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Primary tumor
Extracellular <
matrix €
@ Cancer cells invade
surrounding tissues and
vessels.
@ Cancer cells are
transported by the
circulatory system
to distant sites.
© Cancer cells reinvade and
grow at new location.
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@ Afew metastases @) Inject melanoma cells.
form in the lungs.
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© Remove lung metastases
and inject into another mouse.
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@ Remove lung metastases
and inject into another mouse.
© Repeat cycle of removing
i lung metastases and injecting
the cells into new mice until
10 cycles are completed.
Melanoma cells that form *
many lung metastases «
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Abnormal Abnormal
(hyperactive) Excess (hyperactive)
protein normal protein Translocated normal protein protein
T T T T chromosome T
[ —— == ] (L) — —
(a) Point (b) Gene () Chromosomal
mutation amplification translocation
~ DNA'
/] Proto-oncogene \
(d) Local DNA (e) Insertional
rearrangements mutagenesis
4 Inversion or N Viral DNA
Insertion Deletion transposition
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Abnormal (hyperactive) proteins Excess normal protein
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Reciprocal
translocation

{a) Overexpression of Myc in Burkitt lymphoma

Reciprocal
translocation

delphia chromosome and the Ber-Abl kinase.
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Excess
Myc protein ©

Active
region:
mve
¥
mANA

Philadelphia
chromosome

BCR

ABL
mRNA encodes
new fusion protein
o

BCR-ABL protein
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DNA

@ DNA undergoes breakage.

@ Fragment orients in opposite direction.
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© DNA is rejoined.
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Coiled coil
(from tropomyosin)

C—

Tyrosine kinase [p)
(from receptor)

@ Gene produces fusion protein.

Oncogene Name Protein Produced

1. Growth factors

vsis PDGF viral Sarcomas (monkeys|
COLIAIPDGFS PDGF Translocation Fibrosarcoma
2.Receptors

verbh Epidormal growtn factor receptor Vil Leukernia (chickens)
TRK Nerve growth factor receptor DNA rearrangement Thyroid

eABB2. Epidermal growth factor receptor2  Amplification Broast

wvmpl Thrombopoistin recepor Viral Loukernia (mice)

3.Plasma membrane GTP-binding proteins

KAAS Aas Point mutation Pancress, colon, lung, others.
HAAS Fas Point mutation Blacde

naas fas Point mutation Leukernias

4. Nonreceptor protein kinases.

sRaF fiat inase Point mutation Welanoma

vsre Srekinase Viral Sarcomas (chickens)

sAc Srekinase DNA rearrangement Colon

TELIAKZ Jakkinase Translocation Leukenias,

BCAABL Abl kinase Transiocation Chronic myelogenous leukermia
5. Transcription factors

mrc Mye Translocation Burkitt ymphoma

mycL Mye Ampification Small coll lung cancer

cmye Mye Insertional mutegenesis Leukernia (chickens)

viun Jun Viral Sarcomas [chickens)

vios Fos viral Bono imicel

6. Cell cycle or apoptosis regulators

cveor Cyein Ampificaton, transiocation Breas, lymphoma

oKt Cok Amplfication Sarcomas, glioblastoma

etz 8ol Translocation Non-Hodgkins lymphoma
moM2 Mam2 Amplfication Sarcomas, lung, breast, others

“Cancers o e
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(a) Normal receptor. During normal
ptor activation, binding of a growth

(b) Mutant receptor. Some oncogenes.
encode mutant receptors whose

pr
clustering of two receptor molecules,
thereby causing the tyrosine kinase
activity of each receptor to catalyze
phosphorylation of the adjacent
receptor (autophosphorylation).

Below is a mutant receptor missing its

‘growth factor binding site, which makes.

the receptor constitutively active—that s,
even

itexhibits tyrosine kinase activity
in the absence of growth factor.

(@ ~Growth factor

A °

@& | ® @ -®

(c) Amplified receptor. Amplified

leads to excessive receptor activity.

(Gal | ACHGAS || {CNGA{ || LC)

Cancer
cell

@ Ccells are
artificially fused.

@ During cell division,
nuclei containing
chromosomes from both
original cells are formed.

Hybrid cell exhibiting ()
normal growth control .~

l € Some chromosomes
l are lost during subsequent

uncontrolled growth
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Cancer cell exhibiting - O )

Inactive Active Constitutively active Active Active Active
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Egg Sperm Egg Y Sperm
© Fertilized egg has 50% chance
= ofineriting A8 mutaton. = 10 reriend eouihsi
i \

@ Wutation in one copy of AB gene

inherited in all body cells.

* I *

© Mutation in second copy of RB
gene occurs in one or more retina cells.

Hereditary
retinoblastoma

o S
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@ Wutation in one copy of B gene

occasionally oceurs as cells divide.

© utation in second copy of AB
gene occurs in one or more etina cels.

Nonhereditary
retinobl




(3] Normal cell (without Wnt proteins).
at

®)

(with or without Wnt

)
proteins). Some cancer cells have

the
which catalyzes phosphorylation of
f-catenin. horylated g-catenin is
linked to ubiquitin and degraded by

(with
‘The Wnt pathway is tumed ON when Wnt

‘mutations in the APC

which bind axin. bly of

gene. In functional APC

the nucleus and binds to TCF, forming a

p-catenin mai
OFF position.

ins pathway in the

a Frizzled | _—LRPS (coreceptor)

Targeted by ubiquitin
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Axin Gsm(
Destruction {Poatenin
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ol
cell proliferation, including MYC and
CYCD1 (a cyclin gene).

Wnt protein
GSk3,

Axin

p-catenin
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CELL PROLIFERATION

Genes activated

protein,

form, p-catenin accumulates, enters the
nucleus, and locks the Wnt pathway in
the ON position.

a

GSK3
Axin

- poatenin
.

Enters nucleu:

CELL PROLIFERATION
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Normal
cel

mutation

Early
benign tumor

KRAS
mutation

Intermediate
benign tumor

Localized

Invasion and
cancer is

Late
benign tumor metasta:

SMAD4
mutation

Other mutations,
epigenetic changes

ps3
mutation

Genetic instal

y (defects in DNA repair or chromosome sorting)

Radiation

Chemicals
DNA ‘ / —_—
Mutations
Infectious ‘
agents. Mutations
Heredity
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HALLMARKS OF CANCER
© selt-sufficiency in growth signals.

© Insensitivity to antigrowth signals

Oncogenes Accumulation of genetic
Inactivated tumor | 29 epigenstic changes | € Evasion of apoptosis
— =

suppressor genes

Wﬁﬁfﬁ,
instability <

%N\\

O Lir

© Sustained angiogenesis

itless replicative potential

© Tissus invasion and metastasis
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Trait Benign Malignant
Nuclear size Small Large
N/C ratio (ratio Low High
of nuclear to
cytoplasmic volume)
Nuclear shape Regular Pleomorphic
(irregular shape)
Mitotic index Low High
Tissue organization Normal Disorganized
Differentiation Well differentiated  Poorly differentiated
Tumor boundary Well defined Poorly defined
|
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