GEMNMES, PROTEINS, AND MOLECULAR MACHINES

PROTEIN
ACHINE

Proteins act alone
or in complexes
to all
cellular functions
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Cancer Arises From Gene Mutations

Germline mutations Somatic mutations

Parent Child

: All cells \ Somatic
Mutation . i . _ )
- A, attected in iation (eg,
Aesaer llll" ecte iqlrulll !
olispring wreast )
sperm I . ek

e Present in egg or sperm e Occur in nongermline
e Are heritable tissues
e Cause cancer family e Are nonheritable

syndromes




25,000 genes

e Control the body’s
development, growth,
maturation, body functions
and aging.

e These processes depend on

specific sequences of these
chemical pairs

e Even asmall change in the
sequence can be enough to
cause disease.

e Disruption shown in movie clip
In next slide




Turning genes off and on

e during differentiation of
cells some genes
become permanently
Inactivated.

e e.g., liver enzyme
genes that go to
neurons are not
needed. Therefore,
they are covered with
proteins so that they
cannot be “turned
on”.




e viruses have the ability to ‘
carry foreign genes into Virtually every

neurons disease has a
e sometimes the genes genetic

component

become integrated into
the DNA of the infected
cell.

e they soon direct the
synthesis of new viral
particles that can injure
the cell and infect others.

e (this ability is used In
research but virus is
Inactivated)
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Metabolism




Problematic thinking:

“disease-gene”

e All disease Is a product of gene-
environment interaction.

e Genes specify protein structures -ONLY

e Only when genes come into contact
with an environment is their
advantage or disadvantage apparent:
environment could be cellular or
geographic.

e Lifestyle, (includes ageing, nutrition,
Infection, toxin exposure)



What is the cause of cancer?

Cancer is caused by genetic disregulation

Mutagens Viruses
chemicals Retroviruses
radiation

Anything that can Anything that can
mutate genes alter the function

of genes



cancer

e Over 100 diseases
that we call cancer.

e What they have Iin
common IS that
cancer Is a disease
of the DNA.

e It IS the result of
cumulative
mutations that alter
specific locations in
a cell’s DNA.
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The cell "double checks” the
duplicated chromosomes for
error, making any needed
repairs.

S

' Each of the 46
chromosomes is

duplicated by the
cell.

Cellular contents,
excluding the chromosomes,
are duplicated.

Cell cycle arrest.

©) Clinical Tools, Inc.
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Cancer initiators promote growth

Chromosome
decondensation,
re-formation of
Chromosome nuclear envelope,
condensation, cytokinesis
nuclear envelope
breakdown,
chromosome
segregation

—

y Sister

/! \
v chromatids

S

DNA synthesis

Cell Cycle

When cells grow
and proliferate, they go
through the cell cycle.
This includes a replication
of the DNA, and
separation into two equal
daughter cells.

Epithelial cells hang
out here in G,once
they have
differentiated



Cell cycle regulation

e Cyclin
e transcribed in specific phase of cell cycle
e unstable, resulting in transient activity

e Cyclin-dependent protein kinase
(CDK)

e substrate specificity and phosphorylation
activity controlled by bound cyclin

e phosphorylate serine or threonine of target
protein

e Sequential activation of different CDK-
cyclin complexes controls cell cycle
progression



Large numbrer of
dividing cells

Large, variable shaped
nucken

Small oytoplasmic
wolume relative
L muacies

variation in cell size
and shape

Loss of mormmal
specialized
cell features

CrisonganiFzed
arrangerment
of cells

Poorly defined
Dumor oundary



COLON CANCER

Loss of p53 gene

Oncogenic mutation (chromosome 17)
Loss of ape gene of a ras gene Loss of a gene {possibly
(chromosome 5) (chromosome 12) dec) on chromosome 18

Normal colonic mucosa ' i Mahgnant In‘n.raswa carcinoma
(early) adenoma (late) adenoma

ASTROCYTOMA Multiplication of gene for
epidermal growth factor

Loss of a cluster of genes receplor (chromosome 7)

Loss of p53 gene on chromasame 9 Loss of one copy of
EherDEGmE 10
+'i"'

" e m g B4

Nc:urmal tISSUE | Low-grade tumor Higher-grade tumar Mast aggressive form of tumaor

Figure 17-15



Cancer
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Mutations in cancer cells

e Two categories
e oncogenes (onc), typically dominant

e tumour-suppressor genes (tsg), typically
recessive

e Sometimes associlated with chromosomal
abnormalities

e e.g. translocation that brings gene under
control of another gene’s strong enhancer
(onc)

e e.g. deletion of, or break point within (tsg)

e Cells that continuously proliferate or lose ability to
undergo apoptosis have longer time to
accumulate tumour-promoting mutations



Interactions

e Genes do not “cause” diseases. Itis wrong
to claim they do. Genes instruct the
manufacture of proteins, which may or may
not advantage or disadvantage the
organism under certain conditions.

e Similarly, no single disease can be
attributed to environment. Even poisoning
IS Influenced by phenotypical detoxification,
which is genetically modulated.

e Lifestyle Is even more complex that either
genes or environment.
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Cancer

e cancer will occur when 5-10
ordinary genes develop
mutations in a single cell over
a person’s lifetime.

e Consists of cells that divide
over and over.

e Cumulative exposure to
damage (sun, etc.) increases
likelthood of a mutation.
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spread of cancer

e the key reason
we die from it.

e when the cance
cells invade
other tissues
they Iinterfere
with vital

systems of the
body




Sustained
angiogenaesis

Figure 1. SAcguired Capabilities of Cancer
Wie suggest that most if not all cancers hawe acouired the same sat
of Tunctional capalbzilities during their development, albeit throuah

wvarious mechanistic strateqies.
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What is the important
information? .

e Number of
aflfec.ted
relatives

VS.
Small families
VS.

Population
Incidence




What is the important
information?

Age at diagnosis
Early onset

compared to typical
age of onset



What is the
Important
information

Specific
constellation
of cancers

Leading Sites of New Cancer Cases

Prostate Breast
220,900 (33%) 211,300 (32%)
Lung & Bronchus Lung & Bronchus
91,800 (14%) 80,100 (12%)
Colon & Rectum Colon and Rectum
72,800 (11%) 74,700 (11%)
Urinary Bladder Uterine Corpus
42,200 (6%) 40,100 (6%)
Melanoma of the Skin Ovary
29,900 (4%) 25,400 (4%)
Non-Hodgkin's Lymphoma Non-Hodgkin's Lymphoma
28,300 (4%) 25,100 (4%)
Male Female

Adapted from American Cancer Society, Inc., Cancer Facts and Figures 2003
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What proportion of cancer is due

to “cancer-causing genes”?

e Can you see what is wrong with this
guestion?

e Only ~10% of cancers are believed to be
related to specific “cancer causing”
genes, e.g. BRCAI];

e Of these, most are “interactive”,
accounted for by e.g. Ca prostate (~40% of
risk due to heritable factors; Ca Br. 27%;
colorectal, 35%).

e Very few, rare cancers, e.d. retinoblastoma
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E7 - an oncogene product of one of
the human papilloma riruses

~

DNA

DNA e E2F v
Promoters Promoters

Promobers “off”; Promobers “on®;

cell remains in GO cell begins mitosis
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Hyperactive growth-control pathway
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Mormmal chromosome 13 chromosome 13 with BB locus
delebed

\

Normal retinal Retinal cell at Retinoblastoma
cell risk cell
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and the Philadelphia chromosome (Ph1) containing the
fused abl-bcr gene. This is a schemalic riew representing

metEaphase chromosomes.



Medscapes www.medscape.com

BCR-ABL _"@j HSiS

ve” e .
/ N\ /N %

wm Q@ 9% © 0 mm o
A &

source: Nat Rav Cancear © 2005 Nature Publishing Group



Normal colon Mutation in
epithelial cell 1 copy APC tumor Stages of the Development

(1 weorking APC copy) SUppressor gene of Colon Cancer:
T ™ Vogelstein Model
Colon

Mutation in
epithelial cell and APC oe
{1 working APC copy) - of APG funci

T & {Less of APC function)

point for
general H"H
populsation
Mutation in K-ras
adenoma proto-oncogens
Fl'ﬂ'll"lth | SO SErE B oo me)
imdviduals
bom with
1 APC Loss of DCC (18qg)
rrirtakion fumor suppressor

gene function

Loss of p5&3
fumor suppressor
gene function

Adapted from: Fearon ER, Vogelstain B.
A genstic model for colorectal tumorigeneasia.
Call. 1990;61:T58-TG7.



Familial Cancer History
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Condition affecting members of a family
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Contribution of Familial and Hereditary Factors to Colorectal Cancer Cases

Familial Colorectal Cancer 20%

Sporadic
Colorectal Cancer
13%

Hereditary Colorectal Cancer Syndromes

HNPCC 5-8%

FAP <1%

Lynch and de la Chapelle, 2003 A
©) Clinical Tools, Inc. Other Syndromes 1%



Some General
Guidelines for Family

History Taking

a Use standardized pedigree U Document ethnicity
symbols when
constructing a pedigree O Use a legend to show or
explain any symbols

a Elicit a three generation
family history [ Ask about adoptions

1 Ask about consanguinity (Are

yvou and vour partner related in anywav other

than marriage?)
O thee Trail of Anvwers: The Genetic Family Histary 10



Family history

e Family history of a disease, e.g.
cancer, Is seen as indicating “high-
risk” status.

e But...

e those dying younger have less chance
to manifest disease, so offspring have
“less” family history

e those living longer more likely to
develop disease, but longevity ignored
as benefit to offspring.



Benefits of genetic testing in high
risk patients

e Patients with a family history of cancer can
have a predictive test to tell whether they
carry the normal or abnormal parental gene

e If normal gene: can be reassured

e Abnormal gene carriers can be placed in a
prevention programme

e Affected patients can have tailored screening
and treatment




During the last 5 years

e Early (Stage |) ovarian cancers have been
detected

e Early breast cancers have been detected
e Several bowel polyps have been removed

e Over 200 patients have had genetic testing
and have been reassured

e Over 200 patients have been found to carry a
breast, ovary, bowel or other familial cancer
gene and have been placed in a prevention
programme



Challenges - next 20 years

e Even more genes for breast and colon
cancer in patients with medium risk
family history

e gene tests for other hereditary cancers
including testicular, thyroid, prostate,
endometrial cancers

e Solid tumour work — haematological
genetics

e Costs of screening Iin cancer units (
balanced by more efficiency)



MUCHAS

GRACIAS
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