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“Everything should
be made as simple
as possible, but not

one bit sitmpler”

A. Einstein
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Genetics Overview

L. Translocations
2. Deletions

3. Point mutations
4, Amplification

Oncogenes
Tumor Suppressor Genes
Mismatch Repair Genes

Genetics 1n Gynecologic
Cancers



Human Genome
Timeline

Watson and Crick
Oncogenes discovered

Tumor suppressor genes

Human Genome Project begins
HGP completed  ; gome o 2




Human Genome

30,000 gene pairs
— One fourth of what we thought

Human genome not much larger than some
plants, even the round worm.

25% of DNA are codons
— Plenty of non-coding DNA

Only 2% of genetic code — proteins
— BP — codons — AAs — proteins

One gene — up to 3 proteins




Genetic Alterations

Translocations and Inversions
— Early event, rarely singular

Chromosomal Deletions (LOH)

— Most common for solid tumors
— p53 tumor suppressor deletion of 17p

Point Mutations

— Especially if regulatory or coding region
Gene Amplification

— Amplification of her-2/neu



Genes and Cancer
Mutations

From single BP to large segments of chromosome

Inherited (germ line)

— In every cell in the body
— Usually need “double hit”

Acquired (somatic)

— Not heritable

— Individual cell mutation

— Environmental contribution (radiation, chemical...)
Polymorphisms

— Change present in >1% of population

— Not a “mutation”; normal differences in individuals




Genes and Cancer

cancers are genetic. ..

cancers are inherited
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Monofactorial Diseases

Sex-linked (XY)

— Hemophilia

— Fragile X

— Muscular dystrophy

Autosomal (Ch 1-22)
— Ch4 Huntington’s disease
Ch7 Cystic fibrosis
Ch 15 Tay Sach’s
Ch 17 Neurofibromatosis
Ch 19 LDLR genes, Hypercholesterolemia
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Multigenic Diseases

Multi-factorial inheritance
— DM, hypertension, hypercholesterolemia
— Schizophrenia, bipolar disorder
— Birth defects
— Osteoarthritis, asthma, allergies, psoriasis

— Cancer

Many recessive mutations inherited but never a

phenotypic problem
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Cancer

Multi-factorial inheritance

Multiple genes
— Germ line mutations

— Somatic mutations

Environmental factors

— UV, radon, chemical



Scheme 1. DNA modification in chemical carcinogenesis
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Carcinogenesis
Multi-step Process

Initiation
[rreversible
Somatic mutation from DNA damage
Promotion
Chronic proliferation of initiated cells
Altered patterns of differentiation
Progression
Pre-invasive phase, loss of heterozygosity
Invasive, metastatic phase, loss of tumor suppressor

(p53), and gene amplification




Theory of Carcinogenesis
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Chromosome: 5q 12p 18q 18p
Alteration: Loss Activation Loss Loss
Gene: APC K-ras DCC p53

Normal
epithelium

Hyperplasia
early adenoma

Intermediate
adenoma

Late adenoma

Carcinoma



Normal Non-dysplastic Dysplastic ACF Dysplastio ACF
Colon ACF lowagrads) (high grade)
Epithalium

Adenocarcinoma







Cancer Protection Genes

Tumor Suppressor Genes
Stop uncontrolled cell growth
Double mutation allows for cell growth

Oncogenes
Accelerated cell division
Cancer if mutation in bad location

Mismatch Repair Genes
Identifies and repairs DNA mistakes
Failure allows replication of faulty DNA




Oncogenes

Discovered in 1970°s

Proliferation, stimulation

Proto-oncogene mutations usually somatie,
not heritable
Except RET and MET

Activating mutations include:
Amplification
Point mutation

Translocation




cancer-callsing agent
(UV light, chemicals, et )

proto-oncogene @ _oncogene

_+

cancerous phenotype




Oncogenes

Growth factors
> EGF, PDGF

Growth factor receptors

»  Heregulin receptor (her-2/neu, erb-b), k-ras,
h-ras, abl and src

Nuclear factors
»  C-myc, cyclins




Tumor Suppressor Genes

Discovered 1in 1980°s

Inhibitory

Heritable, early 1n genesis

> Knudson’s two-hit hypothesis
Loss of heterozygosity (LOH)

Gate keepers inhibit cell proliferation,
promote apoptosis

>  RB (13q), p53 (17p), APC (5g21)

. BRCAI (17q), BRCA2 (13q)




P53

Regulates cell cycle

“Guardian of the genome”

17p13
pS3 “wild type” 1s the functional gene
Activated with DNA damage

blocks replication and allows for repair
For 1rreversible DNA damage, p53 initiates
apoptosis
Mutated p53 can not initiate cellular arrest or
apoptosis

Cell replicates the aberrant DNA



Cell Cycle Regulation

cycling p16

WAF1

cyclin E p21
pRb1 15-able to halt the cell cycle unless 1t 1s phosphorylated by
CDK4 or COK2, p16 and p21 negatively modulate the activity
of COK4 and CDK2, while MDMZ2 negatively modulates ps3.
Adapted from Van de Kelft (1997




P53

Present in 50% of all cancers

Li-Fraumeni
50 different mutations

Risk for osteo and soft tissues sarcomas,
breast, brain, adrenal cancers, leukemias. ..

Bladder cancer
20-40%

Breast cancer
20-40%




Activation of p53 can have two results

Irrechauaon

Activation of pS3




BRCA-1,2

Tumor suppressor gene common to all
— DNA repair gene
— Over 600 mutations known

BRCA 1 (17g21), BRCA 2 (13q12)
Ashkenazi Jew 2.3%

— 5 fold increase

16-60% get ovarian cancer
— 8 to 30 fold increase

36-85% get breast cancer

— 3 to 7 fold increase



Normal
el

DNA
damaged

Brcal protein acts with other factorsto
repalr the damaged DNA

p53 (protein) will stop cell replication
and mediate apoptosis (cell death)

Other mechanisms exst which will
mediate apoptosis of damaged cells

Brecal
mutant cell

DNA
damaged
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Damaged DNA causes genetic instability which
TR then interferes with the expression of p53

These cells with damaged DNA are not
Cell dies directed to cell suictde, and they replicate
This can cause tumor formation.




DNA Repair Genes

Autosomal dominant, 80% penetrance

Maintain genomic integrity by repairing mismatched
DNA before replication

MSH,, MLH,, MSH, PMS,, PMS,

HNPCC syndrome (Lynch II)

Proximal colorectal 80% lifetime risk
Endometrial 40%

Gastric 20%

Ovarian 9%
Hepatobiliary

Urinary







