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Carcinogenesis

ducsp o
Carcinogenesis is a multistep process resulting from the accumulation of multiple

genetic alterations that collectively give rise to the transformed phenotype and all of its
associated hallmarks.

Inmost Ca Ses , ho single mutation is sufficient to transform a
normal cell into a cancer cell.
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Tumor Progression: —s ode cui o Hanshormed

This is the stepwise accumulation of mutations resulting in increasing features of
malignancy:
mMore Aggressive

mLess responsive to therapy

Accumulation of driver and
passenger mutations _

Carcinogen-induced Additional driver Additional mutations,
mutation mutations Emergence of subclones
O -O) -O 7@ ' p—
Normal Initiated precursor with Founding
cell stem cell-like properties cancer cell -
Genetically
heterogeneous
cancer
Acquisition of Further genetic
inkistog meHstion cancer halimarks evolution

Fig. 6.16 Development of cancer through stepwise accumulation of complementary driver mutations. The order in which various driver mutations occur is
usually unknown and may vary from tumor to tumor.




Hallmarks of Cancer

- All cancers appear to display eight fundamental changes in cell physiology and two enabling factors
(genomic instability and tumor-promoting inflammation) that promote cellular transformation and
subsequent tumor progression.

1. Self-sufficiency in growth signals @
2. Insensitivity to growth-inhibitory signals p
3. Altered cellular metabolism L. Qo‘\ e \echute
2. Evasion of apoptosis

s.  Limitless replicative potential (Immortality)

6. Sustained angiogenesis
7. Ability to invade & metastasize

s.  Evasion of immune surveillance




1. Self-sufficiency in growth signals

— mdobion —» gate RuncHon
- Gain of function mutation in Genes coding for growth: Classified by the site of action
mProto-oncogenes: Normal. L oncogencs »

mOncogenes: Mutant/overexpressed
moncogenes —, oncoproteins (promote cell growth, even without normal growth-promoting Signals).
mThey include genes coding:

1.Growth factors
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1- Oncogenes coding Growth Factors

mSome cancers acquire the ability to synthesize the same growth factors (GF) to which they
are responsive (autocrine) or send signals to activate normal cells in the supporting stroma
to synthesize the same GF to which they are responsive ( paracrine).
= Platelet-derived growth factor (PDGF) seen in glioblastomas
= Transforming Growth Factor (TGF- a) in sarcomas

mProducts of other oncogenes (e.g. RAS) may cause overexpression of GF.
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2- Oncogenes coding Growth Factor Receptors

- Many of the growth factor receptors function as oncoproteins when they:
s Mutant recepto—— continuous signals even in the absence of GF...
Or Normal but overexpressed = hypersensitive to GF...

m Epidermal GF receptor family: o )
ERBB1 overexpressed in sqg. CA lung & Glioblastoma

ERBB2 (Her2) amplified in breast Ca, less lung, ovary, stomachca —p Con wte Teotvet
m Increase = POOR PROGNOSIS o @ ® @ Aol inlnbits 7




3- Oncogenes in signal transduction

- The signals are transmitted to the nucleus through various signal
transduction molecules.

- Two important oncoproteins in the category of signaling molecules:
1. RAS
2.ABL




8 —» O polein Act ‘ahy
1- RAS __p 071 B I 18

*RAS proteins are inactive when bound to GDP

*Stimulation of cells by growth factors: exchange of GDP for GTP and generate
active RAS. o o dop Fhe & malase

*Intrinsic guanosine triphosphatase (GTPase) of RAS hydrolyzes GTP to GDP,
releasing a phosphate group and returning RAS to its quiescent GDP-bound
state.

*The GTPase protein is magnified dramatically by a family of GTPase-activating
proteins (GAPs).

L,p activotes (-1 gode (inoetive form )N as=—y r/g
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Fig.6.18 Model for action of RAS VWhen a normal cell is stimulated chrough
a growoh factor recepror. inactive (GDP-bound) RAS is acrtivated to a GTP-
bound state. Acrtivated RAS otransduces proliferative signals to the nucleus
along owo pathways: the so-called "RAF/ERK/MAF kinase pathway ™ and che
PI3 kinasc/AKT pathway. GDFEF Guanosine diphosphate: GTE. guanosine triphos-
phate: MAF mitogen-activated protein: PIZ, phosphartidylinositol-3.




- Active RAS - Signal transduction (RAF/MAP-K or PI3-K/AKT pathways) - transcription
activation —s T pretkgeXion

- RAS most commonly is activated by| point mutations|in amino acid residues that are either

within the GTP binding pocket or in the enzymatic region that carries out GTP hydrolysi‘.:,>
(TP I v bir @\ C'"D"‘-J'ﬁ.) 4 (6Tpase YN s leFen’) ooz b

-Activated RAS stimulates downstream regulators of proliferation by several interconnected

pathways. Roas > ® celfefdion

- Commonest oncogene mutation in human tumors.

- Point mutations in codons 12, 13 are present in 30% of cancers, especially CA pancreas &
Colon.




2. ABL:

NS mal pMC,HO'V—' n&g@l‘:\ﬁ%&h&& When P’bb‘)efa}a‘cw is nhbiked

 Non-receptor tyrosine kinase function as signal transduction molecule
The ABL proto- oncogene has tyrosine kinase activity dampened by internal negative
regulatory domain

Chronic myeloid leukemia: t(9;22)== BCR-ABL hybrid gene exqloined in ledwe )

= This new gene protein is retained in the cytoplasm where it has tyrosine kinase activity
activates all of the signals downstream of RAS==) cell proliferation
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4- Nuclear Transcription Factors: — Swrel tasdusd [, gpesol — Necles

(2eRekad eApaion Hoeoler =
= DNA transcription regulated by genes e.g. MYC, JUN,....etc. that regulate the expression of

growth-promoting genes, such as cyclins == initiation of cell cycle

= MYC mutation == sustained activation
m Examples: 2

= Dysregulation of MYC in Burkitt lymphoma

Cyding ! JiE% k..

L Cell Cyele! Sastained Profilation
= MYC amp. in Breast, lung CA.

(LG:CAM




COK inhibitors
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Kinases regulate cell cycle p ;
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= Family of proteins that control entry of the

j
cells at specific phases of cell cycle ( D, E,
A, B....etc.) Copl-nd o

m Level of a specific cyclin increases at a
specific phase, then decreases rapidly after
the cell departs that phase

= Function by phosphorylating certain
proteins (e.g. RB protein) —» et imp G

m  Cyclins bind to CDKs, activating them
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= CDK inhibitors regulate the activity of CDK/ Cyclin.

mSelective or nonselective inhibition.
L—' werk ov a .S?cc,'«#.'o one

mExamples: p21, p27 & p57 inhibit all CDKs while INK4 Inhibitors (p15, p16, p18

& p19) inhibit CDK4 & CDK®. gignene e ) ar W)

m The tumor suppressor protein p53 controls expression of p21.
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Two important checkpoints, each Cyclin Biedk 1) ,
of which is tightly regulated by a f." 1
balance of growth-promoting and | I |
growth-suppressing factors, as CyclinAlcdk2 = | |
Il as by sensors of DNA | /7 \ |
N Cyclin Eledk 2 . / ]|
amage: / " |
/[ \ VA |
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(© Elsevier 2005




b eodon Why thefe arc the  modk imp. Checkgsats

- Once cells pass through the G1/S checkpoint, they are committed to undergo cell
division.

- Then, defects in the G1/S checkpoint are particularly important in cancer since these
lead directly to increased cell division.

- All cancers appear to have genetic lesions that disable the G1/S checkpoint, causing
cells to continually reenter the S phase.
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Y& Mutations that dysregulate activity of cyclins & CDKs - Gain-of-function mutations
and cell proliferation:
e.g.: Cyclin D is overexpressed in breast —»  poses 61— el Kpoid-

#X Loss-of-function mutations involving CDKIs == cell proliferation:

= Disabling mutations of CDKN2A (encoding p16): germline ( in melanoma)

= Acquired deletion or inactivation of CDKN2A is seen in pancreatic carcinomas,
glioblastomas, esophageal cancers L p1b
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A final consideration : Fumo” SR fenie

- The increased production of oncoproteins does not by itself lead to a sustained
proliferation of cancer cells.

- There are two built-in mechanisms, cell senescence and apoptosis, that oppose
oncogene-mediated cell growth.

- Therefore, genes that regulate these two braking mechanisms must be disabled to allow
the action of oncogenes to proceed unopposed.




2.Insensitivity to growth-inhibitory signals

= Disruption in Cancer Suppressor Genes

P ,
v 2 Alddes mat be Mdeted/ deleledl
Por lahibitor of furor aprRsser

= Growth inhibitory pathway by:

RB gene: Regulate cell cycle

TP53 gene: Regulate cycle & apoptosis

TGF- B: Block GF signals —

APC gene: regulates B —catenin Pokl golife/ive achion

gene
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1- RB gene (Governor of cell cycle):

Ay giezas W e doD) Ceopy )J\_)_)

= The first tumor suppressor gene to
be discovered

= First studied in Retinoblastoma
= RBgene==RB protein
= Both copies of gene must be lost

for neoplastic transformation to

occur
= both Mutded
s This is called loss of heterozygosity

= Familial (RB % RB) or
= Sporadic (RB:* RB=) RB)
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| PATHOGENESIS OF RETINOBLASTOMA |
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Mode of action of RB gene:

- The function of the RB protein is to regulate the G1/S checkpoint, the portal through which cells must pass
before DNA replication commences.

- G1-Stransition and DNA replication require the activity of cyclin E/CDK2
- Cyclin E is dependent on the E2F family of transcription factors

- Active hypophosphorylated RB binds to & inhibits the E2F family of transcription factors --- NO
TRANSCRIPTION of cyclin E

Growth factor signaling leads to cyclin D expression and activation of cyclin D- CDK4/6 complexes, which
phosphorylate RB, inactivating the protein and releasing E2F—— induce target genes such as cyclin E. ==

TRANSCRIPTION (G1 -- S phase)
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Retinoblastoma:

mSporadic in 60% of cases
sFamilial (40%), AD

mln familial form, patients carry one mutation in their genome, followed by a second
mutation in retinal cells

sNo tumor develops unless two alleles in chr. 13914 become mutant (two hit theory)

sFamilial form: 1 incidence of bilateral ret., osteosarcoma, and other tumors

L only one Makion s pecdeol
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2- TP53 (Guardian of Genome)

= The most commonly mutated gene (and suppressor gene) in human cancer.

= Homozygous loss in 70% of cancers

= TP53is a negative regulator of the cell cycle (protein product is p53).

s ‘Guardian of the Genome’ OR (Policeman) preventing genetically damaged cells from
progressing through a new cycle.

= p53isinactivated by MDM?2.

= Upon DNA damage or other stresses, various pathways will dissociate the p53 and
MDM2 complex.



Mode of activation & action:

= p53 senses DNA damage or other stresses through various sensors, like protein kinases e.g.
Ataxia telangiectasia mutated (ATM) protein —= ghesghoglates 58 - qayen degedotion by MOR:

m p53 released from MDM?2 & activated with longer half-life -
= Transcription of CDKI| gene CDKNI1A (p21) - cell cycle arrest at G1 (Quiescence) ---

nactive

Result: more time for repair --- Normal
OR LbG Roo V\Vo/poqn — for (oo

= |f repair fails ----Senescence (permanent cell cycle arrest) or Apoptosis(p53 is a positive

regulator of apoptosis (BAX & PUMA)./M;(
s OR Fixed mutation --- NEOPLASIA
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9% of Cancers
& /VloSt Comnon M ¥ ond 0'"- tu.mof SupPPressor gene for

CancCer

Significance of TP53 mutation:

Acquired mutation in many cancers
e.g. colon, breast, lung, ...etc
Inherited mutation in one allele---

Li-Fraumeni syndrome — 25-fold ---malignancy: sarcoma, breast

carcinoma, brain tumors ..... etc L> Comparid 4o genrsl qopdtion




3- Transforming Growth Factor-3 (TGF-B):

A potent inhibitor of proliferation ( Antiproliferative activity): -

Act by binding to a complex composed of TGF-3 receptors | and Il resulting in the
transcriptional activation of CDKIs with growth-suppressing activity and repression of
growth-promoting genes.

- Mutations may alter the type Il TGF-B receptor.

-Mutational inactivation of TGF-B components seen in a very high percent of pancreatic
carcinoma & the majority of colonic CA




4- Contact Inhibition, APC:

= all jucrions sitadred by Codhtiny

- Cell—cell contacts in many tissues are mediated by homodimeric interactions between

transmembrane proteins called cadherins.

(s ncrions

- E-cadherin (E for epithelial) mediates cell-cell contact in epithelial layers.

- Contact inhibition enables noncancerous cells to céase proliferation and growth
when they form confluent monolayers and contact each other.

- Two mechanisms have been proposed to explain how E-cadherin maintains contact

inhibition:
1-Tumor suppressor gene NF2

2- APC gene and B-catenin (a key

component of the WNT signaling pathway).

Growth Properties of Normal and Cancerous Cells

LJ o R -
Cancerous Cells
No Contact Inhibition

£ £ a
Normal Cells
Contact Inhibition

Normal cells grow in a culture dish until they cover the surface
as a monolayer. Cancerous cells grow in multilayered clumps
and they pile up one above the other




-This characteristic is lost when cells undergo malignant transformation, leading

to uncontrolled proliferation and solid tumor formation.

By:
-E-cadherins are reduced in many cancers. W
- Mutant APC.




ACTION OF APC GENE:

- Gene product is a cytoplasmic protein that acts in adhesion by regulating the

destruction of B-catenin in the cytoplasm.

-In quiescent cells that have not been exposed to WNT, cytoplasmic B-catenin is degraded by
a destruction complex, so no proliferation of cells occur.

APC + B-catenin + E-Cadherin Destruction
Complex

WNT _» ocrisoles el ool ffolion
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*With the loss of APC (in malignant cells), B-catenin degradation is

prevented, and the WNT signaling response is inappropriately activated
in the absence of WNT mmssss) transcription of growth-promoting
genes, such as cyclin D1 and MYC, as well as transcriptional regulators,
such as TWIST and SLUG, that repress E-cadherin expression and thus

reduce contact inhibition and proliferation.
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Clinical significance of APC ==

Familial Adenomatous Polyposis Coli (FAP)
% people with rny wb\"m.wgah\-\wo e oo emoucd G\MW\:S

- AD syndrome.
-Individuals with inherited one mutant allele of APC develop 100s to 1000s of
adenomatous polyps by their teens or twenties. ([, Cavsing Concer tamer

-Additional mutations = colonic carcinoma (100% I~ " risk in familial polyposis coli).

)“.:JL, ”\:‘

-70-80% c;?)s'poraa’i?colonic carcinoma show mutant APC.

-Colonic cancers with normal APC have activating mutations of B-catenin that render
them refractory to the degrading action of APC.
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