxidants, which protect the skin from deleteri-
ous effects of free radicals generated by various environment stressors. These anti-
oxidants include endogenous enzymatic antioxidants such as GSH peroxidase 
(GPx), SOD and catalase. Apart from it there are various nonenzymatic low-
molecular-weight antioxidants present in the skin such as vitamin E isoforms, vita-
min C, GSH, uric acid and ubiquinol are decreased in dermis and epidermis by UV 
radiations  (Shindo et  al. 1993). Similarly, manganese superoxide dismutase 
(MnSOD) is a key mitochondrial enzyme that disposes superoxide generated during 
the respiratory chain reaction. The superoxide anion breaks into hydrogen peroxide 
(H2O2), which is further detoxified by GSH peroxidase into water and molecular 
oxygen. The specific mechanism as to how each of these antioxidants protects from 
UV ray-induced free radicals is not clear. However, it is known that overexposure to 
UV rays depletes the naturally occurring antioxidants in the skin (McArdle et al. 
2002). It is well known that not all skin cells are equally exposed to the same level 
of oxidative stress. Keratinocytes in the epidermis are the most susceptible cells. It 
has been shown that UV light causes more damage to the antioxidant defence sys-
tem in the epidermis than the dermis of the skin. A study by Sander et al. (2002) has 
shown that the damage to cellular biomolecules caused by acute exposure to UV 
rays can be prevented by prior antioxidant treatment.

	2.	 Cellular senescence and shortening of telomere

Cellular senescence reduces the cellular capacity to divide and proliferate, which 
is sometimes in conjunction with shortening of telomeres. One of the reasons for the 
cellular senescence is oxidative stress, which is thought to directly lead to photoage-
ing (Liu et al. 2012; Sakura et al. 2013; Velarde et al. 2012; Yun et al. 2011). Yokoo 
et al. found that exposing cells to a pro-oxidant agent (H2O2) impaired telomerase 
function, which eventually resulted in telomere shortening, decreased proliferation 
and cellular enlargement (Yokoo et al. 2004). It also triggered cellular damage path-
ways leading to initiation of photoageing.

	3.	 Degradation of dermal mechanical barriers

Prolonged exposure to the radiation causes damage to skin layers which act as a 
mechanical barrier. The outermost layer of the epidermis, stratum corneum, is 
known as the first line of defence which is damaged by the exposure. The severe 
macroscopic damages by alteration by UV rays include chapping and cracking, 
which lead to infection, scarring and abnormal desquamation. Cohesion and 
mechanical strength of skin cells are associated with intercellular lipids and desmo-
somes. The exposure can markedly decrease the strength of intercellular bridges by 
increasing biochemical alterations in them. These changes lead to decrease in the 
natural ability of resistance thus compromising critical skin barriers (Biniek et al. 
2012). The study also revealed that large doses of UV radiations may inactivate 
carotenoids and promote degradation of dermal collagen and elastin in the skin.

G. Suman and S. Suman



53

5	 �UV Exposure and Skin Cancer

Ultraviolet radiation is considered to be a major etiologic factor in the development of skin 
cancers all around the world; however, people with fair skin are more predisposed. The major 
cause for UV-induced skin cancer is through its immunosuppressive effects.

UV radiations in sunlight and artificial sources like tanning devices and thera-
peutic devices pose a considerable risk in the development of skin cancer (Narayanan 
et al. 2010). UV radiation is the major cause of skin neoplasm in occupationally 
exposed people including farmers, workers involved in the constructions and some 
public service workers too (Young 2009). Ultraviolet radiation causes the highest 
percentage of environmentally induced skin pathologies and skin cancer is one of 
the major consequences. The radiation causes direct and indirect damage 
which result in mutagenesis in skin cells. Shorter UV rays are vulnerable to modify 
DNA covalent pyrimidine bonds, which leads to breaks and change in the nucleo-
tide structure. This DNA lesion distorts the DNA structure and accumulates DNA 
mutation. The skin cell may accumulate 100,000 such lesions in a day. As we dis-
cussed in the above paragraphs, UV radiation damages macromolecules and pro-
duces free radicals. Cyclobutane pyrimidine dimer containing 5-methylcytosine is a 
mutation induced by sunlight in mammalian cells. Studies have showed that these 
photoproducts are more responsible for UVB-induced mutations. The most com-
mon UVB mutagenesis includes deamination of cytosine and 5-methylcytosine 
within cyclobutane pyrimidine dimer. McAuliffe and Blank showed that UVA can 
alter the protein structures of the stratum corneum as it is assumed that structural 
changes in the proteins take place with UV exposure (McAuliffe and Blank 1991). 
The molecular mechanism of UV-induced cancer is still not well understood. 
However, several research studies have showed that UV radiation can activate p38 
mitogen-activated protein kinase (MAPK), Jun N-terminal kinase (JNK) and 
nuclear factor-κB (NF-κB)-associated pathways in skin cells (Muthusamy and Piva 
2013).

The major types of skin cancer reported due to UV exposure are broadly catego-
rized into melanoma and non-melanoma cancers (Sarasin 1999). Melanoma is one 
of the most disastrous skin cancers which accounts for more than 75% skin cancer-
related deaths worldwide. It has a propensity to rapidly metastasize to distant body 
parts. Childhood overexposure to the sun is a major risk and genetic factor and 
immunomodulation are other factors that accelerate the disease progression. 
Another skin cancer type is non-melanoma skin cancers, which are less deadly than 
melanomas. However, if this cancer is untreated it can be equally serious as mela-
nomas. Two major types of non-melanoma skin cancers are basal cell carcinoma 
and squamous cell carcinomas. Basal cell carcinoma typically appears like a small 
nodule with rolled edges and grows slowly. It may penetrate the underlying struc-
tures; however only rarely does it show distant metastasis. On the other hand, SCC 
appears as red and scaly patches or a large mass and spreads rapidly to other parts 
of the body.
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6	 �Prevention Strategies Against UV-Mediated Damage

6.1	 �Dietary Antioxidants

Natural antioxidants in  fruits and vegetables are believed to influence the skin’s 
anti-oxidative defence and might have a role in protection from UV rays as sug-
gested by a few laboratory studies done on animal models. The dietary nutrients that 
promote healthy skin, includes vitamins A, C and E, certain fatty acids and many 
other plant-derived ingredients. These have shown beneficial effects on skin to pro-
tect from other dermatological disorders. For example, vitamin C can induce pro-
collagen activity, decrease pigmentation problems and inflammatory conditions 
against UVA and UVB rays (Poljsak and Dahmane 2012). Biochemically, vitamin 
C also regenerates vitamin E from its chromanoxyl radical (Packer et  al. 1979). 
Selenium and niacin are required for glutathione activity. Studies have shown that 
routine use of green tea or its extract whether in topical or oral form is protective 
against UV rays. Green tea is obtained from the fresh leaves of the plant Camellia 
sinensis. Green tea is rich in polyphenols and catechins. Polyphenols are one of the 
rich sources of anti-inflammatory, anticarcinogenic and anti-ageing potentials. 
Nowadays there is an increasing trend of combining different antioxidants, taking 
exogneous antioxidant orally and appying on skin can be a synergistic prevention 
strategy  against oxidative stress and DNA damge occurred by  UV radiations 
(Poljsak and Dahmane 2012). The effectiveness of green tea improves when taken 
along with vitamin C.

7	 �Cosmeceutical Products

Topical retinoids remain one of the top agents for treating photoageing. Their appli-
cation not only repairs the photoaged skin but also prevents photoageing (Serri and 
Iorizzo 2008). Retinoids promote collagen I synthesis (Griffiths et al. 1993), reorga-
nization of packed collagen fibres (Yamamoto et al. 1995) and an increase in num-
ber of type VII anchoring fibrils. However, topical therapy with retinoids often 
results in unwanted cutaneous dermatitis, including erythema and scaling 
(Mukherjee et al. 2006; Weiss et al. 1988).

8	 �Sunscreen

Sunscreen is a topically applied cream, which is formulated to protect or to treat the 
area from sunburn. It aids our body defence systems to absorb or reflect or scatter 
sunrays and its ability to do so is determined by sun protection factor (SPF). SPF of 
a sunscreen compares the amount of time required to produce sunburn on sunscreen-
protected skin to the same amount of time needed to cause sunburn on an unpro-
tected skin. For example, SPF 15 will take 15 times longer time to redden the skin 
than an unprotected skin. Currently, there are 17 ingredients approved by the FDA 
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to use as sunscreens, which can be broadly categorized as physical and chemi-
cal sunscreens. Physical sunscreens contain some insoluble particles that reflect the 
harmful rays. Chemical filter forms a thin, protective film on the surface of the skin 
to penetrate through absorbing UV rays. Nowadays most of the sunscreens are a 
mixture of chemical and physical ingredients. Some examples of these ingredients 
are avobenzone, ecamsule, oxybenzone, titanium dioxide and zinc oxide.

9	 �Natural Sunscreen

Aloe vera gel, widely used in cosmetics, blocks both UVA and UVB rays and can 
act as the sunscreen. Tomatoes are rich in lycopene, a powerful carotenoid antioxi-
dant. Lycopene may reduce the damaging effect of UV light on the skin. It can also 
boost the protection against both the short-term and cumulative effects of sun expo-
sure (Stahl et al. 2006). Other naturally occurring products like peach, pomegranate, 
almonds and grapes are also rich in polyphenols and have sunscreen action (Kim 
et  al. 2002; Weerakkody et  al. 2010). Forskolin is a plant Plectranthus barbatus 
(Coleus forskohlii) having a pharmacologically active compound which protects 
from UV rays (Amaro-Ortiz et al. 2014).

10	 �Physical Protection

While our body’s natural defences, dietary components and cosmeceuticals do help 
in photoprotection, still additional measures are essential for protection from UV 
rays. These measures include sun avoidance and physical protection. Sun avoidance 
is the limiting exposure during the peak UV hours (10  am–4  pm), avoiding 
UV-reflective surfaces such as sand, snow and water. On the other hand, physical 
protection means preventing the exposure by wearing photoprotective dresses 
(broad-brimmed hat and long sleeves) or blocking UV  rays using filters such as 
UV-blocking films on windows.

11	 �Summary

The solar UV radiation is ubiquitous for human life in the production of vitamin D; 
however, it also causes several ill effects if overexposed. These ill effects include 
DNA damage, photoageing and malignancy. Photoageing and skin cancer have 
been well studied so far. UV radiation is well known to penetrate into the skin to 
initiate photochemical reactions, which leads to detrimental effects. The acute 
effects of UV irradiation are erythema, pain and swelling. However, chronic expo-
sure leads to photoageing. Both common UV radiations (UVA and UVB) show 
adverse effects like premature skin ageing, eye damage (including cataracts) and 
skin cancers. The excessive UV radiation causes genetic mutations as well as dam-
ages DNA that can be a key reason to develop skin cancer. UV radiation induces 
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chemical changes in the cells in which it is absorbed. UV radiations also suppress 
the immune system, thereby reducing  our defence system to cope with skin-
associated problems. For minimizing the mal-effects associated with UV radiations, 
prevention strategies should be emphasized for every individual to prevent UV 
overexposure and resulting pathologies.
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Abstract
This chapter is focused on understanding the role of ultraviolet radiation (UVR) 
and skin pigmentation in aging and cancer. We all are exposed to solar radiation 
reaching the earth surface. Solar radiation reaching the earth surface is mainly 
comprised of visible and ultraviolet radiation. Excessive exposure to ultraviolet 
rays can be detrimental and lead to more severe diseases like cancer. Skin pig-
mentation plays a major role in controlling the effect of radiation exposure. 
People exposed to solar radiation are differentially affected based on the amount 
of pigmentation present in their skin. Melanin pigment present in the skin gives 
the color of skin; i.e., more melanin means darker skin and also absorbs the UVR 
preventing from its harmful effects.

Keywords
Erythema · Electromagnetic radiation · Sunburn · Melanoma

1	 �Introduction

1.1	 �Solar and UV Radiation

Sunlight is the ultimate source of thermodynamically usable energy for the meta-
bolic processes of all the living system. All the living organisms inhabiting the 
earth’s surface have to cope with sun’s radiation. No doubt, sunlight keeps the earth 
warm and with no sunlight, our planet earth will be very cold and lifeless. Light is 
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an indispensable component of all the life forms from the beginning of life. About 
350 years ago, in 1669, Sir Issac Newton discovered that light is comprised of dif-
ferent colors as a crude glass prism can fractionate the white light into various col-
ors. He was able to separate all the colors and created the visible spectrum of 
sunlight through prism, which are the same as found in the rainbow. However, since 
UV rays are undetected by naked eye, it was not until another 107 years that Johann 
Wilhelm Ritter from Jena in Germany discovered the UV component of solar spec-
trum (Barth et al. 1987). In 1801, Ritter was able to demonstrate that the invisible 
component of sunlight lower than the visible violet end of solar spectrum causes the 
strongest chemical reaction on silver chloride and called it ultraviolet rays. He also 
discovered infrared rays on the other side of visible spectrum by showing that black-
ening effect did not occur by blocking just visible spectrum (Herschel 1800). 
However, nobody understood the importance of his discovery and it was passed 
nearly unnoticed. It was only after a gap of about 140 years, during World War II, 
that the sun was recognized as a source of radio waves and ionizing radiation on the 
earth (Menzel 1959).

Ultraviolet light is a type of electromagnetic radiation. The primary source of 
electromagnetic radiation is the sun. They are transmitted in the form of waves or 
particles at varying wavelengths and frequencies, creating the broad range of wave-
lengths collectively known as the electromagnetic (EM) spectrum. The EM spec-
trum is arranged into seven regions with decreasing wavelength and increasing 
energy and frequency. These seven regions of EM spectrum are popularly known as 
radio waves, microwaves, infrared, visible light, ultraviolet (UV), X-rays, and 
gamma rays. UV wavelength range from 200 to 400 nm falls between visible light 
and X-rays under EM spectrum. The range from 200 to 400 nm is further broken 
down arbitrarily into UV-A, UV-B, and UV-C radiations, based on skin reactions in 
human beings. The UV-A portion has the longer wavelength range from 320 to 
400 nm and does not fall in the absorption range of proteins and nucleic acids. It is 
harmless to skin at moderate exposure or in the absence of photosensitizing chemi-
cals. UV-A wavelength range is also referred to as black light and near-UVR. UV-B 
radiation wavelength range is from 290 to 320 nm and falls under absorbance range 
of proteins and nucleic acids. It is erythema on exposed skin and is present in the 
terrestrial solar spectrum. It is also called as sunburn radiation and midrange 
UVR. UV-C radiation wavelength range is from 200 to 290 nm and is biologically 
active. It is completely absorbed by ozone layer and does not reach the earth’s sur-
face. However, because of its germicidal properties, it is frequently generated artifi-
cially at the 254 nm wavelength in low-pressure mercury lamps (germicidal lamps) 
for use in experiments.

Biologically important effects of solar radiation are due to wavelength in the 
290–106 nm range, except in special circumstances such as photo-drug reactions 
and certain disease states. Visible light of the EM spectrum is considered harmless 
and rather essential for normal individuals. Infrared is essentially heat and provides 
warmth. It is still unknown at present if infrared radiation has a role in skin cancer 
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(Lydahl 1984; Jones et al. 1988; Akasaka and Kon 1989). Thus, so far the major 
source of the damaging effects of sunlight is UV portion of the spectrum between 
290 and 400 nm (Kligman 1982, 1986).

1.2	 �Skin and UVR

Despite the unquestioned importance of solar radiation for human survival, most 
evidence to date indicates that sunlight is predominantly toxic to human skin. One 
exception is the important role played by sunlight in vitamin D metabolism in the 
skin. Rickets was observed in population living in areas of less sun exposure. Some 
investigators have suggested that racial patterns of skin pigmentation (melanogen-
esis) vary inversely with need for UV light exposure for vitamin D production 
(Loomis 1967).

UV-B radiation helps making vitamin D and can also inhibit cell mitosis as well 
as induces sunburn. The UV-A radiation is responsible for majority of known pho-
totoxic and photoallergic reactions. Longer wavelength of UV-A (UV-A-I, 340–
400  nm) is less detrimental than the shorter UV-A wavelength (UV-A-II, 
320–340 nm) (NIHCDCS 1989). UV-B exposure was considered as the main cause 
of photo-induced skin cancer but prolonged UV-A exposure can also cause skin 
cancer (Sterenborg and Van der Leun 1990). UVR and other ionizing radiations 
induce double-strand DNA breaks in human epithelioid cells (Peak and Peak 1990). 
UV-A evokes a biphasic erythema response as well as DNA and cell membrane 
damage (Chew et al. 1987, 1988). Light of wavelengths between 250 and 3000 nm 
enters the outermost layer of the skin. The stratum corneum layer of skin itself 
reflects approximately 4–7% of UV radiation because of differences in refractive 
index between air and stratum corneum (Anderson and Parrish 1981). Further atten-
uation of light, specifically shorter UV wavelengths, is carried out in the stratum 
corneum due to absorption by chromatophores such as urocanic acid, melanin, and 
proteins containing aromatic amino acids (tryptophan and tyrosine). About 40% of 
UV-B pass through and get transmitted to the viable epidermis (Everett et al. 1966).

Light gets transmitted to the dermis mainly due to scattering. Visible light get 
significantly absorbed by melanin, carotenoids, bilirubin, hemoglobin, and oxyhe-
moglobin. Longer wavelengths are more penetrative while shorter wavelengths 
lower than 400 nm get extensively absorbed while passing through different layers of 
the skin. The amount of melanin present in skin affects the amount of light that gets 
attenuated, particularly in shorter wavelength range between 300 and 400 nm. Dark-
skinned individuals have 1.5 times more absorption than Caucasians (Pathak 1967). 
Capillary vessels get access close to skin’s surface because of papillary boundaries in 
between the epidermis and dermis. This allows blood and other components present 
in blood get exposed to the light. In an adult human being, within 20 min an equiva-
lent of whole blood volume passing through skin can potentially get irradiated. 
Ocular injury and aging of the eye can also result from exposure to radiant energy 
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due to oxidative stress. Interestingly, because of the presence of various molecular 
species in the eye, different parts of the eye are selective for absorption of wave-
lengths. The cornea absorbs UV-B, lens absorbs UV-A with some UV-B, and retina 
and pigment epithelium absorbs the blue light (Zigman 1993).

1.3	 �UVR and Aging

UV exposure drastically affects skin with almost 80% of visible signs of aging in 
the skin including dry appearance, scalping, wrinkling (Grant 2008) and impaired 
pigmentation, and photoaging. Skin aging also correlates with cancer risk. As per a 
2012 study of Central Europeans, early wrinkling on the neck skin in people is 
linked with four times more susceptibility to melanoma compared to general popu-
lation. Similarly, people with freckled skin on the back showed more than three 
times the risk (Wendt et al. 2012). Skin aging and risk of melanoma are both cor-
related with age and amount of UV exposure. Melanoma usually occurs later in the 
life with average age at the time of diagnosis about 55 with five to over 60 cases per 
100,000 people per year worldwide (Garbe and Leiter 2009). Although melanoma 
mostly occurs at the age of 50–60 years, 20% of the cases occur in young adults 
(Garbe and Orfanos 1990; Bishop et al. 2007). Noticeably, accumulation of muta-
tions caused by UV-induced DNA damage which is the major factor for melanoma 
formation begins with sun exposure early in life; therefore, sun protection in the 
childhood is very important. Melanoma risk is significantly correlated with exces-
sive sun exposure in the early years of life. Structural anatomical differences in 
children skin compared to adults make it easier for UV penetration (Volkmer and 
Greinert 2011). Excessive exposure to UV radiation in childhood increases the risk 
of melanoma in young adults under the age of 30 by over three times. This informs 
that excessive UV exposure can accelerate the initiation of carcinogenesis (Cust 
et al. 2011). Furthermore, according to a detailed study conducted in Sweden on 
over three million people, UV damage starts accumulating as early as in the neona-
tal age. The study also showed that melanoma incidence is more in those born in 
spring and summer compared to those born in fall or winter (Crump et al. 2014). 
Indeed, it is estimated that 80% of lifetime UV exposure occurs before the age of 20 
because of more outdoor recreational activities.

In past few decades, melanoma risk has increased among middle-aged popula-
tion. According to an epidemiologic study in Minnesota, there is 24-fold increased 
risk among population with 60 cases per 100,000 in 2009 compared to just eight per 
100,000 in 1970. Another finding suggests the unfortunate steady increase in inci-
dence among young adults especially young women in the United States (US). For 
young American women aged 15–39, incidences of melanoma have increased two-
fold with 14 out of 100,000 cases per year in 2006 compared to 6 out of 100,000 
cases in 1973 (Purdue et  al. 2008). The main reason for increased incidences of 
melanoma among younger population is the increased use of artificial tanning UV 
sources (Bishop et al. 2007).
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2	 �UVR and Cancer

2.1	 �Sunburns and Melanoma

Overexposure to UV radiation is the main causing factor for skin cancers, and mela-
noma incidences correlate with repetitive chronic UV exposures that cause sunburn. 
Five or more sunburns in a lifetime double the risk for melanoma and sunburns in 
childhood can increase the risk of melanoma as a young adult (Chang et al. 2009; 
Cust et al. 2011; Pfahlberg et al. 2001). The link of sunburn with melanoma either 
suggests the involvement of inflammatory mediators in initiating carcinogenesis or 
that the melanocytes get transformed with intense UV exposure. Unfortunately, sun-
burn is common in adults in the US with over half of all adults suffered from it in 
2013. Sunburn has widespread presence in over 50% of all adults and over 65% of 
fair-skinned young adults under the age of 30 in the US population. Furthermore, use 
of lotions, sprays, and clothing available for sun protection does not help with reduc-
ing the prevalence of sunburn (CDC 2012). Various factors contribute to the risk of 
sunburn including geography, cloud cover, climate, societal norms relating to amount 
of clothing worn, etc. Negligence from parents regarding sun protection correlates 
with incidence of sunburns in children (and indoor tanning use among adolescents). 
Setting up campaigns to educate parents about UV safety might help with prevention 
and protection against UV-induced skin pathologies (Behrens et al. 2013).

2.2	 �Skin Pigmentation

Pigmentation of skin is one of the major visible phenotypic traits in humans. Dark 
pigmentation plays a crucial role in the protection of exposed skin against UV radia-
tion, while in turn UV radiation is responsible for dark skin coloration (Brenner and 
Hearing 2008). Renato Biasutti, an Italian geographer, was the first one to investi-
gate the association between geographical location and skin pigmentation and cre-
ated a world map according to phenotypic trait (Barsh 2003; Jablonski and Chaplin 
2000). Ethnic populations living near to the equator have the darkest pigmentation 
with gradual lightening of skin color with increase in latitude and moving away 
from equator. However, human pigmentation pattern does vary among northern and 
southern hemispheres because of differences in UV radiation. Other hypotheses are 
that the fair skin complexion is a positive adaptation to maximize UV-induced vita-
min D synthesis in climates with limited sun exposure while on the other hand dark 
skin color near equator is selected to protect against strong UV radiation. Sometimes, 
light-colored skin arises due to either sexual selection or relaxation of selection.

Skin pigmentation comes from melanin which is synthesized in an enzymatically 
controlled manner (Simon et al. 2009). Melanin exists in two different forms, eumela-
nin and pheomelanin. Eumelanin is a dark black insoluble polymer while pheomela-
nin is a light red-yellow sulfur-containing soluble polymer. Both eumelanin and 
pheomelanin are indole derivatives of 3,4 dihydroxyphenylalanine (DOPA). The 
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enzyme tyrosinase catalyzes a critical rate-limiting step of tyrosinase oxidation to 
dopaquinone, a precursor of L-DOPA. Various melanocyte-specific enzymes, includ-
ing tyrosine-related proteins TYRP1 and TYRP2 (also known as dopachrome tau-
tomerase, DCT), cause subsequent metabolism of DOPA and its derivatives resulting 
in synthesis of eumelanin. The synthesis of pheomelanin involves production of cys-
teinyldopa through conjugation of dopaquinine by thiol-containing cysteine or gluta-
thione (Yamaguchi et al. 2007). In vitro studies suggest that melanogenesis occurs in 
three distinct steps. First step is the production of cysteinyldopa which is then oxi-
dized to form pheomelanin. Final step is the production of eumelanin which is 
deposited on the preformed pheomelanin (Ito 2003). The ratio of the two forms of 
melanin is maintained through tyrosinase activity and cysteine concentration. The 
level of tyrosinase activity is dependent on melanosomal pH, which is regulated by 
cAMP and α-MSH (Cheli et al. 2009). The type and levels of melanin determine the 
skin complexion and the observed differences in skin color are ultimately caused by 
variations in the genes involved in pigmentation process.

2.3	 �Skin Pigmentation and Aging

As people continue to live longer, the incidence of pigmentary changes due to aging 
will continue to grow. There are many changes that occur in skin pigmentary system 
associated with age. Although chronological aging-related changes are inevitable, 
some conditions like photoaging are preventable. Pigmentary changes are generally 
considered as harmless cosmetic problem. However, some of those conditions are 
cosmetic but can also be premalignant and malignant.

Skin aging is a basic biologic process resulting from genetic programming or 
intrinsic aging as well as cumulative environmental damage. Intrinsic aging is uni-
versal and inevitable as it is attributed to the passage of time. Photoaging is caused 
by cumulative effects of prolonged sun exposure coupled with intrinsic aging. It 
results in skin damage and induction of inflammatory response.

Several pigmentary disorders are associated with the aging process. The amount 
of melanin may increase or decrease with advancing age. Approximately 1–2% of 
all epidermal cells are melanocytes, cells that synthesize melanin. Melanocyte den-
sity is about two times higher in sun-exposed skin compared to unexposed skin. The 
number of melanocytes decreases by 8–20% per decade after age 30 in both sun-
exposed and sun-unexposed skin. Repeated exposure of UV radiation stimulates 
melanocyte growth through upregulation of interleukin 1, interleukin 6, interleukin 
8, tumor necrosis factor α, transforming growth factor β, basic fibroblastic growth 
factor, endothelin derivatives, and nerve growth factor, the last of which is secreted 
by keratinocytes. Keratinocyte gives rise to molecules that have the direct effect on 
melanocyte proliferation and survival. These molecules may also play a role in the 
pathogenesis of dyspigmentation of photoaged skin. Inflammatory mediators like 
leukotriene C1 stimulate melanocyte growth and amend their phenotype, which 
may help explain melanocyte oncogenesis.
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Melanocytes of photoaged skin have many structural changes like nuclear het-
erogeneity, abundant cytoplasmic organelles, and elongation of dendrites. Signs of 
increased cell activity such as increased melanogenesis and large melanosomes are 
also seen in photoaged skin. Sun-exposed melanocytes also go through significant 
cytomorphometric changes such as decreased cell and nuclear size, increased cell 
and nuclear perimeters, and higher degrees of nuclear ellipticity.

Commonly seen pigmentary changes because of age are pigmented growths on 
the face, neck, and body. Seborrheic keratoses (SKs) and dermatosis papulosa are 
few of the most common problems. SK is a benign neoplasm that starts appearing 
between the age of 30s and 50s and increases in size and number with age. SKs are 
considered the best biomarker for intrinsic aging of skin. Dermatosis papulosa nigra 
is a condition of multiple, 1–5 mm dark brown flat-topped papules on the face and 
neck. It is a common condition in African American populations, with approxi-
mately 77% of adults affected by the age of 10–42 years. It is most likely hereditary 
since 54% of patients have a family history of similar lesions. Both the number and 
size of individual lesions increase with advancing age.

Melanocytic nevi lesions occur in childhood and adolescence, reaching peak in 
the second and third decade. The number of lesions decreases with increasing age 
and rarely found in individuals older than 80, replaced by connective tissue 
elements.

Gray hairs are also a common phenomenon with nearly half of the population by 
the age of 50 having at least 50% gray scalp hair. Graying of hairs is due to progres-
sive loss of melanocytes present in hair bulb. Follicular melanocytes in hair get 
depleted more rapidly compared to skin melanocytes probably due to exhaustion 
because of excessive proliferation and melanin synthesis during anagen phase of the 
hair cycle.

All races are more or less susceptible to photoaging. However, Fitzpatrick skin 
phototypes IV to VI in people are less susceptible, which may be due to the presence 
of more photo-protective melanin. In African Americans, lighter-skinned individu-
als are more prone to photoaging with apparent signals that start in the fifth or sixth 
decade of life. Mottled, irregular dyspigmentation is a common symptom of photo-
aged skin of all races; however, mechanisms driving mottled pigmentation are 
unknown. Microscopically, there is uneven distribution of melanocytes with heter-
ogenous distribution of melanosomes within keratinocytes. Photoaging of skin also 
causes both benign hyper- and hypopigmented lesions and malignant lesions.

Another very common phenomenon is idiopathic guttate hypomelanosis, which 
is an acquired hypopigmentary disorder that usually develops after the age of 40 or 
50 and increases with age. Small white patch or plaque commonly found in elderly 
individuals with fair complexion is called as spontaneous stellate pseudoscars. Solar 
lentigo is one of the most common benign sun-induced lesions which increases with 
age. Sun-exposed skin of elderly patients has lentigo maligna which is distinguish-
able as an asymmetrical area of homogenous pigmentation ranging from dark brown 
to black with irregular border. The incidence of developing lentigo maligna increases 
progressively with age, with an average age of onset of 65 years.
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2.4	 �Role of Pigmentation in Cancer

Skin pigment melanin absorbs sunlight and protects against sunlight-induced burns, 
DNA damage, and skin cancer. Melanin has an unusually broad absorption spec-
trum and perhaps also has radical scavenging activity (Kollias et al. 1991). Yet there 
are discrepancies in literature about the protective role of melanin. Blondes and 
redheads with higher ratio of yellow pheomelanin compared to brown eumelanin in 
skin and hairs have twofold to fourfold greater risk of melanoma than dark-haired 
individuals (Williams et al. 2011). Mice lacking melanin do not form melanoma 
after UV-A irradiation (Noonan et al. 2012), and Braf mutant mice with pheomelanin-
associated Mc1re/e allele develop ten times more spontaneous melanomas (Mitra 
et al. 2012). UV-sensitized melanin, especially pheomelanin, triggers apoptosis and 
production of reactive oxygen species (ROS) and DNA strand breaks (Chedekel 
et al. 1978; Takeuchi et al. 2004). Melanin synthesis itself generates ROS, espe-
cially pheomelanin synthesis (Munoz-Munoz et al. 2009). Melanin-induced ROS 
generation is not solely responsible for melanoma development. Majority of muta-
tions in human melanomas have the UV signature of C>T substitutions at sites of 
adjacent pyrimidines (Brash 2015; Krauthammer et al. 2012). Such mutations occur 
from the formation of cyclobutane pyrimidine dimers (CPDs) by joining of adjacent 
pyrimidines to distort the DNA helix (Brash et  al. 1987; Schreier et  al. 2007). 
Genetic disorders of CPD repair, such as in xeroderma pigmentosum, increase the 
risk for childhood melanoma by four orders of magnitude.

Premi et al. (2015) have experimentally shown that melanin can be carcinogenic 
to cells. UV radiation exposure of melanin-containing cells causes induction of 
superoxide and nitric oxide, causing a factor of ~400 peroxynitrite spike that 
degrades melanin. Even hours after initial UV exposure, excited melanin derivatives 
exist in a triplet state with high energy of UV photon. These excited derivatives go 
to the nucleus and transfer their energy to DNA causing mutagenic cyclobutene 
pyrimidine dimes in the dark ultimately leading to cancer-causing mutations.

3	 �Conclusion

Overall, solar radiation reaching the earth’s surface is an inherent part of our life and 
is necessary for our day-to-day activities as well as survival. Exposure to sun is 
almost unavoidable. Although our body has natural protection because of skin and 
its pigmentation, repeated exposure can overcome that with time and will lead to 
more detrimental effects. Aging of skin is an autonomous process and will happen 
with time but excessive exposure to sun can anticipate the process leading to prema-
ture skin aging and cancer. Cancer is one of the most common and lethal effects of 
sun exposure and can be avoidable by minimum exposure, proper clothing, and 
sunscreens.
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Abstract

Vitamin D is also known as the sunshine vitamin for all the good reasons. During 
the skin exposure to sunlight, UVB photolyses 7-dehydrocholesterol of skin into 
pre-vitamin D3 which further gets isomerized into vitamin D3. Human beings 
typically count on sunlight exposure for their total vitamin D need. Skin pigmen-
tation/colouration, use of proper sunscreen, photoaging of one’s skin, particular 
time of the day, seasonal changes/fluctuations and, lastly, latitude hugely influ-
ence synthesis of pre-vitamin D3. Around 50% of total population of the world 
is currently under deficiency of vitamin D according to reports. Vitamin D defi-
ciency may be partially due to inadequate vitamin D-enriched foods and well-
known misapprehension of healthy diet being adequate in vitamin D.  Its 
deficiency is responsible for causing retardation in growth and rickets primarily 
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in kids. Further, in adults it may cause osteoporosis, osteopenia and increased 
risk of fractures. The other severe consequences include cardiovascular disease, 
infectious diseases, autoimmune diseases and common cancers. Thus, for the 
humans, there is a constant need to emphasize on the intake of crucial amount of 
sunlight to fulfil their essential threshold vitamin D requirements for a better 
well-being.

Keywords
Vitamin D · Autoimmune diseases · Osteoporosis

1	 �Introduction

The best-known foods rich in vitamin D are mushrooms, eggs, fatty fishes (eel, 
salmon, tuna and sardines) and fish oils (cod liver oil). In the USA, various food 
items like milk, soy milk and cereal grains come with pre-added vitamin D. There 
is a close association between exposure of ultraviolet radiation (UVR) and vitamin 
D production. Plentiful researches have shown a comprehensible link between sun-
light and vitamin D synthesis in our bodies. Therefore sun exposure is needed to 
synthesize an adequate amount of vitamin D for paramount health of people. 
Similarly, its deficiency may occur due to too little vitamin D in food and drinks, 
lesser time spent outdoors in sunlight and diverse health anomalies that involve 
assimilation/alteration of this vitamin inside the body.

A few people only take adequate vitamin D according to one’s requirements, 
and so most of the population needs some minimal sunlight to enhance their 
vitamin D levels, necessary for a better well-being. Vitamin D is synthesized in 
the skin when UVB radiations react with 7-dehydrocholesterol (Olds et  al. 
2008). The most appropriate wavelength for UV-mediated synthesis ranges 
between 270 and 300 nm. These wavelengths correspond to UV index of more 
than three values.

The time duration an individual requires to make an adequate amount of vitamin 
D for a good health relies on the placement from the equator, season and melanin 
content in the skin; i.e. fair skin requires lesser time than darker skin.

Most individuals will have sufficient levels of vitamin D just by minor exposure, 
yet out of the peak UVR times between 11 am and 3 pm. It is thoughtful that only 
5 min of minor sun exposure daily is adequate enough for an individual who easily 
burns, while up to 20 min is sufficient for a one with darker skin. Globally, sun is 
the prime source of vitamin D and also depends on vitamin D levels present initially. 
At higher altitudes, cold temperature and reduced solar intensity diminish skin’s 
sunlight exposure in the populations; therefore, the type of food intake becomes a 
crucial source of vitamin D in them (Engelsen 2010).
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2	 �Photoproduction of Vitamin D3

During sunlight exposure, UVB gets absorbed by 7-dehydrocholesterol of the epi-
dermis and dermis of the skin. This absorption then causes double bonds excitation 
to open B-ring to form a flexible molecule, pre-vitamin D3. Pre-vitamin D3 gener-
ally has two conformations. Among the two, cis-form being thermodynamically less 
favourable gets converted into vitamin D3. The integration of 7-dehydrocholesterol 
in fatty acid hydrocarbon side chain and polar head group of triglycerides in the 
plasma membrane augments thermal-induced isomerization of pre-vitamin D3 to 
vitamin D3. On sunlight exposure, 7-dehydrocholesterol gets converted to cis-form 
which then isomerizes into vitamin D3. Vitamin D3 gets ejected out of plasma 
membrane into extracellular space, where it enters dermal capillary bed bound to 
vitamin D binding protein.

It has been quite debatable as to whether dietary vitamin D3 is comparable to 
skin-generated vitamin D3. Though both dietary and the skin-generated one have 
the similar biological actions, but as they get metabolized, the half-life of skin-
generated vitamin D3 gets prolonged in the circulation as all of it is bound to vita-
min D binding protein. In the case of dietary vitamin D3, 60% of total is bound to 
vitamin D binding protein; furthermore 40% gets quickly cleared in the lipoprotein-
bound fraction.

3	 �Factors Responsible for the Synthesis of Cutaneous 
Vitamin D

Melanin is a known sunscreen that absorbs UVA (320–400 nm) and UVB (280–
320 nm) radiations, thereby protecting the cellular UV-absorbing biomolecules, viz. 
DNA, RNA and proteins from the phototoxic effects of UVR. Nevertheless, as the 
population drifted towards north and south regions of the equator, a prompt muta-
tion in their skin pigment gene is needed to sustain their ability to make adequate 
vitamin D3 for normal calcium as well as bone metabolism. Melanin is conse-
quently competent in quenching UVB radiation that it noticeably diminishes the 
photoproduction of cutaneous vitamin D3. The melanin (dark) pigment (Africans 
and African-Americans) having skin types 5 and 6 (only tans) very well absorbs 
UVB radiation and lessens the ability of skin for pre-vitamin D3 (95–99%) produc-
tion, in comparison to Caucasians with skin type 2 (sometimes tans, burns mostly) 
(Shaw and Pal 2002). Similarly a sunscreen application with a sun’s protection fac-
tor 15 absorbs UVB radiation (approximately 99%) and, accordingly, reduces cuta-
neous pre-vitamin D3 production by 99%. The angle at which the sunlight hit the 
earth’s surface also has a remarkable effect on the cutaneous photoproduction of 
pre-vitamin D3. Thus, seasonal variations, latitudes, time of the day and the weather 
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conditions dramatically affect the cutaneous photoproduction of pre-vitamin D3. 
Existing above and below in the region of 35° latitude, children and adults can gen-
erate an ample amount of vitamin D3 in their skin during the spring, summer and 
fall. However, fundamentally all of the UVB photons are absorbed during the winter 
months, thus either eliminating or markedly dipping the capacity of the skin to pro-
duce vitamin D3. This is why there is a seasonal variation in circulating levels of 
25-hydroxyvitamin D3 [25(OH)D] which is measured to be the chief circulating 
form of vitamin D. Similarly, in the early morning and late afternoon, as the sun’s 
rays are more oblique, most of the UVB photons get absorbed by the ozone layer.

4	 �Differences Between Vitamin D Synthesis and Erythema

Vitamin D synthesis and erythema both need unprotected skin exposure to UVR, 
but have key differences between the two responses. A primary difference is that of 
the two action spectra. Vitamin D synthesis is a response to UVB radiation (280–
315 nm), while erythema is elicited by both UVB and UVA radiations. Erythema is 
characterized as damage to skin and endpoint of this damage is evident by redden-
ing and blistering of the exposed skin. Vitamin D, on the other hand, is synthesized 
in the skin, enters the circulation and is hydroxylated in the liver to 25-hydroxyvitamin 
D (25(OH)D) (Webb 2006). The concentration of circulating 25(OH)D is measured 
as an indicator of a person’s vitamin D condition, as hydroxylation to the active 
form in kidney, 1,25-dihydroxyvitamin D (1,25(OH)2D), is tightly controlled by 
other factors. Vitamin D synthesized in skin contributes to the concentration of 
25(OH)D in the blood, so increasing exposed skin area will directly increase vita-
min D level. Other organs also possess receptors for 25(OH)D and the cells can 
make 1,25(OH)2D for other health benefits. To expand these benefits the circulating 
25(OH)D must be elevated than the concentrations required to avoid rickets and the 
associated vitamin D intake/production must increase likewise.

Erythema occurs when UV exposure exceeds a minimal erythema dose (MED) 
in a single exposure or exposures collectively. Two sub-erythemal doses in a week 
time are nonadditive for erythema, while the same two exposures on either side of 
lunch hour on the same day could produce an erythemal response due to inadequate 
repair time. All and any exposure may make to cumulative lifetime dose, but avoid-
ing erythema is foremost important in skin cancer prevention and risk reduction for 
malignant melanoma. The absolute UV dose that generates a slight reddening of the 
skin, i.e. an MED, is mainly individual dependent. It is broadly associated with skin 
type and skin colour, but neither is a very exact analyst of MED. The melanin pig-
ment absorbs UVR and prevents it from damaging DNA, or converting 
7-dehydrocholesterol to pre-vitamin D in the preliminary step of vitamin D synthe-
sis, although melanin is not the only determinant of MED (Dowdy et al. 2010). The 
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photochemical production of pre-vitamin D requires adequate UVB photon incident 
on the skin but is then rapid. The pre-vitamin D can be transformed into numerous 
other biologically inert isomers and in sunlight, the pre-vitamin D in this isomer 
mixture never surpasses about 12%. Prolonged exposure is of no benefit further, as 
there is adequate UVB to produce the initial pre-vitamin D and in the next stage 
thermal isomerization to vitamin D will take several hours and does not, therefore, 
remove the pre-vitamin D from the mixture on photochemical timescales (Webb 
and Engelsen 2008).

A broad-spectrum optimal exposure regime for enough vitamin D maintenance 
is a sub-erythemal dose of UVB-rich radiation every day or two. The same rule is 
suitable for avoiding erythema. Regular sun exposure has also shown increased sur-
vival in cases of malignant melanoma, an effect that may be mediated by vitamin D.

5	 �UV Exposure and Adequate Diet: Is It Sufficient 
for Vitamin D Deficiency?

Vitamin D is a crucial nutrient for maintaining a healthy framework of the body as 
it forms a vital part of bone metabolism, calcium and phosphorous homeostasis 
(Holick 1994). There are implications that vitamin D may have numerous other 
health benefits such as avoidance or mitigation of cancer (Grant et al. 2005), auto-
immune diseases (Ponsonby et al. 2005), reduction in hypertension (Pilz et al. 2009) 
and prevention of influenza (Yamshchikov et  al. 2009). Research designates that 
vitamin D stimulates antimicrobial activity (Liu et al. 2006) and thus may alleviate 
certain types of infections. There are vitamin D receptors in many organs (Holick 
2002), and long-term vitamin D deficiency may provoke an extensive range of 
harmful biological effects. Global studies have shown that vitamin D status is low 
across a wide array of populations and age groups at very moderate latitudes 
(Guillemant et al. 2001, Arya et al. 2004). Extremely low vitamin D levels have 
been seen in darker skin individuals (Shaw and Pal 2002). Sole vitamin D intake 
from sunlight and diet are insufficient. Enhanced people awareness along with 
amended policies in the case of vitamin D can improve public health at relatively 
reasonable costs. Figure 1 outlines vitamin D synthesis and its metabolism in the 
body (Holick 2002).

Provitamin D (7-dehydrocholesterol, 7-DHC) is converted to pre-vitamin D in 
the skin by exposure to UVB radiation. The pre-vitamin D is then isomerized by 
body heat to form vitamin D3. Vitamin D3 transported by the blood to the liver gets 
converted to 25-hydroxyvitamin D (25(OH)D). In the kidneys, the formation of the 
active form of vitamin D, 1,25-dihydroxy vitamin D (1,25(OH)2D), is tightly regu-
lated by the parathyroid hormone (PTH). 1,25-Dihydroxy vitamin D is vital for the 
uptake of calcium and mobilization of calcium stores.
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6	 �Comparative Effect of Diet and UV Exposure on Serum 
25-Hydroxyvitamin D (25(OH)D) Level

Holick and co-workers found that one full-body UV exposure causing a slight pink-
ness in the skin (one minimum erythemal dose, 1 MED) is equivalent to oral intake 
in the range 250–625 μg (10,000–25,000 IU) of vitamin D3 (Dowdy et al. 2010). It 
has been often alleged that sufficient vitamin D is acquired after a few minutes of 
sunlight exposure. This is usually correct only when the sunlight is high and equiva-
lent of 400  IU (equivalent to one spoonful of cod liver oil) is acquired through 
exposure. However, many research scientists support higher intake levels of vitamin 
D (1000–4000 IU). These amounts are typically unavailable from normal daily sun 
exposure. The gap between beneficial UV exposure to obtain desirable vitamin D 
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and harmful exposure leading to erythema also narrows i.e. desirable vitamin D 
effective dose approaches 1 MED (Webb and Engelsen 2014). For example, for 
normal summer clothing, the exposed skin (25.5%) needs to be sunburnt to produce 
4000 IU. The skin would then receive a UV dose associated with elevated skin can-
cer risk.

7	 �Conclusion

Human beings have always depended on sunlight for their vitamin D requisite. It 
is inquisitive that on one hand UVB radiation is so beneficial for vitamin D3 syn-
thesis and on the other hand is the chief cause of non-melanoma skin cancer. The 
extreme exposure to sunlight and the number of sunburns are mainly accountable 
for the frightening increase in non-melanoma skin cancer. Vitamin D may pose 
health implications by location, latitude and time of the year, where quite a few 
studies have related the development of various diseases, due to vitamin D defi-
ciency, with topography and season. Most experts agree that at least 800–1000 IU 
of vitamin D/d is needed for all children and adults to help sustain healthy blood 
levels of 25(OH)D of >30 ng/mL. It is difficult to obtain this amount of vitamin D 
from dietary sources and also unrealistic to advocate that all human beings on the 
planet boost their vitamin D intake to 1000 IU of vitamin D/d and also avoid all 
direct sun exposure. There needs to be moderation in the commendation regarding 
safe sun exposure related to vitamin D deficiency pandemic. Increased food 
enrichment with vitamin D and encouraging both children and adults to augment 
their vitamin D intake from a vitamin D supplement of 1000 IU/d along with sun 
exposure is needed. The collective effects of UVR and diet on vitamin D status 
should be investigated more meticulously, both in laboratory environments and at 
the inhabitant level.
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Abstract
Solar radiation is an ultimate source of energy for the existence of life on earth. 
The UV radiation is a part of solar radiation that acts as a carcinogenic agent by 
the formation of cyclobutane pyrimidine dimers (CPDs). Earlier studies docu-
mented the mechanism of CPD formation in the presence of UV light instantly 
but recent studies showed the damage of DNA is continuing even after the expo-
sure of UV light till hours. The mechanism of this delayed or dark CPD resem-
bles with chemiluminescence process. The study further detailed the key role of 
melanocytes in this process of dark CPD formation by chemiexcitation of mela-
nin pigment. Melanin gets excited to higher energy level after UV exposure by 
the production of free radicals like nitric oxide and superoxide. Thus, this excita-
tion of melanin pigments is responsible factor for damage of DNA after exposure 
of longer wavelength of UVA which ultimately promotes melanoma 
pathogenesis.
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1 	  �Introduction

Sunlight exposure is widely known environmental nuisance for expansion of cuta-
neous malignant melanoma (Jhappan et  al. 2003). These favor the formation of 
CPDs (cyclobutane pyrimidine dimers) and pyrimidine (6–4) pyrimidone photo-
products with interactions between UVB and the melanocyte genome. Moreover, 
UVA composes about 95% of the total UV radiation reaching the earth surface and 
includes approximately 10–20% of the carcinogenic fraction in sunlight (Valencia 
and Kochevar 2008). Though longer wavelength of UVA is comparatively lower 
energetic than UVB but having high penetration power and penetrates till the dermis 
of the human skin. The popularity of tanning salons has increased the UVA expo-
sure to human beings in recent years and most of the sunscreen lotion contents only 
UVB filter, thus again exposing with UVA radiation (Haywood et al. 2003).

The role of UVA in cyclobutane pyrimidine dimer formation in mammalian cells 
has also been documented (Mouret et al. 2006). Prolong exposure of UVA radiation 
preferentially induced more CPD formation than UVB via a triplet energy transfer 
mechanism of photosensitization (Mouret et  al. 2006). However, it was recently 
reported in the science that over half of the CPDs in skin arise from a slow process 
in which UVA or UVB exposure triggers enzymatic events that continue for hours 
after UV ends, chemically exciting an electron of pigmented melanin to a quantum 
triplet state (“chemiexcitation”) which has the same high energy as a UV photon 
(Premi et al. 2015). This energy rapidly transfers to DNA, making CPDs without 
photons.

Chemical excitation of an electron to a high-energy quantum triplet state starkly 
contrasts with ordinary chemistry, in which molecular collisions excite to rotational 
or vibrational states to manyfold lower energies. It deals numerous checkpoints for 
preventing the formation of dark CPDs: by blocking enzyme activation, quenching 
reactive oxygen and nitrogen species and quenching triplet state energy earlier, it 
can transfer to DNA. Chemiexcitation also proposes fresh roots for peculiar differ-
ences in melanoma risk, afar skin darkness and DNA repair: polymorphisms in 
photoinduced signaling, enzyme induction, scavenging systems, chemical reactivity 
of diverse melanin types and inherent triplet state quenchers. An unusual asset of 
excited state has been reported (Turro et al. 2010). Apart from high energies, the 
shapes of the molecule’s electron orbitals are changing radically, changing the spa-
tial constraints on reactions and accepting reactions that cannot take place at room 
temperature. In addition, only one of the two oppositely spinning electrons in an 
electron pair is excited; the now-unpaired electrons resemble two free radicals, 
which are chemically reactive.

An unexpected finding was that melanocytes were more resistant to direct UVA 
oxidative stress and the least efficient generator of bystander signaling while they 
were also paradoxically the most vulnerable recipients of bystander stress. The level 
of oxidative stress experienced by melanocytes within the epidermis may thus be 
profound considering every melanocyte is embedded within a matrix of B36 kerati-
nocytes (Seiberg 2001) and deeper fibroblasts.
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Study also disclosed that stress from direct UVA exposure might be reduced in 
melanocytes because of melanin (Redmond et al. 2014). There is a fresh report that 
hypopigmented melanocytes from the slaty mouse (Dct mutation) show sharp oxi-
dative sensitivity to UVA irradiation (Wan et al. 2009), although melan-c2J melano-
cytes are completely devoid of both eumelanin and pheomelanin due to a 
homozygous Tyr mutation (Bennett et al. 1989). Previous study also presented that 
UVA convinced more membrane permeability and lipid peroxidation in unpig-
mented melanocytes (i.e., melan-c) compared to pigmented ones (i.e., melan-a) and 
more ROS in fibroblasts compared with melanocytes (Kvam and Dahle 2003).

UVA radiation has been established to play a vital job in increasing melanogen-
esis, via initiation of oxidative stress and weakening of antioxidant defense in mela-
nocytes (Baldea et al. 2009; Panich et al. 2012); development of antioxidant defense 
system to manage with the overwhelmed oxidative stress could thus be one of the 
effective and safe approaches to constrain melanogenesis and photoinduced skin 
damage.

UV irradiation along with alpha-melanocyte-stimulating hormone can trigger an 
immediate stimulation of tyrosinase activity and increase biosynthesis of melanin 
through transcriptional and translational upregulation of tyrosinase probably 
through ROS-mediated pathways (Legros et  al. 1981; Peng et  al. 2014; Zi et  al. 
2009). Findings showed that UVA irradiation was capable to incite melanin produc-
tion and activity and protein level of tyrosinase in association with oxidative stress, 
indicated by enhanced formation of ROS and 8-OHdG as well as GSH depletion.

The antioxidant and UVA filter might potentially provide early protection against 
UVA-induced oxidative stress in correlation with enhanced melanogenesis, proba-
bly through indirect regulation of Nrf2-ARE pathway. Moreover, the study showed 
quercetin (a dietary phenolics), to yield the inhibitory effects at lower doses, indi-
cating that quercetin a powerful antioxidant having solid UVA absorption property 
may produce the greatest protective effects on UVA-induced melanogenesis, oxida-
tive damage and downregulation of Nrf2 and its downstream antioxidants. Hence, 
abilities to reverse impaired Nrf2 signaling pathway are probably associated with 
antioxidant capacities of photoprotective agents (Chaiprasongsuk et al. 2016).

Oxidative stress encouraged by ultraviolet A (UVA) radiation has been acknowl-
edged to play a decisive role in physiological and biological stress responses includ-
ing dysregulation of melanogenesis in melanocytes and/or melanoma cells (Panich 
et  al. 2011). Though melanin production predominantly controlled by tyrosinase 
shows a constructive role in protecting the skin against detrimental effects of UV 
radiation.

Although melanin showed photoprotective properties, study revealed that exces-
sive formation of melanin could be harmful, in particular following UV exposure 
(Swalwell et al. 2012). The role of UVA radiation has been verified in increasing 
melanogenesis somewhat through induction of oxidative stress and impairment of 
antioxidant defense in melanoma cells (Slocum and Kensler 2011); improvement of 
antioxidant defense system to cope with the overwhelmed oxidative stress could 
thus be one of the effective and safe approaches to inhibit melanogenesis and pho-
todamaged skin. Nrf2- nuclear factor and significant transcription factor are 
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governing the antioxidant response in various tissues including the skin. The skin 
has been reported to play a beneficial role in cellular function and integrity by 
shielding skin cells plus melanocytes against oxidative insults predominantly from 
UV radiation (López-Camarillo et al. 2012). The author has made attempts to foster 
efficient photoprotective agents targeting Nrf2. Highly pigmented, dark skin is more 
defiant to the injurious effects of environmental UV exposure than light-colored 
human skin, although the extent to which tanning shields skin from harmful effects 
including initiation of skin cancer is not acknowledged. Previous work  has also 
investigated whether the skin pigment (melanin) sensitizes or protects isolated DNA 
or nuclear DNA in melanoma cells from the induction of the premutagenic oxida-
tive damage of DNA, by UVA exposure. Synthetic eumelanin sensitized isolated 
DNA to induction of the oxidative damage of DNA by UVA, but it also induced the 
oxidative damage of DNA base in the dark. To know the role of natural melanin of 
mammalian melanoma cells in the initiation of oxidative damage of DNA base, 
synthesis of melanin was modulated 5–7-fold in the GLL19 (human melanoma 
cells) and IGR1 (contain both pheomelanin and eumelanin) in the mouse melanoma 
cells B16 (contain mainly eumelanin).

Psoralens and ultraviolet A radiation is a potent inducer of melanogenesis in 
normal human skin. Oral administration of psoralen followed by sunlight UVA 
radiation (PUVA) enhances human skin pigmentation (Fitzpatrick 1989). This 
PUVA-induced epidermal melanin pigmentation is a more effective filter than a tan 
induced by UVB (Gschnait et al. 1978). In addition, PUVA induces repigmentation 
of the hypomelanotic lesions of vitiligo (Albert et al. 1982), by stimulating prolif-
eration and or migration of follicular melanocytes (Ortonllc et al. 1983). The effect 
of PUVA on the enzymes regulating melanogenesis is not understood. Burchill et al. 
(1990) showed that the amount of tyrosinase, the rate-limiting enzyme of melano-
genesis, is increased in human skin biopsies after several weeks of PUVA therapy. 
Tyrosinase, the first enzyme described to regulate melanogenesis, initiates melano-
genesis by catalyzing the conversion of tyrosine to L-3, 4-dihydroxyphenylalanine 
(DOP A) and then to dopaquinone. Synthesized as a precursor form of 55  kDa, 
tyrosinase undergoes extensive posttranslational modifications in the Golgi appara-
tus where, after glycosylation, it is found as a mature form of about 70 kDa (Hearing 
et al. 1978).

A significant UVA dose-dependent increase in tyrosinase activity and melanin 
synthesis occurs after 6 days of PUVA treatment. Compared to S91, melanocytes 
require higher doses of UVA irradiation to stimulate melanogenesis and the increase 
in their tyrosinase activity remains proportionally lower. UVB exposure may cause 
a similar refractoriness of melanocytes (Friedmann and Gilchrcst 1987) that enhance 
basal tyrosinase activity in melanocytes, which resulting in reduced effective to 
PUVA than S91 cells. 

UVA-induced single-strand break in human melanocytes was measured in human 
melanocytes varying only in the amount of pigment produced by culturing at differ-
ent concentrations of L-tyrosine, low (0.01 mM) and high (0.2 mM), the main pre-
cursor of melanin. Pheo and total melanin contents of the cells were also examined 
through two melanocyte cultures derived from a skin type I and a skin type VI 
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individual. The correlation study between UVA-induced genotoxicity and pheo and 
total melanin content showed that the skin type VI melanocytes contained ten times 
more total melanin and about seven times more pheomelanin than the skin type I 
melanocytes. The study further revealed that UVA sensitivity is increasing with 
melanin concentration of melanocytes. Increase of tyrosine level in the culture 
medium ensured the rise of both pheo and total melanin levels in melanocyte cul-
tures and the melanin composition of skin type I melanocytes became more phe-
omelanogenic than type VI, although type VI melanocytes remained the same. 
Study further revealed the skin type VI melanocytes cultured in basic medium dem-
onstrated a very high sensitivity to UVA exposure, which may be due to their high 
pheo and total melanin content. Initially, the sensitivity of UVA toward melanocytes 
increases with increasing melanin concentration but unaffected at very high tyrosine 
concentration. UVA sensitivity did not change after raising their melanin content by 
culturing at high tyrosine level. Although this result is not applicable for type 1 skin, 
the skin type I melanocytes proven sensitivity toward UVA when cultured in basic 
medium, but by increasing their melanin content increase in their UVA sensitivity 
reported. Thus, UVA-irradiated cultured human melanocytes are photosensitized by 
their own synthesized chromophores, probably pheomelanin, or by melanin inter-
mediates (Wenczl et al. 1998).

Finally come to the conclusion that enhanced melanin synthesis did not protect 
against UVA-induced damage of DNA bases. Instead, human melanocytes favor 
two times more 8-hydroxydeoxyguanosine by exposure of UVA than cells with 
lower melanin content. Moreover, pre-irradiation of the human melanoma cells, 
which content both eumelanin and pheomelanin (IGR1) with UVA for 4-h exposure 
earlier a second exposure of UVA, produced an altered quantity of stimulated 
8-hydroxy-deoxyguanosine reliant on the melanin concentration of the cells. Thus, 
UVA-induced initiation premutagenic oxidative damage of DNA base is due to 
stimulation of melanin synthesis but not melanin itself (Kvam and Tyrrell 1999).

The study also reveals the key role of peroxynitrite in the excitation of an elec-
tron of pigmented melanin to triplet state and thus favors dark CPD formation. 
When DNA base thymine or cytosine absorbs UV photons, a mutation in melanoma 
arises as an immediate effect and resulted in the formation of cyclobutane pyrimi-
dine dimers (CPDs). The concept of dark CPDs has arisen after prolonged exposure 
of melanocytes with UVA.  These “dark CPDs” are predominant in melanocytes 
with pheomelanin (responsible for red hair) of human and murine melanocytes as 
well as in mouse skin. Further mechanism revealed that formation of dark CPDs 
arises by peroxynitrite, a combination of reactive oxygen and nitric species, which 
is initiated by UV radiation and having the capacity to excite an electron to the trip-
let state. Thus, it coined the term “chemiexcitation” which is responsible for biolu-
minescence in lower organisms. Excitation of electron in the fragments of pigmented 
melanin, generating a triplet state energy level, possesses the energy of a UV photon 
and, finally, initiates DNA photoproduct (CPDs) via energy transfer to 
DNA. Comparatively less energetic UVA and peroxynitrite play a key role in per-
meabilization of the nuclear membrane, therefore permitting entrance to melanin. 
Thus, it proved melanin an evidently carcinogenic as well as protective property. 
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The study also revealed that chemiexcitation activates pathogenesis in internal tis-
sues since the identical chemistry ought to occur wherever near melanocytes trig-
gered by superoxide and nitric oxide (Brash 2016). In the biological system, excited 
states are characteristically touched, when two pyrimidines (thymine or cytosine) 
present simultaneously and are exposed to UV photon, which results in excitation 
of an electron to produce CPDs. Thus, such DNA photoproduct is a source of muta-
tion by linking two adjoining bases of DNA and, finally, distorted the DNA double 
helix, controlling alterations or favoring cell death mechanism. In lower organ-
ism the bioluminescence ATP can stimulate electrons chemically “chemiexcitation” 
and excited-state energy to releases to visible light. Study further reported that 
numerous chemical and enzymatic reactions are found to be capable of chemiexci-
tation without ATP. The nevertheless conflicting result has been found in case of 
chemiexcitation in mammals. Freshly reported that chemiexcitation really happens 
in the melanocytes (responsible for hair and skin color) of mammalian. It is trailed 
by the biophysical transmission of the energy to DNA and helps in the formation of 
CPDs and showed interconnected to melanoma growth (Premi et al. 2015).
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Abstract
Melanoma is notorious and very aggressive skin cancer which is well known for 
its multidrug resistance. Thus, patients having melanoma have a low survival 
rate. Traditional anticancer treatment for melanoma with dacarbazine, interleu-
kin-2 and interferon-alpha-2b, etc., showed low response and survival rates. 
However, recently targeted nanoparticle-based therapy displayed good response 
with better survival rates in melanoma-bearing patients. Better survival rate with 
very low adverse effects has been observed with targeted nanomedicines in ani-
mal models. Thus, numerous nanomedicines are currently under clinical trials 
worldwide.
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1	 �Introduction

Skin cancer is mostly prevalent in Caucasian race and one of the aggressive cancers 
among all types of cancers (D’Orazio et  al. 2013). Skin cancers are mainly two 
types depending on their originate area and clinical behavior: a) nonmelanocytic 
skin cancers (NMSC) and b) malignant melanoma (MM) (Simões et  al. 2015). 
NMSC is again two types: basal cell carcinoma (BCC) and squamous cell carci-
noma (SCC). Melanoma is one of the most notorious and aggressive skin cancers 
and generates from melanocytes. Multidrug resistance (MDR) is very common in 
the case of melanomas. In 2014, ~ 77 thousand new cases of melanoma were 
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diagnosed in the United States (http://www.cancer.gov/cancertopics/pdq/treatment/
melanoma/patient). According to National Cancer Institute of America (NCIA), 
melanoma is seventh and fifth diagnosed malignancies among women and men, 
respectively (http://www.cancer.gov/researchandfunding/snapshots/melanoma).

2	 �Skin Cancer

2.1	 �Nonmelanocytic Skin Cancer (NMSC)

2.1.1	 �Basal Cell Carcinoma (BCC)
Worldwide, nearly 3 million new cases of NMSCs are reported in the USA only 
(Medical Center University of California 2007). The important etiological factors 
behind NMSCs are UV light, chemical carcinogens, and ionizing radiation. Among 
all NMSCs, 80–85% is due to BCC and most common type of skin cancer. 
Superficial BCC looks like a subacute or chronic dermatitis with red, slightly wrin-
kled, and scaled appearance on the most exposed areas (Goldberg 1996). The shape 
can be oval or round with a poorly defined border and the center can be fibrotic.

2.1.2	 �Squamous Cell Carcinoma (SCC)
On the other hand, 15–20% of NMSCs include SCC where the growth shows local 
destructiveness and invades in surrounding tissue and, thus, causes more death than 
BCC (Narayanan et al. 2010a). Occurrence of SCC is gradually increasing; however 
the rate depends on geographic position (Lomas and Bath-Hextall 2012). The fac-
tors behind SCC development can be categorized into extrinsic (UVA, human papil-
loma virus (HPV), ionizing radiation, and chemical substances) and intrinsic 
(genodermatoses, preexisting skin lesion, immunosuppression, and preexisting 
actinic keratosis).

2.2	 �Melanoma

Malignant melanoma (MM) develops from the transformation of melanocytes 
which produce melanin, skin pigment. The melanoma is very much prevalent among 
light-skinned population and is excessively exposed to sun radiation. The melanoma-
affected countries are Australia, Europe, United States, Slovenia, etc. The diagnosed 
melanoma patients per 100,000 people are 50, 10, 20, and 23 for Australia, Europe, 
United States, and Slovenia, respectively. It has been found that occurrence of 
malignant melanoma among females is more than males in Slovenia (Slora 2016). 
However, MM is more frequent in males than in females worldwide. According to 
2010 report, the risk factor for developing MM of Caucasian population is 16 times 
more than in Afro-Americans and 10 times greater than in Latin-Americans 
(Narayanan et al. 2010b). The most important etiological issues are UV light, con-
stitutional factors (race, pigmentation, and genetic predisposition), and other factors 
(occupation, smoking, diet, endometriosis, oral contraceptives, TNF inhibitors, etc.) 
(Sachdeva 2009).

L. Ray

http://www.cancer.gov/cancertopics/pdq/treatment/melanoma/patient
http://www.cancer.gov/cancertopics/pdq/treatment/melanoma/patient
http://www.cancer.gov/researchandfunding/snapshots/melanoma


89

2.2.1	 �The Main Factors for the Development of MM

Skin Type
The risk of MM depends on the skin type. Light skinned are in the highest risk, i.e. 
1 person out of 40, while Latin-Americans are in the lower risk, i.e. 1 person out of 
200, and dark-skinned people, having more melanin, are in the lowest risk, i.e. 1 in 
1000. Figure 1 depicts the different Caucasian skin types and among them types 1 
and 2 are in the highest risk. Acral lentiginous melanoma, a type of skin melanoma, 
usually arises in dark-skinned population, which is mostly observed on palms, soles 
of feet, in the oral mucosa, and under the nails, less exposed to sunlight.

Sun Radiation
The risk of NMSC and MM depends on both UV exposure and skin type as both 
UVA and UVB, natural or artificial, are cancerogenic. Although UV radiation is 
desired in vitamin D generation, strong and long exposure of UV radiation damages 
genes and suppresses immune system (Simões et  al. 2015). Artificial tanning is 
banned as it is carcinogenic.

Nevi
The atypical nevi also contribute as the risk factor of MM development along with 
UV exposure and skin type. Generally, nevi, uneven color and shape and larger than 
6 mm diameter, are the risk factor for MM development. Atypical nevi syndrome is 
called where a person is having >50 atypical nevi. The presence of several atypical 
nevi increases MM risk ~fivefold. Therefore, removal of atypical nevi is not advis-
able (Simões et al. 2015).

Age
Usually, the chance of MM development increases with age (approximately 
62 years); however, teens and adults are also susceptible toward MM (Slora 2016).

Gender
Worldwide, men are more at risk (1.5 times) toward MM than women; however, 
Slovenians are the exception where the female is in higher risk than the male (Slora 
2016).

Fig. 1  According to Fitzpatrick and Sober (Fitzpatrick and Sober 1985), skin type (1) rarely tans 
and always reddens; type (2) frequently reddens and tans rarely; type (3) slightly reddens and tans 
gradually; type (4) reddens rarely and tans easily; type (5) reddens rarely and tans easily; type (6) 
never reddens
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Immunosuppression
Immunosuppression is also another criterion behind MM development. 
Immunosuppressed individual is higher risk to MM (Onkolõski Iñstitut Ljubljana, 
Rak v Sloveniji 2012).

Previously Removed
Formerly removed MM patients are 3–7% higher risk for new MM development 
(Onkolõski Iñstitut Ljubljana, Rak v Sloveniji 2012).

Family History
Family members are ~5–10% in higher risk for the development of MM when one 
or two persons in the same family are MM affected. Mostly, BRAF (50% mutation), 
NRAS (~30%), KIT (~1%), p53 (~5%), PTEN (~50%), MC1R, CDK4, CDKN2A, 
POT1, TERT, and BAP1 genes are found mutated in the case of MM development.

If color, shape, or size of the nevus changes or it bleeds/itches, or pains, nevus 
has the potential to develop MM. For long-standing nevus, ABCDE (asymmetry, 
border, color, dimension, and evolution) (Califano and Nance 2009) criteria should 
be noticed closely.

Current therapy includes surgery followed by chemotherapy; however, recur-
rence and multidrug resistance are the challenges. Fortunately, nanotechnology 
development played a pivotal role in chemotherapy and targeted chemotherapy. 
Small-size nanoparticles show enhanced permeability and retention (EPR) effect 
and stay longer time inside systemic circulation. Thus, the uptake of drug-loaded 
nanoparticles is higher than bulk drug.

Nanoparticle (NP)-Based Drug Delivery to Melanoma
Nanoparticle-based drug delivery to melanoma permits therapeutic drugs to accu-
mulate specifically in tumor sites without leading severe adverse effects. NP-based 
drug delivery to melanoma can be three kinds: passive targeting, active targeting, 
and triggered drug delivery responsive to different internal/external stimuli. Passive 
targeting occurs through EPR effect, where the tumor vasculature is leaky in nature, 
and NP-based drug can be accumulated in the target area (Matsumura and Maeda 
1986). On the contrary, NP-based drug interacts with tumor cell surface receptors 
and accumulates inside the tumor cells specifically in active targeting in active tar-
geting. Basically, in the case of active targeting, NPs are modified with targeting 
ligands, such as antibodies, peptides, nucleic acid-based ligands, or small mole-
cules, which bind to receptors overexpressed on the tumor cell surface (Yu et al. 
2010). Therapeutic drug delivery through active targeting is more specific to target 
tissues than passive targeting. By blending bio-responsive NPs with internal or 
external stimuli (such as hyperthermia, pH gradient, light, alternating magnetic field 
and acoustic), drug release can be successfully attained. These types of NPs are 
intended to only release the melanoma-specific drugs upon applying internal or 
external stimuli, therefore maximizing drug release at the specific sites of tumors.
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Passive Targeting to Melanoma Cells
Docetaxel (DTX) was attached to carboxymethyl chitosan (CMCS) by a biodegrad-
able linker to obtain CMCS-DTX conjugates which displayed enhanced antitumor 
effect than DTX alone which prolonged survival time of B16 melanoma-bearing 
mice significantly (Liu et al. 2013). According to Zhang et al. (Zhang et al. 2011), 
PTX loaded in Pluronic P123 and F127 block copolymer nanoparticle (PF-PTX) 
significantly inhibited tumor growth and prolonged the survival time in pulmonary 
and subcutaneous B16-F10 melanoma model than Taxol. DOX-loaded monometh-
oxy poly(ethylene glycol)-poly(epsilon-caprolactone) (DOX/MPEG-PCL) micelles 
showed increased cytotoxicity of DOX in B16 melanoma cells. DOX/MPEG-PCL 
NP showed significantly improved antitumor activity with less adverse effects in 
melanoma xenograft model compared to free DOX (Zheng et al. 2011). NP also has 
been used to deliver siRNA and DNA to melanoma cells using chitosan. Yang et al. 
(Yang et al. 2011) delivered VEGF-siRNA successfully to melanoma cells by using 
chitosan (CTS/siRNA) NPs and CTS/siRNA NPs showed significant transfection 
efficacy with enhanced VEGF gene silencing efficiency in B16-F10 melanoma cells 
with no cytotoxicity. A cationic micelle NP, PEG-poly(propylene sulfide)-
poly(ethylene imine) (PEG-PPS-PEI), delivered plasmid DNA (pDNA) to mela-
noma cells which displayed enhanced transfection efficiency compared to naked 
pDNA with less cytotoxicity (Velluto et  al. 2011). Liposome-based nanocarriers 
have also been used for passive targeting drug delivery to melanoma. Both cytocha-
lasin D and N,N,N-trimethylphytosphingosine-iodide (TMP-I) are anticancer drugs 
for melanoma but severe toxic effects limit their medical use in clinic. However, 
nanoencapsulation of cytochalasin D efficiently inhibited tumor growth and pro-
longed melanoma-bearing mice survival (Huang et al. 2012). TMP-I nanoparticles 
not only inhibited melanoma tumor growth but reduced angiogenesis also (Song 
et  al. 2012). Nanoformulation of melittin, venom of honeybee (Apis mellifera), 
showed significant reduction of tumor growth in murine melanoma model with 
apparent no toxicity (Soman et al. 2008a, b, 2009). Huang et al. (2013) also reported 
that α-melittin-based lipid NP (α-melittin-NP) displayed safer dose, reduced tumor 
growth in melanoma-bearing mice, compared to free melittin.

Active Targeting to Melanoma Cells
The effective targeted therapy over passive targeting is the use of antibodies (bio-
therapeutics) which binds to the receptor molecules overexpressed on the mela-
noma cell surface. BIND-014 is one of the antibodies which has been used to 
selectively bind to melanoma receptors. Again, Ep1, monoclonal antibody, was con-
jugated with cisplatin and encapsulated inside ferritin cage (HFt–Pt–Ep1). Since 
Ep1 is the antibody of CSPG4, HFt–Pt–Ep1 NP selectively binds with CSPG4 (+) 
melanoma cell line but not to CSPG (−) breast carcinoma cell line. The human 
melanoma-specific antigen CSPG4 was conjugated to a single cisplatin-encapsulated 
ferritin cage (HFt–Pt–Ep1). HFt–Pt–Ep1 demonstrated specific binding to a CSPG4 
(+) melanoma cell line, but not to a CSPG (−) breast carcinoma cell line (Falvo 
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et al. 2013). Melanocortin receptor-1 (MCR-1), laminin receptor, fibroblast growth 
factor receptor (FGFR), sigma receptor and somatostatin receptor (SSTR), etc., are 
common receptors that can be used for active targeting of melanoma treatment. 
Truncated FGF was loaded inside PEGylated liposomes and PTX/DOX co-
encapsulated and used for active targeting which showed enhanced accumulation in 
melanoma tissues but less concentration in other organs such as the heart, kidney, 
and lung compared with nontargeted liposomes or free PTX and DOX (Cai et al. 
2012; Chen et al. 2010a). Octreotide is known to be overexpressed on the melanoma 
cell surface. DOX encapsulated octreotide-PEG-phosphatidylethanolamine (Oct-
PEG-PE)-based liposomal NP displayed a large amount of DOX accumulation 
inside the melanoma cells (Sun et al. 2010). Again, 5-fluorouracil (5-FU)-loaded 
Tyr-Ile-Gly-Ser-Arg (YIGSR) peptide-based PEGylated nanospheres target specifi-
cally laminin receptors and showed reduction in tumor growth in B16-F10 mela-
noma mice model compared to nontargeted liposomes and free 5-FU (Dubey et al. 
2010). Etoposide also targets laminin and etoposide-loaded NP significantly targets 
melanoma tissues (Ukawala et  al. 2012). The first Tf receptor-targeted NP is 
CALAA-01 for siRNA delivery and showed enhanced antitumor effect in mela-
noma model. c-Myc or c-Myc/MDM2/VEGF siRNA delivery done by sigma recep-
tor is targeted by N,N-distearyl-N-methyl-N-2-(N′-arginyl) aminoethyl ammonium 
chloride (DSAA) NPs and displayed increased antitumor activity in melanoma mice 
model (Chen et al. 2010b; Yang et al. 2012). Interestingly, MCR-1 receptor-targeted 
NPs loaded with thymidine kinase gene (HSVtk) showed significant melanoma 
growth inhibition compared to nontargeted polyplexes (Durymanov et  al. 2012). 
Although actively targeted NPs are promising in clinical trial phases I and II, till 
now there are no actively targeted NPs available in the market.

Integrin Targeting
Usually, a wide range of integrins like αvβ3, αvβ5, α5β1, etc., are overexpressed on 
melanoma cell surface. Integrins are important in tumor growth, invasion, angio-
genesis, and metastasis. Therefore, finding good target is important for the treat-
ment of melanoma by active targeting (Bergers and Benjamin 2003; Desgrosellier 
and Cheresh 2010). Arginylglycylaspartic acid (RGD), a peptide, is responsible for 
cell adhesion and has high affinity toward integrin αvβ3. RGD peptide is very popu-
lar in the case of integrin targeting. Cyclic RGD peptides were modified with 
PEGliposomes to target melanoma actively. Antitumor drug (DOX) and antivascu-
lar agent combretastatin A4 (CA4) were encapsulated inside the cyclic RGDyK NP 
and showed enhanced antitumor and antiproliferative effect in melanoma (B16-
F10) cells compared to nontargeted and free drug-treated groups (Wang et  al. 
2011a). According to Wang et al. PTX and CA4 encapsulated cRGDfK peptide and 
displayed significant inhibition of tumor growth (Wang et al. 2011b). Again, integ-
rin α5β1-targeted DOX-loaded liposomal NP displayed enhanced antitumor activity 
in B16-F10 melanoma-bearing mice than with nontargeted and free drug groups 
(Dai et al. 2012). It is evident that dual targeting NPs are more significant toward 
tumor inhibition than mono-targeting. Both integrins αvβ3 and α5β1 were targeted 
by 12-amino acid synthetic peptide C16Y which showed enhanced antitumor 
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activity in B16 melanoma-bearing mice. However, antitumor activity of dual target-
ing peptide C16Y was significantly higher in case of liposomal C16Y NPs in mela-
noma mice (Hamano et  al. 2012). Similar observation was obtained when 
galectin-1-specific anginex [Anx] and αvβ3 integrin-specific RGD were attached to 
liposomes and displayed significantly synergistic antitumor activity in B16-F10 
melanoma-bearing mice than Anx and RGD-targeted liposomes (Kluza et al. 2012). 
Recently, DTX-conjugated TH10 peptide (TAASGVRSMH) NPs exhibited target-
ing ability toward NG2 which is a proteoglycan receptor overexpressed in B16F10-
luc-G5 melanoma mice model (Guan et al. 2014). Although many exciting clinical 
observation was obtained in the case of mono-/dual-targeted therapy, application in 
clinic is yet to achieve.

Stimuli-Responsive Targeted Delivery
Tumor tissues are very alike to normal tissues; however there are few characteristics 
present in tumor which can be activated through stimuli. For example, tumor tissues 
are more acidic in nature, more heat sensitive than normal tissues. Thus, this stimuli-
guided NP-loaded drug delivery would be beneficial. The tumor-specific stimuli are 
pH, temperature, and light.

pH Value
The selection of polymer is very important in the case of pH-dependent NP-based 
drug delivery. Usually, microenvironment of tumor is acidic and this low pH may 
trigger the breaking of the acid-sensitive bonds (i.e., ester, hydrazone, etc.) present 
in polymer-based NPs. Low pH-guided NP shell destruction leads to significant and 
targeted drug release inside the tumor tissue. Zhu et al. synthesized long hydropho-
bic chain attached (C18) gemcitabine, a drug for melanoma treatment, micelles 
(PHC) where hydrazone and amide linkage was found to be more sensitive under 
low pH (tumor environment) than acid-insensitive micelles (Zhu et al. 2012). Again, 
DOX-loaded micelles with methacrylamide bonding are more susceptible for low 
pH environment and undergo hydrolysis followed by drug release inside the tumor 
tissue. It is well demonstrated in B16-F10 melanoma mice model and displayed 
enhanced antitumor activity compared to free DOX and MA control (Talelli et al. 
2010). PEG-chitosan nanogel also gives pH-responsive drug release under low pH 
(tumor endosome pH ~5.0) and can be regulated by external effect (cooling or heat-
ing). This treatment is called chemo-thermal therapy and is very effective to reduce 
the growth of melanoma in mice model (Zhou et al. 2013). The potent anticancer 
drug, like cisplatin, also was attached to thermo-responsive NPs (PNIPAM-Au NPs) 
which release anticancer drug inside the A875 melanoma cells in acidic pH (Xiao 
et al. 2013). pH-responsive NPs not only successfully deliver drug to melanoma cell 
but nucleic acids (DNA or RNA) also. Carboxymethyl poly(L-histidine) (CM-PLH) 
is a pH-responsive polymer which successfully delivers DNA in tumor-bearing 
B16-F10 mice model where DNA is protected from degradation by polymer release 
DNA in the endosomal pH (Gu et al. 2012). In another study, Tao et al. found that 
A375 melanoma cells are in general hypoxic and it accumulates more lactic acid 
and makes subcellular environment acidic. The expression of TfR is more in hypoxic 
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condition of A375 melanoma cells. Thus, combination of receptor-based active tar-
geting and pH-responsive NP-based therapy is effective in A375 melanoma cells 
and it has been found synergistic antitumor effect in A375 melanoma cells (Tao 
et al. 2007; Brahimi-Horn et al. 2011).

Temperature
Superparamagnetic iron oxide nanoparticles (SPIONs) generate heat under mag-
netic field and gold NPs generate heat on the application of shortwave radio fre-
quency which can trigger drug release and kill melanoma cells. Heat shock protein 
(Hsp) 90 inhibitor reduces Akt repression in B16 melanoma cells and creates hyper-
thermia and reduces the tumor growth. The combination of ferromagnetic and 
thermo-responsive behavior (Hsp 90 inhibitor, i.e., geldanamycin) in one NP leads 
to higher antitumor effect than control (Ito et al. 2009). Another study showed that 
thermo-responsive liposome loaded with DOX (DOX-TSL) exhibited enhanced 
antitumor effect compared to DOX alone (Li et al. 2013).

Light
Drug delivery by light-sensitive NPs releases drug inside the melanoma cells upon 
application of ultraviolet (UV), visible light, or near-infrared (NIR) light. Basically, 
this type of NPs changes light energy to heat wave and releases drug followed by 
kill melanoma cells. For example, CdTe and CdSe QDs are capable of converting 
light to heat easily (Bédard et al. 2010). Silica shell coated with CdTe QDs signifi-
cantly reduced melanoma growth upon laser irradiation than without laser (Chu 
et al. 2012). Alpha-melanocyte-modified hollow gold nanospheres also kill mela-
noma cells specifically after application of NIR radiation in tumor-bearing nude 
mice model (Lu et al. 2009). Another light-responsive antitumor therapy is called 
photodynamic therapy (PDT) where light-sensitive compound exposed to light gen-
erates radicals which react with oxygen and generate toxic compound inside the 
melanoma cells. It is a completely invasive treatment and is commonly used in the 
treatment of skin cancer. Chitosan NPs conjugated with aminolevulinic acid photo-
sensitize upon radiation of visible light and were shown enhanced tumor reduction 
by PDT (Ferreira et al. 2013). It is important to note that visible light-driven PDT is 
unable to penetrate large and solid mass of melanoma tissue; however NIR has bet-
ter penetration power inside the solid tumor than visible light.

Clinical Trials of NPs for the Treatment of Melanoma
Having lots of promising results of NPs in an animal model for the treatment of 
melanoma however, efficacy and safety of nanoparticles for the treatment of mela-
noma in clinical trials are of great concern (Li et al. 2015). Thus, there needs to be 
a thorough clinical trial in animal models. Recent ongoing clinical trials are listed in 
Table 1.

According to clinicaltrials.gov Web site, ~5% of total clinical trials are clinical 
trials of nanoformulations for the treatment of melanoma. The safety and efficacy of 
a wide range of nanomedicine like Abraxane, Taxoprexin (docosahexaenoic acid-
paclitaxel; Protarga), Caelyx (PEGylated liposomal doxorubicin; Janssen Pharm), 
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Table 1  Clinical trials of NPs for the treatment of melanoma

NCT no. Phase NP formulation Result Collaborators
Chemotherapy
NCT00864253 
(clinicaltrials.
gov web site)

3 Nanoparticle 
albumin-bound 
paclitaxel 
(Abraxane, 
ABI-007)

A trial of ABI-007 
versus dacarbazine in 
previously untreated 
patients with metastatic 
MM

University of 
Arizona

NCT00462423 
(clinicaltrials.
gov web site)

2 Nanoparticle 
albumin-bound 
paclitaxel

Abraxane and Avastin 
as therapy for patients 
with MM

Celgene 
Corporation and 
Genentech

NCT00404235 
(Kottschade 
et al. 2011)

2 Nanoparticle 
albumin-bound 
paclitaxel

Carboplatin and 
ABI-007 in treating 
patients with stage IV 
melanoma that cannot 
be removed by surgery

North Central 
Cancer Treatment 
Group; National 
Cancer Institute 
(NCI)

NCT00093119 
(Hersh et al. 
2010)

2 Nanoparticle 
albumin-bound 
paclitaxel

A trial of ABI-007 in 
previously treated 
patients with metastatic 
melanoma

Celgene 
Corporation

NCT00626405 
(Kottschade 
et al. 2013)

2 Nanoparticle 
albumin-bound 
paclitaxel

A trial of 
temozolomide and 
bevacizumab (TB) or 
ABI-007, bevacizumab 
and carboplatin (ABC) 
in patients with 
unresectable stage IV 
MM

North Central 
Cancer Treatment 
group; National 
Cancer Institute 
(NCI)

NCT00087776 
(Bedikian et al. 
2011)

3 Docosahexaenoic 
acid-paclitaxel 
(Taxoprexin)

Taxoprexin injection 
vs. dacarbazine in 
patients with metastatic 
MM

Luitpold 
Pharmaceuticals

NCT00244816 
(Homsi et al. 
2010)

2 Docosahexaenoic 
acid-paclitaxel

Study of weekly 
Taxoprexin injection as 
treatment of patients 
with metastatic uveal 
(choroidal) MM

Luitpold 
Pharmaceuticals

NCT00249262 
(Bedikian et al. 
2011)

2 Docosahexaenoic 
acid-paclitaxel

Study of weekly 
Taxoprexin injection as 
1st line treatment of 
patients with metastatic 
non-choroidal 
melanoma

Luitpold 
Pharmaceuticals

Immunotherapy (Vaccine)
NCT00044356 
(Bedikian et al. 
2010)

2 Allovectin-7 
(HLA-B7/beta-2 
microglobulin 
plasmid DNA/lipid 
complex)

Study of high-dose 
Allovectin-7 in patients 
with advanced 
metastatic MM

Vical

(continued)
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Marqibo (vincristine sulfate liposome injection; Talon Therapeutics), Allovectin-7 
(HLA-B7/beta-2 microglobulin plasmid DNA/lipid complex; Vical), ADI-PEG-20 
(PEGylated arginine deiminase; Polaris Group), IMCgp100 (melanoma gp100 pep-
tide fused to an anti-CD3 antibody fragment; Immunocore), CR011-vcMMAE 
(glembatumumab (CR011) (human IgG2 monoclonal antibody) linked to mono-
methyl auristatin E (MMAE); CuraGen), hu14.18-IL2 (humanized antidisialogan-
glioside (GD2) antibody (hu14.18)-IL-2 fusion protein; EMD Serono), ALT-801 
(IL-2/T-cell receptor fusion protein targeting human p53 antigen peptide epitope 
(aa264–272); Altor Bioscience), AS1409 (humanized anti-BC1 antibody-IL-12 
fusion protein; Antisoma Research), L19IL2 (anti-ED-B fibronectin domain 
antibody-IL-2 fusion protein; Philogen S.p.A.), PEG-Intron (peginterferon-α-2b; 
Schering-Plough), ANG1005 (Angiopep-2 paclitaxel conjugate targeting lipopro-
tein receptor-related protein 1 (LRP-1); AngioChem), etc., have been tested in clini-
cal trials for the treatment of metastatic melanoma.

3	 �Conclusion

Numerous nanoparticles have been tested for the treatment of melanoma and meta-
static melanoma and it is clearly found that targeted nanomedicines are more effec-
tive than nontargeted nanoformulations. However, deep understanding is needed to 

Table 1  (continued)

NCT no. Phase NP formulation Result Collaborators
PEGylated interferon
NCT00221702 
(Grob et al. 
2013)

3 Peginterferon-α-2b 
(PEG-Intron)

Comparing adjuvant 
treatment with 
PEG-Intron over 
36 months versus 
reference treatment 
with intron A 
(interferon-α-2b) over 
18 months in 
cutaneous melanoma 
patients AJCC Stage II

University 
hospital, 
Bordeaux; 
Schering-Plough

NCT00006249 
(Eggermont 
et al. 2012)

3 Peginterferon-α-2b PEG-Intron 
observation after 
regional lymph node 
dissection in AJCC 
stage III (TxN1-2MO) 
melanoma patients

European 
Organisation for 
the Research and 
Treatment of 
Cancer (EORTC)

NCT00623402 
(Degen et al. 
2013)

2 Peginterferon-α-2b Combined treatment of 
sorafenib and 
peginterferon-α-2b in 
stage IV metastatic 
MM

University of 
Schleswig-
Holstein; 
Dermatologic 
Cooperative 
Oncology Group
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know the mechanism of action of nanomedicines in melanoma metastasis and 
immunological functions for the development of melanoma. A thorough study is 
needed regarding the better efficacy of targeted nanoparticles and their safety issues 
in higher animal models.
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Abstract
In last few years, average life expectancy of humans has increased globally. 
Exposure to hazardous chemicals, ultraviolet (UV) radiation and other carcino-
gens has also increased the cancer burden in humans. Skin cancer is mainly asso-
ciated with the DNA damage because of the prolonged exposure to UV radiation. 
Several structural changes, mutations and amplifications of oncogenes have been 
reported in skin cancer. The continuous development of bioinformatics 
approaches, next-generation sequencing, proteomics, transcripts, and epigenetic 
analysis has increased the understanding of cancer progression and molecular 
mechanisms and to design appropriate drug for the diseases. In this chapter, we 
have discussed the importance of bioinformatics in understanding the molecular 
mechanisms of skin cancer progression, related signaling pathways, data analy-
sis, and drug development.
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1	 �Introduction

Genomic instability in normal cells initiates tumor progression. Tumors accumulate 
huge numbers of chromosomal abnormalities, mutations, and structural changes. 
All of these aberrations are thought to be critical for tumor growth and progression. 
The most forthright method for determining the progression of these aberrations is 
to evaluate multiple samples from the same individual, such as primary and meta-
static samples (Frumkin et al. 2008; Gerlinger et al. 2012), sub-clonal populations 
(Campbell et al. 2008), or different portions of the same tumor (Navin and Hicks 
2010; Siegmund et al. 2009).

Data collection during tumor progression is very important. It is very difficult to 
collect data on multiple time points of an individual tumor during tumor progression 
whereas data collection at single time point from multiple individuals is easy. There 
has been a great deal of interest in identifying driver genes, mutations, and events 
based on the frequency of their occurrence across cancer patients (e.g., Beroukhim 
et  al. 2007; Cancer Genome Atlas Research Network 2008, 2011; Taylor et  al. 
2008). Numerous bioinformatics and statistical methodologies thoroughly analyze 
frequencies of abnormalities to determine the mutations, single nucleotide varia-
tion, copy number abnormalities, and other types of genomic alterations in cancer 
samples. Several developments have been made in the field of bioinformatics to 
understand the cancer progression and identification of structural abnormalities in 
chromosomes and to predict drug molecules for the driver targets.

This chapter is an overview of skin cancer and their characteristics and currently 
used bioinformatics approaches to understand the molecular mechanism and thera-
peutics in skin cancer. We conclude with several prospects of the future in skin 
cancer therapeutics using bioinformatics approach.

2	 �Skin Cancer

Skin cancer arises from the genomic instability in normal skin cells which leads to 
the abnormal growth of skin cells. It happens when DNA damage occurs to skin 
cells which is mainly caused by ultraviolet radiation (UV radiation) from sunshine. 
The change in DNS strands and DNA damage leads to the mutations/genetic defects 
which further lead the skin cells to multiply rapidly in uncontrolled manner and 
form malignant tumors. The most common types of skin cancers are squamous cell 
carcinoma, basal cell carcinoma, and melanoma (Orthaber et al. 2017). Squamous 
cell carcinoma is the most common skin cancer than melanoma and other types 
whereas melanoma is less common but has much more to invasion properties to 
other parts of the body. Melanoma cancer is developed in skin melanocytes which 
are sporadically exposed to the sun radiation. Among all skin cancers, melanoma 
causes most deaths (D’Orazio et al. 2013; Simões et al. 2015).
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3	 �Cancer Informatics

In last ten decades scientist and clinicians have tried to understand the molecular 
mechanisms of cancer progression and to develop potential therapeutic approach for 
cancers. Significant national and international investments in cancer research have 
dramatically increased our understanding of the disease progression, leading to 
improvements in cancer diagnosis, treatment, and management, resulting in improved 
outcomes for many patients. Bioinformatics and cancer informatics have played a 
crucial role in understanding the molecular mechanisms of disease progression, spe-
cific mutation, structural changes, gene expression, identification of driver genes, 
and disease progression (Gligorijevic and Przulj 2015; Bumgarner 2013).

In melanoma, with the help of bioinformatics, several potential drugable targets 
and specific mutation have been identified including V600E mutation in the BRAF 
gene, expression of cyclins, kinases, and other oncogenes. BRAF is a serine/threo-
nine protein kinase activating the MAP kinase/ERK signaling pathway, and both 
BRAF and MEK inhibitors, such as dabrafenib and vemurafenib, have shown sig-
nificant responses in patients carrying the mutation. The accelerating progress in the 
development of diagnostics and therapeutic technologies (next-generation sequenc-
ing technology, cancer proteomics, cancer metabolomics, cancer transcriptomics, 
cancer epigenomics, and development in imaging technologies) has made very easy 
to understand the molecular mechanisms of cancer research (Hoek et al. 2004; Haqq 
et al. 2005; Gallagher et al. 2005; Wachsman et al. 2011).

4	 �Bioinformatics in Skin Cancer

4.1	 �Next-Generation Sequencing

Next-generation sequencing is a high-throughput technology of the modern era that 
conducts parallel sequencing of millions of DNA fragments. These kinds of techno-
logical advancement are gaining a lot of prominence in cancer investigations. The 
development of next-generation sequencing (NGS) has not only helped identify 
genetic variants but also represents an important aid in the study of epigenetics 
(DNAseq and ChIP-seq of histone methylation marks), transcriptional regulation, 
and splicing (RNAseq). The combined power of such genomic data provides a more 
complete definition of cancer genomes.

4.2	 �Microarray

Bioinformatics approach gains a major incentive in recent decades with the devel-
opment of omics techniques. The DNA microarray is the most widely used omics 
technique used in the cancer diagnosis, to reveal the vast number of gene expression 
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alterations associated with the human malignancies. In microarray technology, the 
DNA probes are immobilized on a surface (called a chip or slide) which is made of 
glass or nylon. The samples like total bulk DNA or RNA from the specimen are 
labeled on this chip and the hybridization principles are used to measure the indi-
vidual genes in a sample. DNA microarray methodology in skin cancer such as 
Affymetrix and Illumina is highly used because they simultaneously measure the 
expression of the entire genome.

Directly accessible skin was the first organ studied using the omics approach. 
“Skinomics” is a branch in which we study the dermatology and skin biology of the 
human beings. Studies are also focused to a significant extent to understand the skin 
cancer or melanoma. Widely skinomics studies involving 20 different countries 
have enabled us to identify the susceptible loci in the human genome and identified 
the genes which have a significant role in the pathology of this disease. Skin can-
cers, melanomas, and basal and squamous cell carcinomas are intensely investi-
gated by DNA microarray technology because they are very recurrent and can be 
fatal. Epidermal stem cell-specific genes are identified using the DNA microarray 
technology and also the characterization of transcriptional changes which happen 
during the process of epidermal differentiation. The effects of epidermal and barrier 
disruption have also been characterized in some studies. The effect of ultraviolet 
(UV) light, hormones, immunomodulatory and inflammatory cytokines, chemo-
kines and growth factors, etc., was also analyzed in cultured epidermal keratino-
cytes in many studies. Microarray analysis in nonmelanoma skin cancer analyzes 
the gene expression alteration and identified the biological significance of these 
alterations.

Discoveries in the cell signaling mechanism help us to understand the mecha-
nism that underlies melanoma progression. Targeting the MAPK pathway, espe-
cially Ras, Raf, MEK, and ERK pathway, has been targeted for cancer treatment. 
Many compounds are identified or designed for therapeutic effects using these tar-
gets and presently are in clinical trials or already approved for the therapy. Sorafenib, 
a multi-tyrosine kinase inhibitor, was the first B-Raf inhibitor reached in a clinical 
trial and approved for the renal cancer treatment, but this compound failed to show 
antitumor activity in advanced melanoma cases. Some inhibitors also develop tar-
geting specific BRAFv60E, namely, dabrafenib (GSK2118436) and vemurafenib 
(PLX4032); of this vemurafenib was the first US Food and Drug Administration 
(FDA)-approved B-Raf inhibitor for melanoma treatment. Some other pathways are 
also discovered and targeted, namely, Wnt, NF-κB, JAK-STAT pathway, transform-
ing growth factor-β (TGF-β) pathway, and NOTCH pathway for the treatment of 
melanoma cancer. In Wnt signaling pathway mainly Frizzled receptors and DVL are 
considered as a target for the drug discovery against cancer treatment. Using bioin-
formatics approaches some natural compounds, namely, chalcones, derricin, and 
derricidin, are identified as Wnt signaling pathway inhibitors. Effects of these drugs 
are characterized by the reduced amount of nuclear β-catenin in effected cells.
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4.3	 �Proteomics

Proteomics is defined as the large-scale study of proteome and their function. 
Progressively increasing the high-throughput generations of large proteome data 
has led to the bioinformatics to be an emerging and powerful tool for the study of 
these data. Bioinformatics approaches present novel algorithms to accomplish and 
analysis of huge generated heterogeneous proteomics data (Vihinen 2001). To 
search the protein ontology, a combination of databases is used to gain information 
for protein annotation, subcellular location, protein-encoding genes, and molecular 
function of the protein. Proteome (http://www.proteom.com/databases/HumanPD/
reports) database represents the information of human proteome. In addition, 
protein-protein interaction and their network can be drawn based on the list of genes 
using the STRING database (http://string.embl.de/). Peptide and its amino acid 
sequence are also determined with the help of computational algorithms, namely, 
MASCOT, Protein Prospector, SEQUEST, and Paragon. Thus, proteome-based bio-
informatics methodologies enable us to identify and validate the relevant cancer 
biomarkers. The altered expression state of these biomarkers assists us to correlate 
the biological behavior or clinical outcome of a particular trait. In the human being 
the skin cancer biomarkers used for the diagnostic study are, namely, Human 
Melanoma Black-45 (HMB-45), microphthalmia transcription factor, tyrosinase, 
Melan-A, and S100 as well as several newer ones (Weinstein et al. 2014). First pro-
teomics study in skin cancer was done in 2000 to compare the proteome of human 
epidermal stem cells and their differentiated daughters (transit-amplifying cells). A 
computational study focusing on melanoma subtypes identified proteins, namely, 
vimentin, nestin, fibronectin, annexin A1, dipeptidyl peptidase IV, and histone 
H2A1B, as potential biomarkers for distinguishing melanoma subtypes (Qendro 
et al. 2014).

4.4	 �Genomics

The genome is defined as the complete set of sequence in the genetic material of an 
organism. Advancement in genomics and growth of genome data in the past decades 
enable us to understand the biological unpinning of information in skin cancer. 
During different developmental stages in cancer, the diseased cells show a series of 
changes that lead to the alteration of their metabolism (Mount and Pandey 2005). 
The bioinformatics tools and techniques help us to analyze and gain the information 
of the sequence and molecular data changes that will happen during this sequential 
progression. It also enables us to collect information on all the human gene and 
proteins. Various online resources are also available that help us to collect the infor-
mation in cancer studies like The Cancer Genome Atlas (https://cancergenome.nih.
gov/), International Cancer Genome Consortium (http://icgc.org/), etc., which focus 
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on identifying the links between cancer and genomic variation. According to TCGA 
database the genes, namely, TTN, MUC16, BRAF, DNAH5, PCLO, LRP1B, 
CSMD1, ADGRV1, DNAH7, ANK3, and APOB, were found to be highly mutated 
in skin cancer patients. Using computational approaches genes, namely, CXCL8, 
STAT1, CCL27, and IGF1R, were identified which play a role in the pathogenesis 
of melanoma (Zhang et  al. 2017). It has been also found that the RAS pathway 
shows a prominent role in the pathogenesis of several skin cancer types.

4.5	 �Transcriptomics

A study of transcriptome which includes the complete set of mRNA and/or noncod-
ing ribonucleotide (ncRNA) transcript produced by a particular cell, cell type, or 
organism is called transcriptomics. It helps in the screening of mutants and func-
tional analysis of genes and also in the understanding of molecular mechanism of 
skin cancer. Bioinformatics tools help in the analysis and quantification of the tran-
scriptome data for RNA modifications, RNA-protein interactions, noncoding RNA, 
and RNA structure (Han et al. 2015). For differential expression analysis of genes, 
transcriptome data tools, namely, edgeR, DESeq, NOIseq, SAMseq, Cuffdiff, and 
EBSeq, are widely used (Yang and Kim 2015). Transcriptome data help in the iden-
tification of the novel gene, expression, and splicing analysis. In skin, photocarcino-
genesis is induced by the exposure of ultraviolet radiation (UVR) which affects the 
transcriptional instability (Shen et al. 2016). Transcriptome data analysis using bio-
informatics method helps in the identification of mutated and tumor-specific disrup-
tive genes, namely, ANKRA2, GTF2H5, STOML1, NUP37, PPP1R26, and TAF1L, 
in cell adhesion pathway (Zhang et al. 2013). Some gene expression profiling stud-
ies using insilico methods also identify the potential blood markers, namely, neude-
sin neurotrophic factor, ADAM-like decysin 1, apolipoprotein L6, MMP19, C-X-C 
motif chemokine ligand (CXCL)8, basic immunoglobulin-like variable motif con-
taining, and CXCL16, which were used in the detection of early transformation of 
melanoma cases (Ortega-Bernal et al. 2018).

4.6	 �Epigenomics

Epigenetics refers to heritable changes in gene expression that are not caused by 
changes in the genomic DNA sequence. The principal epigenetic modification 
includes the changes in DNA and histone. The epigenetic regulation associated with 
these modifications causes the transcriptional activation or inactivation of genes. At 
cellular level, major epigenetic changes observed include the DNA methylation, 
histone modifications, and miRNA gene regulation (Saha et al. 2013). In epigenetic 
modification methylation at lysine 4, 36, and 79 residues on histone 3 (H3K4, 
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H3K36, and H3K79) and trimethylation at lysine 9 and 27 residues on histone 3 
(H3K9me3 and H3K27me3) were observed. These epigenetic changes have been 
found to be associated with the cutaneous melanoma tumorigenesis and progression 
(Greenberg et al. 2014).

Various approaches of computational bioinformatics are available which help in 
the annotation of epigenome network in biomedical research. Various epigenetic 
databases are also available such as Catalogue of Somatic Mutations in Cancer 
(COSMIC), MethDB, MethBank, REBASE, Histone Database, HIstome, etc., 
which help the researcher to gain information about the epigenetic modification pat-
tern like methylation and histone modifications (Ruskin and Barat 2018). 
Bioinformatics methods, namely, artificial neural network (ANN), machine learn-
ing, and support vector machines (SVM), are widely used for the analysis of DNA 
methylation CpG island pattern analysis and histone modifications (acetylation, 
methylation, phosphorylation). Molecular modeling approaches, i.e., homology 
modeling, molecular docking, molecular dynamics simulation, and QSAR analysis, 
are widely used for the detection of histone modifications (Shokri-Gharelo and 
Ghorbani 2018). Modeling studies also help in the identification of various phyto-
chemicals like flavonoids and polyphenols which have found to play a crucial role 
as chemopreventive and chemotherapeutics activity against the different pathologi-
cal processes including the skin cancer. Phytocompounds, namely, curcumin and 
resveratrol, showed the anti-melanoma activity in melanoma cells via inhibiting the 
NF-κB pathway. Sulforaphane, another phytoconstituent, was also found to show 
anticancer activity aginst skin cancer by inhibiting the HDACs and DNA methyla-
tion (Penta et al. 2018). With the development of next-generation sequencing facil-
ity, it enhances the biomedical research and enables us to sequence multiple 
cancer-driving genes and detect mutants with improved sensitivity.

5	 �Computational Drug Designing for Skin Cancer

In the field of drug discovery with the advancement of novel techniques, molecular 
docking became an important method to identify the lead molecule against a par-
ticular target. Molecular docking is a method which is used to predict the preferred 
binding orientation of one molecule with respect to another when bound together in 
a stable complex and help to understand the action mechanism and knowledge 
about drug interaction mechanism. The docking methods can be used for validation 
with experimental data as well as to find new ligands for receptor molecules. The 
basic component of docking program is based on two steps commonly called as 
searching algorithm and energy scoring function. Generation of possible binding 
mode of the ligand in the binding site of receptor is done with the help of search 
algorithm and scoring function is used for quantifying the binding strength of ligand 
with the receptor.
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Commonly used scoring functions are under three broad categories:

	1.	 Physical: molecular mechanics force fields for the estimation of binding 
affinity.

	2.	 Empirical data: functions fitted to experimental data which is based on the 
knowledge of known protein-ligand interaction.

	3.	 Knowledge-based methods: capture the knowledge of receptor-ligand binding by 
statistical data alone. Protein-ligand interactions involve structural alterations in 
the receptor binding site and ligand. Thus, the model allows flexibility in both 
the ligands and the receptor. Docking program named AUTODOCK, GOLD, 
GLIDE, FLEX, etc., allows partial flexibility of the receptor and full flexibility 
of the ligand.

We performed molecular docking study using FDA-approved anticancer com-
pounds (hydrochloride (Idarubicin), eribulin, eribulin mesylate, vinblastine, irinote-
can, vincristine, tartrate (vinorelbine), trabectedin, vinorelbine, midostaurin) on 
melanoma target, namely, BRAF and MAPK3, to identify potential lead molecule 
for the therapeutic effect against skin cancer. The study showed that hydrochloride 
(Idarubicin) showed maximum binding affinity with MAPK3 and midostaurin with 
BRAF receptor and their docking energy was found to be −5.80 and −7.64 Kcal/
mole. The docking energy and interacting residues of all other compounds are 
shown in the table. From the docked complex (Fig. 1), it revealed that hydrochloride 
(Idarubicin) shows important interaction with Leu50, Val58, Met118, Met121, 
Glu122, and Gly124 amino acid residues of MAPK3 receptor. Another inhibitor, 
namely, midostaurin, showed interaction with Ala481 and Cys534 amino acid resi-
dues of BRAF receptor (Table 1).

Fig. 1  Figure represents the molecular docking between selected FDA-approved compounds with 
MAPK3 BRAF. (a) Hydrochloride (Idarubicin) showed the maximum binding affinity (−5.80 Kcal/
mol) with MAPK3 and (b) midostaurin showed the maximum binding affinity (−7.64 Kcal/mol) 
with BRAF receptor
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6	 �Conclusion

Nowadays cancer data collection, storage, and proper data analysis are of major 
concern. Bioinformatics plays an important role in the proper cancer data manage-
ment and cancer data analysis. With the help of bioinformatics tools, scientists are 
able to properly analyze the big data set and to analyze gene expression and struc-
tural changes and to identify specific mutations in skin cancer, which further help in 
designing specific inhibitors for certain driver genes and against specific mutations 
associated with cancer progression.

Table 1  List of selected FDA-approved anticancer compounds docked with human MAPK3 and 
BRAF

S. no.

Name of 
protein 
(PDB ID) Ligands

Binding 
energy 
(Kcal/Mole) Interacting residues

1 MAPK3 
(3FHR)

Idarubicin −5.77 Leu50,Val58,Met118, 
Met121,Glu122,Gly124

Hydrochloride 
(Idarubicin)

−5.80 Leu50,Val58,Met118, 
Met121,Glu122,Gly124

Eribulin −4.70 Leu50,Gly124

Eribulin mesylate −4.70 Leu50,Gly124

Vinblastine −4.51 Leu50,Met121,Glu122,Gly124

Irinotecan −4.19 Leu50, Cys120,Met121,Glu122,Gly124

Vincristine −4.41 Leu50, Cys120,Met121,Glu122,Gly124

Tartrate 
(vinorelbine)

−4.17 Leu50, Cys120,Met121,Glu122,Gly124

Trabectedin −3.76 Leu50, Cys120,Met121,Glu122,Gly124

Vinorelbine −3.31 Leu50, Cys120,Met121,Glu122,Gly124

Midostaurin −1.75 Leu50, Cys120,Met121,Glu122

2 BRAF 
(4R5Y)

Idarubicin −7.11 Glu501,Leu505,Leu514

Hydrochloride 
(Idarubicin)

−7.118 Glu501,Leu505,Leu514

Eribulin – –
Eribulin mesylate – –
Vinblastine −2.49 Glu501,Leu505,

Irinotecan −5.46 Ala481,Glu501,Leu505,Leu514,Cys534

Vincristine −2.80 Glu501

Tartrate 
(vinorelbine)

−2.05 Glu501,

Trabectedin – –
Vinorelbine −3.56 Cys534

Midostaurin −7.64 Ala481,Cys534
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Abstract
People developing their daily activities outdoors are likely to receive high doses 
of ultraviolet radiation (UV). In this chapter, three different cases of study on the 
effect of UV-R on skin have been analyzed: in the first one UV-R dose athletes 
from different sports (tennis, hiking, and running) in their workout have been 
studied. The second case is focused on the maximum values UV-R dose can 
reach for construction workers in Valencia (Spain) (39°280 N, 0°220 W). Finally, 
the last case of study focuses on UVER (erythemal ultraviolet radiation) received 
on a driver and passenger position inside a vehicle. In the three cases VioSpor 
blue line dosimeters (with a response profile close to that of human skin) have 
been employed for measurements.

Keywords
Erythema · UV-R dose · UVER

1	 �Personal UV Exposure for Different Outdoor Sports

1.1	 �Introduction

Nowadays the practice of sport and, more specifically, outdoor sport, is becoming 
very popular among people. It is true that doctors and other health organizations 
vouch this kind of activities because of its beneficial effects not only on cardiovas-
cular system but also on psychological aspects. However, it is also known that 
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people practicing outdoor sports may be affected by high doses of solar UV-R radia-
tion depending on the season and the time of the day of their training sessions. For 
example, in summer days the influence of solar UV-R may be harmful because of 
the appearance of melanoma on skin of marathon runners, cyclists, mountain guides, 
or people who play golf (Ambros-Rudolph et al. 2006; Richtig et al. 2008; Williams 
et al. 1989; Lichte et al. 2010).

1.2	 �Personal UV-R Dosimeters

In this study, for measuring the cumulative solar erythemal UV exposure (UVER), 
VioSpor blue line dosimeter type I (VioSpor, BioSense. Bornheim, Germany) 
(Biosense Laboratories n.d.; Furusawa et  al. 1998) was used. The estimations 
depend on the generation of spore films (with DNA of Bacillus subtilis) secured by 
a channel framework with optical reaction equal to human skin agreeing the 
International Commission on Illumination (CIE) reference range (C.I.E. Commission 
Internationale de l’Eclairage 1998). The units used are expressed in standard ery-
thema dose (SED), being 1 SED the effective erythemal exposure of 100 J m−2 when 
weighted with the CIE erythemal spectrum. The measurement error is ±10%, 
according to the manufacturer (Biosense Laboratories n.d.).

1.3	 �UV Exposure Limits Considered

An individual day by day UV-R limit of 30 J m−2 dose is the proposed from the 
International Commission on Non-Ionizing Radiation Protection (ICNIRP) 
(International Commission on Non-Ionizing Radiation Protection (ICNIRP) 2010). 
This is known as the exposure limit (EL) in 8 h for unprotected skin using the 
American Conference of Government Industrial Hygienists (ACGIH) action range. 
In this text the link between the two spectra is effective exposure CIE = 3.63 × effec-
tive exposure ACGIH (Moehrle et al. 2003). The result is, by using the CIE spec-
trum, a value of 109 J m−2 (1.1 SED) per 8-h period. This EL can be increased until 
a value of 5 SED for skin phototype III without adaptation to the sun and even a 
value of 12 SED for sun-adapted skin phototype III.

1.4	 �Groups of Study

In this chapter UV-R exposure received by tennis players, hikers, and runners dur-
ing their training schedules is studied (Serrano et al. 2014).

1.4.1	 �Hikers
It is important to distinguish, first, the term “walking” versus “hiking.” While the 
first one refers to shorter and urban walks with a length of maximum 1 h, the second 
one refers to a longer walk, typically in the countryside, with a length that can vary 
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from 4 to more than 7 h in a day. That is the reason why this activity is likely to be 
more harmful when talking about UV-R exposure for human skin.

In order to analyze UV-R received by this group, four people (two instructors and 
two students) were selected to take part of the study.

The study was carried out during six hikes during the hottest time of the year 
(June (12th), July (3rd, 8th, and 9th), and August (11th and 12th) in 2011). The first 
two walking journeys were near Valencia (Spain), the third one (which lasted 
2 days) was in Cauterets (France), and the last hike (lasting 2 days) was on La Palma 
(Spain).

Ambient UV Exposure
For the journeys in Valencia, the erythemal UV-R was acquired from the Valencian 
territorial government’s (GV) UVB measurements (Programa meteorología de la 
Fundación Centro de Estudios Ambientales del Mediterráneo n.d.) which is com-
posed of two radiometers YES UVB-1 with a range from 280 to 400 nm. For the rest 
of the hikes, measurements were obtained by means of FastRT 2.3 program 
(Engelsen and Kylling 2005).

Results
As shown in Table 1, people involved in hiking activities got an average UV-R value 
of 8.1 SED [1.8–19.5 SED]. Also, the time to erythema (te in minutes) to surpass the 
EL for the time of study was in the range of 16 and 76 min. It is appeared in Table 2. 
In this chapter exposure ratio has been defined as the proportion between the UV 
measurement on a particular place on the body and the ambient UV dose received 
on horizontal position.

Table 1  UV exposure and ER for hikers

UV exposure
Median 
(SED)

Maximum 
(SED)

Minimum 
(SED)

Mean time spent 
outdoors (h)

Exposure ratio % 
median (Max–Min)

12/06/2011 7.9 9.4 7.9 4.5 16.9 (20.1–16.7)
03/07/2011 3.9 4.6 1.8 4.3 18.8 (22.5–8.9)
08/07/2011 14.3 19.5 8.6 6.8 24.6 (33.5–14.7)
09/07/2011 6.4 10.2 6.2 9.5 10.2 (16.1–9.8)
11/08/2011 9.2 12.8 6.1 6.5 14.0 (19.6–9.3)
12/08/2011 9.7 12.1 6.0 6.5 16.2 (20.2–10.0)
Mean for the 
hiking group

8.1 19.5 1.8 6.4 16.4 (33.5–8.9)

Table 2  Time needed to exceed the exposure limit recommended by ICNIRP for hikers

12/06/2011
te-UVR 
(minutes)

3/07/2011
te-UVR 
(minutes)

8/07/2011
te-UVR 
(minutes)

9/07/2011
te-UVR 
(minutes)

11/08/2011
te-UVR 
(minutes)

12/08/2011
te-UVR 
(minutes)

58 76 22 39 64 16
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1.4.2	 �Tennis Players
Similar study was developed with another kind of sport, in this case tennis.  
The place was Club de Tenis Valencia (0°22′W, 39°28′N, sea level) and took place 
during summer season (12th and 27th June and 5th, 14th, and 20th July 2011).  
In order to be as realistic as possible, two different tennis courts, each one with a 
different orientation, were selected. Median UV-R exposure was 7.5 SED [2.0–13.8 
SED] and they exceeded the EL dose in 20 min.

Ambient Exposure
Ambient erythemal UV-R measurements were acquired from Valencia station GV 
UVB measurement network (Programa meteorología de la Fundación Centro de 
Estudios Ambientales del Mediterráneo n.d.).

Results
In the case of tennis players, an average UV-R value of 7.5 SED [13.8–2.0] was 
obtained, as can be seen in Table 3. The average value for ER was of 15.0 [3.8–
26.6]. With respect to the time until UV-R exposure limit is exceeded, it has been 
calculated that, as shown in Table 4, a tennis player may exceed the limit recom-
mended value in about 20 min.

1.4.3	 �Runners
Apart from tennis and hiking groups, another fashionable and likely to receive high 
amounts of UV dose are runners. In order to analyze UV dose received by them, in 
his study Universitat Politècnica de València (UPV) running club has taken part 
from March to November 2011 during the running season and involving several 
races at different geographical locations. Due to the fact that the study covers a wide 
range of months, the value of solar zenith angle also had important differences,  
from a maximum of 55.4 degrees in November to a minimum of 16.4 degrees in 
July. The ambient UV-R measurements were acquired from Valencia station  

Table 3  UV exposure and ER for tennis players

UV exposure

Median 
(SED)

Maximum 
(SED)

Minimum 
(SED)

Mean time 
spent outdoors 
(h)

Exposure ratio % 
median 
(Max–Min)

12/06/2011 7.4 9.8 3.6 4 14.9 (19.6–7.2)
27/06/2011 7.5 8.5 5.0 4 13.7 (15.5–9.1)
05/07/2011 8.0 9.6 4.8 4 16.3 (19.5–9.8)
14/07/2011 8.3 10.6 6.5 4 18.2 (23.4–14.4)
20/07/2011 9.0 13.8 2.0 4 17.4 (26.6–3.8)
Mean for the tennis 
player group

7.5 13.8 2.0 4 15.0 (26.6–3.8)

Coaches 7.5 13.8 2.0 4 15.0 (26.6–3.8)
Learners 7.9 10.7 4.8 4 15.0 (20.7–9.8)
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GV UVB measurement network, as in the case of hikers and tennis players 
(Programa meteorología de la Fundación Centro de Estudios Ambientales del 
Mediterráneo n.d.).

Results
As shown in Table 5, the median UV-R exposure during the circuit was 14.6 SED.

1.5	 �Discussion

If EL recommended by ICNRP for non-sun-adapted skin type III (5 SED) is consid-
ered, it is shown that the UV-R dose resulting from this study surpasses this limit in 
the case of hikers and tennis players (averaged value of 8.1 SED and 7.5 SED in 
each case). Therefore, for these sports groups highly recommended is the use of 
protective measures in order to avoid high-dose values for people involved in these 
activities.

Despite the fact that it should be imprecise to make a comparison between results 
from these two groups (tennis players and people involved in hiking), it is shown 
that the first ones receive 2.0 SED while the second ones only a value of 1.3 
SED. The reason may be the fact that tennis court that was object of this study was 
placed in a non-protected area. In other words, no physical barriers surrounded it in 
order to avoid the sun. In the case of hikers, most of the walks take place in the 
mountains or in the countryside, normally full of trees.

Table 4  Time needed to exceed the exposure limit recommended by ICNIRP for tennis players

12/06/2011
te-UVR (minutes)

27/06/2011
te-UVR (minutes)

5/07/2011
te-UVR (minutes)

14/07/2011
te-UVR (minutes)

20/07/2011
te-UVR (minutes)

20 20 22 23 22

Table 5  UV exposure and ER for runners

UV exposure
Subject/number of 
running races 
completed

Time spent 
outdoors (h) (SED)

SED/hours 
outdoors

Exposure ratio % 
median (Max–Min)

SED/
competition 
day

1/08 16.0 17.1 1.1 6.9 2.1
2/11 21.3 11.6 0.6 3.1 1.1
3/11 22.8 23.8 1.0 7.0 2.2
4/07 16.3 14.6 0.9 5.8 2.1
5/10 22.8 9.3 0.4 2.9 0.9
6/12 18.3 16.3 0.9 4.3 1.4
7/04 8.8 11.3 1.3 8.8 2.8
Median for all 
runners

18.3 14.6 0.9 5.8 (14.1–0.7) 2.1
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Regarding runners, due to the fact that is a nonhomogeneous group, because 
participants didn’t run in the 12 races that formed the complete circuit, it should be 
incorrect comparing UV-R dose received for each participant. However, dose per 
hour is likely to be compared.

Taking a look at the UV-R averaged value for this group, 2.1 SED, is easy to see 
that doesn’t pass the EL of 5 SED. The reason may be the fact that the race circuit 
was complete during the whole year (including summer but mainly winter and 
spring) and also the beginning of most of the races was very early in the morning 
when the sun has a very large value of zenith angle.

According to the results of this study, sportsmen and women involved in outdoor 
sports, like tennis, running, or hiking, may spend several hours per day during their 
workout or in a competition. In some cases, they may be more than 9 h exposed to 
solar UV-R. This can result in a high risk to produce erythema on their skin which 
in some cases is able to derive into skin cancer. As a result, it is highly recom-
mended, and it should be advised by public organizations to use several measures in 
order to avoid the harmful effect of the sun, mainly in the midday hours and in hot-
test months of the year. The use of caps, sunglasses, and sun cream (factor higher 
than 30) should be highly recommended.

2	 �Maximum Personal UV Exposure for Construction 
Workers

2.1	 �Introduction

Another group potentially affected by high UV-R exposures is construction work-
ers. When working in a construction, it is usual for them to have to spend several 
hours per day outdoors (with the corresponding risk to high doses of UV-R). The 
parts of the body main affected are usually the face and neck.

In this study, a static mannequin has been used in order to register the highest 
values of UVER dose that a laborer could receive while working. As a result, we can 
analyze the worst effects that UV-R can have on this particular group if they are not 
correctly protected (Blanca et al. 2015).

Skin phototype considered for construction workers in Valencia has been II and III.

2.2	 �Personal UV-R Dosimeters

The kind of dosimeters used in this study was the same as in the rest of groups  
(tennis players, runners, or hikers) (Biosense Laboratories n.d.; Furusawa et  al. 
1998). Dosimeters were placed in five positions of the mannequin, head, shoulders, 
forehead, and chest, as shown in Fig. 1.
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2.3	 �Ambient UV-R Exposure

The ambient UV-R measurements were acquired from Valencia station GV UVB 
measurement network, as in the case of hikers, tennis players, and runners  
(Programa meteorología de la Fundación Centro de Estudios Ambientales del 
Mediterráneo n.d.).

2.4	 �UV-R Exposure Limits Considered

Following the ICNIRP report on exposure limit values (International Commission 
on Non-Ionizing Radiation Protection (ICNIRP) 2010), the average threshold expo-
sure for non-adapted sun skin types II and III is 2 SED and 5 SED, respectively.

2.5	 �Subjects and Design

The study took place in Polytechnic University of Valencia (Spain) between 2012 
December and 2013 July. The measurements were taken from 10:00 h to 16:00 h 
(local time). A static mannequin of 1.60  m height, facing the South, was used.  

Fig. 1  Mannequin used 
for measurements
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This orientation ensures the mannequin to receive the highest amount of radiation 
during the day in Valencia latitude.

The study was carried out in 2012 (27th, 28th December) and 2013 (8th, 10th, 
and 11th January; 21st March; 12th, 15th, 16th, and 17th April; 15th, 16th, 17th, 
19th, and 22th July).

2.6	 �Results

In winter period, as it can be seen, the highest UV-R dose was found to be for the 
forehead (7.09 ± 2.30 SED). The reason may be the particular orientation of this 
position (almost perpendicular to sun position because solar height has a mean 
value of 18.7° in this time of the year).

During spring, the position of the sun changes in the sense of increasing its solar 
height until 44.6°. Therefore, horizontal dosimeters will be more perpendicular to 
sun position, reaching a value of 18.72  ±  5.32 SED on top of the head and 
17.63  ±  4.57 SED and 16.70  ±  4.11 SED for right and on the left shoulder, 
respectively.

The results for summer show the same trend as explained above. The increase of 
solar height leads in the most UV-R dose for horizontal positions of mannequin (top 
of the head with a value of 31.20 ± 3.01 SED).

If we analyze the exposure ratio (ER), in order to compare the different results 
for the whole year, it can be said that, during winter, the highest value of ER is for 
forehead (100%), for spring period is for top of the head (75.54%), and in the sum-
mer period is for the top of the head (68.60%) (Tables 6, 7, and 8).

Table 6  UVER dose and ER for different mannequin positions (winter period)

Dosimeter site
Mean (SED) 
(range)

Standard 
deviation 
(SED)

Mean SED per 
hour outdoors 
(range)

Mean time 
spent 
outdoors (h)

Exposure 
ratio (%)

Top of head 6.39 (8.39–4.56) 1.54 1.03 (1.39–0.72) 6.23 90.16
Forehead 7.09 (10.92–4.76) 2.30 1.14 (1.82–0.76) 6.23 100.13
Right shoulder 6.22 (7.99–5.11) 1.11 1.00 (1.33–0.78) 6.23 87.84
Left shoulder 5.27 (7.02–3.76) 1.24 0.85 (1.12–0.61) 6.23 74.46
Chest 7.36 (9.06–6.46) 1.09 1.18 (1.44–0.99) 6.23 103.80

Table 7  UVER dose and ER for different mannequin positions (spring period)

Dosimeter site Mean (SED)

Standard 
deviation 
(SED)

Mean SED per 
hour outdoors 
(range)

Mean time 
spent 
outdoors (h)

Exposure 
ratio (%)

Top of the head 18.72 (26.92–13.84) 5.32 3.54 (5.38–2.32) 5.4 75.54
Forehead 12.07 (14.79–10.25) 2.21 2.24 (2.96–1.95) 5.4 48.71
Right shoulder 17.63 (23.93–13.01) 4.57 3.32 (4.55–2.25) 5.4 71.14
Left shoulder 16.70 (23.4–12.42) 4.11 3.13 (4,46–2.25) 5.4 67.39
Chest 16.12 (20.56–12.89) 2.83 3.01 (4.11–2.45) 5.4 65.05
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2.7	 �Discussion

The fact of studying static positions for UV-R doses implies an increase in the mean 
values with respect to other studies involving dynamical positions.

Moreover, taking a look at the results obtained, it has been shown that for every 
season of the year and for every position analyzed, the UV-R dose received has 
always exceeded the limit recommended by ICNRIP for skin types I to IV.

During winter, the UV-R dose in chest position (7.36 SED) passes the limit rec-
ommend for skin type I/II by a factor of 3.68 and by a factor of 1.47 for skin type 
III/IV.

During spring time, it was measured an averaged UV-R dose for the head posi-
tion of 18.72 SED which surpasses the recommended limit for skin type I/II by a 
factor of 9.36 and the limit for skin type III/IV by a factor of 3.74.

For summertime, it was measured an averaged UV-R dose for the head position 
of 31.20 SED surpassing the recommended limit for skin type I/II by a factor of 15.6 
and the limit for skin type III/IV by a factor of 6.24.

Looking at the above values, it can be concluded that it should be necessary to 
include specific protective actions in order to avoid high UV-R doses.

3	 �Personal UV Exposure Received Inside a Car

3.1	 �Introduction

A particular and non-deep-studied case of study regarding UV-R doses on humans 
is the one related to people travelling inside vehicles. The reason is because the 
action of windows blocking the radiation is a given fact. However, it has been 
observed that this blocking action is deeper in shorter wavelengths but, when con-
sidering accumulated values during a long period of time, UV-R doses resulting 
need to be considered (Lavker et al. 1995; Lavker and Kaidbey 1997; Lowe et al. 
1995; Sayre et al. 1997; Bisset et al. 1992). Additionally, there are many cases when 
people inside vehicles travel with opened windows and therefore the radiation is 
coming into the vehicle without any filter.

Table 8  UVER dose and ER for different mannequin positions (summer period)

Dosimeter site Mean (SED)

Standard 
deviation 
(SED)

Mean SED per 
hour outdoors 
(range)

Mean lime 
spent 
outdoors (h)

Exposure 
ratio (%)

Top of the head 31.20 (34.54–27.85) 3.01 6.24 (6.91–557) 5 68.62
Forehead 9.81 (14.5–5.22) 4.37 1.96 (2.9–1.04) 5 21.57
Right shoulder 24.97 (29.09–21.32) 3.30 4.99 (5.82–426) 5 54.98
Left shoulder 23.93 (28.23–19.69) 3.34 4.79 (5.64–3.94) 5 52.64
Chest 16.73 (23.85–14.21) 4.06 3.35 (4.77–2.84) 5 36.81
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For example, people who work driving a bus or a taxi may spend more than 8 h 
inside the vehicle (Lowe et al. 1995). They may accumulate a considerable quantity 
of UV-R.

The difference between travelling with opened or closed windows has been con-
sidered in this study (Gurrea et al. 2018).

Also, and following the same methodology as in the above cases of study, it has 
been included the calculation of the time needed to produce an erythema on driver’s 
skin.

3.2	 �Personal UV-R Dosimeters

For this study, the same kind of dosimeters as in the rest of the cases analyzed has 
been used (Biosense Laboratories n.d.; Furusawa et  al. 1998). Figures  2 and 3 
clearly show the different positions studied in both cases: driver and passenger. In 
each case four dosimeters have been used. The identification for the positions is the 
following: HD (horizontal driver), LD (lateral driver), VD (vertical driver), AD 
(armrest driver), HP (horizontal passenger), LP (lateral passenger), VP (vertical 
passenger), and AP (armrest passenger).

Two extra dosimeters have been placed outside the car, in horizontal and vertical 
position.

3.3	 �UV-R Exposure Limits Considered

Following the ICNIRP report on exposure limit values (International Commission 
on Non-Ionizing Radiation Protection (ICNIRP) 2010), the average threshold expo-
sure for non-adapted sun skin types II and III is 2 SED and 5 SED, respectively.

3.4	 �Subjects and Design

The study took place in Paterna (Valencia) on cloudiness sky conditions from 
February to December 2009 (9:30 h to 15:00 h) (local time). The period of time 
when measurements were taken was February–March, May–June, July–September, 
and October–November–December, in 2009.

A three-door Peugeot 206 4–1360 cc., 1.4 L. 2000, was used for the study, mea-
suring 3.82 m long, 1.67 m wide, and 1.44 m high.

For the development of the study a three-door car Peugeot 206 has been used.
In order to simplify the measurement conditions, but trying to emulate, as much 

as possible, the real situation, the car was placed with driver’s window pointing to the 
sun. In order to do that, every 45 min, the car was turned about 10° following the sun.

As in previous cases, the time needed to produce an erythema on skin has been 
calculated knowing the exposure limit for the different types of skin, as it can be 
seen in Table 9 (Vanicek et al. 2000).
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Fig. 2  Situation of 
dosimeters on driver place

Fig. 3  Situation of dosimeters on passenger place
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3.5	 �Results

Taking a look at results from Tables 10, 11, 12, and 13, it is easy to conclude that, 
in the case of travelling with windows in closed position, the driver and also the 
passenger of a vehicle are effectively protected against UV-R. The value for UV-R 
dose is always lower than the limit recommended by ICNIRP. There is only one 

Table 9  UVER for each 
type of skin

Skin 
phototype

Dose UVER equivalent 
to one MED (J m–2)

I 200
II 250
III 350
IV 450
V 550
VI 650

Table 10  UVER during the February–March

Dosimeter 
position

UVER dose with closed 
windows (J m–2)

UVER dose with opened 
windows (J m–2)

UVER dose 
outdoors (J m–2)

HD 24.7 9.1
LD 53.4 197.4
VD 4.1 14
AD 31 157.1
HP 0.5 0.8
LP 6.9 9.7
VP 8.4 4.8
AP 4.8 30.7
HOUT 161.8
VOUT 171.2

Table 11  UVER during May–June

Dosimeter 
position

UVER dose with closed 
windows (J m–2)

UVER dose with opened 
windows (J m–2)

UVER dose 
outdoors (J m–2)

HD 0 16.8
LD 69.3 183.8
VD 0 14.5
AD 87.9 324
HP 14.5 6.1
LP 0 17.4
VP 11.6 20.6
AP 26.4 298.4
HOUT 394.2
Vout 227.7
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exception: the case of the arm for driver position during summer period (July–
September) reaching a value of 135.5 J m−2.

However, in the case of travelling with completely opened windows, the situa-
tion changes dramatically. In both cases, driver and passenger position, the UV-R 
doses received may pass the limit recommended (by a factor of 3.1 in the case of 
lateral position and by a factor of 3.6 in the case of the arm, for summer period).

Taking a look at the results coming for Table 14, it should be stated that normally 
the time needed to appear an erythema on people travelling inside a car is large. 
However, in some particular cases, like lateral position in winter with opened win-
dows, the time would be lower than an hour. Also, in the arm of driver, during sum-
mer season and travelling with completely opened windows, the erythema would 
appear in 40 min.

Finally, it has been seen that, with some exception (AP in May–June), time 
needed to appear a skin erythema is higher for the passenger than for driver as 
shown in Table 14.

Table 12  UVER during July–September

Dosimeter 
position

UVER dose with closed 
windows (J m–2)

UVER dose with opened 
windows (J m–2)

UVER dose 
outdoors (J m–2)

HD 7.5 90.2
LD 103.6 333.5
VD 71 144.3
AD 135.5 393.6
HP 76 76
LP 92 109.1
VP 55.6 48.1
AP 75.1 254.9
HOUT 488.7
VOUT 319

Table 13  UVER during October–November–December

Dosimeter 
position

UVER dose with closed 
windows (J m–2)

UVER dose with opened 
windows (J m–2)

UVER dose 
outdoors (J m–2)

HD 36.8 40.5
LD 88.8 120.2
VD 53.8 51.6
AD 50 99
HP 4.5 27
LP 39.9 34.6
VP 22.4 36.7
AP 39.3 58.8
HOUT 133
VOUT 135.2
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3.6	 �Discussion

Looking at the results, it can be concluded that solar height is the most important 
factor when measuring UV-R dose inside a vehicle. Thus, it has been shown that in 
months when solar height has a greater value (mainly winter months), there is a 
higher difference between dose received by the driver and by passenger. The reason 
is that the sun comes in more perpendicular on the driver position whereas the pas-
senger is protected by the driver’s shadow. That is because, for this particular study, 
the car position was always with driver’s window pointed to sun.

In the case of months when solar height is lower (summer months), the effect of 
vehicle roof is to protect both the driver and passenger against radiation received.

Table 14  Time to erythema (in minutes) for driver position

Dosimeter 
position

February–March–
April May–June

July–August–
September

October–November–
December

Skin 
type CW OW CW OW CW OW CW OW

HD I 443 1229 ∞ 774 2307 193 329 231

II 554 1536 ∞ 968 2884 241 412 289

III 775 2151 ∞ 1356 4037 337 576 405

IV 997 2766 ∞ 1743 5190 434 741 520

V 1219 3381 ∞ 2130 6344 530 906 636

VI 1441 3995 ∞ 2518 7497 626 1071 752

LD I 205 56 182 70 168 52 136 78
II 256 70 228 88 210 65 170 97
III 359 99 319 123 294 91 239 136
IV 462 127 410 159 378 117 307 175
V 564 156 501 194 461 143 375 214
VI 667 184 592 229 545 169 443 253

VD I 2680 800 ∞ 895 245 120 225 182

II 3351 1000 ∞ 1119 306 151 281 227

III 4691 1401 ∞ 1567 429 211 394 318

IV 6031 1801 ∞ 2015 551 271 507 409

V 7372 2201 ∞ 2463 673 331 619 499

VI 8713 2601 ∞ 2911 796 391 732 590

AD I 354 71 144 40 131 44 242 95
II 442 88 180 50 164 55 303 118
III 619 124 251 70 230 71 424 166
IV 795 160 323 90 296 99 545 213
V 972 196 395 110 361 121 666 260
VI 1149 231 467 130 427 144 787 308

OW opened windows, CW closed windows
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Abstract
The effects of climate change and ozone depletion upon solar ultraviolet radia-
tion (UV-R) incidence, as well as the risks of sunlight exposure to human health, 
need to be better understood. DNA molecule has been identified as the main cel-
lular target of solar UV-R, and the UV-induced DNA damage is considered the 
initiating step of important biological process, such as the development skin can-
cers and aging. This chapter focuses on the use of physical and biological meth-
ods to measure the solar UV-R incidence and its genotoxic potential. The 
sunlight’s DNA damage profiles induced at different latitudes are presented, and 
the use of DNA molecule as well as UV-hypersensitive human skin cells for the 
evaluation of sunscreen photoprotection is also discussed in the text.

Keywords
Sunscreen · Photoprotection · Genotoxic potential

1	 �Introduction

Ultraviolet radiation (UV-R) represents only 6.1% of the electromagnetic spec-
trum emitted by the sun, and it is divided in three wavebands: UVC (100–280 nm), 
UVB (280–315 nm), and UVA (315–400 nm). Nevertheless, only a small propor-
tion of the solar UV-R reaches the terrestrial surface. Atmospheric oxygen and 
ozone completely absorb the UVC, and the ozone absorbs UVB photons. The 
UVA and UVB photons are the UV-R wavelengths biologically relevant for eco-
systems and human health (Londero et al. 2017; Santos and Londero et al. 2018; 
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Schuch et al. 2017). The UVA photons correspond to approximately 95% and the 
UVB about 5% of the total solar UV-R wavelengths incident at the surface (Bais 
et al. 2015; Schuch et al. 2013).

Human exposure to sunlight can lead to beneficial or adverse effects. The main 
source of vitamin D occurs after exposure of skin to UVB photons. Vitamin D 
plays a determining role in the body maintenance of important processes, such as 
calcium homeostasis (Holick 2007). However, incident UVB and UVA rays are 
able to directly or indirectly damage biomolecules, such as DNA, proteins, and 
lipids, through energy transfer and electron relocations. Notably, DNA is the main 
target of the solar UV-R in living cells, and it is the molecule responsible for stor-
ing genetic information  (Londero et  al. 2019). Thus, UV-R can induce several 
types of DNA damage (or lesions) that can result in mutations or death in human 
skin cells. These cellular effects can lately result in carcinogenic processes or skin 
photoaging, respectively. Although UVB photons are more biologically effective 
than UVA photons, growing evidences suggest an important role of UVA in skin 
carcinogenesis, including formation of the cutaneous malignant melanoma, as well 
as in the skin photoaging (Schuch et al. 2017).

Therefore, an increasing knowledge about the incidence of solar UVB and UVA 
radiation at different latitudes becomes necessary for the accurate determination of 
their potential risks for human health (Bais et al. 2015; Schuch et al. 2013). In addi-
tion, the measurement of the DNA damage induced by solar UV-R in specific locali-
ties (Schuch et  al. 2012a, 2013) would help to better characterize its genotoxic 
potential, as well as to develop more efficient sunscreens to protect people against 
both UVB and UVA rays (Schuch et al. 2012b, 2014). Thus, the information regard-
ing ambient UV-R incidence and its biological effects are of vital interest for human 
health, especially in a scenario of increasing UV-R incidence (Bais et al. 2015).

2	 �Ambient UV-R Incidence

Several environmental factors can modulate the intensity of UV-R photons that 
reach the Earth’s surface. The solar zenith angle (height of the sun above the hori-
zon) consists of one of the main variables that influence the incidence of UV rays. 
Since solar zenith angle is modulated according to the latitude, hour of day, and 
season, the intensity of incident UV rays also varies according to these variables. 
Thus, UV-R is more intense when the sun is higher in the sky, which occurs in the 
tropics, near noon, and in the summer. Additionally, the pathway of sunlight through 
the atmosphere is longer at lower elevations, increasing the possibility of absorption 
of UV-R photons by the atmosphere, which results in a lower UV-R intensity at the 
surface compared with higher altitudes. In addition, the proportion of solar energy 
reflected from the surface (albedo) also modulates the amount of UV-R measured at 
a specific location (Schuch et al. 2017; McKenzie et al. 2007).

Latitudinal gradients are more decisive for the modulation of intensity of UVB 
than for the UVA rays. In South America, the UVB intensity in the city of Natal, 
Brazil (latitude 5°5′S), is 12-fold higher than in the city of Punta Arenas, Chile 
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(latitude 53°1′S). However, the UVA intensity is only twofold higher in Natal com-
pared to Punta Arenas (Schuch et al. 2012a). This occurs mainly because UV-R rays 
travel a longer path through the atmosphere until they reach the higher latitudes in 
Earth, such as in Punta Arenas. Additionally, considering that UVB is more ener-
getic than UVA, UVB is more prone to be absorbed by the atmosphere (mainly by 
ozone) than UVA (Schuch et al. 2017; McKenzie et al. 2007).

Other variations in solar UV-R incidence may occur due to changes in atmo-
spheric constituents, which block the passage of the UV rays to the Earth’s surface. 
Notably, cloud cover is a very important factor controlling UV-R incidence for any 
location on Earth. In addition, aerosols and trace gases, such as nitrogen dioxide and 
sulfur dioxide, are also capable to control solar UV-R in polluted urban areas. On 
the other hand, nitrogen dioxide and sulfur dioxide are able to scatter the UV-R, 
leading places shaded from direct sunlight to receive higher levels of reflected UV-R 
(Schuch et al. 2017; McKenzie et al. 2007).

When levels of clouds and aerosols are low or even null, the stratospheric ozone 
plays the leading role in absorbing solar UVB rays (Bais et al. 2015; McKenzie 
et al. 2007; Lucas et al. 2015). However, the constant and massive release of man-
made chlorofluorocarbons (CFCs) has decreased ozone levels, since it catalyzes the 
breakdown of ozone to molecular oxygen. Consequently, a lower concentration of 
ozone directly results in an increase of UVB rays on Earth’s surface. Recently, 
increases in ozone levels have been observed in different parts of the planet, since 
that global police measures have been taken in the last decades to reduce the release 
of ozone-depleting substances. However, an unexpected and persistent increase in 
global emissions of ozone-depleting trichlorofluoromethane (CFC-11) has recently 
been reported (Montzka et  al. 2018). Furthermore,  events of depletion of strato-
spheric ozone levels are still occurring in the winter and spring over the high lati-
tudes (63–90°) of Southern and Northern hemispheres (WMO, Scientific Assessment 
of Ozone Depletion: 2014, 2015). Therefore, the consequences of climate changes 
for ozone recovery are unclear in the coming decades (Bais et al. 2015). It is impor-
tant to note that the proportion of daily UVA radiation is naturally much higher than 
the UVB in any latitude, since that UVA rays hit the surface independently of the 
concentration of stratospheric ozone in the hemispheres (Schuch et  al. 2017). 
Figure 1 shows the environmental factors that can alter the solar UV-R doses on 
Earth’s surface.

3	 �Genotoxic Action of Ambient UV-R on Skin Cells

The main cellular effects induced by UV-R, cell death and mutagenesis, are direct 
biological consequences of DNA damage induction (Rastogi et al. 2010; Friedberg 
2003). The UVC wavelengths are most effectively absorbed by DNA, followed by 
UVB and UVA. Since UVC does not reach the Earth’s surface, UVB wavelengths 
are the main stressor emitted by sun for living beings. The incident UV-R wave-
lengths and the base composition of the DNA molecule determine the chemical 
nature and efficiency in the formation of DNA lesions. The direct excitation of the 
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DNA molecule by solar UVB and UVA wavelengths (mainly by UVB) triggers 
dimerization reactions between adjacent pyrimidines. These photoproducts, gener-
ically called as pyrimidine dimers, are lesions that distort the DNA molecule. The 
two main types of pyrimidine dimers are the cyclobutane pyrimidine dimers 
(CPDs) and the pyrimidine (6-4) pyrimidone photoproducts (6-4PPs). After further 
irradiation with wavelengths around 320 nm (UVA), the 6-4PP lesions can be con-
verted to their Dewar valence isomers (Schuch et  al. 2013; Rastogi et  al. 2010; 
Friedberg 2003).

Solar UV-R can also damage DNA indirectly after photon absorption by other 
cellular chromophores and generation of reactive oxygen species (ROS), reactive 
nitrogen species (RNS), or reactive aldehydes. The DNA damage induced as conse-
quence of redox imbalance (mostly oxidized guanine, such as the 7,8-dihydro-8-
oxoguanine; 8-oxoG) occurs more effectively after UVA than UVB irradiation. 
Another type of indirect DNA lesion induced by UVB or UVA is the single-strand 
breaks (SSB), but this lesion has little involvement in the formation of mutations 
(Schuch et al. 2017; Friedberg 2003).

Throughout evolution cells have developed specific DNA repair mechanisms, 
which correct damaged DNA bases or small nucleotide sequences containing bulk 
lesions (Londero et al. 2019). These DNA repair systems are indispensable for the 
maintenance of genomic integrity and to avoid the cellular consequences of the 
permanence of DNA damage (Rastogi et al. 2010; Friedberg 2003). Two essential 
repair systems for the removal of UV-induced DNA damage in humans are the 
nucleotide excision repair (NER) and the base excision repair (BER) pathways. 

Fig. 1  Environmental factors that influence the incidence of solar UV-R on Earth’s surface. Each 
graphic presents a tendency line between UV-R incidence with a specific environmental variable
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Both perform DNA damage removal through processes that involves the coordi-
nated participation of several proteins and multiple intermediate steps (Friedberg 
2003). While NER is capable to repair the UV-induced pyrimidine dimers (Sancar 
and Tang 1993), BER is more prone to repair oxidized DNA bases (such as 
8-oxoG), SSBs, and abasic sites (Wilson III and Bohr 2006). However, when the 
repair is inefficient, unrepaired DNA lesions may interfere in basic cellular pro-
cesses, such as DNA replication and transcription, thereby leading to mutations 
and/or cell death (Schuch and Menck 2010).

The harmful effects of solar UV-R on skin cells are much more pronounced in 
the xeroderma pigmentosum (XP) patients. XP is an autosomal recessive syndrome 
mainly characterized by the hypersensitivity to sunlight. Most XP patients have 
mutations in one of the genes whose products are involved in the NER pathway. In 
addition, there is also the so-called XP variant, who has normal NER but is defective 
in the translesion synthesis (TLS) due to mutation in the POLH gene, which encodes 
the DNA polymerase η (Pol η) that performs the bypass of UV-induced pyrimidine 
dimers during DNA replication. As a consequence of the absence of the repair of 
UV-induced DNA lesions, XP patients show high frequency of skin cancer (Schuch 
et al. 2017; Friedberg 2003). This phenotype directly links the permanence of DNA 
lesion with the increase of mutation frequency and skin cancer development.

Despite the assurance that UVB is biologically more effective than UVA, it has 
been demonstrated that the participation of solar UVA radiation in skin carcino-
genesis may be more drastic than previously assumed (Schuch et al. 2013, 2017). 
Interestingly, although the absorption of UVA by DNA is 4.2-fold lower than that 
of UVB radiation, the UVA incidence on Earth’s surface is 20-fold higher than 
UVB (Schuch et al. 2017). Furthermore, the penetration capacity of UVA in the 
skin is higher than UVB, since UVA can reach melanocytes and dividing stem cells 
located in basal layers (Sage et al. 2012). It was demonstrated that UVA is able to 
induce mutation, chromosomal aberrations, and tumorigenic transformation in 
human skin cells (Wischermann et al. 2008). Consequently, the process of photo-
carcinogenesis can have important contribution of UVA wavelengths, although the 
mechanisms involved in this process are not completely known. Thus, it becomes 
necessary the development of more effective sunscreens against UVA wavelengths 
(Schuch et al. 2013, 2017).

 Investigations concerning mutagenesis induced by UV-R demonstrate that the 
C–T transition is the mutation more frequently induced as response to pyrimidine 
dimers formed by both UVA and UVB (Pfeifer et  al. 2005; Kappes et  al. 2006; 
Ikehata et al. 2008). Interestingly, despite the higher induction of CPDs by equicy-
totoxic doses of UVB compared to UVA, pyrimidine dimers formed by UVA are 
considered more mutagenic than those induced by UVB. This is partly explained 
due to an ineffective cell cycle arrest, which leads to the progression of DNA repli-
cation in the presence of DNA lesions and the accumulation of mutations (Runger 
et al. 2012). On the other hand, when mouse skin is exposed to UVA wavelengths, 
it is observed that only 6% of the mutation spectrum is related to the formation of 
8-oxoG, the main oxidized DNA damage (Ikehata et al. 2008). It is suggested that 
CPDs have a higher contribution to the sunlight-induced mutagenesis in contrast 
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with 8-oxoG or even 6-4PPs. This could be explained by the rapid efficient removal 
of 8-oxoG and 6-4PPs by the action of BER and NER enzymes, respectively (Sage 
et al. 2012; Besaratinia et al. 2008). A representative scheme of the genotoxic action 
of solar UV-R is shown in Fig. 2.

Despite the suggested little involvement of UV-induced oxidative DNA damage 
in the mutagenic processes induced by sunlight, the induction of redox imbalance 
(mainly by UVA) requires attention, because reactive aldehydes, ROS, and RNS 
may damage other cell structures and molecules than DNA itself (Schuch et  al. 
2017). For instance, oxidized proteins may cause cross-links with DNA blocking its 
metabolism processes, such as replication and transcription (Girard et  al. 2008; 
Hoerter et  al. 2008; Davies 2016; Radman 2016; Graindorge et  al. 2015). 
Additionally, the lipid peroxidation process can oxidize the cell membranes desta-
bilizing them. Hence, when these events are not lethal to the cells, they can lead to 
unsaturated aldehydes, which may form mutagenic adducts in DNA (Blair 2008; 
Medeiros 2009).

4	 �Physical and Biological Methods for Monitoring 
the Ambient UV-R

Accurate and reliable physical and biological methods are needed for monitoring of 
solar UV-R incidence and to access the risks to human health (Schuch et al. 2017). 
Broadband detectors and spectroradiometers are the most common tools for moni-
toring of solar UV-R. Broadband detectors are capable to measure a certain UV 
wavelength range and use special filters to measure UVB or UVA wavebands. 
Spectroradiometers are sensitive to solar UV-R at individual wavelengths (Godar 
2005).

Examples of broadband detectors that take measurements at 280–315 nm (UVB 
waveband) and 315–400 nm (UVA waveband) are specific radiometers from EKO 

Fig. 2  Genotoxic action of UV-R on skin cells and its consequences for human health
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Instruments Trading, Tokyo, Tokyo-to, Japan. Furthermore, other example of broad-
band detectors is Robertson-Berger sunburn meter (RB meter), which has a spectral 
sensitivity that is similar to the human erythemal response, thereby measuring only 
the “burning” solar UVB rays (Godar 2005). On the other hand, the Brewer equip-
ment is an example of spectroradiometer (Kipp and Zonen Instruments, Inc., 
Saskatoon, Saskatchewan, Canada), which measures the full sky and spectrally 
resolves UV-R between 286.5 and 363 nm through 0.5 nm wavelength increments. 
In addition, this instrument also infers the total column of ozone in the atmosphere 
(in Dobson units). However, this type of equipment has disadvantages that make 
their use difficult for routine measurements, which include high cost, difficulty of 
operation, requirement of constant calibration, and complementation with biologi-
cal models (Godar 2005).

Another approach for the determination of the biologically effective dose of 
UV-R that reaches the terrestrial surface involves the use of biological systems to 
measure specific photobiological responses. In general, a biosensor integrates the 
UV spectral response and the photobiological effect that is measured. Notably, 
some characteristics must be considered in the elaboration of new biosensors, such 
as high resistance against changing environmental conditions, suitability for routine 
measurement, and representativeness of a possible risk or benefit to human health or 
ecosystems. Furthermore, it is important to note that the spectral response (UVB/
UVA) should be in agreement with a specific photobiological process and that the 
quantification of the biological effects of UV-R should be undertaken in measurable 
units (Schuch et al. 2013).

The use of organisms to evaluate the genotoxic potential of sunlight on ecosys-
tems is not a simple task (Londero et al. 2019). Over the last decades, various simple 
systems have been developed to be used as biological UV dosimeters, such as pro-
vitamin D3 (Galkin and Terenetskaya 1999), uracil thin layers (Gróf et al. 1996; 
Horvath et al. 2001), DNA (Schuch et al. 2009; Yoshida and Regan 1997a; Regan 
and Yoshida 1995; George et  al. 2002) or different bacteriophages (Yoshida and 
Regan 1997b; Hegedus et al. 2003), spores from Bacillus subtilis (Munakata et al. 
1998, 2001, 2006; Berces et al. 1999), and eukaryotic cells in culture (Schuch et al. 
2014; Rettberg et al. 1999). Most of these systems measure directly or indirectly the 
DNA damage induced by solar UV-R.

An example of very simple, portable, and robust DNA dosimeter is based on mini-
dots of purified and dried bacteriophage λ DNA placed on an UV-R transparent biofilm 
(Yoshida and Regan 1997a, b; Regan and Yoshida 1995). Another example of DNA 
dosimeter based on the use of bacteriophage DNA is the phage T7 dosimeter. In this 
case, the lesions are measured through different DNA fragments using a quantitative 
polymerase chain reaction methodology (Hegedus et al. 2003; Rontó et al. 1992, 1994). 
In both dosimeter assays, the pyrimidine dimers block in vitro DNA replication by Taq 
DNA polymerase, thereby decreasing the amplification of a damaged DNA segment. 
Nonetheless, 6-4PPs are considered more effective in blocking replication than the 
CPDs, due to the greater structural distortion formed by this type of lesion in the DNA 
molecule. Additionally, the use of bacteriophage systems allows the evaluation of other 
biological consequences related to DNA damage induction, such as the inactivation 
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(killing) of a phage particle. However, it is important to consider that caution should be 
taken with the data obtained through the use of dried DNA used in these systems, since 
it has been demonstrated that pyrimidine dimers are induced at a much lower frequency 
in the absence of water than in a water solution (Schuch et al. 2013).

Aqueous solution of naked DNA is also used in DNA dosimeters. In one of such 
system, a naked calf thymus DNA solution is maintained in cylindrical quartz 
tubes, and the CPDs are identified by using a specific antibody against this lesion 
(George et  al. 2002). Another DNA dosimeter that also uses naked calf thymus 
DNA solution in quartz tubes was complemented with the bacteriophage 
PWH3a-P1, which infects the bacterium Vibrio natriegens, allowing for the mea-
surement of DNA damage and loss of infectivity of the bacteriophage after sun 
exposure (Wilhelm et al. 2002).

In addition, a suitable, reliable, low cost, resistant, highly UV transparent DNA 
dosimeter system uses a purified plasmid DNA solution to artificial UV lamps and 
sunlight (Schuch et al. 2009, 2013). This DNA dosimeter allows the calculation of 
the biologically effective dose (BED) of UV-R by the quantification of the amount 
of different types of DNA lesions generated after an exposure period. In this 
in vitro methodology, DNA lesions are detected either directly (by DNA breaks) or 
by using lesion-specific DNA repair enzymes (such as T4 bacteriophage endonu-
clease V, yeast ultraviolet damage endonuclease, and the E. coli formamidopyrim-
idine-DNA glycosylase) that cleave DNA at the damage site. Quantification of the 
number of lesions is performed by densitometric analyses after separation of 
supercoiled and circular relaxed plasmid DNA forms through electrophoresis 
migration in agarose gel. The amount of each type of DNA lesion is represented as 
the average number of enzyme-sensitive sites per kilobase pair (ESS/kbp). 
Therefore, this DNA dosimeter proves to be an efficient tool that allows the detec-
tion of several types of UV-induced DNA damage, such as CPDs, 6-4PPs, and 
oxidized DNA bases (Schuch et al. 2009). The use of this biological system made 
it possible to verify the DNA damage profiles induced by sunlight at different lati-
tudes in South America and to evaluate DNA photoprotection of sunscreen, as 
described below (Schuch et al. 2012a, b).

The application of biosensors in combination with other physical and/or meteo-
rological tools helps to improve knowledge regarding the interactions between cli-
mate changes, ozone depletion, and increased solar UV-R doses, as well as their 
impact on biomolecules, human health, and ecosystems (Yagura et  al. 2011). 
Figure 3 presents examples of UV-R radiometers and the DNA-dosimeter system 
for monitoring the incidence solar UV-R and its genotoxic potential.
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5	 �Sunlight’s DNA Damage Profiles at Different Latitudes

To monitor the incident solar UV-R and its genotoxic potential, field experiments 
were performed with the DNA-dosimeter system in parallel with measurements of 
solar UVB/UVA incidence at different latitudes in South America (Schuch et al. 
2012a). The obtained data demonstrates that the incidence of UVB radiation 
increased according to the decrease of latitude. For instance, UVB doses reached 
1.9-, 5.3-, and 12.1-fold higher in São Martinho da Serra (29°4′S), São Paulo 
(23°3′S), and Natal (5°5′S), respectively, in comparison with Punta Arenas (53°1′S). 
On the other hand, UVA doses were about twofold higher in Natal compared to 
Punta Arenas. Interestingly, any decrease in the latitude is accompanied by a cor-
responding increase in the formation of pyrimidine dimers in relation to oxidized 
DNA bases. On the other hand, an increase in latitude favors the induction of both 
oxidized DNA bases and SSBs, followed by a decrease in the formation of 6-4PPs. 
Notably, although the amount of CPD lesions varied along the latitudinal gradient, 
their induction profiles were similar in the four locations. Therefore, 6-4PP lesions 
can be considered as a biomolecular marker for the amount of incidental solar UVB 
radiation and oxidized DNA bases for incidental UVA. Thus, the genotoxic poten-
tial of sunlight does vary according to the latitude (Schuch et al. 2012a). Figure 4 
represents the DNA damage profiles induced by sunlight at different latitudes of 
South America.

Fig. 3  Examples of UVA and UVB radiometers and the use of DNA-dosimeter system to evaluate 
the genotoxic potential of sunlight. (a) UVA radiometer MS-212A (315–400 nm) and UVB radi-
ometer MS-212 W (280–315 nm) from EKO Instruments Trading Co., Ltd. installed at the Federal 
University of Santa Maria, Brazil. These radiometers are continuously measuring the daily inci-
dence of solar UV-R in the city of Santa Maria, RS, Brazil (latitude 29°S). Below, it is shown the 
result of the UVA and UVB doses that reached the surface at this latitude throughout the months 
of the year 2017 (cumulative monthly doses in kJ/m2). (b) DNA-dosimeter system used for the 
exposures of DNA samples to sunlight. DNA-dosimeter system covered with an aluminum foil 
represents the nonirradiated control samples for comparative analysis with the exposed DNA sam-
ples (non-covered system)
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Therefore, this figure shows clearly that the incidence of UVB radiation is higher 
in low latitudes, where the levels of stratospheric ozone are naturally lower, result-
ing in higher levels of 6-4PPs. On the other hand, the UVA incidence on Earth’s 
surface does not vary drastically as UVB incidence throughout South America 
(Schuch et  al. 2012a, 2013). This information is extremely relevant for guiding 
future works aiming at indicating the molecular impact of variations in solar UV 
incidence resulting from variations in stratospheric ozone, climate changes, or both, 
as well as for the development of more effective sunscreen.

6	 �Evaluation of DNA Photoprotection of Sunscreen

The interaction between ozone depletion and global warming may increase the inci-
dence of skin cancer in the UK from 5000 to 6000 cases per year by 2050 (Diffey 
2004). Worryingly, populations of tropical countries, such as Brazil, may suffer 
higher consequences, since exposure to very high UV-R doses becomes more fre-
quent. Furthermore, this scenario is even more dramatic for people suffering from 
diseases that are associated with extreme sensitivity to solar UV-R, such as xero-
derma pigmentosum (XP) (Munford et  al. 2017). Therefore, photoprotection has 

Fig. 4  Sunlight’s DNA damage profiles induced at different latitudes. (a) Latitudes in South 
America where the DNA damage profiles were determined. (b) Fold change of solar UVB and 
UVA doses measured at each latitude in relation to the 53°1′S. (c) Representative description of the 
variations in DNA damage profiles at different latitudes in South America
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become a topic of increasing relevance in public healthcare, and the use of sun-
screen became one of the main preventive measures against the deleterious effects 
of solar UV-R (Schuch et al. 2014).

The protective efficiency of sunscreens has been evaluated by measuring the 
induction of erythema in human skin, which is expressed as the sun protection fac-
tor (SPF), by the in  vivo persistent pigment darkening (PPD), as well as by the 
in vitro UVA-PF. However, none of these methodologies can evaluate DNA photo-
protection provided by sunscreen formulations. DNA photoprotection has been 
demonstrated using skin of human explants, mice, reconstructed human skin mod-
els, and in vitro cultured human cells (Schuch et al. 2012b, 2013).

In the last years, the use of a DNA-dosimeter system has been used to characterize 
the DNA photoprotection of sunscreen formulations (Schuch et al. 2012b). The sun 
protection factor for DNA (DNA-SPF) is measured by the ratio between the total 
amount of DNA lesions (CPDs + oxidized DNA bases) induced by UV radiation in 
plasmid DNA samples without sunscreen and the total amount of DNA damage veri-
fied in irradiated samples in the presence of sunscreen. This biological dosimeter also 
provides the calculation of the percentage of DNA photoprotection (percentage of 
protection against the induction of both CPDs and oxidized DNA bases). It provides 
a simple and clear manner to qualify the biological protection of a specific formula-
tion. In general, the sunscreen provides good protection against DNA lesion induced 
by UVB radiation. However, the same sunscreen is less efficient in protecting against 
the formation of oxidized DNA bases and CPDs induced by UVA, suggesting that 
improvements are necessary to increase protection against UVA wavelengths (Schuch 
et al. 2012b). Figure 5 shows an example of the evaluation of DNA photoprotection 
of sunscreen through the use of DNA-system dosimeters.

Until recently, there was none elaborated methodology to verify the photoprotec-
tion efficiency of sunscreens based on the needs of people with hypersensitivity to 
sunlight, such as the patients with XP syndrome. Then, a DNA-based cell dosimeter 
was designed to measure the protective properties of sunscreen directly in human 
skin fibroblasts obtained from XP patients (Schuch et  al. 2014). This biosensor 
enables the exposure of human cultured cells to sunlight in a hermetically sealed, 
sterile, and highly UV-R transparent environment. After irradiation, this cell dosim-
eter quantifies the sun protection factor for lethal damage (LD-SPF), measuring cell 
viability after UV treatment, as well as the sun protection factor for genomic DNA 
(genomic DNA-SPF), using a CPD-specific antibody (Schuch et al. 2014).

Through the use of DNA-based cell dosimeter four commercial sunscreens with 
different labeled SPFs (8, 15, 35, and 60; same brand) were tested for their ability 
to protect XP cells against UVB, UVA radiation, and natural sunlight. The tested 
sunscreen presented efficient photoprotection against the induction of DNA damage 
and mortality after UVB exposure. However, the same protective effect was not 
observed for UVA radiation and natural sunlight. This data emphasizes the low pro-
tective efficiency of the tested commercial sunscreen for UVA wavelengths of sun-
light. Therefore, it is necessary to improve the efficiency of photoprotection 
provided by sunscreen lotions against UVA wavelengths, as well as improve the 
methodologies available for cosmetic industry to determine photoprotection of 

Monitoring the Genotoxic Potential of Sunlight and DNA Photoprotection of Sunscreen



140

sunscreen in order to improve the efficiency of sunscreen for the use by the general 
population (Schuch et al. 2012b, 2014).

7	 �Concluding Remarks

Solar UV-R is an important environmental genotoxic agent that a considerable part 
of the world’s population is exposed daily. Worryingly, DNA damage induced by 
UV-R is considered the main cause of skin aging and skin cancer development, 
including the malignant melanoma. However, the understanding of how the solar 
UV wavelengths act in the skin cancer and aging is still not complete. Therefore, 
accurate and reliable physical and biological dosimeters are needed for the monitor-
ing of solar UV-R exposure and to access the risks to human health. The parallel 
application of physical methods with DNA-based dosimeters offers the possibility 
to develop works directly in the environment with different objectives, such as (1) 
to quantify the DNA lesions induced by sunlight, (2) to evaluate the changes in the 

Fig. 5  Evaluation of DNA photoprotection of sunscreen. (a) Exposure of DNA dosimeters to a 
solar simulator for the verification of DNA photoprotection efficiency of different sunscreens. (b) 
Percentages of protection against CPDs and oxidized DNA bases of several products containing 
sunscreen. (c) Sun protection factor for DNA (DNA-SPF) of several sunscreen formulations
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DNA damage profiles at different latitudes and correlate it with the incidence of 
UVA and UVB wavelengths, and (3) to evaluate the efficiency of DNA photoprotec-
tion provided by commercial sunscreen.
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