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OBJECTIVES

Define carcinogenesis

Editing file

List causes of cancer

Identify the major genetic properties and hallmarks of cancer

List examples of oncogenes, tumor suppressor genes and
genes involved in apoptosis, limitless replicative potential,
angiogenesis and ability to invade and metastasize

Discuss the theory of molecular basis of multistep

carcinogenesis
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How to study this
lecture

e Males and females slides are totally different, so the best way to
study it is to focus on the females slides (it includes everything
according to Dr. Osama) + understand important key information

from Dr. Osama revision

® Check Dr. Osama’s revision (9-41)

® Check Dr. Maha’s revision file (revisions — pathology)

e understand the text highlighted in yellow to cover males slides
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Carcinogenesis

DEFINITION

® A mechanism of induction of tumor. It is a multistep process at both the
phenotypic and the genetic levels

Normal cell Hyperproliferation Carcinoma
APC gene K-ras DCC gene P53 Others
mutation mutation mutation mutation
Normal 3 H.yper-. > Early > Intermediate 3 Late N SIS 8- Motastasic
cell proliferation adenoma adenoma adenoma
Causes
In the
germ
line
Inherited Environmental
Chemical : Biological:
e Smoking —lung CA Radiation exposure: e Viral :
e Benzidine — urinary e | eukemia H.PV -
bladder CA ] Viral hepatitis
e Arinsic compounds — skin ¢ TherId CA BandC
CA e Skin cancer e parasite :
e Vinyl chloride — liver CA Schistosomia
: : 5 stimulus causes genetic
Genetic damage — mutation: . gue,a,,onﬁgel
® Responsible for the generation of malignant cells. normal cells jl
: . : ﬂ ~.
° :
Single cell which has the genetic damage undergoes O I o) X O {O 3 o'
neoplastic proliferation (clonal expansion) forming tumor mass. ‘ A ey e
. . . . « growth factors
Non-lethal genetic damage lies at the heart of carcinogenesis. |« growth factor receptors
<=« signal transduction
« transcription regulation
transformed ‘ . DI’;J'A rep‘xeﬂr|
e Homeostasis of cells is a cel — VvV E=EECER
\ )
process to keep between (&) 1 o I EO 5 o)
proliferating and transformed cell proliferates
wnh poor regulation of growth
programmed cell death. as a result of genetic changes and
neoplasm | develops additional mutations
=f *}f e
e Mutation in the DNA result Q)0 e § Q)
in disturbance of regulation | I ‘J-O ’ rd ! I R
g o o V9O @) o

of the process
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® The genetic hypothesis of cancer implies that a tumor
mass results from the clonal expansion of a single
progenitor cell that has incurred genetic damage (i.e.,
tumors are monoclonal).

e Not every mutation results in loss of gene functionality.

® Some mutations may lead to gain and overexpression.

e Mutant alleles of proto-oncogenes are called
oncogenes.

® They are considered dominant because mutation of a
single allele can lead to cellular transformation.

® Loss of gene function does not necessarily lead to cell
death.

® |t might have a proliferation impact on the cell.

® |t has become clear that cancer is a disease caused by
mutations that alter the function of a finite subset of
20,000 or so human genes

e \We will refer to these genes s cancer genes and the
usually fall under four major classes

Protooncogene > mutation —

Growth inhibiting (Tumor suppressor ) genes
e Tumor suppressor genes are genes that normally
prevent uncontrolled growth and, when

mutated or lost from a cell, allow the transformed
phenotype to develop.

e Often both normal alleles of tumor suppressor
genes must be damaged for transformation

to occur, autosomal recessive, (exception TP53 in
Ch17, Rbin Ch13).

e Tumor suppressor genes can be placed into two
general groups,

o “Governors” that act as important brakes on
cellular proliferation.

o “Guardians” that are responsible for sensing
genomic damage.

DNA repair genes

® Changes in the cell

oncogene

1
)
£
;

Acquired (environmental) — | NORMAL CELL
DNA damaging agents:
* chemicals Successiul
* radiation DNA repair
* viruses
DNA Damage
Falure of oI |nherited mutations in:
DNA repair Genes aftecting DNA repair
P * Genes affecting cell
Mutations in the
genome of am— growth or apoptosis
somatic cells
Activation of Alterations of Inactivation of
growth-promoting genes that Cancer suppressor
oncogenes requlate apoptosis genes

Expression of altered gene products
and loss of regulatory gene products

Clonal expansion

|

Additional mutations (progression)

1

\ Heterogeneity
Malignant neoplasm

Growth promoting proto-oncogenes

Genes regulating apoptosis
e Genes that regulate apoptosis primarily act by

enhancing cell survival, rather than stimulating
proliferation.

e Understandably, genes of this class that protect
against apoptosis are often overexpressed in
cancer cells, whereas those that promote apoptosis
tend to be underexpressed or functionally
inactivated by mutations.
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Major genetic properties (Hallmarks of cancer)

Eight cancer hallmarks and two enabling factors (genomic instability and tumor- promoting
inflammation). Most cancer cells acquire these properties during their development,
typically due to mutations in critical genes.

Self sufficiency in

growth signals _>

Evasion of apoptosis

Limitless replicative
potential

Sustained
angiogenesis

Ability to invade and
metastsize

Insensitivity to growth
inhibitory signals .

Genomic instability
(mutator phenotype)

Avoiding immune
distruction

Tumor promoting
inflammation

deregulating cellular
energetics



Self sufficiency in growth signals

® Oncogene: Gene that promote autonomous cell growth in cancer cells

® They are derived by mutations in protooncogenes
® They are characterized by the ability to promote cell growth in the absence of

normal growth-promoting signals
® Oncoproteins : are the products

Normal cell Cycle (from book):

NEOPLASTIC (malignant) CELLS

- MAS
Binding of a growth factor \'4
__________ P to its specific receptor on
the cell membrane

Transient and limited activation of

the growth factor receptor, which :ncre::; ::‘;;‘::ti Irilcrecl'zse in :;\:t;\e’g;gr""of
n gro signa
- @ fogors factor trgnsducﬁon transcription
: : . receptors
in turn activates several signal-
transducing proteins
Transmission of the signal
---------- @ across to the nucleus NORMAL CE“.
growth factor
growth factor receptor
Induction and activation of
nuclear Cyioplasm
- - @ regulatory factors that initiate
and

signal fransduction

regulate DNA transcription

acfivation of
franscription

Entry into the cell cycle,
---------- @ resulting ultimately in cell

division nudeus

e

DNA




lSelf sufficiency in growth signals cont.B

1. Growth - Cancer cells are capable to synthesize the same growth factors to which they
are responsive
factors: - E.g. 1. Sarcomas — TGF-a 2. Glioblastoma — PDGF
Receptors — mutation — continuous signals to cells and uncontrolled growth
Receptors — overexpression — cells become very sensitive—hyperresponsive to
2. Growth normal levels of growth factors
Factor
Example of Growth factors receptors:
receptors: Epidermal Growth Factor ( EGF ) Receptor family (HER2)
e Amplified in breast cancers and other tumors
e High levels of HER2 in breast cancer indicate poor prognosis
e Anti- HER2 targeted therapies (Tratuzaumab) in positive cases
They receive signals from activated growth factors receptors and transmit them to
the nucleus. Examples : RAS and ABL
1. RAS gene:
a. 30% of all human tumors contain mutated
RAS gene E.g : colon and pancreas cancers
b. Mutations of the RAS gene is the most common oncogene
abnormality in human tumors
c. Mutations in RAS — cells continue to
proliferate
3. Signal 1. ABL gene:
Transducing a. ABL protooncogene has a tyrosine kinase activity
proteins : b. Its activity is controlled by negative regulatory mechanism
' c. E.g. : chronic myeloid leukemia ( CML ) : N
i. £( 9,22) — ABL gene transferred from
ch. 9 to ch. 22
ii. Fusion with BCR — BCR-ABL
Iii. BCR-ABL has tyrosine kinase activity —( oncogene)
-> CML patients are treated with (Gleevec) which is inhibitor of kinase
2: 9 2: mechanism
£ @ O >E
B A L) J L
-Mutations may affect genes that regulate transcription of DNA, growth autonom
4. Nuclear y J J P J y
E.g. MYC
Transcription - MYC protooncogene produce MYC protein when cell receives growth signals
- MYC protein binds to DNA leading to activation of growth-related genes
factors : P ? ? ?
-In tumors there is sustained expression of MYC — continuous proliferation
-E.g. Burkitt Lymphoma; MYC is dysregulated due to t( 8,14)
-Progression of cells through cell cycles is regulated by @ |
5. Cyclins and CDKs after they are activated by binding with cyclins s
CYC|II’]S- -Mutations that dysregulate cyclins and CDKs will lead \0 |
Dependent to cell proliferation e.g. widd 4
. o Cyclin D genes are overexpressed in '
Kinases breast, esophagus and liver cancers.
(CDKs)

o CDK4 is amplified in melanoma and
sarcomas

Synthesized at
the beginning of G



Insensitivity to growth-inhibitory signals

GIRL’S SLIDES

® Tumor suppressor genes control (apply breaks) cell proliferation.

Mutation causes
disruption

Cell becomes
insensitive to

growth
inhibition

proliferation

®Examples
P53 RB ABC TGF-B
The most Transformi
opbular - (Adenomatous ng
Pop Retinoblastoma Polyposis Coll — B o
example (439 gene Catenin pathway) Factor- B
note) pathways)

®Retinoblastoma

® First tumor suppressor gene discovered

® It was discovered initially in retinoblastomas

® Found in other tumors, e.g. breast cancer

® RB gene is a DNA-binding protein

® RB is located on chromosome 13

® Retinoblastoma is an uncommon childhood tumor
® Retinoblastoma is either sporadic (60%) or familial ( 40% )

e Two mutations required to produce retinoblastoma

® Both normal copies of the gene should be lost to produce

retinoblastoma

® RB gene exists in “active” and “ inactive” form.

e If active > will stop the advancing from G1 to S phase in cell

cycle

If cell is stimulated by
growth factors

Inactivation
of RB gene

Brake is
release

Uncontrolled

PATHOGENESIS OF RETINOBLASTOMA

[ SPORADIC FORM |

Somatic cells

i f chi Retinal cell
of parents Somatic cells of child etinal cells

Gemm cells  Zygote

;" Y\

Retinoblastoma

ﬁﬁ_, .

% 4

| GROWTH INHIBITORS
| (TGF-B. p53, others) G
Stim ulale\
S

CDK Inhibitors
e.g.. *p16 (INK4a)

Inactivate Cyclins D/COK* 4.6
Cyclin E/CDK2

Hyperphoséphorylaled
b
P ~ s \d ©

)

— s/
™
oD

|GROWTH FACTORS
(EGF, PDGF)

Activate

Hypophosphorylated]
7~ *

|

E2F site E Phase genes

Transcriptional
activation

E2F site Phase genes

Transcriptional
block

Cells start cell cycle
G1>S>M then RB
gene is activated

again




nsensitivity to gro -innibitory signals

TGF-B

® TGF-B (Transforming Growth Factor- B pathways)

® |t is an inhibitor of proliferation

® |t regulate RB pathway

® [nactivation of TGF-B lead to cell proliferation

e Mutations in TGF-B pathway are present in: 100% of pancreatic
cancers 83% of colon cancers.

Tumor progression

Infiaflon  Jev transient Irreversible
APC c>> Jov IaTcy T '”tedgcr;;{ion
- infection l l ?
l APC RAS 1P53 SMt\D4 CANCER
e APC ( Adenomatous Polyposis Coli — B Catenin pathway) 3 ' R
® APC gene loss is very common in colon cancers g T el amags
e |t has anti-proliferative action merpttry genstc
e through inhibition of b-Catenin which activate cell proliferation
e Individuals with mutant APC develop thousands of colonic
polyps
e One or more of the polyps will progress to colonic carcinoma
e APC mutations are seen in 70% to 80% of sporadic colon
cancers.
= TR
o It has multiple functions - Mainly : p— // ,\\
1.Tumor suppressor gene ( anti-proliferative). Normat cent _Celt with ".' ‘5 |
2.Regulates apoptosis. e TS /,»’
® P53 senses DNA damage. I
® Causes G1 arrest to give chance for DNA repair. HYPL p;:z:g; ) T
e Induce DNA repair genes. ';"’GSI’DNA piﬁ?mi‘j%::f
e If a cell with damaged DNA cannot be repaired, it will be .Jéﬁ’;i%%‘:ﬁlﬁi&i“ﬁf et ovele amest | senescence
directed by P53 to undergo apoptosis . v T i i
e With loss of P53, DNA damage goes unrepaired Sk ‘CDK?""‘”’ (0%1‘3‘332.,) 1 | adanona
e Mutations will be fixed in the dividing cells, leading to e |—‘ T A Wf S\\r\ﬂ
malignant transformation qucceww o iy /C< /25 78 / \/“\ )\
® P53 is called the “ guardian of the genome” I F b ] \/“ ‘—q,\-v W\ /;)j/v
® 70% of human cancers have a defect in P53 il ouits //ipop,;s '\ Mz;,’.g‘,,a,i:o, /

® It has been reported with almost all types of cancers : e.g. lung,

colon, breast
® In most cases, mutations are acquired, but can be inherited, e.g
Li-Fraumeni syndrome



Evasion of apoptosis

e Mutation in the genes regulating apoptosis are factors in
malignant transformation

® Cell survival is controlled by genes that promote and inhibit

apoptosis
® Apoptosis in normal cell is guided by :
Cell death receptors (CD95)- activation lead to DNA
damage
Pro-apoptotic factors (BAD, BAX and p53).
Apoptosis inhibitors (BCL2 and BCL-X)

. Reduce CD95 level inactivate death inducing signalling
cascade that cleaves DNA to cause death-[] tumor cells
are less susceptible to apoptosis

. DNA damage induce apoptosis(with the action of P53)
can be blocked in tumors

. Loss of P53 and up-regulation of BCL2 prevent
apoptosis

e.g.follicular lymphoma

@ &7

Y 3+ Fas (CDQS)

Death induced

Procaspase
signalling complex

l

®

Mitochondria ;

Stress
Radiation
Chemicals

DNA damage

l

@ p53 response

1

BCL-2
BCL-XL

l

Cytochrome ¢ * APAF-1

Caspase 9 @

Caspase 3 =

!

Death substrate

|

Apoptosis

Limitless replicative potential

e Normally there is progressive shortening of
telomeres at the ends of chromosomes

® Telomerase is active in normal stem cells but
absent in somatic cells

n tumor cells : activation of the enzyme

telomerase which can maintain normal

telomere length

Inactive 1elomerdbe Shortened telomeres

P P
Metaphase
"-". \

- 1" I
Dicentric
chromosomeb

t/ 8
~ \ Nl 83

//
/
H Bridge-fusion-

RN

(0 A\ ,
[ - ‘, i P53
: 3 hne | m— { . i
\ 1 t /|  Multiple \ : 3 / Activation of
: (50-70) salvage and
\ U / replications \L / non-homolgous
\‘. —_ end joining pathway

Checkpoint
activation and
senescence

+p53

Senescent cell

\/' /q
k

"\
\"-»
_TelornerV s

Mitotic
catastrophe

Anaphabe

\
L'J')

/’ T - D\

N/
‘ MDD /

.' New double
/ stranded breaks

Telum: rase

o
Uiy

CANCER
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Sustained angiogenesis

e Neovascularization has two main effects:

Perfusion supplies oxygen and nutrients.

2. Newly formed endothelial cells stimulate the growth of
adjacent tumor cells by secreting growth factors, e.qg :
PDGF, IL-1.

e Angiogenesis is required for metastasis

How do tumors develop a blood supply?

Tumor-associated angiogenic factors

These factors may be produced by tumour cells or by
inflammatory cells infiltrating the tumor e.g.macrophages
Important factors :

- Vascular endothelial growth factor (VEGF)

- Fibroblast growth factor

Avoiding immune destruction

Tumor peptide-MHC Tumor peptide-MHC

e O Prmed CTL capable
Co28 S _ TCR of kiling tumor cells

\ CD28

B7 ..K

CTLA4 :

L )—‘ >
Ant
CTLA4
A Lymph node NO COSTIMULATION COSTIMULATION
Inhibited Activated °

CD8+ - CD8+ Cytotoxic

CTL CTL granules
°
! TCR . .
) Peptide-MHC . . J
PD-1 ) ’l Pl.'p.\!'.h! ) p
MHC . Y e
PD-1 hgand Ant-PD-1 3
! ) Kilhng of _ /
: | . - > w/
\ ' \ ; tumor cell N
‘: | ) f i . » ’
i Anti-PD-1 N ‘
hgand N

B Tumor tissue




GIRL’S SLIDES

Ability to invade and metastasize

01

2 phases

Invasion of Extracellular material

e Malignant cells first breach the underlying basement

membrane.

e Traverse the interstitial tissue.
e Penetrate vascular basement membrane to gain access
to circulation. ( To spread and metastasize )

| Ability to invade and metastsize

Step1: loosining

A. LOOSENING OF INTERCELLULAR JUNCTIONS

Type IV collagen
Cadherins Basement membrane

' Ability to invade and metastsize

Step2: Attachment to ECM

B. ATTACHMENT

Type IV colilagen
Laminin receptor

Fibronectin receptor

Step 3. Degradation by collagenase

C. DEGRADATION

Type IV

Piasminogen activator

Type IV collagen cleavage

4. Migration of tumor cells

D. MIGRATION

o Autocrine motility
factor

Fibronectin sl



GIRL’S SLIDES

02

Ability to invade and metastasize

2 phases

Vascular dissemination and homing of
tumor cells

May form emboli.

Most travel a single cells. ( one cell is enough to cause
metastasis ).

The tumor cells adhere to the vascular endothelium (
can lead to the formation of an embolus as mentioned
above ).

Extravasation ( leakage of blood or any fluid ).




- Hallmarks of cancer

Avoiding immune  Evading growth
mmm) destruction SUppPressors

<

Sustaining
proliferative
signaling

Enabling
< replicative
¢ . immortality

Deregulating Tumor-
mm)> cellular promoting
energetics inflammation
Inducing Activating
angiogenesis invasion and
metastasis

Resisting Genomic instability
cell death (mutator phenotype)-

Self-sufficiency in

growth signals

Limitiless replicative
potential




Genomic instability

e The enabler of malignancy.

e Caused by a defect in the DNA repair genes. o
-— D
- BRCA Gene 2
Examples: . o
. BRCA Gene 1
- B
Nonpkcl)elyl;ggzcizréolon .XerOderma Famélaianlc:E:SeaSt : -
Carcinoma Pl oI =
Chromosome 17 Chromosome 13
Familial breast cancer is caused by:
Mutations in BRCA 1 and BRCA 2 genes which regulate DNA repairs. 439 note:
e These genes account for 80% of familial breast cancer. Both copies of
e They are also involved in other malignancies. BRCA1 and BRCA2

must be inactive
for cancer to occur.

Molecular basis of multistep carcinogenesis

PAPPEARANGE M CHANGE
1. Cancer result from the accumulation of multiple T——
mutations o eroorative cohomm e’ 106US on chromosome Sq
2. All Types of cancer have multiple genetic mnmm)““’ss e
alterations, involving activation of several e
oncogenes and the loss of two or more tumor _____)-Lossofwmor suppressor
suppressor genes. ) ,D‘tﬁfj,,?ég’f,?,S?';ii -
Tumor progression
e Many Tumors become more aggressive and acquire greater Taeiar Fregresson

malignant potential, this is called Tumor progression ( it's not
an increase in size but in number ) similar to hyperplasia “in
concept”.

e By the time the tumor becomes evident, their constituent
cells become extremely Heterogeneous.
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Genetic Lesions in Cancer

e The genetic changes found in cancers vary from point mutations (Molecular lab) involving single
nucleotides to abnormalities large enough to produce gross changes in chromosome structure
(Cytogenetics lab).

e Driver mutations are mutations that alter the function of cancer genes and thereby directly contribute
to the development or progression of a given cancer.

e Passenger mutations are acquired mutations that are neutral and do not affect cellular behavior but
proven to be important in cancer.

e Passenger mutations greatly outhnumber driver mutations.

Point mutations

e Point mutations can either activate or inactivate the protein products of the affected

genes depending on their precise position and consequence.

e Point mutations that convert proto-oncogenes into oncogenes (class 1) generally produce a

gain-of-function, like RAS gene into a cancer gene, one of the most comment events in

human cancers, KRAS in Ch 12 develop colon cancer.

e By contrast, point mutations (as well as larger aberrations, such as insertions and deletions) in
tumor suppressor genes (class 2) reduce or disable the function of the encoded protein, like TP53,
a prototypical “guardian” type tumor suppressor gene.

Gene rearrangement (Diagnosed by karyotyping )

e Gene rearrangements may be produced by chromosomal translocations or inversions.

e Specific chromosomal translocations and inversions are highly associated with certain
malignancies, particularly neoplasms derived from hematopoietic cells and other kinds of
mesenchymal cells.

e Some gene rearrangements result in overexpression of proto- oncogenes leading to highly
active promoter or enhancer like in >90% cases of Burkitt lymphoma; t(8;14), CMYC-IHG.

e Other oncogenic gene rearrangements create fusion genes encoding novel chimeric proteins
Most notable is the Philadelphia (Ph) chromosome in chronic myeloid leukemia (CML),
t(9;22), BCR-ABL1.

e In Follicular lymphoma: t(14,18)

Deletions Translocations In CML Gene amplification

@ e
T~—re




Gene amplification

Proto-oncogenes may be converted to oncogenes by gene amplification, with consequent
overexpression and hyperactivity of otherwise normal proteins by producing several hundred copies
of the gene, a change in copy number that can be readily detected by molecular hybridization
(FISH or CGH-array) with appropriate DNA probes.

Two mutually exclusive patterns are seen:

1. Multiple small, extra-chromosomal structures called double minutes
2. Homogeneously staining regions (HSR) derives from the insertion of the amplified genes into new
chromosomal locations (might be detected by G-banded karyotype), like in Neuroblastoma (N-MYC,
Ch2)
HER2 Positive Cancer
BreaSt Cancer: HER_Z Normal Cell HER2+ Cell
/’:'ﬁ.
Deletion

Aneuploidy

Aneuploidy is defined as a number of chromosomes that is not a multiple of the haploid state; for
humans, that is a chromosome number that is not a multiple of 23.

Aneuploidy is remarkably common in cancers.

Mechanistic data establishing aneuploidy as a cause of carcinogenesis,rather than a consequence.

However, tumor development and progression may be molded by changes in chromosome numbers
that enhance the dosage of oncogenes while restricting the activity of tumor suppressor genes.

MicroRNAS and cancer

MicroRNAs (miRNAs) are noncoding, single-stranded RNAs, approximately 22 DR’S NOTE
nucleotides in length, that function as negative regulators of genes . If a mutation happened
They inhibit gene expression post-transcriptionally by repressing translation or, in to microRNAs what will
some cases, by messenger RNA (mRNA). it lead to?

Specifically, if the target of a miRNA is a tumor suppressor gene, then overactivity of DePe”_dS on the type of
the miRNA can reduce the tumor suppressor protein. mutation and the gene
Downregulation or deletion of certain miRNAs in some leukemias and lymphomas 1 GHRTEEES

results in increased expression of BCL2, an anti-apoptotic gene (also in RAS and

MYC oncogenes)
DR’S NOTE

AmiRNA —_—> l BCL2 ———> Apoptosis ———> no tumors

VmiRNA —> T BCL2 ———> proliferatio ———> tumor




BOY’S SLIDES

Epigenetic Modifications and Cancer

e Epigenetics refers to reversible, heritable changes in gene expression that occur without mutation.
Such changes involve posttranslational modifications of histones and DNA methylation.

e The epigenetic state of particular cell types dictates their response to signals that control growth
and differentiation. For example,the NOTCH1 gene has an oncogenic role in T-cell leukemia.

Therapeutic targeting of the hallmarks of cancer

e Eight cancer hallmarks and two enabling factors (genomic instability and tumor- promoting
inflammation). Most cancer cells acquire these properties during their development, typically due to
mutations in critical genes.

Immune activating Avoiding immune Evading growth Cyclin-dependent
anti-CTLA4 mADb destruction SUPPressors kinase inhibitors
Sustaining ) Enabling g
EGFR e proliferative ' replicative s Telomerase
inhibitors \ J inhibitors
signaling immortality

Aerobic glycolysis 'r
inhibitors .

Deregula
> cellula
energet

ing . : Tumor Sel :

@ —_— - PromMOtiNg e "" olective "8"' 5
“ > inflammation inflammatory drugs
Husting

Activating

Proapoptotic Reos , \ ' . Inhibitors of
BH3 mimetics » cell death ' , i ”";""f":'f:'l'_':_“' HGF/c-Met
/ & A - v
Inhibitors of : Inducing Genome MDM2
and inhibitors

VEGF signaling anglogenesis instability

mutation
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Summary

Mutations in cancer cells fall into two major classes,

o driver (pathogenic) mutations and

o passenger (neutral) mutations.

Passenger mutations may become driver mutations if selective pressure on the tumor changes, for
example, in the setting of treatment with an effective therapeutic drug.

Tumor cells acquire driver mutations through several means, including point mutations and
nonrandom chromosomal abnormalities that contribute to malignancy; these include gene
rearrangements, deletions, and amplifications.

Gene rearrangements (usually caused by translocations, but sometimes by inversions of other
more complex events) contribute to carcinogenesis by overexpression of oncogenes or generation
of novel fusion proteins with altered signaling capacity. Deletions frequently affect tumor
suppressor genes, whereas gene amplification increases the expression of oncogenes.
Overexpression of mMiRNAs can contribute to carcinogenesis by reducing the expression of tumor
suppressors, while deletion or loss of expression of miRNAs can lead to overexpression of
proto-oncogenes.

Tumor suppressor genes and DNA repair genes also may be silenced by epigenetic changes, which
involve reversible, heritable changes in gene expression that occur not by mutation but by
methylation of the promoter.

Accumulation of driver and
passenger mutations

Carcinogen-induced Mutation affecting Additional driver Additional mutations,
N mutation O genomic integrity O mutations m.  Emergence of subciones
- > . > g >
o N
Normal inkiated precursor with Precursor with Founding
cell stem cell-like properties mutator phenotype cancer cell

Genetically
heterogeneous

cancer

Initiating mutaton
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Inherited Predisposition Gene(s)
Autosomal Dominant Cancer Syndromes
Retinoblastoma RB
Li-Fraumeni syndrome (various TP53
Genetic Aberrations i
Melanoma CDKN2A
CYTOGENETICS L
gy Farlmllal ader:omatous APC
MOLECULAR GENETICS POVYPOSES/CORn Cancer
CYTOGENETICS MOLECULAR GENETICS Neurofibromatosis 1 and 2 NF1, NF2
The study of inheritance in | A branch of genetics dealing Breast and ovarian tumors BRCAL, BRCA2
relation to the structure and J with the structure and activity
function of chromosomes of genetic material at the Multlple endocrine neoplasialand2  MENL, RET

molecular level
EEEEEEEEEEREEEEEEEEREESEDS S AR EEEEEEEEEEEEEEEEDN

Hereditary nonpolyposis colon cancer ~ MSH2, MLH1, MSH6

The study of the influence 91‘ Thc'stud'y of thc structure and Nevoid basal cell carcinoma PTCHI
chromosomes on cell behavior function of genes at the
during mitosis and meiosis molecular level Syndmme
LR R B BB R NENRESRSERSESEHSRHEH:,) LA R R BN B BEERENESSE-RSESRZSEH;H:,) At IR i s d foctl DNAR i
Techniques: Karyotyping, Techniques: PCR, molecular A A e s 2 i
chromosome staining, FISH, : clm?mg. DNA and RNA Xeroderma pigmentosum Diverse genes involved in nucleotide
CGH, etc. isolation, cell cultures, etc. g 3
LA B B B BN NEERRERRSEDSESRHNH®E.) LR B B BN EERRERRSRSSEDSESNSH;.,] eXCISIonrepa'r
Studies the diseases due e \ ies hereditary, genetic
Studies Ih‘u diseases (‘llL to the Stll.dl&.,\ hereditary genetic Ataxia-telangiectasia ATM
abnormal number and variation, and mutations by
structure of chromosomes means of chromosomes and Bloom syndrome BLM
gene expression
Fanconi anemia Diverse genes involved in repair of DNA

Visit www.PEDIAA.com

cross-links

A
ot S I T
Bl 30 *ei 2% i 33
T T B Y a!“ i3 — ]
L i ~h A A ; K4Ts4
D Molecular (C&D) Vs. Cytogenetics (A&B)

KAT6EA exon 16 ‘ CREBEP exon 2
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cancer Genes

It has become eminently clear that cancer is a disease caused by mutations that alter the function
of a finite subset of the 20,000 or so human genes.

For simplicity, we will refer to these genes as cancer genes and usually they fall into one of four
major functional classes:

1.0ncogenes,

2. Tumor suppressor genes,

3.Genes that regulate apoptosis,

4.Genes that regulate interactions between tumor cells and host cells

Non-lethal genetic damage lies at the heart of carcinogenesis.

Mutation may be acquired by the action of environmental agents, such as chemicals, radiation, or
viruses, or it may be inherited in the germ line.

The genetic hypothesis of cancer implies that a tumor mass results from the clonal expansion of a
single progenitor cell that has incurred genetic damage (i.e., tumors are monoclonal).

Acquired (environmental) NORMAL CELL
DNA damaging agents: l

Successful
DNA repair

 chemicals
- radiation
- viruses

DNA Damage

¢

l Failure of DNA repair I Inherited mutations in:
i - Genes affecting DNA repair
- Genes affecting celi

Mutations in the genome | «— growth or apoptosis
of somatic cells

Activation of Inactivation of Alterations in
growth-promoting fluMmor suppressor genes that
oncogenes genes regulate apoptosis

l

Unregulat cell proliferation Decreased apoptosis

e

Clonal expansion

Additional mutations

Angiogenesis >l
=

Escape from immunity -

Tumor progression

.

Malignant neoplasm |—»

Iinvasion and
metastasis

©) Elsevier. Kumar et al: Robbins Basic Pathology 8e - www. studentconsult.com
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©(9.,22) Chronic myeloid leukemia is associated with t(9,22)
TP53 Li-Fraumni Syndrome is due to defect in TP53
BCL2 BCL2 is Anti-apoptosis factor
Telomerase Normally active enzyme in stem cells
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Overexpression
normal levels of growth factors
. is a type of chromosomal change occurs in chronic
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Tumor cells

In Tumor cells telomerase is present
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1- Chronic myeloid leukemia is associated with..?

A)HER2 B)t(9.22) C)t(8.14) D)none

2- Li-Fraumni Syndrome is due to defect in?

A)Rb B)MLHI1 C)APC D)TP53

3- Anti-apoptosis factor?

A)CDY5 B)MYC C)BCL2 D)TP53

4-Normally active enzyme in stem cells?

D)Tyrosine
A)COX B)Phospholipase | C)Telomerase Kinase

5- Cells become very sensitive hyperresponsive to normal levels of growth

factors?

A)Oncogene B)protooncogene | C)HER2 D)Overexpression




yis U
CAN VO IT

MCQ

a-8

a-£

V-9
lamsuy

6- What type of chromosomal change occurs in chronic myeloid leukemia?

A)Translocation | B)Deletions C)Gene amplification | p)j,veprsion
7- In which cells is telomerase present?
A)Somatic cells B)Stem cells C)Tumor cells D)B and C

8- Which one of these Tumor suppressors genes is called “guardian of the

genome”?

A)PB

B)P53

C)APC

D)TGF-B
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