Normal Growth Tumor Growth

Outer skin surface / Shedding of dead cells

— —
— S~ _ - — - —— s,Squamouscells —_

Cell migration,
A differentiation 4

- | . . . - - . . - . - A A
t * * + *+ 1 + + +
01010/01010/0/0/0/0—Bosallaver

(dividing cells)

Underlying | Underlying
tissue Basal lamina tissue
@
[ & -
e & Zr ¥ il
WA 8 N 7 e
g ~ _,®
~N 7 "
N N

© 2016 Pearson Education, Inc.



© 2016 Pearson Education, Inc.

© Initiation

@ Promotion

€ Tumor
progression

<

<

D,

1 Mutation

y p— 3 o‘ "‘ '.’\\"
l Cell proliferation

- 9000060

l Mutation or

N7
L

epigenetic change

00ae00e0

Proliferation
and selection

X T T'Ys

Mutation or
epigenetic change

0 960890

Proliferation
and selection

CIy /7t r ]y



Primary tumor

Extracellular

. Blood
matrix

vessel

@ 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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@ A few metastases @ Inject melanoma cells.
form in the lungs.

Pee
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€ Remove lung metastases
and inject into another mouse.

‘ @ Remove lung metastases

and inject into another mouse.

6 Repeat cycle of removing
l lung metastases and injecting
the cells into new mice until
10 cycles are completed.
Melanoma cells that form
many lung metastases . 3
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TPM3 NTRK1

@ DNA undergoes breakage.

o

€ Fragment orients in opposite direction.
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€ DNA is rejoined.
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TRK oncogene @ Gene produces fusion protein.

Coiled coil
(from tropomyosin)

Tyrosine kinase
(from receptor)



Table 26-1

Oncogene Name Protein Produced Oncogene Origin Common Cancer Type*

1. Growth factors

V-Sis PDGF Viral Sarcomas (monkeys)
COL1A1-PDGFB PDGF Translocation Fibrosarcoma

2. Receptors

v-erb-b Epidermal growth factor receptor Viral Leukemia (chickens)
TRK Nerve growth factor receptor DNA rearrangement Thyroid

ERBB2 Epidermal growth factor receptor 2 Amplification Breast

v-mpl Thrombopoietin receptor Viral Leukemia (mice)

3. Plasma membrane GTP-binding proteins

KRAS Ras Point mutation Pancreas, colon, lung, others
HRAS Ras Point mutation Bladder
NRAS Ras Point mutation Leukemias

4. Nonreceptor protein kinases

BRAF Raf kinase Point mutation Melanoma

V-src Src kinase Viral Sarcomas (chickens)

SRC Src kinase DNA rearrangement Colon

TEL-JAK2 Jak kinase Translocation Leukemias

BCR-ABL Abl kinase Translocation Chronic myelogenous leukemia

5.Transcription factors

MYC Myc Translocation Burkitt lymphoma
MYCL Myc Amplification Small cell lung cancer
c-myc Myc Insertional mutagenesis Leukemia (chickens)
v-jun Jun Viral Sarcomas (chickens)
v-fos Fos Viral Bone (mice)

6. Cell cycle or apoptosis regulators

CYCD1 Cyclin Amplification, translocation Breast, lymphoma

CDK4 Cdk Amplification Sarcomas, glioblastoma

BCL2 Bcl-2 Translocation Non-Hodgkins lymphoma
MDM?2 Mdm2 Amplification Sarcomas, lung, breast, others

*Cancers are in humans unless otherwise specified. Only the most frequent cancer types are listed.
© 2016 Pearson Education, Inc.



(a) Normal receptor. During normal (b) Mutant receptor. Some oncogenes

receptor activation, binding of a growth encode mutant receptors whose
factor to its receptor promotes the tyrosine kinase is permanently activated.
clustering of two receptor molecules, Below is a mutant receptor missing its
the_re_by causing the tyrosine kinase growth factor bmd_mg_sute, wh!ch makes_ (c) Amplified receptor. Amplified
activity of each receptor to catalyze the receptor constitutively active—that is,

7 : > et - : 2 oncogenes produce normal receptors
phosphorylation of the adjacent it exhibits tyrosine kinase activity even 2 : e :

: z but in excessive quantities, which also

receptor (autophosphorylation). in the absence of growth factor.

leads to excessive receptor activity.
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| artificially fused.

€ During cell division,
nuclei containing
chromosomes from both

original cells are formed.

& Some chromosomes
are lost during subsequent
cell divisions.
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o Fertilized egg has 50% chance
of inheriting RB mutation.

e Mutation in one copy of RB gene
is inherited in all body cells.

y

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

¥
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Sperm

o Fertilized egg inherits
no RB mutation.

N

U

9 Mutation in one copy of RB gene
| occasionally occurs as cells divide.
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e Mutation in second copy of RB
gene occurs in one or more retina cells.

~

Nonhereditary
retinoblastoma
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(a) Normal cell (without Wnt proteins).
p-catenin is targeted for degradation by
the APC-axin-GSK3 destruction complex,
which catalyzes phosphorylation of
B-catenin. Phosphorylated g-catenin is
linked to ubiquitin and degraded by
proteasomes. The resulting absence of
B-catenin maintains pathway in the
OFF position.
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(b) Normal cell (with Wnt proteins).
The Wnt pathway is turned ON when Wnt
proteins activate cell surface Wnt receptors,
which bind axin. This prevents assembly of
the destruction complex. g-catenin enters
the nucleus and binds to TCF, forming a
complex that activates genes that control
cell proliferation, including MYC and
CYCD1 (a cyclin gene).

Whnt protein
Axin | \SSK3
APC
B-catenin
Enters nucleus
Genes activated \' '
F D
1 |
* MYC, CYCD1,
, \\ others
CELL PROLIFERATION

(c) Cancer cell (with or without Wnt
proteins). Some cancer cells have
loss-of-function mutations in the APC
gene. In the absence of functional APC
protein, the destruction complex cannot
form, g-catenin accumulates, enters the
nucleus, and locks the Wnt pathway in
the ON position.

GSK3
Axin

B-catenin

Enters nucleus l

* |—>wc, cycepi,
others

CELL PROLIFERATION

Genes activated
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Genetic instability (defects in DNA repair or chromosome sorting)
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Radiation Chemicals
\ , Oncogenes
DNA
Mutations Inactivated tumor

/ suppressor genes
Infectious ‘

agents Mutations
Heredity

Genetic
instability
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Accumulation of genetic
and epigenetic changes

> <

HALLMARKS OF CANCER

[ o Self-sufficiency in growth signals

9 Insensitivity to antigrowth signals
0 Evasion of apoptosis
Q Limitless replicative potential

Q Sustained angiogenesis

_ © Tissue invasion and metastasis
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Table 26-3 Some Differences in the Microscopic
Traits of Benign and Malignant Tumors

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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