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L&H

Definition

Lymphocytic and/or histiocytic.

▶Hodgkin Disease, Clinical Oncology
L&H Cells

Definition

Lymphocytic and histiocytic cells.
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L858R

Definition

Somatic mutations of the epidermal growth facto

receptor (▶EGFR) gene are found in about 25–40%

of ▶ lung cancer patients. These mutations are assoc

ated with clinical and radiographic responses to EGF

▶ tyrosine kinase inhibitors (TKIs), ▶ gefitinib an

▶ erlotinib. Most common is the mutation resultin

in arginine for leucine substitution at amino acid 85

(L858R). The EGFR mutation status, especial

L858R mutation is correlated with the response

gefitinib and erlotinib.

▶Non-Small Cell Lung Cancer
M. Schwab (ed.), Encyclopedia of Cancer, DOI 10.1007/978-3
# Springer-Verlag Berlin Heidelberg 2011
Label-Free Analysis

Definition

A biochemical analysis employing detection metho

without the need of label such as fluorescence

radioactive tag.

▶ Surface Plasmon Resonance
Labile Factor

Definition

▶ Factor V
Lactate

Definition

A three-carbon carboxylic acid also known

2-hydroxypropanoic acid.

▶Warburg Effect
Lactate Dehydrogenase

Definition

LDH is a ubiquitously expressed enzyme. Serum leve

of LDH can be used to monitor treatment of testicul
-642-16483-5,

http://dx.doi.org/10.1007/978-3-642-16483-5_2781
http://dx.doi.org/10.1007/978-3-642-16483-5_1828
http://dx.doi.org/10.1007/978-3-642-16483-5_3434
http://dx.doi.org/10.1007/978-3-642-16483-5_6080
http://dx.doi.org/10.1007/978-3-642-16483-5_2354
http://dx.doi.org/10.1007/978-3-642-16483-5_1989
http://dx.doi.org/10.1007/978-3-642-16483-5_4119
http://dx.doi.org/10.1007/978-3-642-16483-5_5595
http://dx.doi.org/10.1007/978-3-642-16483-5_2092
http://dx.doi.org/10.1007/978-3-642-16483-5_6229
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L 1968 Lactoferricin Antiangiogenesis Inhibitor
cancer, ▶Ewing sarcoma, non-Hodgkin lymphom

and some types of leukemia. Elevated levels of LD

can also be caused by a number of noncancerou

conditions, including heart failure, hypothyroidism

anemia, as well as lung and liver diseases.

▶Hodgkin Disease

▶ Serum Biomarkers

▶Testis Cancer
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Lactoferricin Antiangiogenesis Inhibito

David W. Hoskin

Departments of Pathology, and Microbiology and

Immunology, Dalhousie University, Halifax, NS,

Canada
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Definition

Lactoferricin is a cationic peptide that is generated b

the acid-pepsin hydrolysis of mammalian▶ lactoferr

present in the secretory granules of neutrophi

(polymorphonuclear leukocytes), as well as in exo

crine secretions, including milk, tears, and saliv

Interestingly, substantial quantities of lactoferric

are generated in the stomach following the ingestio

of lactoferrin-containing milk. Lactoferricin possesse

potent antimicrobial, antiviral, immunomodulator

and antitumor activities. In terms of anticancer activ

ity, the best studied of the lactoferricins is bovin

lactoferricin, which consists of amino acid residue

17–41 from the NH2-terminal region of bovin

lactoferrin (Fig. 1). A disulfide bond that form

between cysteine residues located at each end of th

peptide creates a looped or hairpin structure. In a

aqueous environment, bovine lactoferricin assume

an ▶ amphipathic, twisted b-sheet configuration wi

clear positively charged and hydrophobic faces. Th

relatively high proportion of asymmetrically clustere

basic amino acid residues (arginine and lysine) and th

hydrophobic tryptophan residues that in part compris

bovine lactoferricin are believed to be important fo

the peptide’s biological activity.
,

,

.

,

Characteristics

The in vitro and in vivo anticancer activity of bovin

lactoferricin has been attributed to the selective cyt

toxic effect (either by membrane lysis or ▶ apoptos

induction) exerted by this cationic peptide on a broa

range of cancer cell types, including leukemia

lymphomas, fibrosarcomas, and various carcinoma

However, recent studies indicate that bovin

lactoferricin is also able to inhibit ▶ angiogenesi

A similar, but less potent, antiangiogenic activity h

also been reported for bovine lactoferrin. Althoug

▶ neovascularization is normally tightly regulated b

the opposing effects of proangiogenic and ant

angiogenic factors, this process becomes dysregulate

during tumor growth. The action of proangiogenic fa

tors, in combination with basement membrane degr

dation by proteolytic enzymes, results in th

proliferation, migration, and differentiation of tumo

associated endothelial cells. Neovascularization is a

essential step in ▶ tumorigenesis since the new bloo

vessels provide oxygen and nutrients to rapidly dividin

cancer cells and remove metabolic wastes from th

tumor ▶microenvironment. This allows solid tumo

to grow in size, aswell as promoting the development

metastatic disease. Diffusible, tumor-associated grow

factors that stimulate angiogenesis include ▶ vascul

endothelial growth factor165, ▶ platelet-derive

growth factor, heparin-binding epidermal growth fa

tor-like growth factor, and basic ▶fibroblast grow

factor (also known as fibroblast growth factor 2).

Bovine lactoferricin is a potent in vivo inhibitor

vascular endothelial growth factor165 and basic fibr

blast growth factor–induced angiogenesis in the mou

▶matrigel-plug assay. This finding is consistent wi

the observation that administration of bovin

lactoferricin by subcutaneous injection reduces th

number of tumor-associated blood vessels in B1

BL6 melanoma-bearing mice. In addition, bovin

lactoferricin exhibits a dose-dependent inhibito

effect on the in vitro proliferation of human umbilic

vein endothelial cells in response to vascular endoth

lial growth factor165 or basic fibroblast growth facto

as well as inhibiting the in vitro migration of huma

umbilical vein endothelial cells across transwe

membranes in response to vascular endothelial grow

factor165 or basic fibroblast growth factor. Bovin

lactoferricin therefore inhibits endothelial ce

http://dx.doi.org/10.1007/978-3-642-16483-5_2042
http://dx.doi.org/10.1007/978-3-642-16483-5_2780
http://dx.doi.org/10.1007/978-3-642-16483-5_5269
http://dx.doi.org/10.1007/978-3-642-16483-5_5737
http://dx.doi.org/10.1007/978-3-642-16483-5_3262
http://dx.doi.org/10.1007/978-3-642-16483-5_239
http://dx.doi.org/10.1007/978-3-642-16483-5_361
http://dx.doi.org/10.1007/978-3-642-16483-5_274
http://dx.doi.org/10.1007/978-3-642-16483-5_4016
http://dx.doi.org/10.1007/978-3-642-16483-5_6063
http://dx.doi.org/10.1007/978-3-642-16483-5_3720
http://dx.doi.org/10.1007/978-3-642-16483-5_6155
http://dx.doi.org/10.1007/978-3-642-16483-5_6155
http://dx.doi.org/10.1007/978-3-642-16483-5_4611
http://dx.doi.org/10.1007/978-3-642-16483-5_4611
http://dx.doi.org/10.1007/978-3-642-16483-5_2175
http://dx.doi.org/10.1007/978-3-642-16483-5_2175
http://dx.doi.org/10.1007/978-3-642-16483-5_3552
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F K

C

R

R

W

W

Q

R

M

K K
L

G

A – Alanine M – Methionine

P – Proline

Q – Glutamine

R – Arginine

S – Serine

T – Threonine

V – Valine

C – Cysteine

F – Phenylalanine

G – Glycine

I – Isoleucine

K – Lysine

L – Leucine

Basic residue

Hydrophobic residue

Disulfide bond

A

P

S

I

T

C

V R R A F

4117

Lactoferricin Antiangiogenesis Inhibitor. Fig. 1 Primary

structure of bovine lactoferricin. The amino acid sequence of

bovine lactoferricin is indicated by single-letter code (see the

accompanying key). Basic and hydrophobic amino acid residues

are important for peptide function and are colored red and blue,

respectively. The disulfide bond, indicated by the solid bar
between cysteine residues at opposite ends of the peptide,

forms a loop consisting of 18 amino acids. Numbers indicate

the sequence position in bovine lactoferrin

Lactoferricin Antiangiogenesis Inhibitor 1969 L

L
proliferation and migration, which are essential step

in neovascularization. Importantly, bovine lactoferric

does not affect the viability of human umbilical ve

endothelial cells, suggesting that the antiangiogen

activity of bovine lactoferricin is independent of i

membrane-lytic and apoptosis-inducing activity.

Vascular endothelial growth factor165 and bas

fibroblast growth factor must first interact wi

▶ heparan sulfate proteoglycans on the surface o

endothelial cells in order for these proangiogenic fa

tors to bind to and trigger signal transduction throug

their respective cell-surface receptors. Other hepara

sulfate proteoglycan-dependent proangiogenic facto

that have been linked to tumor progression includ

platelet-derived growth factor and heparin-bindin

epidermal growth factor-like growth factor. Positive

charged bovine lactoferricin mediates its inhibitor

effect on basic fibroblast growth factor–induced an

vascular endothelial growth factor165-induced angio

genesis by interacting with negatively charged hep

rin-like structures on the surface of human umbilic

vein endothelial cells, thereby competing with bas

fibroblast growth factor and vascular endotheli

growth factor165 for the heparan sulfate proteoglycan

that are required for these proangiogenic factors

bind to and signal through their specific cell-surfac
l

l

receptors (Fig. 2). Although not yet formally proven,

is likely that bovine lactoferricin will have a simil

inhibitory effect on angiogenesis induced by oth

heparin-binding tumor-associated proangiogen

factors. However, ▶ electrostatic interactions alon

do not govern the binding of bovine lactoferricin

the heparan sulfate proteoglycans that are involved

cell-surface receptor signaling caused by hepari

binding proangiogenic factors. Thus, a scramble

form of bovine lactoferricin that retains the net positiv

charge of the native peptide is unable to inhibit th

binding of vascular endothelial growth factor165
basic fibroblast growth factor to human umbilic

vein endothelial cells. The primary and seconda

structure that is conferred on bovine lactoferricin b

its amino acid sequence is therefore an importa

factor in the selectivity of bovine lactoferricin f

heparin-like structures that are involved in basic fibr

blast growth factor and vascular endothelial grow

factor165 interactions with their respective recepto

on human endothelial cells.

Clinical Perspectives

Starving a solid tumor of its blood supply b

preventing or interfering with tumor-induce

neovascularization has generated considerable intere

http://dx.doi.org/10.1007/978-3-642-16483-5_2638
http://dx.doi.org/10.1007/978-3-642-16483-5_1847
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VEGF
receptor

VEGF
receptor

Heparan sulfate
proteoglycan

VEGF

VEGF

VEGF

VEGF

VEGF

VEGF

VEGF

VEGF

VEGF

Lfcin

Lfcin

Lfcin

Lfcin

Lfcin

Heparan sulfate
proteoglycan

b

Lactoferricin Antiangiogenesis Inhibitor. Fig. 2 Model of

bovine lactoferricin–mediated blockade of heparin-binding

growth factor–induced angiogenesis. (a) Heparin-binding

proangiogenic growth factors such as vascular endothelial

growth factor165 (VEGF) must interact with heparin-like binding

sites on heparan sulfate proteoglycans in order to bind to and

signal through receptors on the surface of endothelial cells.

(b) Bovine lactoferricin (Lfcin) complexes with heparin-like

binding sites on cell-surface heparan sulfate proteoglycans,

thereby competing with heparan sulfate proteoglycan-dependent

proangiogenic growth factors for heparin-like binding sites and

preventing proangiogenic growth factor receptor signaling from

taking place

L 1970 Lactoferricin Antiangiogenesis Inhibitor
as an alternative to conventional chemotherapy for th

prevention of tumor growth and metastasis. Indee

several different inhibitors of angiogenesis are cu

rently being used in the treatment of human cancer

However, the results obtained to date in clinical pra

tice have been less than was hoped for on the basis o

preclinical studies, most likely because the curre

generation of antiangiogenic agents only targ

a single proangiogenic growth factor receptor, wherea

multiple proangiogenic factors are typically associate

with tumor-induced angiogenesis. In this regard, th

ability of bovine lactoferricin to inhibit neovascu

larization in response to multiple heparin-bindin

growth factors may allow bovine lactoferricin to b

more effective than current antibody-base

antiangiogenic agents for the blockade of tumo

induced angiogenesis. However, the susceptibility o
,

.

t

t

bovine lactoferricin to enzymatic degradation an

inactivation through interactions with anionic seru

components remains a major obstacle to any future u

of this host defense peptide as an antiangiogenic agen

One possible solution is to synthesize an all-▶D amin

acid analogue of bovine lactoferricin since cation

peptides that consist of all-D amino acids exhibit dr

matically increased stability in serum. Alternativel

tumor-targeted ▶ liposomes might be used to enca

sulate and deliver bovine lactoferricin directly

tumor sites while retaining the peptide’s ability

mediate antiangiogenic activity. Although preclinic

studies have revealed that bovine lactoferricin

a potent inhibitor of angiogenesis, additional researc

will be needed in order to realize the potential

bovine lactoferricin as a novel antiangiogenic age

for the treatment of human cancers.

http://dx.doi.org/10.1007/978-3-642-16483-5_223
http://dx.doi.org/10.1007/978-3-642-16483-5_223
http://dx.doi.org/10.1007/978-3-642-16483-5_3388
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Lactoferrin

Definition

Is an 80-kDa iron-binding glycoprotein belonging

the transferrin family. Lactoferrin has importa

multifunctional roles in host defense.

▶Lactoferricin Antiangiogeneis Inhibitor
1

ix

b,
d

te
LAIR1

Definition

Leukocyte-associated immunoglobulin-like receptor
nt
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LAK

▶Activated Natural Killer Cells
er

g

to

th
LAMB

▶Carney Complex
:

,

i

l

.

.

Lamellar Phase

Definition

The most common lipid secondary structure, als

called the lipid bilayer, which defines most phosph

lipid membranes found.

▶Membrane–Lipid Therapy
t

Lamellipodia

Definition

Areas at the edge of adherent cells that extend awa

from the cell body by the pushing of intern

actin filaments as they polymerize. Flattened shee

like structures composed of a cross-linked F-act

meshwork that project from the cell membrane. Ofte

associated with the leading edge of migrating cells.

▶Cortactin

▶Migration
.

Laminin

Definition

LM are large, heterotrimeric, cruciform matr

glycoproteins composed of highly homologous a,
and g subunits. Five a (a1–5), four b (b1–4), an
three g (g1–3) chains variably assemble to crea

14 known isoforms that convey a variety of importa

biological functions. Specific LM isoform expressio

and posttranslational processing can directly influenc

cellular response to growth factors, intracellul

signaling, cell proliferation, susceptibility to apoptos

and migratory capacity. Changes in LM isofor

expression in vessel walls have been shown to fost

angiogenesis as well as leakage in vessels, renderin

them attractive to tumor cells and susceptible

metastatic invasion. Laminins are expressed in bo

http://dx.doi.org/10.1007/978-3-642-16483-5_3261
http://dx.doi.org/10.1007/978-3-642-16483-5_48
http://dx.doi.org/10.1007/978-3-642-16483-5_862
http://dx.doi.org/10.1007/978-3-642-16483-5_3624
http://dx.doi.org/10.1007/978-3-642-16483-5_1338
http://dx.doi.org/10.1007/978-3-642-16483-5_3746
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L 1972 Laminin Signaling
normal and malignant tissue, but different specifi

isoforms predominate in each case.

▶Aging and Cancer

▶Laminin Signaling

▶Tissue Inhibitors of Metalloproteinases
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Definition

▶Laminins are a family of glycoproteins with a

apparent molecular weight between 400 an

900 kDa. They are heterotrimers of three subunits,

b, and g, held together by disulphide bonds to for

triple helical coiled coil in a shape of a cross. Five

chains, three b chains, and three g chains have bee

identified, and by combination, they assemble to for

over 14 laminin isoforms that have different tissu

distributions and functions. Laminins are essenti

for basement membrane assembly, promote ce

attachment and ▶ angiogenesis, induce neurite ou

growth, affect gene expression, and are involved

cell proliferation, migration, and differentiatio

Biochemical dissection related some of the lamin

functions to specific parts of the glycoproteins.

appears that different parts in the molecules have di

ferent effects on cells. Some of these parts are crypt

and interact with cells only after proteolytic cleavag

of the laminin molecules. In vitro, most structural an

functional studies have been performed on laminin-

(a1b1g1).
-

y

n

y

o

rs
Characteristics

Laminin Signaling

Laminins activate various ▶ signal transduction path

ways. It was shown that ▶ chemotaxis induced b

laminin-1 is pertussis toxin sensitive, indicating o
,

l

l

.

t

the involvement of a pertussis toxin-sensitiv

G protein in the process, while ▶ haptotaxis seems

involve a different mechanism. It was shown th

human osteoclast-like cells selectively recognize lam

inin isoforms. The cells adhered to laminin-2 but not

laminin-1, and a sharp increase in intracellular Ca

was detected upon addition of soluble laminin-2 to th

cells. Another study showed that laminin-1 induce

a rapid and transient mRNA expression of c-fos an

c-Jun in PC12 cells and stimulated the DNA-bindin

activity of the complex of these proteins to the▶AP

site. In tumor cells, addition of laminin-1 resulted

a time- and dose-dependent activation of phosphol

pase D (PLD) followed by generation of ▶ phosph

tidic acid that is involved in signal transduction even

leading to the induction of ▶MMP-2 and enhance

invasiveness of metastatic tumor cells. This effect

laminin-1 was not seen in normal cells in vitr

Laminins’ signaling has been shown to involv

kinase/phosphatase cascades since bound laminin

and laminin-5 induce protein dephosphorylation

neural cells during process formation. A recent stud

performed in our laboratory showed that mitoge

activated protein kinases (▶MAPK) are involve

in laminin signaling. Addition of exogenous solub

laminin-1 resulted in a significant decrease in th

▶ phosphorylation (activation) of ERK, JNK, an

p38 after 30 min of incubation. This laminin-induce

dephosphorylation of all MAPK was dose-depende

and transient. Another study demonstrated that inc

bation of macrophages with a peptide from the lam

nin-a1 chain, but not intact laminin-1, triggere

protein kinase C-dependent activation of ERK1/

leading to upregulation of proteinase expression. Se

eral recent studies using laminin-5 have shown activ

tion of ERK1/2 via focal ▶ adhesion kinase (FAK

while other studies have shown activation of Rac1 v

phosphoinositide 3 kinase (PI3K). Although som

functions may be common to all laminin variant

other may be unique and isoform-specific, dependin

on the tissue or organ in which they are expressed.

addition, various signal transduction pathways may b

activated by different ▶ laminin receptors.

Laminin Receptors

The biological effects of laminins are mediated b

numerous laminin receptors that are divided into tw

major groups: ▶ integrin and nonintegrin recepto

(Table 1).

http://dx.doi.org/10.1007/978-3-642-16483-5_143
http://dx.doi.org/10.1007/978-3-642-16483-5_3270
http://dx.doi.org/10.1007/978-3-642-16483-5_5825
http://dx.doi.org/10.1007/978-3-642-16483-5_3268
http://dx.doi.org/10.1007/978-3-642-16483-5_274
http://dx.doi.org/10.1007/978-3-642-16483-5_5301
http://dx.doi.org/10.1007/978-3-642-16483-5_1081
http://dx.doi.org/10.1007/978-3-642-16483-5_2565
http://dx.doi.org/10.1007/978-3-642-16483-5_341
http://dx.doi.org/10.1007/978-3-642-16483-5_4526
http://dx.doi.org/10.1007/978-3-642-16483-5_4526
http://dx.doi.org/10.1007/978-3-642-16483-5_3798
http://dx.doi.org/10.1007/978-3-642-16483-5_3530
http://dx.doi.org/10.1007/978-3-642-16483-5_4544
http://dx.doi.org/10.1007/978-3-642-16483-5_95
http://dx.doi.org/10.1007/978-3-642-16483-5_3269
http://dx.doi.org/10.1007/978-3-642-16483-5_3084
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Laminin Signaling. Table 1 Laminin receptors and their additional ligands

Receptor Ligands

Integrins a1b1 Collagen (I,II,IV), laminin (1, 2)

Integrins a2b1 Collagen (I,II,IV), laminin (1, 2), chondroadherin

Integrins a3b1 ▶ Fibronectin, collagen (I), laminin (2, 5, 8, 10, 11), nidogen, epiligrin, perlecan

Integrins a6b1 Laminin (1, 2, 5, 8, 10, 11)

Integrins a6b4 Laminin (1, 2, 5, 10)

Integrins a7b1 Laminin (1, 2, 8, 10)

67 kDa laminin receptor Laminina

Dystroglycan Laminin (1, 2), agrin, perlecan

Heparan sulfate Laminin (1, 2), collagen XVIII

Laminin-4 receptor interactions presumed to be similar to those of laminin-2
aMost studies on laminin-1.

Laminin Signaling 1973 L
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Integrins

Integrins are a large family of cell-membrane recepto

for extracellular matrix proteins (Table 1). Integrin

are heterodimeric combination of various a-subuni
with various b-subunits. The ligand specificity fo

different integrins can be altered depending on th

type of divalent cation present, the surrounding lip

environment, and various cell-specific factors. Insid

the cell, the short cytoplasmic domains of integrin

associate with various cytoskeletal proteins that med

ate ▶ integrin signal transduction. At least eig

integrins bind laminin; some of them bind addition

extracellular matrix components as well. Integrins re

ognize mainly laminin-a chains and hence determin

cell adhesion and response to laminin isoforms.

Two possible integrin-related signal transductio

pathways have been identified. First is direct signalin

where binding to integrins by extracellular protein

triggers intracellular signaling events. The second

integrin modulation of mitogen-initiated signaling;

this case, integrin-mediated cell anchorage influence

signaling pathways activated by growth factors. I

general, integrin direct signaling activates FAK

small GTPases of the ▶Rho family, and MAPK

resulting in accumulation of highly ▶ phosphorylate

proteins and cytoskeletal molecules at the adhesio

sites. Binding to integrins is followed by receptor clu

tering that initiates activation and autophosphorylatio

of FAK. Tyrosine-phosphorylated FAK can recruit S

family kinases to focal contact sites. This sets up add

tional tyrosine phosphorylation of proteins such a

cytoskeletal proteins and adaptor proteins such a

Grb2. Small GTPases of the Rho family (Rho, Ra

and Cdc42) are involved in▶ integrin signal transdu

tion and affect cytoskeleton arrangement. Rh
t

l

,

,

,

,

contributes to cell adhesion to extracellular matri

Rac and Cdc42, via PI3K, mediate the increase

cell motility and invasiveness induced by the integri

Some integrins activateMAPK cascades. For exampl

laminin binding to the integrin a6b4 results in activ

tion of an associated kinase and consequently tyrosin

phosphorylation of the b4-subunit cytoplasm

domain, followed by association of the adaptor prote

Shc with tyrosine-phosphorylated b4 integrin subun

Shc is then phosphorylated on tyrosine residues, pr

sumably by an integrin-associated kinase, and com

bines with the adaptor protein Grb2 which exists

a complex with the ras GTP exchange factor SOS. Th

leads to Ras activation followed by activation

a kinase cascade consisting of Raf, MEK (MAPK

ERK kinase), and ERK, resulting in increased ce

motility and proliferation. In addition, integrin a6b
activates the JNK cascade, via Rac1, resulting in ju

protein expression. Jun associates with fos, who

expression is induced by ERK cascade, to form th

AP-1 transcription factor. In human hepatocellul

carcinoma cells, laminin-binding integrin a6b1 stim
lation resulted in FAK tyrosine phosphorylation, lea

ing to FAK–GRB2 association and ERK cascad

activation, which promotes tumor cell migration. Inte

estingly, aggregation of integrin receptors, even in th

absence of ligand occupancy, is sufficient to induc

a prompt transmembrane accumulation of at least 2

signal transduction molecules, including Src, Rh

Rac1, Ras, ERK1/2, and JNK.

Nonintegrin Receptors

The 67 kDa laminin receptor is a nonintegrin recepto

A highly conserved 37 kDa protein is the precurs

of the receptor, but the exact manner by which

http://dx.doi.org/10.1007/978-3-642-16483-5_3087
http://dx.doi.org/10.1007/978-3-642-16483-5_5099
http://dx.doi.org/10.1007/978-3-642-16483-5_4544
http://dx.doi.org/10.1007/978-3-642-16483-5_3087
http://dx.doi.org/10.1007/978-3-642-16483-5_3087
http://dx.doi.org/10.1007/978-3-642-16483-5_2182
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L 1974 Laminin Signaling
configures its mature form is not clear. The amino ac

sequence of the 37 kDa precursor is extreme

well conserved through evolution; however, it corr

sponds to that of additional proteins, suggestin

a multifunctional protein. The cDNA of the 37 kD

precursor is virtually identical to a cDNA encoding th

ribosomal protein p40. In addition, the 37 kDa precu

sor acts as a receptor for cellular prion protein and

involved in the life cycle of prions. It has also bee

found that the 37 kDa precursor is identical to th

oncofetal antigen protein that is expressed by tumors

The 67 kDa laminin receptor mediates cell attach

ment to laminin. Colocalization of the 67 kDa lamin

receptor with the cytoskeleton constituents a-actin
and vinculin, and the focal adhesion plaque was foun

The receptor is involved in several physiologic

processes such as implantation [56], invasive pheno

type of trophoblastic tissue, angiogenesis, T-ce

biology, and shear stress–dependent endothelial nitr

oxide synthase expression. Increased expression of th

67 kDa laminin receptor correlates with cell prolifer

tion, migration, and ▶ invasion capacity. Clinical da

suggest a correlation between 67 kDa laminin recepto

expression in tumor cells and tumor progressio

Expression of the receptor has been shown to b

upregulated in neoplastic cells compared to their no

mal counterparts and directly correlates with a

enhanced invasive and metastatic potential in nume

ous malignancies. Malignant▶mesothelioma is one o

the most aggressive human cancers; however, n

tumor is less susceptible to distant ▶metastasis an

still associated with such high mortality rates. In

recent study, we wound frequent expression of 67 kD

mRNAbut very rare expression of the protein in clinic

malignant mesothelioma samples in contrast to met

static breast or lung carcinomas. These findings sugge

that the differences between malignant mesotheliom

and carcinomas regarding expression of the 67 kD

laminin receptor may account at least in part for th

reduced ability of MM to metastasize to distant organ

due to lack of the signaling mediated by the receptor.

By stable transfection of A375SM melanoma cell

we established lines expressing reduced or elevate

67 kDa laminin receptor. We found that stable ant

sense-transfected cells that expressed reduced 67 kD

laminin receptor demonstrated significantly le

aggressive tumor phenotype, as reflected by the

reduced invasiveness through Matrigel, diminishe

attachment to laminin, and decreased MMP-
.

l

l

.

l

t

,

,

expression and activity. Further, the basal phosphor

lation extent (activity) of ERK, JNK, and p38 w

significantly higher in cell lines expressing reduce

67 kDa laminin receptor, compared to parental cell

The increase in MAPK phosphorylation in cel

expressing reduced 67 kDa laminin receptor w

accompanied by a significant reduction in MKP

mRNA level and a significant increase in PAC

mRNA level. It seems that the 67 kDa laminin recept

induces downregulation of MKP-1 expression th

may contribute to the reduced activity (dephosphor

lation) of MAPK induced by the receptor, which

followed by an upregulation of PAC-1 expressio

possibly as a negative feedback.

67 kDa Laminin Receptor and Integrins

There are studies that indicate an association betwee

the 67 kDa laminin receptor and the a6 integrin subun
that is a part of the laminin-binding integrins a6b4 an
a6b1. Biochemical analyses indicate on coimmun

precipitation of the 67 kDa laminin receptor with th

a6 integrin subunit. Specific reduction of the a
integrin subunit by an antisense was accompanied b

a proportional decrease in the cell surface expressio

of the 67 kDa laminin receptor. Other studies targetin

the 67 kDa laminin receptor showed a significa

reduction in one of the a6 integrin subunit isoform

Analysis of a6 integrin subunit and of the 67 kD

laminin receptor in ▶ P-glycoprotein family sampl

showed no statistical correlation between the two.

Dystroglycan

▶Dystroglycan consists of two subunits, which a

translated from a single mRNA as a propeptide that

proteolytically cleaved into two noncovalently assoc

ated proteins. Dystroglycanwas originally isolated fro

skeletal muscle as an integral membrane component

the dystrophin–glycoprotein complex (DGC). The exa

function of the entire DGC is not completely dete

mined, but evidence indicates that it confers structur

stability to the sarcolemma during contraction. In fac

mutations in components of this complex lead to variou

types of muscle disorder such as Duchenne muscul

dystrophy and limb-girdle muscular dystrophies.

Dystroglycan is also expressed in many other ce

types, and it plays important roles outside skelet

muscle. It has been implicated in early mouse deve

opment, structure and function of the central nervou

system, myelination and nodal architecture

http://dx.doi.org/10.1007/978-3-642-16483-5_3133
http://dx.doi.org/10.1007/978-3-642-16483-5_3648
http://dx.doi.org/10.1007/978-3-642-16483-5_3671
http://dx.doi.org/10.1007/978-3-642-16483-5_4341
http://dx.doi.org/10.1007/978-3-642-16483-5_1767
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peripheral nerves, epithelial morphogenesis, cell adh

sion, synaptogenesis, and signaling. In addition, sev

eral extra- and intracellular proteins are less tight

associated with the DGC, such as nitric oxide synthas

[nNOS], dystrobrevin, and laminin-2. Molecules th

bind to the cytoplasmic tail of b-dystroglycan includ

the signaling molecule Grb2, components of the ERK

MAP kinase cascade including MEK and ERK, an

rapsyn. Binding of laminin-2 to dystroglycan induce

phosphorylation of Grb2 followed by Sos bindin

This phosphorylation initiates activation of Rac1 path

way that is further followed by MAPK activation.
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Laminin-Receptor

Definition

Are proteins that bind ▶ laminin and transduc

a certain signal into the cell bearing the receptor.

▶Laminin Signaling
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Langerhans Cell

Definition

Langerhans’ cells are immature▶ dendritic cells foun

in skin containing Birbeck granules and expressin

CD1a. They are the most efficient antigen processin

and presenting cells of dendritic cell family.

▶Birbeck Granules

▶Langerhans Cell Histiocytosis
t

.
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Synonyms

Histiocytosis X
-

-

l

-

f

l

Definition

▶Langerhans cell Histiocytosis (LCH), previous

referred to as Histiocytosis X, is a rare clonal disord

of Langerhans cell proliferation, involving the ski

bone, and other organs. The disease family consis

of the syndromes originally described as ▶ eosin

philic granuloma,▶Hand–Sch€uller–Christian diseas

and ▶Letterer–Siwe disease. Modern classification

LCH consists of single-system versus multisystem an

unifocal versus multifocal.
Characteristics

Epidemiology

Most patients diagnosed with LCH are children wi

a peak percentage of diagnoses occurring between

and 3 years of age. The incidence of LCH has bee

estimated to be five cases per million per year

children. It appears to be more common in boys tha

in girls (1.2–2:1). The incidence of LCH in adults

thought to be one-half of that in children. Developme

of the disease is usually sporadic; however, the fa

that about 1% of patients have relatives with LCH an

monozygotic twin pairs are concordant for LC

suggests a genetic predisposition. A higher frequenc

of malignant disorders has been reported in patien

with LCH than in the normal population. Acute lym

phoblastic leukemia is the most common malignanc

preceding or co-occurring with LCH.

Etiology

Whether LCH is a neoplasm or is reactive in nature h

been a controversial issue. Pathological Langerhan

cells (LCH cells) are monoclonal, and sometim

show chromosomal deletion or gain, suggestin

http://dx.doi.org/10.1007/978-3-642-16483-5_3268
http://dx.doi.org/10.1007/978-3-642-16483-5_3270
http://dx.doi.org/10.1007/978-3-642-16483-5_1556
http://dx.doi.org/10.1007/978-3-642-16483-5_655
http://dx.doi.org/10.1007/978-3-642-16483-5_3273
http://dx.doi.org/10.1007/978-3-642-16483-5_2740
http://dx.doi.org/10.1007/978-3-642-16483-5_3272
http://dx.doi.org/10.1007/978-3-642-16483-5_1921
http://dx.doi.org/10.1007/978-3-642-16483-5_1921
http://dx.doi.org/10.1007/978-3-642-16483-5_2560
http://dx.doi.org/10.1007/978-3-642-16483-5_3319
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L 1976 Langerhans Cell Histiocytosis
a neoplastic etiology. While LCH lesions often regre

spontaneously, there is no evidence that LCH cells a

immortalized, supporting the possibility of a reactiv

nature. Although infection may play a role in th

development or reactivation of LCH, no well-accepte

environmental risk factors are associated with the di

ease, except for cigarette smoking in adult pulmonar

LCH. It has been demonstrated that 77% of adu

patients with LCH pulmonary lesions are smokers.

Pathophysiology

LCH lesions not only contain LCH cells but als

various inflammatory participants, includin

T lymphocytes, macrophages, plasma cells, eosino

phils, osteoclast-like multinucleated giant cells an

neutrophils. These cells stimulate each other to pro

duce abundant cytokines, such as granulocyt

macrophage colony-stimulating factor (GM-CSF

interferon (IFN)-g, tumor necrosis factor (TNF)-

interleukin (IL)-1, IL-2, IL-4, IL-5, IL-7, IL-1

transforming growth factor (TGF)-ß, ▶RANKL, an

▶ osteoprotegerin. This cytokine storm plays a role

the proliferation of LCH cells and of other infiltratin

cells, and is responsible for the various clinical feature

of LCH. LCH cells in the bone, lymph node, and som

skin lesions contain immature ▶ dendritic cells. Thes

cells do not express CD83 or CD86, but do expre

intracellular the major histocompatibility comple

(MHC) class II antigen. They also express the imm

ture dendritic cell marker ▶CCR6 and produce th

ligand for CCR6 (▶CCL20/MIP-3a) as well a

▶CCL5/RANTES and ▶CXCL11/I-TAC. Thes

ligands may play a role in recruiting eosinophils an

CD4 positive T cells into the lesions, respectivel

LCH cells show a greater proliferative capacity an

a lower antigen presenting capability, suggesting ma

uration is arrested at an activated state. It is hypoth

sized that IL-10 as well as TGF-ß could be key facto

in the inhibition of maturation of these cells.

Clinical Manifestations

LCH affects a number of different organs, so clinic

signs and symptomsmay be extremely variable. Patien

can present with either single-system or multisyste

involvement. Single-system presentations most ofte

occur in the bone with single-site or multifocal involv

ment, but can also occur in the skin. Most commonl

the initial manifestations include the occurrenc

of soft tissue mass, bone pain, skin rash, and feve
t

,

,

,

.

l

,

.

Laboratory findings include normochromic an

normocytic anemia and an elevated erythrocyte sed

mentation rate. Elevations in IgM are also common.

The bone is involved in about 80% of patients wi

LCH. The skull is most often affected followed by th

extremities, ribs, spine, and mandible and maxill

Osteolytic “punched out” lesions with sharp margin

are typically seen on X-ray. Bone lesions may b

asymptomatic or accompanied with pain and soft ti

sue swelling, which may cause compression of adj

cent structures such as the optic nerve or the spin

cord. The clinical course of LCHwhen localized sole

to the bone is generally benign, and it sometim

resolves spontaneously over a period of months

years. However, it may result in permanent sequela

including the collapse of vertebral bodies, orthoped

deformities, and growth impairment.

Skin involvement is seen in approximately half

patients. Patients present with lesions that are sebo

rhea-like eruptions on the scalp or an erytematous ras

on the trunk, abdomen, and inguinal areas. Ulcerativ

lesions in the genital or inguinal region may also b

present. There may be bleeding into the lesions, eve

in the absence of thrombocytopenia.

Lymph nodes in the cervical, axillary, and inguin

areas are most commonly affected. Rarely, the nod

can become massive and cause upper airwa

obstruction.

Ear involvement usually appears as an aural di

charge caused by external otitis, which is often assoc

ated with the destruction of mastoid. Ossicle

vestibular damage of the middle ear may cause a lo

of hearing.

Hepatosplenomegaly occurs in 20% of patien

with the infiltration of histiocytes into hepatic sinuse

Various degrees of liver dysfunction may appea

including hyperbilirubinemia, hypoproteinemi

hypoalbuminemia, elevation of g-GTP, alkaline pho
phatase and/or transaminases, ascites, and edem

Histological examination of the liver shows port

infiltrates which can cause bile duct destruction an

periportal fibrosis (sclerosing cholangitis), leadin

to biliary cirrhosis with portal hypertension an

ultimately secondary hypersplenism.

Pulmonary involvement in children is usually pa

of multisystem disease, but in adults, the lung involv

ment may be solitary and frequently regresses after th

cessation of smoking. The lung pathology is associate

with tachypnea, dyspnea, cyanosis, cough, pleur

http://dx.doi.org/10.1007/978-3-642-16483-5_4946
http://dx.doi.org/10.1007/978-3-642-16483-5_4288
http://dx.doi.org/10.1007/978-3-642-16483-5_1556
http://dx.doi.org/10.1007/978-3-642-16483-5_908
http://dx.doi.org/10.1007/978-3-642-16483-5_905
http://dx.doi.org/10.1007/978-3-642-16483-5_904
http://dx.doi.org/10.1007/978-3-642-16483-5_1423
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effusion, and recurring pneumothorax. High

resolution computed tomography may reveal reticul

or micronodular opacities as well as large nodules an

honeycombing. Typical histological findings are alv

olar destruction and diffuse interstitial infiltration o

histiocytes. Pulmonary fibrosis develops in 10% o

patients and can lead to respiratory failure.

Hematopoietic involvement is seen in disseminate

LCH and defined by anemia (hemoglobin <10 g/dl

the absence of iron deficiency), leukopenia (leukocyte

<4.0� 109/l), or thrombocytopenia (platelets<100

109/l) with or without bone marrow involvement. I

severe cases, serious anemia and thrombocytopen

may develop, often associated with a secondar

hemophagocytic syndrome.

Oral mucosa infiltration may appear as ulceration

or swelling of gingiva, resulting in the loss of teet

Infiltration of the small bowel may occur and caus

malabsorption of nutrients. Diarrhea with blood and/o

mucus suggests involvement of the colon. Occasion

ally the pancreas is also involved.

In the central nervous system (CNS), infiltratio

and dysfunction of the pituitary gland and/or adjace

hypothalamus occurs in about 20% of cases in thos

with multisystem involvement. The most freque

manifestation is diabetes insipidus (DI), which ma

precede, co-occur, or follow other symptoms an

signs of the disease. DI occurs more often amon

patients with skull involvement (known as “CNS ris

lesions”). Infiltration of the anterior pituitary is le

common and may cause growth retardation an

panhypopituitarism. These pathologies usually develo

in those with DI after a disease course of 10 year

Magnetic resonance imaging (MRI) findings of LC

involvement of the pituitary gland and the hypothal

mus are demonstrated by the loss of the physiologic hig

intensity signal of the posterior pituitary lobe o

T1-weighted images. There can also be thickening o

the pituitary stalk or a hypothalamic mass.

Progressive, degenerative CNS disease ma

develop over the years after onset of disease, ofte

when the disease is considered quiescent. CN

involvement causes ataxia, tremor, dysarthria, dysph

gia, and hyperreflexia. Changes in personal behavio

judgment, and cognitive function may also develop. I

this case, MRI studies using T2-weighted or FLAI

images may reveal bilateral symmetric lesions in th

cerebellar white matter and basal ganglia. Histolog

cally, the neurodegenerative LCH is characterized b
.

t

t

.

,

the presence of CD8 positive T lymphocyte infiltr

tion, microglia activation, gliosis, neuronal and axon

destruction with secondary demyelination. There ma

be a lack of ▶CD1a positive LCH cells, as is seen

autoimmune encephalitis. Currently there is n

established therapy for LCH-CNS disease.

Pathology and Diagnosis

A pathological examination is indispensable in the dia

nosis of LCH. With hematoxylin-eosin staining, LC

cells have a distinctive homogeneously stained pin

cytoplasm. The nuclei appear twisted wi

a longitudinal groove and a small nucleolus, often wi

a “coffee bean” appearance. Immunohistochemic

staining of ▶S-100 protein and ▶ langerin (CD207)

helpful for detection of LCH cells. In active lesions

the disease, LCH lesions show granulomas caused b

the aggregation of LCH cells as well as a number

various inflammatory cells. A definitive diagnosis ca

bemade by either positive staining for CD1a or electro

microscopic demonstration of▶Birbeck granules in th

granulomatous lesional cells. In the later stages of LCH

macrophages are more predominant than LCH cells

the lesions, and xanthomatous and fibrotic changes a

characteristic. It is not uncommon that lesions at diffe

ent stages of disease may be mixed in the same orga

simultaneously.

Prognosis

The clinical course of LCH varies quite wide

depending on the extent of organ involvemen

Multisystem disease can be separated into two categ

ries based on whether or not “risk organs” a

involved. Risk organs are defined as the liver/splee

lung, or the hematopoietic system. LCH may resolv

spontaneously in patients with localized, unifocal di

ease. Patients with single-system disease or witho

risk of organ involvement have a mortality of less tha

5%. Prognosis is worse in children with multisyste

and risk organ involvement who often have fatal ou

comes despite intensive treatment Mortality rates

10–50% have been reported. Infants younger tha

2 years at diagnosis tend to have risk organ involv

ment, more often than older children; however,

recent study revealed onset age itself is not a progno

tic factor. A major, positive prognostic factor appea

to be a favorable response to the first 6 weeks

systemic multi-agent chemotherapy. Patients witho

an initial response tend to have an extremely hig

http://dx.doi.org/10.1007/978-3-642-16483-5_911
http://dx.doi.org/10.1007/978-3-642-16483-5_5143
http://dx.doi.org/10.1007/978-3-642-16483-5_3274
http://dx.doi.org/10.1007/978-3-642-16483-5_655
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mortality rate with reports of 15–70%. This is in con

trast to that of less than 5% in patients with a goo

initial response. In adults, lung disease may be a lif

threatening complication; it has been reported to con

tribute to a mortality rate of approximately 25%

Reactivation can occur unpredictably in more tha

half of patients, even those treated with multi-age

chemotherapy. Reactivated lesions may sometime

resolve spontaneously, but there is an increased ris

of permanent sequelae.

Treatment

Treatment of LCH should be planned according to th

clinical presentation and the extent of orga

involvement.

In single-system LCH, the major aims of treatme

are to lessen symptoms and to reduce the chance o

permanent sequelae. In the case of a single bone lesio

without symptoms, a wait-and-see approach or diag

nostic curettage is the standard method of care. St

roids may be used for symptomatic bone lesion

Systemic chemotherapy with vinca alkaloids and co

ticosteroids for 6 or 12 months could be applied fo

patients with CNS-risk lesions or multifocal symptom

atic bone disease. Radical operation of jaw lesions

discouraged as this often results in disfigurement an

loss of teeth. Radiation is rarely used because of th

reported increased risk of secondary tumors. Whe

there is skin involvement, only a wait-and-se

approach is considered optimal. Alternatively, patien

can be provided therapies such as topical corticost

roids or thalidomide. In patients with isolated pulmo

nary LCH with functional impairment, system

chemotherapy is indicated to reduce further parenchy

mal destruction.

In multisystem LCH, the major aims of treatme

are to increase survival and to reduce the incidence o

late sequelae. Systemic chemotherapy with vinca alk

loids and corticosteroids for 12 months is the mo

commonly used regimen. In cases with risk-organ di

ease, more aggressive chemotherapy combined wi

agents such as cytarabine (Ara-C), 6-mercaptopurin

and methotrexate may be considered. Etoposid

(VP-16) is no longer considered a reasonable therapeut

agent because there is no reported significant efficac

and it has been shown to cause therapy-related acu

myeloid leukemia (t-AML).

In patients with refractory progressive diseas

myeloablative therapy with a combination of hig
.

t

t

.

dose Ara-C and cladribine (2-CdA) is currently bein

tested. Immunosuppressive therapy with cyclospor

A, anti-thymocyte globulin or anti-TNF agent, an

immunomodulation agents like thalidomide, IFN-

or bisphosphonate are also used on an investigation

basis. Allogeneic hematopoietic stem cell transplant

tion has proved to be efficacious in some cases. Add

tionally, liver or heart and lung transplants have bee

performed successfully in patients with end-stag

organ involvement.

Late Sequelae

Permanent sequelae are common events in many LC

patients. They are most often the result of the infiltr

tive nature of the disease itself which causes tissu

destruction and granulomatous fibrosis or gliosis

various tissues. Seventy percent of patients wi

multisystem disease and 25% of single-system disea

patients suffer one or more lifelong sequelae, includin

DI (24%), orthopedic problems (20%), hearing lo

(13%), neurologic problems (11%), growth hormon

deficiency, loss of teeth, pulmonary fibrosis, and bil

ary cirrhosis with portal hypertension.

t-AMLmay develop as a consequence of LCH trea

ment with chemotherapy, especially following the u

of topoisomerase II inhibitors, such as VP-16. Th

cumulative incidence of t-AML in patients treated wi

VP-16 for LCH has been estimated to be around 1%.

addition, secondary solid tumors, particularly sarcom

and brain tumors, may develop in irradiated areas.
t

t

,

,

,
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Langerhans, Islets of

Definition

Are groups of specialized cells in the pancreas th

produce and secrete hormones. Named after th

German pathologist Paul Langerhans (1847–1888

who discovered them in 1869, these cells are arrange

in groups that Langerhans likened to little islands in th

pancreas. There are five types of cells in an islet: alph

cells that produce▶ glucagon, which raises the level o

glucose (sugar) in the blood; beta cells that produc

▶ insulin; delta cells that produce ▶ somatostat

which inhibits the release of numerous other hormone

in the body; and PP cells and D1 cells, abo

which little is known. Degeneration of the insulin

producing beta cells is the main cause of type

(insulin-dependent) diabetes mellitus.
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Langerin

Definition

Is a cell surface receptor that induces the formation o

the ▶Birbeck granule.

▶Langerhans Cell Histiocytosis
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LAP

Definition

Latency-associated peptide.

▶Transforming Growth Factor Beta
d

e:

e

Laparoscopic

Definition

Referring to ▶ laparoscopy
t

,

Laparoscopy

Definition

Examination of the abdominal and pelvic structure

within the peritoneum using an illuminated tubul

instrument, which is passed through the abdomin

wall via a small incision. It can be used for diagnos

and for certain operations.

▶Endometriosis
t Laparotomy

Definition

A laparotomy is a large incision made into the abd

men. Exploratory laparotomy is used to visualize an

examine the structures inside of the abdominal cavit

Laparotomy may be performed to determine th

cause of a patient’s symptoms or to establish the exte

of a disease. For example, ▶ endometriosis is a diso

der in which cells from the inner lining of the uteru

grow elsewhere in the body, most commonly on th

pelvic and abdominal organs. Endometrial growth

however, are difficult to visualize using standard ima

ing techniques such as x ray, ultrasound technology,

▶ computed tomography (CT) scanning. Explorato

laparotomymay be used to examine the abdominal an

pelvic organs (such as the ovaries, fallopian tube

bladder, and rectum) for evidence of endometriosi

Any growths found may then be removed.

Exploratory laparotomy plays an important role

the staging of certain cancers, such as ▶ ovaria

cancer. ▶ Staging of tumors is used to describe ho

far a cancer has spread. A laparotomy enabl

a surgeon to directly examine the abdominal organ

for evidence of cancer and remove samples of tissu

for further examination. When laparotomy is used f

this use, it is called staging laparotomy or pathologic

staging. Some other conditions that may be discovere

or investigated during exploratory laparotomy includ

• Cancer of the abdominal organs

• Peritonitis (▶ inflammation of the peritoneum, th

lining of the abdominal cavity)

• Appendicitis (inflammation of the appendix)

http://dx.doi.org/10.1007/978-3-642-16483-5_2427
http://dx.doi.org/10.1007/978-3-642-16483-5_3075
http://dx.doi.org/10.1007/978-3-642-16483-5_5414
http://dx.doi.org/10.1007/978-3-642-16483-5_655
http://dx.doi.org/10.1007/978-3-642-16483-5_3273
http://dx.doi.org/10.1007/978-3-642-16483-5_5916
http://dx.doi.org/10.1007/978-3-642-16483-5_3276
http://dx.doi.org/10.1007/978-3-642-16483-5_1885
http://dx.doi.org/10.1007/978-3-642-16483-5_1885
http://dx.doi.org/10.1007/978-3-642-16483-5_1295
http://dx.doi.org/10.1007/978-3-642-16483-5_4295
http://dx.doi.org/10.1007/978-3-642-16483-5_4295
http://dx.doi.org/10.1007/978-3-642-16483-5_5479
http://dx.doi.org/10.1007/978-3-642-16483-5_3044
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L 1980 Lapatinib
• Pancreatitis (inflammation of the pancreas)

• Abscesses (a localized area of infection)

• Adhesions (bands of scar tissue that form aft

trauma or surgery)

• Diverticulitis (▶ inflammation of sac-like structure

in the walls of the intestines)

• Intestinal perforation

• Ectopic pregnancy (pregnancy occurring outside o

the uterus)

• Foreign bodies (e.g., a bullet in a gunshot victim)

• Internal bleeding

http://www.surgeryencyclopedia.com/La-Pa/Lapa

rotomy-Exploratory.html
r
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Lapatinib

Definition

Is an anticancer drug, a ▶ tyrosine kinase inhibito

of human ▶ epidermal growth factor receptor type

(HER2, (synonym ▶HER2/Neu, also epiderm

growth factor receptor (EGFR). Lapatinib is activ

in combination with capecitabine in women wi

HER2-positive metastatic breast cancer that ha

progressed after ▶ trastuzumab-based therapy.

▶Breast Cancer Rationally Designed Therapies
rt
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Large Cell Calcifying Sertoli Cell Tumor

Definition

LCCSCT; is a rare type of ▶ testis cancer.
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Large Cell Carcinoma

Definition

About 10–15% of ▶ lung cancer are this type. It ca

start in any part of the lung. It tends to grow and sprea

quickly.
Non-small cell lung cancer is a common disease.

is usually treated by surgery (taking out the cancer

an operation) or radiation therapy (using high-do

x-rays to kill cancer cells). However, chemotherap

may be used in some patients.

The prognosis (chance of recovery) and choice

treatment depend on the stage of the cancer (whether

is just in the lung or has spread to other places), tum

size, the type of lung cancer, whether there are sym

toms, and the patient’s general health. Patien

unsuitable for surgery may be offered curative inte

radiotherapy. ▶Adjuvant therapy may be given

more advanced resected cases. For late stage case

chemotherapy with or without palliative radiotherap

are the conventional options, although the long ter

survival rates are very low.
l

Large Cell Medulloblastoma

Definition

Variant of medulloblastoma accounting�5% of case

Characterized by more abundant cytoplasm than see

in classic medulloblastoma and large areas of necrosi

▶Medulloblastoma
Large Cell Neuroendocrine Carcinoma

Definition

Large cell neuroendocrine carcinoma (LCNEC) is pa

of the ▶ neuroendocrine spectrum of ▶ lung cance

LCNEC of the lung displays morphologic an

▶ immunohistochemistry characteristics common

▶ neuroendocrine tumors and morphologic featur

of ▶ large cell carcinoma.

Large cell neuroendocrine carcinoma is compose

of cells with moderate amounts of ▶ cytoplasm an

nuclei that show peripheral clumping of chromati

a prominent ▶ nucleolus, and much ▶mitosis activi

and extensive ▶ necrosis, as seen in any ▶ large ce

carcinoma. However, the tumor cells are arranged

well-demarcated groups or cords with peripher

palisading. This feature is reminiscent of a▶ carcino

http://dx.doi.org/10.1007/978-3-642-16483-5_3044
http://www.surgeryencyclopedia.com/La-Pa/Laparotomy-Exploratory.html
http://www.surgeryencyclopedia.com/La-Pa/Laparotomy-Exploratory.html
http://dx.doi.org/10.1007/978-3-642-16483-5_6080
http://dx.doi.org/10.1007/978-3-642-16483-5_1932
http://dx.doi.org/10.1007/978-3-642-16483-5_2677
http://dx.doi.org/10.1007/978-3-642-16483-5_5962
http://dx.doi.org/10.1007/978-3-642-16483-5_6746
http://dx.doi.org/10.1007/978-3-642-16483-5_5737
http://dx.doi.org/10.1007/978-3-642-16483-5_3434
http://dx.doi.org/10.1007/978-3-642-16483-5_112
http://dx.doi.org/10.1007/978-3-642-16483-5_3601
http://dx.doi.org/10.1007/978-3-642-16483-5_6389
http://dx.doi.org/10.1007/978-3-642-16483-5_3434
http://dx.doi.org/10.1007/978-3-642-16483-5_2995
http://dx.doi.org/10.1007/978-3-642-16483-5_4032
http://dx.doi.org/10.1007/978-3-642-16483-5_3280
http://dx.doi.org/10.1007/978-3-642-16483-5_6926
http://dx.doi.org/10.1007/978-3-642-16483-5_4161
http://dx.doi.org/10.1007/978-3-642-16483-5_3774
http://dx.doi.org/10.1007/978-3-642-16483-5_3994
http://dx.doi.org/10.1007/978-3-642-16483-5_3280
http://dx.doi.org/10.1007/978-3-642-16483-5_3280
http://dx.doi.org/10.1007/978-3-642-16483-5_845


-

y

e

l

e

-

-

-

e

-

-

id

o

-

a

er

l

f

in

i-

r-

l

e

l

-

m

s

f

f

ir

r

to

n

-

g

e

d

f

r-

r-

e

d

s-

_

l,

of

d

g

er

a,

a.

er

%

a-

).

n

e

st

re

n

Laryngeal Carcinoma 1981 L

L

pattern, and the relationship to carcinoid is strength

ened by shared ▶ immunocytochemistr

and ultrastructural features of ▶ neuroendocrin

▶ differentiation such as the presence of neural ce

▶ adhesion molecule (▶CD56), ▶ chromogranin A

▶ synaptophysin, and scanty dense-core granules.

Certain squamous cell carcinomas also show thes

neuroendocrine features – these have been termed non

small-cell carcinoma with neuroendocrine features.

Neuroendocrine differentiation can be demon

strated by electron microscopy or immunohistochem

istry in 10–15% of non-small-cell carcinomas of th

lung despite an absence of morphological neuroendo

crine features. Differential diagnosis of large cell neu

roendocrine carcinoma includes atypical carcino

tumor but the organoid pattern of that tumor is not s

well developed and the degree of atypia, mitotic activ

ity, and necrosis all far exceed those seen in an atypic

carcinoid (which has between 2 and 10 mitoses p

2 mm square [¼10 high power fields]). In genera

large cell neuroendocrine carcinomas are tumors o

middle-aged or elderly cigarette smokers that arise

the central bronchi. Despite the morphological ev

dence of neuroendocrine differentiation, ectopic ho

mone secretion is not a feature. Patients with large ce

neuroendocrine carcinomas have a significantly wors

survival after resection than patients with large ce

carcinomas, even in stage I disease. Accurate differen

tiation of large cell neuroendocrine carcinoma fro

large cell carcinoma is important because it identifie

those patients at highest risk for the development o

recurrent lung cancer. The clinical significance o

these tumors has yet to be fully evaluated but the

recognition is of potential therapeutic significance fo

their undoubted neuroendocrine nature links them

classic small cell carcinoma and it would be importa

if their metastases were similarly sensitive to chemo

therapy. However, reports available to date regardin

their chemosensitivity are contradictory and as y

there have been no large-scale, prospective, controlle

trials of small cell chemotherapy for this subgroup o

large cell carcinomas or for other non-small-cell ca

cinomas showing neuroendocrine differentiation. Fu

thermore, the clinical importance of neuroendocrin

differentiation may diminish if a current trend towar

treating all inoperable lung carcinomas with aggre

sive chemotherapy continues.

http://www.histopathology-india.net/large_cell

neuroendocrine.htm
l

,

Large Granular Lymphocyte

▶Activated Natural Killer Cells
Large Tumor Suppressor Gene

▶Lats in Growth Regulation and Tumorigenesis
l

,

Laryngeal Cancer

Synonyms

Laryngeal Carcinoma
l

l

Laryngeal Carcinoma

Charlotte Jin

Departments of Clinical Genetics, University Hospita

Lund, Sweden
t

t

Definition

The vast majority of malignant neoplasms

the larynx arises from the surface epithelium an

therefore classified as keratinizing or nonkeratinizin

▶ squamous cell carcinomas (SCC). The oth

rare malignant forms include verrucous carcinom

adenocarcinoma, fibrosarcoma, and chondrosarcom

Histopathologically, laryngeal SCC can furth

be classified into: well differentiated (more than 75

keratinization), moderately differentiated (25–75% ker

tinization), poorly differentiated (<25% keratinization
Characteristics

Laryngeal carcinoma accounts for a small fractio

(less than 2%) of all human malignancies, but th

incidence varies among different countries. It is mo

common between the ages of 45 and 75 years. Men a

four or five times more frequently affected tha

http://dx.doi.org/10.1007/978-3-642-16483-5_2985
http://dx.doi.org/10.1007/978-3-642-16483-5_6389
http://dx.doi.org/10.1007/978-3-642-16483-5_1616
http://dx.doi.org/10.1007/978-3-642-16483-5_95
http://dx.doi.org/10.1007/978-3-642-16483-5_6850
http://dx.doi.org/10.1007/978-3-642-16483-5_1135
http://dx.doi.org/10.1007/978-3-642-16483-5_6921
http://www.histopathology-india.net/large_cell_neuroendocrine.htm
http://www.histopathology-india.net/large_cell_neuroendocrine.htm
http://dx.doi.org/10.1007/978-3-642-16483-5_48
http://dx.doi.org/10.1007/978-3-642-16483-5_3290
http://dx.doi.org/10.1007/978-3-642-16483-5_3283
http://dx.doi.org/10.1007/978-3-642-16483-5_5462
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Laryngeal Carcinoma.
Fig. 1 Representative

karyogram from a laryngeal

SCC showing complex

karyotypes with multiple

numerical and structural

rearrangements. Arrowheads
indicate breakpoints in clonal

aberrations

L 1982 Laryngeal Carcinoma
women. The etiology is unknown, but exposure of th

mucosa to a wide variety of ingested and inhale

exogenous carcinogenic agents, such as tobacc

smoke (▶Tobacco Carcinogenesis) and alcoho

greatly increases the risk of developing these tumors

Laryngeal carcinoma infiltrates locally in th

mucosa and beneath the mucosa and could metastasiz

via the lymphatic system and the bloodstream

According to their anatomical localization, larynge

carcinomas could be subdivided into supraglottic ca

cinomas, confined to the supraglottic space and spread

ing interiorly into the preepiglottic space, glott

carcinomas, rarely spreading into the supraglott

area but rather into the subglottic space, and subglott

carcinomas, often showing an infiltrative growth pa

tern unrestricted by tissue barriers.

Carcinomas of the supra- and subglottic larynx a

more likely to be nonkeratinizing and poorly differen

tiated, and, in general, they have a more aggressiv

behavior and tend to ▶metastasize (Metastasis) ear

(20–40% of the cases). In contrast, lesions of the tru

vocal cords are more often moderately to well diffe

entiated, rarely metastasize, and tend to be associate

with a better prognosis.

Genetic Changes in Laryngeal Carcinomas

Chromosome Abnormalities in Laryngeal Carcinomas

One hundred and fifteen laryngeal carcinomas wi

clonal chromosome abnormalities have been reporte

In general, the ▶ karyotypes are relatively comple

with a nonrandom pattern of deleted and amplifie
,

.

l

.

▶ chromosome segments. This is in line with th

notion that laryngeal carcinoma, like most other mali

nancies, develops through the accumulation ofmultip

genetic changes. The chromosomes most frequent

involved in structural rearrangements are chrom

somes 1, 2, 3, 4, 5, 7, 8, 11, 12, and 15, wi

breakpoints clustering to the peri▶ centromer

regions, i.e., the ▶ centromeric bands p10 and q1

and the juxtacentromeric bands p11 and q11, accoun

ing for 43% of the total breakpoints. Themost commo

imbalances brought about by numerical and unba

anced structural rearrangements are loss

chromosomal region 3p21-pter, part of or the enti

chromosome arms 4p, 6q, 8p, 10p, 13p, 14p, 15p, an

17p, and gain of chromosomal regions 3q21-te

7q31-pter, and 8q. A total of 17 recurrent structur

aberrations, mostly in the form of whole-arm tran

locations (▶Chromosome Translocations),▶ isochr

mosomes (i), and ▶ deletions (del), have bee

identified. The most common among them we

i(8q), i(3q), i(5p), del(3)(p11), and ▶ homogeneous

staining regions (hsr), a cytogenetically detectable sig

of gene ▶ amplification, in band 11q13 (Fig. 1).

A subgroup of laryngeal SCC have had multipl

unrelated abnormal ▶ clones, with simple, often ba

anced structural rearrangements or numerical change

These clones have always had near-diploid chrom

some numbers. The finding of such cytogenet

polyclonality could be interpreted as evidence

“▶ field cancerization” but it cannot be ruled out th

the cytogenetically unrelated clones are united by

http://dx.doi.org/10.1007/978-3-642-16483-5_5846
http://dx.doi.org/10.1007/978-3-642-16483-5_3671
http://dx.doi.org/10.1007/978-3-642-16483-5_3200
http://dx.doi.org/10.1007/978-3-642-16483-5_1145
http://dx.doi.org/10.1007/978-3-642-16483-5_1028
http://dx.doi.org/10.1007/978-3-642-16483-5_1028
http://dx.doi.org/10.1007/978-3-642-16483-5_1144
http://dx.doi.org/10.1007/978-3-642-16483-5_3155
http://dx.doi.org/10.1007/978-3-642-16483-5_3155
http://dx.doi.org/10.1007/978-3-642-16483-5_1553
http://dx.doi.org/10.1007/978-3-642-16483-5_2797
http://dx.doi.org/10.1007/978-3-642-16483-5_2797
http://dx.doi.org/10.1007/978-3-642-16483-5_247
http://dx.doi.org/10.1007/978-3-642-16483-5_1221
http://dx.doi.org/10.1007/978-3-642-16483-5_2185
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156B3 (CCND1)

826F13

Laryngeal Carcinoma.
Fig. 2 Metaphase plate from

a laryngeal SCC hybridized

with three bacterial artificial

chromosome clones: 166J17

(red), 156B3 (CCND1, green),
and 826F13 (blue), showing
the amplicon of 11q13,

including CCND1 locus. Short
arrows indicate signals in
normal chromosome 11, and

long arrows indicate amplified

signals in derivative

chromosome 11 harboring hsr
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ubmicroscopic, pathogenetic mutation; the cytogenet

differences would then only reflect differences in clon

evolution. The third alternative is that some of the nea

diploid clones actually represent preneoplastic lesion

or genetically damaged nonneoplastic epithelial or str

mal cells in the tumor surrounding.

Fluorescence In Situ Hybridization (FISH)

FISH analysis has recently been undertaken to verif

and in detail characterize the most common recurre

chromosomal changes in head and neck SCC, includ

ing laryngeal SCC. FISH has demonstrated th

cytogenetically detectable hsr in these tumors almo

always corresponds to amplification of DN

sequences originating from 11q13, and that CCND

(Cyclin D) is always included in the amplicon (Fig. 2

The amplicons mapped vary in size from 3.5 to 4.5 M

with a core of 1.5–1.7Mb and oftenmany oncogenes

this region are coamplified, including CCND1, FGF

FGF4, EMS1, and SHANK2. Another finding is th

the amplification of 11q13 is often concomitant wi

deletion of distal 11q, indicating that not only th

amplification of one or more dominantly acting onco

genes in 11q13, but also loss of a tumor suppresso

gene in the distal part of 11q is critical for the deve

opment of laryngeal SCC. Detailed FISH character

zation of pericentromeric rearrangements, in particul

for chromosomes 1 and 8, with the use of YAC clon
l

t

t

t

.

,

t

spanning the pericentromeric region of chromosome

suggests that the essential outcome of the

rearrangements at theDNA level is the resulting genom

imbalances, i.e., loss or gain of neoplasia-associate

genes, and not rearrangement of genes in the euchromat

near the centromere. Furthermore, more precise mappin

of breakpoints on chromosomal arms 1p and 8p h

delineated critical regions for deletions within 1p11

p13 and the subtelomeric region of 8p.

Molecular Genetic Findings

A large scale effort has been devoted to the identific

tion of tumor suppressor gene loci and amplified onc

genes in laryngeal carcinomas. Loss of heterozygosi

(LOH) studies have pointed out the frequent loss

alleles from 3p, 8p, 9p, 13q, and 17p in laryngeal SCC

A number of recent studies based on allelotyping

comparative genomic hybridization (CGH) indica

that head and neck SCC, including laryngeal SCC

display massive and widespread genomic imbalance

and certain chromosome segments are lost more ofte

than others. Apart from LOH from 3p, 9p, 13q, and 17

in more than 50% of the cases, deletions in 3q, 4p, 4

6p, 6q, 8p, 8q, 11q, 14q, 17q, 19q, and 20p have bee

found in 30–50% of the cases. Some candidate tum

suppressor genes in frequently deleted regions, e.g

FHIT in 3p, CDKN2A in 9p, RB1 in 13q, and TP5

in 17p, have been investigated with regard
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homozygous deletions or inactivating mutations. Exte

sive analysis of TP53 (p53 gene family) mutation and th

alteration of its protein in laryngeal SCC and its precurs

lesions have shown that TP53mutation occurs at an ear

stage of these neoplasms. Furthermore, correlation stu

ies have shown that overexpression of mutated TP5

predicts poor disease-free and poor overall surviv

rates in patientswith laryngeal SCC.Using various dete

tion techniques such as immunohistochemistry an

RT-PCR, it was shown that loss of CDKN24 expressio

through either homozygous deletion or promot

hypermethylation, was present in 52–82% of HNSC

including laryngeal SCC. A number of studies hav

further disclosed that the decreased expression of th

gene was associated with poor survival in larynge

SCC. FHIT was investigated in laryngeal SCC and i

precursor lesions. In a recent study, decreased expressio

of this gene, through deletion or promoter methylatio

was detected in about 42% of SCC and 23% of dysplas

lesions. Although allelic loss of RB1 was shown in hig

frequency in laryngeal SCC in a few studies, expressio

analysis of RB1 revealed inconsistent results in differe

research groups. Thus, the role of this gene in larynge

SCC has not been clearly established. Several candida

oncogenes in frequently gained regions, i.e., CCND1

11q13, EGFR in 7p, andMYCandPTK2 in 8q have bee

investigated. The most frequently amplified DN

sequences are located in chromosomal band 11q1

reported frequencies vary between 15% and 60%, wi

an average of 30% in primary head and neck SCC

including laryngeal SCC. FISH and molecular studi

have implicated CCND1 as the prime target in th

amplification process. Several attempts have been mad

to correlate cytogenetic or molecular genetic data wi

clinical outcome in patients with laryngeal carcinom

and it has been shown that 11q13 rearrangements an

amplification/overexpression ofCCND1 seem to be ass

ciated with a poor prognosis.
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Laser

Definition

Acronym for light amplification by the stimulate

emission of radiation; is a coherent light source use

to deliver light energy of a single wavelength and hig

intensity; CALI.

▶Chromophore-Assisted Laser Inactivation
;

,

,

Laser Capture Microdissection

Definition

Procedure in which a ▶ laser beam is used to disse

a patch of cells away from other cells present in a tissu

section that has been mounted on a microscope slide
Laser Diagnostics

K. Thomas Moesta and Peter M. Schlag

Klinik f€ur Chirurgie und Chirurgische Onkologie,

Charité Universit€atsmediyin Berlin, Germany
f

.

Definition

Laser diagnostics are procedures designed to detect

to differentiate neoplastic tissues based upon variou

forms of interaction of laser-emitted photons with ti

sues (Fig. 1).
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Laser Diagnostics.
Fig. 1 Optical coherence

tomography of esophageal

mucosa registered ex vivo

with a clinical OCT-prototype

(Coherence diagnostic

technologies/Carl Zeiss). An

island of Barrett esophagus

epithelium is surrounded by

normal squamous cell

epithelium. The actual depth

limitation enables imaging of

the mucosal layer only

(dimensions are not calibrated;

the vertical scale represents
about 3–4 mm, the lateral
scale 12 mm)
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Characteristics

The interaction of light with tissue may result

absorption or scattering of the photons. These phenom

ena may be directly observed for diagnostic purpose

a transillumination approach. Actual research

▶ optical mammography focuses on time-resolve

systems able to separate scattering from absorptio

The thermal expansion of a tissue area absorbin

more light that the surrounding tissue may be use

for an acoustic recognition in so-called photoacoust

diagnostic systems (still at an early experiment

phase).

Furthermore, fluorescence may result from absorp

tion. Natural fluorophores are rare, thus, fluorescenc

spectroscopy may sensitively detect the presence of a

exogenous or a specific endogenous fluorophore accu

mulating in malignant or premalignant lesion

(▶Fluorescence Diagnostics).

The phenomenon of backward scattering of incide

photons is exploited for imaging of superficial tissue

by optical coherence tomography (OCT). The back

scatter intensity of any point in the tissue is determine

by interferometry using very short coherence lig

sources, one of which are short pulsed lasers. Scannin
.

l

vertical and lateral dimensions, tissue may be image

at almost microscopic resolution. The vertical resol

tion of OCT-systems depends on the medium cohe

ence length of the light source and is actually limited

4–10 mm, which is at least tenfold better than the limi

of high-frequency ultrasonography. However, th

strong absorption and random scattering of tissu

limits OCT to superficial tissue layers with a maximu

depth of about 2 mm. In oncology, OCT may thus b

suitable for the recognition of early neoplastic lesion

of the aerodigestive tract, the urinary tract, and eve

tually of the skin.
t

t
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Laser-induced Fluorescence Diagnosis
LIFD

▶ Fluorescence Diagnostics
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Latent TGF-b Binding Protein

Definition

Four different gene products. Large glycoproteins th

can associate with the extracellular matrices and con

nective tissues and target small latent TGF-b to tissue

▶Transforming Growth Factor Beta
in

or

d

c-

n

e

Lateral Gene Transfer

Synonyms

Horizontal gene transfer
of

d

d
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Definition

LGT.

▶Circulating Nucleic Acids
in

ll

of

r-

2
e

ry

e

or

ss

er
Lats in Growth Regulation and
Tumorigenesis
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Synonyms

kpm – mammalian LATS2; Large tumor suppresso

gene;Warts (wts) –Drosophila lats; WARTS (WTS)

mammalian LATS1
t

.

Definition

The lats (large tumor suppressor) gene, also known

warts (wts), is a ▶ tumor suppressor gene original

discovered in the fruit fly Drosophila melanogaste

Loss-of-function mutations in the gene cause dramat

overproliferation including developmental defects

▶mosaic tissues within the larval ▶ imaginal dis

(Fig. 1). The lats gene encodes a Serine/Threonin

protein kinase with a catalytic domain that is high

similar to the human myotonic dystrophy prote

kinase. Together with other related members, whic

include the Saccharomyces cerevisiae Dbf2, Dbf2

and Cbk1, Schizosaccharomyces pombe Sid2 an

Orb6, Neurospora crassa Cot1, Ustilago mayd

UKC1, Caenorhabditis elegans Sax-1, Drosophi
Trc, and mammalian NDR1 and NDR2, they compri

the NDR kinase family, a subclass of the AGC prote

kinases.

The Drosophila genome contains a single gene f

lats, whereas there are two homologs, LATS1 an

LATS2, in mammals and humans. The genes are fun

tionally conserved since the expression of the huma

cDNA for either LATS1 or LATS2 in the fly rescues th

lats mutant phenotypes. The overgrowth phenotype

lats mutant has been attributed to the coordinate

deregulation of both cell cycle progression an

▶ apoptosis. Recent genetic analyses in Drosophi
reveal Lats as a key component of the Hippo (Hp

▶ signal transduction pathway (Fig. 2). Mammalia

orthologs exist for each component of the pathwa

and are likely to function in a similar manner. Studi

so far indicate that this pathway plays a major role

the developmental regulation of cell proliferation, ce

survival, as well as tissue growth and organ size, all

which are key aspects that are also important in tumo

igenesis. Whereas knockout mice deficient for LATS
are lethal, mice deficient for LATS1 develop soft-tissu

sarcoma, ovarian stromal cell tumors, and pituita

dysfunction (Fig. 1b). In various human cancers, th

LATS1 and LATS2 genes are found to be mutated

downregulated. In addition, they are able to suppre

tumor growth when overexpressed in human canc

cells. Furthermore, cells lacking LATS function di

play characteristic ▶ cancer hallmarks such as bein

multinucleated and having defects in cytokinesi

▶ centrosome amplification, and genomic instabilit

Thus, like their fly counterpart, the LATS genes als

function as tumor suppressors in mammals.
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Lats in Growth Regulation
and Tumorigenesis.
Fig. 1 Lats in growth

regulation and tumorigenesis.

Lats has a tumor suppressor

function in flies and mice.

(a) Adult fly showing a clone

of latsmutant cells which have

overproliferated to form

a large tumor outgrowth.

(b) The homozygous LATS1

knockout mouse also develops

tumors in the form of a soft

tissue sarcoma

Lats in Growth Regulation and Tumorigenesis 1987 L
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Characteristics

The Drosophila imaginal disc tissues afford an exce

lent in vivo context for studying growth, cell prolife

ation, and survival. The ability to efficiently genera

mosaic animals carrying clones of homozygous muta

cells in the developing imaginal discs and to follo

their growth over time allow a powerful means to stud

the effects of mutations in essential genes. Suc

genetic mosaic approach has been used effectively

genetic screens to look for tumor suppressors or neg

tive regulators of growth, which cause overgrow

when both copies of a gene are inactivated. This ina

tivation closely recapitulates the in vivo condition

human cancer patients carrying somatic mutant cells

Using this approach, mutations in the lats gene we

identified on the basis of the ▶ hyperplastic grow

phenotype in mosaic flies. Somatic cells mutant fo

lats overproliferate cell autonomously to form larg

tumorous overgrowths in a wide variety of adult integ

umentary tissues (Fig. 1a). The tumors can be as larg

as one fifth of the body size. Histological examinatio

of the lats tumors reveals that they form lobes and fold

in the epithelial structures, yet their tissue organizatio
t

is still characteristically maintained as a monolay

and cell polarity is not affected. Although the muta

tissue is still capable of differentiation, defects a

evident in the deposition of extra cuticle and ma

formed bristles and hairs. On the cellular level, muta

cells appear morphologically irregular such that th

apical surface of the cells bulges away from cell bod

in what is known as “apical hypertrophy.” In additio

mutant clones induced in the imaginal discs als

appear starkly different from wild-type clones

being rounded and having smooth edges rather tha

jagged and geometric. Such observation sugges

a lack of directional cell division or a modification

cell ▶ adhesion properties. Since apical-lateral jun

tions are still present in the mutant, lats may pote

tially regulate some functional aspects of th

▶ adherens junctions.

When comparing the growth of clones that a

mutant for other Drosophila tumor suppressors, suc

as lethal(2) giant larvae, discs large or hyperplast
discs, lats mutant clones exhibit several distinctiv

behaviors. When clones for other tumor suppresso

are induced, the mutant cells appear to be unresponsiv

to stimulating growth signals. They grow much slow

http://dx.doi.org/10.1007/978-3-642-16483-5_2912
http://dx.doi.org/10.1007/978-3-642-16483-5_95
http://dx.doi.org/10.1007/978-3-642-16483-5_94
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Ft ? Ft ?

Ex

a b

MerEx

Hpo Sav Hpo Sav

Lats

Yki ? Yki ?

Mats Lats Mats

Dachs

Lats in Growth Regulation
and Tumorigenesis.
Fig. 2 Alternative models of

the Hpo-Lats tumor

suppressor pathway.

(a) Components function in

a linear fashion. (b) Lats plays
a central element for

alternative inputs from

upstream signaling events.

On the one hand, Lats stability

is regulated by Ft mediated by

Dachs bypassing the

requirement for Ex function.

Alternatively, Lats activity is

regulated by Hpo signaling.

Solid lines indicate observed
direct interactions

(Adapted from [5])
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than wild-type cells and are unable to differentiate. A

a result, these cells have a growth disadvantage and a

competed away such that very small or no muta

tissues are eventually detected in the adult. Analys

of clone areas and cell numbers in lats mosaics, on th

other hand, reveals that the mutant cells grow aston

ishingly faster than wild-type cells in sibling clone

Interestingly, there is no apparent change in the size o

lats mutant cells, which means there must be a con

comitant increase in cellular growth in order to suppo

the faster pace of the cell cycle. Thus, the dramat

expansion of the lats mutant clones is not only attrib

utable to an increase in cell number, but also

an increase in tissue mass. This suggests that the dereg

ulation of growth, as well as the inappropriate engag

ment of the cell cycle, represent key steps where man

tumor suppressors may act in tumorigenesis.

The increased rate of proliferation of lats muta

cells is due to the shortened phases of the cell cyc

which are equally affected. In contrast to proliferativ

defects seen with other tumor suppressors, lats muta

cells do not cycle indefinitely but exhibit a muc

delayed exit as compared to wild-type cells in th

same developmental context. For example, in th
t

.

t

t

t

developing eye disc, wild-type cells undergo tw

rounds of cell division and exit the cell cycle after th

so-called second mitotic wave (SMW). However,

lats mutant clones, cells continue to divide an

undergo mitoses at a much later time as indicated b

BrdU incorporation and anti-phosphorylated H

staining of cells posterior to the SMW. Another ke

finding is that cells within latsmutant clones are high

resistant to apoptosis. This is particularly evident du

ing pupal eye development where normally there

a major wave of cell death to remove excess cel

that have not been recruited for differentiation. In la

mutants, this scheduled cell death is absent leading

the appearance of extra interommatidial cells in th

pupal retina. Thus, the effects of increased rate

cell proliferation together with growth and the inhib

tion of apoptosis contribute to the lats dramat

overgrowth phenotype.

Insights into the function of lats initially came fro

the identification of the LATS1 and LATS2 homolog

in human and mouse where biochemical studies hig

light their roles in the regulation of mitosis an

apoptosis. The activity and phosphorylation status

the LATS proteins oscillate in a cell cycle-depende
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manner. Both have been shown to interact with th

cyclin-dependent kinase CDC2 and inhibit its kinas

activity when they are overexpressed, resulting in ce

cycle arrest in ▶G2/M by LATS1 and in G1/S b

LATS2 through the displacement of CDC2. LATS

has also been shown capable of arresting cells at G1/

by downregulating Cyclin E/CDK2 kinase activit

The localization of the LATS proteins to the mitot

apparatus further points to its role in regulating mitot

events. For example, an interaction with the actin fil

ment assembly factor Zyxin has been detected fo

LATS1. Recently, LATS1 has been shown

colocalize with and bind to the cytoskeletal prote

kinase LIMK1 at the contractile ring during ▶ cytok

nesis, the consequence of which is the inhibition o

LIMK1-induced cytokinesis defects and phosphoryl

tion of Cofilin. Interestingly, the mechanism of inhib

tion of both LIMK1 and CDC2 does not appear

involve LATS kinase activity. Nevertheless, consiste

with these observations, the removal of LATS1 fun

tion leads to defects in mitotic exit and aberrant cyto

kinesis where the mutant cells are multinucleate

display centrosome amplification, and exhibit ▶ geno

mic instability. Similar defects are also observed wi

the expression of a kinase-dead LATS1, which delay

mitotic progression through the activation of a spind

assembly check point. These mitotic defects are hal

marks of cancer cells and clearly support the functio

of the LATS proteins as tumor suppressors.

A role for LATS2 in the regulation of mitosis ha

also been documented. Its localization to the▶ centro

some requires phosphorylation by the centrosom

▶ kinase Aurora-A. LATS2 also functions in a check

point pathway to prevent ▶ tetraploidization via p5

which is activated upon binding of LATS2 to MDM

and feeds back to upregulate LATS2 expression

G2/M cells. Finally, a recent genetic screen has iden

tified two miRNAs, miR-372 and miR-373, whic

function as novel ▶ oncogenes in testicular germ ce

tumors by downregulating LATS2 through dire

biding to sites in its 30UTR, the effect of which is

relieve the CDK inhibition by p53.

Although no mitotic defects have been observed

Drosophila for lats mutants, its role in controllin

mitotic events and progression is corroborated by th

finding of genetic interactions between lats, cdc2, an

cyclin A. Mutations in either cdc2 or cyclin A ca

suppress both the lethality and cell proliferatio

defects of lats mutants. Furthermore, the loss of la
l

.

t

,

l

,

l

t

function leads to the accumulation of cyclin A

supporting the idea that Lats limits cell proliferatio

by negatively regulating Cdc2/cyclin A activity. Th

studies above present evidence that may explain in pa

how mammalian LATS can contribute to tumorigeni

ity through the regulation of the cell cycle and mitot

events, but they cannot fully account for the effect

Drosophila of lats mutations on the expansive grow

and cell survival. However, further clues do point to a

additional role for LATS in regulating apoptosis

suppress growth. For example, the pro-apoptotic pr

teins Bax and Caspase-3 both have been shown to b

upregulated in response to LATS1 overexpressio

LATS1 has also been shown to be not on

a substrate for the serine protease Omi/HtrA2, b

whose activity is also dependent on LATS1 bindin

The overexpression of LATS2, on the other hand, ca

induce cell death through the downregulation of th

apoptosis inhibitors ▶Bcl2 and Bcl-xL.

Thus far, although the kinase activities of LATS

and LATS2 are clearly required for cell cycle regul

tion and play a role in tumorigenesis, we know rel

tively little of the mechanisms by which they act o

cell cycle progression, cell growth, and survival. Th

is hampered by the fact that substrates and effectors

LATS have not been identified, nor do we know wh

the nature of the upstream regulators is. In recent year

however, work in Drosophila has discovered sever

new tumor suppressor genes that share similar ove

growth phenotypes as lats. The first breakthrough w

the identification of the salvador (sav) gene

a genetic mosaic screen for mutations affecting tissu

growth. The sav gene encodes a WW domai

containing protein and lacks any other enzymat

domains making it likely to serve as a scaffoldin

protein. Indeed, biochemical assays reveal that Sa

protein interacts directly with Lats through the WW

region. Mutant clones of sav display the same ce

autonomous overgrowth phenotype as for lats clone
Like lats, this is attributed to an increase in cell numb

and suppression of cell death. These two aspects hav

been linked to elevated levels of cyclin E and th

inhibitor of apoptosis, Diap1, respectively, in muta

clones for either lats or sav. The mechanism by whic

lats and sav regulate these downstream targets at th

point has not been elucidated, but they have been use

as key signatures in examining other tumor suppre

sors and genes that might function similarly to lats. O
course, as discussed below, these are not the only targe

http://dx.doi.org/10.1007/978-3-642-16483-5_2465
http://dx.doi.org/10.1007/978-3-642-16483-5_1477
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http://dx.doi.org/10.1007/978-3-642-16483-5_1029
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http://dx.doi.org/10.1007/978-3-642-16483-5_462
http://dx.doi.org/10.1007/978-3-642-16483-5_5744
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since the overexpression of cyclin E alone does n

impart any growth effects, and neither does i

coexpression withDiap1. Of significance is the abili
to coordinate both cell proliferation and cell dea

that represents a key common feature of the tumo

suppressor function of genes such as lats and sav.
With the discovery of mutations in hippo (hpo

which also share similar loss-of-function overgrow

phenotypes as lats and sav, a signal transduction path

way begins to take shape since hpo also encodes

Ser/Thr kinase belonging to the Sterile-20/Mst kinas

family (Fig. 2). In the budding yeast, the Cdc15 kinas

is the closest homolog to Hpo and functions to pho

phorylate Dbf2, a lats-related kinase. These kinase

comprise a signal transduction pathway that regulate

mitotic events and cell morphogenesis in the yeast. Th

conservation of these modular functions suggests th

Hpo may also act upstream of Lats. Indeed, Hpo ha

been shown to phosphorylate and activate Lats in bio

chemical assays and in tissue culture. This activi

requires Sav where it has been suggested to functio

as a scaffolding protein to bring Lats and Hpo togeth

into an activation complex. The parallel to the yea

modular pathway also makes another prediction whe

the Dbf2 kinase requires a binding partner, name

Mob1, which has no obvious domains and has bee

postulated to function analogously to the cyclins fo

modulating CDK activities. The identification ofMa

(Mob as tumor suppressor) confirms this notio

Mutations in mats behave identically to lats, hpo, an
sav. Mats has been shown to bind to and modula

Lats intrinsic kinase activity. These four genes, thu

comprise the core components of the Hpo signalin

pathway and function to negatively regulate the gen

expression of cyclin E and Diap1 (Fig. 2).

Through a yeast two-hybrid screen, Yorkie (Yk

was identified as an interacting protein with Lats, an

encodes the Drosophila ortholog of the mammalia

transcriptional coactivator yes-associated prote

(YAP). The overexpression of Yki in clone

completely reproduces all aspects of the overgrow

phenotypes of loss-of-function mutations in the Hp

core components, including the upregulation of targ

genes, which makes Yki a bona fide link in the pathwa

and, significantly, represents a critical transcription

effector of the Hpo/Lats kinase cascade. Lats has bee

shown to directly bind and phosphorylate Yki, leadin

to its inactivation. Yki is capable of activating tran

scription; however, it lacks a DNA-binding domai
t

,

t

t

.

,

t

l

,

which suggests that it may require a transcription par

ner or complex to regulate gene expression. As me

tioned before, cyclin E and Diap1 are not the on

target genes of Hpo signaling since both cannot conf

the growth aspect of the pathway. In an overexpressio

screen, a ▶microRNA has been found to stimula

imaginal disc growth, as well as to affect both ce

proliferation and apoptosis. The microRNA is encode

by the bantam gene and has been shown to b

a transcriptional target for Yki. However, the grow

defect associated with yki loss-of-function can only b

partially rescued by bantam overexpression and, lik

wise, the overgrowth phenotype of yki overexpressio

can only be partially suppressed by the loss of banta

function. The combined effect of bantam, cyclin E, an
Diap1, however, still cannot fulfill all of the signalin

output of the Hpo pathway as defects in differentiatio

and cell adhesion, for example, are not accounted fo

How the Hpo pathway is regulated has been a

outstanding question until a candidate approac

reveals ▶Merlin (Mer) and Ex (Expanded), whic

encode related members of the FERM domai

containing protein family, as possible upstream com

ponents (Fig. 2). This is suggested by their function

adaptor proteins associated with plasma membran

proteins and the cytoskeleton. Mutations in eith

gene alone have been shown to have relatively wea

effects on growth of imaginal discs. However, sinc

Mer and Ex can heterodimerize and function redu

dantly, double mutants have characteristic phenotyp

of Hpo pathway mutants. Genetic epistasis exper

ments have placed both genes upstream of hpo whe

their overexpression can influence the phosphorylatio

of Lats. The mechanism is unknown and addition

intervening components remain to be identified sinc

neither Mer nor Ex binds to Hpo. Interestingly, E

expression is also regulated by Yki, thus, formin

a regulatory feedback loop. Despite their membran

localization, Mer and Ex are still intracellular protein

and, therefore, the existence of a receptor for media

ing physiological responses to effect Hpo signalin

still remains to be seen.

The protocadherin Fat (Ft) recently has been ide

tified as one candidate receptor since loss of its fun

tion causes phenotypes similar to hpo and lats mutan

and they all share each other target gene expression.

has been known to function as a tumor suppressor, b

exactly how it influences growth is not understoo

Several studies have placed ft genetically upstrea

http://dx.doi.org/10.1007/978-3-642-16483-5_3729
http://dx.doi.org/10.1007/978-3-642-16483-5_3637
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of ex and hpo in a linear pathway since the ov

expression of either can bypass the requirement for

(Fig. 2). Furthermore, Hpo and Lats are phosphory

lated and activated in response to the overexpression o

Ft in cell transfection, which also lead to the repressio

of Yki-dependent target gene expression. Interes

ingly, Ft is required for the localization and stabili

of Ex but not Mer, suggesting that the latter mig

function in parallel, consistent with the similar pheno

types displayed by ft mer and ex mer double mutant

Thus, there may be yet another receptor that can reg

ulate Hpo activity through Mer. Although ft function
upstream of hpo and lats, there is an alternative line o

evidence to suggest that the pathway may not be line

after all, since Ft can affect the stability of Lats prote

specifically and not other downstream componen

(Fig. 2b). This function is mediated through Dach

an unconventional myosin downstream of and ac

antagonistically to Ft. dachs acts genetically upstrea

of lats, and their proteins coprecipitate in biochemic

assays. In light of these observations, Lats remains th

central element of the pathway but its activity an

abundance may be affected differently by variou

upstream inputs. Nevertheless, further studies a

required to resolve the biochemical relationship

among the components of the Hpo pathway.

Clinical Relevance

The kinase cascade comprising Hpo and Lats is con

served from yeast to mammals. Many components o

this pathway also have orthologs across species an

may function in a physiological relevant manner a

demonstrated by the ability of some human gene coun

terparts to rescue the corresponding Drosophi

mutants. In Drosophila, loss-of-function mutations

many components of the Hpo pathway result in ove

growth of ▶ epithelial tissues, which in many way

resemble tumor formation in humans and mammal

Indeed, cells of these imaginal discs possess cellul

behavior and properties that reflect closely those o

cycling mammalian cells, an especially important con

sideration when extrapolating mechanistic insights

mammalian models of cancer. Importantly, in mo

cases cell cycle progression and kinetics inDrosophi

are punctuated by growth phases characterized b

similar G1-S and ▶G2-M transitions as in mammal

In addition, developing disc tissue structures exhib

a polarized epithelium mirroring mammalian tissue

that are highly prone to cancer.
t

t

.

,

l

.

These studies have revealed an emerging tumo

suppressor pathway that has profound effects o

growth with consequences on body, organ, and ce

size as well as on cell number. The phenotypic co

sequences on cell growth coupled to the coordinate

deregulation of both cell proliferation and surviv

provide a growth advantage to mutant cells in mosaic

clones, but also very likely confer such traits to tumo

cells. Thus, there is a strong link between these deve

opmental processes and tumorigenesis. Consiste

with the overgrowth phenotype inDrosophila, knoc

out mice for LATS1 develop soft-tissue carcinom

ovarian stromal cell tumors, and pituitary dysfunctio

(Fig. 1b). Although mutations in either LATS1 o

LATS2 have rarely been detected, epigenetic modifi

cations of these genes, for example, downregulatio

by methylation, have been associated with huma

breast cancers. Many cancer cell lines derived fro

human melanoma or mouse mammary gland carc

noma have been shown to carry mutations in gen

for SAV1 (WW45) andMATS1 (MOBK1). The huma

ortholog of Mer, ▶NF2 (▶Neurofibromatosis 2

gene is notable in the Hpo pathway in being the on

one so far that has been discovered as a bona fid
tumor suppressor. Patients carrying mutations in th

NF2 gene develop tumors mainly affecting the centr

nervous system as found in sporadic tumors as well

in the familial cancer syndrome neurofibromatos

type 2. The loss of NF2 also leads to other tumo

such as malignant mesothelioma. From the y
overexpression phenotype in Drosophila, the mam

malian YAP is predicted likely to function as a

oncogene. Indeed, the mouse locus at 9qA1, whic

contains the YAP gene, has been found to be high

amplified in a mouse model of a liver carcinoma a

well as mammary cancer. Similar finding has als

been found for the human locus at 11q22 whe

amplification occurs in cancers of the liver, lun

ovary, pancreas, and esophagus.
t

.

t
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▶Linkage Disequilibrium
,

LD50

Definition

Lethal dose 50.

▶ Preclinical Testing
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Definition

▶Low density lipoprotein
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LDL Receptor

Definition

▶Low density lipoprotein receptor (LDLR); gen

family consists of cell surface proteins involved

receptor-mediated▶ endocytosis of specific▶ ligand
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Lead Chromate

Definition

PbCrO4; A water-insoluble chromium-containing com

pound consisting of lead, and hexavalent chromium

the chromate anion, that is only very sparingly soluble
,

-

/

t

water. This compound used to manufacture paint use

on aircraft and the yellow line in the middle of streets

demarcate traffic lanes. It gives the yellow and yellow

ish orange color to paints and pigments. When prepare

in small particle sizes (<10 mm), this chromium com

pound is phagocytosed by mammalian cells and ca

cause cytotoxicity, chromosomal aberrations, morph

logical transformation of mammalian cells, and lun

tumors when lower animals inhale it.

▶Chromium Carcinogenesis
Lead Exposure

Edwin van Wijngaarden

Department of Community and Preventive Medicine

University of Rochester School of Medicine and

Dentistry, Rochester, NY, USA
Definition

Lead (Pb) is a heavy, lowmelting, bluish-graymetal th

occurs naturally in various mineral forms in the earth

crust. Lead compounds are substances in which lead

combined with two or more other elements. Organ

lead refers to lead compounds which contain carbo

whereas inorganic lead refers to those substances that d

not contain carbon and includes metallic lead.
.

Characteristics

Sources of Lead Exposure

Exposure to lead is predominantly due

▶ anthropogenic activity, which has occurred sinc

industrial lead production started millennia ago. Th

greatest potential for exposure has been experienced b

industrial workers, and lead exposure is currently ge

erally well controlled in major lead-using industri

such as ▶ smelting and battery manufacture (Table 1

However, cases of clinical lead poisoning in certa

industries still occur and workers using end-produc

containing lead, such as lead-based paints, continue

be exposed and little to no decreases in lead exposu

levels have been observed in certain work enviro

ments such as the construction industry. It has bee

http://dx.doi.org/10.1007/978-3-642-16483-5_3368
http://dx.doi.org/10.1007/978-3-642-16483-5_4718
http://dx.doi.org/10.1007/978-3-642-16483-5_3417
http://dx.doi.org/10.1007/978-3-642-16483-5_3417
http://dx.doi.org/10.1007/978-3-642-16483-5_1876
http://dx.doi.org/10.1007/978-3-642-16483-5_3352
http://dx.doi.org/10.1007/978-3-642-16483-5_1129
http://dx.doi.org/10.1007/978-3-642-16483-5_301
http://dx.doi.org/10.1007/978-3-642-16483-5_5380
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Lead Exposure. Table 1 Industrial processes and activities

with risk of lead exposure

Industrial processes Activities

Abrasive blasting Ceramics making

Battery manufacturing Drinking from a private well

Gas welding and cutting Enameling

Metal preparation and

pouring

Glassblowing

Metal thermal spraying Home remodeling

Painting (pigments,

binders, and biocides)

Ingesting an herbal remedy

Semiconductor

manufacturing

Jewelry making

Silk-screen printing Living in a house with old plumbing

or old paint (pre-1979)

Smelting copper or lead Living near a smelter

Soldering Lost wax casting

Steel producing Painting

Welding Smoking cigarettes

Welding over coatings Stained glass making

From HazMap: Occupational Exposure to Hazardous Agents

(http://hazmap.nlm.nih.gov/)

Lead Exposure 1993 L

L
estimated that about one-fifth of the United States ge

eral population has a history of exposure on the job.

Historically, the largest source of environment

lead exposure in the United States has been throug

inhalation and ingestion of air, dust, soil, water, an

food contaminated from the use of lead in pipes, paint

food and drink cans, and gasoline. These use

have been phased out in many developed countrie

including the United States, resulting in a decline

blood lead levels by more than fivefold. Nevertheles

segments of the general population continue to b

exposed to excessive amounts of lead, especial

from lead-based paints and contaminated soil

urban settings with an older housing stock. Addition

ally, drinking water continues to be an importa

source of lead exposure.

Lead accumulates in the body and may becom

biologically available long after the occupational o

environmental exposure has ceased. Therefore, lea

exposure remains a public health concern worldwide

Biological Markers of Lead Exposure

A variety of ▶ biomarkers exists to measure exposu

to lead, including lead in urine, blood, hair, nails, teet

and bone. Blood lead levels are the most commo

indicator of internal lead exposure in epidemiologic

studies. However, these levels tend to decline rapid
l

,

,

,

t

,

l

over time because of a half-life of about 1 mon

and therefore represent only recent exposures. F

children aged <6 years, the U.S. Centers f

Disease Control and Prevention (▶CDC) has define

an elevated ▶BLL as �10 mg/dl. For adults, th

highest BLL acceptable by standards of the U.

Occupational Safety and Health Administratio

(OSHA) is 40 mg/dl. In the United States, th

state-based Adult Blood Lead Epidemiology an

Surveillance (▶ABLES) program tracks laboratory

reported adult BLLs in an effort to reduce th

proportion of adults (age 16 or older) who have BLL

of 25 mg/dl or greater, whereas the CDC track

children’s BLLs by using both National Heal

and Nutrition Examination Surveys (NHANES) an

state and local surveillance data.

Lead accumulates in the skeleton and remain

there for many years. In children, up to 80% of absorbe

inorganic lead is stored in the bone, whereas in adul

this figure rises to more than 90%. Organic lea

compounds are oxidatively dealkylated in the bod

and any inorganic lead produced in this way w

be distributed like exogenous inorganic lead. Th

turnover rate of skeletal lead varies by compartmen

in bone. The half-life of lead in ▶ cortical bone (e.g

tibia), which constitutes about 80% of skeleton, ca

be several decades whereas a considerably short

half-life of only several years has been reported f

▶ trabecular bone (e.g., patella, calcaneus) whic

constitutes about 20% of the skeleton. While blood lea

levels reflect primarily recent exposures (ongoing stead

state or recently elevated exposures) and themobilizatio

of lead from the skeleton back into the circulation, bon

lead levels have been shown to accurately reflect acc

mulated exposure. By providing a biological marker

cumulative dose, bone lead may be used in epidemiolo

ical studies of lead carcinogenicity to more accurate

evaluate dose–response associations in studies

populations in which lead exposure is occurring throug

multiple possible pathways. Bone lead levels can b

determined with a direct, non-invasive measureme

using X-ray fluorescence (▶XRF) spectroscopy.

Lead Carcinogenesis: Possible Etiologic

Mechanisms

Experimental evidence demonstrates that variou

water-soluble and -insoluble lead compounds ca

induce ▶ renal carcinoma and ▶ brain tumo

(gliomas) in rodents. Lead is known to be toxic to th

http://dx.doi.org/10.1007/978-3-642-16483-5_6601
http://dx.doi.org/10.1007/978-3-642-16483-5_950
http://dx.doi.org/10.1007/978-3-642-16483-5_668
http://dx.doi.org/10.1007/978-3-642-16483-5_17
http://dx.doi.org/10.1007/978-3-642-16483-5_1339
http://dx.doi.org/10.1007/978-3-642-16483-5_5882
http://dx.doi.org/10.1007/978-3-642-16483-5_6288
http://dx.doi.org/10.1007/978-3-642-16483-5_6513
http://dx.doi.org/10.1007/978-3-642-16483-5_709
http://hazmap.nlm.nih.gov/


e

c

m

r

in

g

e

d

-

i-

-

e

e

r

ia

)

e

)

g

in

s

r

a

ly

n

d

at

b,

y

In

re

d

d

d

n

es

re

er

s,

st

e

d

w

rt

e

d

n

re

se

s,

d

e

r-

a

Biochemical effect
•   Inhibition of DNA

•   Oxidative damage
•   Interaction with proteins

synthesis and repair

Metabolic activity
•   Excretion (urine, hair)
•   Accumulation (bone) Cancer

Effect markersDose markersExposure markers

Susceptibility markers
•   Age
•   Gender and ethnicity
•   Health status
•   Nutrition
•   Genetic

polymorphisms

Internal dose
•   Blood
•   Plasma

Intake absorption
•   Inhalation
•   Ingestion

Environmental Pb exposure
•   Concentration
•   Duration

Lead Exposure. Fig. 1 Conceptual framework for the association between environmental lead exposure and cancer of the brain and

central nervous system

L 1994 Lead Exposure
peripheral and central nervous system as well as th

kidney. However, there does not seem to be a dire

carcinogenic effect of lead since it does not see

to directly result in ▶DNA damage. Rathe

current mechanistic evidence for a role of lead

▶ carcinogenesis suggests a facilitative role involvin

inhibition of DNA synthesis and repair, ▶ oxidativ

stress, and interaction with DNA-binding proteins an

▶ tumor suppressor genes. This facilitative role sug

gests that lead exposure may interact with other poss

ble risk factors in the etiology of cancer.

A general conceptual framework for the carcino

genic effects of lead exposure is presented in the figur

Individual indicators of susceptibility may influenc

the nature of this relationship, such as age, gende

and genetic polymorphisms. For example, anem

due to glucose-6-phosphate dehydrogenase (▶G6PD

deficiency and polymorphisms in the enzym

delta-aminolevulinic acid dehydratase (▶ALAD

may affect the susceptibility to lead toxicity, includin

cancer, by affecting the toxicokinetics of lead

the body (Fig. 1).

Lead Exposure and Cancer Epidemiology

The relationship between cancer in human population

and exposure to lead from environmental o

occupational sources has been considered in sever

epidemiological studies. These studies primari

consist of case-control and cohort studies. I
t

,

.

,

l

▶ case-control association studies, cases diagnose

with a disease of interest and controls without th

disease are asked about lead exposure (on the jo

from hobbies, or from living in older homes) at an

point in their life (▶Cancer Epidemiology).

cohort studies, cancer mortality or incidence rates a

compared between groups of people with an

without elevated lead exposure (based on high-lea

jobs compared to the general population or bloo

lead levels). This literature has been reviewed o

several occasions. Most epidemiological studi

evaluating the carcinogenic effects of lead exposu

have generally suffered from limited statistical pow

due to a small number of cancer deaths or diagnose

and the lack of biological measures of exposure. Mo

studies lack quantitative data on dose–response – on

of the key parameters in determining causality – an

only few studies divided individuals in high and lo

exposure groups. Nevertheless, occupational coho

studies have been considered particularly informativ

with respect to cancer risk because of high documente

exposures. These studies were predominantly based o

highly exposed battery or smelter workers who we

exposed several decades ago (1940s–1970s). The

studies have reported on a variety of cancer type

including those of the lung, stomach, kidney, an

brain. Most studies show a weak to moderate positiv

association between lead exposure and cancer, in pa

ticular for cancers of the stomach and brain, and to

http://dx.doi.org/10.1007/978-3-642-16483-5_1669
http://dx.doi.org/10.1007/978-3-642-16483-5_843
http://dx.doi.org/10.1007/978-3-642-16483-5_4309
http://dx.doi.org/10.1007/978-3-642-16483-5_4309
http://dx.doi.org/10.1007/978-3-642-16483-5_6057
http://dx.doi.org/10.1007/978-3-642-16483-5_2487
http://dx.doi.org/10.1007/978-3-642-16483-5_167
http://dx.doi.org/10.1007/978-3-642-16483-5_868
http://dx.doi.org/10.1007/978-3-642-16483-5_806
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lesser extent for lung and kidney cancer. Follow-u

studies of general population samples in the Unite

States and case-control studies shed little further lig

on these associations.

The International Agency for Research on Canc

(IARC) recently concluded that there is limited ev

dence in humans for the carcinogenicity of inorgan

lead compounds, and inadequate evidence for an effe

of organic lead compounds on human cancer.
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Lead Generation

Definition

Chemical modification of a structure to increas

desired but non-optimized biological activities.

▶Lead Optimization
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Lead Optimization
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Johnson & Johnson Pharmaceutical Research &

Development, Spring House, PA, USA
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Definition

The synthetic chemical modification of a biological

active molecule to address pharmacokinetic, pharm

codynamic, and toxicologic issues in order to enable i

clinical utility.
t
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Characteristics

Drug discovery activities that occur prior to lea

optimization, such as the choice of target, assay deve

opment, ▶ high throughput screening, and ear

molecular optimization and testing, are typical

referred to as ▶ lead generation. Leads typically hav

been somewhat optimized for their molecular prope

ties (solubility, removal of covalent modifiers, chem

cal stability), have been subjected to in vitro assays

predict their (▶Pharmacokinetic) properties (Caco-

flux, liver microsomal stability, protein binding, inhi

itory activity toward (▶Cytochrome P450 isoe

zymes) (CYP450s), possess reasonable in vitro an

cellular potencies toward the molecular target, an

have been subjected to some selectivity measuremen

(kinase selectivity screen and a broad receptor/tran

porter selectivity screen).

Lead optimization, the subject of this entry, encom

passes chemical modifications of the molecular stru

ture that improve its druglikeness, particularly wi

respect to issues of potency, selectivity, safety/toxi

ity, and pharmacokinetic (absorption, distributio

metabolism, excretion) parameters. Efficacy in an an

mal model of disease also is first evaluated during th

phase. This essay focuses on optimization of (▶Sma

Molecule Drug) candidates, though biologics leads a

optimized as well.

During (▶ Preclinical Testing), the candidate dru

is further examined to assess its suitability for first-i

human safety trials (Phase 1 clinical trials). Develo

ment of medium-scale chemical synthesis, in order

produce (▶Good Manufacturing Practices) (GMP

drug substance, is explored. Further assessment of th

compounds pharmaceutical properties and formulatio

work is also undertaken. The initial pharmacokinet

studies are usually repeated in multiple species. Th

phase also further examines the safety of the candida

drug in nonhuman species. Target candidate dru

exposure is then compared to the dose causing ove

toxicity in a rodent, dog, or monkey species to evalua

the safety window of the candidate in first-in-huma

trials. The typical procedure to assess toxicologic ris

is based on the compound safety margin which is th

ratio of the no adverse event level (NOAEL) in th

most sensitive species to the expected therapeutic do

in man.

Chemotherapeutic agents constitute a significa

subset of cancer drugs (as well as antibiotics) but a

http://dx.doi.org/10.1007/978-3-642-16483-5_3298
http://dx.doi.org/10.1007/978-3-642-16483-5_2731
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http://dx.doi.org/10.1007/978-3-642-16483-5_5374
http://dx.doi.org/10.1007/978-3-642-16483-5_5374
http://dx.doi.org/10.1007/978-3-642-16483-5_4718
http://dx.doi.org/10.1007/978-3-642-16483-5_2479
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much less used for treatment of other diseases. Ch

motherapeutic drugs rely on selective toxicity for can

cer cells, either as a result of favorable differences

distribution or favorable differences in biochemistry

Physicochemical Optimization

Intravenously administered drugs must have high so

ubility. Drugs administered via a peroral route shou

have adequate solubility in order to be able to reach th

site of action within the organism. During in vitr

testing solubility of a potent compound is usually n

an issue, but when animals must be dosed with larg

quantities of drug substance in order to measure effi

cacy or tolerability, absorption may be limited by th

failure of the compound to dissolve in the gastrointe

tinal tract. Thus solubility, permeability, and potenc

are in dynamic tension during optimization. Fo

instance, high solubility can sometimes overcom

low permeability with a drug of moderate to hig

potency.

Solubility can be measured in a number of way

One way is to initially dissolve the compound

dimethylsulfoxide, a polar aprotic solvent, which ove

comes crystal lattice energy. This is the characterist

of a kinetic solubility method. Some compounds solu

ble at aqueous 0.5–5% DMSO that would not easily o

at all attain dissolution if tested with a thermodynam

method, which entails dissolution initially

a buffered aqueous medium. A thermodynam

method however, is perceived to be more relevant

the in vivo situation and should be evaluated at a rang

of biologically relevant pHs. There are a number o

strategies used to optimize the solubility of sparing

soluble drug candidates. The most important is

introduce solubility directly into the molecule durin

optimization, through introduction of wat

solublizing moieties at a permissible part of the stru

ture. Another common approach is the formation o

a suitable salt. Almost half of present day drugs a

salts, and this strategy may be undertaken very early

the lead optimization process. Also, formulation wi

appropriate organic solvents, surfactants, and lipid

can be explored during lead optimization and durin

preclinical development.

Besides solubility, there are a number of oth

physiochemical parameters that begin to be evaluate

during the lead optimization phase, namely, chemic

stability, morphic states (monomorphic vs. polymo

phic), crystallinity, and hygroscopicity.
t

.

l

It is also important during the lead optimizatio

phase to bridge the chasm between the discover

chemistry (large number of compounds synthesize

in milligram amounts) and the chemical developme

(few compounds in kilogram amounts) department

This can occur via the formation of specialized team

that bridge that scalability gap, or by the presence

chemists in the discovery chemistry departments th

work on process improvements, or both.

Pharmacokinetic Optimization

In years past, a substantial percentage of drugs failed

the clinic secondary to poor pharmacokinetic prope

ties. Today, that number is greatly reduced, chiefly

a result of the focus on ADME (absorption, distrib

tion, metabolism, excretion) properties during lea

optimization. Ideal ADME properties for a drug ca

didate depend on the clinical target, but typical

encompass good ▶ bioavailability, ▶ systemic clea

ance, and ▶ volume of distribution that may b

expected to yield the desired dosing regimen. A lo

probability for drug–drug interactions and metabo

lism-based toxicity is also highly desirable.

Analysis of current orally administered drugs an

drug candidates has been a primary guide to correla

ing physical properties with successful clinic

developability. It would be useful to develop mode

that quantify to some extent known effects of easi

calculated molecular properties on absorption. Th

Lipinski “Rule of Five” states that poor absorptio

frequently occurs with a molecular weight over 50

a logP over 5, and the number of hydrogen bond dono

and acceptors each greater than five. In addition

Lipinski’s original rules concerning molecular weigh

lipophilicity, and the number of H-bond donors

acceptors; a number of studies have also discusse

the negative absorption impact of water complexatio

by amide bonds, high molecular flexibility, and hig

polar surface area.

Bioavailability is a term used to describe the ra

and extent of absorption of an orally administered dru

in comparison to intravenous administration. High or

bioavailability is almost always an important consi

eration for the development of good drugs. Oral bi

availability is affected by both the extent of absorptio

into the intestinal cells in the gut lumen as well

the compounds presystemic elimination by both th

intestine and the liver. So structure-specific recogn

tion factors do limit oral bioavailability such

http://dx.doi.org/10.1007/978-3-642-16483-5_626
http://dx.doi.org/10.1007/978-3-642-16483-5_5637
http://dx.doi.org/10.1007/978-3-642-16483-5_5637
http://dx.doi.org/10.1007/978-3-642-16483-5_6215
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L

(▶P-Glycoprotein) (PGP) transport in the gu

CYP450 metabolism, or other enzymatic clearanc

mechanisms in the gut or liver.

If absolute oral bioavailability is>20% in dogs an

rodents then frequently oral bioavailability in human

is >20% as well. However, since there is reasonab

correlation between clearance, volume of distributio

and half-life data between rat and human as well, th

may be tracked during Lead Optimization. It is wide

assumed that monkeys are good predictors of huma

oral bioavailability but this is frequently not the cas

They are a good predictor of the fraction absorbed (Fa

but as they have elevated metabolic clearances an

hepatic enzyme activities, the oral bioavailability

monkeys is typically lower.

Consideration must be given to the ability o

a compound to undergo in vivo biotransformation a

this is an important component of systemic bioavai

ability and systemic clearance. It is frequently nece

sary to decrease the rate of hepatic oxidativ

metabolism and first-pass elimination in a chemic

series during optimization. A number of in vitr

methods are available to monitor progress. One of th

most common and high-throughput entails the use o

liver microsomal preparations. These retain activity o

key components of enzymes involved in drug metabo

lism such as cytochrome P450s and ▶ flav

monooxygenases. The drug candidate is incubated

the presence of such preparations, half-life estimatio

is made and this can be compared to standards wi

known first-pass eliminations. The compound’smetab

olites should be identified in human, efficacy, an

tolerability species. This can frequently give ideas fo

means by which the structure can be modified

decrease oxidative metabolism and reduce clearance

Metabolism of a lead compound may also be eva

uated in liver slices or hepatocytes. When a compoun

induces an enzyme involved in its own metabolism

evidence for which is usually found during multipl

dose pharmacokinetic or efficacy studies, the use of th

latter are quite useful. When ▶ Phase II metabolism

important, again the use of liver slices may be mo

appropriate as well as in vitro glucuronidation assay

in microsomal preparations in the absence of NADPH

Metabolism-based drug interactions comprise on

of the major concerns during drug development. If tw

or more drugs are competing with each other for th

same metabolic enzyme, the circulating therapeut

drug concentrations can become elevated and ma
,

,

.

,

l

,

.

cause undesirable toxic effects. These are even mo

clinically important when a drug has a narrow ther

peutic index or when the pharmacokinetics is marked

changed. Cytochrome P450 proteins are a critical fam

ily of enzymes involved in the metabolism of drugs. O

these the most important are CYP1A2, 2C9, 2C1

2D6, and 3A4.

CYP3A4 has primarily been associated with in viv

drug–drug interactions leading to the withdrawal

marketed drugs. CYP3A4 is responsible for 25%

total CYP content and has broad substrate specificit

CYP2D6 is responsible for basic amine functionali

metabolism, and this is important because of the pre

alence of these in marketed drugs. Strong inhibito

<1 mm for 3A4 and 2D6 (cDNA expressed CYPs) a

certainly major concerns.

Mechanism-based inhibition of 3A4 (irreversib

binding or covalent modification) is also a major co

cern. Furans, some amines and unsaturated dist

groups (double and triple bonds) are common culprit

For instance, the triple bond on ethinylestradi

modifys the heme group, though the CYP prote

may be modified as well. Care is required when eva

uating compounds, as they may initially appear to b

only weak inhibitors of CYP3A4 because the inhib

tion is time-dependent. High liver distribution ca

exacerbate this issue, as many drug candidates a

highly distributed to liver, where CYP3A4 is found

high concentration.

Clearance is a measurement of the ability of th

body to eliminate a drug from the body and is mad

up of hepatic (metabolic and biliary) and renal clea

ance. For the majority of compounds hepatic metabo

lism is a major clearance mechanism, so clearance ma

be expressed relative to hepatic blood flow in th

species in which the pharmacokinetic measureme

was obtained. The drug concentration seen in th

plasma depends on the amount of drug present in th

whole body as well as how extensively it is distribute

to various compartments. The volume of distribution

a measure of this. High steady state volumes of distr

bution are associated with more binding in tissue tha

in plasma and are found frequently in basic drug ca

didates, while the reverse is true of a low volume

distribution which is frequently found in associatio

with acidic drugs. Since the half-life of a drug

inversely proportional to the clearance, and direct

proportional to the volume of distribution, optimiz

tion of these parameters is frequently necessary.

http://dx.doi.org/10.1007/978-3-642-16483-5_4341
http://dx.doi.org/10.1007/978-3-642-16483-5_2203
http://dx.doi.org/10.1007/978-3-642-16483-5_2203
http://dx.doi.org/10.1007/978-3-642-16483-5_4511
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Plasma protein binding can be important whe

activity is driven by the free fraction of drug

plasma. This may be a significant issue when there

a target within the vasculature and a lead with a sma

volume of distribution, but may be less of an issu

with an extravascular target with a high volume o

distribution. In the blood, acid glycoprotein bind

weakly basic drugs while albumin, which constitute

50–60% of total serum protein, binds neutral drug

and weak acids.

Toxicological Optimization

Just as the number of compounds in development th

fail for pharmacokinetic issues have decreased, th

number of compounds that fail during developme

for toxicity issues have increased. Even so, Advers

Drug Reactions (ADRs) may account for up to 5% o

all hospital admissions and 10–20% of hospital inp

tients for marketed drugs.

Toxicity issues are frequently observed during lea

optimization either when tolerability is being exam

ined specifically, or when dosing pharmacokinetic o

efficacy studies. Toxicity is typically first identified

rats or dogs. Toxicologic effects of a compound fr

quently do require optimization, especially in backu

programs where such issues may be better understoo

as a result of the identification of toxicology in prev

ously identified drug candidates. ADRs may general

be grouped into two classes. Predictable adverse dru

reactions can be predicted based on the pharmacolog

of the drug and are dose-dependent, idiosyncratic dru

reactions are unpredictable, cannot be correlated to th

pharmacology of the drug and are typically non dos

dependent. Optimization for predictable toxicity no

mally occurs via the identification of a (▶Biomarke

or in vitro readout for the toxicity followed by th

development of a structure-activity relationsh

around the toxicity in order to remove it durin

optimization.

Idiosyncratic toxicity is more difficult to approac

Hepatotoxicity is the most common idiosyncratic rea

tion. These effects can be serious (hepatic necrosi

and skin dyscrasias can be as serious as Steven

Johnson syndrome (toxic epidermal necrolysis

Mechanistically, the hapten hypothesis is that modifi

cation of an endogenous protein by a reactive metab

olite or directly by a reactive parent drug generate

a foreign protein that may lead to an immune-mediate

adverse reaction. The alternative danger hypothes
l

t

t

.

.

stipulates that rather than the hapten formation trigge

ing the immune system, cellular damage produced b

the reactive metabolite generates a danger signal.

cells are resistant to the stress or the toxic metabolit

cannot cause cell injury at all times, no idiosyncrat

toxicity occurs. This accounts for the interindividu

variations in idiosyncratic drug reactions and th

nature of differential responses to various reactiv

metabolites.

The human liver and blood systems are the mo

active at forming reactive metabolites.

Several enzymes from ▶ Phase I metabolism a

recognized as important in generating reactive inte

mediates such as CYP450s, ▶myeloperoxidase

▶ cyclooxygenases, and flavin monooxygenase

CYPs are the most important because electrons a

transferred. Phase II metabolism is potentially less

an issue, although there are some reports on acyl gl

curonide toxicity (these may bind to proteins with

without cleavage of the glucuronide). A large numb

of electrophiles (generated from in vitro experimen

such as with HLMs) can be trapped as glutathion

adducts or N-acetyl cysteine/N-acetyl lysine addu

mixtures. This method is unlikely to produce fal

negatives, since safe compounds normally do not ge

erate glutathione conjugates.

Cardiovascular safety is another important consi

eration during lead optimization. Frequently ▶HER

activity needs to be removed from a compounds list

off-target effects.

This channel is the target of a wide range of agen

which increase the risk for ▶Torsade de Point

(TdP), as well as many which do not. The growin

list of non-antiarrythmic drugs that cause th

increased QT interval, and the increasing number o

drugs that have been withdrawn from the mark

because of their ability to trigger TdP, has resulte

in increased regulatory scrutiny for this particul

safety issue. Unfortunately there is no single cel

based assay, or in vitro heart preparation or anim

model that is very strongly predictive for TdP

humans. Not all drugs which prolong the electroca

diographic QT interval cause TdP, nor is there

quantitative correlation between the magnitude

QT interval increases and the arrythmia. Becau

there is no gold standard test of the torsadogen

potential of a lead, the use of multiple in vitr

ex vivo, and in vivo assays is currently recommende

by most experts during the lead optimization phase

http://dx.doi.org/10.1007/978-3-642-16483-5_6601
http://dx.doi.org/10.1007/978-3-642-16483-5_4506
http://dx.doi.org/10.1007/978-3-642-16483-5_3938
http://dx.doi.org/10.1007/978-3-642-16483-5_1434
http://dx.doi.org/10.1007/978-3-642-16483-5_2686
http://dx.doi.org/10.1007/978-3-642-16483-5_5864
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Leakage Radiation

Definition

Radiation coming from the source outside the usef

beam.

▶Radiation Oncology
Lean Body Mass

Synonyms

LBM
n

s-

y

of
Definition

Mass of the body, including water, bones, collage

and muscle, minus fat mass.

▶Nutrition Status
LECAM-2

▶E-Selectin-Mediated Adhesion in Cancer
-

-

l

Lecithin

Definition

Phosphatidylcholine (PC) is a major class

glycerophospholipids present in all mammalian an

some prokaryotic cells, which plays various roles

membrane structure and cellular signaling.

▶Lysophosphatidylcholine
l

Lectin

Definition

They are proteins that interact with a sugar or sug

chain, with carbohydrates in general, but do n

include enzymes related to carbohydrate metabolism

such as glycosyltransferase and glycosidase. Lectin

include galectin, mannose-6 phosphate receptor, th

calnexin/▶ calreticulin families, and others.

▶Cell Adhesion Molecules

▶ Fucosylation

▶Glycobiology
Leiomymatous Harmatoma of the
Kidney

▶Mesoblastic Nephroma
,

Leiomyoma

Definition

A benign neoplastic tumor composed of smooth mu

cle cells with variable amount of fibrous stroma. The

appear most commonly in the smooth muscle lining

the uterus (Uterine leiomyoma), the myometrium.

▶ Fumarate Hydratase

▶Uterine Leiomyoma, Clinical Oncology

http://dx.doi.org/10.1007/978-3-642-16483-5_4903
http://dx.doi.org/10.1007/978-3-642-16483-5_4179
http://dx.doi.org/10.1007/978-3-642-16483-5_1781
http://dx.doi.org/10.1007/978-3-642-16483-5_3471
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▶Uterine Leiomyoma, Clinical Oncology
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Leiomyosarcoma

Definition

Belongs to a group of cancers called soft tissue sarcoma

Sarcomas are cancers that develop in the supporting

connective tissues of the body (such as muscle, fa

nerves, blood vessels, bone, and cartilage). They a

rare. Leiomyosarcomas are one of the commoner typ

of sarcomas to occur in adults over the age of 50.

▶Non-rhabdomyosarcoma Soft Tissue Sarcomas
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Lentigines

Definition

Are benign lesions that occur on the sun-exposed area

of the body. The backs of hands and face are commo

areas. The lesions tend to increase in number with ag

making them common among the middle age and old

population. They can vary in size from 0.2 to 2 cm

These flat lesions usually have discrete borders, a

dark in color, and have an irregular shape.
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Lentiginosis

Definition

Presence of ▶ lentigenes in very large numbers or

a distinctive configuration. Centrofacial lentiginosi

uncommon autosomal dominant syndrome of sma

hyperpigmented macules in a horizontal band across th

centre of the face at 1 year, increasing in number up to 1

years, and associated with skeletal and neural defects.

▶Carney Complex
Lentiginosis polyposa Peutz

▶ Peutz-Jeghers-Syndrome
.

,

,

.

,

l

Leptin

Definition

Is an appetite suppressing hormone. The World Heal

Organization has now classified▶ obesity as a diseas

It is often said that obesity is the biggest health pro

lem facing the developed world today. It causes heal

problems such as hypertension, type II diabetes, hea

attacks and strokes, elevated cholesterol, and man

more. Obesity leads to an estimated 30,000 prematu

deaths each year and it is shortening the lives of peop

by an average of 9 years. Leptin is an appetite suppre

sant. It stops one eating too much as well as makes on

more active so one burns off more energy. It

produced in fat cells by a specific gene called th

obese(ob) gene. Small amounts of leptin are als

secreted by cells in the epithelium, stomach, and pl

centa. The amount of leptin found in people increas

as their body fat increases. Leptin acts on receptors

the hypothalamus. The theory is that as one gets fatt

one also gets less sensitive to the affects of Lepti

Leptin works on the body in the following ways:

1. Counteracts the effects of neuropeptide Y, which

a feeding stimulant secreted by cells in the gut wa

and in the hypothalmus

2. Counteracts the affects of anandamid, which also

a feeding stimulant

3. Promotes the effects of alpha-MSH, which is an app

tite repressor, resulting in inhibition of food intake

4. Raises the temperature of the subject so energ

expenditure is increased

Leptin also acts directly on the cells of the liver an

skeletal muscles where it stimulates the oxidation of fat

acids in the mitochondria. This reduces the storage of f

in those tissues (but not in adipose[fat] tissue). In ra

cases the gene that produces leptin or its receptorsmutat

This can cause severe obesity and diabetes in certa

individuals as well as in certain cases failure to reac

puberty. However, most people who are obese do n

have a defective ob gene. Extensive clinical trials usin

recombinant human leptin as a therapeutic agent f

treating obesity in humans have been inconclusiv

http://dx.doi.org/10.1007/978-3-642-16483-5_6137
http://dx.doi.org/10.1007/978-3-642-16483-5_4118
http://dx.doi.org/10.1007/978-3-642-16483-5_3308
http://dx.doi.org/10.1007/978-3-642-16483-5_862
http://dx.doi.org/10.1007/978-3-642-16483-5_4482
http://dx.doi.org/10.1007/978-3-642-16483-5_4185
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because only the most obese subjects whowere given th

highest doses of exogenous leptin produced statistical

significant weight loss. It was concluded that large an

frequent doses were needed to only provide modest be

efit because of leptin’s low circulating half-life, lo

potency, and poor solubility. Furthermore, these inje

tions caused some participants to drop out of the stud

due to inflammatory responses of the skin at the injectio

site. Leptin of humans has 146 amino acid sequenc

containing one disulphide bond. Its molecular weight

around 16 kDa. Leptin has 67% sequence identity amon

diverse species.
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Leptomeningeal Carcinomatosis

Definition

Involvment of ▶ leptomeninges through seedin

which occurs either by direct spread or via blood

stream. Any cancer can cause this, but adenocarcinom

is most commonly involved. Patients usually hav

a known underlying malignancy but primary present

tion can be with symptoms of meningeal involvemen

▶Carcinomatosis
n,

or

e

es

is
Leptomeningeal Disease

▶Leptomeningeal Dissemination
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Leptomeningeal Dissemination
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Synonyms

Leptomeningeal disease; Leptomeningeal metastasi

Leptomeningeal seeding; Neoplastic meningiti

Subarachnoidal spread
Definition

Tumor cell spread into leptomeningeal structures

the brain and/or spine.
.

;

;

Characteristics

Leptomeningeal spreading is a major disease compl

cation in primary central nervous system (CNS

tumors, in solid tumors outside the CNS such as breas

lung, gastrointestinal cancer, melanoma, and as well

hematological malignancies. Leptomeningeal dissem

ination can occur at initial diagnosis (▶ primary di

semination) or during the course of the disea

following initial therapy (▶ secondary dissemination

but it is usually a late manifestation of maligna

diseases and almost always associated with activ

tumor disease. Primary leptomeningeal disease

found mostly in primary brain tumors, sarcomas, ne

roblastomas, lymphomas, and leukemia. Seconda

dissemination occurs mostly in lung and brea

carcinomas, but also in leukemia and lymphomas an

primary CNS malignancies. The way of neuroax

dissemination for primary CNS tumors and tumo

outside the CNS is thought to be hematogenous v

arachnoid vessels. Primary brain tumors may also di

seminate throughout the neuroaxis by direct extensio

by spreading along the nerves or by release of tum

cells into the cerebrospinal fluid (CSF). Due to th

physiology of the CSF flow leptomeningeal metastas

can involve all structures of the neuroaxis.

In brain tumors, leptomeningeal dissemination

well known in primary CNS lymphomas and medull

blastomas, occurring in up to 33% of all patients at th

time of initial diagnosis, in germ cell tumors and als

glioblastomas. Patients with evidence of CSF sprea

are considered to have a poorer prognosis compare

with CNS-negative patients. In children with hig

grade gliomas, the rate of leptomeningeal dissemin

tion is reported to range between 7% and 28% and

with other tumors leptomeningeal spread is a sign

frank tumor dissemination and carries a worse progn

sis. In patients with acute lymphoblastic leukemi

initial CNS involvement is found in up to 7.4%

patients depending on the individual risk profile

the patient. Although CNS involvement was reporte

to be negatively correlated with event-free surviv

(EFS) in one study, this observation could not b

http://dx.doi.org/10.1007/978-3-642-16483-5_3316
http://dx.doi.org/10.1007/978-3-642-16483-5_852
http://dx.doi.org/10.1007/978-3-642-16483-5_3313
http://dx.doi.org/10.1007/978-3-642-16483-5_3312
http://dx.doi.org/10.1007/978-3-642-16483-5_3314
http://dx.doi.org/10.1007/978-3-642-16483-5_3315
http://dx.doi.org/10.1007/978-3-642-16483-5_4015
http://dx.doi.org/10.1007/978-3-642-16483-5_5547
http://dx.doi.org/10.1007/978-3-642-16483-5_4736
http://dx.doi.org/10.1007/978-3-642-16483-5_4736
http://dx.doi.org/10.1007/978-3-642-16483-5_5200


S

e-

ts

th

a-

ar

nt

or

al

w

es

in

y

e

a-

L 2002 Leptomeningeal Dissemination
confirmed by others. The percentage of initial CN

involvement in patients with acute myeloblastic leuk

mia (AML) ranges between 5.9% and 12.2%, patien

with CNS-negative AML do better than those wi

initial CNS involvement.

Classification of cerebral leptomeningeal metast

sis according to Chang’s guideline for cerebell

medulloblastoma (Chang 1969):
ge al

S

Metastasis sta

M0
 No evidence for metastasis
re
M1
 Tumor cells in CSF
s
M2
 Gross nodular seeding of brain CSF space
es
s-
M3
 Gross nodular seeding of spinal CSF spac

e-
M4
 Extra neural spread
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Symptoms

The most common symptoms in patients with prove

or suspected leptomeningeal dissemination are head

ache, nausea, vomiting, fluctuating consciousness, cr

nial or spinal nerve palsy (palsies), and spinal radicul

symptoms. Clinical presentation may fluctuat

because several levels of the neuroaxis are affecte

simultaneously. Duration of symptoms may var

from several days to weeks or even months. In patien

with medulloblastoma, secondary diffuse CSF seedin

can lead to sudden neurological deterioration an

spinal cord compression. Intracranial hypotensio

syndrome was described in diffuse meninge

melanomatosis. The symptoms could also mimic cer

bral vasculitis, meningitis, or viral encephalitis.

Diagnosis

If leptomeningeal dissemination in a patient with a

underlying malignant disease is suspected meningit

and viral encephalitis have to be excluded. Other ra

diseases should also be considered such as granulomatou

angiitis, histiocytosis, Lyme disease, multiple sclerosi

vasculitis, Wegner’s granulomatosis, sarcoidosis, pos

liquor puncture changes, and opportunistic infections.

Neuroimaging

In former days conventional myelography and C

myelography improved detection of metastatic disea

and can still be used today in cases in which MR ima

ing is not feasible; it could show nerve root thickenin

nodularity, thecal sac irregularity, and spinal cor

enlargement. Nowadays magnetic resonance imagin

(MRI) is the diagnostic tool of choice in patients wi
,

l

,

,

suspected leptomeningeal dissemination of a maligna

disease and may show hydrocephalus, pial linear

nodular enhancement, subependymal and/or neur

deposits, or dural enhancement; however MRI has lo

specificity (i.e., meningeal enhancement on MRI do

not always indicate metastases). Strong methion

uptake on positron emission tomography (PET) ma

help to confirm diagnosis even before CSF becam

positive. The time-point of neuroradiographic evalu

tions should also be considered: False positive spin

MRI findings of subarachnoidal spread of primary CN

tumors have been described, when MRI studies we

performedwithin 2weeks after surgery. Inmedullobla

toma, metastases are generally located along the post

rior margin of the spinal cord. More sophisticated MR

techniques such as FLAIR sequences were discusse

to be the clue to detect leptomeningeal abnormalitie

Contrast- enhanced FLAIR imaging sequences seem

improve the detection rate of leptomeningeal disea

compared to routine contrast-enhanced T1–weighte

imaging by suppression of signal intensity of norm

vascular structures on the surface of the brain and spin

Importantly, in patients with primary brain tumors, MR

imaging of the whole spinal axis should be done as

staging procedure before starting treatment and durin

follow-up (Fig. 1).

Laboratory Findings

Lumbal puncture for cytologic detection of maligna

cells is an important diagnostic feature. In at least 50%

an elevated opening pressure can be seen. An elevate

protein in CSF is found in 80% of patients, whereas abo

one-third of the patients have low CSF glucose levels.

Detection of CSF seeding by means

cytopathological analysis of CSF specimens has lo

sensitivity, since only 15–60% of patients wi

leptomeningeal metastases have positive results. Th

could be explained by the paucity of viable tumor cel

released in the CSF of patients withminimal disease an

the presence of confounding reactive lymphocytes

more than one half of patients with leptomeninge

metastases, especially in patients with lymphoma an

leukemia. Patients with low tumor burden who wou

probably most benefit from treatment are, therefor

more likely to be falsely negative. Several consecutiv

CSF samples and punctures may be required to identi

malignant cells. Since positive CSF cytology correlat

with a poor outcome regardless of the time of asses

ment, CSF cytology was found to be highly predictiv



n

ic

e

th

o-

h

c

A

r

-

te

n

p-

th

a

in

g

).

th

f

d

in

d

to

of

nt

es

y.

in

n

ly

d

al

s

or

s,

of

e

is

F

ld

d

is

er

id

or

e,

ts

in

u-

e

e

s

er

n.

er

y

or

to

e.

o-

al

er

Leptomeningeal Dissemination. Fig. 1 Sagittal T1

weighted postgadolinium magnetic resonance imaging (MRI

in a 12-year-old girl with glioblastoma multiform showing

multiple nodular enhancing lesions of the entire spinal cord
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for overall survival. In addition, cytologic examinatio

of lumbar CSF was shown to be superior to cytolog

examination of ventriculoperitoneal shunt CSF for th

detection of leptomeningeal spread in children wi

primary brain tumors. Of note MRI imaging and cyt

logic analysis CSF performed simultaneously mig

increase the detection rate of CSF dissemination.

Another diagnostic tool is the analysis of specifi

markers for leptomeningeal dissemination such as PS

for prostate cancer, CA-125 for ovarian cance

and CA153-3 for breast cancer, and of non

specific markers such as beta-glucuronidase, lacta

dehydrogenease (LDH), and carcinoembryonic antige

(CEA). These markers are helpful, when clinical sym

toms strongly suggest dissemination in patients wi

negative neuroimaging and negative CSF cytologic

examination. These markers should be detected

serum and CSF levels and might be used for monitorin

(in case of leptomeningeal dissemination: ratio <60:1

Flow cytometric techniques of CSF in patients wi

lymphoma or leukemia allow the detection o
t

,

l

meningeal dissemination with high sensitivity an

PCR analysis of clonal immunoglobulin heavy cha

(IgH) seems to have both high specificity an

sensitivity.

Treatment

Management of leptomeningeal dissemination has

focus on both, treatment of symptoms and treatment

the malignant disease. ▶ Symptom manageme

includes anticonvulsant treatment in case of seizur

and pain medications in case of painful radiculopath

Corticoids are not very helpful because edema

leptomeningeal metastases is not common.

Because leptomeningeal dissemination is ofte

diagnosed in advanced disease stage, therapy is main

palliative (except in leukemia and lymphoma, an

germ cell tumors), aiming at preserving neurologic

function and potentially improving quality of life. A

to whether the treatment of LM is ▶ palliative

▶ curative depends on various clinical parameter

particularly on the underlying disease. Treatment

leptomeningeal metastases must be directed to th

entire CNS, because leptomeningeal metastas

spreads throughout the neuroaxis by way of CS

flow. Treatment consists mainly of involved fie

irradiation, systemic, and intrathecal chemotherapy.

Intrathecal chemotherapy could be administere

via lumbal puncture or Ommaya reservoir, which

the preferred route of administration due to a bett

distribution of the drug in the CSF and subarachno

space. Only few chemotherapeutics are available f

intra-CSF drug therapy (methotrexate, cytarabin

etoposide, mafosfamide and thiotepa). These agen

were primarily tested in patients with primary bra

tumors, leukemia, and lymphoma. Liposomal form

lation such as liposomal cytarabine may increase th

therapeutic drug level over extended periods of tim

and are new approaches to enhance efficacy of drug

administered into the CSF. Other drugs are und

investigation: darcarbazin, melphalan, and topoteca

Except for hematopoietic neoplasms and to even less

extent, for breast cancer, intrathecal chemotherap

might be efficacious only in cases, where free tum

cells float within the CSF. It is, however, insufficient

treat solid tumor desposits or even bulky diseas

Experimental intrathecal treatment includes immun

therapy (intrathecal administration of monoclon

antibodies, cytokines, or lymphokine activated kill

cells) or the use of targeted toxins.

-

)

http://dx.doi.org/10.1007/978-3-642-16483-5_5618
http://dx.doi.org/10.1007/978-3-642-16483-5_4350
http://dx.doi.org/10.1007/978-3-642-16483-5_1411
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L 2004 Leptomeningeal Metastasis
The use of ▶ systemic chemotherapy is being r

evaluated for the treatment of leptomeningeal diseas

It seems to be more effective when it is given as part o

the initial treatment. In highly malignant medullobla

toma (and germ cell tumors), CNS-directed therapy

mainly based on craniospinal irradiation, wherea

intrathecal chemotherapy with MTX via ventricul

access devices is given to young children not amenab

to CSI or to patients with leptomeningeal dissemin

tion. In primary CNS lymphomas in whic

leptomeningeal involvement is common; intrathec

MTX is frequently used in combination with H

MTX. Nevertheless, patients with an initial diagnos

of meningeal leukemia are treated more intensive

than CNS-negative patients, i.e., they will receiv

additionally intrathecal chemotherapy. In additio

intensive systemic chemotherapy may substitute fo

radiotherapy.

Even today with new radiation techniques radiatio

is almost strictly avoided in children younger 1

months. Overall in children, the attempt is to minimiz

radiation and its long-term sequelae by using mo

intensive chemotherapy. The total dose and fraction

depend on tumor entity and age of patients, and cou

vary between 12 Gy and 30 Gy. In children with AL

prophylactic cranial irradiation is administered to hig

risk patients to reduce the risk of leptomeninge

disease: Due to improved systemic and intrathecal ch

motherapy, doses of radiotherapy could be lowered

12 Gy and craniospinal irradiation is no longer nece

sary; whether patients with AML require prophylact

cranial irradiation is a matter of debate. Furthermo

radiation is used to stabilize or improve neurolog

function, pain, and CSF flow. Additionally, chemothe

apywas described to bemore effective after radiation. I

summary, radiotherapy in leptomeningeal metastases

almost only be used to treat symptomatic areas.

Summarizing the treatment of leptomeninge

dissemination, there is an urgent need to develop ne

drug-based or radiation-based treatment. For this pu

pose, new and better surrogate markers for respons

must be developed to identify clearly the effectivene

of a therapeutic regimen.
a

s-

rt
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Leptomeningeal Metastasis

▶Leptomeningeal Dissemination
Leptomeningeal Seeding

▶Leptomeningeal Dissemination
l

Leptomeninges

Definition

The two innermost layers of tissues that cover th

brain and spinal cord. The two layers are calle

the arachnoid mater and pia mater.
l

Lesion on Tongue, Lip and Other Areas
in the Mouth

▶Oral Cancer
-

LET

Definition

Linear energy transfer represents the average amou

of radiation energy lost when traversing a small di

tance. It has units of energy divided by the sho

distance (keV/mm).

▶Radiosensitization

http://dx.doi.org/10.1007/978-3-642-16483-5_5636
http://dx.doi.org/10.1007/978-3-642-16483-5_3313
http://dx.doi.org/10.1007/978-3-642-16483-5_3313
http://dx.doi.org/10.1007/978-3-642-16483-5_4249
http://dx.doi.org/10.1007/978-3-642-16483-5_4924
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Letrozole

Definition

Tradename Femara® is used in hormonal therapy o

▶ breast cancer in postmenopausal women. Ho

monal therapy (synonym ▶Endocrine Therapy

interferes with the production or action of particul

▶ hormones in the body.▶Hormones are substance

produced naturally in the body. They act as chemic

messengers and help to control the activity of cel

and organs. Letrozole is a member of the grou

of aromatase inhibitors (▶Aromatase and Its Inhib

tors). Many breast cancers rely on supplies o

the hormone estrogen to grow (▶Estrogenic Ho

mones). In postmenopausal women, the main sourc

of estrogen is through changing ▶ androgens in

estrogen, which is carried out by the enzyme ▶ aro

matase. The conversion process is known a

aromatisation, and happens mainly in the fatty ti

sues of the body. Letrozole blocks the process o

aromatisation, and so reduces the amount of estroge

in the body.
f

ly

h

Letterer–Siwe Disease

Definition

This disease is a fatal and disseminated form o

Langerhans cell histiocytosis which is most common

seen in children less than 2 years old.

▶Langerhans Cell Histiocytosis
to i-

d

a-
Leucopenia

Definition

A reduction in the circulating white blood cell count

less than 4,000/mL.

▶Rituximab
l

Leucovorin

Synonyms

Folinic acid

Definition

Folinic acid is a reduced folate that can assist 5-FU

the inhibition of thymidylate synthase augmenting th

toxicity of this drug.

▶ Fluorouracil
Leukemia

Definition

Leukemia is a group of cancers originated from bloo

cells. It can be divided into different types based on th

type of blood cells involved, the stage of differenti

tion when normal cells become leukemic cells, and th

speed of disease development. When leukemia aris

from the lymphocyte precursors it is called lymph

blastic leukemia and when it arises from the myelo

precursors it is known as myeloblastic leukemia.

▶Hematological Malignancies

▶Minimal Residual Disease

▶ STI-571
Leukemia Diagnostics

Wolfgang Kern, Torsten Haferlach, Claudia Haferlac

and Susanne Schnittger

MLL Munich Leukemia Laboratory, Munich,

Germany
Definition

Leukemia diagnostics comprises the combined appl

cation of different methodologies in a standardize

fashion, allowing the precise diagnosis, subclassific

tion, and determination of prognostic parameters.
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http://dx.doi.org/10.1007/978-3-642-16483-5_395
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http://dx.doi.org/10.1007/978-3-642-16483-5_2018
http://dx.doi.org/10.1007/978-3-642-16483-5_268
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http://dx.doi.org/10.1007/978-3-642-16483-5_3273
http://dx.doi.org/10.1007/978-3-642-16483-5_5112
http://dx.doi.org/10.1007/978-3-642-16483-5_2234
http://dx.doi.org/10.1007/978-3-642-16483-5_2222
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Characteristics

Introduction

The diagnosis of leukemias today is based on a com

prehensive approach applying a variety of differe

methods in combination. While ▶ cytomorpholog

and cytochemistry have been the mainstay of diagno

tics for decades and have been used to differentia

between ▶ acute myeloid leukemia (AML), ▶ acu

lymphoblastic leukemia (ALL), ▶ chronic myelo

leukemia (CML), ▶ chronic lymphocytic leukem

(CLL), and ▶myelodysplastic syndromes (MDS), th

current up-to-date approach includes ▶ immunoph

notyping/Multiparameter flow cytometry (MFC) a

well as ▶ cytogenetics and ▶molecular genetics

correctly diagnose and subclassify leukemias.

Multiparameter flow cytometry (MFC) is used fo

immunophenotyping of the leukemic cells whic

is essential particularly to diagnose and classif

lymphatic leukemias. Karyotyping and▶ fluorescenc

in situ hybridization (FISH) are applied to dete

chromosomal alterations which are considere

disease-defining lesions in an increasing number o

entities. Different molecular genetic technique

(▶PCR,▶ fragment analysis (Genescan),▶ heterodu

plex analysis,▶melting point analysis,▶ nested PCR

▶ real-time PCR, sequence analysis,▶Single strande

conformation polymorphism analysis (SSCP)) allo

the identification of leukemia-specific fusion gene

and gene mutations and are also an integral part o

the diagnostic workup of leukemias.

The basis for establishing this diversified diagnost

approach has been the growing body of insight into th

genetics of leukemias, which not only allowed th

definition of recurring genetic aberrations but als

their strong correlation to distinct disease subtype

with specific clinical characteristics, including prog

nostic impact. As a consequence, today the decision

treat a patient suffering from a particular leukemia an

the specific therapeutic option to select for him or h

largely depends on the presence or absence of thes

genetic alterations.

The monitoring of minimal residual disease (MRD

increasingly gains clinical relevance in patients wi

leukemias. While conventional methods lik

cytomorphology can be used to assess th

prognostically highly relevant achievement o

complete remission, newly developed method

like multiparameter flow cytometry and quantitativ
t

t

,

real-time PCR allow the exact quantification of th

amount of residual malignant cells in patients wi

complete remission. The level of this MRD in man

cases significantly correlates with the further course

the disease and is incorporated into the guidance

a risk-adapted therapy.

The present essay provides, in the first step, a

overview of the methods applied in leukemia diagno

tics and then focuses on the respective leukem

subentities and their specific diagnostic findings. Th

content is then summarized by comprehensive alg

rithms detailing the modern diagnostic workup for th

different leukemias.

Methods Applied in Leukemia Diagnostics

Cytomorphology and Cytochemistry

Cytomorphologic analysis and cytochemistry a

performed on peripheral blood and bone marro

smears which are air-dried without fixation befo

staining. A panoptic staining (Pappenheim or Ma

Gruenwald Giemsa) is used for the general assessme

of cell characteristics. Cytochemistry appli

myeloperoxidase staining and nonspecific estera

staining for the identification of myeloid and mon

cytic cells, respectively, while the use of Schiff’s rea

tion, acid phosphatase, and chloroacetate esterase (CE

has been substituted by immunophenotyping. Iro

staining is applied in the diagnostic setting of MDS.

Immunophenotyping

Immunophenotyping by multiparameter flo

cytometry allows the identification, quantificatio

and characterization of cell populations in peripher

blood or bone marrow samples. Cells are differentiate

from each other, based on their light scatter featur

during their pass across a laser beam (higher cell siz

result in higher forward scatter signal [FSC]; high

heterogeneity of cell content results in higher sid

scatter signal [SSC]) as well as on their antigen expre

sion patterns. As 1,000–2,000 cells are analyzed p

second, the simultaneous analysis of the expression

five antigens in 10,000 cells within seconds is curre

standard. Populations can be characterized even if the

concentration is only around 1%. During the monito

ing of minimal residual disease (MRD), 250,000 cel

are analyzed.

While the detection of FSC and SSC signals

possible in unmanipulated cells, the detection of ant

gens requires the use of monoclonal antibodies again

http://dx.doi.org/10.1007/978-3-642-16483-5_1482
http://dx.doi.org/10.1007/978-3-642-16483-5_60
http://dx.doi.org/10.1007/978-3-642-16483-5_57
http://dx.doi.org/10.1007/978-3-642-16483-5_57
http://dx.doi.org/10.1007/978-3-642-16483-5_1156
http://dx.doi.org/10.1007/978-3-642-16483-5_1156
http://dx.doi.org/10.1007/978-3-642-16483-5_1153
http://dx.doi.org/10.1007/978-3-642-16483-5_3933
http://dx.doi.org/10.1007/978-3-642-16483-5_3000
http://dx.doi.org/10.1007/978-3-642-16483-5_3000
http://dx.doi.org/10.1007/978-3-642-16483-5_1470
http://dx.doi.org/10.1007/978-3-642-16483-5_3812
http://dx.doi.org/10.1007/978-3-642-16483-5_6740
http://dx.doi.org/10.1007/978-3-642-16483-5_6740
http://dx.doi.org/10.1007/978-3-642-16483-5_4417
http://dx.doi.org/10.1007/978-3-642-16483-5_2265
http://dx.doi.org/10.1007/978-3-642-16483-5_2696
http://dx.doi.org/10.1007/978-3-642-16483-5_2696
http://dx.doi.org/10.1007/978-3-642-16483-5_3620
http://dx.doi.org/10.1007/978-3-642-16483-5_4020
http://dx.doi.org/10.1007/978-3-642-16483-5_4969
http://dx.doi.org/10.1007/978-3-642-16483-5_5317
http://dx.doi.org/10.1007/978-3-642-16483-5_5317
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the respective antigens, which are coupled

a fluorescent dye. Five or even more different fluore

cent dyes can be routinely used as the light emitte

differs in wavelength and is specifically recognized b

different detectors. Sophisticated compensation pro

grams, however, are necessary to account for overlap

in the spectrum of the emitted light.

Due to its expression on all peripheral blood an

bone marrow at different levels, CD45 represen

an ideal antigen for performing a differential coun

Thus, monocytes feature the strongest expression o

CD45 and may be separated from lymphocytes, whic

also express CD45 quite strongly, based on difference

in the SSC signal. Granulocytes express CD45

a lower level and feature the strongest SSC signa

Importantly, erythrocytes hardly express CD45 an

blasts show a CD45 expression level similar

granulocytes; however, both the latter populations a

easily separated from each other, based on their SS

signal (low SSC signal in blasts). Therefore, CD4

gating is useful for the analysis of different ce

populations, particularly for the analysis of blasts.

The simultaneous detection of the expression o

multiple antigens within one tube allows the compr

hensive assessment of antigen expression patterns

different cell populations, which, in comparison

single and dual color approaches, leads to quick an

valid results in diagnostics, particularly in the quant

fication of MRD. The panel of antibody combination

is selected, respectively, in consideration of th

suspected diagnosis and may be supplemented base

on primary results.

Cytogenetics

Importance of Chromosome Analysis, Indication

Chromosome analysis today is an essential part of th

diagnosis in hematologic neoplasias. The results he

in establishing the diagnosis. Most importantl

however, chromosome analysis provides prognost

information which is derived from the karyotype o

the malignant cells. The neoplasia-associated chromo

some aberrations are acquired genetic alterations an

are limited to the malignant cells. Thus, th

nonmalignant cells in patients with hematologic neo

plasias are cytogenetically normal.

Material

For chromosome analysis, bone marrow is preferred

peripheral blood because malignant cells are present
.

t

.

l

,

t

higher percentages and have a higher proliferative acti

ity. If bone marrow cannot be obtained, the cytogenet

analysis may be done on peripheral blood cells. Sinc

viable cells are needed for metaphase cytogenetics, th

bone marrow should be shipped into the cytogenet

laboratory within 24 h. The cells must not be frozen.

Conventional Chromosome Analysis Using Banding

Techniques

A sufficient number of good quality metaphases

needed for chromosome analysis. Bone marrow cel

are arrested in the metaphase by the addition of colch

cine either directly after drawing the sample or aft

short-term cultivation (24–72 h). Tomaximize the ga

of metaphases the leukemic cells can be stimulated b

cytokines during cultivation. The addition of hyp

tonic potassium chloride solution swells the cells an

they are fixed in multiple steps by the use of a methan

acetic acid solution. Then the cells are dropped on

glass slides. To allow the unequivocal identificatio

of each chromosome, a banding technique mu

be applied. The most frequently applied bandin

techniques are G- (Giemsa-), Q- (Quinacrin-), an

R- (reverse) banding. These techniques lead to th

appearance of light and dark bands on the chromo

somes which are specific for each chromosome an

allow an unequivocal identification of each chromo

some. To allow a valid report a complete analysis o

20–25 metaphases is required according to the respe

tive international consensus.

Nomenclature – ISCN Cytogenetics

Chromosomes are classified according to their size, th

position of the centromere (which divides both arms

the chromosomes), and the characteristic banding pa

terns. Each ▶ chromosome has a short arm (p) an

a long arm (q). Based on the banding pattern, eac

chromosome is divided into regions and bands, whic

are numbered from the centromere to the telomere. Th

internationally accepted cytogenetic system of nome

clature (ISCN: International System of Cytogenet

Nomenclature) allows the exact description of a

numeric and structural aberrations in a karyotype fo

mula. The karyotype formula in the first place gives th

number of chromosomes followed by the sex chrom

somes. Thus, the normal female karyotype is 46,X

and the normal male karyotype is 46,XY.

The numeric chromosome aberrations includ

monosomies (loss of a chromosome) and trisomi

http://dx.doi.org/10.1007/978-3-642-16483-5_1145
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(gain of a chromosome). Furthermore, the complete s

of chromosomes may be multiplied. In normal cel

a double set of chromosomes (diploid chromosom

set) is present. Three- and fourfold sets of chromo

somes are designated as triploid and tetraploid.

The most frequently occurring structural chromo

some aberrations are deletions (losses of parts of chro

mosomes), ▶ chromosomal translocations (exchang

of parts of chromosomes between different chromo

somes), inversions (twisting of a part of a chromosom

by 180�), and isochromosomes (a chromosom

consisting of either two short arms or two long arm

while the respective other arms are lost).

In the karyotype formula a gain of a chromosome

indicated by a “+” and a loss of a chromosome

indicated by a “�”, e.g., 47,XX,+8 is a trisomy o

chromosome 8 and 45,XY,�7 is a monosomy of chro

mosome 7. There are abbreviations for structural chro

mosome aberrations which are internationally agree

on, e.g., “t” for translocation and “inv” for inversio

t(8;21)(q22;q22) indicates a break in chromosome 8

band q22 and a break in chromosome 21 at band q2

as well as an exchange of the fragments between bo

chromosomes. Different chromosomes an

breakpoints in different chromosomes are divided b

in the karyotype formula, while breaks within a chro

mosome are listed without a separator, e.g., inv(16

(p13q22): breaks occurred in chromosome bands p1

and q22 of a single chromosome 16 with a fragme

being twisted by 180�. Another example is del(5

(q13q31): breaks occurred in the bands q13 and q3

of a single chromosome 5 with a loss of the are

between q13 and q31.

Chromosome aberrations are designated clonal if a

identical structural aberration or a gain o

a chromosome is observed in at least two metaphase

or if a loss of the same chromosome is observed in

least three metaphases.

Comparative Genomic Hybridization (CGH)

▶Comparative genomic hybridization allows a com

prehensive analysis of the tumor genome with regar

to over- and underrepresented DNA sequences (losse

and gains of chromosomes, deletions, amplifications

The technique is based on the simultaneous staining o

both test DNA of a healthy volunteer and tumor DN

using two different fluorescent dyes. Identical aliquo

of both DNA samples are then mixed and hybridize

on normal metaphases. Differences in the numbers o
t

,

:

t

;

t

t

.

copies in different sequences between normal an

tumor DNA are detected by the quantification of th

ratio of fluorescence intensity (tumor DNA to norm

DNA) in each region of the normal metaphase chr

mosomes. Balanced translocations, inversions,

other aberrations which are not accompanied b

a change in the number of copies are thus not detec

able by CGH. CGH may play an important role parti

ularly if a chromosome analysis is not possible, e.g.,

living tumor cells are not available or if tumor cells d

not proliferate in vitro.

Fluorescence In Situ Hybridization (FISH)

The FISH technique relies on the hybridization

DNA probes which identify specific chromosom

structures. Probes can be used which are specific f

the centromeric region of particular chromosomes, f

genes, or for complete chromosomes. The DNA

both the applied probe and of the patient sample a

denaturated, i.e., both DNA strands of the double hel

are separated. During the following renaturation, th

DNA probes attach to the complementary section

the patient DNA (hybridization). The DNA probes a

either directly conjugated to a fluorescent dye or a

analyzed using fluorescence-conjugated antibodie

The respective chromosome structures, therefore, a

assessable as fluorescence signals.

A significant advantage of the method lies in i

applicability not only to metaphases but also to inte

phase nuclei. A disadvantage is that information

obtained only on chromosomes and genes for whic

probes are used.

The role of the FISH technique differs between th

different leukemia subgroups.

Interphase FISH

Due to the multitude of different chromosome aberr

tions, which are observed particularly in acute leuk

mias, a screening based on FISH on interphase nucl

covers only a fraction of potentially present aberration

and, therefore, cannot substitute the classic chrom

some analysis. However, if a specific question shou

be answered, e.g., the detection of the translocatio

t(15;17)(q22;q12) when acute promyelocytic leukem

is suspected, the FISH technique represents a fast an

reliable method, providing a result within 4 h.

In follow-up assessments during therapy, the FIS

technique can be used for the detection of residu

disease if at diagnosis aberrations have been found b

http://dx.doi.org/10.1007/978-3-642-16483-5_1144
http://dx.doi.org/10.1007/978-3-642-16483-5_1281
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chromosome analysis for which FISH probes are avai

able. The sensitivity for this method is higher than fo

the chromosome analysis; however, it is lower tha

for PCR.

Metaphase FISH

In addition to the probes applicable to interphas

nuclei, so-called chromosome painting probes can b

applied to metaphases which specifically bind to th

complete DNA of a chromosome. This technique

used mainly for the confirmation of the convention

chromosome analysis in difficult cases.

The 24-color-FISH method allows the display of a

22 different pairs of chromosomes as well as of the se

chromosomes in one single hybridization. It is appl

cable to metaphase chromosomes only and helps

identifying complex structural aberrations.

Molecular Genetics

PCR

PCR is the most frequently applied method to dete

molecular genetic changes in leukemia. By using ol

gonucleotides specific for certain sequences, regions o

interest can be amplified and further analyzed. All th

following methods are based on this standard metho

RT-PCR

In specific cases, especially when fusion genes a

analyzed in which breakpoints are distributed ov

a wide genomic range, it is advantageous to us

cDNA as the template for PCR.

Nested PCR

Using this method, both the sensitivity and specifici

of a PCR can be increased. In hematology, it is fr

quently applied to detect small amounts of molecule

i.e., mainly for the detection of minimal residual di

ease. For a nested PCR a fraction of a finished PCR

used for a new PCR. Oligonucleotides that hybridiz

within the first amplificate are used as primers. Th

additional amplification increases the sensitivity sig

nificantly. Depending on the type of mutation and th

initial material, one malignant cell in 104–108 norm

cells can be detected. Thus, this is the most sensitiv

method currently available for most sequence

targeted for the detection of ▶minimal residual di

ease (MRD). However, due to the high sensitivity, th

method also carries the highest risk of contaminatio

In order to minimize this risk, different precaution
l

l

t

.

,

l

.

must be applied and control reactions must b

performed in parallel.

Real-Time PCR

Another method for the amplification and detection

PCR products is the real-time PCR. Different fro

other methods of detection, this is not an end-poi

analysis, but the measurement is performed durin

the phase of PCR when a logarithmic amplification

PCR products occurs. This allows an exact quantific

tion of the target sequences in the material whic

is assessed. The method is based on the addition

fluorescence-conjugated probes to the specific prime

required for the PCR. These probes hybridize durin

the running PCR with the continuously increasin

amplification products and release fluorescence si

nals, which are detected in an optical device specifi

cally constructed for this approach. Thus, an increa

of fluorescence intensity occurs during PCR. The tim

point (PCR cycle) at which a fluorescence higher tha

baseline is detected for the first time in a sample co

relates with the number of targeted molecules in th

sample. The fluorescence intensity of the targeted gen

is normalized to a constantly present gene or transcrip

based on which the number of malignant cells prese

in the sample can be calculated. Also, for this metho

of detection, the application of specific PCR machin

equipped with optical devices is needed. Using the

machines it is also possible to conventionally dete

PCR products; however, the strength of real-time PC

is its capacity for an exact quantification for follow-u

analyses.

Mutation Screening

Different methods are available, which allow th

screening of defined gene regions for mutations wit

out the necessity of sequencing. Some examples a

listed below.

Heteroduplex Analysis As the first step in th

analysis, a region with a suspected mutation is ampl

fied by PCR. Since in man two alleles of each locus a

normally present, two different PCR products occu

After completion of the PCR, these are denaturate

(conversion to single-strand state) and the

renaturated. Consequently, four renaturated produc

are possible: a normal double strand, a mutated doub

strand, and two heteroduplices, in which one bas

respectively, is not paired to the other stran

http://dx.doi.org/10.1007/978-3-642-16483-5_3755
http://dx.doi.org/10.1007/978-3-642-16483-5_3755
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i.e., a mismatch is present. These heteroduplices a

detectable on specific gels or by a dHPLC devic

(WAVE).

SSCP Analysis (Single Stranded Conformatio

Polymorphism Analysis) In this analysi

denaturated single strands are separated using a non

denaturating surrounding by gel or capillary electro

phoresis. It takes advantage of the fact that mutate

single strands lead to other secondary structures a

compared to unmutated ones and thereby have diffe

ent features within the electric field.

Melting Point Analysis In addition to the classic rea

time PCR, a further step is applied. Fluorescenc

marked probes, which lie on a potentially mutate

area, are slowly melted off the PCR products. In cas

of a mutation under the probes, a so-called mismatc

occurs. Thus, the probes fit less well in the wild type an

melt off the PCR product faster.

Fragment Analysis (Genescan)

As an alternative to the gel analysis, PCR fragments ca

be detected by a fragment analysis which is also calle

Genescan-analysis. This method is performed usin

sequencing machines equipped with special softwar

To allow the detection, one of the two PCR primers

conjugated to a fluorescent dye. The advantage of th

method is its capacity to determine the length of th

amplificates exactly. In addition, with some limitation

it is possible to quantify the amplificates in compariso

with another gene, which is generally the unmutate

wild type. The method needs more extensive equipme

and resources, due to the use of primers conjugated

fluorescent dyes, as compared to the standard gel ana

ysis. It is frequently used in the context of multiple

PCR reactions, i.e., reactions employing multip

primers with the parallel amplification of up to fo

different loci. An example of this application is th

chimerism analysis after allogeneic stem cell transpla

tation with microsatellite markers.

Sequence Analysis

The exact delineation of the base sequence of a regio

of a gene is frequently needed. To allow this, sequen

ing reactions are performed with nucleotides bein

integrated during PCR-based reactions. Each of th

four different nucleotides is labeled to a fluoresce

dye and a dideoxy group, respectively, and leads
,

.

,

t

t

a chain stop in the PCR reaction. Subsequently, th

products are separated according to their length o

a matrix (e.g., a gel or a polymer) and are detected b

an optical device allowing the exact determination

the base sequence.

For some gene regions the sequence analysis

feasible as a primary approach in a limited number

patients. In case of a screening of multiple gene region

in one patient or of one gene in many patients, th

direct sequencing requires large resources. In th

instance, different screening approaches are availab

for the assessment of mutations in particular gen

regions without the need for a full sequence analysis

Diagnostic Procedures in Leukemia

Diagnostic Workup of AML

Cytomorphology The examination of both bone ma

row and peripheral blood smears by cytomorpholog

and cytochemistry is necessary to diagnose AM

according to FAB criteria (Table 1). Based on th

FAB (French–American–British) classification, whic

was established in 1976 and revised in 1985, AML

subdivided into 11 morphologically different group

Some of these groups correlate with distinct genet

cally defined forms of AML; however, most of the

do not. Increasing insights into the biology of AML

well as the identification of specific chromosome abe

rations prompted the WHO to suggest a new classific

tion in 2001, based on biology and cytogenetics.

The FAB classification subdivides AML based o

cytomorphology and cytochemistry into different su

groups. With only a few exceptions, the diagnosis

AML requires bone marrow blasts of at least 30% of a

nucleated cells; at least 3% of the blasts must rea

positive for myeloperoxidase. The threshold for blas

is 20% in the WHO classification.

The AML classification suggested by the WH

combines the methods previously used for the FA

classification, i.e., cytomorphology, cytochemistr

and immunophenotyping, with cytogenetics an

molecular genetics as well as with clinical paramete

(Table 2). The genetic characterization of AML,

particular, not only allows a classification accordin

to the prognosis, but provides the basis for the defin

tion of distinct subgroups with recurrent balance

translocations. Thus, the WHO classification divid

AML into four groups:

1. AML with recurrent cytogenetic aberrations

2. AML with myelodysplasia-associated features



Leukemia Diagnostics. Table 1 Definition of subgroups of AML according to FAB, association with genetic aberrations

FAB-

subtype

FAB-criteria Association with

Granulopoiesis Monopoiesis Erythropoiesis

Immunologic

marker Cytogenetics

Molecular

genetics Frequency

M0 <10%

POX <3%

<20% <50% Myeloid

positive

Lymphoid

negative

M1 <10%

POX >3%

<20% <50% t(8;21) AML1-ETO 1.7%

M2 >10% maturation <20% <50% t(8;21) AML1-ETO 12.5%

M3 Hypergranular Auer-rods <20% <50% HLA-DR

negative

t(15;17) PML-RARA 98%

M3v Microgranular

monocytoid nuclei

<20% <50% HLA-DR

negative

t(15;17) PML-RARA

M4 >20% >20% <50%

M4Eo >20% abnormal

eosinophils

>20% <50% inv(16)/t

(16;16)

CBFB-

MYH11

100%

M5a <20% >80%

immature

<50% 11q23

Aberr.

MLL-Fusion 31%

M5b <20% >80%

mature

<50% 11q23

Aberr.

MLL-Fusion 17%

M6 >30% of NEC are blasts Variable >50%

M7 >30% megakaryoblasts Variable <50% CD41/CD61

positive

Bold typical finding, NEC non-erythroid cells

Leukemia Diagnostics. Table 2 WHO classification of AML

AML with recurrent cytogenetic aberrations AML with t(8;21)(q22;q22), AML1(CBF-alpha)-ETO

Acute promyelocytic leukemia (AML with t(15;17)(q22;q11-12) and variants, PML-

RARA)

AMLwith abnormal bone marrow eosinophils (inv(16)(p13q22) or t(16;16)(p13;q22),

CBFB-MYH11)

AML with 11q23(MLL)-fusions

AML with multilineage dysplasia AML following a myelodysplastic syndrome

AML without antecedent myelodysplastic syndrome

AML and myelodysplastic syndrome,

therapy-related

Alkylating agent related

Topoisomerase type II inhibitor related (some may be lymphoid)

Other types

AML not otherwise categorized Minimally differentiated AML

AML without maturation

AML with maturation

Acute myelomonocytic leukemia

Acute monoblastic or monocytic leukemia

Acute erythroid leukemia

Acute megakaryoblastic leukemia

Acute basophilic leukemia

Acute panmyelosis with myelofibrosis

Leukemia Diagnostics 2011 L
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3. Therapy-related AML and MDS

4. AML not otherwise categorized

The first group comprises biologically and clin

cally largely consistent subgroups of AML. Th

WHO classification thus represents a significant deve

opment of the FAB classification. The independe

biologic and prognostic impact of groups 2–4, how

ever, has not been demonstrated yet. Importantly, th

subdivision of group 4 essentially reflects the FA

classification. A further new definition in the WH

classification is the deletion of MDS-RAEB-t and th

reduction of the limit between MDS and AML fro

30% to 20% bone marrow blasts.

Immunophenotyping AML is diagnosed on th

basis of cytomorphology and cytochemistry. The on

exceptions are AML M0 and AML M7 in whic

immunophenotyping is also necessary. Furthermor

some genetically defined subgroups feature typic

although not fully specific immunophenotypes whic

are therefore used to guide further diagnostics only.

According to the abundance of promyelocytes, th

AML M3 shows characteristic findings in the scatt

plot and in addition is negative for HLA-DR and has

strong unspecific fluorescence signal. However, som

of these findings can be present also in AML M2.

Typically, in AML M2 with t(8;21) there is a

aberrant coexpression of CD19 and CD56; this ca

also be found in some AML without t(8;21).

The same is true for the immunophenotype of AM

M4Eo with positivity for CD2 and an asynchronou

coexpression of CD15 and CD34 which, however, ma

be present in other AML subtypes as well.

AML M0 is undifferentiated and lack

myeloperoxidase positivity in cytochemistry. Thu

the diagnosis cannot be made based on morpholog

alone. Immunophenotyping allows the distinctio

from ALL based on the expression of CD13, CD3

and CD117 and other myeloid antigens and at the sam

time a lack of lymphatic antigens or, respectivel

a low lymphatic score not sufficient to diagnos

a biphenotypic acute leukemia. In half of the case

an expression of MPO can be detected although cyto

chemistry shows negativity for myeloperoxidase.

AML M7 is negative for myeloperoxidase in cyto

chemistry. The expression of CD41 or CD61

detected flow cytometrically. Due to the frequent

occurring myelofibrosis a cytologic examination ma

not be possible in some cases.
t

,

l

,

,

,

,

Monitoring of Minimal Residual Disease (MRD)

In patients with AML a significant prognostic impact

immunologically determined levels of MRD has bee

demonstrated.Due to the similarity of immunophenotyp

between AML and normal bone marrow in some cas

early work focused on highly aberrant leukemi

associated aberrant immunophenotypes (LAIPs) inclu

ing mainly the aberrant expression of lymphoid marke

(CD19, CD7, CD56) and the asynchronous expression

progenitor cell and differentiation markers (e.g., CD34

CD117-CD15+).

For MRD levels determined after the achieveme

of complete remission and completion of consolidatio

therapy, a significant impact on both relapse-free an

overall survival has been demonstrated, which h

been largely independent of other prognost

parameters.

Newer studies have aimed at extending the imm

nologic MRD analysis to patients with less aberra

LAIPs and thus at the applicability of the method

each patient with AML. By the use of a comprehensiv

panel of monoclonal antibodies this task has bee

accomplished with a median sensitivity of 0.05%. Fu

ther analyses using this approach have confirmed th

prognostic impact of MRD levels. Thus, as early as o

day 16 of the induction therapy, patients can be divide

into two prognostically differing groups based on th

MRD level (2-year event-free survival: 53% vs 19%

p < 0.0001; 2-year overall survival: 58% vs 43%

p¼ 0.0133). Furthermore, the MRD levels determine

after both achievement of complete remission an

completion of consolidation therapy demonstra

a similar prognostic impact, which is independent

other parameters.

In patients with AML, thus, multiparametric flo

cytometry allows the quantification of MRD in virt

ally all cases, while molecular techniques allow this

half of the cases. Current studies will determine th

role and place of both methods in AML. Table 3 show

a comprehensive panel of antibodies, which can b

used to define a LAIP in AML.

Cytogenetics

More than 50 recurrent structural chromosome aberr

tions have been described in AML. The karyotype

the leukemic blasts is the most important independe

prognostic parameter in AML.

Fifty to seventy-five percent in adult AML an

75–85% in childhood AML carry clonal chromosom
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Leukemia Diagnostics. Table 3 AML panel for the detection

of leukemia-associated aberrant immunophenotypes (LAIP)

Combination FITC PE ECD PC5 PC7

1 Isotype Isotype Isotype Isotype Isotype

2 CD64 CD87 CD56 CD4 CD45

3 CD65 CD2 CD13 CD34 CD45

4 CD9 HLA-DR CD33 CD34 CD45

5 CD11b CD116 CD117 CD34 CD45

6 CD34 CD56 CD33 CD19 CD45

7 CD15 CD7 CD33 CD34 CD45

8 CD36 CD61 CD235a CD14 CD45

9 CD4 7.1 CD13 CD14 CD45

10 CD38 CD135 CD90 CD34 CD45

11 CD15 CD133 CD117 CD34 CD45

12 Isotype Isotype Isotype Isotype Isotype

13 MPO LF cCD33 cCD34 cCD45

14 TdT cCD22 CCD79a cCD3 cCD45

C cytoplasmic; combinations 12–14: cytoplasmic analysis

7.1¼ antibodies for the detection of the NG2 antigen (associated

with 11q23 aberrations)

Leukemia Diagnostics 2013 L
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aberrations. The incidences of the respective chromo

some aberrations are age-dependent. However, th

prognostic relevance of the karyotype is largely ind

pendent of age.

A variety of characteristic chromosome aberration

are known in AML, which define distinct entities wi

typical morphology and clinical course. The new

defined WHO classification of AML includes cytog

netic aberrations as central classification criteria. Thu

the classification is primarily based on specific cyto

genetic rearrangements:

• AML with t(8;21)(q22;q22), AML1/ETO

• Acute promyelocytic leukemia/AMLM3/M3v wi

t(15;17)(q22;q11–12) and variants, PML/RARA

• AML with abnormal bone marrow eosinophils an

inv(16)(p13q22) or t(16;16)(p13;q22); CBFB

MYH11

• AML with 11q23(MLL)-anomalies

Based on cytogenetics and pathogenesis AML ca

be separated into three groups according to th

karyotype:

1. AML with normal karyotype (40–45%).

2. AML with balanced chromosome aberration

(20–25%), the most frequent ones being t(8;21)(q2

q22), inv(16)(p13q22)/t(16;16)(p13;q22), t(15;1

(q22;q12), and 11q23-rearrangements involving th

MLL gene. Less frequent ones include inv(

(q21q26), t(6;9)(p23;q34), and t(3;21)(q26;q22).
3. AML with unbalanced karyotype abnormaliti

(30–40%) including trisomies (e.g., +8, +11, +1

+21), monosomies (e.g., �7), and deletions (e.g

5q-, 9q-) as well as the large group of comple

aberrant karyotypes (three and more chromosom

aberrations, but none of the recurrent balance

aberrations).

With regard to prognosis AML is divided into thre

groups based on the karyotype:

1. Favorable karyotype: t(15;17)(q22;q12), inv(1

(p13q22)/t(16;16)(p13;q22), t(8;21)(q22;q22)

2. Intermediate karyotype: normal karyotype, all abe

rations not grouped into 1 or 3

3. Unfavorable karyotype: complex aberrant kary

type, -5/5q-, -7/7q-, 17p aberrations, 11q23/MLL

rearrangements, inv(3)(q21q26), t(6;9)(p23;q34)

For a variety of infrequent karyotype aberration

the prognostic impact has not been clearly define

yet. Significant insights into correlations betwee

genetic alterations and response to therapy led to th

approach of increasingly selecting therapy accordin

to the karyotype.

The prognostic relevance of the karyotype is val

within all age groups as well as in both de novo an

therapy-associated AML.

;

,

/

;

Fluorescence In Situ Hybridization

In the diagnostic setting of AML, the FISH analysis

used mainly in addition to the classical chromosom

banding analysis. Since the karyotype aberration

occurring in AML are highly heterogeneous, even

large-scale FISH screening on interphase nuclei wou

cover only a small part of these aberrations. Thu

FISH cannot replace the classic chromosome bandin

analysis.

However, in targeting a specific alteration, e.g., th

translocation t(15;17)(q22;q12) (on the molecul

level the rearrangement of the PML and RAR

genes) when an acute promyelocytic leukemia

suspected, the FISH technology on interphase nucl

provides a fast and valid result within 4 h. Furthermor

the frequently occurring genetic aberrations, t(8;2

(q22;q22), inv(16)(p13q22) and rearrangements

the MLL gene are used for stratification in the new

defined WHO classification of AML. These alteration

are detectable by FISH as are the frequently occurrin

deletions, e.g., deletions on the long arm of chrom

somes 5 or 7, and monosomies (�7) and trisomi
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(+8, +11, +13, +21). A large portion of AML wi

complex aberrant karyotype is detectable by FIS

with the help of a medium-scale set of probes.

The so-called chromosome painting using 1–3 o

even 24 colors (24-color-FISH) on metaphase chromo

somes is applied in addition to the classic chromosom

analysis, if the karyotype cannot be fully resolved o

the basis of the chromosome analysis after class

banding, which is not uncommon in complex aberra

karyotypes.

FISH can further be used during the course of the

apy for the detection of residual disease. It is mo

sensitive and specific compared to cytomorpholog

or chromosome banding analysis; however, it is le

sensitive compared to real-time PCR and immunoph

notyping. FISH has its role in the detection of residu

disease, mainly in AML with complex aberrant karyo

type, since this subgroup in general lacks genetic alte

ations detectable by PCR.
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Molecular Genetics

Detection of Fusion Genes The detection of fusio

genes using RT-PCR plays an important role in th

molecular diagnosis of AML. Reciprocal chromosom

rearrangements are found in about 25% of all AML

The molecular correlates and fusion genes, respe

tively, of most reciprocal cytogenetically detectab

rearrangements, are known. The most frequent

occurring reciprocal translocations t(15;17), t(8;21

and inv(16)/t(16;16) are represented by the fusio

genes PML-RARA, AML1-ETO, and CBFB

MYH11, respectively, on the molecular leve

Rearrangements of the MLL gene are present in 5%

of all AML with more than 50 different translocatio

partner genes. Furthermore, some reciproc

rearrangements occur infrequently and are present

less than 1% of AML; however, they may be useful fo

diagnostic purposes and defining prognosis. The mo

frequent fusion genes in AML are listed here.

The following fusion genes are detectable b

RT-PCR (Table 4):

AML1-ETO, AML1-EVI1, BCR-ABL, ETV6

MDS/EVI1, CBFB-MYH11, PML-RARA, RARA

PML, MLL-ENL, MLL-ELL, MLL-AF6, MLL-AF

MLL-AF10, MLL-AF1q21, MLL-AF17, MLL-MS

MLL-p300, CALM-AF10, MLL-PTD, FUS-ERG

EFG-FUS, CHIC2-ETV6, NUP98-HOX9, DEK

CAN, MOZ-CBP.
t

l

.

,

.

For the fusion genes PML-RARA, AML1-ETO

and CBFB-MYH11 it has been demonstrated that th

quantification of their expression at diagnosis

prognostically relevant. For all other fusion gene

the quantification at diagnosis is also useful since th

evaluation may be used as the starting point for asses

ment during follow-up.

Detection of Molecular Mutations In recent years

variety of mutations and small gene rearrangement

which are not detectable cytogenetically, have bee

described. Nonetheless, they play an important role

molecular diagnosis and estimation of prognosis inAML

Among these molecular mutations are the parti

tandem duplications of the MLL gene (MLL-PTD) an

the length mutation of the FLT3 gene. These mutation

are found mainly in AML with a cytogenetically no

mal karyotype and are associated with an unfavorab

prognosis. The FLT3-LM is found in 10–15% of a

childhood AML and in 20–25% of all adult AML

Furthermore, in another 6–7% point mutations a

found within the tyrosine kinase domain of the FLT

gene (TKDmutations). Thus, with a total of about 30

FLT3 is one of the most frequently mutated gen

known so far in AML.

In an additional 10% of all AML, mutations a

found in the transcription factors CEBPA and AML

which play an important role in hematopoiesis. Fu

thermore, 30% of all AML and 55% of AML wi

normal karyotype carry NPM1 mutations. Mutation

of both CEBPA and NPM1 are considere

prognostically favorable.
Mutation

MLL-PTD
Most frequent

subtypes

Normal
Frequency

(total)
 Prognosis
l
 karyotype (11%

6.5%
)

t

trisomy 11

(20–50%)

FLT3-LM
Unfavorab
le
Normal

karyotype (40%

23%
)

t(15;17)

(35%)

FLT3-TKD
Unfavorab
le
All AML
 6.5–7%
 Dependent

on addition

defects

Unfavorabl
,

,

KITD816

KITexon8
t(8;21) (12%)

inv(16) (10%)
1.5%

<1%
 Unfavorabl
, NRAS
 inv(16) (45%)
inv(3)/t(3;3)
 10%
 Intermedia
te
(continue



).

Leukemia Diagnostics 2015 L
Most frequent Frequency

c

d

Mutation

KRAS
subtypes

inv(16); t(8;21)
(total)
)

Prognosis
(5–20%)

d <1%
(in childhoo

AML)

AML1
g-

e

M0 (22%),

trisomy 21 (30%

trisomy 13 (80%

Normal
),

5%
 Unfavorable
ct
CEBPA
n

karyotype (18%

Normal
)

10%
 Favorable
al
NPM1
karyotype (55%
)

30%
 Favorable
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Some point mutations like those of KIT and RAS a

not specific for AML; however, they contribute signi

icantly to leukemogenesis, in particular in cooperatio

with AML1-ETO and CBFB-MYH11. Accordingl

a two-hit hypothesis has been suggested for leukem

genesis. Mutations of tyrosine kinase genes like ABL

FLT3, and KIT as well as RASmutations are designate

type I mutations, which lead to an increased prolifer

tion of hematopoietic cells. Fusion genes and mutation

of transcription factors are designated type II mutation

which lead to a stop in differentiation. Only the coope

ation of both types of mutations results in the clinical

evident acute leukemia.

A variety of methods are available for the detectio

of these molecular mutations. Among others thes

comprise conventional RT-PCR (FLT3-LM, MLL

PTD), (FLT3-LM, NPM1), ▶melting curve analys

(FLT3-TKD, NPM1, NRAS, KITD816), dHPLC

WAVE (FLT3, AML1, CEBPA, NPM1, KIT), an

consequently sequence analysis (for all mutations).

In addition to the prognostic relevance in aml, thes

molecular markers may be used as targets for the PCR

based detection of minimal residual disease.

Monitoring of Minimal Residual Disease (MRD)

The detection of minimal residual disease using PCR

based methods is feasible for all markers wi

a sensitivity between 1:100 and 1:1,000. The method

mainly applied are conventional and nested RT-PCR

fragment analysis, and WAVE analysis.

An even higher sensitivity (1:10,000–1:1,000,000

is achieved by “real-time PCR.” This method

established for the fusion transcripts: AML1-ET

(applicable in 7–10% of all AML cases), CBFB

MYH11 (7–10%), PML-RARA (7–10%), DEK-CA

(1%), different MLL translocations (5%), MLL-PT
,

,

,

/

,

(6%), and NPM1 mutations Type A, B, and D (25%

Furthermore, it is possible to build patient-specifi

real-time PCR assays for the FLT3-LM (23%) an

rare NPM1 mutation types (5%).

Diagnostic Workup of ALL

Cytomorphology

Cytomorphology and cytochemistry are used to dia

nose bonemarrow blasts negative for myeloperoxidas

and nonspecific esterase in ALL; however, the exa

diagnosis and further subclassification rely o

immunophenotyping. The exception is the typic

L3-morphology of blast cells in Burkitt’s lymphom

and mature B-ALL.

Immunophenotyping

Acute lymphoblastic leukemias (ALL) are grouped in

B-precursor- and T-precursor-leukemias, based on th

immunophenotype. They are further subdivide

according to the degree of maturation of the leukem

blasts into Pro-B-ALL, common-ALL, Pre-B-ALL, an

mature B-ALL, and into Pro-T-ALL, Pre-T-ALL, cort

cal T-ALL, andmature T-ALL, respectively. In genera

in case of the respective morphologic findings (negati

ity for MPO) a B-precursor-ALL is diagnosed if bo

cCD22 and CD19 are expressed. A T-precursor-ALL

present if c/sCD3 and CD7 are expressed. The definitio

of ALL with aberrant expression of myeloid antigens

a separate entity is not preferred since these findings

most cases are associated with genetically defined an

clinically relevant aberrations. Table 5 provides th

antigen expression patterns of the respective entities.

Monitoring of Minimal Residual Disease (MRD)

In T-precursor-ALL the coexpression of cCD3 an

TdT is mainly useful as LAIP. In B-precursor-ALL

is the coexpression of CD19 and CD10. Furthermor

in many cases the aberrant coexpression of myelo

antigens as well as the expression of CD34 can be use

The first area in which the significant prognost

impact of immunologically determined MRD leve

has been demonstrated has been after the achieveme

of complete remission in childhood ALL: the detectio

of residual leukemic cells was associated wi

a significantly increased risk of relapse. This associ

tion was independent of other prognostic parameter

Further analyses have demonstrated that as early as o

day 19 of the induction therapy MRD levels a

equally significant with regard to prognosis.

http://dx.doi.org/10.1007/978-3-642-16483-5_3620
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Leukemia Diagnostics.
Table 4 Translocations and

respective fusion genes in

AML

Frequency

Cytogenetics Fusion gene Subtype Children Adults

t(8;21)(q22;q22) AML1-ETO M2/(M1) 10–15% 8–12%

inv(16)(p13q22) CBFb-MYH11 M4eo 6–12% 8–12%

t(15;17)(q22;q12) PML-RARA M3/M3v 8–15% 8–10%

t(6;11)(q27;q23) MLL-AF6 M4/M5a 2–5% <1%

t(9;11)(p22;q23) MLL-AF9 M5a 8–10% 1–2%

t(10;11)(p13;q23) MLL-F10 M5a <1% 1–2%

t(11;19)(q23;p13) MLL-ENL M5a <1% <1%

t(11;19)(q23;p13) MLL-ELL M5a <1% <1%

t(3;21)(q26;q22) AML1-EVI1 – 1% <1%

t(6;9)(p23;q34) DEK-CAN M1/M2/M4 1–2% <1%

t(8;16)(p11;p13) MOZ-CBP M4/M5 <1% <1%

t(1;22)(p13;q13) OTT-MAL M7 2% –

t(7;11)(p15;p15) HOXA9-NUP98 M2 – <1%

t(10;11)(p13;q14) CALM-AF10 M0/M1/M5 – <1%

t(16;21)(p11;q22) FUS-ERG – <1%

Leukemia Diagnostics. Table 5 Classification of ALL

B-precursor-ALL T-precursor-ALL

Antigen Pro-B-ALL c-ALL Pre-B-ALL Mature B-ALL Pro-T-ALL Pre-T-ALL Cortical T-ALL Mature T-ALL

cCD22 + + + + � � � �
CD79a + + + + � � � �
CD19 + + + + � � � �
CD24 +/� + + + � � � �
CD20 �/(+) +/� +/� + � � � �
sIg � � � + � � � �
cIgM � � + + � � � �
cCD3 � � � � + + +/� �
sCD3 � � � � � � �/+ +

CD7 � � � � + + + +

CD5 � � � � � +/� + +

CD2 � � � � � +/� + +

CD1a � � � � � � + �
CD4 � � � � � �/+ +/� +/�
CD8 � � � � � �/+ +/� +/�
CD10 � + +/� +/� �/+ �/+ �/+ �
HLA � DR + + + + �/+ �/+ � �
CD34 + + + �/+ �/+ �/+ � �
TdT + + + �/+ + + + +/(�)

c cytoplasmic, s membrane

L 2016 Leukemia Diagnostics
These results have been reproduced in adult ALL

Thus, patients with low-levelMRD after completion o

induction therapy have a longer relapse-free surviva

Also in this context, the impact of MRD was indepen

dent of other prognostic parameters.
.

.

Multiparameter flow cytometry is, compared

molecular techniques, feasible for the quantificatio

of MRD in virtually all patients with ALL. Curre

trials will define the respective roles of both method

based on direct comparisons.
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Leukemia Diagnostics. Table 6 Frequencies of groups

according to ploidy in adult ALL

Group Frequency (%)

Normal karyotype 26–34

Hypodiploidy <46 2–8

Pseudodiploidy 7–59

Hyperdiploidy 47–50 7–17

Hyperdiploidy > 50 4–9

Nearly triploid 3

Nearly tetraploid 2

Leukemia Diagnostics. Table 7 Frequent chromosomal aber-

rations in adult ALL

Aberration Gene Frequency

t(1;19)(q23;p13) Pre-B-ALL E2A-PBX1 3%

t(4;11)(q21;q23) Pro-B-ALL MLL-AF4 6%

t(9;22)(q34;q11) c-ALL BCR-ABL 25–30%

t(8;14)(q24;q32) Mature B-ALL IGH-MYC 5%

t(10;14)(q24;q11) T-ALL HOX11-TCR 3%

t(12;21)(p13;q22) Pre-B-ALL ETV6-ALL1 <1%

9p T, Pre-B p16INK4A 15%

6q c, Pre-B,T 6%

14q11 T-ALL TCR 6%

Leukemia Diagnostics 2017 L

L

Cytogenetics

A large number of chromosomal aberrations wi

prognostic and therapeutic relevance have bee

described. On the one hand, ALL are subdivided in

ploidy groups based on the karyotype, i.e., according

the number of chromosomes (Table 6). On the oth

hand, they are grouped according to structural aberr

tions (Table 7). The most frequent aberration in adu

ALL is the t(9;22)(q34;q11) which is associated wi

a very unfavorable prognosis. With the availability o

the tyrosine kinase inhibitor, imatinib, the detection o

this Philadelphia-translocation and of its molecul

genetic correlate, the BCR-ABL rearrangement,

even more important as treatment with this specifi

drug improves outcome. In addition, the detection o

translocations involving the MLL-gene, which

located on the long arm of chromosome 11,

prognostically important and requires specific ther

peutic approaches.

Cases with a t(8;14)(q24;q32), a t(2;8)(p12;q24), o

a t(8;22)(q24;q11) – all of which come along wi

rearrangements of the CMYC gene – have a hig

chance of cure in case of the application of a specifi

therapeutic protocol which significantly differs fro

protocols applied in cases with other ALL subtypes.

Fluorescent In Situ Hybridization

In the diagnostic setting of ALL FISH analysis is use

mainly in addition to the classic chromosome analysi

Since multiple karyotype abnormalities occur in ALL

even an extensive FISH “screening” using interphas

nuclei would detect only a part of these abnormalitie

Therefore, the chromosome analysis cannot b

replaced by FISH.

However, in case of focusing on a specific aberratio

the FISH technique on interphase nuclei represents a fa

and reliable method, giving the result within 24 h. Th

genetic aberrations occurring frequently inALL, i.e., th

Philadelphia-translocation t(9;22)(q34;q11

(rearrangement of BCR and ABL on the molecul

level), an MLL-rearrangement, or a CMYC

rearrangement, all of which have therapeutic implic

tions, can be identified using FISH on interphase nucle

A FISH-screening targeting the most frequent abe

rations is useful in particular in cases with no val

result of the chromosome analysis. This should b

considered also in cases with a normal karyotyp

with the selection of probes according to th

immunophenotype.
.

,

.

,

t

.

The so-called “chromosome painting” with 1–

or 24 colors (24-color-FISH) on metaphas

chromosomes is applied in addition to the classic chr

mosome analysis if the karyotype cannot be ful

described after the classic banding approach, e.g.,

complex aberrant karyotypes.

Furthermore, the FISH method can be used for th

detection of residual disease during the course of the

apy. It is more sensitive and more specific tha

cytomorphology; however, it is less sensitive tha

real-time PCR and immunophenotyping. The FIS

method is used for the detection of residual disea

mainly in ALL with unbalanced karyotypes as the

cases lack genetic alteration detectable by PCR.

Molecular Genetics

Two types of genetic alterations are present in lym

phatic leukemias and lymphomas: Somatic mutation

which are involved in the pathogenesis an

rearrangements of immunoglobulin genes, and T-ce

receptor genes as markers of clonality.
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Leukemia Diagnostics. Table 8 Fusion genes in ALL

Frequency

Cytogenetics Fusion gene Subtype Childhood Adult

t(1;19)(q23;p13) E2A-PBX1 Pre-B-ALL 5–6% 3%

t(4;11)(q21;q23) MLL-AF4 Pro-B-ALL 2% 6%

t(11;19)(q23;p13) MLL-ENL Pro-B-ALL Pre-T <1% <1%

t(9;22)(q34;q11) BCR-ABL c-ALL Pre-B 2–5% 25–30%

t(8;14)(q24;q32) MYC-IGH Mature B-ALL 3% 5%

t(10;14)(q24;q11) HOX11-TCR T-ALL 1% 3%

t(12;21)(p13;q22) ETV6-AML1 c-ALL 10–20% <1%

Leukemia Diagnostics. Table 9 MYC-rearragements in ALL

Frequency

Cytogenetics Fusion gene Subtype Childhood Adul

t(2;8)(p12;q24) IGK-MYC B-ALL <1% <1%

t(8;14)(q24;q23) IGH-MYC B-ALL 3% 2–4%

t(8;22)(q24;q11) IGL-MYC B-ALL <1% <1%

L 2018 Leukemia Diagnostics
The molecular diagnostic approach in ALL pr

marily focuses on the detection of high-risk case

with t(9;22) and t(4;11) in which an RT-PCR fo

BCR-ABL and MLL-AF4 is performed a

a substitute or supplement to cytogenetics and FISH

In contrast, the ETV6-AML1-rearrangemen

which occurs frequently in childhood ALL, and

associated with a favorable prognosis, can be identifie

exclusively on the molecular level and/or using FISH

Activation of the MYC gene due to various I

rearrangements (Tables 8 and 9) is found in 4% o

adult ALL representing the leukemic form of Burkitt

lymphoma. The molecular detection is accomplishe

by Southern blot. The use of FISH makes this diagno

tic step simpler and faster; however, it requires th

smear of intact cells.

Between 4% and 7% of all T-ALL cases featu

rearrangements of the HOX11-gene (Tables 10 an

11). HOX11 codes for a transcription factor. Th

transforming action of overexpressed HOX11 lead

to an immortalization of T-cells.

In cases without fusion genes a characterization o

clonal Ig- and TCR-gene-rearrangements should b

performed. These can be used as markers for residu

disease during the course of therapy. Since the latt

alterations are identified in DNA while fusion gene

are analyzed in RNA it is important to asservate bo

DNA and RNA at the time of diagnosis.
,

.

l

Diagnostic Workup of CML

Cytomorphology

Cytomorphology typically reveals hypercellularity

both peripheral blood and bone marrow with a

increase of immature myeloid cells as well as of eosi

ophils and basophils.

Immunophenotyping

MFC is applied in CML only in case of blast crisis

order to delineate the cell lineage, i.e., lymphatic

myeloid.

Cytogenetics

In 90–95% of all patients, a Philadelphia translocatio

is present on the cytogenetic level: t(9;22)(q34;q11

This is a translocation between the long arm

a chromosome 9 and a long arm of a chromosome 2

The remaining patients carry so-called variant Phil

delphia translocations or a normal chromosome se

The variant Philadelphia translocations are divide

into simple ones, in which the long arm of chrom

some 22 is translocated to another chromosome (an

not to chromosome 9), and complex ones, in whic

further chromosome are involved besides chrom

somes 9 and 22. Patients with CML and a norm

karyotype carry a BCR-ABL-rearrangement detec

able by both FISH and RT-PCR. By applying FIS

and using metaphases the BCR-ABL-fusion gene

detected either on chromosome 22 or, less frequentl

on chromosome 9. Submicroscopic insertions a

discussed as underlying mechanisms which are n

detectable by classic cytogenetics. This group

CML is designated Philadelphia-negative BCR-ABL

positive CML. The clinical and hematologic course

patients with classic and variant Philadelphi

translocation does not differ from the course in patien

with Philadelphia-negative BCR-ABL-positive CML

t
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Table 10 T-cell receptor

(TCR)-B-rearragements in

ALL

Frequency

Cytogenetics Fusion gene Subtype Childhood Adult

t(1;7)(p32;q35) TAL1-TCRb T-ALL <1% <1%

t(1;7)(p34;q35) LCK- TCRb T-ALL <1% <1%

t(7;9)(q35)(q32) TCRb � TAL2 T-ALL <1% <1%

t(7;9)(q35;q34) TCRb � TAN1 T-ALL <1% <1%

t(7;10)(q35;q24) TCRb � HOX11 T-ALL <1% <1%

t(7;11)(q35;p13) TCRb � RHOM2 T-ALL <1% <1%

Leukemia Diagnostics.
Table 11 T-cell receptor

(TCR)-a- and -d-
rearragements in ALL

Frequency

Cytogenetics Fusion gene Subtype Childhood Adult

t(1;14)(p23;q11) TAL1-TCRd T-ALL <1% <1%

t(8;14)(q24;q11) MYC-TCRa T-ALL <1% <1%

t(10;14)(q24;q11) HOX11-TCRd T-ALL <1% 1–3%

t(11;14)(p13;q11) RHOM2-TCRd T-ALL <1% 2–3%

t(11;14)(p15;q11) RHOM1-TCRd T-ALL <1% <1%

inv(14)(q11q32.1) TCRa � TCL1 T-ALL <1% <1%

inv(14)(q11q32.3) TCRa � IGH T-ALL <1% <1%

Leukemia Diagnostics 2019 L

L
During the progression into the accelerated phase o

into blast crisis in 75–85% of the patients, addition

karyotype aberrations occur. The most frequent

occurring aberrations (so-called clonal evolution

are trisomy 8 (+8), isochromosome of the long ar

of chromosome 17 (i(17)(q10)), an addition

Philadelphia-chromosome (+der(22)t(9;22)), as we

as trisomy 19 (+19). The occurrence of addition

karyotype aberrations is a prognostically unfavorab

parameter and precedes the clinical manifestation o

a blast crisis by 2–6 months in most cases.

In CML follow-up, assessments during therapy a

prognostically most important with consequences fo

the further management of the disease. The class

chromosome analysis represents the gold standard fo

the assessment of a cytogenetic remission. At least 2

metaphases should be analyzed to obtain a valid resu

A complete cytogenetic remission (no Ph + met

phases) is differentiated from a “partial” remi

sion (1–32% Ph + metaphases), a “minor” remissio

(33–66% Ph + metaphases), a “minimal” remissio

(67–95% Ph + metaphases), and no remission (�95%

Ph + metaphases). The complete and the partial remi

sion are grouped together as “major” remission.

During therapy with imatinib, the occurrence o

karyotype aberrations has been observed in som

patients in clones lacking a Philadelphia translocatio
l

l

l

l

.

.

Most frequently this aberration is the trisomy 8. Furth

aberrations are monosomy 7 as well as different tran

locations. The clinical impact of this phenomenon is y

unclear and is being evaluated in clinical trials.

Fluorescence In Situ Hybridization

Using FISH on interphase nuclei, the presence of

BCR-ABL rearrangement can be detected or ruled o

within 24 h. The FISH analysis has some advantages

compared to the classic chromosome analysis: Usin

this method a CML can be diagnosed and monitore

even in patients with Philadelphia-negative BCR-ABL

positive CML. Furthermore, it is more sensitive com

pared to the classic chromosome analysis in detectin

residual disease. FISH may be applied on interpha

nuclei but also on metaphases. Using the so-calle

“Hypermetaphase-FISH”-technique, up to 500 met

phases may be assessed for the presence of a BCR

ABL rearrangement, while only 20–25 metaphases a

analyzed by the classic chromosome analysis. Howeve

additional cytogenetic aberrations and Ph-negativ

clones cannot be detected using FISH alone and requi

conventional chromosome banding analysis.

Molecular Genetics

The molecular correlate of the Philadelphia transloc

tion is the BCR-ABL fusion gene. The diagnosis
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Table 12 Matutes-score of

B-CLL

Characteristics of B-CLL

CD5+

CD23+

FMC7�
sIgM(+)

sCD22(+) or CD79b(+)

L 2020 Leukemia Diagnostics
a CML can be made only if the Philadelphia translo

cation is detected by cytogenetics or by FISH or if th

BCR-ABL rearrangement is detected by RT-PCR

Since 5% of all CML cases carry a cryptic BCR-AB

rearrangement that is not detectable cytogeneticall

a FISH and/or PCR assessment should be done

parallel to cytogenetics at diagnosis. Furthermor

a PCR-based quantification of the BCR-ABL expre

sion provides a starting value for follow-u

assessments.

The PCR-based monitoring of BCR-ABL durin

therapy is a standard procedure in CML. Independe

of the therapy applied, a response to therapy is mo

effectively assessed by real-time PCR with regard

both quantity of response and sensitivity. In contrast

most other leukemias, follow-up assessment in CML

possible using peripheral blood. It is recommended

do a peripheral blood evaluation every 3 months.

In patients under imatinib therapy, an associatio

between an increase of the BCR-ABL expression an

the occurrence of a resistance against imatinib ha

been described. In 2–5% of all CML cases, a primar

resistance against imatinib is present. Many of thes

resistances are due to point mutations of the ABL gen

within the BCR-ABL fusion gene. Other patien

acquire secondary mutations in the tyrosine kinas

loop of the BCR-ABL fusion protein during therap

with imatinib, which lead to a resistance against th

drug. In some cases this resistance can be supersede

by an increase of the dose of imatinib or by the com

bination with IFN-a. Therefore, the early detection o

these resistances increasingly carries clinical impo

tance. Mutations have been described in 23 differe

codons so far. Some of these lead to changes in con

formation, while others directly inhibit the binding o

imatinib to the activating domain of the tyrosine kinas

ABL. The type of mutation therefore provides info

mation on the usefulness of an increase of the imatin

dose. The point mutations can be detected by sequen

ing the ABL part of the fusion gene.

Diagnostic Workup of CLL

Cytomorphology

The diagnosis of CLL per definition require

a lymphocytosis >5,000/ml, although a chronic elev

tion of the absolute lymphocyte count in the peripher

blood and the presence of both the typical morpholog

findings and the typical immunophenotype are increa

ingly considered diagnostic. Cytomorphologicall
t

t

t

l

,

CLL cells are small lymphocytes with a narrow cyt

plasm and a dense nucleus without nucleoli. Furthe

more, shadow cells of Gumprecht are present.

Immunophenotyping

CLL features a typical immunophenotype wi

a coexpression of CD5 and the B-cell-associated ant

gens CD19, CD20, and cCD79a. A weak surfac

expression of CD22 and Ig is present, with a clon

light chain restriction. The positivity of CD23 which

commonly present in CLL allows the distinction fro

mantle cell lymphoma. The latter is further characte

ized by a strong surface expression of Ig as well as b

an expression of CD22 and FMC7. Overall, no sing

marker allows the diagnosis of CLL. Rather, the com

prehensive evaluation of all the antigens assessed an

the application of the Matutes-score have been prove

useful (Table 12).

The presence of four or five of the findings chara

teristic for B-CLLwas found in a large series in 87%

all B-CLL and in only 0.3% of other B-cell lymph

mas. Conversely, only 0.4% of B-CLL and 72%

other B-cell lymphomas had none or only one

these criteria.

The expression of CD38, as well as the cytoplasm

expression of ZAP70, is prognostically importan

Both findings are associated with an inferior prognosi

If CLL/PL is diagnosed by cytomorpholog

(10–55% prolymphocytes in peripheral blood) ofte

accompanied by a trisomy 12, which occurs mo

frequently in these cases, the immunophenotype ma

show a stronger expression of CD20 and of sIg

compared to CLL. Furthermore, there is a weak

expression of CD23 as well as a positivity for CD2

and CD79b.

In contrast to B-CLL, the co-expression of CD5

not, or only weakly, present in B-PLL (>55

prolymphocytes in peripheral blood), the surfac

expression of Ig and of CD20 is stronger and CD2

and FMC7 are expressed.
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Besides diagnosis, immunophenotyping allow

the quantification of minimal residual diseas

(MRD). The CLL cells typically carry the phenotyp

CD19 + CD20 + CD79-CD5+ and thereby differ fro

normal B-lymphocytes. The prognostic relevance o

the MRD-level, which can be assessed with high sen

sitivity, has been demonstrated in multiple studies.

Cytogenetics

The classic chromosome analysis has played on

a minor role in the past due to the difficulties in cult

vating the cells in vitro. By using FISH analysis, th

strong prognostic impact of chromosome aberration

could be demonstrated. Recently, a reliable cultivatio

of CLL cells has been shown to be feasible and chro

mosome aberrations have been detected by chromo

some analysis at higher frequencies compared to FIS

analysis.

Fluorescence In Situ Hybridization

FISH analysis detects the most frequent chromosom

aberrations in CLL in a targeted way. These compris

13q deletions, trisomy 12, 11q deletion, and 17

deletion. The presence of a 17p deletion or of a 11

deletion indicates a more aggressive course of diseas

compared to a normal karyotype, while the sole pre

ence of a 13q deletion confers a favorable prognosi

Furthermore, the assessment of t(11;14) is useful fo

the distinction between CLL and mantle ce

lymphoma.

Molecular Genetics

Half of the patients with CLL carry so-called somat

mutations in the variable region of immunoglobulin

The presence of 2% or less mutations in this area of th

immunoglobulins as compared to the original DN

sequence is designated “unmutated” while the pre

ence of more than 2% mutations is designate

“mutated.” The unmutated status is associated wi

an unfavorable prognosis even in early stages of th

disease.

Diagnostic Workup of MDS

Cytomorphology

During the cytomorphologic examination at least 20

bone marrow cells and 20 megakaryocytes should b

evaluated. Dysplastic findings should be present in

least 10% of the cells. A particular diagnostic role

played by the so-called pseudo-Pelger neutrophil
l

.

l

.

t

,

ringed sideroblasts, mikromegakaryocytes, and aug

mented blasts. These morphologic aberration

correlate in part with clonal markers and show a lo

inter-observer variability. This is true particular

for the prognostically favorable and therefo

clinically relevant 5q-syndrome. The assessment o

hypogranulation in neutrophils should not be the on

diagnostic criterion for dysplasia. Accordingly, a

early stage of refractory anemia (RA) with cytopen

in only one lineage is often difficult to diagnose an

requires the assessment of follow-up samples. Wi

regard to the differentiation between hypoplast

MDS and aplastic anemia, it is important to notic

that dysplastic findings in erythropoiesis may be pr

sent also in the latter. They therefore play no diagno

tic role in this instance, unlike dysplastic finding

in the other lineages and augmented bone marro

blasts. PNH should be considered as differential dia

nosis. With regard to the separation of MDS and AM

a cut-off of 20% bone marrow blasts has to be use

according to the presently applied WH

classification.

Immunophenotyping

Multiparameter flow cytometry allows the qualitativ

assessment of dysplasia in the different cell lineage

granulopoiesis, monopoiesis, and erythropoies

through the detection of aberrant antigen expressio

patterns. Furthermore, the quantification of blasts ca

be done with a high correlation to cytomorpholog

findings. The flow cytometric findings are of particul

diagnostic value in cases difficult to judge b

cytomorphology. Further studies will define the ro

of multiparameter flow cytometry in comparison

cytomorphology and cytogenetics with regard to bo

diagnostics and prognostication.

Cytogenetics

In the context of diagnostic assessment of MDS th

chromosome analysis plays a significant role b

detecting karyotype aberrations typical for MDS an

particularly so in cases difficult to judge b

cytomorphology.

The typical aberrations, which are also considere

for the prognostically highly relevant IPSS (Tables 1

and 14), include loss of Y chromosome, del(5q), d

(20q), as well as complex aberrations and aberration

of chromosome 7. In cytomorphologically defined bo

derline cases a distinction between AML andMDS ca
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Leukemia Diagnostics. Table 13 IPSS, basis

Points

0 0.5 1 1.5 2

% Bone marrow blasts 5 5–10 11–20 21–30

Karyotype Favorable Intermediate Unfavorable

Cytopenias 0/1 2/3

Karyotype favorable: normal, -Y sole, del(5q) sole, del(20q)

Karyotype unfavorable: complex aberrant (�3 aberrations), aberrations of chromosome 7

Leukemia Diagnostics. Table 14 IPSS, prognostic grouping

Points 0 0.5–1.0 1.5–2.0 �2.5

Risk group Low Int-1 Int-2 High

L 2022 Leukemia Diagnostics
be accomplished by the detection of t(8;21)(q22;q22

t(15;17)(q22;q11-12), or inv(16)(p13q22)/t(16;16

(p13;q22) which define an AML, respectively.

Fluorescence In Situ Hybridization

FISH analysis may be used in case of lack of adequa

material for cytogenetics, e.g., in case of a dry ta

smears may be obtained from a bone marrow biops

and analyzed by FISH. The analysis includes probe

targeting the aberrations most relevant for determinin

the prognosis: -Y, del(5q), del(20q), aberrations o

chromosome 7, del(17p).

Molecular Genetics

In contrast to AML there are no specific molecul

markers for MDS. In case of rare reciprocal transloc

tions, fusion gene–specific PCRs can be applied whic

however, do not play a major role in routine diagnosi

Some of the AML-specific mutations like the parti

tandem duplication of MLL (MLL-PTD), FLT3 leng

mutations (FLT3-LM), RAS mutations, as well a

mutations of AML1 and CEBPA may be present

MDS with high blast counts. They are indicative o

a progress of MDS to AML. Similarly, an increasin

expression of WT1 represents a marker for the pro

gress of MDS.

Diagnostic Algorithms in Leukemia Diagnostics

Based on the data provided above, algorithms for th

diagnostic workup of leukemias have been propose

These are outlined below and should be applied an

evaluated in the context of large clinical trials. Leuk

mia diagnosis has undergone steady development an

is expected to become even more refined within th
,

,

,

.

l

.

next few years, particularly taking into consideratio

gene expression profiling withmicroarrays, which ma

be incorporated.

Diagnostic Algorithm in AML

In AML (Fig. 1) a combination of cytomorpholog

cytochemistry, immunophenotyping, and cytogeneti

should be applied in the first step. Results

cytomorphology and cytochemistry guide the selectio

of antibody panels to be used for immunophenotypin

Results of these three methods guide the selection

culture conditions for cytogenetics.

In case of specific cytomorphologic findings, th

respective genetic alterations should be analyzed b

FISH and PCR (AML M3/M3v: t(15;17)/PML-RARA
AML M4eo: inv(16)/CBFB-MYH11; AML M1/2 wi

characteristic long Auer rods: t(8;21)/AML1-ETO

AML M5a: 11q23/MLL rearrangements). The com

bined analysis of genetic alterations by both FIS

and PCR provides a maximized diagnostic security

well as information on variant translocations or su

microscopic deletions, which are only detectable b

interphase FISH.

Based on cytogenetic results, FISH analysis usin

specific probes is applied for numerical (e.g., +8, �
and structural aberrations (e.g., 5q-, 7q-). Cases wi

complex aberrant karyotype can further be invest

gated by 24-color FISH. FISH may be used in infr

quent cases without cytogenetic result to identify th

most frequent and prognostically relevant aberration

RT-PCR is used, according to cytogenetic result

for the detection of fusion genes as well as for th

analysis of FLT3-LM, MLL-PTD, or NPM1.

Follow-up assessment during complete remissio

should be performed by cytomorphology, FISH

PCR, and MFC, whenever a specific marker has bee

identified at diagnosis. The latter two highly sensitiv

methods are particularly useful for the quantification

the prognostically important MRD levels.
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Morphology + Cytogenetics + MFC

M3, M4eo, M1/2
t(8;21), M5

FISH and PCR
PML-RARA
CBFß-MYH11
AML1-ETO
MLL

IP-FISH for
MRD

PCR:
NPM1
FLT3-LM
MLL-PTD…

MRD: realtime-PCR
(+ IP-FISH), MFC

Relapse: combined
with cytogenetics

Screening with PCR
and IP-FISH (on

smears) for typical
abnormalities

t(15;17), inv(16),
t(8;21), t(11q23)

Other genetic
abnormalities

Normal
karyotype

No result, too few
metaphases

Leukemia Diagnostics. Fig.1 Algorithm for diagnosis and follow-up in AML
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Diagnostic Algorithm in ALL

Cytomorphology and immunophenotyping should b

applied in the first step in ALL (Fig. 2).Cytomorpholog

identifies acute leukemia negative for peroxidase an

reveals cases suspicious for Burkitt’s lymphoma/matu

B-ALL. MFC allows the diagnosis of ALL as well a

the subclassification into different B-precursor ALL an

T-precursor ALL classes.

Cytogenetics follows the results of MFC with sp

cific culture conditions for B- and T-precursor ALL.

FISH analysis for BCR-ABL and ML

rearrangements follows MFC in case of B-precurso

ALL.

FISH analysis for CMYC rearrangements follow

cytomorphology in case of findings typical fo

Burkitt’s lymphoma as well as MFC in case of matu

B-ALL.

In childhood B-precursor ALL, FISH analysis fo

ETV6-AML1 is applied.

In case of cytogenetics not yielding a result, FIS

and PCR are applied for the detection of BCR-AB

and MLL rearrangements.

Real-time PCR is applied for MRD monitorin

targeting either fusion transcripts or IgH receptor

T-cell receptor rearrangements. MFC is also used fo

MRD monitoring.
,

/

A complete reevaluation should be performed

relapse.

Diagnostic Algorithm in CML

The diagnosis of CML is made by a combine

approach of cytomorpholgy, cytogenetics, FISH, an

PCR, identifying characteristic peripheral blood an

bone marrow features as well as the t(9;22) and th

BCR-ABL fusion gene (Fig. 3).

During therapy all methods are applied in combin

tion to quantify the amount of residual disease as we

as additional chromosomal abnormalities.

In case of failure or suboptimal response, an anal

sis for BCR-ABL mutations conferring resistance

imatinib should be performed.

Immunophenotyping should be performed

blast crisis to delineate the lineage (lymphatic o

myeloid).

Diagnostic Algorithm in CLL

Cytomorphology and immunophenotyping should b

applied in the first step in CLL (Fig. 4

Cytomorphology identifies mature lymphocytosi

MFC allows the diagnosis of CLL and its discrimin

tion from other indolent lymphomas according to th

Matutes score.
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Morphology + Cytogenetics + MFC

t(9;22); t(4;11) Mature B-ALL
t(8;14)

Childhood
ALL

Other abnormalities,
normal karyotype

No result,
too few metaphases

Screening with PCR or FISH
BCR-ABL- and MLL-rearr.

FISH ETV6-AML1FISH/PCR
IgH-cMYC

FISH/PCR
BCR-ABL;
MLL-AF4

MRD: realtime-PCR
for fusion transcripts + MFC

MRD: realtime-PCR for IgH
receptor rearrangements + MFC

At relapse
+ Cytogenetics + MFC

Leukemia Diagnostics. Fig. 2 Algorithm for diagnosis and follow-up in ALL

Morphology + cytogenetics + FISH + PCR

t(9;22)
BCR-ABL

During therapy:
Morphology + cytogenetics + FISH + PCR

Suspected resistant disease:
Morphology + cytogenetics + FISH + PCR + mutation analysis (+ MFC)

Leukemia Diagnostics.
Fig. 3 Algorithm for

diagnosis and follow-up in

CML

L 2024 Leukemia Diagnostics
In addition, MFC is used for the determination o

the expression of both CD38 and ZAP-70.

FISH analysis is performed to identify the most com

mon and prognostically important chromosomal abno

malities, i.e., 6q-, 11q-, trisomy 12, 13q-, and 17p- a

well as t(11;14). A cytogenetic analysis is capable o
identifying additional chromosomal abnormaliti

which may yield further prognostic information.

Molecular genetics is applied to determine th

IgVH mutational status.

Monitoring during therapy is performed b

a combination of cytomorpholgy, MFC, and FISH.
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Morphology + MFC + FISH + IgVH

During therapy:
Morphology + MFC + FISH

Suspected resistant disease:
Morphology + MFC + FISH + IgVH

Leukemia Diagnostics. Fig. 4 Algorithm for diagnosis and

follow-up in CLL

Morphology + cytogenetics + FISH (+ MFC + PCR)

During therapy:
Morphology + cytogenetics + FISH

Progression to AML:
Morphology + cytogenetics + PCR + MFC

Leukemia Diagnostics. Fig. 5 Algorithm for diagnosis and

follow-up in MDS
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Diagnostic Algorithm in MDS

The diagnosis of an MDS is based, besides the pre

ence of cytopenias, on cytomorphology (Fig. 5). Cyto

genetics is used to identify chromosomal abnormalitie

which subclassify MDS and yield prognostic inform

tion. In cases of equivocal findings in cytomorpholog

cytogenetics can assure the diagnosis. Immunoph

notyping may be used to identify aberrant antige

expression patterns typical for MDS. PCR may b

performed in MDS.

During the course of therapy, which may be limite

to supportive measures, cytomorphology in combin

tion with cytogenetics and FISH should be applied.

In case of progression to AML, cytomorpholg

cytogenetics, PCR, and MFC should be applied.
ls

te

e

A
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Leukemia Inhibitory Factor
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Stem Cell Institute at James Graham Brown Cancer

Center, University of Louisville, Louisville, KY, US
Synonyms

Cachexia-inducing agent; CNDF; D-factor; DIA

DRF; Hepatocyte stimulating factor-III; HILDA

HSF-III; LIF; MLPLI
,

Definition

Leukemia Inhibitory Factor (LIF) is a cytokine belon

ing to a family of▶ interleukin-6 related cytokines th

signal through gp130 protein coupled receptors an

whose inducible production (e.g., due to hypoxia) ca

occur in ▶ hypoxia-inducible factor-1 manner in mu

tiple tissues. LIF is a pleiotropic cytokine that affec

several biological processes, and its current nam

implicating “a leukemia inhibitory factor” has mere

historical meaning.
Characteristics

LIF

LIF was purified from Krebs-II ascites tumor cell lin

and then cloned from a murine T-lymphocyte cDN

http://dx.doi.org/10.1007/978-3-642-16483-5_767
http://dx.doi.org/10.1007/978-3-642-16483-5_1235
http://dx.doi.org/10.1007/978-3-642-16483-5_2099
http://dx.doi.org/10.1007/978-3-642-16483-5_1600
http://dx.doi.org/10.1007/978-3-642-16483-5_1729
http://dx.doi.org/10.1007/978-3-642-16483-5_2670
http://dx.doi.org/10.1007/978-3-642-16483-5_2733
http://dx.doi.org/10.1007/978-3-642-16483-5_2833
http://dx.doi.org/10.1007/978-3-642-16483-5_3349
http://dx.doi.org/10.1007/978-3-642-16483-5_3791
http://dx.doi.org/10.1007/978-3-642-16483-5_3099
http://dx.doi.org/10.1007/978-3-642-16483-5_2928
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L 2026 Leukemia Inhibitory Factor
library and originally identified as a factor th

inhibits the proliferation of undifferentiated an

highly clonogenic murine myeloid leukemic cell lin

M1 and induces its differentiation into macrophage

At the molecular level human and murine LIF is

glycoprotein with a 180-amino acid single 4-a-hel
polypeptide chain with a conserved disulfide bon

Natural occurring LIF is heavily glycosylated, show

ing an apparent molecular weight of 32–62 kD

depending on the source. It is accepted that th

absence of glycosylation appears not to affect i

biological activity. Human and mouse LIF sha

78% sequence homology. Human LIF can activa

mouse cells, but vice versa mouse LIF cannot activa

human cells.

LIF-Receptor

LIF interacts with the heterodimeric human LIF

receptor (LIF-R) comprising a 190 kDa LIF-bindin

a-chain (130 kDa mouse) and a 130 kDa signa

transducing b-chain (gp130). LIF receptors have bee

identified on several cells, including monocytes, live

neural cells, muscle cells, primordial germ cells, pl

centa, and embryonic stem cells. Therefore LIF-R

a member of the gp130 superfamily of receptor

Accumulated data that the LIF-binding a-cha
shows some level of “molecular promiscuity” an

can be also part of the type II receptor for▶ oncostat

M (OSM), and part of the receptors for ciliary neuro

tropic factor (CNTF) and carditrophin-1 (CT). Thu

LIF in addition to LIF-R can also signal for examp

through the OSM receptor.

LIF Overexpression and LIF Knockouts

Prolonged over expression of mice to LIF leads

▶ cachexia coupled with a hypermotile state, ove

growth of bone tissue, and osteoblasts in the bon

marrow cavities, loss of spermatocytes from the sem

iniferous tubules of the testis, absence of corpora lute

in the ovaries, a reduced number of Purkinje cells

cerebellum, thymus atrophy, and an involution of th

pancreas. Mice with LIF knocked-out (LIF�/�) a

viable; however, they show abnormalities of the hip

pocampus and an accumulation of olfactory recepto

neurons. Interestingly LIF�/� mice are unable to g

pregnant, which is explained by a crucial role o

secreted LIF in the uterus during the process of bla

tocyst implantation.
t

.

.

,

,

.

t

Pleiotropic Effects of LIF

LIF plays an important role in several biological pr

cesses in embryogenesis, tissue regeneration, metabo

lism, and cancer ▶metastasis. It activates in norm

cells Jak-STAT-3, MAPKp42/44, and PI-3K-AKT si

naling pathways and in murine embryonic stem cel

(ES) LIF also regulates expression of Oct3/4. Biolo

ical effects of LIF are controlled by circulating solub

LIF-R that blocks the action of any LIF in circulatio

At the cellular level LIF signaling is negatively co

trolled by▶ suppressors of cytokine signaling (SOCS

LIF was identified as a factor that maintains totip

tency of murine ES and is crucial for blastocy

implantation in mice. LIF is also one of the facto

that promote dedifferentiation of murine primordi

germ cells into embryonic germ cells. In humans LI

has no effect on totipotency of human ES cells. How

ever, LIF was recently demonstrated to reduce th

vertical transmission of HIV-1 virus though the pl

centa. Finally, LIF enhances the proliferation of no

mal primordial germ cells and spermatocy

differentiation.

LIF is playing an important role in the developme

of hippocampal and olfactory receptor neurons.

stimulates the proliferation of skeletal muscle satelli

cells and is a hypertrophic factor for myocardium

Therefore, LIF may play a role in regeneration

neural tissue, myocardium, and skeletal muscle.

support of this LIF is up regulated in damaged brai

heart, and skeletal muscle. It is possible that LIF

cooperation with other factors such as stromal derive

factor-1 (SDF-1) and hepatocyte growth factor (HGF

▶ scatter factor recruits circulating stem cells andma

rophages to damaged organs.

In the hematopoietic system, LIF shows positive c

stimulatory effects on megakaryocyte maturation an

platelet formation. LIF also stimulates proliferation

the human factor-dependent hematopoietic cell lin

TF-1 and DA as well as proliferation of the murin

factor-dependent GB2 cell line. LIF together with F

ligand has been shown to enhance blast colony form

tion bymurine bone marrow cells. These blast coloni

are enriched in macrophages and▶ dendritic cells. LI

receptors on murine hematopoietic populations a

mainly restricted to cells of the monocyte lineag

Thus, the potential influence of LIF on the compar

ment of hematopoietic stem cells requires furth

study.

http://dx.doi.org/10.1007/978-3-642-16483-5_4236
http://dx.doi.org/10.1007/978-3-642-16483-5_4236
http://dx.doi.org/10.1007/978-3-642-16483-5_766
http://dx.doi.org/10.1007/978-3-642-16483-5_3671
http://dx.doi.org/10.1007/978-3-642-16483-5_5588
http://dx.doi.org/10.1007/978-3-642-16483-5_5165
http://dx.doi.org/10.1007/978-3-642-16483-5_1556
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LIF also exerts several metabolical effects such a

inhibits lipid transport to adipocytes, enhances produ

tion of acute-phase proteins by the liver and was als

identified as a factor capable of switching autonom

nerve signaling from an adrenergic to a cholinerg

mode. LIF also has several endocrine effects bein

a major regulator of ACTH production in the pituitar

and inhibits production of prolactin and grow

hormone.

LIF and Oncogenesis

LIF appears to be an important developmental motto

morphogene that displays several pleiotropic biologic

effects in vitro and in vivo. Recent evidence has acc

mulated that this interesting cytokine affects surviva

proliferation, and differentiation of many cell types n

only normal but malignant cells as well. For examp

while LIF stimulates proliferation or differentiation o

several established malignant hematopoietic stem ce

lines (TF-1, DA, GB2, or M1), it inhibits in vitro proli

eration of▶ breast cancer cells. LIF alsomay play som

role in tumor vascularization and ▶ angiogenesis.

Recently, based on the observation that LIF stimu

lates proliferation of skeletal muscle satellite cells an

myocytes, as well as cardiomyocytes, we hypothesize

that the LIF–LIF-R axis could be involved in progre

sion of human ▶ rhabdomyosarcomas (RMS). W

found that in RMS cells LIF stimulates (1) phosphory

lation of MAPKp42/44, AKT, and STAT3, (2)▶ adh

sion and chemotaxis, and (3) increased resistance

cytostatics. Thus, we presented evidence for the fir

time that the LIF–LIF-R axis exerts chemotactic activ

ity and may direct RMS metastasis. The role of th

axis in progression of other non-hematopoietic malig

nancies requires further study.

Clinical Aspects

The LIF–LIF-R axis has emerged as an important ax

regulating both the development and homeostasis of a

adult organism. The novel recognized role of LIF

trafficking of normal and▶ cancer stem cells may lea

to the development of better therapeutic strategie

aimed at directing ▶migration of normal stem cel

to regenerate damaged organs (e.g., heart or brain) b

on the other hand inhibiting metastasis of LIF

responsive cancer stem cells. Thus, a new area o

investigation on the role of gp130 signaling molecule

in cancer metastasis has been established.
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Leukocyte Elastase

▶Neutrophil Elastase
l Leukocyte Endothelial Cell Adhesion
Molecule-2

▶E-Selectin-Mediated Adhesion in Cancer
t

Leukocyte Functional Antigens

Definition

LFAs are ▶ cell-adhesion molecules initially define

with monoclonal antibodies: LFA-1 is a b2 integri

LFA-2 is a member of the immunoglobulin superfam

ily, as is LFA-3, now called CD58. LFA-1

particularly important in T-cell adhesion to endotheli

cells and antigen-presenting cells.
t

Leukocyte Homing

Definition

Refers to the process by which leukocytes, or whi

blood cells, are targeted to the sites at which they a

needed. This process involves active recruitment out

the blood stream and into tissues.

▶CXC Chemokines

http://dx.doi.org/10.1007/978-3-642-16483-5_717
http://dx.doi.org/10.1007/978-3-642-16483-5_274
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Leukocyte Interferon

▶ Interferon-a
d

at

s.
Leukocytes

Definition

White blood cells found in peripheral blood an

tissues, in particular the bone marrow and spleen.

▶CD Antigens
is
Leukopenia

▶Neutropenia
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Leukoplakia

Definition

A white patch on the mucosa that does not rub off an

is not attributable to any obvious cause. It is a diagnos

of exclusion and is not a disease entity in itself. It ha

a relatively low frequency for malignant transform

tion into squamous cell carcinoma.

▶ Squamous Cell Carcinoma
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Leukotriene Receptors

Definition

Are seven transmembrane G-protein coupled recepto

(GPCR). Two receptors for LTB4, the high affini

receptor BLT1 and the low affinity receptor BLT

are known. Two distinct receptors for the cystein

leukotrienes (CysLTs), the high affinity recepto

CysLT1 and the low affinity receptor CysLT2 hav

been isolated and characterized. There are sever

antagonists for the CysLT1 receptor, which are use
in clinical treatment of asthma including Singulair™
(Monteluskast) and Accolate™ (Zafirlukast), b

only one known antagonist for CysLT2 recepto

Bay-U9773. Several antagonists are also known f

the BLT1 and BLT2, such as U-75302, LY29311

and CP-105696, which block the BLT1 receptor

low concentration and BLT2 at higher concentration

▶Leukotriene
Leukotrienes

Anita Sjölander

Cell and Experimental Pathology, Department of

Laboratory Medicine, Lund University, Malmo;

University Hospital, Malmo, Sweden
Definition

▶Leukotriene, the dihydroxy leukotriene, LTB,

formed via the ▶ 5-LO pathway through the enzym

leukotriene A4 hydrolase. LTB4 is one of the mo

chemotactic molecules known. It has a preferenti

action on leukocytes, producing chemotaxis an

chemokinesis of neutrophils and mononuclear cell

as well as aggregation, degranulation, and adherenc

of leukocytes to endothelial cells. The cysteinyl leuk

trienes, including LTC, LTD, and LTE, are als

known as the slow-reacting substance of anaphylaxi

CysLTs enhance contraction of smooth musc

and increase vascular permeability as well as migr

tion and chemokine production in monocytic cell

CysLTs are produced in high amounts in activate

eosinophils, basophils, macrophages, and ma

cells. ▶ 5-Lipoxygenase (5-LO) catalyzes the biosy

thesis of proinflammatory leukotrienes that hav

both autocrine and paracrine mechanisms and ma

play an important role in inflammation-induced carc

nogenesis. Inflammation is an important compone

of tumor progression. Many tumors start from th

sites of infection and inflammation.
l

Characteristics

Leukotrienes and ▶ prostaglandins are metabolit

of ▶ arachidonic acid that play major roles in variou

http://dx.doi.org/10.1007/978-3-642-16483-5_3091
http://dx.doi.org/10.1007/978-3-642-16483-5_947
http://dx.doi.org/10.1007/978-3-642-16483-5_4052
http://dx.doi.org/10.1007/978-3-642-16483-5_5462
http://dx.doi.org/10.1007/978-3-642-16483-5_3334
http://dx.doi.org/10.1007/978-3-642-16483-5_3334
http://dx.doi.org/10.1007/978-3-642-16483-5_8045
http://dx.doi.org/10.1007/978-3-642-16483-5_3390
http://dx.doi.org/10.1007/978-3-642-16483-5_4779
http://dx.doi.org/10.1007/978-3-642-16483-5_379
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Phospholipids

Prostaglandins 5-HPETE

LTA4 synthase

LTC4 synthase

γ-glutamyl
transferase

Dipeptidase

LTA4 hydrolase

LTA4

LTB4 LTC4

LTD4

LTE4

PLA2

Arachidonic acid

COX-1/2 5-LOX

Leukotrienes. Fig. 1 Biosynthetic pathway of prostaglandins

and leukotrienes

Leukotrienes 2029 L
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inflammatory conditions (Fig. 1). The release of thes

mediators, by cells recruited to or present at the site o

inflammation, modulates or influences the magnitud

of the inflammatory response. An increased unde

standing of eicosanoids and how their receptors trigg

intracellular signaling during inflammatory condition

is helping to elucidate the well-known connectio

between chronic inflammatory disease and neoplast

transformation. Here, we summarize the role of leuko

trienes in cancer. In addition, we delineate ho

continuous ▶ leukotriene receptor activation an

signaling can increase cell survival and proliferatio

as important early steps toward oncogenicity.

Today, it is clear that the tumor microenvironmen

including inflammatory cells, is an importa

participant in the neoplastic process, proliferatio

survival, and migration. A microenvironment rich

inflammatory cells, generating growth factors, an

DNA-damage agents, potentiates the risk of neoplast

formation. Several mutations of key genes als

seem to be important for the transformation of th

▶ inflammation–dysplasia–carcinoma sequence.

The leukotrienes potentiate biological activitie

in the pathogenesis of many diseases. In most chron

inflammatory conditions, such as inflammatory bow

disease, the levels of leukotrienes are increase

The strongest association of chronic inflammatio

with malignant disease is seen in colon carcinogenes

arising in individuals with inflammatory bow

disease. Indeed, patients suffering from inflammator
,

t

,

l

.

l

bowel disease have a 30–50% increased risk

developing colon cancer. In chronic inflammato

bowel diseases, elevated levels of leukotrien

are found, which increases the risk for developme

of cancer and thereby a reduced survival of the

patients. As expected, it has been established th

a cause-and-effect link between chronic inflammatio

and colon cancer occurs via activation an

overexpression of the two enzymes, 5-LO and CO

(▶Cyclooxygenase, COX-1 and COX-2), responsib

for regulating the production of leukotrienes an

prostaglandins, respectively (Fig. 1).

The expression of ▶COX-2 is highly upregulate

both during inflammatory conditions and cancer. El

vated prostaglandin production at the site of the tum

is a good indicator of increased COX-2 activity

colon cancer tissue. There are vast amounts of da

suggesting that ▶ nonsteroidal anti-inflammator

drugs (NSAIDS), ▶COX inhibitors, reduce the ris

of colon cancer. These inhibitors were shown

suppress the proliferation of intestinal cancer ce

lines that express high levels of COX-2.

The production of different leukotrienes fro

arachidonic acid is dependent on the expression

5-LO, an enzyme that regulates the first step in th

synthesis of leukotrienes. Induction of experiment

colitis in mice lacking the 5-LO protein significant

reduced the degree of infiltration of inflammatory cel

and colonic injury. A number of other studies hav

shown that inhibition of 5-LO decreases growth an

promotes cell death in several transformed cell lines

In a recent tissue array study using colorectal canc

and control specimens, elevated levels of 5-LO an

COX-2 were found in colorectal carcinomas. In acco

dance, similar observations were made in differe

colon carcinoma cell lines when these were compare

with nontransformed intestinal epithelial cell line

Interestingly, activation of CysLT receptor signalin

led to an increased COX-2-mediated production

prostaglandin E2, PGE2. Mediating COX-2 activatio

and PGE2 production has a major impact on intestin

epithelial cell survival.

5-LO metabolites may contribute to the develo

ment of several human tumors, including pancreati

esophageal, prostate, breast, and colon cancer. COX

and 5-LO have been reported to be simultaneous

upregulated in colorectal cancer. It is possible th

blocking one of these enzymatic pathways ma

activate the other. Therefore, combined treatment

http://dx.doi.org/10.1007/978-3-642-16483-5_3333
http://dx.doi.org/10.1007/978-3-642-16483-5_3044
http://dx.doi.org/10.1007/978-3-642-16483-5_1433
http://dx.doi.org/10.1007/978-3-642-16483-5_1355
http://dx.doi.org/10.1007/978-3-642-16483-5_4126
http://dx.doi.org/10.1007/978-3-642-16483-5_4126
http://dx.doi.org/10.1007/978-3-642-16483-5_1354
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SURVIVAL

PROLIFERATION

LTD4WNT

FrizzedFrizzed

Leukotrienes. Fig. 2 A simplified signaling cascade leading to accumulation of free b-catenin and increased cell proliferation

L 2030 Leukotrienes
these pathways could be a better treatment optio

There is an additive effect of inhibiting proliferatio

inducing apoptosis, decreasing Bcl-2 levels, an

increasing Bax levels in cancer cells, after combine

treatment with inhibitors of COX-2 and 5-LO.

▶Leukotriene receptors are upregulated in colo

cancer, and their signaling facilitates the survival an

proliferation of cancer cells and reduces apoptosi

In agreement with this, an increased expression lev

of leukotriene receptors in different colon cancer ce

lines correlates well with the ability of leukotrienes

increase the survival of these cells.

Apart from Bcl-2, there are a number of oth

cellular proteins that are closely connected to th

regulation of cell proliferation, survival, and apoptosi

One of these is ▶b-catenin. This protein became o

interest in relation to LTD4-induced survival signalin

when a novel LTD4-triggered association betwee

Bcl-2 and b-catenin in the mitochondria from intest

nal epithelial cell lines was identified. It could b

hypothesized that LTD4 may enhance cell surviv

via activation and association of b-catenin with Bcl-

in the mitochondria. b-catenin activation and signalin
execute an antiapoptotic effect through protection o

cytochrome c leakage from the mitochondria.

b-catenin is a protein with many roles, one we

established as an effector molecule of the ▶Wnt sig

naling pathway. The Wnt receptors, Frizzleds, belon

to the same GPCR family of receptors as the leukotr

enes. The presence of a Wnt signal allows b-catenin
translocate to the nucleus where it activates the tran

scription factors TCF/LEF. Normally, b-catenin is reg
ulated by the adenomatous polyposis coli (▶APC

complex to control the intracellular levels of b-cateni
LTD4 can inactivate GSK-3b, known to phosphoryla
b-catenin and induce its ubiquitination an
.

,

.

l

l

.

l

l

degradation, and thus has the potential to increase th

amount of free b-catenin if inactivated. LTD4 induc

inactivation of GSK-3b via PI3-kinase/Akt pathwa

allowing free b-catenin to be able to enter the nucleu

and activate the transcription factor TCF/LEF, whic

activates potentially oncogenic genes, such as cycl

D1, c-myc, and COX-2 (see Fig. 2).

The infection–inflammation–dysplasia–carcinom

sequence is exemplified by Helicobacter pylori (HP
infection, a well-known risk factor for gastric adeno

carcinoma. HP infection may also be a possible ris

factor for respiratory system disease, which trigge

a marked local inflammatory response and a chron

system immune response. Some of the possibly med

ators involved in the pathogenesis of these infection

include leukotrienes that may have a role in the deve

opment of lung cancer in association with HP infe

tion. The risk of lung cancer in patients with gastr

ulcers is around three times higher than in individua

without ulcers.

Activation of leukotriene receptor signaling pathway

and subsequent effects on proliferation and survival

epithelial cells indicate that the inflammatory mediato

leukotrienes, can contribute to growth of cells durin

pathological inflammatory conditions. This, in tur

indicates that these receptors have an important role

neoplastic transformation and development of cancer.
.
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Synonyms

Histo-blood group Lewis antigens
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Definition

Lewis antigens are fucosylated carbohydrates linked

lipids or to proteins and thus present as glycolipids o

glycoproteins.
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Characteristics

▶G protein coupled receptors Lewis antigens a

expressed in normal tissues on two major carbohydra

type chains, type 1 and type 2, according to the linkag

type between the galactose (Gal) residue and th

N-acetyl-glucosamine residue (GlcNAc), b1,3 an

b1,4, respectively (Fig. 1). Type 1 Lewis structure

are widely expressed in endodermally derived tissue

such as glandular epithelia, in body fluids and saliv

and are adsorbed from plasma circulating glycolipid

onto the surface of erythrocytes and lymphocytes. Th

presence or absence of type 1 antigens in a particul

individual depends upon the presence of activ
,

,

enzymes responsible for the addition of the fucos

monosaccharide. The a1,2 fucosyltransferase, th

product of the secretor gene (Se) (▶ Secretor (S

enzyme), acts on the terminal galactose and produc

the H type 1 structure that forms the substrate for th

a1,4 fucosyltransferase, the product of the Lewis gen
(Le) (Lewis (Le) enzyme), that synthesizes th

difucosylated Leb antigen. Individuals that hav

inactivating mutations of the Se gene are unable

synthesize the H type 1 structure and the Leb antige

and are so called nonsecretors and constitute 20%

human populations. Type 2 Lewis antigens a

expressed in ecto- and mesodermally derived tissue

including skin and erythrocytes, and in a mo

restricted manner in endodermally derived epithel

like stomach glands. The a1,2 fucosyltransferase th

acts on the terminal galactose and produces the H type

structure is the product of the H gene, the ▶H enzym

that forms the substrate for the a1,3 fucosyltransferas

the product of the Lewis gene (Le), that synthesizes th

difucosylated Ley antigen. Other ▶ fucosyltransferas

may be involved, in a tissue-specific manner, in th

synthesis of Lewis antigens: an a1,3 fucosyltransfera

activity has been described for FUT3, FUT4, FUT

FUT6, FUT7, and FUT9, and an a1,4 activity w

described for FUT3 and FUT5. The secretor an

Lewis status of individuals are implicated in suscept

bility to several diseases, mostly human infections, wi

the most dramatic example being the virtual absence

gastrointestinal infections by Calicivirus

nonsecretors.

Lewis Antigens in Cancer

Malignant cells frequently have abnormal ▶ glycosy

ation with expression of modified carbohydra

antigens, among which stand sialylated forms of th

Lewis antigens – sialyl-Lea and sialyl-Lex (Fig. 2

Sialyl-Lea/x cell-surface molecules, linked to lipid

and proteins, when tumor cells become invasive an

depolarized gain access to circulation, either linked

the cell surface or shed into the serum. The relevanc

of these sialylated structures in cancer was fir

revealed, in the 1980s, when monoclonal antibodi

raised against cancer cells were shown to recogniz

sialyl-Lea/x. They are widely used as tumor marke

(CA19-9 for sialyl-Lea and SLX for sialyl-Lex) f

initial serum diagnosis of cancer and for detectio

of cancer recurrence after surgery or treatme

with radio- and chemotherapy. Later, in the 1990

http://dx.doi.org/10.1007/978-3-642-16483-5_1198
http://dx.doi.org/10.1007/978-3-642-16483-5_2741
http://dx.doi.org/10.1007/978-3-642-16483-5_2294
http://dx.doi.org/10.1007/978-3-642-16483-5_5213
http://dx.doi.org/10.1007/978-3-642-16483-5_5213
http://dx.doi.org/10.1007/978-3-642-16483-5_2547
http://dx.doi.org/10.1007/978-3-642-16483-5_2274
http://dx.doi.org/10.1007/978-3-642-16483-5_2457
http://dx.doi.org/10.1007/978-3-642-16483-5_2457
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Type 1 chain

A antigen

GaINAc

B antigen

Gal
Gal

Fuc

H type 1

Lewisb

Lewisa

Fuc

GlcNAc R

α1,3

α1,3 α1,2 α1,4

β1,3

Type 2 chain

A antigen

GaINAc

B antigen

Gal
Gal

Fuc

H type 2

Lewisy

Lewisx

Fuc

GlcNAc R

α1,3

α1,3 α1,2 α1,3

β1,4

Lewis Antigens. Fig. 1 Schematic representation of type 1 and

type 2 ABH and Lewis antigens. Histo-blood group A is defined

by the a1,3 terminal GalNAc, histo-blood group B is defined by

the a1,3 terminal Gal, and the absence of further elongation of the

H structure is characteristic of histo-blood group O individuals.

Synthesis of type 1 Lewis antigens (Lea and Leb) and type 2

Lewis antigens (Lex and Ley) depends upon activity

of fucosyltransferases (see text for details). GlcNAc N-acetyl-

glucosamine, Gal Galactose, GalNAc N-acetyl-galactosamine,

Fuc Fucose, A antigen Histo-blood group antigen A, B antigen
Histo-blood group antigen B

Type 1 chain

Gal GlcNAc

FucNeuAc

Sialyl-lewisa

α2,3 α1,4

R
β1,3

Type 2 chain

Gal GlcNAc

FucNeuAc

Sialyl-lewisx

α′ 2,3 α1,3

R
β1,4

Lewis Antigens. Fig. 2 Schematic representation of sialylated

Lewis antigens – sialyl-Lea and sialyl-Lex. NeuAc sialic acid

(neuraminic acid)

L 2032 Lewis Antigens
sialyl-Le were identified as cancer cell-surfac

molecules involved in ▶ adhesion to endotheli

cells, through E-▶ selectin-Mediated Adhesion (an

P-▶ selectin). Binding of tumor cells to endotheli

cells, in a model that mimics leukocyte extravasatio

contributes to the establishment of tumor growth

distant sites by hematogenous metastization. Sever

studies, analyzing cancers from different orga

origins, showed that expression of these sialylate

Lewis antigens correlated to the prognosis of th

patients, reinforcing their role on metastatic behavio

They are more frequently overexpressed in carcino

mas, mainly adenocarcinomas, but also in leukemi

Mechanisms underlying overexpression of sialyl-Lea

in cancer cells have been recently clarified in som

cancer models and essentially result from altere

expression of a2,3 ▶ sialyltransferases and/or of

1,3/4 fucosyltransferases, responsible for their synth

sis (Fig. 2). A viral gene product that induces HTLV-

viral-associated leukemias was shown to transactiva
l

l

,

t

fucosyltransferase VII, an a1,3 fucosyltransferase wi
rate-limiting activity for the synthesis of sialyl-Lex

leukocytes, and therefore induces a strong constitutiv

expression of sialyl-Lex in leukemic cells. Other mec

anisms controlling gene expression, including methy

ation and identification of transcription factors, a

under investigation.

The role of sialylated Lewis antigens in the met

static process led to the development of several ne

candidate therapeutic approaches. Therapeutic strat

gies have been attempted to reduce the biosynthesis

sialylated Lewis antigens. Specifically, the synthesis

sialyl-Lex was successfully inhibited in colon carc

noma cell lines by using a disaccharide competitiv

substrate as a decoy. An alternative approach is to u

monoclonal antibodies directed to sialyl-Lea/x or an

logs of the sialyl-Lea/x to block adhesion of tumor cel

to endothelial cells and prevent metastization.
.

.
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Lewis Enzyme

Definition

A product of the Lewis gene, also name

fucosyltransferase3 (FUT3), that catalyzes addition o

fucose in a1,3/4 position onto type 1 and type 2 chain

▶Lewis Antigens
d

e

Lewisx

Definition

Oligosaccharide corresponding to the histo-bloo

group antigen.

▶CEA Gene Family
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Lexatumumab

Definition

Is an anti-▶DR5 humanized antibody that was gene

ated using a phage display and screening for DR

binding properties. In contrast to ▶mapatumuma

no data on specificity, selectivity, and affinity of th

antibody are publicly available. Lexatumumab exe

pronounced apoptotic reactions in a wide array o

malignant cell systems when used alone. The dru

has proven efficacy on tumor growth in ▶ xenogra

systems from renal cell carcinoma, non-small cell lun

cancer, breast cancer, and glioma. The combination o

lexatumumab with various chemotherapeutic agen

(camthotecin, ▶ cisplatin, carboplatin, ▶ paclitaxe

▶ doxorubicin, bortezomib) or radiation increased th

efficacy in cell lines and xenografts. The underlyin

mechanisms of sensitization are still not complete

understood. However, it seems likely that the presenc

of the pro-apoptotic ▶Bax molecule as well as th

up-regulation of the respective receptor participate

the increased efficacy of the combined approach.

▶TRAIL Receptor Antibodies
.

Leydig Cell Tumor

Definition

Tumor derived from ▶Leydig cells as normally see

in the testis. They can occur in both testis and ovari

and can be hormonally active. While testicular Leyd

cell tumors may be malignant, their ovarian counte

parts are usually benign.
Leydig Cells

Definition

Cells in the testes that secrete the hormon

▶ testosterone.
LFS

Definition

Li-Fraumeni cancer family syndrome.

▶Li-Fraumeni Syndrome
,

t

t

LH

Definition

Abbreviation for ▶Luteinizing Hormone
,

LHRH

Definition

Luteinizing hormone-releasing hormone: A hormon

that controls sex hormones in men and women.

released from the hypothalamus of the brain when th

hypothalamus detects dropping levels of ▶ testoste

one. LHRH binds to the receptors of the pituitar

gland, which releases ▶ luteinizing hormone (LH

that travels to the testicles and stimulates th

http://dx.doi.org/10.1007/978-3-642-16483-5_3336
http://dx.doi.org/10.1007/978-3-642-16483-5_969
http://dx.doi.org/10.1007/978-3-642-16483-5_1727
http://dx.doi.org/10.1007/978-3-642-16483-5_3531
http://dx.doi.org/10.1007/978-3-642-16483-5_6278
http://dx.doi.org/10.1007/978-3-642-16483-5_1189
http://dx.doi.org/10.1007/978-3-642-16483-5_4344
http://dx.doi.org/10.1007/978-3-642-16483-5_1722
http://dx.doi.org/10.1007/978-3-642-16483-5_543
http://dx.doi.org/10.1007/978-3-642-16483-5_5888
http://dx.doi.org/10.1007/978-3-642-16483-5_6831
http://dx.doi.org/10.1007/978-3-642-16483-5_5741
http://dx.doi.org/10.1007/978-3-642-16483-5_3345
http://dx.doi.org/10.1007/978-3-642-16483-5_6804
http://dx.doi.org/10.1007/978-3-642-16483-5_5741
http://dx.doi.org/10.1007/978-3-642-16483-5_5741
http://dx.doi.org/10.1007/978-3-642-16483-5_6804
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L 2034 LH-RH
production of testosterone. In ▶ prostate cancer ho

monal therapy, LHRH antagonists and agonists a

used to prevent the pituitary gland to release LH. Th

level of testosterone will drop to 5–10%, which

called▶ castrate level. The use of an LHRH antagoni

or agonist in prostate cancer hormonal therapy

referred to as chemical castration. LHRH is als

referred to as gonadotropin hormone releasing ho

mone (GnRH). In prostate cancer hormonal therap

the removal of testosterone from the body will tempo

rarily slow or stop the growth and spread of the diseas

▶Gonadotropin-Releasing Hormone
LH-RH

Definition

Luteinizing hormone-releasing hormone.

▶Adjuvant Chemoendocrine Therapy
e

e

e

in

n

f

e

g

LHRH Agonists

Definition

Are analogues of gonadotropin releasing hormon

(LHRH ¼ Luteinizing Hormone Releasing Hormon

also called – gonadotropin-releasing hormon

(GnRH)). They act as potent inhibitors of gonadotrop

secretion. When given continuously, this treatme

will ultimately result in near ▶ castrate level o

▶ testosterone.

▶Gonadotropins

▶ Prostate Cancer Hormonal Therapy
to

y

a

se

in

of

o

LHRH Antagonists

Definition

Are used in ▶ prostate cancer hormonal therapy

control the growth and spread of prostate cancer b

▶ testosterone ablation (reduction). An antagonist is
t

,

.

chemical agent that mimics the shape of

natural agent and binds to a receptor instead of th

natural agent. While the antagonist is in plac

the natural agent cannot bind to the receptor. LHR

antagonist mimics natural luteinizing hormon

releasing hormone (▶LHRH) and binds to the rece

tor of the pituitary gland where it induces the synth

sis of ▶ luteinizing hormone (LH) which in tur

signals to the testicles to produce ▶ testosteron

When LHRH antagonists are bound to receptor, th

signaling cascade is interrupted, and the pituita

gland does not receive the information necessary

produce LH. As a consequence, testosterone produ

tion drops to ▶ castrate level.
LI Element

Definition

▶LINE
;

,

t

Lichenification

Definition

Thickening of the skin with an exaggeration of th

normal skin markings resulting from chronic rubbin

and scratching.

▶ Sezary Syndrome
Lichenoid Dermatitis

Definition

A form of neurodermatitis, characterized by inten

pruritus with exudative, weeping patches on the sk

scattered irregularly over most of the body, many

which are of the eczematous type and underg

▶ lichenification.

▶Rituximab

http://dx.doi.org/10.1007/978-3-642-16483-5_6830
http://dx.doi.org/10.1007/978-3-642-16483-5_6830
http://dx.doi.org/10.1007/978-3-642-16483-5_6833
http://dx.doi.org/10.1007/978-3-642-16483-5_2477
http://dx.doi.org/10.1007/978-3-642-16483-5_108
http://dx.doi.org/10.1007/978-3-642-16483-5_6833
http://dx.doi.org/10.1007/978-3-642-16483-5_5741
http://dx.doi.org/10.1007/978-3-642-16483-5_6911
http://dx.doi.org/10.1007/978-3-642-16483-5_6830
http://dx.doi.org/10.1007/978-3-642-16483-5_6830
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http://dx.doi.org/10.1007/978-3-642-16483-5_3342
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http://dx.doi.org/10.1007/978-3-642-16483-5_5112
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Licorice

Synonyms

Liquorice
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Definition

Is a shrub native to southern Europe and Asia, the roo

of which have two primary desirable qualities: firs

some varieties of licorice root are 50 times sweet

than sugar and may be chewed or eaten as a sweet an

making it a useful component of candies and flavo

ings; second, licorice has been for thousands of yea

sought after for its reputed medicinal qualities.
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LIF

▶Leukemia Inhibitory Factor
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Life Table Estimates

▶Kaplan-Meier Survival Analysis
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Li-Fraumeni Syndrome

Magali Olivier and Pierre Hainaut

Group of Molecular Carcinogenesis and Biomarkers

International Agency for Research on Cancer, World

Health Organization, Lyon, Cedex 08, France
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Definition

Li-Fraumeni syndrome (LFS) is a rare autosomal di

order characterized by a familial clustering of tumor

with a predominance of sarcomas, breast cancers, bra

tumors, and adrenocortical carcinomas, diagnose

before the age of 45 years. Other cancers, such a

leukemia, lung cancer, gastric cancer, skin melanom

pancreatic cancer, and ovarian cancer are also prese
in excess in some families and, in some cases, ger

cell tumors, choroid plexus papilloma, and Wilm

tumor have been reported as part of the spectrum.
,

,

,

t

Characteristics

Diagnostic Criteria

The clinical criteria used to identify a classic LF

family are:

• Proband with sarcoma before the age of 45

• A first-degree relative with any tumor before age 4

• Another close relative (second or first degree) wi

cancer before age 45 or a sarcoma at any age

Several clinical criteria for the diagnosis of LFS-lik

(LFL) families have also been proposed:

• LFL-E1 (Eeles definition 1): Two different tumo

which are part of extended LFS in first- or secon

degree relatives at any age (sarcoma, breast cance

brain tumor, leukemia, adrenocortical tumor, mel

noma, prostate cancer, pancreatic cancer).

• LFL-E2 (Eeles definition 2): Sarcoma at any age

the proband with two of the following (two of th

tumors may be in the same individual): breast ca

cer at <50 years and/or brain tumor, leukemi

adrenocortical tumor, melanoma, prosta

cancer, pancreatic cancer at <60 years or sarcom

at any age.

• LFL-B (Birch definition): Proband with any chil

hood cancer or sarcoma, brain tumor or adrenoco

tical carcinoma at <45 years, with one first-

second-degree relative with typical LFS canc

(sarcoma, breast cancer, brain tumor, leukemia,

adrenocortical carcinoma) at any age, plus one firs

or second-degree relative in the same lineage wi

any cancer diagnosed under age 60.

• Chompret (2009 version): (1) Proband with tum

belonging to LFS tumor spectrum (sarcoma, bra

tumor, premenopausal breast cancer, or adrenoco

tical carcinoma) before 46 years and at least on

first- or second-degree relative with LFS tum

(except breast cancer if the proband has brea

cancer) before 56 years or multiple primary tumor

or (2) proband with multiple tumors (except mult

ple breast cancer), two of which belong to the LF

tumor spectrum and the first of which occurre

before 46 years; or (3) proband with adrenocortic

carcinoma or choroid plexus tumor, irrespective

family history.

http://dx.doi.org/10.1007/978-3-642-16483-5_3324
http://dx.doi.org/10.1007/978-3-642-16483-5_3196
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L 2036 Li-Fraumeni Syndrome
Genetics

The genetic origin of LFS was discovered in 1990 whe

four LFS families had been found to carry a germ lin

mutation in the tumor suppressor gene ▶TP5

(OMIM#191170). Since then, more than 400 famili

or individuals who are carriers of a TP53 mutation hav

been reported in the scientific literature. A database th

compiles data from the literature and serves as a repo

itory for data on patients and families with a TP53 ger

line mutation, or with LFS/LFL syndromes

maintained at IARC (http://www-p53.iarc.fr/Germlin

html). Data from the IARC TP53 database show that

approximately 81% (116/143) of LFS cases, and 67%

(97/145) of LFL cases, affected family members carry

germ line mutation of one allele of the TP53 tum

suppressor gene. In some families, mutations in oth

genes have been reported. Two LFS and 3 LFL famili

had a heterozygous CHEK2 germ line mutation, whi

one LFL family had a ▶CDKN2A mutation and on

LFS family a ▶PTEN mutation. These genes are a

connected to the p53 pathway. CHEK

(OMIM#604373) (▶Checkpoint Kinases) encod

a protein kinase that is involved in checkpoint contr

in response to DNA damage and acts upstream of p53

the G1 checkpoint. CDKN2A (OMIM#60016

encodes two proteins, the cyclin-dependent kinas

inhibitor p16(INK4) and the tumor suppresso

p14(ARF). P14(ARF) is activated by oncogenic stre

and promotes cell-cycle arrest via the inhibition of th

neutralization of p53 by MDM2. PTE

(OMIM#601728) is a tumor suppressor gene encodin

a protein phosphatase that negatively regulates th

PI3-kinase/Akt (OMIM#164730) signaling pathwa

PTEN is also a transcriptional target of p53 that ac

downstream of p53. Alteration of the p53 pathway

thus the main cause of LFS/LFL syndromes, mutation

the TP53 gene being the most prevalent alteration.

fact, it is now recognized that CHEK2 does not predi

pose to LFS/LFL, but only to the breast cancers that hav

occurred in the context of these families. A study on 1

LFS families with wild-type TP53 has excluded PTEN

CHEK2, and CDKN2A as candidate genes in LFS.

The clinical criteria proposed by Chompr

are currently recognized as the best criteria fo

predicting the presence of a TP53 germ line mutatio

TP53 Germ Line Mutations

The tumor suppressor gene TP53 (OMIM:19117

synonym: P53), located on chromosome 17p13.1, h
t

.

l

l

.

,

t

.

,

11 exons that span 20 kb. Exon 1 is noncoding and exon

5–8 are remarkably conserved among vertebrates. Th

TP53 gene encodes an ubiquitous phosphoprote

involved in many overlapping cellular pathways th

control cell proliferation and homeostasis, such as ce

cycle, apoptosis, and DNA repair. The p53 protein

a transcription factor constitutively expressed in mo

cell types and is activated in response to variou

genotoxic and non-genotoxic stress signals. Loss

p53 function is thought to suppress a mechanism

protection against accumulation of genetic alterations

Type and Origin of TP53 Mutations

Among TP53 germ line mutations, point mutations a

the most frequent (90%), followed by deletions (7%

insertions (2%), and other complex mutations.

As with somatic TP53 mutations, TP53 germ lin

mutations are located in highly conserved regions

the DNA-binding domain (exons 5–8), with maj

hotspots at codons 175, 245, 248, and 273 (Fig. 1

These mutations correspond to G:C > A:T transition

at CpG sites that are considered to be of endogenou

origin, i.e., formed as a result of deamination of

methylcytosine, a reaction that occurs spontaneous

but which is usually corrected by DNA repair mech

nisms. The occurrence of such mutations may b

increased by factors that enhance the rate of methyl

tion or the rate of deamination of 5-methylcytosine,

well as by defects in mismatch repair. Compared

somatic mutations, TP53 transitions at CpG sites a

more frequent, representing 55% of all germ line mut

tions compared to 25% in sporadic cancers. Overa

the spectrum of TP53 germ line mutations is consiste

with a formation through endogenous mutagenesi

rather than with causation by exposure to exogenou

mutagenic carcinogens.

A germ line–specific mutation hotspot has recent

been described, R337H. It also results from a G

C > A:T transition at a CpG site but is located outsid

the DNA-binding domain, in the oligomerizatio

domain. This mutant has been found in Brazilian chi

dren affected by adrenocortical carcinomas and

Brazilian LFL families. It is considered of low pen

trance and its prevalence in Brazil has been shown

be due to a founder effect.

Tumor Spectrum in TP53 Mutation Carriers

Breast cancers, sarcomas (soft tissue sarcomas an

osteosarcomas), brain tumors, and adrenocortic

http://dx.doi.org/10.1007/978-3-642-16483-5_5875
http://www-p53.iarc.fr/Germline.html
http://www-p53.iarc.fr/Germline.html
http://dx.doi.org/10.1007/978-3-642-16483-5_966
http://dx.doi.org/10.1007/978-3-642-16483-5_4856
http://dx.doi.org/10.1007/978-3-642-16483-5_1050
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Li-Fraumeni Syndrome. Fig. 1 Similar to sporadic cancers,

TP53 germ line mutations preferentially occur in hotspot regions

at codons 175, 245, 248, and 273. Specific to the germ line,

a mutation at codon 337 (R337H, in the conserved oligomeriza-

tion domain) is frequently found in the Brazilian population

(IARC TP53 database, R15, November 2010)
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carcinomas account for about 80% of all tumors ari

ing in TP53 germ line mutation carriers (Table 1

Childhood adrenocortical carcinomas (ADR, 14% o

tumors) have been shown to be a hallmark for th

presence of a TP53 germ line mutation. Brain tumo

(12% of all tumors) are mostly of astrocytic orig

(65%). Pediatric brain tumors, including medullo

blastomas and related primitive neuroectoderm

tumors, and choroid plexus tumors are less frequen

This correlates with the occurrence of TP53mutation

in sporadic brain tumors, which prevail in astrocyto

mas and are considerably less frequent in medullo

blastomas. In addition to the four main types o

cancers strongly associated with TP53 mutatio

seven types of cancers account for 14% of all cancer

They include leukemia/lymphomas, Wilms’ tumo

malignant phyllodes tumor, carcinoma of the pan

creas, stomach and colorectal cancers that we

found to be weakly to moderately associated wi

TP53 germ line mutation, and lung and ovarian can

cers. Although the frequent occurrence of lung an

ovarian cancer might be due to the fact that they a

frequent in the general population, they occur signi

icantly earlier in TP53 germ line carriers compared

sporadic cases (Table 1).
.

l

.

,

.

,

Age Distribution in Relation to Tumor Type

While the histopathologic characteristics of tumo

associated with TP53 germ line mutations are ve

similar to their sporadic counterparts, their age

onset show marked organ-specific difference

(Fig. 2). Adrenocortical carcinomas associated wi

a TP53 germ line mutation develop almost exclu

sively in children, while sporadic adrenocortical ca

cinomas have a broad age distribution with a pea

beyond age 40 (Table 1). Bone sarcomas occur main

in adolescents while soft-tissue sarcomas are mo

frequent in childhood. Brain tumors have a biphas

age distribution, with a first pick in childhoo

and a second pick between 20 and 40 years. Brea

carcinomas are more prevalent in the 20–40 ag

range.

Gender Distribution of Patients with TP53 Germ

Line Mutations

The gender distribution for these tumors (Table

shows an excess of males for brain tumo

hematopoetic cancers, and stomach cancer, where

an excess of females was observed for adrenocortic

carcinoma and skin cancer. All of the breast cance

were in females. This gender distribution is similar
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Li-Fraumeni Syndrome. Table 1 Tumor type, age at onset, and gender distribution in TP53 germ line mutation carriers (IARC

TP53 database, R12, October 2007)

Tumor type Number N (%)

Median age at diagnosis Male (ratio) (%)

TP53 carriers Sporadica TP53 carriers Sporadica

Breast cancer 217 (25.9) 33 63.1 0 (0/217) 0.7

Soft tissue sarcoma 142 (16.9) 14 61.3 43 (56/129) 53

Adrenocortical carcinoma 117 (13.9) 2 41.9 25 (29/116) 51

Brain tumor 101 (12.0) 15.5 57.4 64 (58/91) 56

Bone sarcoma 98 (11.7) 15 43.3 49 (43/88) 56

Leukemia/lymphoma 31 (3.7) 17 65.1 59 (13/22) 55

Lung cancer 22 (2.6) 41 68.7 50 (11/22) 66

Skin 20 (2.4) 50 – 19 (3/16) –

Colorectal cancer 18 (2.1) 39 71.6 47 (7/15) 50

Stomach cancer 15 (1.8) 38 72.6 67 (10/15) 62

Ovarian cancer 13 (1.5) 39.5 64.3 0 (0/13) 0

Other 45 (5.4) – – – –

aData based on cancer registries fromUSA, France, and United Kingdom compiled in Cancer Incidence in Five Continents v. 7, 1997

L 2038 Li-Fraumeni Syndrome
the one of sporadic cancers observed in the gener

population with the exception of adrenocortic

carcinoma, which occur significantly more frequent

in females than in males in TP53 mutation carrie

compared with sporadic cases in the gener

population.

Functional Consequences and Phenotype of Germ

Line Mutations

The majority of TP53 germ line mutations are mi

sense mutations (80%), followed by nonsense, fram

shift deletions and insertions, mutations in splice site

and other intronic or complex mutations. p53 muta

proteins resulting from missense mutations differ fro

each other in the extent to which they have lo

transactivation activities, and in their capacity

inhibit wild-type p53 in a dominant-negative manne

In addition, some p53 mutants appear to exert an onco

genic activity of their own, but the molecular basis o

this gain-of-function phenotype is still unclear. It

thus expected that p53 germ line mutants exert distin

biological activities that could influence tumor pen

trance in term of organ sites or age at onset. Genotyp

phenotype correlations have been reported in rece

studies:

Brain tumors were more likely to be associated wi

missense mutations located within the DNA

binding surface of p53 protein that makes contac

with the minor groove of DNA.
l

l

l

,

t

t

.

t

/

t

Adrenocortical carcinomas were more likely to b

associated with missense mutations located outsid

the DNA-binding surface.

Mutations with complete loss of transactivation acti

ities were associated with earlier onset breast an

colorectal cancers compared to mutations th

retain some trans-activation capacities.

Truncating mutations were associated with earli

onset brain tumors compared to all other mutation

Thus, the penetrance of a mutation may be related to i

degree of loss of trans-activation capacities, at lea

in some tissues. The notion that loss of function is

itself sufficient for causing LFS is substantiated b

the fact that a large deletion encompassing th

whole TP53 gene has been reported in an LF

family.

These observations show that the degree of loss

trans-activation capacities may affect the type an

age at onset of tumors in LFS patients. It is not y

known how other functional properties contribute

mutation phenotypes.

Mutation Detection Methods and Results

Interpretation

TP53 germ line mutations are very diverse an

scattered along the entire gene coding sequenc

including splice sites in introns. These mutation

have different biological effects that may affect the

phenotype. Large deletions of the gene have also bee
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Li-Fraumeni Syndrome. Fig. 2 Distribution of the age at onse

of the five main types of tumors associated with TP53 germ line

mutations (IARC TP53 database, R12, October 2007). ADR adre

nocortical carcinoma,STS soft tissue sarcoma,BoneS bone sarcoma
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reported in some LFS families. To fully assess TP5

status in an individual, it is thus recommended

(1) use sequencing techniques to precisely identi

the mutation, (2) screen all exons and splice junction

of the gene, and if no mutation is found, and (3) searc

for large gene deletions. A protocol for direct sequen

ing of TP53 is available in the IARC TP53 databas

(http://www-p53.iarc.fr/Download/TP53_DirectSeque

cing_IARC.pdf). A kit for detecting large deletions

available commercially (MLPA, http://www.mlp

com/pages/p056pag.html).

For interpreting sequence analysis results, it

recommended to follow guidelines proposed by th

ACMG (http://www.acmg.net/resources/policies/po

027.pdf) working group and to consult the IAR

TP53 Database to retrieve information on mutatio

prevalence and phenotype. If the mutation has alread

been reported as a germ line mutation, the associate

tumor spectrum can be retrieved (http://www-p53.iar

fr/TumourCriteria.ASP). If the mutation has nev

been described in cancer families, data on its frequenc

in sporadic cancers and biological impacts (assessed

functional assays or predicted by sequence conserv

tion models) can be retrieved (http://www-p53.iarc.f

MutationValidationCriteria.asp) to estimate its fun

tional severity.

If no alteration is found in TP53 gene, the fami

history may be carefully checked since certain famili

with LFS/LFL resemble families with hereditar

breast cancer, who are candidates for BRCA1

BRCA2 testing (see ▶BRCA1/BRCA2 Heredita

Breast Cancer), while other families may resemb

kindreds with familial brain tumors.
ve

ne

i-

a-

ly

es

nd

ly

3

ct
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L 2040 Ligament of Treitz
Ligament of Treitz

Definition

The suspensory ligament to the fourth part of th

duodenum.

▶ Pseudomyxoma Peritonei
r
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Ligands

Definition

From a chemistry viewpoint, it is an atom, ion, o

molecule that generally donates one or more of i

electrons through a coordinate covalent bond to, o

shares its electrons through a covalent bond with, on

or more central atoms or ions (these ligands act a

a Lewis base). In biology, ligands are referred

small molecules (including peptides, amino acid

etc.) that bind proteins and alter their function.

▶Dioxin

▶Gastrointestinal Stromal Tumor

▶Orphan Nuclear Receptors
Light Tomography

▶Optical Mammography
n

f

e
Light-Induced Fluorescence Endoscopy

Definition

Is a bronchoscopy system for neoplasia detectio

based upon differential autofluorescence properties o

early and invasive lung cancer.

▶ Fluorescence Diagnostics

▶Laser Diagnostics
,

LIM Domain

Definition

Is a cysteine-rich domain composed of two tandem zin

fingers that are joined by a two-amino acid spacer.

functions as a modular protein-binding interface. Th

acronym “LIM” is derived from the first three protein

shown to harbor LIM domains: Caenorhabditis elegan
LIN-11, rat Isl1, and ▶C. elegans MEC-3. A sing

LIM domain consists of about 55 amino acids

which eight, mostly cysteines and histidines, are high

conserved. The latter bind two zinc ions, one for eac

zinc finger. The LIM consensus sequence has bee

defined as CX2CX16–23HX2CX2CX2CX16–21CX2(C/H

D) (X represents any amino acid). LIMdomains occur

a wide variety of eukaryotic organisms but are abse

from prokaryotes. LIM proteins have a function

a wide variety of biological processes, such as cytoske

etal functions and control of gene expression.

▶Lipoma Preferred Partner
LIM Domain Containing Preferred
Translocation Partner in Lipoma

▶Lipoma Preferred Partner
LIMD1

Definition

LIM domain-containing protein 1 is a member of th

▶ zyxin family of proteins.

▶Lipoma Preferred Partner
LINAC

Linear Accelerator; ▶ radiation oncology

http://dx.doi.org/10.1007/978-3-642-16483-5_4843
http://dx.doi.org/10.1007/978-3-642-16483-5_1633
http://dx.doi.org/10.1007/978-3-642-16483-5_2336
http://dx.doi.org/10.1007/978-3-642-16483-5_4262
http://dx.doi.org/10.1007/978-3-642-16483-5_4248
http://dx.doi.org/10.1007/978-3-642-16483-5_2217
http://dx.doi.org/10.1007/978-3-642-16483-5_3286
http://dx.doi.org/10.1007/978-3-642-16483-5_759
http://dx.doi.org/10.1007/978-3-642-16483-5_3380
http://dx.doi.org/10.1007/978-3-642-16483-5_3380
http://dx.doi.org/10.1007/978-3-642-16483-5_6308
http://dx.doi.org/10.1007/978-3-642-16483-5_3380
http://dx.doi.org/10.1007/978-3-642-16483-5_4903
http://dx.doi.org/10.1007/978-3-642-16483-5_3364
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LINE

Synonyms

LI element

Definition

Long interspersed nuclear element; typically 6–8 k

pair long and frequent DNA sequences randomly di

tributed throughout the genome. In humans, LIN

sequences make up approximately 20% of the genom

frequent are LINE-1, LINE-2, and LINE-3 element

They mostly localize to AT-rich regions in the euchro

matin. Because LINES move by copying themselve

(instead of moving, like transposons do), they enlarg

the genome. The human genome, for example, con

tains about 900,000 LINE sequences.

LINE sequences are transposable elements, whic

use RNA as an intermediary step. They encompa

genes encoding two proteins: one RNA-binding, th

other having activities of reverse transcriptase an

endonuclease, which enable them to copy themselve

Their distribution pattern is unique for each individu

genome, and their position therefore is diagnostic for th

identity of individuals.

▶ Sticker sarcoma
o

re
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d
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LINE-1 Elements

Suzanne M. Benjes and Christine M. Morris

Cancer Genetics Research Group, University of Otag

at Christchurch, Christchurch, New Zealand

Definition

Long interspersed nuclear elements (LINE-1 or L1) a

a family of DNA repeat sequences with �500,00

copies comprising �17% of the human genome.
5

s

y

l-

is
Characteristics

Structure

Full-length elements are �6 kb, include a 910 bp

untranslated region (UTR), two open reading frame
,

.

.

l

0

(ORF-1 and ORF-2) that are separated by a 63 bp inte

ORF region, a 205 bp 30UTR, a variable length poly-
tail and are typically flanked by short direct target si

duplications of 2–20 bp. The 50UTR contains an inte

nal promoter which drives L1 expression and also h

an antisense promoter permitting transcription of th

50UTR and its upstream genomic region. ORF

encodes a �40 kDa protein (p40 or ORF1p) wi

RNA-binding affinity and nucleic acid chaperon

activity. ORF-2 encodes a �150 kDa prote

(ORF2p) with endonuclease, reverse transcriptas

and cysteine-rich domains (Fig. 1). The majority

L1 copies are either 50 truncated, inverted, or conta
point mutations. An estimated 3,000–10,000 copies a

full-length with only �1% of these elements able

encode the factors needed for autonomous moveme

(▶ retrotransposition) enabling copying of L

sequence and insertion into a new genomic location.

Genomic Impact

Although once considered “junk DNA,” it is now rea

ized that repetitive DNA families have influenced an

shaped the human genome in both detrimental an

beneficial ways. L1 elements can cause constitution

and somatic cell disease through not on

retrotransposal insertion, but also as facilitators

recombination giving rise to genomic deletions, tran

locations, and other chromosomal rearrangements. L

elements have contributed substantially to the increa

in DNA mass of human cells over evolutionary tim

Over one-third of the human genome can be attribute

to the activities of these elements either direct

through self replication and insertion or indirectly b

providing retrotransposal proteins enabling expansio

of the nonautonomous ▶Alu element, ▶ processe

pseudogene, and ▶ SVA repeat families. L1 elemen

contribute to reshuffling and relocation of DN

sequence through transduction of genomic sequenc

either 30 or 50 of the parent L1 during the retrotra

sposition process. Further proposed roles of L1 el

ments include involvement in ▶X chromosom

inactivation, downregulating or altering mRN

expression of the host gene in some cases of intron

insertion, and repair of double strand DNA breaks b

L1 insertion.

Role in Human Cancer

L1 element expression is normally restricted to deve

oping germ cells. In somatic cells their activity

http://dx.doi.org/10.1007/978-3-642-16483-5_3344
http://dx.doi.org/10.1007/978-3-642-16483-5_5512
http://dx.doi.org/10.1007/978-3-642-16483-5_5080
http://dx.doi.org/10.1007/978-3-642-16483-5_213
http://dx.doi.org/10.1007/978-3-642-16483-5_4748
http://dx.doi.org/10.1007/978-3-642-16483-5_4748
http://dx.doi.org/10.1007/978-3-642-16483-5_5611
http://dx.doi.org/10.1007/978-3-642-16483-5_6269
http://dx.doi.org/10.1007/978-3-642-16483-5_6269
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~ 6 kb

ORF-1

EN RT z .AAAA…

TSD

ORF-2 3′UTR

LINE-1 Elements. Fig. 1 Structure of a full-length human L1

element. The ~6 kb retrotransposon is flanked by target site

duplications (TSD) and consists of (i) a 50UTR with internal

sense (P) and antisense (ASP) promoters; (ii) two open reading

frames, ORF-1 encodes a 40 kDa RNA-binding protein, ORF-2

encodes a 150 kDa protein with endonuclease (EN) and reverse

transcriptase (RT) activity, and contains a conserved zinc

knuckle-like domain (Z) residing within a cysteine-rich region;

(iii) a 30UTR terminating in a poly-A tail

L 2042 Lineage
believed to be suppressed by a number of mechanism

including DNA ▶methylation, TP53 activity, effec

leading to L1 RNA instability, and packaging into ina

tive chromatin. However, in some cancer cells L

sequences become reactivated, largely through wid

spread ▶ hypomethylation of repetitive sequence. Can

cer subtypes showing hypomethylation of L1 sequenc

identified so far include testicular, colon, liver, ovaria

bladder, prostate, breast, and the hematological mali

nancies ▶ chronic lymphocytic leukemia (CLL) an

chronic myeloid leukemia (CML, ▶BCR-ABL1). I

some instances hypomethylation is found early in th

disease, for example, in colon and bladder cancers. I

other cases, including CML,CLL, prostate, ovarian, an

breast cancer, L1 hypomethylation is reported to occ

as the disease progresses. Limited studies also sugge

that L1 hypomethylationmay be associatedwith clinic

outcome.

It would be expected that with reactivation of L

elements, assaults to the genome associated wi

retrotransposition, that is, mutagenesis, illegitima

recombination, altered transcriptional activity, an

gene regulation, would occur. However, wherea

there is considerable evidence pointing to L1 transcrip

tional reactivation through hypomethylation, there a

limited documented examples of L1 elements assoc

ated with cancer. Rare cases have been reported an

include L1 insertions into the ▶APC and upstream o

the ▶MYC genes resulting in deregulation of thes

genes causing colon and breast cancer, respectivel

L1 elements are found at breakpoint sites, for exampl

inserted into the junction of a t(11;22) in

▶ desmoplastic small round cell tumor or are enriche

at carcinoma genomic breakpoints, for exampl

3p14.1 and 9p21 deletions.
,

t

l

Reasons for the small number of reports in this fie

of interrogation could be due to either technical

biological factors. Current laboratory techniques use

to investigate genetic alterations may have difficul

detecting subtle changes in L1 activity, and limite

numbers of cases are examined at the detailed lev

required to identify L1 insertions or other L1 mediate

genomic rearrangements. There also may be addition

safeguards within cells that provide protection again

the activities of L1 elements. Therefore, it remains

be clarified the actual extent that reactivation of L

elements in cancer cells plays in the initiation an

progression of cancer.
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Lineage

Definition

The natural progression from an immature cell type

one or more differentiated cell types.
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Lineage Differentiation Tumor Antigen

Definition

Tumor antigens that are expressed in a cell typ

restricted manner by malignant cells and their norm

counterpart. For example, proteins of the tyrosinas

family of enzymes, which are responsible for th

synthesis of melanin pigment in melanocytes, a

frequently recognized by the cellular as well as th

humoral immune system in melanoma patients.

▶Melanoma Vaccines
f

e

L

Lineage Restriction

Definition

The inability of one lineage to give cell types o

another, that is, to cross lineage boundaries.
er

r

n

e

to
Linear Accelerator

Definition

LINAC is a device that accelerates electrons and oth

charged particles using electromagnetic waves. Fo

radiotherapy applications, a high-energy electro

beam is guided through a vacuum conduit to hit th

metal foil in the path of the electron beam and

generate high energy X-rays.

▶Radiation Oncology
a

d

e

o-

al

,

s.

d

e,

e

Linearly Patterned Programmed Cell
Necrosis

Definition

Is a kind of cell death. It shares morphologic

characteristics of traditional▶necrosis, but it is regulate

by the ▶ apoptosis-related gene program. Under th
l

stimuli of ▶ hypoxia, a cluster of tumor cells exert th

death and connect with each other by lines and network

providing the space basement for vasculogenic mimicry

▶Vasculogenic Mimicry
Lingual Cancer

▶AAV
Linkage

Definition

Tendency for ▶ alleles at two genetic locations to b

transmitted from parent to child in combination.

▶Linkage Disequilibrium
Linkage Disequilibrium

Ellen L. Goode

Epidemiology, Mayo Clinic; College of Medicine,

Rochester, MN, USA
Synonyms

Allelic association; LD
l

Definition

Linkage disequilibrium refers to the non-random ass

ciation of ▶ alleles at two or more loci in a gener

population.When alleles are in linkage disequilibrium

▶ haplotypes do not occur at the expected frequencie

Linkage disequilibrium between two alleles is relate

to the time of the mutation events, genetic distanc

and population history. It can be used to improve th

power of cancer ▶ genetic association studies.

http://dx.doi.org/10.1007/978-3-642-16483-5_3613
http://dx.doi.org/10.1007/978-3-642-16483-5_4903
http://dx.doi.org/10.1007/978-3-642-16483-5_3994
http://dx.doi.org/10.1007/978-3-642-16483-5_361
http://dx.doi.org/10.1007/978-3-642-16483-5_2926
http://dx.doi.org/10.1007/978-3-642-16483-5_6165
http://dx.doi.org/10.1007/978-3-642-16483-5_8
http://dx.doi.org/10.1007/978-3-642-16483-5_6570
http://dx.doi.org/10.1007/978-3-642-16483-5_3368
http://dx.doi.org/10.1007/978-3-642-16483-5_185
http://dx.doi.org/10.1007/978-3-642-16483-5_3291
http://dx.doi.org/10.1007/978-3-642-16483-5_6570
http://dx.doi.org/10.1007/978-3-642-16483-5_2562
http://dx.doi.org/10.1007/978-3-642-16483-5_2375
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Linkage Disequilibrium. Table 1 Allele frequencies

Locus Allele Observed frequency

A A1 p1
A A2 p2
B B1 q1
B B2 q2

Linkage Disequilibrium. Table 2 Haplotype frequencies

under linkage equilibrium

Haplotype Expected frequency

A1 B1 p1 � q1
A1 B2 p1 � q2
A2 B1 p2 � q1
A2 B2 p2 � q2

Linkage Disequilibrium. Table 3 Haplotype frequencies

under linkage disequilibrium

Haplotype

Observed

frequency

A2 and B2 in

positive LD

A2 and B2 in

negative LD

A1 B1 x11 x11 > p1 � q1 x11 < p1 � q1
A1 B2 x12 x12 < p1 � q2 x12 > p1 � q2
A2 B1 x21 x21 < p2 � q1 x21 > p2 � q1
A2 B2 x22 x22 > p2 � q2 x22 < p2 � q2

Linkage Disequilibrium. Table 4 The linkage disequilibrium

parameter D

Haplotype Observed frequency

A1 B1 x11 ¼ p1 � q1 + D

A1 B2 x12 ¼ p1 � q2 – D

A2 B1 x21 ¼ p2 � q1 – D

A2 B2 x22 ¼ p2 � q2 + D

L 2044 Linkage Disequilibrium
Characteristics

Introduction to Linkage Disequilibrium

Two or more alleles are said to be in linkage equilib

rium when they occur randomly in a population. Con

versely, alleles are in linkage disequilibriumwhen the

do not occur randomly with respect to each other.

Consider two neighboring polymorphic loci A an

B with two alleles each (A1 and A2, and B1 and B

respectively) having the allele frequencies shown

Table 1.

Under linkage equilibrium, the four haplotype

formed by these loci have the frequencies shown

Table 2. These are equal to the product of the compo

nent allele frequencies. The alleles are independen

for example, whether an individual carries allele A2

locus A is not dependent on whether this individu

carries allele B2 at locus B on this chromosome.

Under linkage disequilibrium, haplotypes do n

occur at the frequencies expected when the allele

were independent. Positive linkage disequilibriu

exists when two alleles occur together on the sam

haplotype more often than expected, and negative L

exists when alleles occur together on the same haplo

type less often than expected (Table 3). For exampl

suppose linkage disequilibrium existed such that th

alleles A2 and B2 tended to occur together, that i

alleles A2 and B2 were in positive linkage disequilib

rium. The probability that an individual carries alle

A2 at locus A is, to some extent, predictable based o

whether this individual carries allele B2 at locus B o

this chromosome. The observed haplotype frequencie

will differ from that expected as shown in Table 3.

Measures of Linkage Disequilibrium

Deviation of the observed from expected haplotyp

frequencies can be quantified by several linkag

disequilibrium measures. The basic linkage disequilib

rium parameter, D, was introduced in 1918 and

defined as D ¼ x11 � p1 � q1. This differenc

between observed and expected haplotype frequencie

is presented in Table 4. Although D is simple to calcu

late, its disadvantage is that it is sensitive to alle

frequencies at the extreme values of 0 to 1. D max

mizes when allele frequencies are both 0.5 and is n

calculated if an allele frequency equals 0 or 1.

In 1964, Lewontin suggested D0, a normalized

calculated by dividing D by its theoretical maximu

for the observed allele frequencies (D0 ¼ D/Dma
t

;

Table 5). D thus ranges from �1 to 1 and reflec

both positive and negative linkage disequilibrium. D

is commonly used to characterize linkage disequili

rium, particularly, in the definition of haplotype block

(see below).

A particularly useful metric of linkage disequ

librium is r2 which is equivalent to the Pearso

correlation coefficient. r2 is calculated as D2/(p1
p2 � q1 � q2) and ranges from 0 to 1. Because it

less sensitive to extreme allele frequencies than

or D0, r2 is commonly used to describe linkag

disequilibrium in genetic epidemiologic studies o
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Linkage Disequilibrium. Table 5 The linkage disequilibrium

parameter D0

D D0

D > 0 D0 ¼ (x11 � p1 � q1)/min(x12, x21
D < 0 D0 ¼ (x11 � p1 � q1)/min(x11, x22
D ¼ 0 D0 ¼ 0

Linkage Disequilibrium 2045 L
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cancer. In addition, r has utility in adjustment o

estimates of statistical power in genetic associatio

studies (see below) in which an assayed ▶ polymo

phism may be in linkage disequilibrium with th

truly causal polymorphism. Sample size must b

increased by a factor of 1/r2. For example, if

sample size of 2,000 were required to dete

a particular association between phenotype and

causal polymorphism (r2 ¼ 1.0), a sample size o

2,500 (¼ 2,000 � 1.25) would be required to dete

the association if the causal polymorphism was

linkage disequilibrium with an assayed polymo

phism at r2 ¼ 0.8 but was itself not assayed.

Estimation of Linkage Disequilibrium

Estimation of linkage disequilibrium between alleles

two loci requires observations of haplotype frequen

cies which is not currently technologically feasib

in diploid organisms. Haplotype frequencies are, ther

fore, often estimated using statistical tools such as th

expectation maximization (EM) algorithm. Thes

methods take as input the observed combine

▶ genotype frequencies at the two loci (for exampl

the distribution of the nine possible combinations of A

A1, A1 A2, and A2 A2, with B1 B1, B1 B2, and B2 B2).

Estimates of the observed haplotype frequencies a

used for calculation of linkage disequilibrium me

sures. Numerous software packages facilitate thes

calculations ranging from EH (which provides est

mates of observed haplotype frequencies)

Haploview (which calculates and graphically display

multiple linkage disequilibrium measures, Fig. 1).

Haplotype Blocks

Because of linkage disequilibrium in the huma

genome, there are regions in which only a reduced s

of haplotypes occur relative to all possible haplotype

These are referred to as haplotype blocks, and they ca

be defined in a variety of ways. A common definitio

for haplotype blocks is a region without “substantia
t

t

t

,

t

.

ancestral recombination; pairs of polymorphisms a

considered to be in “strong LD” if the one-sided upp

95% confidence bound on D0 is �0.98 and the low

bound is �0.70. Pairs are deemed to have “stron

evidence of historical recombination” if the upper co

fidence bound onD0 is�0.90. Based on this, haplotyp

blocks can be defined as regions over which �5%

comparisons among informative polymorphism pai

show strong evidence of historical recombinatio

(Fig. 2).

Linkage Disequilibrium Versus Linkage

Genetic ▶ linkage exists when two alleles are c

inherited within a pedigree and this phenomenon

observed across multiple pedigrees. These loci are

linkage because they occur near enough to each oth

on the same chromosome such that the frequency

recombination (measured as y) is relatively low. Lin
age disequilibrium differs from linkage, in that th

former describes alleles while the latter describes loc

Origins of Linkage Disequilibrium

Linkage disequilibrium arises when a mutation eve

gives rise to a new allele on a particular chromosome

an individual. The new allele will be associated wi

the alleles already present on that individual’s chr

mosome for all other loci. In time, as this perso

reproduces and the population grows, recombinatio

between the new mutation and surrounding loci wi

return alleles in this region to equilibrium, and the ne

mutation will occur on chromosomes regardless of th

background of surrounding loci.

In stable populations, two factors inhibit this retu

to linkage equilibrium: time and genetic distance. Th

closer two loci are, the more time (number of recom

bination events) is required for linkage disequilibriu

to break down, and the more recent the mutation

event occurred, the larger the region of linkag

disequilibrium.

Linkage Disequilibrium in Human Populations

Linkage disequilibrium can also reflect instability

changes in populations. Because modern human chr

mosomes represent the bottom generation of a ve

large Homo sapiens pedigree, patterns of linkage di

equilibrium track with human migration patterns. Th

migration out of Africa into Europe and Asia is see

for example, in the observation that modern-day Afr

cans tend to have less linkage disequilibrium

)

)

http://dx.doi.org/10.1007/978-3-642-16483-5_4673
http://dx.doi.org/10.1007/978-3-642-16483-5_4673
http://dx.doi.org/10.1007/978-3-642-16483-5_2396
http://dx.doi.org/10.1007/978-3-642-16483-5_3367
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Linkage Disequilibrium.
Fig. 1 Plots of pairwise

linkage disequilibrium (r2) for
polymorphisms in the

▶BRCA1 region genotyped in
three populations by the

International HapMap Project.

CEU, Utah residents with

ancestry from northern and

western Europe; CHB, Han

Chinese in Beijing, China;

YRI, Yoruba in Ibadan,

Nigeria; white, r2 ¼ 0; black,

r2 ¼ 1.0; HapMap Release 22;

chromosome 17 NCBI

Build 36

L 2046 Linkage Disequilibrium
generally, than Europeans or Asians. The relative

small number of “founding” chromosomes whic

migrated to new continents limited the variatio

induced by recombination. Therefore, more linkag
disequilibrium is generally observed in population

which arose relatively recently.

The International HapMap Project is a large conso

tium formed in 2002 which seeks to characteriz

http://dx.doi.org/10.1007/978-3-642-16483-5_6868
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Linkage Disequilibrium.
Fig. 2 Plot of haplotype

blocks among polymorphisms

in the MLH1 region (▶ colon

cancer) genotyped in Utah

residents with ancestry from

northern and western Europe

by the International HapMap

Project. Black, strong linkage

disequilibrium; gray,
uninformative; white,
recombination; HapMap

Release 22; chromosome

3 NCBI Build 35
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haplotypes and linkage disequilibrium in a variety

human populations. Researchers have performe

genotyping on millions of genetic markers in individua

from four populations including Yoruba in Ibadan, Nig

ria; Japanese in Tokyo, Japan; Han Chinese in Beijin

China; and Utah residents with ancestry from northe

and western Europe. These data are publicly available

researchers who aim to analyze these genetic markers

relation to health conditions, including cancer.

An alternative way to characterize linkage disequ

librium in human populations involves resequencin

genes of interest in a variety of DNA sample

Resequencing data has the advantage that a variety o

polymorphism types may be detected (includin

insertions and deletions) and that rare alleles may b

characterized. In 1998, the US National Institute o

Environmental Health Sciences embarked on the Env

ronmental Genome Project including resequencing o

key environmentally responsive cancer candida

genes in the populations also assessed by the Intern

tional HapMap Project. These dense polymorphis

data complement the genome-wide HapMap approac

and allow researchers access to finer-scale linkag

disequilibrium information in key genes involved

▶DNA repair, ▶ inflammation, ▶ apoptosis, ▶ ce

cycle, and other pathways.
,

.

l

Using Linkage Disequilibrium to Select

Informative Markers

Genetic association studies in ▶ cancer epidemiolog

aim to identify common inherited variants which a

related to risk of cancer (▶ case–control studies), trea

ment response, survival, and other endpoints. The

studies often focus on particular candidate gen

(suspected because of known biological functio

related to cancer). Candidate gene studies may utiliz

linkage disequilibrium in that, rather than genotypin

every genetic marker in a suspected gene or genom

region, only those markers thought to be independe

are assessed. This “tagging SNP” approach can allo

for greater gene coverage and cost efficiency. F

example, in a study of 260 candidate genes related

the ▶NF-kB pathway, 17,360 common polymo

phisms were estimated to be captured by 2,181 taggin

polymorphisms.

Numerous methods have been developed to identi

subsets of tagging polymorphisms based on analysis

multiple polymorphisms in a genomic region. F

example, pairwise-binning methods aim to identi

the subset of polymorphisms which are linkage di

equilibrium at a specific r2 threshold with all availab

polymorphisms, and haplotype-tagging methods ai

to identify the subset of polymorphisms which tag a

http://dx.doi.org/10.1007/978-3-642-16483-5_1687
http://dx.doi.org/10.1007/978-3-642-16483-5_3044
http://dx.doi.org/10.1007/978-3-642-16483-5_361
http://dx.doi.org/10.1007/978-3-642-16483-5_994
http://dx.doi.org/10.1007/978-3-642-16483-5_994
http://dx.doi.org/10.1007/978-3-642-16483-5_806
http://dx.doi.org/10.1007/978-3-642-16483-5_870
http://dx.doi.org/10.1007/978-3-642-16483-5_4064
http://dx.doi.org/10.1007/978-3-642-16483-5_1265
http://dx.doi.org/10.1007/978-3-642-16483-5_1265
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L 2048 Linoleic Acid
estimated haplotypes over a certain haplotype fr

quency threshold. ldSelect and Tagger are two com

monly used software tools for identifying taggin

polymorphisms.

Data from the HapMap Project, the Environment

Genome Project, other public sources, as well as stud

participant data, can be used for selection of the opt

mal set of tagging polymorphisms. It is important

note that population differences in linkage disequilib

rium (for example, due to ethnicity or sampling vari

tion) between the more densely genotyped sample

(for example, HapMap populations) and the targ

population (for example, a cancer genetic associatio

study population) must be accounted for when usin

tagging polymorphisms.

Utility of Linkage Disequilibrium to Genome-wid

Association Studies

Genetic association studies can also search the enti

genome allowing for identification of cancer-relate

loci in unpredicted regions. Genome-wide associatio

studies would not be feasible without capitalizing o

linkage disequilibrium. This allelic association allow

for a reduced set of markers to represent over 1

million common polymorphisms thought to exis

Numerous commercial panels are available for high

throughput assessment of genome-wide polymorphism

including from 300,000 polymorphisms to 1,000,00

polymorphisms. For example, a panel available

2007 from Illumina Corporation (San Diego, CA

assessed approximately 550,000 polymorphisms b

was estimated to offer as much genetic information (

r2 ¼ 0.85) as assaying 57%, 89%, and 90% of the 3

million HapMap polymorphisms among the Yoruba

Asian, and Utah populations described above.

Other Uses of Linkage Disequilibrium in Cancer

Research

Linkage disequilibrium also informs hypothesis tes

ing in genetic association studies. The causal allele,

it exists, may be included in the set of assayed marke

or it may lie on a haplotype defined by the set o

assayed markers. Analysis of haplotypes may, ther

fore, provide additional information on associatio

Numerous methods exist for testing haplotype assoc

ations with disease (including score tests, logist

regression, and Bayesian methods). All methods fir

estimate haplotype frequencies (or probabilitie

because haplotypes are usually not directly observed
l

t

If an association signal is detected, linkage disequ

librium can be used in refinement of the signal whe

an association is detected (fine-mapping). A particul

polymorphism found to be associated with disease ma

be in linkage disequilibrium with the truly caus

allele. Thus, additional analysis of nearby polymo

phismsmay increase the association signal and provid

a targeted region for functional genomics analysis.

summary, incorporation of linkage disequilibrium h

the potential to improve the power and efficiency

genetic association studies leading to increased unde

standing of the genetic causes of cancer.

▶Case-Control Association Study
.

,
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Definition

Linoleic acid (LA) is an 18-carbon, polyunsaturate

fatty acid (PUFA), which contains two cis doub

bonds. Because mammals cannot introduce

double bond at carbon atoms beyond C-9 in the fat

acid chain, linoleic acid (18:2 cis-D9,D12) and linolen

acid (18:3 cis-D9,D12,D15) are two essential fatty acid

LA possesses low melting temperature and provid

fluidity to cell membranes. LA is mainly contained

plant oils, such as safflower oil and corn oil.

http://dx.doi.org/10.1007/978-3-642-16483-5_868
http://www.nslij-genetics.org/soft/
http://www.nslij-genetics.org/soft/
http://hapmap.org/
http://egp.gs.washington.edu
http://egp.gs.washington.edu
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Characteristics

The effect of linoleic acid (LA) on health is still con

troversial. LA is one of the two essential fatty acid

which means dietary supplementation of LA is nece

sary for maintaining cell activity. Saturated fatty acid

have been implicated in obesity, heart disease, diab

tes, and cancer while PUFAs generally have a positiv

effect on health; however, a high o-6/o-3 ratio, whic
is associated with today’s Western diets, promotes th

pathogenesis of many diseases, including cardiovascu

lar disease, inflammatory diseases, and cancer. Sever

in vivo studies suggest that a high amount of o-
PUFA such as LA might enhance the incidence o

some types of cancers via stimulation of epitheli

cell proliferation. Experiments in animal models o

mammary and colorectal carcinogenesis suggest th

fatty acids promote tumor development; o-6 PUF

generally stimulate tumor growth, while o-3 fat

acids oppose this effect.

Other studies lead to opposite conclusions. Th

associations between monounsaturated fatty acid

trans fatty acids, PUFAs such as LA, alpha-linolen

acid (ALA), docosahexaenoic acid (DHA), or o-3/o-
ratio, and colorectal cancer are not convincing. Con

trary to data from animal experiments, human studie

do not show an association of breast cancer risk wi

o-6 PUFA intake. High LA and arachidonic acid (AA

concentrations have been observed in insulin resi

tance–associated diabetic complications and in som

tumors, but these are multifactorial processes th

include many lifestyle determinants. It is therefo

questionable to involve only o-6 fatty acids in the

etiology.

The controversial roles of LA might be due to th

possibility that different metabolic pathways result

opposite effects. o-6 PUFAs play a significant role

inflammatory and/or immune responses by bioactiv

molecules including PGE2.

LA is integrated into cytoplasmic membrane and

metabolized to AA through g-linolenic acid, an

dihomo-g-linolenic acid (▶Arachidonic Acid

Pathway and Cancer). AA is stored as phospholipid

in cytoplasmic membrane and serum, and is release

by cleavage with phospholipase A2. AA is metabo

lized by cyclooxygenase-1 and cyclooxygenase-

(COX-2) (▶Cyclooxygenase-2 in Colorectal Cance

to ▶ prostaglandins (PGs), thromboxanes (TXs), an

▶Leukotrienes (LTs). COX-2 is an inducible enzym
,

l

l

t

,

t

of COXs, which is absent in normal cells. In contras

COX-1 is a constitutive enzyme expressed ubiqu

tously. COX-2 expression is induced in carcinogen

processes in many malignancies, involving colorecta

esophageal, breast, lung, pancreatic, and bladd

cancers. Induced COX-2 expression in epitheli

cells and also in stromal cells provides PGE2 in th

local tissues. PGE2 possesses immunosuppressiv

and pro-inflammatory effects. COX-2-depende

overproduction of PGE2 is hypothesized to be a

important part of sustained proliferative and chron

inflammatory conditions in colorectal epithelium

which are closely associated with carcinogenes

(▶ Inflammation in Cancer). PGE2 also has a stron

association with colorectal cancer progression by pr

moting cell survival, cell growth, migration, invasio

and angiogenesis (▶Colon Cancer). The variou

biological effects exerted by PGE2 are throug

the G-protein coupled cytoplasmic membran

E-prostanoid receptors termed EP1 to EP4.

15-Lipoxygenase-1 (15-LOX-1) is known for i

anti-inflammatory properties and has a profound infl

ence on the development and progression of cancer

15-LOXs belong to the structurally and functional

related nonheme iron dioxygenases family. 15-LOX

are responsible for oxidative metabolism of o
PUFAs, such as LA and AA to eicosanoids. Tw

isoforms are known in 15-LOXs; 15-LOX-1 (leuk

cyte type) and 15-LOX-2 (epidermis type). Bo

isoforms are expressed in normal and tumor tissues

various combinations. Different from other LOX

such as 5-LOX and 12-LOX, 15-LOXs, 15-LOX-1

revealed also as an ▶ apoptosis inducer in huma

cancers and inhibits cancer progression in sever

types of cancers, including colorectal, and brea

cancers. By the contrary, reduction of 15-LOX-1

correlated with the disease progression of breast an

colon cancers.

For antitumor effects, 15-LOX-1 is closely assoc

ated with peroxisome proliferator-activated receptor

(PPARg) (▶Peroxisome Proliferator-Activate

Receptor and Cancer) activation. The oxidative metab

olites of LA by 15-LOX-1 can function as endogenou

activators and ligands of PPARg. In particula

9-hydroxyoctadecadienoic acid (9-HODE

13-hydroxyoctadecadienoic acid (13-HODE), an

13-oxooctadecadienoic acid (13-OXO) have biolog

cal effects as a PPARg ligand. PPARg is original

identified to induce adipocyte differentiation. PPAR

http://dx.doi.org/10.1007/978-3-642-16483-5_380
http://dx.doi.org/10.1007/978-3-642-16483-5_380
http://dx.doi.org/10.1007/978-3-642-16483-5_1435
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L 2050 Linoleic Acid
is a nuclear hormone receptor superfamily of ligand

activated transcription factors. PPARg is dimerize

with retinoic X receptor (▶Retinoid Recepto

Crosstalk in Cancer), and binds specific responsiv

element within promoter DNA sequence to regula

gene expression. PPARg initiates transcription o

genes associated with energy homeostasis, cell growt

and anti-/pro-inflammatory effect. PPARg is activate

by endogenous secreted prostaglandins and fatty acid

15-Deoxy-d(12,14)-prostaglandin J2 is a strong endog
enous ligand of PPARg. Decrease in PPARg expre

sion is associated with cancer metastasis. PPARg play
a role in transcriptional regulation of cancer-relate

genes. Ligand activation of PPARg in colorect

cancer cells attenuates colonic inflammation an

causes a reduction growth via the induction of apopto

sis. Conjugated LA (CLA), a strong ligand for PPAR

has a substantial anticarcinogenic effect. Synthesize

PPARg ligands including troglitazone have bee

shown to be effective chemopreventive agents in a r

model of carcinogenesis and in AOM-induced colo

cancer in mice. In in vitro transformation model, L

inhibits intestinal cell transformation. Inhibitory effe

of PPARg to cancer metastasis is also reported

several cancers, such as non-small cell lung cance

colon cancer, thyroid cancer, and breast cance

Downregulation of EGFR, TGF-a (▶Epiderm

Growth Factor Receptor Ligands), and upregulatio

of Bax, p21Waf-1 (▶ p21(WAF1/CIP1/SDI1)

▶E-cadherin by PPARg activation induce antiprol

ferative, proapoptotic, and prodifferentiation effect

These alterations of gene expressions provid

LA-induced anticarcinogenic, antitumor, an

antimetastatic effects on cancer cells.

The sequential alteration of concurrence of COX-

upregulation and 15-LOX-1 downregulation is foun

in the adenoma–carcinoma transition in colorectal neo

plasia (▶Colorectal premalignant lesions). Low-grad

adenomas express 15-LOX-1 but not COX-2; high

grade adenomas and early carcinomas show decrease

15-LOX-1 expression and induction of COX-2 expre

sion; and advanced carcinomas express COX-2 but n

15-LOX-1. It possibly shows close association of th

switching of LA-metabolizing pathways with colo

cancer development and progression. In expression o

15-LOX-1, several conditions play an important rol

Cytokines, such as IL-4 (▶ Interleukin-4) and IL-1

high ratio of o-3/o-6 fatty acids, and ▶ nonsteroid

anti-inflammatory drugs (NSAIDs), such as sulinda
,

.

l

,

t

t

,

.

l

,

.

sulfone induce 15-LOX-1 expression and activation

PPARg. Reciprocally, activated PPARg repress

COX-2 by inhibition of NFkB (▶Nuclear Factor kB
and ▶AP-1. This negative regulation of COX

expression by PPARg activation might be one

mechanisms of reverse expression betwee

15-LOX-1 and COX-2. Furthermore, promoter DN

methylation is responsible for silencing of 15-LOX

expression (▶Epigenetic Gene Silencing). The epig

netic alteration might be a trigger to switch 15-LOX

repression and COX-2 upregulation along with mali

nant transformation and cancer progression in colo

cancer.

Excess uptake of LA increases cancer metastasis b

enhancing cell embedding into the target organ

LA-derived TXA2 accelerates platelets aggregatio

involving cancer cells. LA also affects cancer ce

activity. Short-term treatment with LA induces ap

ptosis in cancer cells. In the nude mice peritone

dissemination model, LA treatment inhibits formatio

of peritoneal metastasis. In contrast, cancer cel

exposed to LA for a long term show quiescent cond

tion in vitro and dormancy in transplanted animals.

these cells, decrease of EGFR, VEGF (▶Vascul

Endothelial Growth Factor), and increase of ▶BCL

are observed. Thus, LA might play a role in formatio

of cancer cell dormancy and delayed metastasis.

In summary, the effects of LA on human health a

still not clearly figured out. As LA is an essential fat

acid, we cannot cease LA uptake. In further studies,

is important to make use of the beneficial side of th

double-edged sword of LA for prevention and trea

ment of cancer.
t

.

,

l
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Synonyms

Bioactive lipids; Lipid second messengers
-

ss

ty

ty

r

-

d

)

f

-

.

al

s

d

e

a-

yl

3

id

of

s

te

th

s-

s-

L

Definition

Lipid mediators are bioactive molecules rapidly pro

duced upon cell activation either by enzymatic proce

or by oxidative fragmentation of polyunsaturated fat

acids attached to their glycerol backbone. The majori

of lipid mediators are products of degradation and/o

phosphorylation/dephosphorylation of glyceropho

spholipids by defined enzymes acting in concert an

commonly designated as ▶ phospholipases (PLs

phosphokinases, and phosphatases. Hydrolysis o

▶ phospholipids also generates free fatty acids, includ

ing arachidonate, a direct precursor of ▶ eicosanoids
-
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Characteristics

Within seconds after cell activation, certain phospho

lipids are either selectively hydrolyzed by define

phospholipases leading to highly bioactive molecule

(lipids and/or fatty acids) or phosphorylated by specifi

kinases to bioactive ▶ phosphoinositides Inosit

lipids. Essentially three phospholipase (PL) familie

namely, ▶ Phospholipase A2 (PLA2), ▶ Phosphol

pase C (PLC), and ▶ Phospholipase D (PLD) (Fig. 1

are involved in the degradation of structural phospho

lipids, leading either to direct formation of lip

mediators (▶ lysophosphatidylcholine in Cance

▶ inositoltrisphosphate (IP3), and ▶ diacylglycer

(DAG)) or to freeing of their immediate precurso

(polyunsaturated fatty acids, including arachidon

(▶Arachidonic Acid-Pathway And Cancer) an

▶Linoleic acid). Among PLA2s, the secretory grou

II PLA2 can produce (Lysophospatidic Acid (LPA

directly from phosphatidic acid. Recently describe

▶ autotaxin, which is widely implicated in tumo
,

l

,

,

l

progression, possesses lysoPLD activity and generat

LPA from lysophosphatidylcholine (Fig. 1).

Free arachidonate, produced by degradation

phospholipids by PLA2, is a substrate for three maj

classes of lipid mediators (Fig. 1) (▶Arachidonic aci

pathway and cancer): prostanoids/thromboxan

(▶Prostaglandins), (▶Leukotriene), and lipoxins, th

latter being beneficial as they induce the resolution

the inflammatory response (▶ Inflammation). Upo

(▶Oxidative stress) arachidonate esterified to pho

pholipids at the sn-2 position of glycerol is oxidize

either to ▶ isoprostanes, very potent proinflammato

mediators (▶Bioactive lipid signaling) or to sever

▶ oxidized phospholipids with short carbon chain

resembling ▶ Platelet-activating-Factor (PAF) an

endowed with potent capacity to modulate the immun

response and (▶Angiogenesis). Interestingly, an an

logue of PAF containing a non-hydrolysable meth

group at the sn-2 position of glycerol, ▶ET-18-OCH

or edelfosine, is a selective antitumor phospholip

targeting (▶Apoptosis) via endogenous activation

Fas/CD95 death receptor.

▶ Sphingolipids are a subclass of phosholipid

which enter many metabolic pathways and constitu

an interconnected network of signaling molecules wi

crucial roles in both cancer development and progre

sion (▶Cancer). ▶ Sphingomyelin, a structural pho

pholipid, is hydrolyzed by sphingomyelinases to

tumor suppressor lipid, ▶ ceramide, with proapoptot

and antiproliferative properties (Fig. 2) (▶Ceramide

Ceramide may be either phosphorylated to ▶ ce

amide-1-phosphate (C1P) with proinflammatory an

antiapoptotic properties or may be degraded

▶ sphingosine, a substrate for phosphorylation leadin

to S1P, a potent tumor-promoting lipid endowed wi

angiogenic and immunosuppressive properties. Add

tionally ceramide is glycosylated into ▶ ganglioside

bearing various sugars and endowed with high

tumorigenic properties (Fig. 2) (▶Ganglioside). It

admitted today that the balance between the tum

suppressor molecule – ▶ ceramide – and its tumo

promoting metabolites is of prime importance

(▶Carcinogenesis) and anticancer therapy.

▶Conjugated linoleic acid (CLA), which

a mixture of positional and stereoisomers of octadec

dienoate (18:2) found in foods derived from ruminant

may reduce carcinogenesis; however, the data are sti

controversial. Equally, prostaglandin J2, which deriv

from oxidation of arachidonate by cyclooxygenas
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Lipid Mediators.
Fig. 1 Schematic

representation of production

of various lipid mediators by

phospholipases
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(COXs) is an emerging antineoplastic agent as

induces death receptor 5 (DR5), a specific ▶ recepto

for TNF-related apoptosis-inducing ligand (TRAIL)

The majority of lipid mediators target distinct fam

ilies of G-protein coupled receptors and activate vit

cellular defenses usually defined as inflammatory rea

tions; however, some of these mediators, includin

LPA, modulate cell proliferation, growth, surviva

and (▶Migration) enabling the expansion of define
t

l

,

cell subsets. LPA levels are elevated in situ and

circulation in ovarian tumors and in multiple myelom

supporting its causal effect in proliferation and thu

eventual use as a target and/or a diagnostic marker.

▶ Protein Kinase C (PKC) isoforms are a family

serine/threonine protein kinases commonly divide

into three subfamilies: classical, novel, and atypica

PKC isoformes, whose expression is cell-type specifi

and developmentally regulated, are key transducers

http://dx.doi.org/10.1007/978-3-642-16483-5_4981
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Sphingomyelin

Ganglioside-synthetase Ceramide
(tumour suppressor)

Sphingosine
(PKC inhibitor)
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Phosphatidylcholine

Ceramide-kinase

C1P-phosphatase

Ceramide-1-phosphate (C1P)
(antiapoptotic)
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Sphingosine-kinase Sphingosine-phosphatase

Autotaxin

Ceramide-synthetase

Lipid Mediators. Fig. 2 Schematic representation of bioactive sphingolipid formation from sphingomyelin
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many agonist-induced signaling pathways (▶ Prote

kinase C family). At least ten different PKC isoform

have been identified and are believed to play distin

regulatory roles. PKC isoforms are catalytically act

vated by several lipid cofactors, including DAG gen

erated by receptor-mediated hydrolysis of membran

phospholipids. IP3 triggers Ca2+ release from intern

stores, and the elevation of cytosolic Ca2+ acts syne

gistically with DAG to activate the relevant forms o

PKC. PKC isoforms reside in the cytoplasm in a

inactive conformation and undergo translocation

the plasma membrane or cytoplasmic organelles upo

cell activation; however, PKC isoenzymes are als

capable of translocating to the nucleus and certa

isoforms can even reside within the nucleus. Certa

PKC isoforms are often overexpressed in cance

Tumor-promoting phorbol esters and DAG activa

classical and novel PKC isoforms. Naturally occurrin

retinoids (▶Retinoic Acid), antisense oligonucleo

tides against specific PKC isoforms and specific PK

inhibitors can block this activation. Beta-carotene an

retinoid derivatives act as anticarcinogenic agents an

can antagonize some of the biological actions o

phorbol esters and oxidants.
t

l

.

One of the major inositol-containing lipid secon

messengers, the▶ phosphoinositide-3,4,5-trisphospha

(PIP3) (▶Phosphoinositide-3,4,5-trisphosphate-kinas

(PI3-kinases)) is generated by the action of PI3-kinas

activated in response to a variety of extracellular signa

(▶PI3K Signaling). Phosphatase ▶PTEN, one of th

most frequently mutated genes in human cancer, acts

a tumor suppressor by dephosphorylating PIP3, thu

preventing both elevated levels of PIP3 and tumorige

esis (▶PTEN). Loss or inactivation of PTEN lead

to the formation of a variety of tumors, probab

by deregulating ▶ the mammalian target of rapamyc

(mTOR) signaling pathway. As mTOR activity ca

be suppressed by various compounds, includin

(▶Rapamycin), it may be useful to treat tumors carr

ing inactivated PTEN with such drugs.

Inflammation has been associated with canc

recently. Besides cytokines and chemiokines incrim

nated already, lipid mediators are also implicated sinc

the discovery that cyclooxygenase-2 (COX-2) inhibito

(▶ coxibs) (▶Celecoxib) slow the progression of col

rectal cancer (▶Cyclooxygenase-2 in colorectal cance

and that the COX-2 levels are increased in sever

tumors (colon, breast, ovarian, and melanomas); f

http://dx.doi.org/10.1007/978-3-642-16483-5_4801
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L 2054 Lipid Peroxidation
this reason, the gene encoding for COX-2 is now con

sidered an (▶Oncogene). Equally, the products of 5

lipoxygenase may play a role in human tumors (brai

skin). Finally, the relatively recently discovered ▶ ox

dized phospholipids, the analogues of themediator PA

are involved in the induction of immune suppressio

and might be instrumental in inducing cancer.
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Definition

Lipid peroxidation is the metabolic process in whic

▶ reactive oxygen species (ROS) result in the oxid

tive deterioration of lipids. This may significant

affect cell membrane structure and function.
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Characteristics

Lipid peroxidationmost often affects▶ polyunsaturate

fatty acids, because they contain methylene –CH2

groups which contain hydrogen that is especially rea

tive with ROS. Increased ROS production occurs

inflammation, during radiation, or during metabolis

of hormones, drugs, and environmental toxins. Th

can overwhelm endogenous protective ▶ antioxida

mechanisms and increase ROS-mediated damage

membrane structure and function. Such ROS reaction

can also lead to protein damage, including DNA repa

enzymes and polymerases, impairment, and produ

tion of aldehyde by-products such as malondialdehyd

(MDA; b-hydroxy-acrolein) and 4-hydroxy-2-nonen
,

,

)

r

r

t

l

(HNE). MDA is formed during homolytic decompos

tion of lipid hydroperoxides that contain more tha

two double bonds. MDA reacts with DNA to for

primarily a propane adduct with 20-deoxyguanosin
(M1G-dR). Although they have important physiolog

cal roles in cell proliferation, transformation, differe

tiation, and ▶ apoptosis these aldehydes are als

strongly carcinogenic. Mutagenicity of MDA an

HNE, the major aldehyde products, has been clear

demonstrated. These can promote the formation

DNA-adducts which are required to be repaired

order to maintain the fidelity of the DNA. If no

DNA▶mutations can occur. For example, the reactio

between the epoxide of HNE with DNA leads

the formation of unsubstituted etheno-dAdo adduct

Etheno adducts are mutagenic and have been detecte

in human tissue samples providing an important lin

between lipid peroxidation and in vivo DNA-addu

formation. Alternatively, lipid peroxidation an

ROS are triggers and essential mediators of apoptosi

which eliminates precancerous and cancerou

virus-infected and otherwise damaged cells. Th

suppression of cell cancer growth is enhanced by pr

oxidants and eliminated by antioxidants, and th

elimination is proportional to the inhibition of lip

peroxidation products by antioxidants. Lipid peroxid

tion may also play an important role in the potenti

anticarcinogenic effects of other dietary factors inclu

ing soy, marine n-3 fatty acids, isothiocyanates, gree

tea, and vitamin D and calcium.

Mechanisms

As with any radical reaction, the reaction consists

three major steps: initiation, propagation, and termin

tion. Initiation is the step whereby a fatty acid radical

produced. The initiators in living cells are most notab

ROS such as hydroxyl radical, which combines wi

a hydrogen atom to make water and a fatty acid radica

The fatty acid radical is not a stable molecule, so

reacts readily with molecular oxygen, thereby creatin

a peroxyl-fatty acid radical. This too is an unstab

species that reacts with another free fatty acid produ

ing a different fatty acid radical and a ▶ hydroge

peroxide molecule or a cyclic peroxide molecule if

had reacted with itself. This cycle propagates itself

the new fatty acid radical reacts in the same way. Th

results in a chain reaction and the only way to stop

radical reaction is for two radicals to react and produce

non-radical species. This occurs when the concentratio

http://dx.doi.org/10.1007/978-3-642-16483-5_4221
http://dx.doi.org/10.1007/978-3-642-16483-5_4311
http://dx.doi.org/10.1007/978-3-642-16483-5_4311
http://dx.doi.org/10.1007/978-3-642-16483-5_4966
http://dx.doi.org/10.1007/978-3-642-16483-5_4679
http://dx.doi.org/10.1007/978-3-642-16483-5_4679
http://dx.doi.org/10.1007/978-3-642-16483-5_328
http://dx.doi.org/10.1007/978-3-642-16483-5_361
http://dx.doi.org/10.1007/978-3-642-16483-5_3911
http://dx.doi.org/10.1007/978-3-642-16483-5_2887
http://dx.doi.org/10.1007/978-3-642-16483-5_2887
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of radical species is high enough for there to be a hig

probability of two radicals actually colliding. Howeve

in organisms there are a number of different molecul

which bind and quench free radicals and so protect lipid

from oxidation. These are usually lipid-soluble vitamin

such as alpha-tocopherol or vitamin E.

ROS-mediated formation of lipid hydroperoxide

involves the initial abstraction of a bis-allylic methy

lene hydrogen atom. Lipid hydroperoxides can als

be formed by the action of cyclooxygenase

and lipoxygenases on polyunsaturated fatty acid

(PUFAs). LOX- and COX-mediated pathways o

PUFA metabolism can potentially provide a ric

source of lipid hydroperoxides.

Clinical Aspects

Chronic inflammation, part of the host immun

response, has long been recognized to be associate

with the development and progression of cance

The combination of excess oxidant production and ant

oxidant depletion, and therefore, oxidative stress, ma

play a role in the development and progression of can

cers. High ROS generation and persistent oxidativ

stress have been recognized as characteristic feature

of carcinoma cells both in vivo and in vitro. Also, it

widely accepted that patients with advanced cancer hav

reduced circulating antioxidant concentrations. Ther

fore, in the cancer patient the risk for structural an

functional damage of cell membranes is likely to b

increased. Higher levels of circulating plasma MD

have been observed in different malignancies, includin

lung, gastrointestinal, and hormone-dependent cancer

However, whether such increased MDA concentration

are primarily due to the tumor, the ▶ inflammato

response or some other factors remain to be determine

▶Reactive Oxygen Species
A

n
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, Lipid Phosphatases

Definition

A family of signaling molecules in the cells th

includes MAPK and PI3K.

▶MAP Kinases

▶Tight Junction
.

Lipid Raft

Definition

Cholesterol- and sphingolipid-enriched microdomain

in plasma membranes; they function as signalin

platforms.

▶Natural Killer Cell Activation
.

Lipid Second Messengers

▶Lipid Mediators
. Lipid Therapy

▶Membrane-Lipid Therapy
t

l

Lipogenesis

Definition

The process that converts nonfat food materials in

body fat.

▶Cachexia
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Lipoma

Definition

Is a benign neoplasm of adipose tissue. One of the mo

common soft tissue tumors in men and form part of th

daily practice of every surgical pathologist. Like fa

lipomas are mainly composed of mature fat cells, b

the cells vary slightly in size and shape and are som

what larger. The tumors are usually thinly encapsu

lated and have a distinct lobular pattern. A minority o

all lipoma patients has multiple lesions, but mo

patients only have one tumor. Most of these solitar

lipomas cause few problems other than those o

a localized mass.

▶Adipose Tumors

▶Cowden Syndrome

▶Lipoma Preferred Partner
n
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Lipoma Preferred Partner

Marleen M. R. Petit

Department of Human Genetics, University of Leuve

Leuven, Belgium
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Synonyms

LIM domain containing preferred translocation partn

in lipoma; LPP
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Definition

Lipoma-preferred partner (LPP) is a ▶LIM doma

protein that belongs to the ▶ zyxin family of cytoske

etal adaptor proteins. LPP is localized in cellular adh

sion sites and is in certain conditions also detected

the nucleus where it acts as a transcriptional co-act

vator. It is highly expressed in smooth muscle cells an

plays a role in cell migration. In particular tumor

aberrant LPP proteins are expressed in which th

LIM domains are fused to DNA-binding domain

These tumor-specific LPP fusion proteins function a

transcription factors.
t

,

t

t

,

,

.

Characteristics

LPP and Tumors

▶Lipomas are benign tumors of adipose tissue and on

of the most commonly occurring soft tissue tumors

humans. A minority of patients have multiple tumor

however most patients have only one tumor. More tha

60% of human solitary lipomas have an abnorm

▶ karyotype. Two-thirds of the latter carry chrom

somal aberrations, mostly translocations, involvin

chromosomal region 12q15. The gene on 12q15 th

is affected by these translocations is ▶HMGA2. Th

HMGA2 protein consists of three AT-hooks (DNA

binding domains) followed by an acid

carboxyterminal tail (see Fig. 1). By means of th

translocation, the DNA-binding domains are separate

from the acidic tail. Multiple chromosomes have bee

identified as translocation partner of 12q15 in lipom

by cytogenetic analysis, indicating that many differe

genes are able to act as translocation partner

HMGA2 in these tumors. However, in a quarter

the cases, chromosome 3 at bands q27-q28 is foun

as the translocation partner of chromosome regio

12q15. This means that the most consistent chrom

somal aberration in lipomas is represented by t(3;1

(q27-q28;q15), being present in about 10% of all so

itary lipomas. In 1996, the gene on 3q27-28 that

affected by the t(3;12) was discovered in the lab

Wim Van de Ven from the University of Leuve

Belgium and named “LPP” for “lipoma-preferred par

ner.” After publication, the HUGO gene nomenclatu

commission advised to change the name of LPP

“LIM domain containing preferred translocation par

ner in lipoma.” Indeed, the LPP protein contains thre

LIM domains in its carboxyterminus that are precede

by a proline-rich pre-LIM region (Fig. 1). Through th

t(3;12), an HMGA2/LPP fusion gene is create

encoding an HMGA2/LPP fusion protein consistin

of the three DNA-binding domains of HMGA

followed by the two most carboxyterminal LIM

domains of LPP (see Fig. 1). Fusion transcrip

encoding identical HMGA2/LPP fusion proteins hav

also been detected in other tumors including pulm

nary chondroid hamartomas, a▶ parosteal lipoma, an

a soft tissue chondroma. The HMGA2/LPP fusio

protein localizes in the nucleus of cells and

a tumor-specific transcription factor: It binds DNA

the promoter of its target genes with the DNA-bindin

domains of HMGA2 and activates transcriptio

http://dx.doi.org/10.1007/978-3-642-16483-5_106
http://dx.doi.org/10.1007/978-3-642-16483-5_1353
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Protein structures of LPP, MLL and HMGA2

VASP
binding sites

Nuclear
export signal

Methyltransferase-like
domain

AT-hooks PHD zinc fingers

SET domain

Position of tumor breakpoints

Acidic domain

HMGA2

AT-hooks

Tumor-specific MLL/LPP and HMGA2/LPP fusion proteins

MLL/LPP

α-actinin
binding site

LPP

LIM1 LIM2 LIM3

Scrib
binding site

MLL

HMGA2/LPP

Lipoma Preferred Partner.
Fig. 1 Upper part: Schematic

representation of the LPP,

MLL, and HMGA2 proteins.

Lower part: Schematic

representation of the tumor-

specific MLL/LPP and

HMGA2/LPP fusion proteins
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through the LIM domains of LPP. In addition to benig

tumors, rearrangements of the LPP gene have als

been found in a case of malignant secondary acu

monoblastic leukemia with a t(3;11)(q28;q23). In th

latter, the two most carboxyterminal LIM domains o

LPP are fused to the AT-hooks (DNA-bindin

domains) of the mixed lineage leukemia (MLL) pro

tein (see Fig. 1). As such, as well in benign as

malignant tumors, tumor-specific fusion proteins a

composed of AT-hooks, either from HMGA2 or fro

MLL, and LIM domains from LPP.

Cell Biological Characteristics of the LPP Protein

LPP is a member of the zyxin family of LIM doma

proteins, which consists of seven members: zyxi

TRIP6/▶ZRP1, LPP, ▶ ajuba, ▶LIMD1, ▶WTI

and ▶migfilin/Cal. LPP is most closely related

zyxin and ▶ thyroid receptor interacting protein

(TRIP6). All members of the zyxin family conta
,

,

a proline-rich region (in LPP this region covers th

amino-terminal 2/3 of the protein), which is followe

by three LIM domains. LPP contains multiple protein

protein interaction domains. Known binding partne

include the cytoskeletal proteins a-actinin, VAS

(vasodilator-stimulated phosphoprotein) and palladi

the ETS domain transcription factor PEA3, and th

tumor suppressor Scrib. In addition, LPP probab

also interacts with a number of yet unidentified pr

teins that bind its three carboxyterminal LIM domain

which are modular protein-binding interfaces.

In cultured fibroblasts and aortic SMCs, LP

colocalizes with vinculin at focal adhesions, whic

are attachment sites to the extracellular matrix. Th

three LIM domains of LPP cooperate to target th

protein to these adhesion sites. LPP is also found

cell–cell contacts, and in transverse sections of bladd

smooth muscle, an association of LPP with peripher

dense bodies is suggested. In addition to the

http://dx.doi.org/10.1007/978-3-642-16483-5_6306
http://dx.doi.org/10.1007/978-3-642-16483-5_162
http://dx.doi.org/10.1007/978-3-642-16483-5_3358
http://dx.doi.org/10.1007/978-3-642-16483-5_6266
http://dx.doi.org/10.1007/978-3-642-16483-5_3745
http://dx.doi.org/10.1007/978-3-642-16483-5_5811
http://dx.doi.org/10.1007/978-3-642-16483-5_5811


e

-

is

r-

n

S

-

g

e

d

g

d

a-

d

a

n

is

d

-

b

hl

i-

r

i

a

s

g

s

s

ll

c-

s.

in

n

s

d

of

e

),

L 2058 Lipomatous Tumors
cytoskeletal localizations, LPP also shuttles to th

nucleus. Its nuclear-cytoplasmic localization is regu

lated in part by a nuclear export signal (NES) which

sensitive to the drug leptomycin B.

LPP as a Transcriptional Coactivator

In 2006, the lab of Andy Sharrocks from the Unive

sity of Manchester, UK, discovered a nuclear functio

for LPP as a coactivator for▶ PEA3. PEA3 is an ET

domain transcription factor whose expression is reg

ulated by a number of signaling cascades, includin

the mitogen-activated protein (MAP) kinas

pathways. PEA3 is a transcriptional activator an

regulates transcription of multiple genes, includin

the matrix metalloproteases (MMPs) MMP-1 an

MMP-9. MMPs are enzymes that degrade the extr

cellular matrix during normal remodeling events an

cancer metastasis. PEA3 is expressed during norm

mammary gland development and is an importa

player in breast tumor metastasis. Also LPP

expressed in normal and cancerous breast tissue, an

is recruited to the MMP-1 promoter in a PEA3

dependent manner.

LPP as a Smooth Muscle Marker

In 2003, two independent laboratories (the Somlyo la

from the University of Virginia, USA and the Linda

lab from the University of Göteborg, Sweden) ident

fied LPP as a novel smooth muscle cell marke

Although, in adults, LPP is ubiquitously expressed,

is highly expressed in vascular as well as viscer

smooth muscle-containing tissues such as uteru

stomach, bladder, aorta, and portal vein. Concernin

the function of the LPP protein in smooth muscle cell

LPP is involved in the regulation of their migration, a

shown in in vitro experiments.
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Lipomatous Tumors

▶Adipose Tumors
l

t

Lipophilic

Definition

Literally means fat loving or greasy. These are drug

that much prefer to dissolve in fats than in water.

▶ADMET Screen
.

t

l

,

,

Lipophilicity

Definition

Defines the molecular characteristic of being attracte

to nonpolar environments – literally the property

being “oil loving.” This term is often used to describ

a particular drug’s preference for organic (nonpolar

compared to water-based (polar) environments.

▶Chelators as Anticancer Drugs
r

l

l

Lipoprotein

Definition

Biochemical assembly that contains both proteins an

lipids.

▶Wnt Signaling
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Liposarcomas

▶Adipose Tumors
.

e

ly
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Liposomal

Referring to ▶ liposomes
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Liposomal Chemotherapy

Mirco Ponzoni

Differentiation Therapy Unit, Laboratory of

Oncology, G. Gaslini Childrens Hospital, Genoa, Ita
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Synonyms

Drug carriers; Drug delivery vesicles
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Definition

The central problem in cancer chemotherap

(▶Chemotherapy of Cancer, Progress and Perspe

tives) is the severe toxic side effects of anticanc

drugs on healthy tissues. The use of ▶ liposomes a

drug delivery vesicles (▶Drug Delivery Systems

Cancer) for antitumor therapeutics has great potential

revolutionize the future of cancer therapy. As tum

architecture causes liposomes to preferentially accum

late at the tumor site, their use as drug carriers results

the localization of a greater amount of the drug loa

at the tumor site, thus improving cancer therapy an

reducing the harmful nonspecific side effects of chemo

therapeutics. In addition, targeting of liposomal antican

cer drugs to antigens expressed or overexpressed o

tumor cells provides a very efficient system for increa

ing the therapeutic indices of the drugs.
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Characteristics

The Magic Bullet Concept

Within medical practice, there has long been the desi

to achieve selective delivery of drugs to specific area
in the body in order to maximize drug action an

minimize side effects. It is well known that man

drugs, while having a beneficial action, can als

exhibit deleterious effects that may limit their clinic

utility. Drugs used in cancer chemotherapy represe

a clear example of this problem. Cytotoxic compound

can kill target cells, but also normal cells in the body

The ▶magic bullet concept, first expounded by th

German physician Paul Ehrlich, represents an ear

description of the drug-targeting paradigm. Indee

about one century ago Ehrlich coined the word “chem

therapy” to indicate the possibility to design and produc

by chemical synthesis, drugs, the so-called “magic bu

lets” as they were able to kill infectious agents witho

affecting the human body. However, at that time, th

recipe for the synthesis was based on four “G”: Ge

(money), Geduld (patience), Geschick (skill), and Glùc

(luck). Indeed, until the last decade of the twentie

century, the most impressive progression in discove

of new chemotherapeutics has been due to “serendipity

Drug Delivery Technology

The medical community has recently sought altern

tive therapies that improve selective toxicities again

cancer cells. Nanobiotechnology, defined as bi

medical applications of nano-sized systems,

a rapidly developing area within ▶ nanotechnolog

▶Nanoparticles, such as liposomes, allow uniqu

interaction with biological systems at the molecul

level. They can also facilitate important advances

detection, diagnosis, and treatment of human cance

and have led to a new discipline of nano-oncolog

Nanoparticles are being actively developed for tum

imaging in vivo, biomolecular profiling of canc

biomarkers, and targeted drug delivery.

Sterically Stabilized (Stealth) Liposomes

Several nanotechnological approaches have been use

to improve delivery of chemotherapeutic agents

cancer cells with the goal of minimizing toxic effec

on healthy tissues while maintaining antitumor effi

cacy. Among the most popular and well-investigate

drug carriers are liposomes. Conventional liposom

(CL), first described by professor Alec D. Bangham

1965, are made up of amphiphilic phospholipids an

cholesterol, which, upon hydration, self-associate

form bilayers surrounding an aqueous interi

(Fig. 1). Liposomes are artificial phospholipid vesicl

with sizes varying from 50 to 1,000 nm, which can b

http://dx.doi.org/10.1007/978-3-642-16483-5_106
http://dx.doi.org/10.1007/978-3-642-16483-5_3388
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PEG

Large hydrophilic
region

Drug
molecules

Small hydrophilic
region

Opsonin

Lipid
membrane

bilayer

Opsonin

(CL)(SL)

LiposomesLiposomal Chemotherapy.
Fig.1 Comparison of the

chemical structure of second

generation liposomes

(sterically stabilized SL)

L 2060 Liposomal Chemotherapy
loaded with a variety of water-soluble drugs (into the

inner aqueous compartment) and sometimes even wi

water-insoluble drugs (into the hydrophobic compar

ment of the phospholipid bilayer).

One of the major drawbacks of conventional lipo

somes has been their rapid clearance from blood, du

to adsorption of plasma proteins (opsonins) to th

“naked” phospholipid membrane, triggering recogn

tion and uptake of the liposomes by the mononucle

phagocytic system (MPS), also referred to as the reti

uloendothelial system (RES). A major advance in th

field of liposomes came with the development o

sterically stabilized (Stealth®) liposomes (SL), whic

utilize a surface coating of a hydrophilic carbohydra

or polymer, usually a lipid derivative of polyethyl

neglycol (PEG), to help evade MPS recognitio

(Fig. 1). The inclusion of PEG or other hydrophil

polymers extends the half-life of liposomes from le

than a few minutes (classical liposomes) to sever

hours (Stealth liposomes).

Both conventional and Stealth liposomes rely o

“passive” targeting to increase the localization of ant

cancer drugs to solid tumors. Growing solid tumors, a

well as areas of infection and inflammation, hav

capillaries with increased permeability as a result o

the disease process (e.g., tumor ▶ angiogenesis

Pore diameters in these capillaries can range fro

100 to 800 nm. Drug-containing liposomes that hav
l

.

diameters in the range of approximately 50–200 n

are small enough to extravasate from the blood in

the tumor interstitial space through these por

(▶ extravasation). Normal tissues contain capillari

with tight junctions that are impermeable to liposom

and other particles of this diameter. This differenti

accumulation of liposomal drugs in tumor tissu

relative to normal cells is the basis for the increase

tumor specificity of liposomal drugs relative to fre

drugs. In addition, tumors lack lymphatic drainage an

therefore, there is low clearance of the extravasate

liposomes from tumors.

Passive targeting can result in increases in dru

concentrations in solid tumors of several-fold relativ

to those obtained with free drugs. The mechanism

action of the liposomal drugs is thought to be due

sustained release of drug from the liposomes an

diffusion of the released drug throughout the tum

interstitial fluid, with subsequent uptake of the release

drug by tumor cells. This phenomenon has bee

termed the enhanced permeability and retention effe

(▶EPR).

Liposomal formulations of few ▶ anthracyclin

anticancer drugs have received clinical approva

Three liposomal chemotherapeutic agents, all

which are nanoparticles measuring about 100 nm, a

indeed being assessed in human cancer: liposom

daunorubicin, (Daunosome®), approved in the US

http://dx.doi.org/10.1007/978-3-642-16483-5_274
http://dx.doi.org/10.1007/978-3-642-16483-5_2080
http://dx.doi.org/10.1007/978-3-642-16483-5_1974
http://dx.doi.org/10.1007/978-3-642-16483-5_6646


a

a-

e

d
®

r-

d

er

e

-

in

a

r

-

r

c-

e

in

e

e

to

–

e

y

ar

e

or

c-

or

n

i-

st

es

is

or

–

d

n

al

id

f

s

er

m

d

ll

-

s,

g

a-

n

al

ts

g:

Stealth - immunoliposomes (SIL)

Streptavidin

Biotin

Antibody

PEG

Drug
molecules

MAL-PEG

Liposomal Chemotherapy.
Fig.2 Immunoliposomes:

Liposomes chemically
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and Europe to treat AIDS-related Kaposi’s sarcom

liposomal doxorubicin, Myocet®, which, in combin

tion with cyclophosphamide, is approved for th

treatment of metastatic breast cancer in Europe; an

pegylated liposomal doxorubicin, Doxil®/Caelyx

approved for both Kaposi’s sarcoma, refractory ova

ian cancer, and metastatic breast cancer in Europe an

USA. In addition, many other liposomal anticanc

drugs are in clinical trials (i.e., liposomal cytosin

arabinoside, Depocyt®, for the treatment of lympho

matous and neoplastic meningitis, liposomal cisplat

for patients with malignant pleural mesotheliom

sphingosomal vincristine for treatment of recurrent o

refractory adult acute lymphocytic leukemia, liposo

mal muramyltripeptide phosphatidylethanolamine fo

patients with osteosarcoma).

Ligand-Targeted Stealth Liposomes

In the attempt of increasing the specificity of intera

tion of liposomal drugs with target cells and th

amount of drug delivered to latter, recent efforts

the liposome field have been addressed to th

development of ligand-targeted liposomes. Thes

liposomes utilize targeting moieties coupled

the liposome surface to selectively deliver the drug

liposome package to the desired site of action (activ

targeting). Targeting moieties may include antibod

molecules, or fragments thereof, small molecul

weight, naturally occurring or synthetic ligands lik
;

,

,

peptides, carbohydrates, glycoproteins, or recept

ligands, that is, essentially any molecule that sele

tively recognizes and binds to target antigens

receptors overexpressed or selectively expressed o

cancer cells.

To date, liposomes chemically coupled to ant

bodies or antibody fragments have been the mo

extensively used ligand-targeted Stealth liposom

(stabilized ▶ immunoliposomes or SIL) (Fig. 2). Th

chemical complexation can be either non-covalent

covalent in nature. In the former case a biotin

streptavidin–biotin bridge between the liposome an

the antibody is involved, while covalent binding ca

be achieved through the use of heterobifunction

cross-linkers or maleimide-derivatized PEG–lip

complexes (PEG–MAL). The great advantages o

SIL encapsulating cytotoxic drugs over free drug

have been unquestionably demonstrated in a numb

of experimental models of cancer. The mechanis

whereby SIL appears to act is related to localize

release of the encapsulated drug at the targeted ce

surface following binding of the drug carrying lipo

somes to the cell. With some particular antibodie

moreover, internalization of the liposomal dru

package may occur and also contribute to the mech

nism of cytotoxicity. Interestingly, it has been show

that approximately 400-fold more monoclon

antibody was required to achieve similar resul

with antibody–drug conjugates. Hence, high dru

http://dx.doi.org/10.1007/978-3-642-16483-5_2997
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Fig. 3 Mechanisms of drug
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specific targeting to tumor

cells
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antibody ratios can be achieved with SIL, thu

decreasing the need for expensive and potential

immunogenic antibodies. Since most tumors are he

erogeneous with regard to tumor-associated antige

expression, another advantage may be th

“▶ bystander effect”: specific binding of a SIL

a tumor cell, with release and diffusion of the dru

and uptake by surrounding tumor cells may result

cytotoxicity of bystander cells lacking the specifi

epitope (Fig. 3).

In conclusion, liposomal formulation of chemother

peutic drugs is considered a very promising modality

drug delivery because liposomes are biologically ine

and completely biocompatible, they do not cause tox

or antigenic reactions, and the drugs included into lip

somes are protected from the destructive action

the external environment. Association of drugs wi

carriers, such as liposomes has pronounced effects o

the ▶pharmacokinetic profile of the drug resulting

delayed drug absorption, restricted drug biodistributio

decreased volume of drug biodistribution, delayed dru

clearance, and slower drug metabolism.

Future Perspectives for Liposomal Chemotherap

Monotherapy is not common in chemotherap

A combination of drugs generally produces better the

apeutic results. The rationale for use of multiple agen

takes into consideration the heterogeneity of the tumo

cells and differences in tumor cell sensitivity
t

individual drug classes. Treatment strategies general

include drugs with different mechanisms of action an

nonoverlapping side effects in order to atta

maximum therapeutic benefit. The evaluation

targeted liposomes using drug or ligand combination

is only beginning to be explored, for exampl

targeting either the same liposomal drug against di

ferent epitopes, targeting different drugs against th

same epitope, or targeting different drugs again

different epitopes. Combinations of liposomal drug

might also help to lower drug dosages and increa

responses, which could help reduce drug toxicitie

Given the exhaustive possibilities available to lip

some chemistry, research will be quickly directed

multifunctional liposomes, combining tumor-targetin

and tumor therapy in an all-in-one system, providin

a useful multimodal approach in the battle again

cancer.
.
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Liposomes

Definition

Artificial lipid bilayer vesicles formed from an aqu

ous suspension of phospholipids and cholestero

These vesicles can be used to incorporate wate

soluble materials, including drugs, proteins, an

nucleic acids, enabling the delivery of such molecule

to various cells. Synthetic cationic lipids can be used

form electrically charged (cationic) liposomes, whic

show robust association with DNA and enhance th

efficiency of its delivery to target cells.

▶Drug Delivery Systems

▶ Immunoliposomes

▶Liposomal Chemotherapy

▶Non-Viral Vector for Cancer Therapy
e

5-Lipoxygenase

Synonyms

5-LO
g

er

y.

d

9:
Definition

Key enzymes in the arachidonic acid metabolizin

pathway into leukotrienes.

▶Leukotrienes
s,
Lipoxygenase

▶Arachidonic Acid Pathway
f

.

.

Lisch Nodules

Definition

Lisch nodules are pigmented ▶ hamartomatous ne

(singular ▶Nevus), a type of benign tumor affectin

the iris, named after Austrian ophthalmologi

Karl Lisch, who first recognized them in 193

They are clear, yellow to brown, oval to roun

dome-shaped papules that project from the surface

the iris. These nodules typically do not affect visio

but are very useful in diagnosis. They are detected b

slit lamp examination. They are a typical feature

▶ neurofibromatosis Type 1.
Liver

Definition

Large, glandular organ located in the upper right sid

of the abdominal cavity, divided by fissures into lob

and functioning in the secretion of bile and variou

metabolic processes.

▶Hepatic Ethanol Metabolism
Liver Cancer

Definition

Primary liver cancer is a cancer that forms in th

tissues of the liver. Secondary liver cancer is a canc

that spreads to the liver from another part of the bod

Estimated new cases and deaths from liver an

intrahepatic bile duct cancer in the United States in 200

• New cases: 22,620

• Deaths: 18,160

▶Hepatitis B Virus x Antigen Associated

Hepatocellular Carcinoma

▶Hepatocellular Carcinoma

▶Hepatocellular Carcinoma – Etiology, Risk Factor

and Prevention
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Definition

Primary liver cancer includes four major histologic

tumor types. The most frequent form is hepatocellul

carcinoma (HCC), a malignant epithelial neoplas

that develops from hepatocytes, the basal liver paren

chymal cells. Hepatoblastoma is a rare embryonic liv

tumor arising from immature hepatocytes, mainly

children under 2 years of age. Cholangiocarcinom

(CC) develops from the epithelium of intrahepat

biliary ducts, and angiosarcoma is a rare maligna

mesenchymal (vascular) tumor. This entry presen

only the molecular biology of HCC.

Characteristics

Epidemiology

Liver cancer is one of the most common human cance

worldwide, with an estimate of 626,000 new cases dia

nosed each year, and incidence is continuously rising

America and Europe. It ranks fifth in frequency in th

world in terms of relative cancer incidence rates, but

shows heterogeneous geographical distribution,with th

highest rates in Asia and Africa. HCC develops mo

frequently in males than in females, sex ratios rangin

between 1.5 and 3 in most countries. It occurs predom

inantly in the second half of life, with increasing inc

dence between the ages of 40 and 80. Generally, HC

arises in the context of extensive liver lesions, includin

liver cirrhosis in 80% of cases, or chronic hepatitis.

Etiology

HCC is one of the few human neoplasms seroepid

miologically related to viral infections. More than 80%

of HCC cases worldwide are associated with chron

infection with hepatitis B virus (HBV) (▶ hepatit

viruses) or ▶ hepatitis C virus (HCV). Other majo

risk factors include alcoholic cirrhosis, dietary intak

of aflatoxin B1, a fungal metabolite which contam

nates crops in some tropical areas, and inherited met

bolic disorders such as tyrosinemia, hemochromatosi

and a1-antitrypsin deficiency. Recently, diabetes an
l

t

t

,

obesity have also been recognized as significant eti

logical factors of HCC. The risk of developing HCC

greatly increased in chronic viral carriers exposed

other recognized risk factors, including aflatoxin B

alcoholic cirrhosis, and diabetes.

Role of Viral Factors

In HCC as in other human tumors, multiple step

involving independent lesions are required to reac

the fully malignant phenotype. Chronic HBV infectio

plays a complex role in liver carcinogenesis, involvin

various cooperative mechanisms (Fig.1).

Following liver injury by viral infections (HBV

HCV) or by excessive intake of alcohol or aflatox

B1, a long period of necroinflammatory liver disease

generally followed by liver cirrhosis. Small cell dy

plastic nodules are considered as direct precurs

lesions of HCC. Accumulation of genetic and epig

netic changes, including mutations of the p53 an

▶ axin 1 tumor suppressors or the b-catenin oncogen

lead to the fully malignant phenotype.

Direct Mutagenic Role

HBV DNA frequently integrates into host cell chr

mosomes. HBV integrations seem to occur random

over the entire human genome, with no preferenti

site. Viral DNA integration is frequently associate

with gross genetic alterations such as chromosom

translocations, deletions, or amplifications of larg

chromosomal regions. Therefore, it may promo

genomic destabilization, in turn favoring the accumu

lation of genetic mutations at early steps of HC

development. Insertion of HBV DNA into cellul

genes and subsequent modification of target gen

expression or function (a process called ▶ insertion

mutagenesis) is another potential oncogenic mech

nism. Initial studies of four independent HCC cas

identified viral DNA integration sites within cellul

genes that play important roles in the control of ce

growth, differentiation, or viability: retinoic recepto

beta, cyclin A2, mevalonate kinase, and SercA1 gene

These tumors produce viro-cellular chimeric protein

endowed with transforming capacities. The rece

development of PCR-based technologies for rapid is

lation of viral integration sites has allowed to bett

evaluate the prevalence of such oncogenic insertion

events. Large-scale analysis of HBV integration sit

provided evidence for viral integration into transcribe

regions in 62% of cases and for recurrent insertion sit

http://dx.doi.org/10.1007/978-3-642-16483-5_2658
http://dx.doi.org/10.1007/978-3-642-16483-5_2658
http://dx.doi.org/10.1007/978-3-642-16483-5_2661
http://dx.doi.org/10.1007/978-3-642-16483-5_496
http://dx.doi.org/10.1007/978-3-642-16483-5_3073
http://dx.doi.org/10.1007/978-3-642-16483-5_3073


e

ic

r

ly

)

e-

e-

C

f

n

n

in

a

s

g

ic

h-

r

to

s

s

ts

ar

in

P

s-

as

s.

e

e

ic

ct

i-

n

al

e

es

ly

n

or

nt

in

d

g-

ll

nt

ic

s

ls

s

al

d-

n

s

al

e

n

le

ic

of

l-

n

in

s.

HBV, HCV
alcohol

aflatoxin B1

Necrosis/regeneration
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multistep process of liver

carcinogenesis
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in the human telomerase (hTERT) and mixed lineag

leukemia (MLL) genes.

Another argument favoring a direct tumorigen

role of HBV comes from studies of animal models fo

virally induced liver cancer. Woodchucks chronical

infected with the woodchuck hepatitis virus (WHV

a hepadnavirus closely related to HBV, develop fr

quent and early onset HCC. WHV DNA is found int

grated in the vicinity of an oncogene of the ▶MY

family (either MYC or ▶MYCN) in more than 80% o

woodchuck liver tumors. MYC genes act as importa

regulators of cell growth, death, and differentiatio

and their abnormal expression has been implicated

the genesis of multiple human neoplasms. The critic

role of WHV DNA integration in MYC oncogenes ha

been demonstrated in transgenic mice recapitulatin

the multistep process of liver carcinogenesis.

Oncogenic Potential of the HBx Transactivator

The HBV regulatory protein X (HBx) has pleiotrop

functions and it can interfere with multiple cellular pat

ways controlling cell cycle, proliferation, DNA repai

and apoptosis. In particular, HBx has been reported

modulate calcium homeostasis, mitochondrial function

proteasome activity, and signal transduction pathway

Described as a weak transcriptional activator, HBx exer

its functions by interacting with a variety of cellul

partners such as DDB1 (a subunit of the Cul4A ubiquit

ligase complex), the histone acetyltransferases CB

p300, and p53. In transgenic mouse strains, liver expre

sion of HBx can either induce liver cancer or act

a cofactor and a tumor promoter in liver carcinogenesi

Immunopathogenesis

There is a general consensus that hepatocellular damag

in human hepatitis B is caused by the host immun

response and not by the viral replication itself. Transgen
,

t

,

l

,

,

.

/

mouse models have provided evidence for an indire

role of HBV in cancer formation. Sustained viral repl

cation and expression of most viral genes in the liver ca

be achieved inHBV transgenicmicewith no pathologic

consequence. However, sustained expression of the larg

envelope protein of HBV in the mouse liver induc

a process of necrosis and regeneration which ultimate

leads tomalignant transformation.Moreover, stimulatio

of cellular immune responses in mice transgenic f

the HBV surface antigen (HBsAg) leads to freque

emergence of liver tumors. Thus, an important factor

tumorigenesis is the accelerated turnover of infecte

hepatocytes resulting from continuous cell death tri

gered by the host immune response and subsequent ce

proliferation. Hepatocyte DNA lesions during persiste

HBV infectionmay be induced by exposure tomutagen

products secreted by inflammatory cells, endogenou

production of mutagens such as oxygen-free radica

and nitrosamines, and impaired detoxification pathway

or DNA repair mechanisms.

Chromosomal Aberrations

In the recent years, global insights into chromosom

alterations profiles have been provided by genetic stu

ies of large sets of tumors. These studies have show

that a large variety of genetic and epigenetic alteration

are present in different combinations among individu

HCC cases. Therefore, HCC might rank among th

most complex and heterogeneous types of huma

solid tumors, which is consistent with the multip

etiologies of HCC and the long period of chron

inflammatory disease that fosters accumulation

genetic and epigenetic defects.

Studies using PCR-basedmicrosatellite marker ana

ysis (MSA) and Comparative Genomic Hybridizatio

(CGH) have identified the major genetic changes

HCC of various geographical and etiological origin

http://dx.doi.org/10.1007/978-3-642-16483-5_6461
http://dx.doi.org/10.1007/978-3-642-16483-5_3925
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In MSA studies, the highest percentages of allelic del

tions (LOH: ▶ loss of heterozygosity) were found

chromosomes 8p23, 4q22–24, 4q35, 17p13, 16p13–1

16q23–24, 6q27, 1p36, and 9p12–14. The relative fr

quency of allelic losses may vary with the associate

risk factors, implying that viral and chemical agen

implicated in liver cancer may preferentially sele

some pathways rather than others. Importantly, genom

instability has been found at higher rates in HBV-relate

tumors than in tumors associatedwithHCV or other ris

factors. CGH studies have confirmed prevalent chrom

somal losses and demonstrated frequent DNA cop

gains at 8q, 1q, 6p, and 17q.

Moreover, specific chromosomal gains and losse

were found to occur at different stages of tumor pro

gression, suggesting nonrandom chromosomal gain

and losses occurring in an orderly fashion in liv

cancer. The recent development of array-based CG

might allow more accurate evaluation of chromosom

changes and identification of cancer-related gene

located on affected chromosomal arms.

In addition to genetic mutations, epigenetic mech

nisms such as hypermethylation of promoters containin

CpG island have been shown to modify gene expressio

patterns in HCC. A number of tumor suppressor gen

including p16INK4A, SOCS-1, APC, RASSF1A, GSTP

and E-cadherin are silenced by DNA methylation

a large proportion of liver tumors, and this process ofte

starts at preneoplastic (cirrhotic) stages.

Tumor Suppressor Genes and Oncogenes

▶P53 is probably the most common molecular targ

involved in human carcinogenesis. The p53 tumor sup

pressor protein is activated in response to DNA damag

inducing either cell cycle arrest to permit DNA repair o

apoptosis. Loss of p53 function occurs mainly throug

allelic deletions at chromosome 17p13, where the gen

is located, and missense mutations within the DNA

binding domain. In HCC, LOH at chromosome 17p1

has been observed in 25–60% of tumors in differe

studies, and the worldwide prevalence of p53 mutation

can be estimated to around 28%, with however impo

tant geographical variations. It is now well establishe

that a mutation at codon 249 of the p53 gene is freque

in some regions of Africa (Mozambique, Senegal) an

the southeast coast of Asia (Qidong, Vietnam) whe

chronic HBV infection is highly endemic and the afl

toxin B1 content of the diet is high. Thus, the specifi

“hot spot” 249 mutation appears to be a hallmark o
t

,

t

l

,

t

,

t

t

dietary exposure to aflatoxin B1. In other countries, p5

mutations are seen at lower rate, and they are distribute

over the coding exons.

The retinoblastoma gene. Allelic deletions at chr

mosome 13q14 have been associated with the inact

vation of the RB tumor suppressor gene (▶RB1). R

has been implicated in cell cycle control, and disruptio

of the RB pathway renders cells insensitive to antiprol

ferative signals. In liver cancer, LOH at the RB locu

has been found in 25–48% of cases, and RB expressio

is strongly downregulated in 30–50% of tumors. Whi

nomutation of the RB gene itself has been documente

inactivation of the RB pathway is achieved mainly b

methylation-dependent silencing of p16INK4, an inhi

itor of cyclin-dependent kinases which blocks the ce

cycle. In addition, overexpression of gankyrin, a ne

oncogene homologous to a subunit of the 26

proteasome, promotes RB degradation by th

ubiquitin–proteasome pathway.

b-Catenin. Activation of the Wnt pathway has bee

implicated in liver oncogenesis by the finding of fr

quent mutations in the b-catenin gene. b-catenin is a

important multifunctional protein involved in cell–ce

adhesion and in transduction of differentiation signa

during embryogenesis. Mutations in the b-catenin gen
have been detected in about 22% of liver tumors. A

mutant forms of b-catenin harbor missense mutation

or short deletions in the amino-terminal domain (s

called destruction box) and they are resistant to degr

dation. Thus, wild type b-catenin is expressed at th

cell membrane in normal epithelial cells, whereas th

mutants accumulate in the cytoplasm and nucleus

tumor cells. In about 7% of HCC cases, activation

b-catenin is also achieved in HCC by loss-of-functio

mutations of axin 1, a tumor suppressor protein know

to bind b-catenin and promote its degradation. In co

trast with colorectal cancer, another b-catenin partne

the adenomatous polyposis coli (▶APC) tumor su

pressor gene, is not mutated in HCC. Interestingl

b-catenin mutations are less frequent in HBV-relate

HCCs than in HCV-related or nonviral HCCs. N

mutation of b-catenin could be evidenced

intrahepatic cholangiocarcinoma.

TCF1. The finding of frequent LOH at chromosom

12q24.2 in hepatocellular adenomas has led to identi

mutations and bi-allelic inactivation of the TCF1 gen

encoding the liver-enriched HNF1-a transcription fa

tor. This finding links MODY 3 diabetes to benig

liver tumors, and also occasionally to HCC.

http://dx.doi.org/10.1007/978-3-642-16483-5_3415
http://dx.doi.org/10.1007/978-3-642-16483-5_4331
http://dx.doi.org/10.1007/978-3-642-16483-5_4964
http://dx.doi.org/10.1007/978-3-642-16483-5_347
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▶Ras family oncogenes. None of the genes of th

ras family has been found to be mutated at significa

rate in HCC, whereas K-ras mutations are frequent

intrahepatic cholangiocarcinoma.

Oncogenic Pathways

Deregulation of various signaling pathways has bee

reported in different HCC subtypes, comprising Wn

b-catenin signaling and the p14ARF/p53, p16INK4A/RB

TGF-b, and PTEN/Akt pathways [3]. Evidence for act
vation of the Ras and Jak/Stat pathways in HCC b

epigenetic silencingmechanisms has also been reporte

Additionally, altered expression of growth factors suc

as HGF, IGFs, amphyregulin, and their receptors, a

well as genes involved in angiogenesis have bee

involved in the development and progression of HCC

Molecular characterization of HCC by gene expre

sion profiling using DNA microarray technology ha

allowed to distinguish several tumor subtypes harbo

ing significant biological differences. Importantl

these newly discovered subtypes may differ also b

a number of clinicopathological features, such a

tumor stage, etiological factor, association with recu

rence or metastasis, and survival of the patients. Ne

progress will come from integrating gene expressio

profiles and comprehensive genetic surveys of HCC
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Conclusions

Our understanding of the molecular pathogenesis o

HCC has been obscured by the striking clinical an

biological heterogeneity of this tumor. It is surmise

that new tools provided by sequencing of the huma

genome and high-throughput screening of DNA, RNA

and protein alterations in HCC would perm

a comprehensive view of the signaling networks ope

ating in liver cell transformation. Great insights w

come from integrating the signals from different pat

ways at pretumoral and tumoral stages. Because HCC

carry a severe prognosis and remain refractory to curre

chemotherapy regimens, it is urgent to accurately eva

uate new molecular targets for therapeutic treatments.
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Liver Cell Carcinoma

▶Hepatocellular Carcinoma
,

,

t

l

Liver Cirrhosis

Definition

Cirrhosis is a chronic disease of the liver caused b

damage from alcohol, chronic viral hepatitis, bilia

disease, iron accumulation, etc. Normal parenchyma

replaced by delicate bands or broad scars of fibrou

tissue, active parenchymal nodules created by hepat

cyte regeneration, and passive nodules created by co

strictive scarring, with disruption of liver architectur

These changes are irreversible and vascul

intrahepatic system is reorganized with the creatio

of interconnections between vascular inflow an

hepatic vein outflow channels. The end stage of cirrh

sis is the complete loss of liver function. In som

instances, cirrhosis predisposes to liver cancer.

▶Liver Cancer, Molecular Biology

▶ Preneoplastic Llesions
t

-

Liver Flukes

Definition

Parasites that are ingested and form cysts within th

liver, causing chronic ▶ inflammation, predisposin

to cholangiocarcinoma. Fluke eggs are eaten by snai

and develop into cercaria which bore out of th

snails and bore into the muscle of fish, where the

http://dx.doi.org/10.1007/978-3-642-16483-5_4951
http://dx.doi.org/10.1007/978-3-642-16483-5_2663
http://dx.doi.org/10.1007/978-3-642-16483-5_8
http://dx.doi.org/10.1007/978-3-642-16483-5_4724
http://dx.doi.org/10.1007/978-3-642-16483-5_3044
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form metacercaria. The metacercaria are then ingeste

by humans from raw or undercooked fish and adu

parasites form liver cysts, feeding off bile.

▶Cholangiocarcinoma
Liver Resection

Definition

Surgical removal of a part of the liver.

▶Hepatic Epithelioid Hemangioendothelioma
it

st
Liver Transglutaminase and Gh

▶Transglutaminase-2
d

as

e

e

h

Liver Transplantation

Definition

An operation harvesting the liver from a donor an

grafting to a recipient.

▶Hepatic Epithelioid Hemangioendothelioma
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LMP2

Definition

Low molecular mass protein 2; the generation of ant

genic protein fragments for (low molecular ma

protein 2) loading onto ▶MHC class I molecules an

subsequent display on the surface of the cell uses th

cellular machinery for protein degradation, th

proteasome. This is a large multi-subunit comple

consisting of seven subunits and three proteolyt

active sites. Although constitutively expressed in th

cell, under the influence of IFN-g, subunits a

exchanged to create the immunoproteasome, which

more competent to produce peptides of appropria

size for MHC I binding. Two of the subunits, LMP
t

and LMP7 are encoded by genes within theMHC locu

and are components of the immunoproteasome.

▶ Immunoediting
5-LO

▶ 5-Lipoxygenase
Lob 1

Definition

Lobule 1; is defined as the terminal ductal lobular un

of the human breast and the site of origin of brea

cancer.

▶Lobular Carcinoma of the Breast
Lobectomy

Definition

An operation done to remove a lobe of an organ such

the lobe of a lung or a lobe of the thyroid gland. Th

lung has five lobes, three on the right and two on th

left. A lobectomy may be performed for a disease suc

as ▶ lung cancer.
Lobular Carcinoma of the Breast

Definition

Is one of the main types of ▶ breast cancer. Lobul

carcinoma is the second most common type of brea

cancer, making up about 10% of all breast cancers.

There are various types of breast cancer categorize

by the way the cells appear under the microscope. Th

main types are:

• Ductal carcinoma (70–80%): cancer cells th

resemble the ducts of the breast

• Lobular carcinoma (5–10%): cancer cells th

resemble the lobules or glands of the breast

http://dx.doi.org/10.1007/978-3-642-16483-5_1106
http://dx.doi.org/10.1007/978-3-642-16483-5_2652
http://dx.doi.org/10.1007/978-3-642-16483-5_5922
http://dx.doi.org/10.1007/978-3-642-16483-5_2652
http://dx.doi.org/10.1007/978-3-642-16483-5_3700
http://dx.doi.org/10.1007/978-3-642-16483-5_2988
http://dx.doi.org/10.1007/978-3-642-16483-5_3390
http://dx.doi.org/10.1007/978-3-642-16483-5_6816
http://dx.doi.org/10.1007/978-3-642-16483-5_3434
http://dx.doi.org/10.1007/978-3-642-16483-5_717
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• Medullary carcinoma (1–5%)

• Mucinous carcinoma (1–6%)

• Tubular carcinoma (2%)

Lobular carcinoma (in situ); “in situ” refers to pr

invasive breast cancer. This is breast cancer which ha

not yet penetrated (“invaded”) through the baseme

membrane (the membrane at the base of the epitheli

lining of ducts or glands). In situ carcinoma has th

potential to become invasive carcinoma, and so

treated as an early form of breast cancer.

Lobular carcinoma in situ (LCIS) is thought to b

a “pre-cancerous” condition. This means that it is n

true cancer, because the cells, while abnormal, have n

developed the ability to spread beyond the lobules of th

breast. Lobular carcinoma in situ is still an importa

finding, however, because a woman with LCIS is

higher risk of developing true invasive breast canc

than unaffected women. This risk is thought to b

about 7–9 times higher. Early breast cancer has a goo

(greater than 80%) 5-year survival. Important progno

tic factors which can help predict survival includ

involvement of lymph nodes, the size of the tumo

and how aggressive the tumor cells are. If the canc

has metastasized (spread) to lung, liver, or bone

diagnosis, 5-year survival rates are significantly lowe

Women with LCIS are at higher risk of developin

invasive breast cancer than the general population.
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Synonyms

Senile involution
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Definition

A descriptive term, involution refers to a progressiv

decrease in the size of an organ that is usual
t

l

associated with a decline in its function. Organs th

undergo involution include the post-partum uterus, th

ovaries after menopause, the thymus gland, and breas

Except for the post-partum uterus, involution

changes are regarded as a manifestation of aging an

are often irreversible.
t

t

t

t

,

t

.

Characteristics

Anatomy of the Human Breast

The adult human female breast consists of 15–2

irregular lobes that are separated by layers of conne

tive tissue as they fan out from the nipple into th

mammary gland proper. These lobes empty indepen

dently into the nipple through the lactiferous duct

which conduct milk to the nipple. The ducts subdivid

and terminate in multiple small lobules, which subd

vide into multiple glandular acini or alveoli that pro

duce milk during lactation. These lobules are th

functional units of the mammary gland. If the termin

duct is also included, they are often referred to

terminal ductal-lobular units. A system of branchin

intralobular ducts, which eventually converge wi

the larger lactiferous ducts, connects the individu

lobules within each lobe. The highest concentration

lobules is usually found in the upper outer quadra

of the breast. The development of the breast begins

puberty. Its maximum development is reached som

time after the twentieth year with atrophic change

setting in by the age of 35. Lobules are not present

the male breast.

Involution

The breast continually undergoes structural change

depending on the menstrual cycle, pregnancy, an

age. Thus, for normal development and functio

a balance must exist between cell proliferation, diffe

entiation, and death. A major change entails invol

tion, which refers to two markedly differe

physiological processes that affect the lobules. Th

first relates to pregnancy and the production of mil

During pregnancy, in preparation for lactation, the

lobules increase in size as a result of cellular prolife

ation. There is rapid epithelial proliferation with add

tional branching of the ducts and lobulo-alveo

growth. Following the cessation of lactation, the lo

ules shrink and return to their pre-pregnancy siz

a process described as post-lactational involution.

http://dx.doi.org/10.1007/978-3-642-16483-5_5240
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animals, this process is very rapid occurring in a matt

of days through a process of ▶ apoptosis. In human

the time in which this occurs is somewhat uncerta

because of the limitations on the opportunity for tissu

sampling. This process repeats after each pregnanc

The second process, which greatly differs from th

first, is not associated with pregnancy. It is referred

as age-related lobular involution and usually begin

near the end of child bearing.

Age-Related Lobular Involution

In humans, information on age-related lobular involu

tion is limited primarily to morphological description

Involution is characterized by a gradual reduction

the number of the terminal lobular structures of th

breast. The lobules progressively regress in size, th

is, atrophy, until they disappear ultimately bein

replaced by fat and fibrous tissue. Nearly all of th

lobular structures are eventually lost in the process o

age-related involution. A few partially involuted lob

ules or glands persist in the breast years after meno

pause, usually surrounded by a dense fibrous tissu

stroma.

Although it is a normal physiological process, th

age of onset, rate, and extent of age-related lobul

involution varies greatly among women. In mo

women, involution begins around age 35, at least 10

15 years before the time of menopause. In som

women, however, it may start in the early 30s or eve

later. It is a relatively slow process often continuing fo

many years, even into menopause. By age 55, involu

tion is practically complete and the breast has

a general way returned to its prepubertal conditio

Involution is not uniform in the breast, but occurs

a patchy or focal distribution. Some areas of the brea

may show nearly complete involution while othe

show only minimal change. Age 35 years appears

be a crucial year. A full-term pregnancy before age 3

confers some degree of protection against futu

▶ breast cancer. Pregnancy after age 35 has been asso

ciated with an increased risk of subsequent brea

cancer.

The mechanism of lobular involution has not bee

extensively studied. Post-lactational involutio

involves apoptosis. Therefore, it can be presume

that age-related lobular involution also involves apo

ptosis, which in contrast occurs at a much slower ra

than post-lactational involution.
,

.

.

t

t

.

t

t

Factors Affecting Involution

Very little is known about the factors that gove

involution. The process does not follow the regul

pattern of aging seen in other organs or tissues. Mo

likely, the physiological aging process in the breast

under the influence of various hormones. Although it

unknown what factors control the onset and rate

involution, the following associations exis

Oopherectomy at a young age leads to atrophy of th

lobules and involution of the lobular epithelium, whic

resembles the atrophy normally seen in older wome

This is of some interest, because oopherectomy als

reduces the risk of breast cancer. Since involution pr

dates menopause by many years, it is possible th

early changes in ovarian function that precede men

pause trigger the onset of involution.

There have been no international comparisons o

the extent of physiologic involution in differe

populations. Surveys of the incidence of different hi

tological tumor types of breast cancer in differe

geographic areas have suggested international vari

tions exist. This possibility depends on the assumptio

that the incidence of different tumor types reflec

lobular involution. Variation in lobular involutio

would offer one explanation for the substantial var

ability of breast cancer observed between population

More than 55 years ago, Clemmensen showed th

the age-specific incident rate of breast cancer increase

until age 50, then decreased for a few years, the

increased again, but at a much slower rate than prev

ously. Although many reasons were advanced for th

decrease, it has been proposed that Clemmensen

hook reflects involution with its loss of glandular ep

thelium. The second increase has been attributed

persisting ductal-lobular structures that are susceptib

to malignant transformation.

Measurement of Involution

Currently, there is no way to assess quantitatively th

extent of involution. Radiologically, dense mamm

graphic parenchymal patterns have been associate

with mammary gland mass, which apparently reflec

the amount of epithelial tissue present. In genera

there is an inverse association between the prevalenc

of dense parenchymal patterns and age. Howeve

parenchymal patterns are variable; they often vary

women who are the same age. There is no explanatio

as to why some women have dense breasts and othe

http://dx.doi.org/10.1007/978-3-642-16483-5_361
http://dx.doi.org/10.1007/978-3-642-16483-5_717
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do not even at the same age. A decrease in the prev

lence of dense parenchymal patterns with age mo

likely reflects the loss of epithelial lobular structure

as a result of involution. Dense parenchymal pattern

are also a predictor of breast cancer risk, the greater th

density the greater the risk for breast cancer, whic

suggests a relationship between the amount of epith

lial tissue and cancer.

Failure to Involute

It is tempting to speculate on the consequences o

a delay or failure of involution to occur at the appro

priate time. It is known that lobular epithelium ca

persist beyond the time of normal involution, whic

has lead to speculation about the association betwee

abnormal lobular involution and the increased risk o

breast cancer. Abnormal involution could involv

incomplete involution, genetically abnormal involu

tion, or normal but delayed involution.

In the only systematic examination of age-relate

lobular involution in the context of breast cance

a strong inverse relationship was shown between th

extent of lobular involution and breast cancer ris

independent of all known breast cancer risk facto

investigated. Among women with benign breast di

ease, lobular involution was significantly associate

with reduced breast cancer risk.

There are several possible biologic mechanisms b

which aberrant involution could modify a woman

breast cancer risk. It has been suggested that the pro

gressively smaller number of epithelial cells prese

upon gradual lobular involution could lead

a reduction in breast cancer simply because a less

amount of tissue is available for malignant transform

tion. It has also been suggested that abnormal involu

tion may merely be a surrogate for an underlyin

susceptibility to breast cancer. Failure of timely invo

lution allows for prolonged exposure of epithelial cel

to mutagenic stresses thereby increasing breast canc

risk.

Certain known breast cancer risk factors may inte

fere with the process of involution. Women whose fir

full-term pregnancy occurs after 35 years of age are

increased risk of breast cancer compared to both nu

liparous women and women with earlier first full-ter

pregnancies. It is likely that the ductal-alveolar epith

lium proliferation that accompanies the late pregnanc

may interrupt the process of involution. The persiste
t

estrogen activity that results from a late age at men

pause possibly explains the increased risk of brea

cancer.
,
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, Local Ablation Therapy

▶Locoregional Therapy
t

Local Therapy

Definition

Treatment that affects cells in the tumor and in th

surrounding area.
t

t

t

Local Treatment

Definition

Therapy which targets the tumor and surroundin

regional area. Surgery and radiotherapy are form

of local treatment. The purpose of local treatment ca

be curative or ▶ palliative. Local treatment is disti

guished from ▶ systemic treatment.

▶ Induction Chemotherapy

http://dx.doi.org/10.1007/978-3-642-16483-5_3407
http://dx.doi.org/10.1007/978-3-642-16483-5_4350
http://dx.doi.org/10.1007/978-3-642-16483-5_5642
http://dx.doi.org/10.1007/978-3-642-16483-5_3040


s-

er

d

L 2072 Locoregional Therapy
Locoregional Therapy

Teh-Ia Huo

Institute of Pharmacology, School of Medicine,

National Yang-Ming University, Taipei, Taiwan
g

r

il

f

is

E

Synonyms

Local ablation therapy
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Definition

There has been no clear definition for locoregion

therapy. Most often, locoregional therapy refers

various minimally invasive therapeutic procedure

With the aid of ultrasound guidance, an antitumor

device, drug, or chemical is introduced directly into th

tumor and causes tumor death.
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Characteristics

For most human cancers, surgical resection remain

the standard treatment modality. However, resection

sometimes possible in only a minority of patient

When surgical treatment is less likely to perform

physicians may choose other therapeutic procedure

Among the available methods, locoregional therap

has been frequently used to treat cancer. It is s

named because the tumors can often be treated locall

The best example to demonstrate the role and usefu

ness of locoregional therapy is applying this kind o

therapy in patients with ▶ hepatocellular carcinom

or ▶HCC, which is primary liver cancer originate

from transformed liver cells. HCC is one of th

common malignant tumors in the world, and mo

cases are found in Asia and Africa. Among th

various locoregional interventions, ▶ transarteri

chemoembolization, percutaneous ultrasound-guide

therapy including injection of ▶ ethanol or acet

acid, and thermal ablation using radiofrequency an

microwave energy, are the most commonly use
methods (Table 1). These locoregional therapies po

sess the advantages of preserving the uninvolved liv

parenchyma and avoiding potential morbidity an

mortality of major hepatic surgery.
l

.

l

Transarterial Chemoembolization (TACE)

Most liver cancers, when formed, have a feedin

artery that delivers nutrition and oxygen to tumo

cells to enable their growth. TACE, using iodized o

and chemotherapeutic agents, combines the effect o

targeted chemotherapy with that of ischemic necros

induced by arterial embolization. Although TAC

was originally used for ▶metastatic liver tumo

from colorectal cancers or other malignancies, it w

later used to treat primary HCC because HCC nodu

frequently has a high arterial blood supp

(hypervascular lesion). In addition, TACE can targ

single- or multi-nodular HCCs in one treatment se

sion and could be repeatedly administered. TACE

generally a palliative treatment for unresectable HCC

and a better outcome can only be expected in proper

selected patients.
.

,

.

.

,

t

l

Percutaneous Ethanol Injection (PEI)

PEI was originally developed in the 1980s when th

real time ultrasound-guided aiming became possibl

The injected chemical, pure ethanol, induces loc

tumor necrosis as a result of direct protein denatur

cellular dehydration, and thrombosis of blood vessel

HCC usually is hypervascular and well-encapsulate

by a tumor capsule that can limit the spread of ethano

These characteristics have made PEI one of the mo

commonly used methods of local ablation therap

Usually PEI is limited to patients with small-size

tumor nodules. Compared with the transarteri

approach, PEI has the advantages of being safer, le

expensive, and easy to perform. In addition, PEI allow

selective treatment of HCC without significant damag

to the adjacent liver parenchyma, and can be used f

patients with moderately advanced cirrhosis. Sid

effects are mostly minimal.
Percutaneous Acetic Acid Injection (PAI)

Acetic acid induces profound tumor necrosis at a co

centration of 15–50% through a similar mechanism

http://dx.doi.org/10.1007/978-3-642-16483-5_3404
http://dx.doi.org/10.1007/978-3-642-16483-5_2663
http://dx.doi.org/10.1007/978-3-642-16483-5_2588
http://dx.doi.org/10.1007/978-3-642-16483-5_5896
http://dx.doi.org/10.1007/978-3-642-16483-5_5896
http://dx.doi.org/10.1007/978-3-642-16483-5_2027
http://dx.doi.org/10.1007/978-3-642-16483-5_6411
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Locoregional Therapy. Table 1 Comparison of various locoregional therapies for HCC

Treatment Advantages Disadvantages

TACE Target multiple tumors in one treatment session No effect for hypovascular tumors, may induce liver or renal

failure

PEI Minimally invasive Limited to small lesions, need multiple treatment

PAI Minimally invasive, probably more effective than

PEI

Limited to small lesions, need multiple treatment

RFA Effective for small and medium sized HCCs Probably higher complication rate, more expensive

MCT Effective for small to medium sized HCC Probably higher complication rate, more expensive

TACE transarterial chemoembolization, PEI percutaneous ethanol injection, PAI percutaneous acetic acid injection, RFA
radiofrequency ablation, MCT microwave coagulation

Locoregional Therapy 2073 L
ethanol. It has a strong ability to penetrate cancer cell

and can dissolve lipids and extract collagen fro

intratumoral septa and capsule that frequently conta

viable cancer cells. Therefore, acetic acid is at lea

equally effective compared with ethanol in treatin

HCC.
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Radiofrequency Ablation (RFA)

RFA for human HCC was first reported in the mid

1990s. The puncture needle (or probe) has an insu

lated shaft and a noninsulated tip, which is inserte

into the lesion under ultrasound or computed tomog

raphy guidance. The patient is part of the electr

circuit with grounding pads on the thighs or th

back. The radiofrequency energy emitted from th

needle tip induces ionic agitation and frictional hea

The surrounding tissue, rather than the electrod

itself, is the source of heat that destroys the canc

cells. RFA has now become one of the very efficie

local ablative therapies for HCC due to its excelle

necrotizing effect. While many investigators consid

RFA a safe procedure, a few reports found th

the complication rate of RFA could be quite hig

When the location of tumor nodule is close to th

major blood vessels, the radiofrequency energy wi

be carried away by the blood flow (the “heat sink

phenomenon) and result in a suboptimal treatme

response.
s
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ic
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Microwave Coagulation Therapy (MCT)

As a thermal ablation method for HCC, MCT utilize

a microwave coagulator that generates and transmi

microwave energy to a needle electrode which
,

t

inserted into the lesion. MCT has been studied

patients with HCC as well as in liver ▶metastasi

It can be applied with percutaneous or laparoscop

approach to ablate unresectable HCC, and is useful

control tumor bleeding from ruptured HCC or pr

vent massive blood loss in liver surgery.
.

t

Comments

Locoregional therapy has also been applied to oth

cancers other than HCC, but the overall experience

relatively limited. The choice and application of var

ous locoregional therapies for HCC and other cance

may vary from center to center and is likely to depen

on the experience, preference, and facility of the refe

ral center. Long-term survival in patients wi

unresectable HCC may be achievable in selecte

patients provided various locoregional therapies ca

be appropriately performed.
t

.

l

t
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Locus

Definition

Plural, loci; a fixed position or location in a DN

sequence.

▶Linkage Disequilibrium
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Log-Kill Hypothesis

Tiffany A. Traina and Larry Norton

Breast Cancer Medicine Service, Department of

Medicine, Memorial Sloan-Kettering Cancer Center

New York, NY, USA
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Synonyms

Skipper–Schabel model; Skipper–Schabel–Wilco

model
c

a

f

e
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).
5

or
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h

e

.

Definition

The log-kill hypothesis proposes a model for the effe

of cytotoxic chemotherapy on tumor size. It states th

a given dose of chemotherapy kills the same fraction o

tumor cells regardless of the size of the tumor at th

time of treatment.
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Characteristics

Experimental and mathematical models have attempte

to describe the fundamentals of tumor cell grow

and kinetics. From these systems arose an improve

understanding of tumor growth characteristic

a foundation for the key principles of chemotherap

and, eventually, recognition of the importance of dos

scheduling. The Skipper–Schabel–Wilcox model is on

of themost influential and pioneering experiments in th

history of oncology.

Investigators at the Southern Research Institu

developed a simple model of tumor growth usin

L1210 murine leukemia cells. This system ha

two notable features: a seemingly exponential grow
t

t

,

pattern and the ability to spontaneously generate dru

resistant cells. These factors made it a reasonab

reflection of the growth of rapidly fatal human mali

nancies and of the heterogeneity in drug sensitivi

seen clinically in many cancers.

Leukemia in this murine model grows exponential

until it reaches a lethal volume of �109 cell

A significant observation was that the doubling tim

remained constant regardless of the size of the tumo

This pattern of growth could be generalized to any fra

tional increase so that if it takes a certain amount of tim

(x) to grow from 103 cells to 104 cells, it will similar

take x amount of time for 107 cells to grow into 108 cell

Building on the observations and assumption

above, the investigators hypothesized that when suc

a tumor is treated with chemotherapy, the fraction

cells killed is similarly constant. This fixed, relativ

cytoreduction suggests that a dose of drug activ

against a homogeneously sensitive population shou

always kill a constant proportion of the cells, regar

less of the size of the tumor at the start of treatmen

According to this model, if a dose of drug cou

improve survival by some period of time, then enoug

additional doses could delay death and lead to cure.

Graphically, when this fractional cell kill

expressed on a logarithmic scale, cytotoxicity occu

in the reverse of an exponential growth pattern (Fig. 1

Therefore, a drug dose that reduces 107 cells to 10

cells (a log-kill of 2) will also reduce the same tum

from 105 cells to 103 cells. Exponential cell growth

matched by exponential cell kill. Accordingly, enoug

cycles of enough drugs at high enough doses should b

able to kill a high percentage of cells, if not all of them

The log-kill model led to enthusiasm regardin

the application of chemotherapy to the postoperativ

setting. ▶Adjuvant therapy would theoretically cu

patients of micrometastases as small volume tumo

should be more easily eradicated as predicted by th

model.

However, the Skipper–Schabel model does not acc

rately represent the entire clinical reality. The log-k

model presumes that growth is exponential betwee

treatment doses and does not vary as a function

tumor size. Additionally, clinical experience with se

eral solid tumors does not support this model. Th

observations that cure is rare for patients with advance

cancer, and that many patients with early stage canc

recur despite treatment suggest that this model does n

completely predict or explain tumor cytokinetics.

http://dx.doi.org/10.1007/978-3-642-16483-5_3368
http://dx.doi.org/10.1007/978-3-642-16483-5_5344
http://dx.doi.org/10.1007/978-3-642-16483-5_5345
http://dx.doi.org/10.1007/978-3-642-16483-5_5345
http://dx.doi.org/10.1007/978-3-642-16483-5_112
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Log-Kill Hypothesis.
Fig. 1 The Skipper–Schabel–

Wilcox “log-kill” model.

Tumor growth appears

exponential when plotted on

a logarithmic scale (left). With

each dose of chemotherapy,

a constant fraction of cells are

killed (right)
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Subsequent mathematical models based upo

Gompertzian growth (▶Gompertzian growth curv

▶Norton-Simon hypothesis) improved upon the conce

established by the Skipper–Schabel–Wilcox model.
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LOH

Definition

▶Loss of heterozygosity
i-

o

or

e

ic
LOI

Definition

Loss of ▶ Imprinting.

▶Genomic Imprinting
;

t

:

Long Dispersed Nuclear Element

Definition

▶LINE Element
:

,

-

)

Long Terminal Repeat

Synonyms

LTR
Definition

Regulatory sequence of the genome of a ▶ retroviru

▶Retroviral Insertional Mutagenesis
Loss of Heterozygosity

Definition

Abbreviation LOH; also ▶ allelic loss; can be exper

mentally demonstrated in cases in which the tw

alleles differ. It is the loss of an allele in tum

DNA compared to matched normal DNA from th

same individual. LOH is a very frequent somat

http://dx.doi.org/10.1007/978-3-642-16483-5_2473
http://dx.doi.org/10.1007/978-3-642-16483-5_4130
http://dx.doi.org/10.1007/978-3-642-16483-5_3415
http://dx.doi.org/10.1007/978-3-642-16483-5_3019
http://dx.doi.org/10.1007/978-3-642-16483-5_2390
http://dx.doi.org/10.1007/978-3-642-16483-5_3359
http://dx.doi.org/10.1007/978-3-642-16483-5_3428
http://dx.doi.org/10.1007/978-3-642-16483-5_5084
http://dx.doi.org/10.1007/978-3-642-16483-5_5081
http://dx.doi.org/10.1007/978-3-642-16483-5_186
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L 2076 Loss-of-Function Mutation
genetic change in human tumors. When LOH is foun

to occur at high frequency in a particular chromosom

region, it is generally considered indicative of th

location of a tumor suppressor gene whose loss/inact

vation occurs by a “two-hit” mechanism (i.e., physic

loss of one copy of an allele and mutation or oth

genetic/epigenetic alteration of the other copy of th

same allele; ▶Knudson Hypothesis). LOH can b

identified in cancer cells by a number of technic

approaches that all make use of the fact that the tw

alleles on the two homologous parental chromosome

differ in their DNA sequence. Consequently, norm

cells can be shown to be ▶ heterozygous for a give

chromosomal region. If cancer cells of the same perso

lack this heterozygosity, one of the two alleles mu

have been lost. In essence, determining LOH

a cancer cell is a technical approach to show the del

tion of chromosomal material from one of the homo

ogous parental chromosomes.

▶CCCTC-Binding Factor

▶Circulating Nucleic Acids

▶Tumor Suppression

▶Tumor Suppressor Genes

▶WWOX
e

r

is

.

d

Loss-of-Function Mutation

Definition

Loss-of-function mutation is any mutation of a gen

that causes decreased or abolished function and/o

activity of its encoded protein or of a protein that

directly or indirectly regulated by the mutated gene
Lovastatin

Definition

Member of the statins family.

▶ Statins
l

l

l

Low Density Lipoprotein

Definition

LDL as a lipoprotein of the blood plasma transpor

triglycerides, cholesterol, and antioxidative vitamin

from the liver and small intestine to peripheral cell

High LDL levels can lead to atherosclerosis.

▶ Photodynamic Therapy
Low Grade/Well Differentiated MEC

▶Mucoepidermoid Cancer
Low Molecular Weight G-Proteins

▶Rho Family Proteins
Low-Grade

Definition

Referring to a tumor that has progressed minimally an

is still relatively benign.
LOX

▶Arachidonic Acid Pathway
L-PAM

Definition

▶Melphalan

http://dx.doi.org/10.1007/978-3-642-16483-5_3241
http://dx.doi.org/10.1007/978-3-642-16483-5_2705
http://dx.doi.org/10.1007/978-3-642-16483-5_902
http://dx.doi.org/10.1007/978-3-642-16483-5_1180
http://dx.doi.org/10.1007/978-3-642-16483-5_6055
http://dx.doi.org/10.1007/978-3-642-16483-5_6057
http://dx.doi.org/10.1007/978-3-642-16483-5_6268
http://dx.doi.org/10.1007/978-3-642-16483-5_5483
http://dx.doi.org/10.1007/978-3-642-16483-5_4553
http://dx.doi.org/10.1007/978-3-642-16483-5_3878
http://dx.doi.org/10.1007/978-3-642-16483-5_5100
http://dx.doi.org/10.1007/978-3-642-16483-5_380
http://dx.doi.org/10.1007/978-3-642-16483-5_3619
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LPP

▶Lipoma Preferred Partner
e

LRF

Definition

Luteinizing hormone (LH)-releasing factor.

▶Gonadotropin-Releasing Hormone
LRP

▶Major Vault Protein
)

e

to

a)

se

L

LRP5/6

Definition

Members of the ▶ low-density lipoprotein (LDL

receptor superfamily; single-pass transmembran

receptors for Wnt and DKK proteins; recruit Axin

the membrane.

▶Wnt Signaling
LS-80558

▶Temozolomide
n-

h

L-Sarcolysin

Definition

▶Melphalan
LTBP

Definition

Latent TGF-b binding protein.

▶Transforming Growth Factor Beta
LTR

Definition

Long terminal repeat, the promoter of HIV genom

transcription.

▶TAT Protein of HIV
Lucifer Yellow

Definition

Lucifer yellow is a low molecular weight (457 D

hydrophilic fluorescent compound able to diffu

through gap junctions.

▶Gap Junctions
Luciferase Reporter Gene Assays

Paul Bauer

Pfizer Research Technology Center, Cambridge,

MA, USA
Synonyms

Bioluminescent reporter gene assays
Definition

Luciferase ▶ reporter gene assays monitor the tra

scription of specific genes in cells and in vivo throug

http://dx.doi.org/10.1007/978-3-642-16483-5_3380
http://dx.doi.org/10.1007/978-3-642-16483-5_2477
http://dx.doi.org/10.1007/978-3-642-16483-5_3504
http://dx.doi.org/10.1007/978-3-642-16483-5_3417
http://dx.doi.org/10.1007/978-3-642-16483-5_6257
http://dx.doi.org/10.1007/978-3-642-16483-5_5723
http://dx.doi.org/10.1007/978-3-642-16483-5_3619
http://dx.doi.org/10.1007/978-3-642-16483-5_5916
http://dx.doi.org/10.1007/978-3-642-16483-5_5681
http://dx.doi.org/10.1007/978-3-642-16483-5_2325
http://dx.doi.org/10.1007/978-3-642-16483-5_641
http://dx.doi.org/10.1007/978-3-642-16483-5_5046
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L 2078 Luciferase Reporter Gene Assays
the detection of light generated by the enzyme lucife

ase. Their primary uses are for mapping the contr

regions of genes, for measuring ▶ signal transductio

pathways modulated by hormones or disease, as a to

in ▶ gene therapy and drug discovery, and for nonin

vasive whole-animal imaging.
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Characteristics

Luciferase reporter gene assays are a type of report

gene assay that utilizes the light generated by one o

a family of enzymes known as luciferases. Report

genes are essential tools in the study of gene expressio

and regulation, as they are designed to function a

surrogates for genes involved in key cellular processe

and disease. To achieve this role, they are engineere

so that their expression is directly correlated with th

expression of the gene to be studied, but they have th

advantage that they are easier to measure. The chara

teristics of a good reporter gene include an easi

measurable phenotype, low background activi

in the cell under investigation, a large dynamic rang

and high reliability and sensitivity. A number o

such genes have been identified over the pa

20 years, including members of the family o

luciferases, b-galactosidase (b-Gal), chloramphenic

acetyltransferase (CAT), b-lactamase (b-lac), alkalin
phosphatase (SEAP or SPAP), and green fluoresce

protein (GFP) and derivatives. Each of these report

genes has distinct advantages and disadvantage

depending on the particular system being studied, b

all are engineered in a similar way. The reporter gene

first cloned into an expression vector downstream o

the regulatory elements of the cellular gene to b

studied. The regulatory elements include the promote

where specific transcription factors bind to modula

the gene’s activity, and enhancers that can affect th

promoter depending on the input from other signalin

pathways in the cell. When this reporter gene expre

sion vector is transfected into a cell, it becomes con

trolled by the same signals as the gene under study, an

will function as a “reporter” of its transcriptional st

tus. The proteins expressed by reporter genes can b

measured directly by their intrinsic properties such a

fluorescence, by enzymatic activities that genera

fluorescent or luminescent products, or indirect

with antibodies. The primary advantages of report
l

l

,

t

l

t

t

,

genes, as compared to direct measurements of gen

transcription, are that they are easy to measure an

allow for continuous monitoring of gene expression.

Luciferase is a general term for a family of enzym

that catalyze the oxidation of a number of substrat

and in the process produce photons of visible light wi

emission spectra between 400 (purple) and 620 n

(orange). Luciferase genes have been cloned fro

a variety of bacteria, insects, and marine organism

but the luciferases from firefly (Photinus pyralis), an

sea pansy (Renilla reniformis) are most widely used

reporter genes in mammalian cells. The chemical rea

tions of the firefly and sea pansy luciferases are show

in Fig. 1.

Firefly luciferase is a monomeric protein of 61 kD

that produces an initial burst of light (second

followed by a sustained low level of luminescenc

(hours) when incubated with substrates. In the origin

assay, cell lysis was required prior to the addition

luciferin, but the development of membran

permeable substrates has eliminated this step and als

allowed imaging in vivo. Other improvements th

have been introduced include modification of the rea

tion conditions to produce a stable luminescent outp

(important for applications that require consistent lig

output such as drug screening), and genetic change

that optimize expression and increase enzyme tur

over. Light output is typically measured through th

use of plate-based luminometers or charged couple

device (CCD) cameras. Sea pansy luciferase (mo

commonly referenced as Renilla) is a monomeric pr

tein of 36 kDa that uses the membrane-permeab

substrate coelenterazine as a substrate and does n

require ATP. While its structure is unrelated to firefl

luciferase, it catalyzes a similar reaction and generat

light of a shorter wavelength. The differences in su

strate requirement and emitted wavelength hav

allowed the development of dual reporter system

that utilize both luciferase genes in a single assa

For example, cells have been transfected with firefl

and Renilla reporter genes under the control of tw

separate signal transduction pathways, allowing th

effects of compounds on each individual pathway

be monitored by the sequential addition of substrate

Similar dual reporter assays have been developed

living mice by taking advantage of the different emi

sion wavelengths and kinetics of the two luciferase

Luciferases can also be utilized in ▶ protein-fragme

http://dx.doi.org/10.1007/978-3-642-16483-5_5301
http://dx.doi.org/10.1007/978-3-642-16483-5_2372
http://dx.doi.org/10.1007/978-3-642-16483-5_4797
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Oxyluciferin
+ AMP, PPi, CO2, light (550–570 nm)

Firefly
luciferase

+ ATP, O2

N
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OHO
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N

N

HO
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OH

OSea pansy
(Renilla)

luciferase

+O2

Coelenteramide
+ CO2, light (480 nm)

Coelenterazine

H

Luciferase Reporter Gene
Assays. Fig. 1 Chemical

reactions catalyzed by (a)
firefly (Photinus pyralis) and
(b) sea pansy (Renilla
reniformis) luciferases. The
firefly luciferase reaction

requires both ATP and O2,

while the sea pansy luciferase

only requires O2. The products

of both luciferases include

CO2 and visible light
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complementation assays (PCAs) to measure the inte

action between two proteins. In these assays, the luci

erase gene is split into two parts, one of which is fuse

with the gene of the target protein and the other with i

potential partner. The interaction of the target prote

with its partner brings together the two fragments o

luciferase and thus reconstitutes enzymatic activit

Such PCAs have been developed for a number o

luciferases and function as highly sensitive detecto

of protein–protein interactions in cells and in vivo. Th

primary advantages of either luciferase over the oth

reporter genes described above are their combinatio

of high specific activity and low background (mamm

lian cells do not express light-generating enzymes

large and linear dynamic range (7–8 orders of magn

tude), and the relatively rapid turnover of the enzym

Highly stable reporter proteins can lead to a high

signal through accumulation, but their concentration

consequently become poorly linked to changes in tran

scription. The luciferase assay is also high-throughpu

nonradioactive, nontoxic, relatively low cost, and ea

ily adaptable to automation. The primary disadvan

tages of luciferase are the requirement for exogenou

substrates and the 4–6 h delay from stimulus

response to allow transcription to occur.

Luciferase reporter gene assays have a number o

important applications in biomedical science and can

cer biology. Their initial uses were to map and chara

terize transcriptional control elements such a

promoters, enhancers, silencers, and transcription fa

tors, and these are still valuable applications today. I

these experiments, an expression vector is develope
.

,

.

,

with the control region of the gene to be studie

inserted upstream of luciferase. Mutations or deletion

are then made in the control region at different loc

tions, and the effect of these changes on lucifera

output is measured. Once the different regions a

mapped in this way, they can be characterized furth

by removing them from the control region an

inserting them immediately upstream

a constitutively active viral promoter driving lucife

ase. For example, tissue-specific enhancer elemen

inserted in either orientation should cause an increas

in transcription only in the relevant cell types, an

silencer elements should decrease expression. Th

contribution of individual transcription factors to th

overall response can be characterized by monitorin

the effect of the overexpression or ▶ siRNA-mediate

inhibition of specific factors on the output

luciferase.

Another use of luciferase reporter gene assays is

the study of components of signaling pathway

upstream of transcription. A wide variety of assay

have been developed that can quantitate modification

of cell-surface proteins such as G-protein couple

receptors (GPCRs), signal transduction proteins suc

as protein kinases, and protein–protein signaling ca

cades. In the majority of cases, the particular prote

to be studied is known and the assay is designed

respond to changes in its activation status. Specifi

examples include the site-directed mutagenesis

▶ receptor tyrosine kinases, the identification

ligands for ▶ orphan GPCRs, and the involveme

of particular proteins in different transcription

http://dx.doi.org/10.1007/978-3-642-16483-5_4797
http://dx.doi.org/10.1007/978-3-642-16483-5_5324
http://dx.doi.org/10.1007/978-3-642-16483-5_4982
http://dx.doi.org/10.1007/978-3-642-16483-5_4261
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Luciferase Reporter Gene Assays. Fig. 2 The effect of che-

motherapy on luciferase-expressing tumor cells implanted into

mice. Tumor cells were implanted into the mice 16 days before

the initiation of chemotherapy on day 0 (left panel), and lucifer-
ase activity was measured every 4 days thereafter (panels from
left to right) [5]

L 2080 Luciferase Reporter Gene Assays
activation pathways. One particularly important us

for this type of assay is in the discovery of ▶ sma

molecule drugs. The sensitivity, convenience, an

broad dynamic range of luciferase reporter gene assay

make them especially suitable for cell-based high

throughput screening for inhibitors and activators o

drug targets. Assays have been developed for nearly a

classes of drug targets, including GPCRs, prote

kinases, nuclear hormone receptors, and protein

protein interactions, and a number of successful dru

discovery programs have been launched as a resu

The assays are easily miniaturized to 384-well micro

titer plate formats, and can be used to screen ov

100,000 compounds a day with automated system

Luciferase reporter gene assays also have application

in pathway identification and characterization whe

a specific target is not under study. These “blac

box” assays monitor the effect of a particular treatme

on a cell which expresses a luciferase reporter gen

linked to a general signaling cascade. Example

include their use in the identification of new dru

targets through a ▶ chemical tool approach, and

genetic or chemical cytotoxicity screens for drug can

didates or environmental pollutants.

An exciting and more recent use of luciferas

reporter gene assays is in the visualization of gen

expression in vivo, known as▶ bioluminescent imag

ing. These assays allow the noninvasive, real-tim

monitoring of biological processes in living animal

and have already contributed to the development o

better ways to diagnose and treat disease. The ke

observation that enabled these assays was that th

light generated by luciferase could be transmitte

through an animal’s tissues and visualized by high

sensitive CCD cameras. Two general types of assay

have been described: those where a normal animal

injected with cells or a virus engineered to conta

a luciferase reporter gene, and those that utiliz

a luciferase reporter gene transgenic animal. Th
l

l

.

.

t

,

initial application for bioluminescent imaging was

animal models of bacterial infection. Pathogenic ba

teria such as Salmonella and Pseudomonas we

engineered to express bacterial luciferase witho

the need for exogenous substrate (other luciferas

require the injection of luciferin or coelenterazin

before imaging), and the process and distribution o

infection was followed upon injection of the cells in

an animal. This model has been used to identify tho

host cells that are important in defense against path

gens, and test possible treatments. A similar approac

has been used to study the trafficking and fate o

transplanted immune cells, carcinoma cells, o

tumor xenografts that have been transfected wi

luciferase reporter genes. In these cases, the fate

the cells and the effects of different chemotherapeut

and immunotherapeutic regimens can be measure

after injection (see Fig. 2). Finally, the effectivene

of viruses used for gene therapy can be monitore

in vivo by engineering them to express lucifera

reporter genes and measuring the degree and locatio

of light output. This approach has been used to opt

mize the construction, delivery method, safety, an

long-term efficacy of such viruses.

The use of transgenic animals in combination wi

luciferase reporter genes is another area of curre

development. For example, a number of groups hav

generated animals that express luciferase under th

control of specific promoters (e.g., NFkB), or in pa

ticular tissues (e.g., pituitary). These animals are usef

for determining the function of particular genes and th

role of signal transduction pathways, for characterizin

the effects of drug or other treatments on physiolog

and disease, and for measuring the tissue distributio

and ▶ pharmacokinetics/pharmacodynamics of ther

peutic drugs. One limitation of luciferase reporter gen

assays in vivo is that they provide only a 2-dimension

view of expression patterns, but better detection tec

nologies and the combination of bioluminesce

http://dx.doi.org/10.1007/978-3-642-16483-5_5374
http://dx.doi.org/10.1007/978-3-642-16483-5_5374
http://dx.doi.org/10.1007/978-3-642-16483-5_1060
http://dx.doi.org/10.1007/978-3-642-16483-5_640
http://dx.doi.org/10.1007/978-3-642-16483-5_640
http://dx.doi.org/10.1007/978-3-642-16483-5_4500
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imaging with other noninvasive technologies such a

MRI or CT promise to improve resolution in the com

ing years.

Luciferase reporter gene assays are an essenti

in vitro and in vivo tool in the study of biology an

medicine due to their simplicity, sensitivity, and eas

of use. They have contributed greatly to the study o

gene transcription and the elucidation of gene functio

and are a valuable technology for drug discover

Their application in vivo promises to facilitate th

development of new treatments for cancer and oth

diseases.
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In 1933, the Lugol spraying method was introduce

for the diagnosis of uterine cervical neoplasia usin

gynecologic colposcopy.

Since the 1980s, this technique has been used fo

screening of esophageal squamous cell carcinom

(ESCC) with Lugol chromoendoscopy. The Lug

spraying method has developed for early detection o

ESCC from asymptomatic patients.
l

,

.

.

-

,

-

-

l

Characteristics

After ordinary endoscopic observation, 5–10 mL

2.0% glycerin-free Lugol iodine solution, which

a brown liquid consisting of 2.0 g potassium iodin

and 4.0 g iodine to 100 mL distilled water, is spraye

from the gastroesophageal junction to the upper esop

agus using a plastic spray catheter passed through th

biopsy channel of the endoscope. The whole esoph

gus is reobserved and epithelial areas are categorize

as unstained (Fig. 1a, b), normally stained (Fig. 1c),

overstained (Fig. 1d). Lugol unstained lesions (LUL

are defined as those areas either staining less intense

than normally stained epithelium, or complete

unstained; this group of lesions includes carcinom

dysplasia, and esophagitis. According to Lug

staining patterns, completely “unstained” areas a

found in approximately 90% of high-grade dysplas

and carcinoma, while approximately 90% of area

which stain less intensely than normally staine

epithelium, represent non-dysplastic lesions and th

remaining 10% are dysplastic. Therefore, LULs a

detectable not only in dysplasias and carcinom

but also in non-dysplastic areas, for example wi

esophagitis, or in the setting of Barrett esophagu

Overstained areas represent glycogenic acanthos

(GA), which has been referred to as leukoplakia an

hyperkeratosis of the esophagus. GA is a commo

benign lesion easily observed during ordinary end

scopic observations, usually varying in number an

consisting of oval, slightly elevated, firm, gray-whi

plaques, measuring from 0.2 to a maximum of 1.5 c

in length. In addition, GAs stain a deep brown col

when treated with Lugol solution. An iodine starc

reaction occurs momentarily on esophageal epitheliu

when sprayed with Lugol solution. Therefore, sinc

normal squamous epithelium contains glycogen th

interacts with the iodine in the Lugol solution, norm

esophageal epithelium becomes uniformly greenis

brown when stained [1]. Dysplasia and esophagit

are not stained, since these regions have a reduce

content or no glycogen. Therefore, these minu

lesions that were not identifiable by convention

endoscopic observation become visible when Lug

solution is used. Most individuals with LULs hav

only single or a few LULs, while multiple LUL

(Fig. 1d) were found in some ESCC patients.

Carcinoma of the esophagus is considered to b

a widespread global disease estimated in 2000
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Lugol Unstained Lesion. Fig. 1 (a) Endoscopic findings of

a Lugol unstained lesion, which was completely unstained. The

lesion was 12 mm in diameter, and histologic finding was

intraepithelial squamous cell carcinoma. (b) Endoscopic find-

ings of a Lugol unstained lesion, which was staining less

intensely than normally stained epithelium. The lesion was

4 mm in diameter, and histologic finding was esophagitis.

(c) Endoscopic findings of normally Lugol staining epithelium

without a Lugol unstained lesion. (d) Endoscopic findings of an
overstained lesion. (e) Endoscopic findings of multiple Lugol

unstained lesions. Many irregular lesions which were stained

less intensely than normally Lugol staining epithelium were

located in one endoscopic view

L 2082 Lugol Unstained Lesion
be responsible for 338,000 deaths worldwid

(▶Squamous Cell Carcinoma). In Asia, some par

of Africa, South America, and South Europe, squ

mous cell carcinomas are the dominant form of esoph

ageal cancer. Despite recent advances in the surgic

treatment for ESCC, surgical outcome is not satisfa

tory, with an overall 5-year survival rate of 17–39%

worldwide. In contrast, standard▶ chemoradiotherap

has a curative potential for locally advanced ESCC

with inoperable cases having a 3-year survival rate o

approximately 20%. The survival rate for advance

stage squamous cell carcinomas of the esophagus

poor, mainly due to their late detection and the poo

efficacy of therapy containing surgery an

chemoradiation. Conversely, the prognosis of patien

treated endoscopically for carcinomas confined with

the intraepithelium or proper mucosal layer is exce

lent (▶Tumor Staging), with 5-year survival rates o

77–100% in Japan and Europe. These results indica

that endoscopically mucosal resection (EMR) fo

superficial ESCC can improve the prognosis o

ESCC, highlighting the need to detect this disease

an early stage. Thus, the Lugol spraying method
l

,

t

a clinically important adjunct to endoscopic screenin

for ESCC, since two thirds of esophage

intraepithelial carcinomas are overlooked by conven

tional endoscopy alone. This simple technique

spraying Lugol solution in the esophagus is a high

sensitive tool for delineating areas of squamous dy

plasia and carcinoma [1]. In recent screening studi

for ESCC, Lugol chromoendoscopy has been use

worldwide.

Carcinogenesis (Precursor of ESCC)

Characterization of human esophageal precancerou

lesions at the molecular level is of critical importanc

in our understanding of the etiology of ESCC and f

the identification of useful ▶ biomarkers for preve

tion studies of this disease. The identification of ESC

precursors will ultimately lead to the prevention

poor-prognostic ESCC. Mutation analyses have dem

onstrated that p53 gene mutations occur at an ear

stage of esophageal carcinogenesis, both in the settin

of non-dysplastic lesions (i.e., basal cell hyperplas

(BCH), Lugol unstained lesions with non-dysplast

epithelium (LULs-NDE), chronic esophagitis) and

http://dx.doi.org/10.1007/978-3-642-16483-5_5462
http://dx.doi.org/10.1007/978-3-642-16483-5_1074
http://dx.doi.org/10.1007/978-3-642-16483-5_6053
http://dx.doi.org/10.1007/978-3-642-16483-5_6601
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dysplastic lesions (i.e., low-grade and high-grad

dysplasia, cancer in situ). Since p53 mutations a

frequently found in invasive ESCC, most of thes

lesions, both dysplastic and non-dysplastic, should b

considered to be precancerous.

Mutations of the p53 tumor suppressor gen

(▶ p53 Protein, Biological and Clinical Aspects) a

the most common genetic abnormality in solid huma

cancers. Missense mutations are found in 78% of th

6,177 somatic p53mutations in exons 5–8, suggestin

a correlation between the degree of evolutionar

diversity and the structural or functional importanc

of individual amino acid residues. In contrast, p5

gene mutations have been proposed to be concen

trated in six hotspots [2]. Based on the updated p5
gene mutation database containing 5,961 mutation

codons 175, 245, 248, 249, 273, and 282 have bee

identified as mutation hotspots in human cancers, an

the incidence of the hotspot mutation is specific to th

molecular alterations in solid human cancers [2

A hotspot can identify a relationship between th

mutation, protein structure and function, and carcino

genesis. Furthermore, hotspot mutations in carcino

mas represent protein alterations that provid

a selective growth advantage to the cell, and missens

mutations at six hotspots account for 25–30% of th

mutations [2]. In contrast, malignant transformatio

of human esophageal epithelium is a multistage pro

gressive process from non-dysplastic lesions throug

dysplasia to carcinoma [3]. The p53 hotspot mutatio

was found in not only dysplasia or carcinoma but als

Lugol unstained lesion with non-dysplastic epith

lium (LUL-NDE) [4]. Therefore, protein alteration

that provide a selective growth advantage to the ce

would have already occurred in cells of LULs-ND

before histologic transformation into dysplastic cell

Mutations at codon 175 and 273 have been shown

have transforming frequencies that are 22- and 8-fol

respectively, of the basal level for wild-type p53 pro

tein. The LUL-NDE or low-grade dysplas

containing mutations with high transforming activ

ties, such as codon 175 and codon 273 mutation

might have growth advantages favoring progressio

to invasive ESCCwith the acquisition of other genet

changes, and may acquire malignant potential befo

morphologically manifested cell proliferation at a

early molecular level of carcinogenesis. In endo

scopic biopsy samples, the p53 missense mutatio
,

.

l

.

,

,

containing a hotspot mutation was found in NDE

which was identified as a LUL. No hotspot mutatio

was found in normal Lugol staining area or BCH

These findings suggest that some LULs-NDE ma

represent the earliest state of esophageal squamou

cell carcinoma.

Multiple LULs

A single or few LULs were detected in one fifth o

patients attending for routine endoscpy. Althoug

subjects with multiple LULs (ten and more than te

LULs in one endoscopic view, Fig. 1d) were found

only 1% of the general population, dysplasia occurre

frequently (60%) in these subjects. In contrast, mult

ple LULs were found in 27% of head and neck canc

patients, and secondary ESCCs were found in 72% o

such cancer patients with multiple LULs [5]. Thes

results indicate essential information about fie

cancerization and malignant potential in respect o

multiple LULs. The field cancerization phenomeno

proposes that multiple squamous cell carcinom

occur either simultaneously with the primar

lesion (synchronous) or after a period of tim

(metachronous) in the esophagus and the head an

neck region. There is the possibility that widesprea

epithelial oncogenic alterations are found in patien

with multiple LULs, indicating that esophageal ep

thelium with multiple LULs has unique characteri

tics in carcinogenesis.
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Luminal Epithelial Cells

Definition

One of the two major epithelial cell types in the brea

that are located in an inner cell layer surrounding th

lumen of the gland and produce milk.

▶Basal-Like Breast Cancer
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Definition

Lunasin is a novel seed peptide with ▶ cance

preventive properties against chemical carcinogen

and ▶ oncogenes.
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Characteristics

Lunasin is a unique 43-amino acid peptide th

contains eight Asp (D) residues in its carboxyl en

(bold) preceded by a cell adhesion motif Arg-Gly

Asp (RGD) (italics) and a predicted helix (underlined

with structural homology to a conserved region o

chromatin-binding proteins: SKWQHQQDSCRK

KQGVNLTPC-EKHIMEKIQG-RGD-DDDDDDDD

Initially identified in the soybean cotyledo

Lunasin has been recently found in barley, whea

pepper, amaranth, and the Solanaceae family.

is likely that additional screening would reveal i

presence in many other seeds. Lunasin ha

▶ chemoprevention properties both in vitro an

in vivo. In the absence of carcinogens, Lunasin doe

not seem to affect cell morphology and proliferatio

but prevents cell ▶ transformation in the presence o

carcinogens. At nanomolar concentrations, Lunas
t

t

,

,

t

added exogenously significantly suppresses chemica

carcinogen-induced (▶DMBA and ▶MCA) fo

formation in mouse fibroblasts cells.

Lunasin also prevents transformation of mamm

lian cells by viral oncogenes. It inhibits, in a dos

dependent manner, foci formation in experiment

mouse cells transfected with the ▶ adenovirus ear

gene E1A, that induces cell ▶ proliferation b

inactivating the ▶ tumor suppressor protein ▶Rb.

▶Chemical carcinogenesis and viral oncogenes

share common mechanism (s) involving changes

chromatin status that Lunasin disrupts to suppress ca

cer formation. Lunasin peptide added exogenously

mammalian cells treated with the ▶ histon

deacetylases (HDAC) inhibitor sodium butyrate, inte

nalizes into the cell and crosses the nuclear membran

localizing in the nucleus. There, it binds specifically

deacetylated core ▶ histones H3 and H4, inhibitin

their acetylation. The affinity of Lunasin f

hypoacetylated chromatin and its inhibitory effect o

histone acetylation is relevant to the proposed ▶ ep

genetic mechanism of action (E1A-Rb-HDAC mode

Fig. 1). This model stipulates that Lunasin selective

kills cells that are being transformed by disrupting th

dynamics of▶ histone acetylation–deacetylation whe

a transforming event occurs. The tumor suppress

protein ▶Rb functions by interacting with ▶E2

▶ promoter and recruiting ▶HDAC to keep the co

histones in the deacetylated (repressed) state. Th

inactivation of Rb by the ▶ adenovirus E1A ▶ onc

gene dissociates the Rb-HDAC complex, exposin

the deacetylated core histones for acetylation b

▶ histone acetyltransferases (HATs). \When th

event occurs, Lunasin is triggered into action an

binds to the deacetylated core histones, turning o

▶ transcription, which is perceived as abnormal by th

cell and commits▶ apoptosis. This▶ epigenetic mec

anism shows that Lunasin can influence regulatory pat

ways involving chromatin modifications that may b

fundamental to carcinogenic pathways in general.

In the first animal model, Lunasin applied topical

suppresses skin ▶ papilloma formation in ▶ SENCA

mice treated with ▶DMBA and ▶TPA. Tum

multiplicity is also reduced, and the appearance

▶ papillomas is delayed by this peptide.

Oral administration is an important feature of a

ideal cancer-preventive agent. To exert this effec

once orally ingested, the peptides have to surviv

http://dx.doi.org/10.1007/978-3-642-16483-5_531
http://dx.doi.org/10.1007/978-3-642-16483-5_796
http://dx.doi.org/10.1007/978-3-642-16483-5_4221
http://dx.doi.org/10.1007/978-3-642-16483-5_1070
http://dx.doi.org/10.1007/978-3-642-16483-5_5913
http://dx.doi.org/10.1007/978-3-642-16483-5_1660
http://dx.doi.org/10.1007/978-3-642-16483-5_3568
http://dx.doi.org/10.1007/978-3-642-16483-5_91
http://dx.doi.org/10.1007/978-3-642-16483-5_4766
http://dx.doi.org/10.1007/978-3-642-16483-5_6056
http://dx.doi.org/10.1007/978-3-642-16483-5_4964
http://dx.doi.org/10.1007/978-3-642-16483-5_1056
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E1A

E1A

HDAC

HDAC

HAT

HAT Lunasin

Lunasin

Off
deacetylated core

histone

On
acetylated core

histone

S phase protein Apoptosis

E2F

E2F

Deacetylated core histone

DP

DP

Rb

Rb

Lunasin. Fig. 1 E1A-Rb-HDACmodel to explain the ability of

Lunasin to suppress ▶Adenovirus early gene (E1A)-induced

▶ transformation. Top diagram: ▶Rb controls ▶G1/S

▶ transcription by interacting with the ▶E2F ▶ promoter and

recruiting ▶HDAC to keep the core ▶ histones in the

deacetylated (repressed) state. In a cell being transformed, E1A

inactivates Rb and dissociates the Rb-HDAC complex, exposing

the deacetylated core histones in the▶E2F▶ promoter (medium
diagram). Lunasin competes with ▶ histone acetyltransferase

(HAT) in binding to the deacetylated core ▶ histones. Bottom
diagram: HAT binds and acetylates core histones, turning on

E2F ▶ cell cycle ▶ transcription factors, leads to cell prolifera-

tion. Lunasin binds, turns off the transcription, perceived as

abnormal by cell, results in ▶ apoptosis

Lunasin 2085 L
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degradation by gastrointestinal and serum protein

ases and peptidases, reaching the target tissue o

organ in an active form. Bioavailability studie

have demonstrated that Lunasin, orally administere

to rats, is protected from the gastrointestinal dige

tion by soy-naturally occurring protease inhibitor

such as▶Kunitz Trypsin Inhibitor (KTI). Lunasin

absorbed and ends up in various tissues as an inta

and bioactive peptide. This capacity and its in vitr

demonstrated properties that make Lunasin the pe

fect candidate to exert an in vivo cancer-preventiv

activity. Animal studies demonstrating this preven

tive activity against different kinds of cancer, such a

▶ prostate cancer, ▶ colorectal cancer and ▶ brea

cancer, are currently being carried out.
,

t

t
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Synonyms

Bronchogenic carcinoma; Lung carcinoma
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Definition

The term lung cancer is used for malignant epitheli

tumors arising from the respiratory mucosa (bronch

bronchioles, and alveoli). Mesotheliomas, lymphoma

and stromal tumors (sarcomas) are distinct fro

epithelial lung cancers.
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Characteristics

Lung cancer is the leading cause of cancer dea

worldwide with over one million deaths each yea

The disease is largely preventable as the majority o

cases are attributable to smoking. However, glob

statistics estimate that 15% of lung cancer cases

men and 53% in women occur in never smokers.

The 5-year overall lung cancer survival rate (15%

has nearly doubled in the past 30 years as a result o

advances in combined-modality treatment with su

gery, radiotherapy, and chemotherapy. Thus, primar

carcinoma of the lung is a major health problem wi

a generally poor prognosis.
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Pathology

Four major cell types make up 88% of all primary lun

neoplasms according to the World Health Organizatio

classification. These are ▶ squamous cell carcinom

▶ small cell carcinoma, ▶ adenocarcinoma (includin

bronchioloalveolar), and ▶ large cell carcinoma. Th

remainder includes rarer tumor types includin
carcinoids. The various cell types have different natur

histories and responses to therapy, and thus a corre

histologic diagnosis is essential. In the past 25 year

adenocarcinoma has replaced squamous cell carcinom

as the most frequent histologic subtype, and the inc

dence of small cell carcinoma is on the decline. The

dramatic histologic shifts may be due to changes in th

composition of cigarettes.
l

,

,

.

l

,

Etiology

Most lung cancers are caused by ▶ carcinogens an

tumor promoters inhaled via ▶ cigarette smoking. Th

relative risk of developing lung cancer is increase

about 13-fold by active smoking and about 1.5-fo

by long-term passive exposure to cigarette smok

Exposure to industrial pollutants and chemical

including ▶ asbestos, ionizing radiation, ▶ radon etc

contribute to ▶ pathogenesis, often exacerbating th

effects of ▶ tobacco carcinogensis.

Biology and Molecular Pathogenesis

Molecular genetic studies have shown the acquisitio

by lung cancer cells of a number of genetic lesion

including activation of dominant ▶ oncogenes an

inactivation of ▶ tumor suppressor genes. Lung cel

may have to accumulate a large number of such lesion

before developing a fully invasive/metastat

phenotype.

Activation of Dominant Oncogenes

Changes in dominant oncogenes include point mut

tions in the coding regions of the RAS family of onc

genes (especially▶KRAS gene in adenocarcinoma

the lung); mutations in the tyrosine kinase domain

the ▶Epidermal Growth Factor Receptor (EGFR

found in nonsmoking adenocarcinomas (�10%

Caucasioans, with much higher rates in East Asian

with rates >50% in nonsmoking East Asian patients

occasional mutations in ▶BRAF and ▶ PIK3CA

activation of the PIK3CA/AKT/▶mTor pathwa

amplification, rearrangement, and/or loss of transcri

tional control of myc family oncogenes are found

non-small cell cancers, while changes in all myc fam

ily members are found in small cell lung cancer

overexpression of bcl-2 and other anti-apoptotic pr

teins; and overexpression of other EGFR family mem

bers such as ▶Her-2/neu and ERBB3; and activate

expression of the ▶ telomerase gene in >90% of lun
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cancers. Genome-wide approaches are identifyin

other ▶ amplified or mutated dominant ▶ oncogene

(such as ▶MET) which could be important new the

apeutic targets.
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Inactivation of Tumor Suppressor Genes

Selected study and genome-wide approaches hav

identified a large number of tumor suppressor gene

(recessive oncogenes) that are inactivated durin

the pathogenesis of lung cancer. This usually occu

by a tumor-acquired inactivating mutation of on

allele (seen, e.g., in the ▶ p53 and ▶ retinoblastom

▶RB1, tumor suppressor gene) or tumor-acquire

inactivation of expression by tumor-acquired pro

moter DNA ▶methylation (seen for example in th

case of the p16 and RASSF1A tumor suppresso

genes) which are then coupled with physical loss o

the other parental allele (“▶ loss of heterozygosity”

This leaves the tumor cell with only the functional

inactive ▶Allele and thus loss of function of th

growth regulatory tumor suppressor gene. Genom

wide approaches have identified many such gene

involved in lung cancer pathogenesis includin

▶ TP53, ▶RB1, RASSF1A, SEMA3B, SEMA3F

FUS1, p16, LKB1, RARb, and ▶FHIT. Sever

tumor suppressor genes on chromosome 3p appe

to be involved in nearly all lung cancers. Allelic lo

for this region occurs very early in lung cancer path

ogenesis, including in histologically normal smokin

damaged lung epithelium.
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Autocrine Growth Factors

The large number of genetic and epigenetic lesion

indicates that lung cancer, like other common epith

lial malignancies, is a multistep process that is likely

involve both carcinogens causing mutation (“initi

tion”) and tumor promoters. Prevention can be directe

at both processes. Lung cancer cells produce man

peptide hormones and express receptors for these ho

mones, which can act to stimulate tumor cell growth

an ▶ “autocrine” fashion.

Highly▶ carcinogenic derivatives of▶ nicotine a

formed in cigarette smoke. Lung cancer cells of a

histologic types (and the cells from which they a

derived) express nicotinic acetylcholine receptor

Nicotine activates signaling pathways in tumor an

normal cells that block ▶ apoptosis. Thus, nicotin
,

itself could be directly involved in lung cancer path

ogenesis both as a mutagen and tumor promoter.

Clinical Presentation

There are multiple ways by which lung cancer pr

sents, including weight loss, chronic cough, persiste

lung infection, malaise, chest pain, hemoptysi

etc. ▶ SCLC, in particular, may present with a wid

variety of paraneoplastic syndromes. With the adve

of computer tomography (CT) screening program

a modest number of mostly early stage cancers a

being detected as asymptomatic tumors.
.

,

l

l

.

Treatment

Two important guiding principles in the treatment

lung cancer are: (1) histologic diagnosis (especially th

distinction between▶ small cell lung cancer or▶ no

small cell lung cancer, NSCLC) and (2) staging. F

early stages of NSCLC, complete resections offer re

atively high 5-year survivals. Patients unsuitable f

surgery may be offered curative intent radiotherap

▶Adjuvant therapy may be given to more advance

resected cases. For late-stage cases, chemotherap

with or without ▶ palliative radiotherapy are the co

ventional options, although the long-term surviv

rates are very low.

Small cell lung cancer (SCLC) is considere

a chemotherapy-sensitive disease. Patients with lim

ited stage disease have high response rates to chem

therapy (60–80%), including a 10–30% comple

response rate, although the response rates in extensiv

disease patients is somewhat lower (50%), and almo

always consists of partial responses. Tumor regre

sions usually occur quickly, within the first two cycl

of treatment, and provide rapid palliation of tumo

related symptoms. Thus, chemotherapy is the bac

bone of treatment of patients with SCLC.

Given the poor prognosis of most patients wi

lung cancer, ▶ targeted therapies offer the best lon

term prospects. ▶Tyrosine kinase inhibito

(▶ erlotinib and ▶ gefitinib) have been associate

with responses and improved survival in specific sub

sets of NSCLC, specifically adenocarcinoma histo

ogy, female gender, East Asian ethnicity, and nev

smoking status. The presence of EGFR mutation

(and/or increased gene copy number in some studie

in the tumors are often associated with dramat

responses and lengthened good quality life, althoug

http://dx.doi.org/10.1007/978-3-642-16483-5_247
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most responders eventually relapse. Many oth

targeted therapies are currently undergoin

clinical trial.

Prevention

As lung cancer is one of the most preventable of di

eases, antismoking campaigns have been initiated

many countries. Avoidance of smoking for nev

smokers and cessation for current smokers offer th

best hopes for prevention, although these aims hav

provenmore difficult to implement than expected. How

ever, as pointed out earlier, about 15% of lung canc

occurs in lifetime never smokers. The very differe

molecular changes in cancers arising in smokers an

never smokers suggests that ▶ environmental tobacc

smoke (“passive smoking”) can only account f

a minority of cancers arising in never smokers. Thu

lung cancer will remain an important cause ofmorbidi

and mortality long after a complete ban on the use o

tobacco products is implemented on a worldwide scal

▶Cancer Causes and Control

▶Chronic Obstructive Pulmonary Disease and Lung

Cancer

▶Extrapulmonary Small Cell Cancer

▶Lung Cancer and Smoking Behavior

▶Lung Cancer Clinical Oncology

▶Lung Cancer Epidemiology

▶Lung Cancer Staging

▶Lung Cancer Targeted Therapy

▶Mesothelioma

▶Non-Small Cell Lung Cancer

▶ Small Cell Lung Cancer

▶Uranium Miners
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Definition

▶Lung cancer is a major cause of cancer-related dea

in developed countries and the overall survival ra

is still extremely poor. Principal histological typ

of lung cancer according to the International Class

fication of Diseases for Oncology, second editio

(ICD-O-2) are ▶ adenocarcinoma, ▶ squamous ce

carcinoma, small cell carcinoma, and large cell carc

noma. Formerly, cases of lung cancer were divide

into two broad categories based on the relationsh

between smoking and lung cancer risk, Kreyberg typ

I and II. The Kreyberg type I lung cancer (smokin

related) included squamous cell carcinoma, large ce

carcinoma, and small cell carcinoma, while th

Kreyberg type II lung cancer (less smoking related

smoking unrelated) included adenocarcinoma.

Currently, the two main groups are ▶ small ce

lung cancer (SCLC) and ▶ non-small cell lung canc

(NSCLC). The adenocarcinoma, squamous cell carc

noma, and large cell carcinoma are grouped together

NSCLC because their prognosis and management a

similar. NSCLC accounts for approximately 80–85

of all cases of lung cancer. All four histological typ

are probably caused by smoking, although the ris

tends to rise less steeply with extent of smoking f

adenocarcinoma.

Cancer is the result of a series of DNA alterations

single cell or clone of that cell, which lead to loss

normal function, aberrant or deregulated cell growt

and often▶metastasis. DNA alterations can be cause

by exposure to tobacco smoke, environmental an

endogenous carcinogens. Although tobacco smokin

is an established risk factor for lung cancer, on

approximately one in ten smokers develop lung canc

in their lifetime indicating an interindividual variatio

in susceptibility to tobacco smoke. Lung cancer

a common disease that results from a complex inte

play of genetic and environmental risk factors just lik

http://dx.doi.org/10.1007/978-3-642-16483-5_8028
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other common multifactorial diseases, such as cardio

vascular disease, diabetes mellitus, and ment

disorder.
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Characteristics

Incidence and Mortality

Although the incidence has peaked in the USA an

most of Europe, many more developed and less deve

oped countries are having increasing incidence an

mortality from lung cancer. An estimated 1,239,00

(902,000 males and 337,000 females) new cases o

lung cancer were diagnosed worldwide in 200

accounting for 12.3% of all new cases of cancer, an

1,103,000 (810,000 males and 293,000 females) die

from the disease, accounting for 17.8% of all deaths o

cancer. The disease is the biggest cancer killer in male

and the second biggest in females.

For males, incidence rates have varied up

20 times between high-risk areas and low-risk area

The highest world age-standardized incidence rate p

100,000 (ASR) has been recorded among African

Americans from New Orleans, USA (ASR ¼ 96.6

and has been followed by African-Americans fro

Louisiana, USA (ASR ¼ 91.7). The lowest incidenc

rates areas are Kyadondo county, Ugand

(ASR ¼ 4.8); Trujillo, Peru (ASR ¼ 5.9); Poon

India (ASR ¼ 6.1); and Nagpur, India (ASR ¼ 7.5

For females, incidence rates have varied up to 49 time

between high-risk areas of North America, such a

Kentucky, USA (ASR ¼ 50.3); and low-risk areas o

Africa, such as Setif, Algeria (ASR¼ 1.7); and Souss

Centre, Tunisia (ASR ¼ 1.7); and Southern Asia, suc

as Trivandrum, India (ASR ¼ 1.7). The case fatali

(ratio of mortality to incidence), which is an indicato

of prognosis, is 0.89 for lung cancer (the third worst

Other cancers with bad prognosis are pancreas (0.9

the worst) and liver (0.97, the second-worst) cancers

Worldwide, lung cancer incidence and mortality

approximately three times higher in males than

females. Lung cancer mortality among males is no

abating in several countries, while the mortality

females continues to climb in most countries, a

predicted by later onset tobacco abuse.

Cigarette Smoke

There are two main types of cigarette smoke: main

stream cigarette smoke and sidestream cigaret
l

,

.

,

.

,

.

,

smoke. Mainstream cigarette smoke is a smoke that

directly inhaled by the smoker while sidestream cig

rette smoke is a smoke that is emitted from burnin

cigarette. Environmental tobacco smoke (ETS), als

known as secondhand smoke, is the combination

two forms of smoke: sidestream cigarette smoke (85

of ETS) and an exhaled mainstream cigarette smok

which is the smoke that is first of all inhaled by th

smoker upon taking a puff of a cigarette and the

breathed out into the air from his lungs (15%

ETS). In other words, smokers are mainly exposed

mainstream cigarette smoke but nonsmokers are pr

dominantly exposed to ETS. Mainstream cigaret

smoke contains more than 4,000 chemicals, includin

over 40 known cancer-causing (carcinogenic) com

pounds and 400 other toxic compounds. Tobacc

specific N-nitrosamines (TSNAs) are formed b

N-nitrosation of nicotine and other minor alkaloid

during processing tobacco and during smoking. Sinc

nitrate is the major precursor for nitrogen oxide

increased nitrate content leads to higher yields of

(methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK

in the smoke. Polycyclic aromatic hydrocarbon

(PAHs), aromatic amines (AAs), N-nitrosamin

(NAs), TSNAs, and trace metals comprise major cla

ses of carcinogenic compounds in cigarette smok

Nitrogen oxides, acrolein, ammonia, formaldehyd

and nicotine are toxic compounds. ETS contain

many of the same chemical constituents as those

mainstream smoke, but the physiochemical nature

sidestream smoke compared with mainstream smok

leads to differences in the ratio of constituents, whic

may be higher in sidestream smoke. For exampl

concentrations of benzo(a)pyrene (BP) (a typ

of PAHs, 3.4 time higher), 4-aminobiphenyl (4-ABP

(a type of AAs, 31 times higher), NNK (a typ

of TSNAs, ten times higher) are higher in undilute

sidestream cigarette smoke than in mainstream cig

rette smoke.

Active Smoking

The tobacco product is manufactured from the leaf

tobacco plant (scientific name: Nicotiana tabacum L

The main types of the tobacco product are cigar

cigarettes, pipe tobacco, and smokeless tobacc

(snuff and chewing tobacco). Cigar or pipe smok

like cigarette smoke, contains toxic chemicals an

carcinogens. While 28 carcinogenic agents have bee

identified in smokeless tobacco, TSNAs are the mo
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Lung Cancer and Smoking Behavior. Table 1 Population

attributable fraction for lung cancer

Risk factor Population attributable fraction

Active smoking 79% in males and 48% in females

Environmental tobacco

smoke exposure

0.7% (0.2% in males and 2.5% in

females), 2.5%

Dietary factor 20%

Air pollution exposure 1–3.6%

Radon exposure 1%

Carcinogen exposure 9–15%

Because of the interactions between exposures, the combined

population attributable fraction for lung cancer can exceed 100%

L 2090 Lung Cancer and Smoking Behavior
harmful carcinogens. Cigarettes account for the large

share of manufactured tobacco products in the wor

(96% of total value sales).

The association between lung cancer and cigaret

smoking behavior is probably the most intensive

investigated relation in epidemiology. Pipe and cig

smokers have less than half the risk of lung cancer a

cigarette smokers. The higher prevalence of inhalatio

in cigarette smokers than in pipe and cigar smoke

leads to higher levels of exposure to tobacco combustio

products. The lack of an increased risk of lung canc

among smokeless tobacco users has been observe

Abundant evidence indicates that cigarette smokin

induces all major histological types of lung cancer. A

increase in tobacco consumption is paralleled som

20 years later by an increase in the incidence of lun

cancer, and a decrease in consumption is followed b

a decrease in incidence. In 1950, the first large-sca

case-control study on the association between lung can

cer and cigarette smoking was published. Also in 195

a critical article confirmed the strong associatio

between smoking behavior and lung cancer.

The risk among smokers relative to the ris

among lifelong nonsmokers is 8–15 times in male

and 2–10 times in females. The overall relative ris

reflects the contribution of the different aspects o

tobacco smoking: average consumption, duratio

of smoking, time since quitting, age at start, type o

tobacco product, and inhalation pattern.

The association between lung cancer and smokin

is more dominant in males compared to females. How

ever, several epidemiological studies indicate that fo

a given number of cigarette smoked, females may be

higher risk of lung cancer compared with male

Females who smoke appear to be at higher risk o

developing small cell lung cancer than squamous ce

lung cancer, whereas males who smoke have a simil

risk for the two histological conditions. Molecul

epidemiological studies have also indicated sex diffe

ences in the genetic and biochemical alterations in lun

cancer. In several epidemiological studies, the risk fo

lung cancer is consistently higher in females than

males at every level of exposure to cigarette smokin

the risks for an association of lung cancer wi

smoking are 1.4–1.9 times higher for females than fo

males, depending on the histological type of lung can

cer. Differing distributions of histological types o

lung cancer between males and females may b
,

t

.

l

;

associated with differences in smoking patterns, b

this does not fully explain the observed sex diffe

ences. Given many risk factors that have been ident

fied for lung cancer, a practical question is the relativ

contribution of these factors to the summary burden

lung cancer. The population attributable fractio

(PAF) takes into account the magnitude of relativ

risk that is associated with an exposure along with th

likelihood of exposure in the general population. A

shown in Table 1, the PAF of lung cancer mortality du

to smoking was 79% in males and 48% in female

A lower prevalence of smokers contribute to the low

PAF of active smoking in females. Endogenous facto

related to sex may also contribute to sex differences

lung cancer risk.

Smoking cessation does significantly reduce lun

cancer risk, but the relative risk remains 1.5–2.0 tim

the risk of lifelong nonsmokers. Some have shown th

in the initial few years of quitting smoking, the lun

cancer risk may actually increase as many patients qu

smoking because of symptoms that might be caused b

a lung cancer. The risk of lung cancer does decrea

with the duration of cessation and typically plateaus

20 years. As compared with continuous smokers, th

excess risk sharply decreases in ex-smokers approx

mately 5 years after quitting.

Squamous cell carcinoma predominated in mal

and adenocarcinoma predominated in females. How

ever, the histological characteristics of lung cancer

a number of developed countries have changed

recent decades so that the frequency of adenocarc

noma has risen and that of squamous cell carcinom

has declined. Recently, the incidence of adenocarc

noma has exceeded that of squamous cell carcinom
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Lung Cancer and Smoking Behavior. Table 2 Squamous cell carcinoma: adenocarcinoma incidence (age-standardized, world)

rate ratios for lung cancer in selected developed countries

Country, registry Lung cancer

Squamous cell

carcinoma (SCC) Adenocarcinoma (Ad) Ratio (Ad/SCC)

Male

USA, New Orleans, Black 96.6 28.1 22.5 0.80

USA, New Orleans, White 69.6 16.0 23.7 1.48

USA, Louisiana, Black 91.7 27.5 22.3 0.81

USA, Louisiana, White 70.3 18.4 20.2 1.10

Germany, Munich 56.7 9.5 8.2 0.86

Germany, Saarland 59.6 18.2 14.5 0.80

Italy, Milan 57.8 10.0 15.9 1.59

Italy, Romagna 58.5 17.3 15.4 0.89

UK, England, Thames 46.0 10.9 6.1 0.56

UK, England, Northern and Yorkshire 53.4 17.1 7.6 0.44

Denmark 46.2 12.7 12.2 0.96

France, Bas-Rhin 59.2 22.3 13.3 0.60

France, Isere 49.5 15.9 13.7 0.86

Japan, Miyagi 40.6 10.7 13.2 1.23

Japan, Osaka 43.3 10.0 13.0 1.30

Female

USA, New Orleans, Black 44.4 6.6 11.5 1.74

USA, New Orleans, White 43.6 6.4 15.3 2.39

USA, Louisiana, Black 33.5 7.0 9.9 1.41

USA, Louisiana, White 39.7 6.8 12.8 1.88

Germany, Munich 13.6 1.5 4.6 3.07

Germany, Saarland 17.3 3.3 5.7 1.73

Italy, Milan 16.7 1.4 6.2 4.43

Italy, Romagna 14.1 2.2 5.6 2.55

UK, England, Thames 23.1 3.9 4.4 1.13

UK, Scotland 30.0 6.6 5.3 0.80

Denmark 31.6 5.0 11.9 2.38

France, Bas-Rhin 11.1 2.0 4.7 2.35

France, Isere 8.7 1.4 3.7 2.64

Japan, Miyagi 12.5 0.8 7.8 9.75

Japan, Osaka 13.9 1.3 6.8 5.23

Data from cancer incidence in five continents, 2007

Lung Cancer and Smoking Behavior 2091 L
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among males as well as females in developed coun

tries, especially in American and Japanese registrie

(Table 2). The changes in the ratios of these histolog

ical types of lung cancer are not ascribed to difference

in sex or age. The increase in incidence of adenocarc

noma could be partly explained by an increase

filtered cigarette smoking. Filter cigarettes with lo

tar and low nicotine have replaced nonfilter cigarette

One key characteristic of such changes over time wa

an increased nitrate content of the tobacco blend fro
.

about 0.5% to 1.3%. To satisfy a craving for nicotin

a smoker of low-yield nicotine filtered cigarette ma

tend to compensate by increasing the number an

depth of puffs but the risk of lung cancer is slight

lower among smokers of low-tar and low-nicotin

cigarettes than among other smokers. A 1.5–3 tim

difference in the relative risk of lung cancer has bee

found in several studies between smokers who deep

inhale cigarette smoke and smokers of comparab

amounts of tobacco who do not inhale or inha
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slightly. Therefore, the peripheral lung, where adeno

carcinoma generally arises, is exposed to high

amount of smaller particles such as NNK. Indee

NNK is a systemic carcinogen that induced lung ca

cinoma in laboratory animals independent of the site o

application, whereas intratracheal instillation of B

and other PAHs preferentially induced squamous ce

carcinoma. It is biologically plausible that TSNA

such as NNK causes adenocarcinoma in human

Over the past two decades, the incidence of adenoca

cinoma of the lung increased much more rapidly tha

that of squamous cell carcinoma in both males an

females. During this period, filter cigarettes had take

the place of nonfilter cigarettes. The increase in inc

dence of adenocarcinoma could be partly explained b

an increase in filtered cigarette smoking.

Among smokers, quite striking racial difference

in the effect of smoking on lung cancer risk we

observed. Some Japanese studies have shown th

the magnitude of lung cancer risk associated wi

cigarette smoking is lower than those in Wester

countries. For males, the risks of lung cancer amon

current smokers compared to nonsmokers are est

mated to be about five in Japanese and over ten

Americans and Europeans. For females, the risk o

lung cancer is estimated to be less than four in Jap

nese while the corresponding figures range from 2.7

12.8 in Americans and Europeans. The difference

may be modified by not only smoking but also oth

factors such as genetic, dietary, occupational, an

educational factors.

Exposure to Environmental Tobacco Smoke

Nonsmokers are exposed to ETS diluted by sever

orders of magnitude compared with the mainstrea

inhaled by active smokers. It has also been becom

obvious that exposure to ETS in the home, publ

places, or workplaces is more than a simple nuisanc

to nonsmokers. Of particular concern is the questio

whether ETS exposure from husbands increases th

risk of nonsmoking females to develop lung cance

In 1986, the International Agency for Research o

Cancer (IARC) concluded that there was some risk o

lung cancer from exposure to ETS. Today ETS ha

been judged to be a cause of lung cancer in nonsmoke

by IARC. Likewise, Environmental Protection Agenc

(EPA) concluded that ETS was a human carcinogen.

is now widely accepted that ETS may also cause lun

cancer. A meta-analysis showed that ETS exposu
,

l

.

t

l

.

t

from husbands conferred a 1.20 times increase in th

risk of lung cancer among nonsmoking females. A

shown in Table 1, the PAF for lung cancer deaths du

to ETS exposure accounts for 0.7% (0.2% in males an

2.5% in females) or 2.5%. Slightly lower risks we

found in studies conducted in the USA (1.18 tim

increase) as compared with European (1.27 tim

increase) and Japanese ones (1.30 times increase

Racial differences may exist in the risk modificatio

by metabolic polymorphisms in the association of ET

and lung cancer.

Genetic Basis of Smoking Behavior

Evidence for genetic determinants affecting th

smoking phenotype has steadily accumulated bo

from studies of substance abuse in animals and fro

analysis of the contributions of genetics and persona

ity to substance abuse in humans. An appreciation

the neurotransmitter-related mechanisms involved

reward circuits in the human brain had suggested man

candidate loci potentially associated with smokin

behavior. Genetic difference is known for substanc

in tobacco smoke absorption, their metabolism, and f

their interactions with receptors. Nicotine dependenc

is one of the major determinants of smoking behavi

because the vast majority of cigarette smokers a

daily smokers and, of these, the majority are nicotin

dependent smokers as evinced by the Diagnostic an

Statistical Manual of Mental Disorders, fourth editio

(DSM-IV) criteria. Several specific genes relate

to nicotine dependence have been identified. Gen

of dopamine receptors (DRs), serotonin recept

(5-HTRs), monoamine oxidases (MAOs), neuron

nicotinic acetylcholine receptors (CHRNs

nAChRs), serotonin transporter (5-HTT or SERT

dopamine transporter (SLC6A3 or DAT), cholecyst

kinin (CCK, modulates the release of dopamine), CC

A receptor (CCKAR), and nicotine metabolizin

enzymes (cytochrome P450 (CYP) 2A6, CYP2D

are considered to be responsible for nicotine depen

dence. The 15q24-25.1 region encompasses CHRNA

and CHRNA5 (as well as CHRNB4), which hav

a defined role in nicotine dependence. The 15q2

25.1 region has been reported to affect both smokin

behavior and lung cancer risk.

Genetic Basis of Lung Cancer

Lung cancer is a multifactorial disease that resul

from complex interactions between many genetic an
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environmental factors. This means that there will n

be single gene or single environmental factor that ha

affected on lung cancer susceptibility. Tobacco smok

and other environmental factors add to carcinogen

load that humans are exposed, but exact numbers a

generally less well established. Obviously, cigaret

smoking is the strongest independent risk factor fo

lung cancer. Most of the compounds in cigarette smok

(procarcinogens) require metabolic activation b

Phase I enzymes such as CYPs to their ultimate (act

vated) forms and then bind to DNA, forming aromati

DNA adducts that are thought to be an early step

carcinogenesis. CYP1–CYP4 are primarily involved

the drug metabolism. Other Phase I enzymes a

myeloperoxidase, NAD(P)H quinone oxidoreductas

1 (NQO1), microsomal epoxide hydrolase 1, and alco

hol dehydrogenase. Following the Phase I reactio

Phase II enzymes like glutathione S-transferase

(GSTs) are responsible for detoxifying the activate

forms of PAH epoxides. The major isoforms, whic

involve the metabolic activation of carcinogen

derived from tobacco smoke or the detoxification o

the respective activated carcinogens, are GSTM

GSTM3, GSTT1, and GSTP1. Other Phase II enzyme

are microsomal epoxide hydrolase 1, NQO1, N

acetyltransferases, UDP-glucuronosyltransferas

aldehyde dehydrogenase, sulfotransferase, and supe

oxide dismutase.

DNA damage itself is a balance between activatio

and detoxification of carcinogens that involve Phas

I and II metabolic enzymes. The capacity to repa

DNA damage induced by chemical carcinogen

appears to be another host factor that may influenc

lung cancer risk. At least four pathways of DNA repa

operate on specific types of damaged DNA. Base exc

sion repair (BER) operates on small lesions, while th

nucleotide excision repair (NER) pathway repai

bulk lesions. DNA mismatch repair (MMR) remove

nucleotides that have been misincorporated into th

newly synthesized DNA strand during replicatio

Double-strand DNA break repair (DSBR) actual

consists of two pathways, homologous recombinatio

(HR) and nonhomologous end-joining (NHEJ). Th

NHEJ repair pathway involves direct ligation of th

two double-strand break ends, while HR is a proce

by which double-strand DNA breaks are repaire

through the alignment of homologous sequences o

DNA. Potentially important and frequently invest

gated BER and NER genes are 8-oxoguanine-DN
t

,

,

,

.

glycosylase 1 (OGG1), X-ray cross-complementin

group 1 (XRCC1), apurinic/apyrimidinic exonucl

ase 1 (APEX1), xeroderma pigmentosum A (XPA

and the excision repair cross-complementing group

(ERCC1) and ERCC2. Furthermore, cell-cycle contr

genes (TP53, cyclins, etc.), genes that influenc

smoking behavior and genes involved in developme

of the immune system (interleukins, tumor necros

factor, etc.,) may have the potential to substantial

affect lung cancer risk. Most genetic polymorphism

are related to a 10–20% decrease/increase in lun

cancer risk. An improved understanding of the inte

play of environmental and genetic polymorphisms

multiple loci may help identify individuals who are

increased risk for lung cancer.

Environmental Factors Other Than Cigarette

Smoke

Dietary Factors

Convincing evidence shows that a diet rich in veget

bles and fruits exerts a protective effect against lun

cancer. The evidence is most abundant for green ve

etables and carrots. Many studies have addresse

the risk of lung cancer according to estimate

intake of either b-carotene or total carotenoids (whic
in most cases correspond to the sum of a-carotene an
b-carotene). The overwhelming evidence of a prote

tive effect from observational studies has been cha

lenged by the results of four randomized interventio

trials based on b-carotene supplementation. An eval

ation of IARC concluded that the available evidenc

suggests a lack of preventive activity of b-caroten
used as a supplement in high doses and inadequa

evidence with regard to its activity at usual dietar

levels. Carotenoids contained in foods of plant orig

are probably protective, whereas carotenoids oth

than b-carotene (e.g., a-carotene, b-cryptoxanthi
lutein, lycopene) are insufficient for an evaluatio

A possible mechanism of cancer promotion b

b-carotene by smokers might involve the productio

of oxidative metabolites. Diets in high vitamin C an

vitamin E possibly reduce the risk of lung cancer. O

the contrary, dietary constituents such as cholestero

total fat and saturated/animal fat, and alcoholic beve

ages possibly increase the risk of lung cancer. Wi

regard to alcohol use, the possibility of residu

confounding by tobacco smoking has not bee

completely ruled out, however. No conclusive ev

dence between a positive association between retino
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selenium, and other dietary factors, including mea

dairy products, and coffee, and lung cancer risk ha

been provided. However, the effect of retinol could n

be distinguished from that of b-carotene. Approx
mately 20% of lung cancer deaths in the USA we

potentially avoidable by diet modification (Table 1).
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Occupational Exposure

The risk of lung cancer is increased among worke

employed in a number of industries and occupation

The responsible agents have been identified fo

several, but not all, of these high-risk workplace

Evidence for the carcinogenicity of many occupation

agents has been reviewed in the IARC Monograph

Exposure to certain kinds of metals (arsenic, chro

mium (VI), nickel, cadmium, and beryllium) has pro

vided sufficient evidence of carcinogenicity for lun

cancer. Asbestos is an important occupational lun

carcinogen; all the different forms of asbestos (chry

otile, crocidolite, amocite, and tremolite) are carcino

genic to the human lung, although the potency o

chrysotile might be lower than that of other types.

characteristic of asbestos-related lung cancer is i

synergistic relation to cigarette smoking: Risk

increased multiplicatively among subjects who a

both smokers and exposed to asbestos. Suc

a phenomenon has been recorded in relation to oth

occupational lung cancers. Synthetic fibers (vitreou

fibers, mineral wool fibers, continuous glass filamen

and refractory ceramic fibers) have been suggested

have an association with lung cancer, although n

conclusions can be drawn at present. In the USA

occupational exposure to carcinogens accounts fo

approximately 9–15% of lung cancer cases (Table 1
to
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Air Pollution

Some lung cancer patients have not been exposed

either cigarette smoke or occupational carcinogen

Abundant evidence indicates that lung cancer rate

are higher in cities than in rural settings. Urban a

pollution is a risk factor for lung cancer and the exce

risk may be in the order of 50%. Residential proximi

to certain industries is associated with exposure to lun

carcinogens. Hence, those living near a factory can b

exposed to known or purported carcinogens. Th

potential relation between outdoor environment

exposure and lung cancer is poorly researched an
,

t

.

.

l

.

,

,

few studies are able to generate the power required

identify what is potentially a much smaller effect tha

that of smoking or occupational exposure. The effe

of air pollution on lung cancer may be greater than ze

but the epidemiological evidence was weak because

poor confounder adjustment and the studies being

a descriptive nature. Evidence for a relation betwee

lung cancer and air pollution was modest, with inte

mediate consistency of findings, limited dose-respon

evidence, and crude adjustment for important potenti

confounders. The PAF for lung cancer deaths due

outdoor air pollution accounts for 1–3.6% (Table 1

Indoor pollution is caused by the use of coal burnin

heaters without proper exhaust emission and hig

temperature cooking using unrefined vegetable oil

Indoor levels of BP are reported to be very high

such circumstances. Indoor pollution is a major cau

of lung cancer in Chinese females, who experienc

very high lung cancer rates despite a low prevalenc

of smoking.

Residential Radon Exposure

Various forms of ionizing radiation, including rado

decay products, are important occupational lung ca

cinogens. Underground miners exposed to radioactiv

radon and its decay products, which emit a-particle
have been consistently found to be at increased risk

lung cancer. It has been estimated an apparently linea

approximately 6% risk increase per working-level ye

of exposure, and the risk is greater for lower rates ov

a longer period, which modifies the carcinogenic effe

of radon. It has been also indicated radon exposure

150 Bq/m3 gave an overall risk of 1.14–1.24. Rado

may be responsible for only 1% of lung cancer death

(Table 1).
.

l
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Synonyms

Bronchogenic carcinoma; Cancer of the lung; Mali

nant neoplastic changes of the lung or bronchus
e
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Definition

▶Lung cancer refers to malignant neoplasia of th

lung or bronchus.
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Characteristics

Lung cancer is the leading cause of cancer death

globally. Traditionally, lung cancer is composed o

four major histologic types:

• Adenocarcinoma

• Squamous cell carcinoma

• Large cell neuroendocrine carcinoma

• Small cell carcinoma

Adenocarcinoma is the most common histolog

comprising close to approximately 40–50% of a

lung cancer, followed by squamous cell carcinom

(approximately 25%), small cell carcinoma (approx

mately 15–20%), and large cell neuroendocrine carc

noma (approximately 10%).

For treatment purposes, lung cancer traditional

has been grouped into:

• Non-small cell lung cancer (NSCLC) which com

prises adenocarcinoma, squamous cell carcinom

and large cell neuroendocrine carcinoma

• Small cell lung cancer (SCLC)

However, treatment of NSCLC has become mo

sophisticated involving treatment based on histolog

(adenocarcinoma vs non-adenocarcinoma) and mole

ular alterations (presence or absence of▶EGFRmut

tions or ▶ALK translocations).

Another rare but deadly lung cancer is ▶mesoth

lioma which is related to asbestos exposure in the pa

and also recently simian virus 40 (▶ SV40).
Screening Strategies for Lung Cancer

Currently there is no screening technique that ha

been shown to decrease lung cancer mortality. Che

X-ray with or without the addition of sputum cytolog

had not shown to decrease lung cancer mortalit

A large-scale clinical trial in the USA (Nation

Lung cancer Screening Trial – NLST) that has com

pleted enrolment of 50,000 former or current smoke

comparing baseline and then annual ▶CT sca

for 2 years to chest X-ray performed at the sam

scheduled. The primary endpoint of the NLST

50% reduction in lung cancer mortality, and resul

are pending. A similar randomized trial in bein

conducted in Europe comparing CT to standard o

care will complete enrolment of 20,000 high-ris

patients in 2010. Compounding the difficulty of lun

cancer screening is that only about one out of nin

current of former smoker will develop lung cancer

their lifetime and identifying those really high-ris

former or current smokers who will go on to develo

lung cancer by molecular profiling will decrease th

number of patients to be screened.
l

,

t

Staging Workup of Lung Cancer

Required examinations:

• History (including detailed active and passiv

smoking history)

• Physical examination

• ▶CT chest, abdomen, and pelvis with contrast

• CT or ▶MRI of the brain

• Bone scan or ▶ PET scan

Staging of Lung Cancers

The▶ staging of lung cancer has been updated in 201

by the International Association for the Study of Lun

Cancer (IASLC) and adopted by the American Joi

Committee on Cancer (AJCC) and ▶UICC. Th

major changes are a finer classification of the Tumo

(T) descriptor based on tumor size. The previous six

edition of this staging system included only on

cut-off for tumor size (<3 cm versus >3 cm) in th

previous staging system, while in the current stagin

system there are four cut-offs for tumor size (2, 3,

and 7 cm). Additionally, changes to the T descripto

include satellite tumor nodules within the same lob

(T4 to T3), within the same lung (M to T4), or with

the opposite lung (still M). Previous T4 descripto

such as malignant pleural and pericardial effusion

http://dx.doi.org/10.1007/978-3-642-16483-5_740
http://dx.doi.org/10.1007/978-3-642-16483-5_3434
http://dx.doi.org/10.1007/978-3-642-16483-5_3434
http://dx.doi.org/10.1007/978-3-642-16483-5_1828
http://dx.doi.org/10.1007/978-3-642-16483-5_178
http://dx.doi.org/10.1007/978-3-642-16483-5_3648
http://dx.doi.org/10.1007/978-3-642-16483-5_3648
http://dx.doi.org/10.1007/978-3-642-16483-5_5610
http://dx.doi.org/10.1007/978-3-642-16483-5_1398
http://dx.doi.org/10.1007/978-3-642-16483-5_1398
http://dx.doi.org/10.1007/978-3-642-16483-5_3854
http://dx.doi.org/10.1007/978-3-642-16483-5_4479
http://dx.doi.org/10.1007/978-3-642-16483-5_5479
http://dx.doi.org/10.1007/978-3-642-16483-5_6512
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Lung Cancer Clinical Oncology. Table 1 The current seventh edition of TNM staging descriptors for lung cancer

T descriptor

TX Primary tumor cannot be assessed, or tumor proven by the presence of malignant cells in sputum or bronchial washings but

not visualized by imaging or bronchoscopy

T0 No evidence of primary tumor

T1 Tumor <3 cm in greatest dimension, surrounded by lung or visceral pleura, without bronchoscopic evidence of more

proximal than lobar bronchus (i.e., not in the main bronchus)

T1a Tumor �2 cm in greatest dimension

T1b Tumor >2 cm but �3 cm in greatest dimension

T2 Tumor >3 cm but <7 cm

OR

Tumors with any of these features: involves the main bronchus >2 cm distal to the carina, invades visceral pleura,

associated with atelectasis or obstructive pneumonitis that extends to the hilar region but does not involve the entire lung

T2a >3 cm and <5 cm

T2b >5 cm and �7 cm

T3 >7 cm (previous T2)

OR

Additional tumor nodules in the same lobe (previous T4)

OR

Tumor that invades any of the following chest wall (including superior sulcus tumors), diaphragm, phrenic nerve,

mediastinal pleura, parietal pericardium

OR

Tumor in the main stem bronchus <2 cm distal to the carina but without involvement of the carina

OR

Associated atelectasis or obstructive pneumonitis of the entire lung

T4 Ipsilateral pulmonary metastasis (previous M1)

OR

Tumor of any size that invades any of the following: mediastinum, heart, great vessels, trachea, recurrent laryngeal nerve,

esophagus, vertebral body, and carina

N descriptor

NX Regional lymph nodes cannot be assessed

N0 No regional lymph node metastasis

N1 Metastasis in ipsilateral peribronchial and/or ipsilateral hilar lymph nodes and intrapulmonary nodes, including

involvement by direct extension

N2 Metastasis in ipsilateral mediastinal and/or subcarinal lymph node(s)

N3 Metastasis in contralateral mediastinal, contralateral hilar, ipsilateral, or contralateral scalene or supraclavicular

lymph node(s)

M descriptor

MX Distant metastasis cannot be determined

M0 No distant metastasis

M1 Distant metastasis

M1a Malignant pleural effusion (previous T4)

OR

Malignant pericardial effusion (previous T4)

OR

Separate tumor nodules in a contralateral lobe

M1b Extrapulmonary (distant) metastasis

L 2096 Lung Cancer Clinical Oncology
have been re-classified as metastatic (M) disease. Th

staging system of lung cancer is applicable to bo

▶NSCLC and ▶SCLC. The nodal staging for lun
cancer has not been changed. The M staging has bee

divided into M1a and M1b though the stage IV has n

been divided into stage IVa and stage IVb (Tables 1, 2

http://dx.doi.org/10.1007/978-3-642-16483-5_4146
http://dx.doi.org/10.1007/978-3-642-16483-5_5180
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Lung Cancer Clinical Oncology. Table 2 The current seventh

edition of ▶TNM stage grouping of lung cancer

T1a T1b T2a T2b T3 T4

N0 IA IA IB IIA1 IIB IIIA

N1 IIA IIA IIA2 IIB IIIA IIIA

N2 IIIA IIIA IIIA IIIA IIIA IIIB

N3 IIIB IIIB IIIB IIIB IIIB IIIB

M1a IV IV IV IV IV IV

M1b IV IV IV IV IV IV

1Indicated stage grouping has been upstaged
2Indicated stage grouping has been downstaged from previous

stage grouping

Lung Cancer Clinical Oncology 2097 L
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Non-small Cell Lung Cancer (NSCLC)

Early Stage NSCLC (Stage I–II)

Stage I ▶Randomized controlled trials have n

demonstrated any overall survival benefit from th

use of four cycles of ▶ platinum-based ▶ adjuva

chemotherapy when compared to observation alon

Retrospective analysis of the CALGB9633 tri

revealed that for tumors 4 cm or larger there was

survival benefit with the use of four cycles o

▶ carboplatin/▶ paclitaxel combination versus obse

vation. Thus an ongoing intergroup adjuvant trial

comparing four cycles of ▶ cisplatin-based chemo

therapy with or without the addition of▶ bevacizuma

(▶monoclonal antibody against the circulatin

▶ vascular endothelial growth factor-A [VEGF-A

that included tumor >4 cm.

Japanese investigators also arrived at the conclusio

comparing the use of▶UFT, a▶ prodrug of 5-▶ Fluo

rouracil (5-FU), to observation in resected stage

NSCLC that demonstrated only patients with tumo

>3 cm benefited from 2 years of adjuvant UFT. Fo

stage IA patients, the standard of care is ▶ lobectom

with careful sampling and resection of N1 and assoc

ated N2 nodes with lymphatic drainage from the lob

location of the primary tumor. Because the lymphat

drainage pattern is different for different lobar locatio

and the presence of “skipped” lymph nodes pattern (N

nodes positive without N1 nodes being positive fo

cancer), it is important for thoracic surgeons to car

fully sample or resect a large number of lymph node

In contrast to ▶ colorectal cancer, there is no recom

mendation of a minimum number of lymph nodes to b

resected at the time of curative lobectomy. Howeve

nodal stations that are involved in the drainage of th

individual lobe(s) where the tumor is located should

least be biopsied.
t

t

.

l

.

,

t

Furthermore, often thoracic surgeons will also biops

the contralateral mediastinal lymph nodes. Previous ra

domized trials comparing sampling versus comple

mediastinal ▶ lymphadenectomy in early stag

NSCLC did not show any difference in survival benefi

However, they are limited by heterogeneous stages

patients enrolled, and limited number of patien

enrolled. Results from more ongoing trials are pendin

However, retrospective analyses have indicated themo

lymph nodes resected at the time of surgery, the bett

the survival outcome likely due to better staging of th

patients rather than therapeutic removal of the involve

lymph nodes. This issue of how extensive mediastin

lymph nodes should be is critical as curative lobectom

is the only standard of care in stage IA NSCLC, and h

implication in the screening of lung cancer. If ▶C

screening of lung cancer is adopted widely in the futu

due to positive clinical trial results, most of the tumo

detected and resected will be small (<3 cm), and cur

tive lobectomy is the only curative intervention.

Stage II Multiple randomized trials have demo

strated that there is survival benefit with the use

four cycles of ▶ cisplatin-based chemotherapy whe

compared to observation alone in stage II patients. Th

role of PORT (postoperative radiation treatment)

controversial in positive N1 nodes. The general co

sensus and retrospective analysis indicates that POR

to N1 nodes did not improve survival outcome.

Locally Advanced Resectable NSCLC (Stag

IIIA) Treatment of stage IIIA NSCLC has been co

troversial in terms of the sequence of chemotherap

(▶ neoadjuvant or ▶ adjuvant) and ▶ definitiv

▶ chemoradiotherapy, the role of surgery, the dose

chemotherapywith radiation, and the role of▶PORT

N2 positive nodes. With the positive survival outcom

associated with adjuvant chemotherapy, the role

neoadjuvant chemotherapy is limited. Patients wi

multi-nodal stations involvement NSCLC had a po

outcome. Thus, the role of neoadjuvant chemotherap

may be to assess the response to chemotherapy in bulk

N2nodes to see if there is clearance of theN2nodes. Th

role of surgery in IIIA NSCLC is controversial. On

randomized trial comparing ▶ chemoradiotherap

followed by surgery versus▶ definitive chemoradiatio

revealed no difference in overall survival. Howeve

progression-free survival was better in patients wh

had underwent surgery.

2

2

http://dx.doi.org/10.1007/978-3-642-16483-5_6516
http://dx.doi.org/10.1007/978-3-642-16483-5_4616
http://dx.doi.org/10.1007/978-3-642-16483-5_107
http://dx.doi.org/10.1007/978-3-642-16483-5_833
http://dx.doi.org/10.1007/978-3-642-16483-5_4344
http://dx.doi.org/10.1007/978-3-642-16483-5_1189
http://dx.doi.org/10.1007/978-3-642-16483-5_595
http://dx.doi.org/10.1007/978-3-642-16483-5_6842
http://dx.doi.org/10.1007/978-3-642-16483-5_6155
http://dx.doi.org/10.1007/978-3-642-16483-5_6818
http://dx.doi.org/10.1007/978-3-642-16483-5_4751
http://dx.doi.org/10.1007/978-3-642-16483-5_2222
http://dx.doi.org/10.1007/978-3-642-16483-5_2222
http://dx.doi.org/10.1007/978-3-642-16483-5_6819
http://dx.doi.org/10.1007/978-3-642-16483-5_1265
http://dx.doi.org/10.1007/978-3-642-16483-5_6796
http://dx.doi.org/10.1007/978-3-642-16483-5_1398
http://dx.doi.org/10.1007/978-3-642-16483-5_1189
http://dx.doi.org/10.1007/978-3-642-16483-5_4003
http://dx.doi.org/10.1007/978-3-642-16483-5_107
http://dx.doi.org/10.1007/978-3-642-16483-5_1536
http://dx.doi.org/10.1007/978-3-642-16483-5_1074
http://dx.doi.org/10.1007/978-3-642-16483-5_6820
http://dx.doi.org/10.1007/978-3-642-16483-5_1074
http://dx.doi.org/10.1007/978-3-642-16483-5_1536
http://dx.doi.org/10.1007/978-3-642-16483-5_6783
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PORT treatment of N2 disease is generally accepte

by physicians treating NSCLC. The use of PORT in N

positive patients appears beneficial but not in N1 or N

patients.

Locally Advanced Unresectable NSCLC (Stag
IIIB) The standard of care for unresectable stag

IIIB NSCLC is ▶ concurrent chemoradiotherapy. Th

maximal efficacy of concurrent chemoradiotherapy

achieved with full dose chemotherapy rather tha

weekly chemotherapy. There has been debate abo

the role of neoadjuvant chemotherapy or adjuvant ch

motherapy after chemoradiation. The role of adjuva

chemotherapy has been questioned after randomize

trial did not show any survival benefit with the additio

of adjuvant chemotherapy after chemoradiation a

compared to chemoradiation alone. The use o

neoadjuvant chemotherapy followed by concurre

chemoradiation has also failed to show survival benefi

when compared to chemoradiation alone. Howeve

the neoadjuvant studies were conducted with week

chemotherapy concurrent with radiation. The use o

maintenance epidermal growth factor receptor (EGFR

▶ tyrosine kinase inhibitor (TKI) has not shown

improve survival in unselected patients. The total rad

ation dose for treatment of stage IIIB NSCLC range

from 62 to 66 Gy. Studies are being conducted to see

higher dose of radiation with more modern radiatio

technique will result in better survival outcome whi

minimizing toxicities such as pneumonitis.

Metastatic NSCLC (Stage IV) ▶Platinum-base

▶ doublet chemotherapy is the standard of care fo

patients with metastatic NSCLC. The largest random

ized trial comparing different chemotherapy regimen

as first-line treatment has identified histology as a

important factor in selecting the optimal chemotherap

agent to partner with platinum (i.e., ▶ pemetrexed fo

adenocarcinoma). The addition of monoclonal ant

body against the ▶ vascular endothelial growth facto

(VEGF; ▶ bevacizumab) or against the ▶ epiderm

growth factor receptor (EGFR; ▶ cetuximab) to plat

num doublet chemotherapy has shown to improv

overall survival.

“Maintenance therapy” whether continuing as part

the original first-line treatment regimen (▶bevacizuma

▶ cetuximab) or immediately switching to a non-cro

resistant agent (▶ pemetrexed, ▶ erlotinib) significant

improves overall survival. ▶EGFR ▶ tyrosine kina
t

t

t

t

,

l

,

inhibitor (TKI; ▶Epidermal Growth Factor Inhibitor

improves progression-free survival but not overall su

vival in patients with activating EGFR mutations whe

compared to platinum-based doublet chemotherapy. F

second-line treatment of NSCLC or beyond, current

only single agent chemotherapy (pemetrexe

▶docetaxel) or EGFR TKI (▶ erlotinib) has bee

approved in the USA. Both pemetrexed and erlotin

have also been approved for use in maintenance setting

Genetics of Non-small Cell Lung Cancer

Overexpression of▶ epidermal growth factor recept

(EGFR) in NSCLC results in poor outcome in NSCLC

Two small molecule tyrosine kinase inhibitor (TKI)

the EGFR have been approved for use in NSCLC

Some patients had dramatic response to these EGF

TKIs (▶Epidermal Growth Factor Inhibitors) whic

led to the identification of activating mutations in th

EGFR tyrosine kinase domain. There are two mut

tions (exon 19 deletion and L858R) that constitu

about 90% of all the mutations identified. These act

vating EGFR mutations are usually found in neve

smokers, of Asian ethnicity, female gender, and

adenocarcinoma. Additionally, a T790M mutatio

exists de novo or may develop as secondary resistanc

to prolong use of the currently available EGFR TKI

and second generation EGFR TKIs that can overcom

the resistance of T790M are being develope

clinically. Patients with EGFR activating mutation

treated with first-line EGFR TKI had significant

improved progression-free survival when compare

to platinum-based chemotherapy. Asian patients wh

are never-smokers but without EGFR mutation

benefited significantly more from platinum-base

chemotherapy than EGFR TKI. Thus in patien

who are never-smokers, EGFR mutations should b

determined from the tumor tissue.

Another major advance in NSCLC is the discover

of ALK (▶ anaplastic lymphoma kinase) translocatio

in 2007. The majority of ALK translocation in NSCL

results in various EML4-ALK transcripts. ALK

a member of the ▶ insulin receptor family of ▶ rece

tor tyrosine kinases, while EML4 is a human homolo

of echinoderm microtubule-associated protein-like

the major ▶microtubule-binding protein in dividin

sea urchin eggs. Several methods are also being deve

oped commercially to detect ALK translocations

NSCLC including ▶ immunohistochemistry (IHC

reverse transcription-polymerase chain reactio

http://dx.doi.org/10.1007/978-3-642-16483-5_6821
http://dx.doi.org/10.1007/978-3-642-16483-5_6080
http://dx.doi.org/10.1007/978-3-642-16483-5_4616
http://dx.doi.org/10.1007/978-3-642-16483-5_6822
http://dx.doi.org/10.1007/978-3-642-16483-5_6823
http://dx.doi.org/10.1007/978-3-642-16483-5_6155
http://dx.doi.org/10.1007/978-3-642-16483-5_595
http://dx.doi.org/10.1007/978-3-642-16483-5_1932
http://dx.doi.org/10.1007/978-3-642-16483-5_1932
http://dx.doi.org/10.1007/978-3-642-16483-5_1038
http://dx.doi.org/10.1007/978-3-642-16483-5_595
http://dx.doi.org/10.1007/978-3-642-16483-5_1038
http://dx.doi.org/10.1007/978-3-642-16483-5_6823
http://dx.doi.org/10.1007/978-3-642-16483-5_1989
http://dx.doi.org/10.1007/978-3-642-16483-5_1828
http://dx.doi.org/10.1007/978-3-642-16483-5_6080
http://dx.doi.org/10.1007/978-3-642-16483-5_6080
http://dx.doi.org/10.1007/978-3-642-16483-5_1931
http://dx.doi.org/10.1007/978-3-642-16483-5_1699
http://dx.doi.org/10.1007/978-3-642-16483-5_1989
http://dx.doi.org/10.1007/978-3-642-16483-5_1932
http://dx.doi.org/10.1007/978-3-642-16483-5_1931
http://dx.doi.org/10.1007/978-3-642-16483-5_259
http://dx.doi.org/10.1007/978-3-642-16483-5_3076
http://dx.doi.org/10.1007/978-3-642-16483-5_4982
http://dx.doi.org/10.1007/978-3-642-16483-5_4982
http://dx.doi.org/10.1007/978-3-642-16483-5_3734
http://dx.doi.org/10.1007/978-3-642-16483-5_2995
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(RT-PCR), or fluorescence in situ hybridizatio

(▶FISH). While many epidemiologic studies a

ongoing, ALK positive NSCLC patients are foun

generally in never-smokers, patients with wild-typ

EGFR gene, and patients with adenocarcinoma an

constitute about 4% of all NSCLC. This indicates th

importance of screening for EGFR mutations whic

may direct subsequent screening for ALK tran

location. Currently there is an ALK inhibito

(PF002341066, Crizotinib) that has shown significa

clinical activity against EML4-ALK positive NSCLC

Activating mutations in other signaling pathway

such as ▶HER2 and PI3K are being discovered. Th

has led to many inhibitors that can potentially bloc

these mutations are in clinical development. I

NSCLC in current or former smokers, mutations

K-▶RAS and ▶TP53 are commonly found. K-RA

mutations are generally believed to reduce the sens

tivity of the tumor to EGFR TKIs. Recent data als

suggest that ▶ sorafenib (a VEGFR and ▶B-ra

inhibitor may result in prolonged stable disease.

Small Cell Lung Cancer (SCLC)

With the improving tobacco control globally and esp

cially in the USA, the incidence of SCLC has bee

decreasing. It now comprises of �15% of all lun

cancers. Among the four major histologies of lun

cancer, SCLC is most related to tobacco exposu

(▶Tobacco-Related Cancers). SCLC is general

diagnosed at an advanced stage with approximate

70% of cases diagnosed as stage IV disease. Bra

metastasis is common in SCLC where 50% of th

patients will develop brain metastasis during th

course of SCLC. Historically SCLC has been stage

as limited or extensive stage as determined whether th

tumor can be encompassed by a single ▶ radiatio

port. However, because there is variability among phy

sicians in defining what can be encompassed

a radiation port (i.e., ipsilateral and contralater

supraclavicular lymph nodes, contralateral lymp

nodes, pleural effusion), the IASLC has strong

recommended that SCLC should be staged accordin

to the TNM staging system similar to NSCLC to pro

vide uniformity and allow accurate interpretation o

treatment results. Limited stage SCLC is treated wi

▶ concurrent ▶ chemoradiotherapy, and extensiv

stage SCLC is treated with chemotherapy alon

Given that approximately 50% of SCLC patients wi

develop brain metastasis, prophylactic bra
t

.

l

irradiation (PCI) has been shown to decrease recu

rence in the brain and improve overall survival in bo

“limited” and “extensive” stage patients who achieve

partial or complete response to treatment.

Mesothelioma

▶Mesothelioma is an uncommon but uniformly fat

malignancy that is related to▶ asbestos exposure. Th

incidence of mesothelioma in the USA has bee

decreasing due to the ban of asbestos since 1960

while the incidence in Europe will peak around 202

▶Cisplatin and ▶ pemetrexed combination chem

therapy has been the standard chemotherapy regime

for mesothelioma. The treatment of mesotheliom

involves surgery, radiation, and/or chemotherap

However, many controversies still surround the opt

mal sequence of treatment, the extent of surgery, an

method of radiation given the fact of these patients a

old and frail with diminished lung reserve.

Perspective

Lung cancer remains the most common cancer cau

of death worldwide and thus a significant health burde

globally due to the widespread tobacco use especial

in Europe and Asia with still nascent anti-tobacc

legislations. While progress is being made in identif

ing the genetic changes in NSCLC especially amon

never-smokers such as EGFR mutations and AL

translocations and with effective targeted therap

against these two genetic changes, the bulk of th

NSCLC in ever-smokers remained unknown and diffi

cult to treat. In order to decrease the incidence of lun

cancer and to improve the survival of lung canc

patients, active tobacco control should be implemente

in every country and that cost-effective screenin

methods for lung cancer be developed. In the mea

time, small but significant progress is being made

the treatment of lung cancer daily as more and mo

genetic changes are discovered in various signalin

pathways and provide hope for all those patients wh

are afflicted with lung cancer.
.

l
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Of all cancer types, ▶ lung cancer is the leading caus

of cancer-related death both worldwide and in th

United States [1].

Types of Lung Cancer

Lung cancer accounts for 13% of all cancers diagnose

worldwide, making it the most commonly occurrin

malignancy other than non-melanoma ▶ skin canc

[2]. Approximately 97% of primary lung cancers a

carcinomas of the lung, arising from deregulate

growth of ▶ epithelial cells. The two major lung ca

cinomas are ▶ non-small cell lung cancer (NSCLC

and ▶ small cell lung cancer (SCLC). Approximate

80–85% of lung cancers are diagnosed as NSCLC

a heterogeneous group of malignancies consisting o

three sub types:

• ▶Adenocarcinoma

• ▶Squamous cell carcinoma

• ▶Large cell carcinoma

The remaining 15–20% of lung cancers are diag

nosed as small cell lung cancer (SCLC), a high

aggressive tumor. Besides these carcinomas, oth

cancers of the lung include ▶ carcinoid tumors (syno

nym ▶ carcinoid) and ▶ sarcoma, accounting for on

1% of all lung cancers.
r

-

.

-

l

-

,

Lung Cancer Incidence and Mortality

Lung cancer is responsible for 12.7% of all new canc

cases diagnosed globally and 18.2% of all cance

related deaths. An estimated 1.61 million new cas

were diagnosed in 2008 and an estimated 1.38 millio

lung cancer deaths occurred in that same year [3

Fifty-five percent of new lung cancer cases occur

developing countries, with the lowest incidence rat

observed in Central Africa. The highest incidence rat

are observed in North America and Europe. In th

United States, the age-adjusted incidence rate w

62.5 per 100,000 people per year. In 2010, it is est

mated that 222,520 new lung cancer cases will b

diagnosed. Lung cancer is the leading cause of ca

cer-related mortality in the United States, even thoug

the disease is the second most prevalent cancer in me

and women, second only to ▶ prostate cancer in me

and ▶ breast cancer in women (▶Cancer Causes an

Control). The age-adjusted mortality rate was 52.5 p

100,000 people per year, with some of the highest rat

occurring in southeastern states (Fig. 1).

In 2010, an estimated 157,300 people are expecte

to die from the disease in the United States. Lun

cancer is also emerging as a major cause of cance

related mortality in Asia, primarily because

a substantial increase in the consumption of tobacc

products ([4]; ▶Tobacco Carcinogenesis). In Chin

for instance, an estimated 351,713 new lung canc

cases were diagnosed in 2008 and 304,020 death

occurred in that same year [3]. Most lung cancers a

diagnosed at an advanced stage, and even with the be

treatments, the 5-year survival rates are very lo

(Table 1). As a result, mortality rates closely parall

incidence rates in both developed and developin

countries. An important exception to these dism

survival rates is seen for patients diagnosed wi

early-stage disease, where 5-year survival is ov

50%; however, only 15% of patients are diagnose

before the cancer has spread from its primary site.

Age, Sex, and Race Patterns of Lung Cancer

Lung cancer is most common in the elderly populatio

(Table 2). The incidence of lung cancer remains ve

low in people under age 40. It then slowly begins to ri

and peaks between age 65 and 84. In the United State

the median age at diagnosis for lung cancer is 71 year

with about 90% of diagnoses occurring in people old

than 55 years [5]. Not surprisingly, the median age

death is 72 years because most lung cancers a

http://dx.doi.org/10.1007/978-3-642-16483-5_3434
http://dx.doi.org/10.1007/978-3-642-16483-5_5339
http://dx.doi.org/10.1007/978-3-642-16483-5_1958
http://dx.doi.org/10.1007/978-3-642-16483-5_4119
http://dx.doi.org/10.1007/978-3-642-16483-5_6764
http://dx.doi.org/10.1007/978-3-642-16483-5_84
http://dx.doi.org/10.1007/978-3-642-16483-5_5462
http://dx.doi.org/10.1007/978-3-642-16483-5_3280
http://dx.doi.org/10.1007/978-3-642-16483-5_847
http://dx.doi.org/10.1007/978-3-642-16483-5_845
http://dx.doi.org/10.1007/978-3-642-16483-5_5161
http://dx.doi.org/10.1007/978-3-642-16483-5_6576
http://dx.doi.org/10.1007/978-3-642-16483-5_717
http://dx.doi.org/10.1007/978-3-642-16483-5_804
http://dx.doi.org/10.1007/978-3-642-16483-5_804
http://dx.doi.org/10.1007/978-3-642-16483-5_5846
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Age-Adjusted Death
Rates per 100,000
Quantile Interval

62.63 – 76.54
DC 56.91 – 62.62

53.26 – 56.90

48.90 – 53.25

45.07 – 48.89

23.85 – 45.06

U.S. Rate: 52.51

Lung Cancer Epidemiology. Fig. 1 Mortality rates in the United States. Rates are 100,000 inhabitants (age-adjusted to the 2000

US standard population). Data based on National Center for Health Statistics, Centers of Disease Control and Prevention. (From [6])

Lung Cancer Epidemiology. Table 1 Overall 5-year relative

survival in the united statesa

Stage at diagnosis

Stage

distribution (%)

5-year relative

survival (%)

Localized to primary site 15 52.9

Regional spread to lymph

nodes

22 24

Metastasized to distant sites 56 3.5

Unknown (unstaged) 8 8.7

aRates are based on data collected from 1999 to 2006 for the

Surveillance, Epidemiology, and End Results (SEER) program

of the National Cancer Institute (NCI)

Lung Cancer Epidemiology 2101 L
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diagnosed at an advanced stage and have a poor prog

nosis. Over 90% of all deaths from lung cancer occur

people older than 55 years.

Lung cancer is more common in men than wome

It is the most common cause of cancer among me

worldwide, with an incidence of 1.1 million cases

2008 accounting for 16.5% of all cancers in me

Although lung cancer is the fourth most commo

cause of cancer in women worldwide, it is the secon

most common cause of death from cancer. Worldwid

approximately 513,000 women were diagnosed wi

lung cancer, and 427,000 women died of the disease

2008. Sex differences in lung cancer incidence vary b

geographic region. Among males, the highest inc

dence rates are observed in North America, Russi

and Eastern Europe. Chinese females have a high inc

dence of lung cancer despite a very low incidence o

smoking. In the United States, it is estimated th

116,750 men and 105,770 women will be diagnose

with lung cancer in 2010, with 86,220 men and 71,08

women dying from the disease. Current trends in lun

cancer in both men and women closely parallel histo

ical trends in smoking prevalence. In the early 1980

the incidence of lung cancer started to decline in male

followed by a decline in mortality in the 1990s. Fo

women, the incidence and mortality rates increase

sharply from the 1950s to 1990s as more wome

began to smoke [6], though these trends appear

have reversed or stabilized in recent years [7]. Approx

imately 2.89% of men and 2.27% of women wi

develop lung cancer between ages 50–70 years, an

the lifetime risk of developing lung cancer is 44% fo
,

t

,

,

l

men and 38% for women [5]. Recent statistics als

show that the age-adjusted incidence rate of lung ca

cer is 76 per 100,000 men and 52 per 100,000 wome

in the United States.

Table 3 summarizes the incidence and mortali

rates among various racial and ethnic groups in th

United States [5]. The highest age-adjusted lung ca

cer incidence and mortality rates were reported f

black and non-Hispanic white men, but black me

have a 50% higher risk of lung cancer than whi

men. Since the 1990s, the risk of lung cancer in blac

and white men has declined annually by approximate

2.5%. The lowest incidence and mortality rates we

registered for Asian Americans, Pacific Islanders, an

Hispanic women. Trends in 5-year survival rates

lung cancer from 1975 to 2006 have improved

comparable rates for whites and blacks; however, cu

rent 5-year survival rates for black men (11.8%) an

women (15%) are lower than that for white me
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Lung Cancer Epidemiology. Table 2 Age distribution at diagnosis and deatha

Age �20 20–34 35–44 45–54 55–64 65–74 75–84 �85

% at Diagnosis 0 0.2 1.7 8.8 20.9 31.3 29.1 8

% at Death 0 0.1 1.4 7.9 19.7 30.6 30.7 9.6

aRates are based on invasive lung cancer diagnoses and deaths from 2003 to 2007 in the USA (SEER, NCI)

Lung Cancer Epidemiology. Table 3 Lung cancer incidence

and mortality rates by racea

Incidence Mortality

Men Woman Men Woman

All races 76.2 52.4 68.8 40.6

White 76.3 54.7 68.3 41.6

Black 101.2 54.8 87.5 39.6

Asianb 52.9 28.1 36.7 18.5

American Indianc 52.7 39.7 48.1 33.3

Hispanic 41.4 25.4 32.5 14.4

aAge-adjusted rates per 100,000 US population
bIncludes Pacific Islander
cIncludes Alaska Native

L 2102 Lung Cancer Epidemiology
(14.5%) and women (19.4%). These differences

rates of lung cancer are generally thought to be attrib

utable to different patterns of cigarette smoking.

Etiology of Lung Cancer

Overview of Causes of Lung Cancer

Long-term exposure to tobacco smoke is the mo

common cause of lung cancer. In the United State

about 80% of lung cancer deaths are directly attribu

able to tobacco use. Lung cancer in nonsmoke

accounts for approximately 15% of cases and is ofte

attributable to radon gas, asbestos, air pollution, an

genetic factors.

Tobacco Exposure

Epidemiological studies conducted in the 1950s an

1960s demonstrated that the incidence of lung canc

reflects the prevalence of cigarette smokin

(▶Tobacco-Related Cancers). Lung cancer ris

increases with the tar content of the tobacco, use o

filterless cigarettes, depth of inhalation, and averag

daily and cumulative amounts smoked. Tobacc

smoke contains over 4,000 chemical compounds, 5

of which are known to be potent carcinogen

(▶Tobacco Carcinogenesis). Some of the carcinogen

in tobacco smoke and second-hand smoke includ

▶ polycyclic aromatic hydrocarbons (PAHs

N-nitrosamines (NAs), aromatic amines, benzen

arsenic, and polonium-210. Both PAHs and NA

induce pulmonary carcinomas in animal models th

exhibit the same histological and genetic profiles a

human lung cancer.

Prospective studies demonstrated a rising trend

lung cancer death rates with the duration and intensi

of smoking. Smoking one pack of cigarettes per day fo

30 years increases the risk of dying from lung canc

by approximately 20-fold in men and women, thoug

rates in men are reported to be as high as 60-fol

perhaps because of differences in depth of inhalatio

or other habits associated with tobacco use [8

A recent study demonstrated that rates of lung canc

were similar in women and men with comparab
,

,

t

,

.

smoking patterns and histories of smoking [9]. Th

duration of smoking is the strongest predictor of th

risk of developing lung cancer, increasing expone

tially with the number of smoking years. Lung canc

risk increases linearly with the average number

cigarettes smoked per day [10]. Smoking high-ta

filterless tobacco can increase the risk of lung canc

by as much as 40% compared to those smokin

medium- or low-tar cigarettes. In addition, exposu

to second-hand smoke increases the risk of lung canc

in nonsmokers, especially for spouses of smokers, b

as much as 25% [11].

The prevalence of smoking has declined in th

United States by nearly 50% since 1965 [12].

2008, approximately 21% of adults in the United Stat

were current smokers. Long-term trends in prevalenc

of smoking have generally drifted downward for bo

sexes and all ethnic groups in recent years (Table 4

Cigarette smoking prevalence for women rose for th

most recent year on record from 17.5% in 2007

18.5% in 2008. For adults older than 25 years of ag

the prevalence of smoking has steadily fallen sinc

1991. Among whites, current cigarette smoking rat

tend to be higher than rates recorded for Hispanics an

blacks, and these rates have declined at a slower pac

than that of Hispanics or blacks. Adults aged 25 an

older with more than a high school education smoke

http://dx.doi.org/10.1007/978-3-642-16483-5_5848
http://dx.doi.org/10.1007/978-3-642-16483-5_5846
http://dx.doi.org/10.1007/978-3-642-16483-5_4666
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Lung Cancer Epidemiology. Table 4 Trends in prevalence o

smoking in the United Statesa

Year 1993 1998 2003 2008

Age�18

Men 27.3 25.9 23.7 22.8

Women 22.6 22.1 19.4 18.5

Both sexes 25.9 24.0 21.5 20.6

Race/ethnicity

White 25.6 25.3 23.3 22.6

Blacks 26.3 24.7 21.4 20.8

Hispanics 18.9 17.1 15.8 14.9

aSource: Centers for Disease Control and Prevention, Nationa

Center for Health Statistics. National Health Interview Survey

Data are age adjusted to the 2000 standard population

Lung Cancer Epidemiology 2103 L
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at the lowest level (15.1%) compared to those with le

than a high school education (29.7%) or with a hig

school education (28.1%). Adults living 200% belo

the federal poverty level smoked at higher leve

(28.6%) than those living 200% above the feder

poverty level (17.5%) (▶Lung Cancer and Smokin

Behavior). For all of these educational and socioeco

nomic groups, the prevalence of smoking has followe

a steadily falling trend in the United States.

However, in China, the prevalence of smoking

67% for men and 4% for women 15 years of age o

older. In addition, the intensity of smoking in China

an average of 10 cigarettes per day – is similar to th

seen in the United States in the first half of the twen

tieth century. Over the next several decades, the inc

dence of lung cancer is expected to increas

dramatically, and many of the 450 million Chines

smokers are expected to die from the disease.

Lung cancer risk in smokers declines dramatical

over time after smoking cessation. A large cohort stud

of US veterans demonstrated that the relative risk o

lung cancer diminished significantly after 5 yea

of smoking cessation; however, even after 30 years o

smoking cessation, former smokers still have a slight

higher risk of lung cancer than never smokers [13].

Radon Gas and Asbestos

Several occupational and environmental agents hav

been implicated as carcinogens that increase the risk o

developing lung cancer. However, attempts to asse

suspected risk factors have been hampered by impr

cise quantification of low-level exposure, the lon

latency period between exposure and development o

lung cancer, and the difficulty of isolating the effect o
l

t

one factor from others, such as smoking. Despite the

challenges, epidemiological studies have identifie

several occupational and environmental risk facto

for lung cancer, including radon gas, asbestos, ionizin

radiation, a variety of metals, and air pollution. Aft

cigarette smoking, exposures to ▶ radon gas an

▶ asbestos pose the greatest threat to human health.

Radon is an inert, radioactive gas that results fro

the normal decay of uranium in the earth’s crust. Ep

demiological studies have demonstrated an increase

risk of lung cancer in ▶ uranium miners. Radon g

can accumulate in residential dwellings at low level

reaching concentrations that are 50–100-folds less tha

levels in uranium mines. According to the US Env

ronmental Protection Agency, exposure to indo

radon is the second leading cause of lung cancer

the United States, accounting for an estimate

15,000–20,000 deaths per year. In a study conducte

in Sweden, the relative risk of lung cancer was 1.3 f

average radon concentrations of 3.8–10.8 picocurie

liter (pCi/L) over a period of 30 years. The relative ris

increased moderately to 1.8 for concentration

over10.8 pCi/L.

Occupational exposure to▶ asbestos has been ass

ciated with increased risk of lung cancer. Exposure

asbestos may lead to the development of lung canc

30–40 years after the asbestos fibers are inhale

Approximately 28 million men and women we

potentially exposed to asbestos from 1940 to 197

[14]. An estimated 4% of all lung cancers diagnose

in the United States are attributable to asbestos exp

sure [15]. The relative risk of developing lung canc

among those exposed to asbestos is double that of tho

unexposed and increases linearly with exposure

higher levels of asbestos [16]. Asbestos exposu

most commonly results from industrial usage of asbe

tos or asbestos mining. However, the majority of cas

have a much less obvious history of exposure to asbe

tos. Asbestos exposure can occur as a result of workin

or living in a building with crumbling asbestos insul

tion around the pipes. Although exposure to asbestos

expected to decline in the United States, asbestos u

throughout much of the rest of world remains the sam

or is increasing. In many developing countries, there

a sky-rocketing rate of asbestos use. By some est

mates, the incidence of lung cancer in countries

Asia and Africa will continue to rise for anoth

50 years even if immediate steps are taken to lim

asbestos exposure.

f

l

.

http://dx.doi.org/10.1007/978-3-642-16483-5_6761
http://dx.doi.org/10.1007/978-3-642-16483-5_6761
http://dx.doi.org/10.1007/978-3-642-16483-5_4927
http://dx.doi.org/10.1007/978-3-642-16483-5_409
http://dx.doi.org/10.1007/978-3-642-16483-5_6116
http://dx.doi.org/10.1007/978-3-642-16483-5_409
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Future Trends in Lung Cancer Incidence

Current trends in smoking behavior and prevalenc

will continue to be the most important predictor o

future trends in lung cancer incidence. In the Unite

States, reductions in smoking prevalence will result

declines in lung cancer incidence until 2030, but fu

ther declines will require continued reductions

smoking prevalence. In some developing countrie

the occurrence of lung cancer will increase rapid

over the next several decades due to current rates o

smoking prevalence. In China, for instance, the burde

of lung cancer is expected to be staggering as many o

the 450 million people, most of them men, develop th

disease in the coming decades. As smoking decrease

a higher percentage of lung cancers may occur in non

smokers than in the past. Today, about 10–15% of lun

cancers occur in nonsmokers. Epidemiological studie

indicate that nonsmokers with lung cancer are mo

likely to be young, female, receive a diagnosis o

adenocarcinoma, and have a significantly better prog

nosis for survival. Over the next several decades, ev

dence of these changes is expected to emerge in th

lung cancer population in countries where smokin

prevalence has fallen to historically low levels.
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Definition

Accurate ▶ staging of tumors remains the cornerston

of ▶ lung cancer management and prognosticatio

The tumor, node, metastasis (TNM) system (▶TNM

System) currently in use for the classification of▶ no

small cell lung cancer (NSCLC) was first propose

more than 50 years ago by Denoix, and was lat

adapted by the American Joint Committee for Canc

Staging in 1974. Subsequently, this staging system w

revised in 1986, 1997, and more recently in 200

resulting in the seventh edition of the TNM classific

tion for lung cancer staging.

The ▶TNM system considers the anatomic

spread of cancer by factors of tumor size and invasio

extent of lymphatic spread, and presence of metastat

disease, thereby dictating current strategies for clinic

and surgical staging investigations. Emphasis is on th

detection of cytological and histological spread b

http://globocan.iarc.fr
http://seer.cancer.gov/csr/1975_2007/
http://seer.cancer.gov/csr/1975_2007/
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http://dx.doi.org/10.1007/978-3-642-16483-5_4119
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means of noninvasive staging, such as imaging, o

invasive staging, such as endoscopic or surgic

biopsy. New on the horizon include molecular stagin

and minimal invasive staging. The current standard fo

staging should include ▶ computed tomography (CT

▶ positron emission tomography (PET) scan, an

a form of appropriate invasive staging for the media

tinum (EUS, EBUS, or ▶mediastinoscopy). It

increasingly recognized that accurate staging

NSCLC allows appropriate treatment strategy, whic

is paramount in improving survival for these patient
e
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Characteristics

Noninvasive Staging

History taking and physical examination may in som

cases identify patients with advanced inoperab

NSCLC. Routine laboratory tests (including plasm

alkaline phosphatase and calcium levels) should als

be taken. It is well recognized that chest radiograph

are insensitive and unreliable in this role.▶Compute

tomography (CT) of the chest should be performed

all NSCLC patients except those too ill or infirm to b

considered for further evaluation or treatment.

CT of the Thorax

CT scan of the thorax, which usually includes th

upper abdomen (liver and adrenals), is useful in defin

ing the location, size, and anatomical characteristics o

a tumor, including any local extension or invasion in

the chest wall or mediastinum. Liver and adrenal glan

metastases may be detected in 3–10% of asymptomat

patients. Three-dimensional CT reconstructions can

some cases provide better appreciation of the tumo

and its relation with adjacent organs. The routin

administration of intravenous contrast in CT imagin

for lung cancer has been questioned. Some hav

argued that giving contrast does not automatical

improve the accuracy of CT scans, and avoiding i

routine use reduces the risk of patient adverse reactio

In addition, the reliability of CT scans in differentia

ing between T3 and T4 lesions in terms of mediastin

involvement and between T2 and T3 lesions in term

of chest wall invasion may only have an accuracy o

around 70%. Additional imaging with▶magnetic re

onance imaging (MRI) or surgical exploration is som

times needed to clarify the T status. Another limitatio

of CT is its inability to assess mediastinal lymph nod
l

,

.

l

involvement. In general, 21–50% of NSCLC patien

have N2 nodal metastases, and if identified preoper

tively, they should undergo▶ neoadjuvant chemothe

apy. Conventionally, the most common criterion f

a node suspicious of harboring metastases is

short-axis diameter of �1 cm on transverse CT sca

Identification of N2 mediastinal lymph nodes has

sensitivity of only 57%, a specificity of only 82%

and positive and negative predictive values of on

56% and 83%, respectively. Based on these figures,

clinicians were to rely on CT alone for nodal stagin

then 40% of patients would wrongly be excluded fro

potentially curative surgery, while 20% wou

wrongly undergo unnecessary or noncurative surger

The fault lies in the fact that lymph nodes smaller tha

1 cm in diameter may contain malignancy, where

larger nodes may actually be benign. Therefore, add

tional staging modalities such as PET, together wi

invasive mediastinal staging are required for accura

assessment.

Magnetic Resonance Imaging of the Thorax

The sensitivity and specificity of MRI (even with co

trast agents, such as gadolinium) in detecting media

tinal lymph node involvement is similar to the CT sca

Given the relative lack of availability of MRI an

problems with motion artifacts, MRI is rarely use

for mediastinal staging. Nevertheless, for patien

who are allergic to the intravenous contrast mediu

used for CT, or in cases where a better appreciation

soft tissue plane is needed, MRI may have advantage

over CT scan. Therefore, MRI should not be used

the primary imaging modality for mediastinal stagin

but considered for the evaluation of chest wall inv

sion, or brachial plexus, and vertebral body invasion

superior sulcus tumors.

Positron Emission Tomography Scan

▶ Positron emission tomography (PET) has become a

important modality in lung cancer staging. Unlike C

and MRI, PET is a scan of cellular function rather tha

organ anatomy. The idea of radioisotope imaging f

detecting metabolic function in lung cancer is not new

In PET for thoracic malignancies, radiolabele

18F-fluor-deoxy-D-glucose (FDG) is used as a trac

substrate. FDG is taken up and metabolized by cells

the same initial pathway as glucose, but once FDG

phosphorylated, it is not further metabolized, an

becomes trapped intracellularly. It is through th

http://dx.doi.org/10.1007/978-3-642-16483-5_1295
http://dx.doi.org/10.1007/978-3-642-16483-5_4688
http://dx.doi.org/10.1007/978-3-642-16483-5_6917
http://dx.doi.org/10.1007/978-3-642-16483-5_1295
http://dx.doi.org/10.1007/978-3-642-16483-5_1295
http://dx.doi.org/10.1007/978-3-642-16483-5_3496
http://dx.doi.org/10.1007/978-3-642-16483-5_3496
http://dx.doi.org/10.1007/978-3-642-16483-5_4004
http://dx.doi.org/10.1007/978-3-642-16483-5_4004
http://dx.doi.org/10.1007/978-3-642-16483-5_4688


f

te

re

n

e

n

d

g

h

t

e

e

y

-

ty

is

i-

e

a

ic

a

C

ly

e

o

.

-

-

d

e

s

r-

r-

S

e

d

y

e

ll

e

y

t-

te

-

to

is

th

i-

er

as

g

in

d

a-

of

e

to

n

n,

a-

or

g

or

d

ic

n

nt

a-

er

ss

al

te

of

n

s

is

at

s-

m

s.

e

e

of

a-

is

,

L 2106 Lung Cancer Staging
mechanism that malignant cells with higher rates o

glucose metabolism than normal cells accumula

greater amounts of the radiolabeled FDG, which a

detected by radiation-sensitive cameras. On PET sca

areas with increased glucose metabolism and henc

tracer uptake, such as tumors or regions of infectio

show up as “hot spots,” which are given a standar

uptake value (SUV). There is controversy regardin

the SUV which is considered abnormal, althoug

a value of >2.5 is accepted by many to be significan

The size of the lesion as well as measurement tim

following tracer injection can greatly influence th

SUV. Some reports have shown the superior accurac

of PET over CT for mediastinal staging. The sensitiv

ity of PET in this role is around 84%, with a specifici

of 89% (positive and negative predictive values of 79%

and 93%, respectively). Furthermore, when PET

combined with CT for mediastinal staging, the sens

tivity may reach 93% and specificity 95% in som

series. An added advantage of PET, which is

whole-body scan, is its ability to detect extrathorac

metastases. The current consensus from ACCP is th

a whole-body FDG-PET scan be offered to all NSCL

patients eligible for surgery.

Despite the advantages of PET, there is a relative

high false-positive rate, because conditions that caus

high metabolism in tissues, other than tumors, can als

give a high SUV value, such as, active infection (e.g

tuberculosis, pneumonia, abscesses), active ▶ inflam

mation (e.g., sarcodiosis, rheumatoid nodules, histo

plasmosis, bronchiectasis), tumor necrosis, an

postoperative changes after surgery. Therefore, th

presence of abnormal PET findings alone that sugge

advance stage should not exclude a patient from su

gery but instead indicate the need for further preope

ative staging with adjuncts such as EUS biopsy, EBU

biopsy, and ▶mediastinoscopy. Conversely, som

argue that mediastinoscopy can be safely avoide

when lung cancer staged by computed tomograph

and PET scan is N2 (and distant metastases) negativ

because the survival advantage conferred is very sma

due to the low prevalence of PET false-negativ

patients and unproven superiority of induction therap

over adjuvant therapy. In addition, the degree of me

abolic activity (i.e., SUV value) required to indica

malignancy has not been consistently defined. In gen

eral, an SUV of 2.5 has empirically been taken

denote malignancy in some reports; however, th

value is not universally adapted by all centers.
,

.

t

,

t

,

PET has low sensitivity for small lesions, wi

a lower limit of resolution of around 1 cm. The rel

ability of PET for detecting lesions that are small

than 1 cm remains to be proven convincingly. It h

also been suggested that the accuracy of detectin

small lesions (e.g., lymph nodes) when these are

close proximity to a larger tumor is reduced. Combine

PET-CT scans allow the fusion of functional and an

tomic images which can improve the interpretation

scan information.

Imaging for Distant Metastases

Patients with distant or extrathoracic metastasis hav

a very poor prognosis, with 5-year survival of close

zero regardless of the T or N stage. The most commo

sites for metastasis from lung cancer are the brai

bone, liver, and adrenal glands. Classically, investig

tions for metastases at these sites include CT and/

MRI for brain lesions, radionucleotide bone scannin

for bone metastases, and CT or ultrasound scanning f

abdominal metastases. Whole-body PET has gaine

popularity as a tool in searching for extrathorac

metastases, although PET would not be useful as a

imaging modality for brain metastases. The curre

ACCP guidelines suggest a thorough clinical evalu

tion for all lung cancer patients, and that furth

extrathoracic metastatic workup is not needed unle

abnormal results are detected. Patients with abnorm

clinical findings should undergo scanning appropria

to the site of those abnormalities. In the absence

findings suggestive of extrathoracic metastases o

clinical evaluation, the likelihood of positive finding

on scanning of the brain, bone, liver, and adrenals

less than 10%. However, it should be emphasized th

a scan suggesting the presence of extrathoracic meta

tases should not immediately exclude patients fro

curative surgery due to the inaccuracy of these scan

Tissue sampling (or further tests or scans) should b

performed to confirm metastatic disease.

Invasive Staging

The advantage of invasive staging over noninvasiv

staging is that cytological or histological results

suspected metastases can be confirmed.

Bronchoscopy

Fiberoptic bronchoscopy allows the direct visualiz

tion of the vocal cords and proximal airways which

useful in defining the T designator in the TNM system

http://dx.doi.org/10.1007/978-3-642-16483-5_3044
http://dx.doi.org/10.1007/978-3-642-16483-5_3044
http://dx.doi.org/10.1007/978-3-642-16483-5_6917
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by evaluating the proximity of the tumor to the carin

Bronchoscopic assessment can also guide the natu

andmargin of surgical resection needed for the airway

more reliably than CT scan. Bronchoalveolar lavag

bronchial brushing, and endobronchial biopsy can b

performed through the bronchoscope to obtain diagno

sis. Transbronchial needle aspiration (TBNA) may b

incorporated into the bronchoscopic examination

obtain tissue from regions of mediastinal lymphad

nopathy as detected on CT or PET scan. The Wan

needle, commonly used for the procedure, is guided b

the bronchoscope (within the working channel) to th

area of the tracheobronchial tree overlying the suspe

lymph node. The needle is then passed through th

bronchial wall to aspirate at the node. Sensitivity an

specificity of around 76% and 96%, respectively, ca

be expected from this method. The relatively low sen

sitivity of conventional TBNA from a “blind” proc

dure (based on an estimation of the lymph nod

position suggested on CT) can be improved whe

guided by real-time CT, fluoroscopy, endobronchi

ultrasound (EBUS), or virtual bronchoscopy (3-

reconstructions from CT scan). The use of rapid on

site cytological evaluation increases the diagnost

yield of TBNA by allowing immediate verification o

the adequacy of the lymph node specimen by identifi

cation of lymphocytes. The accuracy of TBNA ma

inherently be limited by the lymph node size criter

used for suspect nodes, potentially missing small me

astatic nodes. Currently, conventional TBNA is con

sidered an adjunct to, rather than a replacement fo

mediastinoscopy, because of its relatively low sens

tivity and negative predictive value of 70%.

Endobronchial Ultrasound

EBUS has evolved to become one of the latest tools fo

staging of lung cancer: from its origin as a radial prob

to evaluate central airway structures, to the small radi

probes that can visualize and assist transbronchi

biopsies of peripheral lung nodules, to the newe

development into the convex probe EBUS (CP-EBUS

consisting of a curvilinear electronic transducer on th

tip of a flexible bronchovideoscope. CP-EBUS allow

real-time EBUS-guided TBNA, which has access to a

of the mediastinal lymph nodes accessible by standar

cervical mediastinoscopy as well as N1 nodes. How

ever, the aortopulmonary window, paraesophagea

and inferior pulmonary ligament lymph nodes are n

adequately reached by EBUS-TBNA. In a randomize
.

,

t

l

,

l

l

t

l

,

t

trial, EBUS-TBNA was significantly more successf

in obtaining a mediastinal lymph node aspirate (eith

positive or negative for malignancy) in 80% of patien

when compared with only 71% in conventional TBN

patients. In experienced hands, the reported sensitivi

and specificity of EBUS-TBNA for detecting media

tinal lymph node malignancy was 80–95% and 100

respectively. In terms of diagnostic performance

EBUS-TBNA for mediastinal pathologies, the acc

racy (the patient’s final diagnosis matched the EBUS

TBNA result) was between 86% and 98%. Th

complication rates for the procedure are very low

with numerous studies reporting none. Minor bleedin

at the puncture site of some patients were encountere

occasionally, and there was a report of asymptomat

pneumomediastinum. Other theoretical adverse even

include hemoptysis, pneumothorax, and mediastiniti

Despite its limitations and being somewhat operat

dependent, EBUS-TBNA is a minimally invasiv

approach that is safe and has a good diagnostic yiel

Furthermore, the trimodality staging EBUS-TBN

(when the target lymph nodes are successfully sam

pled) in combination with CT and PET scan is increa

ingly being accepted as adequate for preoperative lun

cancer staging.

Transthoracic Needle Aspiration

The percutaneous transthoracic needle aspiratio

(TTNA) of a suspicious lymph node is normal

performed under CT or fluoroscopic guidance. TTN

by ultrasound guidancemay occasionally be performe

when the lesion is very close to or abutting the che

wall. Besides mediastinal staging, TTNA can also b

used to provide aspiration cytology confirmation

suspected interlobar pulmonary metastases, pleur

metastases, and malignant pleural effusions. The pr

cedure is generally well tolerated, relatively safe, an

does not require general anesthesia. TTNA for media

tinal nodal staging has a reported sensitivity of aroun

90%; however, it is a highly operator-dependent pr

cedure. However, TTNA’s use in mediastinal stagin

has been limited by its relatively poor negative predi

tive value (78%) despite calls for using larger needle

flushing the needles, and having a cytopathologist o

site to improve results. Furthermore, only limitedmed

astinal lymph node stations can be reached by TTN

because of their proximity to the heart or major thorac

vessels. The yield from thoracocentesis for suspiciou

pleural effusions is lower with conclusive yields o
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malignant spread in only 50–65%. An important ris

associated with the procedure is iatrogenic pneumotho

rax, which occurs in 10–30% of cases. Recovery fro

this complication may be difficult with many lun

cancer patients also suffering from chronic airway di

ease and being smokers or ex-smokers.

Endoscopic Ultrasound

EUS involves the use of real-time ultrasound fro

a fiber-optic esophagoscope to access posterio-inferio

mediastinal (subcarinal, paraesophageal, pulmonar

ligament), retroperitoneal, and celiac axis lymp

nodes. Using ultrasound guidance, fine needle aspir

tion (FNA) can be performed by a biopsy needle that

passed through the esophageal wall to aspirate at th

suspect lymph nodes. EUS alone can give a qualitativ

assessment of the suspicious lymph nodes prior

performing FNA. When FNA is performed in conjun

tion with EUS, the accuracy improves from sensitivi

of 78–88% and specificity of 71–91%. EUS fo

mediastinal staging is limited by the relatively hig

rate of false-negative results (23%), which may be du

in part to the limited depth of ultrasound penetration

the esophagus, interfering with access to the hila

interlobar, and paratracheal lymph nodes. The us

of EUS is further restricted by the lack of accessibili

and skilled endoscopists. Nevertheless, one stud

has found that 59% of NSCLC patients could b

excluded from unnecessary thoracotomy based o

EUS-FNA results.

Mediastinoscopy

▶Mediastinoscopy still remains the “gold standard

invasive staging technique for mediastinal stagin

Under general anesthesia, via a suprasternal incisio

a mediastinoscope is passed down the pretrache

plane into the mediastinum to the level of the carin

The procedure can expose all of the paratracheal nod

stations bilaterally, as well as the anterior subcarin

station. It is a basic, safe and minimally invasive pro

cedure with a complication rate of 1.7%. Reporte

complications include pneumothorax, left recurre

laryngeal nerve injury, bleeding, airway and esoph

geal trauma, and infection. The specificity o

mediastinoscopy is very high reaching almost 100%

however, the sensitivity may only be around 80%

Several important lymph node stations, notably th

posterior subcarinal, aortopulmonary window, an

anterior and inferior mediastinal stations cannot b
,

.

,

l

.

l

l

t

;

.

accessed by standard cervical mediastinoscopy, whic

can partly explain the relatively high false-negative ra

of 9%. A report found that 72% of mediastinal lymp

node metastases found on thoracotomy were in station

inaccessible to mediastinoscopy. Nevertheles

mediastinoscopy remains a trusted investigative tec

nique in lung cancer staging. Patients with negativ

mediastinoscopy findings have 5-year survival rat

of up to 53%, compared to the dismal 2-year surviv

rate of 4% in those with positive findings.

Current ACCP guidelines advise the use

mediastinoscopy in all NSCLC patients otherwise el

gible for surgery who have suspicious mediastin

lymph nodes on CT or PET. There is data to sugge

that performing routine mediastinoscopy for everyon

does not significantly preclude patients from unnece

sary thoracotomy. Mediastinoscopy should also b

considered in patients with normal CT or PET finding

who nonetheless require that mediastinal lymphat

spread be ruled out, for example, patients with larg

or centrally located tumors, and those who may b

marginal surgical candidates for major lung resectio

Extended Mediastinoscopy

The standard cervical mediastinoscopy that most su

geons are familiar with is unable to access th

aortopulmonary window (APW) lymph nodes. Parti

ularly, patients with NSCLC of the left upper lobe a

prone to tumor spreading to these nodes. EUS-FN

may be utilized to sample (APW) nodes, but

is limited by the relatively high false-negative rat

Ginsberg popularized the technique of extende

cervical mediastinoscopy in order to reach the

nodes. In the modified approach, the mediastinoscop

is passed laterally over the aortic arch rather than dow

the pretracheal plane, passing between the brachi

cephalic and left carotid arteries to reach the APW

The extended procedure carries a small risk of blee

ing and embolic stroke, but has the advantage

encompassing a standard mediastinoscopy in th

same sitting. When extended cervical mediastinoscop

is performed in combination with standard cervic

mediastinoscopy, the sensitivity improves from aroun

50% to 75%, and the negative predictive valu

improves from around 70% to 85%.

Anterior Mediastinotomy

An alternative approach to the APW region is via a

anterior mediastinotomy (also referred to

http://dx.doi.org/10.1007/978-3-642-16483-5_6917
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Chamberlain procedure) through the second or thir

intercostal space at the left sternal border. Anterio

mediastinotomy carries a theoretically lower risk o

embolic stroke when compared with extended cervic

mediastinoscopy. However, an extra incision

required, the pleura may be breached during th

approach creating a pneumothorax, and injury to th

left internal mammary artery can occur. Used alon

anterior mediastinotomy has a sensitivity of 63–86%

for detecting N2 nodal spread, but when coupled wi

a standard cervical mediastinoscopy, the combine

sensitivity reaches 87%.

Cervical Lymph Node Staging

The important areas of cervical lymph nodes for lun

cancer are the scalene, supraclavicular, and cervica

which may be collectively referred to as the cervic

nodes. It has been estimated that up to 75% of NSCL

patients may have cervical nodal involvemen

representing N3 nodal metastases, at the time of pr

sentation. Patients with such metastases are classifie

as stage IIIb and considered inoperable. The evaluatio

of palpable cervical nodes by simple percutaneou

▶ fine needle aspiration biopsy (FNAB) provides rel

able biopsy results. However, for impalpable cervic

lymph nodes, controversy remains. It was onc

believed that biopsy of impalpable cervical node

was unnecessary; nevertheless it is now known th

up to half of all cervical nodes harboring metastase

in NSCLC patients may be impalpable at the tim

of presentation. In addition, it has been shown that u

to one-third of patients with mediastinal N2 or N

metastases on mediastinoscopy were also found

have occult metastases to cervical N3 nodes. Th

challenge for clinicians is to identify those cases wi

cervical N3 nodes early, thereby potentially avoidin

one-third of the invasive mediastinoscopies. Curre

techniques of noninvasive staging, for example, wi

PET scan, are still inadequate for detecting these occu

N3 nodes because of low sensitivity for small lesion

and high false-positive rates. Cervical ultrasonograph

may be a reliable investigation for detecting suspiciou

cervical N3 metastatic nodes from lung cance

allowing targeted FNA biopsy of those cervical node

in question. The combined cervical ultrasound an

FNA approach can detect occult N3 cervical nod

metastases in 12–31% of lung cancer patients base

on the criteria of lymph node size on ultrasonogr

phy. By including sophisticated ultrasonograph
l

,

,

l

,

l

t

t

t

,

characteristics for metastatic lymph nodes in the sca

(e.g., shape, internal architecture, vascular pattern, an

echogenicity), the accurate identification of the

nodes may be further improved.

Video-Assisted Thoracic Surgery

VATS can be used for lung cancer staging b

biopsying appropriate lymph nodes and assessing th

extent and invasion by the primary tumor. A potenti

advantage of using VATS is the option of proceedin

with major lung resection during the same anesthes

should the lymph node biopsies show negative result

Interestingly, around 4% of patients are found to b

inoperable during routine VATS exploration as a resu

of extensive but previously unknown local invasion.

the T3 tumors defined by chest wall invasion, VAT

can be used to confirm such invasion, as well as

guide the site and extent of potentially curative che

wall resection en bloc with the tumor. VATS can als

detect unsuspecting pleural deposits, biopsy tho

lesions (with intra-operative frozen section), and pe

form pleurodesis in cases of advanced disease

a single operation. By routinely performing VAT

assessment prethoracotomy, 1 in 20 patients may b

found to harbor unsuspected pleural metastat

deposits, thereby avoiding unnecessary thoracotomy

For assessing the mediastinal nodals, VATS allow

access to and biopsy of every lymph node station o

the operative side, including the pulmonary ligame

and paraesophageal stations. VATS APW lymph nod

biopsy has reported diagnostic accuracy rates

between 92% and 100%, with the added advantage

yielding a better biopsy specimen than FNA. Th

ACCP guidelines recommend that patients wi

a primary left upper lobe NSCLC tumor, the APW

lymph node region should also be assessed b

one of the aforementioned approaches (extende

mediastinoscopy, anterior mediastinotomy, VATS

whenever standard cervical mediastinoscopy is ind

cated. Mediastinal nodal assessment by VATS is als

useful for evaluating the response from neoadjuva

therapy in NSCLC patients. In particular, VATS pr

vides an alternative approach to the mediastinal nod

for patients who have previously undergon

mediastinoscopy, for whom redo-mediastinoscopy

relatively hazardous. The routine use of VATS imm

diately before thoracotomy for lung cancer resection h

been gaining popularity. By inserting a vide

thoracoscope as the “final” staging procedure prior

http://dx.doi.org/10.1007/978-3-642-16483-5_2192
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proceeding with a major incision do not significant

increase operating time, adds negligiblemorbidity to th

surgery, and yet can exclude between 4% and 7% o

patients from unnecessary surgery. Furthermore, th

video-thoracoscope can be used to identify and forewar

the surgeon of adhesions near the planned thoracotom

site, as well as help select the optimum level (rib spac

for the thoracotomy. In patients with suspected contr

lateral metastasis, VATS can be performed as a quic

safe diagnostic procedure to biopsy the contralater

lesion for frozen section before curative resection o

the primary tumor in the same sitting.

Tissue for Staging: What and How Much is

Enough?

Pathological staging involving histological examin

tion of the resected tumor and lymph nodes durin

surgery is the most accurate form of staging. Th

extent of lymph node clearance required to achiev

accurate staging remains a subject of controvers

For example, some advocate the routine resection o

all mediastinal lymph nodes by radical dissection du

ing lung cancer surgery, thereby providing a mo

accurate staging, as well as reducing the likelihood o

residual micrometastases responsible for tumor recu

rence. However, others argue that systematic lymp

node sampling is sufficient and may cause less periop

erative morbidity and less disturbances of the immun

response that can affect future tumor recurrence. Stud

ies and data to date show that neither the clearance no

the systematic sampling approaches is superior

terms of survival benefit.

The concept of ▶ sentinel lymph node mappin

which is widely applied in the staging of ▶melanom

and ▶ breast cancer, may become important in lun

cancer staging. It has been noted for some time th

micrometastases are present in more than 20% o

lymph nodes previously thought to be benign whe

special immunohistochemical staining techniques a

employed. Furthermore, the incidence of “skip meta

tases,” where anatomically the N2 nodes appear

harbor malignant cells although the N1 nodes do no

has also been reported to be around 20%. These obse

vations suggest that lymphatic spread in lung canc

can be unpredictable and sentinel node mapping ma

provide additional information for staging. ▶Sentin

node mapping is performed by injecting a suitab

marker, usually a dye or radioisotope such as techn

tium-99m (Tc) sulfur colloid, into the tumor or in
,

l

.

,

t

,

l

four quadrants peritumorally at thoracotomy. Th

marker is allowed time to travel to the sentinel nod

(s), which is picked up by the dye coloration or han

held Geiger counter and dissected out. Studies hav

found that this approach was feasible in 82–90%

patients at thoracotomy, with identification of one

more sentinel nodes in 60% of patients. The techniqu

produced an accuracy (no other nodes were positive f

cancer if the sentinel node was negative) of aroun

80%. Based on available data, sentinal node mappin

is not recommended as a routine investigation at th

racotomy, although further studies are ongoing.

Molecular Staging: The Final Frontier?

The improved understanding behind the molecul

biology of tumor cells in the past few decades and th

potential as a tool for lung cancer staging has cause

much excitement. The problem with the current TNM

system for lung cancer staging is that it is base

on tumor tissue and its spread and distribution, b

does not take into account the tumor biology

micrometastases. Therefore, there remains a big var

ation in patient survival within those in the same stag

of disease based on current staging techniques. In fac

over the years, molecular markers have already bee

utilized to help differentiate between primary and se

ondary, as well as uncommon lung tumors. Howeve

using modern molecular techniques, micrometastas

in lymph nodes and pleura, or circulating tumor cel

may be more readily detected to help explain “sk

metastases” and those with poor outcome followin

treatment. Furthermore, better characterization

tumor biology and behavior through molecul

“fingerprinting,” as well as the potential to tailor the

apy for individual patient, may improve survival an

outcome. Researchers have long suspected that som

malignant lung tumors, even of the same histologic

subtype, behave more aggressively or appear to meta

tasize much earlier than others. By analyzing at th

molecular level the carcinogenic process, mechanism

for growth and evading ▶ apoptosis, and methods

achieving metastasis, researchers can search f

molecular indicators for aggressive patterns of grow

and spread, using these as potential prognostic indic

tors allowing tumors to be substaged molecularly

addition to the TNM stage. The prospect of isolatin

such accurate genetic information regarding lung ca

cer from a sputum, FNA, or blood sample is bein

explored.

http://dx.doi.org/10.1007/978-3-642-16483-5_5242
http://dx.doi.org/10.1007/978-3-642-16483-5_3609
http://dx.doi.org/10.1007/978-3-642-16483-5_717
http://dx.doi.org/10.1007/978-3-642-16483-5_5243
http://dx.doi.org/10.1007/978-3-642-16483-5_5243
http://dx.doi.org/10.1007/978-3-642-16483-5_361
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Thus far, numerous aspects of tumor biology hav

been studied, including carcinogenesis (▶ oncogene

e.g., K-ras, erbB-1, erbB-2;▶ tumor suppressor gene

e.g., p53, p16, ▶Bcl2; cell growth-regulatin

proteins), ▶ angiogenesis factors (e.g., VEGF, CD

34, factor VIII), factors affecting tumor invasio

(e.g., extracellular matrix metalloproteases, PAI-

Cathepsin B), and markers of micrometastases (e.g

cytokeratin, MUC1 mRNA, CEA mRNA). Furthe

more, the synergistic effect of a combination of mole

ular mechanisms may be more important than a

individual molecular marker in determining prognost

significance. Therefore, testing for an array of mole

ular markers may yield more accurate prognostic info

mation, especially when testing across the spectrum o

NSCLC, which constitutes a heterogeneous group hi

tologically. Previous studies investigating an array o

markers in patients with stage I NSCLC have show

the molecular markers K-ras mutation, positive p5

expression, and absent H-ras expression to be predi

tive of tumor recurrence, and erbB-2, Rb, p53, facto

VIII, and ▶CD44 to be predictive of tumor survival

To date, molecular staging is not being routine

used in the clinical management of lung cancer. Th

nonstandardized use of assays, the lack of quantific

tion or scoring system for tumor marker expressio

the lack of large controlled trial data, as well as th

occasional contradictory results of certain tumo

markers (e.g., ▶ p53 expression), have prevente

widespread adoption of this staging technique in clin

ical practice. Nevertheless, many clinicians rema

optimistic and eagerly anticipate the emergence o

the era of molecular staging to complement the curre

staging system.

Conclusion

Accurate staging is of paramount importance in guid

ing appropriate therapy and improving prognosis

patients with NSCLC. Noninvasive and invasive stag

ing techniques available for lung cancer staging con

tinue to evolve rapidly and constantly changing th

staging algorithms. For example, with advances an

increasing experiences with EBUS and EUS,

trimodality approach for lung cancer staging includin

CT-PET scan in combination with a form of invasiv

technique for staging has become the accepted stan

dard. Molecular staging has the potential to substag

patients, allowing for more accurate evaluation o

prognoses and individualization of therapy. Th
,

,

incorporation of molecular techniques into routin

clinical practice may revolutionize lung canc

management.
,

,

,
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Definition

Most cytotoxic drugs for ▶ lung cancer a

nonselective. They act by damaging cells undergoin

▶mitosis, which is usually more frequent in maligna

cells than in most normal cells. Targeted agents a

designed to modulate the activity of signal pathway

or proteins or enzymes that are necessary and essenti
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for oncogenesis and survival of cancer cells, particu

larly those driving deregulated growth,▶ angiogenesi

▶ invasion, and ▶metastasis characteristics of malig

nant cells. The different mechanisms of activity resu

in lower toxicity for cancer patients, particularly in th

bone marrow and in the gastrointestinal tract, and

increased effectiveness. Currently, there are two type

of targeting agents in clinical use for the treatment o

▶ non-small cell lung cancer (NSCLC): the ▶ epide

mal growth factor receptor (EGFR) ▶ tyrosine kinas

inhibitors (TKI) and the ▶ vascular endothelial grow

factor (VEGF) inhibitors. Numerous additional agen

targeting other cancer cell pathways are in clinic

development.
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Characteristics

Lung cancer is the leading cause of cancer-relate

death among men and women worldwide. The stan

dard treatment for advanced ▶ non-small cell lun

cancer (NSCLC), until now, is ▶ doublet chemothe

apy in first-line treatment and single agent in second

line setting. Targeted therapies have been introduce

into clinical practice and have improved standard ch

motherapy approaches. Single agent or combinin

targeted therapy in selected patients with NSCLC ha

increased overall survival with fewer side effects.

Although targeted therapies of NSCLC hav

increased survival, this increase has remained sma

The reason may be due to unselected patients fo

specific target agents. When all patients were treate

with the same drug, normally only a minori

of patients would benefit. A future challenge will b

to identify a subset of patients with NSCLC for who

targeted treatment will provide a significant improv

ment in survival.

EGFR TKIs for NSCLC with EGFR Mutation

▶Epidermal growth factor receptor (EGFR)

a 170 kDa member of the ERB family of EGF-relate

▶ tyrosine kinase receptors. Activation of this recepto

initiates intrinsic tyrosine kinase activity with signa

ing through a variety of downstream pathways, includ

ing ▶ PI3K/Akt, ▶Ras/Raf/mitogen-activated prote

kinase (MAPK), and STAT3. All these have stron

stimulatory effects on tumor growth, including ▶ pro

liferation, survival, ▶ angiogenesis, ▶ invasion, an
,

t

l

.

▶metastasis. EGFR mutations change the

dimensional configuration of the receptor protein, an

these changes may affect the binding of EGFR TK

▶Erlotinib and ▶ gefitinib are both small molecul

targeted drugs that have higher affinity to muta

receptors. These two drugs disrupt EGFR signalin

by competing with adenosine triphosphate (ATP) f

the binding sites at tyrosine kinase domain, and thu

inhibiting phosphorylation, and blocking both ligan

induced activation of the receptor and downstrea

pathways.

Somatic mutations in the kinase domain of EGFR

lung carcinoma exist in approximately 10% of patien

in Caucasians and 30% in East Asians. About 90%

EGFR-activating mutations are clustered in▶ exon 1

and 21. Patients with these mutations have a bett

response rate to EGFR TKIs than unselected patient

The phase III ▶ clinical trial of the Iressa Pan-As

Study (IPASS) compared ▶ gefitinib (609 patient

with ▶ paclitaxel/▶ carboplatin (608 patients) in pr

viously untreated Asian non-/light smokers with ad

nocarcinoma. Progression-free survival time (PFS)

EGFR mutation-positive patients was longer wi

gefitinib than with chemotherapy (hazard ratio [HR

0.48; 95% confidence interval [CI], 0.36–0.6

P < 0.0001); in EGFR mutation-negative patient

PFS was longer with chemotherapy than with gefitin

(HR 2.85; 95% CI 2.05–3.98; P < 0.0001). Simil

data were seen in another Japanese randomized pha

III study by Mitsudomi and colleagues where EGFR

mutation patients were randomized to either gefitin

or gefitinib plus ▶ docetaxel/▶ cisplatin chemothe

apy. The tumor response rate was 62.1% and 32.2

for EGFR TKI and chemotherapy, respectively, whi

the PFS was significantly in favor of the EGFR TK

(HR, 0.49; 95% CI, 0.34–0.70; P < 0.001). Agai

similar to IPASS, there was no significant differenc

in overall survival (OS) (HR, 1.6; 95% CI, 0.75–3.58

The observations by IPASS are supported by Rose

and colleagues. They screened 2,105 patients f

EGFR mutation and treated 217 mutation-positiv

patients with ▶ erlotinib. The tumor response ra

was 64.0% with a better response rate associated wi

exon 19 mutation. The median PFS and OS were 1

months and 27 months, respectively.

Based on these results, EGFR TKIs erlotinib an

gefitinib were recommended as first-line treatme

option for NSCLC with EGFR mutation.

http://dx.doi.org/10.1007/978-3-642-16483-5_274
http://dx.doi.org/10.1007/978-3-642-16483-5_3133
http://dx.doi.org/10.1007/978-3-642-16483-5_3671
http://dx.doi.org/10.1007/978-3-642-16483-5_4119
http://dx.doi.org/10.1007/978-3-642-16483-5_1932
http://dx.doi.org/10.1007/978-3-642-16483-5_1932
http://dx.doi.org/10.1007/978-3-642-16483-5_6080
http://dx.doi.org/10.1007/978-3-642-16483-5_6080
http://dx.doi.org/10.1007/978-3-642-16483-5_6155
http://dx.doi.org/10.1007/978-3-642-16483-5_6155
http://dx.doi.org/10.1007/978-3-642-16483-5_4119
http://dx.doi.org/10.1007/978-3-642-16483-5_4119
http://dx.doi.org/10.1007/978-3-642-16483-5_6822
http://dx.doi.org/10.1007/978-3-642-16483-5_6822
http://dx.doi.org/10.1007/978-3-642-16483-5_1932
http://dx.doi.org/10.1007/978-3-642-16483-5_6079
http://dx.doi.org/10.1007/978-3-642-16483-5_4568
http://dx.doi.org/10.1007/978-3-642-16483-5_4951
http://dx.doi.org/10.1007/978-3-642-16483-5_4766
http://dx.doi.org/10.1007/978-3-642-16483-5_4766
http://dx.doi.org/10.1007/978-3-642-16483-5_274
http://dx.doi.org/10.1007/978-3-642-16483-5_3133
http://dx.doi.org/10.1007/978-3-642-16483-5_3671
http://dx.doi.org/10.1007/978-3-642-16483-5_1989
http://dx.doi.org/10.1007/978-3-642-16483-5_2354
http://dx.doi.org/10.1007/978-3-642-16483-5_2059
http://dx.doi.org/10.1007/978-3-642-16483-5_1216
http://dx.doi.org/10.1007/978-3-642-16483-5_2354
http://dx.doi.org/10.1007/978-3-642-16483-5_4344
http://dx.doi.org/10.1007/978-3-642-16483-5_833
http://dx.doi.org/10.1007/978-3-642-16483-5_1699
http://dx.doi.org/10.1007/978-3-642-16483-5_1189
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EGFR TKIs for NSCLC with Unknown EGFR

Mutation Status

The small molecule EGFR tyrosine-kinase inhibito

erlotinib and gefitinib have been studied in second-lin

and third-line therapy for unselected patients wi

NSCLC. The BR.21 trial was a placebo control tri

in NSCLC in which chemotherapy had been unsu

cessful. The response rate was 8.9% in the erlotin

group and less than 1% in the placebo grou

(P < 0.001); PFS was 2.2 months and 1.8 month

respectively (HR, 0.61, P < 0.001). OS was 6

months and 4.7 months, respectively (HR, 0.7

P < 0.001), in favor of erlotinib. Erlotinib can prolon

survival in patients with non-small-cell lung canc

after first-line or second-line chemotherapy.

INTEREST is a first head-to-head trial that com

pared gefitinib with docetaxel in previously treate

non-small-cell lung cancer patients. Non-inferiori

was confirmed for overall survival (HR, 1.02, 96% C

0.905–1.150), median survival was 7.6 versus 8

months, suggesting that gefitinib is a valid treatme

for pretreated patients with advanced non-small-ce

lung cancer.

Based on these results, erlotinib was recommende

as second- or third-line treatment option for NSCLC

the West, and gefitinib was recommended in the Eas

EGFR TKIs in Maintenance Treatment for

Advanced NSCLC

Based on the US National Cancer Institute’s (NC

concept, maintenance therapy for advanced NSCL

means that use of some agents prevents lung canc

from progressing after being successfully controlle

by the doublet platinum-based chemotherapy in firs

line setting. There are two kinds maintenance trea

ment. One is continuation maintenance with treatme

using the same drugs used in the induction regime

The other one is switch maintenance treatment th

uses other non-cross-resistant agents not included

the induction regimen. In this setting, maintenanc

therapy can be defined as an early second-lin

treatment.

In the Saturn trial, Cappuzzo and colleagues evalu

ated the benefit of erlotinib as a maintenance therapy

patients who were free of progression at the end of fou

cycles of ▶ platinum-based frontline therapy. Th

median PFS was superior at 12.3 weeks with erlotin

compared with 11.1 weeks with placebo, and overa
l

,

;

t

l

t

.

t

l

survival was 12 months and 11 months (P ¼ 0.008

in favor of erlotinib. The toxicities associated with th

use of erlotinib were tolerated.

Currently available data support the use of erlotin

as maintenance treatment in patients with disease co

trol and EGFR expression. As the survival benefit

relatively modest in an unselected patient populatio

molecular selection strategies will be necessary

identify a subgroup of patients best suited for erlotin

maintenance therapy. The US Food and Drug Admi

istration (FDA) approved erlotinib for maintenanc

therapy, and the Committee for Medicinal Produc

for Human Use of the European Medicines Agenc

(EMA) recommended maintenance erlotinib in stab

disease after 4–6 cycle chemotherapy for approv

based on the Saturn results.

Targeted Agents in Combination with

Chemotherapy

Small molecular targeting agents, when used in com

bination with cytotoxic drugs, were expected to pr

duce synergistic effects and increase efficacy f

NSCLC treatment. Unfortunately, nearly all phase I

clinical trials, including 15 randomized phase III tria

with over 12,000 patients, have failed to demonstra

superiority for the combination of targeted agents wi

chemotherapy in first-line setting. One reason may b

that there is antagonism between EGFR TKIs an

chemotherapy. Preclinical data had shown that EGF

TKIs cause ▶ cell cycle arrest in G1 phase, whic

makes the cells relatively insensitive to phase-specifi

cytotoxic agents. Another reason may be related to th

heterogeneity of the disease. NSCLC encompass

a number of histologies, and within the same histolog

several molecular genetic lesions have been identifie

In general, onemolecular genetic subtype only accoun

for a small number of NSCLC tumors. For instanc

EGFR mutation accounts for less than 10% in Cauc

sian and 30% in East populations. Certain targete

agents may influence the outcome in certain NSCL

molecular subtypes. One single study for all advance

NSCLC patients in which most do not response

experimental targeted compounds is unlikely to reve

positive results that occur only in small subgroup

patients. The key to the future development of targete

therapies is likely to be patient selection, with the aim

enriching the study cohort for patients most likely

respond to the experimental agent.

http://dx.doi.org/10.1007/978-3-642-16483-5_4616
http://dx.doi.org/10.1007/978-3-642-16483-5_994
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Resistance to EGFR TKIs

There are two mechanisms for NSCLC resistance

EGFR TKIs:

• Primary resistance

• Acquired resistance

Primary resistance means that a tumor harbors a

EGFR sensitivity mutation but does not respond

EGFR TKIs gefitinib or erlotinib. Preexistin

▶KRAS mutation, ▶MET ▶ amplification, ▶AL

fusion, and increased expression of ▶ insulin-lik

growth factor-1 receptor (IGF-1R) may be related

primary resistance against EGFR TKIs.

Jackman et al. proposed four clinical criteria for th

definition of acquired resistance to epidermal grow

factor receptor tyrosine kinase inhibitors in NSCLC.

• Previous treatment with a single-agent EGFR TK

(gefitinib or erlotinib)

• Either or both of the following – a tumor that ha

bors an EGFR mutation known to be associate

with drug sensitivity or objective clinical benefi

from treatment with an EGFR TKI

• Systemic progression of disease (RECIST orWHO

while on continuous treatment with gefitinib o

erlotinib within the last 30 days

• No intervening systemic therapy between cessatio

of gefitinib or erlotinib and initiation of new therap

[8]

A newer class of small molecules, the irreversib

TKIs, has emerged in recent years. Unlike reversib

TKIs ▶ gefitinib and ▶ erlotinib, these agents hav

demonstrated activity in preclinical studies again

T790M mutation that confers resistance to the rever

ible EGFR TKIs. The fusion between echinoder

microtubule-associated protein-like 4 (EML4) an

▶ anaplastic lymphoma kinase (ALK) has recent

been identified in a subset of non-small-cell lung can

cers (NSCLCs). EML4-ALK is detected in 4.9–13% o

NSCLC. ALK inhibitors have entered clinical deve

opment, and remarkably clinical efficacy has bee

observed in NSCLC patients harboring EML4-AL

translocations.

Target Therapy with Monoclonal Antibodies for

NSCLC

▶Bevacizumab and▶ cetuximab are two ▶monoclo

nal antibodies that are effective against advance

NSCLC. The Eastern Cooperative Group (ECOG

4,599 was a large phase III trial. The trial accrue

non-squamous advanced NSCLC into ▶ carboplat
t

t

and ▶ paclitaxel with bevacizumab or witho

bevacizumab (15 mg/kg). The study found that th

addition of bevacizumab led to longer overall surviv

(12.3 months vs. 10.3 months, P ¼ .003) and progre

sion-free survival (6.2 months vs. 4.5 month

P < .001); higher response rates (35% vs. 15%

P < 0.001). Based on this positive stud

bevacizumab in combination with paclitaxel an

carboplatin is now approved by ▶FDA as first-lin

treatment of advanced and metastatic non-squamou

NSCLC in October 2006. The AVAiL trial was a thre

arm study where patients were randomized to receiv

cisplatin and gemcitabine alone, cisplatin/gemcitabin

with bevacizumab (7.5 mg/kg) every 3 weeks, or ci

platin/gemcitabine with bevacizumab (15 mg/k

every 3 weeks in the first-line setting [10]. The resul

showed an increase in progression-free survival fro

6.1 to 6.7 months. This increase was particularly vis

ble in the 7.5 mg/kg bevacizumab arm and was not

evident in the 15 mg/kg arm. There was no differenc

in overall survival. Based on this second study, th

European Medicines Agency (EMEA) approve

bevacizumab in combination with platinum-based ch

motherapy as first-line treatment for advanced no

squamous NSCLC. The FLEX study w

a prospective, randomized phase III trials of the com

bination of cetuximab with cisplatin and vinorelbine

1,125 chemo-free NSCLC patients with EGFR imm

nohistochemistry (IHC) positive tumors [11]. After s

cycles of chemotherapy, cetuximab was continue

until disease progression. The outcome showed th

no difference in ▶ progression-free survival (PFS

between the two arms (4.8 vs.4.8 months), but th

cetuximab arm had significantly longer overall su

vival (11.3 vs. 10.1 months; P ¼ 0.044). Anoth

cetuximab trial (BMS099 study) had failed to sho

any improvement in progression-free survival. So fa

cetuximab is not approved in NSCLC by ▶ FDA an

▶EMEA.

Future Direction

Target treatment improves patient outcomes beyon

the plateau effect achieved with chemotherapy

advanced NSCLC. There is overwhelming evidenc

that selective target population is the most importa

factor in lung cancer targeted therapy. Patient selectio

is emerging as the paramount factor in the successf

use of targeted therapies in NSCLC. In the futur

increased knowledge about pathologic features an

http://dx.doi.org/10.1007/978-3-642-16483-5_6980
http://dx.doi.org/10.1007/978-3-642-16483-5_3649
http://dx.doi.org/10.1007/978-3-642-16483-5_247
http://dx.doi.org/10.1007/978-3-642-16483-5_178
http://dx.doi.org/10.1007/978-3-642-16483-5_3080
http://dx.doi.org/10.1007/978-3-642-16483-5_3080
http://dx.doi.org/10.1007/978-3-642-16483-5_2354
http://dx.doi.org/10.1007/978-3-642-16483-5_1989
http://dx.doi.org/10.1007/978-3-642-16483-5_259
http://dx.doi.org/10.1007/978-3-642-16483-5_595
http://dx.doi.org/10.1007/978-3-642-16483-5_1038
http://dx.doi.org/10.1007/978-3-642-16483-5_3822
http://dx.doi.org/10.1007/978-3-642-16483-5_3822
http://dx.doi.org/10.1007/978-3-642-16483-5_833
http://dx.doi.org/10.1007/978-3-642-16483-5_4344
http://dx.doi.org/10.1007/978-3-642-16483-5_2136
http://dx.doi.org/10.1007/978-3-642-16483-5_6496
http://dx.doi.org/10.1007/978-3-642-16483-5_2136
http://dx.doi.org/10.1007/978-3-642-16483-5_6841
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molecular markers will be used to identify thos

patients that most likely respond to specific forms o

therapy. Establishing predictive biomarkers an

response monitoring techniques will be essential fo

optimizing the potential benefit gained from thes

agents. Personalized therapy for lung cancer is no

coming.
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Lung Carcinoma

▶Lung Cancer
.

r

.

-

l

Lung Colony Formation Assay

Definition

Experimental model used in animals to assess th

capacity of tumor cells to seed, survive, and succes

fully initiate the formation of colonies in the lungs aft

intravenous (tail vein) injection. Also referred to

“experimental metastasis model” although this latt

designation is misleading. ▶Metastasis indeed

much more complex and involves many steps at th

site of the primary tumor and local lymph nodes th

are not covered by the lung colony formation assay.

▶Cystatins
r

)

.

Lung Resistance-related Protein

▶Major Vault Protein
t

r

.

-

l

l

r

Lupus Erythematosus

Definition

A chronic autoimmune disease in which the immun

system attacks the body’s cells and tissues, resulting

inflammation and tissue damage, most commonly

the heart, joints, skin, lungs, blood vessels, liver, ki

neys, and nervous system.

▶Rituximab
l

I

Luteinizing Hormone

Definition

Abbreviation LH; a hormone released by the pituitar

gland in response to luteinizing hormone-releasin

hormone. Abbreviated LH, it controls the length an

sequence of the female menstrual cycle, includin

ovulation, preparation the uterus for implantation

a fertilized egg, and ovarian production of bo

http://www.cancer.gov/dictionary/
http://dx.doi.org/10.1007/978-3-642-16483-5_3434
http://dx.doi.org/10.1007/978-3-642-16483-5_3671
http://dx.doi.org/10.1007/978-3-642-16483-5_1450
http://dx.doi.org/10.1007/978-3-642-16483-5_3504
http://dx.doi.org/10.1007/978-3-642-16483-5_5112
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estrogen and progesterone. In males, it stimulates th

testes to produce androgen. Also known as interstitia

cell-stimulating hormone (ICSH).
Luteotropic Hormone

▶ Prolactin
s,

e

Luteotropin

▶ Prolactin
-

-

e
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Lycopene

Definition

Lycopene is a bright red carotenoid pigment, a phyto

chemical found in tomatoes and other red fruits. Lyco

pene is the most potent carotenoid antioxidant in th

human body.

▶Carotenoids

▶Chemoprotectants
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Lymph

Definition

A transparent, slightly yellow fluid that carries lym

phocytes, bathers the body tissues, and drains into

lymphatic vessels, which transport lymph to th

immune organs and into the bloodstream.

▶Lymphatic Vessels
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Lymph Node

Definition

Lymph node is a component of the lymphatic syste

filtering the lymphatic fluid for bacteria, viruses, o
foreign particles that can be recognized and eliminate

by lymphocytes, cells that rapidly multiply in respon

to infections in the highly specialized lymph nod

milieu.

▶ Sentinel Node
Lymph Node Metastases

Definition

Also known as nodal involvement, positive node

or regional disease. Cancer cells may spread to th

regional lymph nodes near the primary tumo

Localized spread to regional lymph nodes is not no

mally counted as metastasis, but is a sign of wor

prognosis.

▶Endothelins
Lymphadenectomy

Definition

Lymphadenectomy, also called lymph node dissectio

is a surgical procedure in which lymph glands a

removed from the body and examined for the presenc

of cancerous cells. A limited or modified lymph

denectomy removes only some of the lymph nodes

the area around a tumor; a total or radic

lymphadenectomy removes all of the lymph nodes

the area.
Characteristics

The lymphatic system is responsible for returnin

excess fluid from body tissues to the circulatory syste

and for defending against foreign or harmful agen

such as bacteria, viruses, or cancerous cells. The maj

components of the lymphatic system are lymph capi

laries, lymph vessels, and lymph nodes. Lymph

a clear fluid found in tissues that originates from th

circulatory system. Lymph capillaries are tiny vesse

that carry excess lymph to larger lymph vessels; the

http://dx.doi.org/10.1007/978-3-642-16483-5_4765
http://dx.doi.org/10.1007/978-3-642-16483-5_4765
http://dx.doi.org/10.1007/978-3-642-16483-5_866
http://dx.doi.org/10.1007/978-3-642-16483-5_1071
http://dx.doi.org/10.1007/978-3-642-16483-5_3451
http://dx.doi.org/10.1007/978-3-642-16483-5_5243
http://dx.doi.org/10.1007/978-3-642-16483-5_1904
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in turn empty to the circulatory system. Lymph node

are small, oval- or bean-shaped masses found through

out the lymphatic system that act as filters again

foreign materials. They tend to group in clusters

such areas as the neck (cervical lymph nodes), und

the arm (axillary lymph nodes), the pelvis (iliac lymp

nodes), and the groin (inguinal lymph nodes). Th

lymphatic system plays an important role in the sprea

of cancerous cells throughout the body. Cancer cel

can break away from their primary site of growth an

travel through the bloodstream or lymphatic system

other sites in body. They may then begin growing

these distant sites or in the lymph nodes themselve

this process is called metastasis. Removal of the lymp

nodes, then, is a way that doctors can determine

a cancer has begun to metastasize. Lymphadenectom

may also be pursued as a cancer treatment to he

prevent further spread of abnormal cells.

http://www.surgeryencyclopedia.com/La-Pa/Lymph

denectomy.html
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Lymphadenopathy

Definition

Enlarged lymph nodes.
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Lymphangiogenesis

Judith A. Varner

Moores UCSDCancer Center, University of Californ
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Synonyms

Development of new lymphatic vessels; Growth o

new lymphatic vessels
w

s

th

ls

s.

g
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as
Definition

Lymphangiogenesis is the process whereby ne

lymphatic vessels develop within a tissue. Mo

commonly, lymphangiogenesis refers to the grow

of lymphatic vessels by sprouting of new vesse
t

t

;

t

from preexisting lymphatic vessels. Additionall

lymphangiogenesis refers to the initial formation

the lymphatic system during embryonic developmen

Characteristics

Lymphangiogenesis, the growth of new lymphatic ve

sels, occurs during embryonic development and

tumors and lymph nodes of tumor bearing animal

This key process also occurs in wounds and in inflame

tissues. Lymphangiogenesis in tumors has been linke

to the formation of lymph node metastases. Impo

tantly, lymph nodes are the initial or frequent sites

▶metastasis for many tumors, including human pa

creatic, gastric, breast, and prostate carcinoma

▶melanomas and other tumors and recent studi

indicate that lymphangiogenesis likely plays an impo

tant role in driving tumor metastasis.

The lymphatic system is comprised of a netwo

of blind-ended, thin walled lymphatic capillarie

collecting vessels and specialized secondary immun

organs, including lymph nodes, tonsils, Peyer’s patche

and spleen. This system is connected to the vascul

system through the thoracic duct. Lymphatic vesse

drain protein-rich interstitial fluid and immune cel

from tissues through lymph nodes. A thin network

lymphatic capillaries is found in the outer rim or capsu

of the normal lymph node. Lymphatic capillaries a

comprised of a single layer of lymphatic endotheli

cells, which share many molecular characteristics wi

vascular endothelial cells. Collecting vessels in the lym

phatic system are comprised of endothelia surrounde

by a layer of▶ pericytes. During early embryonic deve

opment, the lymphatic system forms by branching off

the cardinal vein and expanding into an alternate ne

work of thin-walled vessels.

Lymphatic vessels differ from blood vessels in se

eral ways. Large collecting lymphatic vessels conta

vascular smooth muscle cells in their walls, as well

valves, which prevent the backflow of lymph. How

ever, lymphatic capillaries, unlike typical blood capi

laries, lack pericytes and a continuous basal lamina an

contain large inter-endothelial valve-like opening

Lymphatic capillaries consist of loosely overlappin

cells. Due to their greater permeability, lymphatic ca

illaries may be more effective than blood capillaries

allowing tumor cells to pass into the vessel lumen.

The recent identification of selective marke

of lymphatic versus vascular endothelial cells h

http://www.surgeryencyclopedia.com/La-Pa/Lymphadenectomy.html
http://www.surgeryencyclopedia.com/La-Pa/Lymphadenectomy.html
http://dx.doi.org/10.1007/978-3-642-16483-5_1594
http://dx.doi.org/10.1007/978-3-642-16483-5_1594
http://dx.doi.org/10.1007/978-3-642-16483-5_1594
http://dx.doi.org/10.1007/978-3-642-16483-5_3671
http://dx.doi.org/10.1007/978-3-642-16483-5_3609
http://dx.doi.org/10.1007/978-3-642-16483-5_4448
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L 2118 Lymphangiogenesis
allowed identification of the mechanisms that regula

lymphangiogenesis. Lymphatic endothelia selective

express ▶LYVE-1, a member of the ▶CD4

hyaluronic acid receptor family, Prox-1, a lymphat

vessel–specific homeobox transcription facto

▶ podoplanin, a mucin-type glycoprotein, an

▶VEGFR3, a receptor for ▶VEGF-C and VEGF-D

Lymphatic capillaries, unlike typical blood capillarie

lack pericytes and a continuous basal lamina.

Tumor-secreted factors such as VEGF-C an

VEGF-A have been shown to promo

lymphangiogenesis within tumors. These factors act

vate VEGFR3, a tyrosine kinase VEGF family recepto

that is expressed primarily on lymphatic endothelium

Expression of VEGF-C is correlated with increase

lymph node metastasis and poor clinical outcome in

variety of tumors. Indeed, in animal models of meta

tasis, inhibitors of VEGF-C (soluble VEGFR3

inhibited tumor lymphangiogenesis and tumor meta

tasis to lymph nodes.

Tumors spread by lymphatic routes to lymph node

but may also spread by hematogenous (vascular) o

lymphatic routes to distant organs. Tumors secrete

number of factors including VEGF-C and others th

induce both lymphangiogenesis and ▶ angiogenes

(Fig. 1).

Molecular Regulation

The molecular mechanisms that regula

lymphangiogenesis, the growth of lymphatic vessel

have recently begun to be understood. Two membe

of the VEGF family, VEGF-C and VEGF-D, stimula

lymphangiogenesis by binding to the recepto

VEGFR-2 and VEGFR-3 on lymphatic endotheli

cells. Indeed, homozygous deletion of VEGF-C gene

in mice leads to a complete absence of the lymphat

system. VEGF-A, FGF, and HGF can also stimula

lymphangiogenesis. The discovery of specific marke

of lymphatic endothelium has facilitated analysis o

the mechanisms regulating lymphangiogenesi

VEGFR3 is expressed only by quiescent lymphat

endothelial cells and not by quiescent vascular endo

thelial cells; however, both proliferating vascular an

lymphatic endothelial cells express this protein. Th

homeodomain transcription factor Prox-1 is sele

tively expressed on lymphatic endothelium and n

vascular endothelial cells. It is also expressed by deve

oping neuronal cells in flies and mammal
,

.

,

.

t

,

l

.

t

.

Podoplanin, a mucin-type glycoprotein, is expresse

by lymphatic endothelial cells and a few other ce

types such as type I lung alveolar cells and kidne

podocytes. Mice with genetic loss of podoplan

display paw lymphedema, or loss of fluid drainag

from the paw. Importantly, the CD44 hyaluron

acid–binding protein family member LYVE-1

expressed only by lymphatic endothelium as well

liver and spleen sinusoidal endothelial cells. Interes

ingly, LYVE-1 is downregulated on pericyte-line

collecting vessels of the lymphatic system. Althoug

the function of LYVE-1 is currently unknown, there

a clear association of the absence of LYVE-1 with th

presence of pericytes. Expression of LYVE-1

undetectable on lymphocytes, hematopoietic cells,

vascular endothelial cells. LYVE-1 is thus a usef

marker to determine the localization of lymphat

endothelium by immunohistochemistry in vivo and

characterize and purify LEC in vitro.

While growth factors and their receptors play crit

cal roles in angiogenesis and lymphangiogenesis, th

integrin family of cell▶ adhesion proteins controls ce

attachment to the extracellular matrix and promotes th

survival, proliferation, and ▶motility of many ce

types. Angiogenesis, the development of new bloo

vessels, depends not only on soluble growth facto

such as VEGF-A but also on survival and migrato

signals transduced by the integrins avb3, avb5, a5b
and/or a4b1. In contrast, only integrins a4b1 and a▶
sentinel lymph node have been shown to play roles

lymphatic vessel development, as animals lackin

integrin a9b1 develop ▶ chylothorax and anima

lacking a4b1in endothelia do not respond to VEGF-C
Many tumors express VEGF-C and VEGF-D

growth factors that selectively regula

lymphangiogenesis. While there are three known va

cular endothelial growth factor receptors, VEGFR-

VEGFR-2, and VEGFR-3, only one, VEGFR-3

expressed predominantly on lymphatic vessel. Impo

tantly, tumor-associated ▶macrophages can releas

VEGF-C and can stimulate lymphangiogenesis in th

absence of added growth factors. In fact, recent studi

showed that macrophage secretion of VEGF-C an

VEGF-D induces lymphangiogenesis, as well

lymphangiogenesis in tumors. Importantly, a numb

of studies have shown that antagonists of VEGF-

suppress tumor lymphangiogenesis and lymphat

metastases in animal models of tumor growth.

http://dx.doi.org/10.1007/978-3-642-16483-5_3473
http://dx.doi.org/10.1007/978-3-642-16483-5_930
http://dx.doi.org/10.1007/978-3-642-16483-5_4651
http://dx.doi.org/10.1007/978-3-642-16483-5_6178
http://dx.doi.org/10.1007/978-3-642-16483-5_6175
http://dx.doi.org/10.1007/978-3-642-16483-5_274
http://dx.doi.org/10.1007/978-3-642-16483-5_95
http://dx.doi.org/10.1007/978-3-642-16483-5_3842
http://dx.doi.org/10.1007/978-3-642-16483-5_5242
http://dx.doi.org/10.1007/978-3-642-16483-5_5242
http://dx.doi.org/10.1007/978-3-642-16483-5_1165
http://dx.doi.org/10.1007/978-3-642-16483-5_3487
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Lymphangiogenesis

Primary tumor

VEGF-C

Metastasis in distant loci

Angiogenesis

Afferent collecting vessel

Lymph node

Efferent vessel

Lymphangiogenesis.
Fig. 1 Model of tumor

lymphangiogenesis
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Clinical Relevance

Congenital or pathologically induced damage to th

lymphatic system can result in lymphedema, a cond

tion in which drainage of fluid from tissues is blocke

skin thickens, and adipose tissue accumulates. Mut

tions in VEGFR3, the forkhead transcription facto

▶ FOXC2 and the transcription factor ▶SOX18 eac

induce distinct forms of congenital or ▶ primar

lymphedema. Recombinant VEGF-C was able to pro

mote therapeutic lymphangiogenesis in animal mode

of lymphedema. Additionally, ▶ cancer surgery an

radiation therapy, especially in breast cancer therap

can induce▶ secondary lymphedema by damaging th

lymphatic system in normal tissues, such as the breas

Diseases of the lymphatic system include lymph

edema, lymphangiosarcomas, and lymph node meta

tasis. Primary lymphedema arises from congenit

defects in molecules that regulate development of lym

phatic vessels, such as VEGFR3, FOXC2, and SOX1

Secondary lymphedema arises as a consequence o

surgery, infection (such as filariasis), or radiation the

apy. In these disorders, the normal architecture of th

lymphatic vessels and/or lymph nodes is disrupte

Removal of fluids from tissues can be disrupted

these disorders and tissue architecture is altered. A
,

,

understanding of how lymphatic vessels grow an

respond to environmental cues could help to develo

therapies for these disorders. In over 80% of cancer

malignant tumor cells metastasize to the lymph nod

and travel through the lymphatic system. Tumor cel

derived factors such as VEGF-C stimula

lymphangiogenesis in tumors and studies have show

that increased lymphatic vessel density is associate

with increased metastasis. An understanding of th

molecular mechanisms that regula

lymphangiogenesis may lead to new therapies for ca

cer metastasis and lymphedema.
l

.

.
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Lymphangioleiomyomatosis

Definition

LAM is a disorder seen almost exclusively in female

and is characterized by bronchiolar smooth musc

infiltration and cystic changes in the lung parenchym

LAM patients often have angiomyolipoma of th

kidneys and/or abdominal and hilar lymph nodes.
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Lymphangitic Carcinomatosis

Definition

Diffuse malignant infiltration of the lungs wi

obstruction of the lymphatic channels that occu

most commonly in patients with carcinoma of th

breast, lung, stomach, pancreas, prostate, cervi

or thyroid as well as in patients with metastatic adeno

carcinoma from an unknown primary site.

▶Carcinomatosis
d
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Lymphatic Mapping

Definition

The process in which a radio-labeled tracer is injecte

in or near a primary tumor site to outline the wa

lymph drains to its corresponding lymph nodes. Th

process is visualized on lymphoscintigrams and serve

with or without the use of blue dye, as an intraoperativ

guide during sentinel node biopsy.

▶ Sentinel Lymph Nodes
ts
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Lymphatic System

Definition

A circulatory network of lymph vessels that transpor

lymph fluid and filters it in the lymph nodes. Lymph flu

coming from the entire body is collected in several larg

trunks that eventually drain into the venous circulation
.

,

The lymphatic system is responsible for returnin

excess fluid from body tissues to the circulatory syste

and for defending against foreign or harmful agen

such as bacteria, viruses, or cancerous cells. The maj

components of the lymphatic system are lymph capi

laries, lymph vessels, and lymph nodes. Lymph

a clear fluid found in tissues that originates from th

circulatory system. Lymph capillaries are tiny vesse

that carry excess lymph to larger lymph vessels; the

in turn empty to the circulatory system. Lymph nod

are small, oval- or bean-shaped masses found throug

out the lymphatic system that act as filters again

foreign materials. They tend to group in clusters

such areas as the neck (cervical lymph nodes), und

the arm (axillary lymph nodes), the pelvis (iliac lymp

nodes), and the groin (inguinal lymph nodes). Th

lymphatic system plays an important role in the sprea

of cancerous cells throughout the body. Cancer cel

can break away from their primary site of growth an

travel through the bloodstream or lymphatic system

other sites in the body. Theymay then begin growing

these distant sites or in the lymph nodes themselve

this process is called metastasis. Removal of the lymp

nodes, then, is a way that doctors can determine

a cancer has begun to metastasize. Lymphadenectom

may also be pursued as a cancer treatment to he

prevent further spread of abnormal cells.

http://www.surgeryencyclopeda.com/La-Pa/Lym

hadenectomy.html

▶ Sentinel Lymph Nodes
, Lymphatic Vessels

Elizabeth D. Williams

Cancer Metastasis Laboratory, Monash Institute of

Medical Research, Monash University, Clayton,

VIC, Australia
Definition

Lymphatic vessels are the lymphatic capillarie

collecting vessels and ducts that form an integral pa

of the one-way, open-ended circulatory system know

as the lymphatic system. In addition to lymphat

vessels, the lymphatic system consists of lymp

nodes and other lymphoid organs.

http://dx.doi.org/10.1007/978-3-642-16483-5_852
http://dx.doi.org/10.1007/978-3-642-16483-5_5242
http://www.surgeryencyclopedia.com/La-Pa/Lymphadenectomy.html
http://www.surgeryencyclopedia.com/La-Pa/Lymphadenectomy.html
http://dx.doi.org/10.1007/978-3-642-16483-5_5242
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L

Lymphatic vessels have three interrelated physio

logical functions: (1) removal of excess fluids fro

body tissues, (2) transportation of immune cel

(including lymphocytes and dendritic cells), an

(3) absorption of dietary fat and fat-soluble vitamin

from the digestive system and the subsequent transpo

of fat (chyle) to the circulatory system.

Characteristics

Lymphatic capillaries are lined by a single layer o

endothelial cells with overlapping intercellular jun

tional complexes (Fig. 1). They are devoid o

▶ pericytes and smoothmuscle cells, and are surrounde

by a discontinuous or absent basement membran

Collecting lymphatic vessels typically possess a spar

smooth muscle cell layer, basement membrane, an

valves to facilitate unidirectional fluid transport. Lume

patency is maintained by anchoring filaments that co

nect the abluminal surface of the endothelial cells to th

▶ extracellular matrix. Lymphatic vessels are present

most organs, except avascular structures (such as epide

mis and cartilage) and certain vascularized organs (th

central nervous system and bone marrow).

Interstitial fluid in tissues drains into lymphat

capillaries and becomes ▶ lymph. It then flows in

collecting lymphatic vessels away from tissues, passe

through lymph nodes, and eventually reaches eith

the right lymphatic duct or the largest lymph vess

in the body, the thoracic duct. These vessels drain in

the right and left subclavian veins, respectively,

return the processed lymph to the circulatory system

The regulation of lymphatic vessel formatio

growth, and maturation is complex. The lymphat

system was first systematically described by Aselliu

in the seventeenth century (1627) as “milky veins”

the mesentery of a “well-fed” dog. The development

origin of lymphatic vessels was first recognized b

Sabin in the early twentieth century (1902), who pro

posed that endothelial cells bud off from veins in th

jugular and perimesonephric areas during early embry

onic development andmigrate to form primitive lymp

sacs. Endothelial sprouting from these sacs subs

quently forms lymphatic capillaries.

▶Lymphangiogenesis is the de novo formation o

lymphatic vessels, in a manner analogous to bloo

vessel ▶ angiogenesis. It plays an important physio

logical role in homeostasis, metabolism, immunit

and wound healing. Aberrant lymphatic vess
t

.

l

,

l

,

l

formation has been implicated in a number of path

logical conditions, including tumor cell metastasi

edema, and inflammatory diseases.

Clinical Relevance

Defective lymphatic vessels result in a number

human pathologies. ▶Congenital lymphedema

hereditary and is often linked to mutation in the gen

encoding vascular endothelial growth factor receptor-

although other genes may also cause this condition. Th

hereditary disease▶ lymphedema-distichiasis is cause

by a mutation in the forkhead family transcription fact

FOXC2. Lymphatic malformations are composed

defective cutaneous and subcutaneous lymphatic ve

sels. These lesions are not hereditary and are thought

arise as a developmental defect where part of the deve

oping lymphatic system becomes separated from th

rest of the lymphatic system and subsequently becom

cystically dilated.

Secondary lymphedema occurs when the lymphat

system is damaged following trauma. Events that ma

cause damage include surgery and/or radiotherap

(typically during cancer treatment), infection, seve

injury, or burns. Secondary lymphedema may be tra

sitory, recurring, or a chronic condition.

Clinical findings have suggested that tumo

associated lymphatics play a key role in ▶metastas

by providing a pathway for tumor cell disseminatio

(Fig. 1). Indeed, the presence of metastatic tumor cel

in regional lymph nodes is an important prognost

indicator for many human cancers.

Members of the ▶ vascular endothelial growth fa

tor (VEGF) family, VEGF-A, VEGF-C, and VEGF-D

signaling through VEGF receptors-2 and/or -3, hav

been shown to play a critical role in a number

in vitro and in vivo models of lymphangiogenesis.

cancer, the majority of clinical studies show positiv

correlations between VEGF-C and/or VEGF-D leve

and tumor lymphatic vessel density, lymph nod

status, and, in some instances, poor clinical outcom

In addition, several other growth factors, such

▶ platelet-derived growth factors (PDFGs), hepat

cyte growth factor (HGF), fibroblast growth facto

(FGFs) angiopoietins, and ▶ insulin-like growth fa

tors (IGFs), have been demonstrated to promo

lymphangiogenesis.

It is currently unclear whether preexistin

lymphatic vessels are sufficient to permit tumor ce

dissemination, or whether this function requires d

http://dx.doi.org/10.1007/978-3-642-16483-5_4448
http://dx.doi.org/10.1007/978-3-642-16483-5_2067
http://dx.doi.org/10.1007/978-3-642-16483-5_3442
http://dx.doi.org/10.1007/978-3-642-16483-5_3446
http://dx.doi.org/10.1007/978-3-642-16483-5_274
http://dx.doi.org/10.1007/978-3-642-16483-5_1309
http://dx.doi.org/10.1007/978-3-642-16483-5_3453
http://dx.doi.org/10.1007/978-3-642-16483-5_3671
http://dx.doi.org/10.1007/978-3-642-16483-5_6155
http://dx.doi.org/10.1007/978-3-642-16483-5_6155
http://dx.doi.org/10.1007/978-3-642-16483-5_4611
http://dx.doi.org/10.1007/978-3-642-16483-5_3080
http://dx.doi.org/10.1007/978-3-642-16483-5_3080
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Fig. 1 Schematic

representation of tumor cells
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L 2122 Lymphedema
novo lymphatic formation or an increase in lymphat

size. The relative contribution of each of these pro

cesses may also vary with tumor type and subtyp

Furthermore, as intratumoral lymphatic vessels a

typically collapsed due to the high interstitial pressu

found in tumors, it is likely that in the majority o

tumors peritumoral lymphatic vessels play a key ro

in tumor dissemination to lymph nodes.
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Lymphedema

Synonyms

Lymphoedema
f

th

e

d

re
Definition

Refers to the building up of lymphatic fluid in the so

tissues of the body, usually in an arm or leg, wi

the result of a swelling. As the fluid accumulates, th
.

)

swelling continues. The lymphatic system consists

lymph vessels and lymph nodes that run through th

body. Lymph vessels collect a fluid that is made up

protein, water, fats, andwastes from the cells of the bod

Lymph vessels carry this fluid to the lymph nodes th

filter waste materials and foreign products, and the

return the fluid to the blood. If vessels or nodes becom

damaged or aremissing, or when here is a blockage of th

lymphatic system, the lymph fluid cannot move free

through the system. The fluids can then build up an

cause swelling in the affected arms or legs.
r Lymphedema-Distichiasis

Definition

Lymphedema-distichiasis is an autosomal domina

disorder that classically presents as lymphedema

the limbs and double rows of eyelashes (distichiasis)

▶Lymphatic Vessels
t

Lymphoblastoid Cell Lines

Definition

LCLs; ▶Epstein Barr virus (EBV) immortalize

B cell lines established by in vitro infection or cultu

http://dx.doi.org/10.1007/978-3-642-16483-5_6423
http://dx.doi.org/10.1007/978-3-642-16483-5_3451
http://dx.doi.org/10.1007/978-3-642-16483-5_1978
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of peripheral blood lymphocytes (PBL) from EBV

infected individuals. These cells are not tumorigen

in ▶ nude mice.
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Lymphocytes

Definition

All adaptive immune responses are mediated by lym

phocytes. Lymphocytes are a class of white blood cel

that bear variable cell-surface receptor for antige

These receptors are encoded in rearranging gene seg

ments. There are two main classes of lymphocyte –

lymphocytes (B cells) and T lymphocytes (T cells)

which mediate humoral and cell-mediated immunit

respectively. Small lymphocytes have little cytoplas

and condensed nuclear chromatin; on antigen recogn

tion, the cell enlarges to form a lymphoblast and the

proliferates and differentiates into an antigen-specifi

effector cell.

▶Adaptive Immunity
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Lymphocytic and Histiocytic Cells

Definition

L&H cells are the tumor cells in the lymphocyte pr

dominant subtype of Hodgkin lymphoma. These a

relatively large mononuclear lymphoma B cells, show

ing strong expression of the B cell maker CD20.

▶Hodgkin and Reed/Sternberg Cell

▶Hodgkin Disease
or

d
Lymphoedema

Synonyms

Lymphedema
Lymphoepithelioma

▶Nasopharyngeal Carcinoma
.

Lymphogenic Metastatic Spread

Definition

Small lymph capillaries surrounding or invading tumo

may take up tumor cells and transport them via larg

lymph vessels to regional lymph nodes.
,

Lymphoid Organs

Definition

Are structured tissues where lymphocytes maturat

encounter their antigen, and differentiate. They a

divided into primary (bone marrow, thymus) and se

ondary (e.g., spleen, lymph nodes) lymphoid organs b

providing sites for either lymphocyte maturation

activation and differentiation, respectively.
Lymphokine-Activated Killer

Definition

LAK cells are used in ▶ adoptive immunotherapy f

the treatment of malignant diseases. The therap

involves the removal of peripheral blood fro

a patient, depletion of red blood cells from the bloo

to produce a lymphocyte-containing white blood ce

fraction, incubating the blood fraction in cultu

medium with ▶ interleukin-2 (IL-2) to induce the

transformation into tumor-destroying LAK cells, an

injecting the LAK cells into the patient along wi

interleukin-2. LAK cells are thought to be similar

NK cells in that they lyse target cells in a nonmaj

histocompatibility complex (▶MHC)-restricte

manner.

▶Activated Natural Killer Cells

▶ Immunotherapy

http://dx.doi.org/10.1007/978-3-642-16483-5_4172
http://dx.doi.org/10.1007/978-3-642-16483-5_74
http://dx.doi.org/10.1007/978-3-642-16483-5_2784
http://dx.doi.org/10.1007/978-3-642-16483-5_2780
http://dx.doi.org/10.1007/978-3-642-16483-5_3452
http://dx.doi.org/10.1007/978-3-642-16483-5_3970
http://dx.doi.org/10.1007/978-3-642-16483-5_117
http://dx.doi.org/10.1007/978-3-642-16483-5_3097
http://dx.doi.org/10.1007/978-3-642-16483-5_3700
http://dx.doi.org/10.1007/978-3-642-16483-5_48
http://dx.doi.org/10.1007/978-3-642-16483-5_3014
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Lymphokine-Activated Killer Cell

Definition

LAK; a white blood cell that is stimulated in

laboratory to kill tumor cells. If lymphocyte

are cultured in the presence of▶ interleukin 2, effe

tor cells will develop that are ▶ cytotoxic to tumo

cells.
y

n

e

e

ls
Lymphokines

Definition

Soluble factors or cytokines that are produced b

lymphocytes (mostly T cells), which have effects o

the function of other cells expressing lymphokin

receptors. Most common lymphokines belong to th

interleukin family.

▶ Peptide Vaccines for Cancer
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Lymphoma

Definition

Malignant lymphomas are defined as neoplasm

consisting of cells of the lymphoid tissues. Contrar

to most organs and tissues, and in spite of the fact th

lymphomas show a wide range of aggressiveness fro

localized, indolent to highly aggressive, rapidly meta

tasizing tumors, no bona fide benign lymphomas hav

been defined. Distinct lymphoma entities in gener

show a characteristic clinical and biological behavio

but within these entities, a broad spectrum of aggre

siveness may be observed in individual cases, which

either due to disease progression in a multistep proce

of lymphomagenesis and/or the involvement of sp

cific risk factors.

▶Hodgkin Disease

▶Malignant Lymphoma: Hallmarks and Concepts
Lymphoscintigraphy

Definition

An imaging technique whereby a radio-labeled trac

is administered, and its whereabouts in the lymphat

system are imaged using a gamma camera.

▶ Sentinel Lymph Nodes
Lymphotoxin

Synonyms

Tumor necrosis factor-b (TNF-b)
Definition

LT; a cytokine secreted by inflammatory CD4 T cel

that is directly cytotoxic for some cells.
t

l

,

Lymphovascular Invasion

Definition

Presence of tumor cells invading blood or lymphat

vessel around the primary tumor.

▶Adjuvant Chemoendocrine Therapy
Lymphovenous Shunt

Definition

Part of the lymphatic fluid entering the lymph node ma

be shunted to the blood capillaries without further tran

port in the serial systemof lymph nodes. This direct acce

http://dx.doi.org/10.1007/978-3-642-16483-5_3097
http://dx.doi.org/10.1007/978-3-642-16483-5_1498
http://dx.doi.org/10.1007/978-3-642-16483-5_4441
http://dx.doi.org/10.1007/978-3-642-16483-5_2780
http://dx.doi.org/10.1007/978-3-642-16483-5_3509
http://dx.doi.org/10.1007/978-3-642-16483-5_5242
http://dx.doi.org/10.1007/978-3-642-16483-5_108
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to the blood stream provides means of metastatic route

where tumor cellsmay enter the blood stream at the site

the lymph node and spread by a hematogenously.

▶ Sentinel Node
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Lynch Syndrome

Henry Lynch

Hereditary Cancer Institute, Creighton University,

Omaha, NE, USA
t-
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e

Synonyms

Hereditary non-polyposis colorectal cancer; HNPCC
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Definition

Lynch syndrome is an autosomal dominantly inherite

cancer susceptibility syndrome, characterized by can

cers of multiple anatomic sites, of which colorect

cancer (CRC) is the most common. Mismatch repa

(MMR) genes, inclusive of hMSH2, hMLH1, hPMS

hPMS2, and hMSH6, in their mutant form are caus

for the cancer phenotype. Lynch syndrome appears

show genotypic and phenotypic heterogeneit

hMSH2 mutations may predispose to a great

frequency of extracolonic cancers while mutations

hMSH6 may result in a predominance of gynecolog

cancer, particularly endometrial carcinoma, so th

CRC may not pose the primary basis for Lync

syndrome diagnosis. Lynch syndrome is the mo

commonly occurring hereditary CRC disorder.

Molecular genetic findings have enabled hereditar

CRC to be divided into two groups: (1) Tumors th

show microsatellite instability (MSI) occur more fr

quently in the right colon, have diploid DNA, harbo

characteristic mutations such as transforming grow

factor b Type II receptor and BAX26 and behav

indolently, of which the Lynch syndrome is a

example. (2) Tumors with chromosomal instabili

(CIN), which tend to be left-sided, show aneuplo

DNA, harbor characteristic mutations such as K-ra
, APC, p53, and behave aggressively, of which famili

adenomatous polyposis is an example.
l

,

l

.

t

t

t

,

Characteristics

Characteristics (clinical, molecular, and pathology

Affected individuals inherit a mutation in one of th

MMR gene alleles. When a second mutatio

is acquired in the wild-type allele, the target cell is le

able to repair DNAmismatch errors. Tumors compose

of such cells characteristically manifest microsatelli

instability and are said to have replication error phen

type (RER+). Most of the tumors arising in the Lync

syndrome are MSI+, while about 15% of apparent

sporadic CRCs are MSI+. This is exceedingly interes

ing in that those sporadic MSI + tumors have clinic

pathologic features similar to those observed in th

Lynch syndrome [1–3].

Prior to molecular genetic breakthroughs, one w

required to depend upon the cardinal features of th

Lynch syndrome, since there were no premonito

signs or biomarkers to guide diagnosis. These cardin

features are as follows:

• The inheritance pattern is autosomal dominant.

• Gene penetrance is �85–90%.

• Gene carriers develop colorectal carcinoma at a

early age (�45 years).

• Most (�70%) cancers arise proximal to the splen

flexure.

• Multiple CRCs, both synchronous an

metachronous, are common.

• Accelerated carcinogenesis is present.

• The prognosis is better than for sporadic colo

cancer.

• The pathology features of CRC are often disti

guishable (but not pathognomic) and include po

differentiation, increased signet cells, medullar

features, peritumoral lymphocytic infiltratio

Crohn’s-like reaction, and an increased frequenc

of tumor infiltrating lymphocytes (TILs) admixe

with tumor cells.

These clinical features characterize Lynch sy

drome I. Lynch syndrome II is characterized by a

of these same features and, in addition, shows a

increased risk for malignancy at certain extracolon

sites, including the endometrium, ovary, stomac

small bowel, hepatobiliary tract, pancreas, urete

renal pelvis, prostate, and breast.

http://dx.doi.org/10.1007/978-3-642-16483-5_5243
http://dx.doi.org/10.1007/978-3-642-16483-5_2683
http://dx.doi.org/10.1007/978-3-642-16483-5_2776
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History

The history of the Lynch syndrome dates to an obse

vation of Dr. Aldred Warthin, pathologist at the Un

versity of Michigan School of Medicine. He becam

deeply moved when his seamstress, in 1895, told hi

that she would likely die of cancer of the colon, stom

ach or her female organs, because of the enormou

proclivity to these cancers in her family. Warthin li

tened intently, developed her pedigree, and along wi

other similar cancer prone families published th

work in 1913. He updated the family in 192

The seamstress’s family has since been known a

Family G. Lynch et al. [6].

Management of the Lynch syndrome is predicate

upon the cardinal features of its natural histor

discussed above. Most importantly, given the prox

mal predilection for CRC, colonoscopy is mandator

In fact, evidence is already in hand that colonoscop

will significantly reduce morbidity and mortali

in Lynch syndrome patients [8]. Approximately on

third of the cancers occur in the cecum, so that colo

cleanout is necessary for good visualizatio

of the cecum. Given its early age of onset, and acce

erated carcinogenesis, we recommend colonoscop

be initiated between ages 20 and 25 and repeate

every 1–2 years. In the Lynch syndrome II varian

in addition to the colon, attention for screening

focused on the endometrium and ovary. At age 3

transvaginal ultrasound of the endometrium an

ovary is performed and endometrial aspiration

considered.

The search for a germ-line mutation should b

performed only on families with substantial evidenc

of a hereditary cancer syndrome. Therefore, to estab

lish a syndrome diagnosis, collecting the patient

cancer family history is mandatory and may poten

tially constitute the most cost-beneficial compone

of a patient’s medical workup. Once the Lynch syn

drome diagnosis is established, high-risk patients a

then presented with opportunities to search for th

germ line, cancer-prone mutation. Herein, genet

counseling prior to DNA collection and at the tim

of disclosure of DNA test results is recommende

Once a Lynch syndrome MMR germ-line mutatio

is identified within a family, those who are positiv

for the mutation are provided genetic counseling

the time of disclosure of results and are afforded a

opportunity to follow highly targeted surveillance an

management recommendations, while those who a
negative for the mutation will revert to general pop

lation guidelines.
.

,

.

,

,
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Lysolecithin

▶Lysophosphatidylcholine
t

.

t

Lysophosphatidate

Definition

Lysophosphatidate (LPA) is a type of serum-derive

lipid growth factor. This bioactive lipid phosphate

present outside the cell and signals through a series

cell surface receptors. LPA can be formed fro

phosphatidate by the action of phospholipase A1

A2 or from circulating lysophosphatidylcholine b

lysophospholipase D (autotaxin).

▶Lipid Mediators

▶Lysophosphatidylcholine

http://dx.doi.org/10.1007/978-3-642-16483-5_3471
http://dx.doi.org/10.1007/978-3-642-16483-5_3372
http://dx.doi.org/10.1007/978-3-642-16483-5_3471
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Synonyms

Lysolecithin

Definition

Lysophosphatidylcholine (LPC) is a major plasm

lipid constituent that is produced from phosphatidy

choline (PC).
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Characteristics

LPC is produced from PC under a variety of physio

logical and pathological conditions. LPC is present

high levels (about 100 mM) in plasma under norm

conditions and exists mainly in albumin- or lipopro

tein-bound forms. The biochemical conversion fro

PC to LPC is mediated by ▶ phospholipase A1 o

▶ phospholipase A2. Sequentially, LPC is converte

to ▶ lysophosphatidate (LPA) by lysophospholipas

D (autotaxin) (Fig. 1).

Signaling Mechanisms

LPC is a cell-signaling molecule. It acts as a ligand fo

a family of ▶G-protein coupled receptors (GPCRs

e.g., G-protein coupled receptor 4 (GPR4) and G2A

Although our knowledge of LPC-sensitive GPCRs

preliminary, circumstantial evidence suggests multip

roles in a variety of physiological and pathophysiolog

ical states, such as the development, regulation of th

cardiovascular, immune and nervous systems, inflam

mation, arteriosclerosis, and cancer.

GPR4 shows high-level expression in many tissu

such as the lung, liver, kidney, ovary, and lymph nod

GPR4 has the Kd value for LPC ¼ 159 nM in th

binding experiments of GPR4-expressing cells. LP

induces transcriptional activation of the serum respons
t

l

,

.

.

element (SRE) in GPR4-transfected HEK293 cells. G

and Rho (▶Rho Family Proteins) signaling pathway

are involved in SRE activation through GPR

Rho-dependent activities induced by LPC also includ

actin rearrangement and cell migration. LPC-induce

cell migration via GPR4 is sensitive to the C3-exoe

zyme. GPR4 is also linked to the activation of th

extracellular signal-regulated kinase (ERK) pathway

response to LPC, leading to the stimulation of DN

synthesis and cellular migration in Swiss 3T3 cells.

vascular endothelial cells, LPC upregulates adhesio

molecules and growth factors and stimulates the secr

tion of chemokines and superoxide anions.

G2A is expressed in hematopoietic cells such as T

and B-lymphocytes, monocytes and macrophages, an

in tissues such as spleen and thymus. LPC activates th

migration of T-lymphoid cell lines and peritone

macrophages via a G2A/Rho-dependent mechanism

G2A stimulates Rho via Ga13, resulting in act

rearrangement and SRE-dependent transcription act

vation. LPC-G2A activation also induces cell migratio

in Jurkat T cells. As a major component of oxidize

low-density lipoprotein, LPC exerts a chemoattractiv

effect on T cells and macrophages in atheroscleros

and other chronic inflammatory diseases. G2A als

displays distinct patterns of ERK activation.

Aswith otherGPCRs,GPR4 andG2A induce ligan

dependent increase in [Ca2+]i (in particular, [Ca2+

release from intracellular stores), bywhich they regula

cellular Ca2+ homoeostasis and the cytoskeleton, adh

sion and migration, proliferation, and survival.

Clinical Aspects

Although many lines of evidence support a causal rel

tionship between LPC and atherosclerosis or oth

inflammatory diseases, its role in carcinogenesis h

not yet been extensively investigated. The concentr

tion of LPC (in particular, the ratios of palmitoyl-LP

to linoleoyl-LPC) is elevated in the sera of patien

with ovarian cancer or multiple myeloma. In additio

LPC levels are elevated in the bile of patients wi

▶ anomalous pancreaticobiliary ductal junctio

(APBDJ), which is one of the risk factors for bilia

tract carcinomas, and that LPC inhibited cellular ap

ptosis by inducing ▶ cyclooxygenase-2 (COX-

expression via a Raf-1 (▶Raf Kinase)-depende

mechanism in human cholangiocytes. Therefore, LP

is considered to be involved in tumor development

progression, although this still needs to be clarified.
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Phosphatidylcholine

Phosphatidate Lysophosphatidate

Lysophosphatidylcholine
Phospholipase A1 or A2

Lysophospholipase D
(autotaxin)

Lysophosphatidate
phosphatase
or
lipid phosphate
phosphatase

Monoacylglycerol

Phospholipase A1 or A2

Phospholipase
D1 or D2

Acyltransferase

Lysophosphatidylcholine.
Fig. 1 Metabolism of

lysophosphatidylcholine

L 2128 Lysosome
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Lysosome

Definition

Is a catabolic organelle in the cytoplasm of eukaryote

It is characterized by a membrane proto-ATPase th
-

l

-

-

l

maintains the low pH of 5–6. Lysosomes conta

hydrolytic enzymes like proteases, nucleases, pho

phatases, glucosidases, and lipases. Proteins an

other cellular material that is to be degraded enter th

lysosome by endocytosis or autophagy. Together wi

the ubiquitin/proteasome system, the lysosome is th

main site of intracellular protein degradation an

also fulfills storage functions for ions and sma

molecules.

▶Autophagy
.

t

Lyve-1

Definition

Is a transmembrane receptor for extracellul

hyaluronic acid. It is a homologue of ▶CD44 an

mainly expressed on lymphatic endothelial cells.

▶Lymphangiogenesis

▶ Podoplanin
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