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*The term cancer applies to a group of diseases
which cells grow abnormally
and form a malignant tumor.

*Malignant cells can nearby tissues and
metastasize (establish y
areas of growth).

*This aberrant growth patternresults from
mutationsin genes tha egulate

proliferation, differen  tion, and  vival of cells
in @ multicellular organism.

» Because of these genetic changes canc
no longer respond to thatg vern
growth of normal cells



Multiple mutations
in proto-oncogenes;
mutations in tumor
suppressor genes

Invasion of
blood vessel
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. Oncogenes —The genes involved in the development of cancer
normal cells do contain DNA sequence similar to viral oncognenes
To distinguish these two genes:V-src (viral gene) and C-src (cellular gene)

C —normal constituents of cells whose functionis to
promote proliferation or cell survival.

These genes can code for growth factors, growth factor receptors, signal
transduction proteins, intracellular kinases and transcription factors.

) -- encode proteins that inhibit proliferation, promote cell
death, or repair DNA

Activation of oncogenes or absence /inactivation

of tumor suppressor genes can lead to cancer.




ex: sis gene produce PDGF - normal wound healing.

ex: erb-B produces receptor for EGF

—
ex: Src Product receptor of EGF, insulin, PDGF.

: When virus enters, an extra oncogene is inserted so as to produce
continuous expression of gene leading to uncontrolled cellular
activity & malignant transformation.




Table 51.7. Some important growth factors

Growth
factor

Abbre-
viation

Mol. wt. Chromo-

kilo D

some no.

Produced by
location

Function

Epidermal growth factor

Transforming growth factor-a
Transforming growth factor-b
Platelet derived growth factor
Nerve growth factor
Insulin-like growth factor
Erythropoietin

Granulocyte macrophage
colony stimulating factor

Granulocyte colony
stimulating factor

Monocyte colony
stimulating factor

Tumor necrosis
factor- alpha

EGF

TGF-q
TGF-p
PDGF
NGF
IGF-1

EP
GMCSF

GCSF
MCSF

TNF-a

6

5.6
25
32
26
1
39

7

Fibroblasts,
submacxillary gland

Tumor celis, placenta
Platelets, placenta
Platelets
Submaxillary gland
Serum

Kidney

Endothelial cells,
and T cells

Endothelial cells,
and fibroblasts

Endothelial cells

Monocyte

Stimulates epidermal
and epithelial cells

Similar to EGF

Inhibition of fibroblasts
Accelerates wound healing
Growth of sensory neurons
Sulfation into cartilage

Stimulates erythropoiesis

Stimulates granulocytes,
monocytes,magakaryocytes

Stimulates granulocytes

Stimulates monocytes

Necrosis of tumor cells,
proliferation of leukocytes




All such factors may converge into
one biochemical abnormalities

>' “Activation of protooncogenes”
leadingto malignancy

B Because neoplasia is a multistep process, more than one of these
mechanisms often contribute to the genesis of human tumors by
altering a number of cancer-associated genes.

m Full expression of the neoplastic phenotype, including the capacity for

metastasis, usually involves a combination of protooncogene activation
and inactivation tumor suppressor gene.
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* Certainretro viruses lack oncogenes ( eg: avian leukemia
viruses) but may cause cancerover along period of time.




= Inretrovirus, cDNA is made from their RNA by

cDNA getsinserted into host genome

eg: Avian leukemia
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Figure 62-4. Schemalic representation showing how enhancer insertion may activate a proto-oncogens. A: Noma
chicken chromosome, showing an inactive myc gene. B: An avian leukemia virus has integrated in the chromosome &
its proviral form, adjacent to the myc gene. Howeaver, in this instance, the site of integration is just downstream of the
mye gene and it cannot act as a promoter (Figure 62-8). Instead, a certain proviral sequence acts as an enhancer ke

ment, leading to activation of the upstream myc gene and its transcription. For simplicity, only one strand of DNA Is de
picted and other details have been omitted




= Rearrangementof genetic material by splitting off a small
fragment of chromosome which is joined to another
chromosome.

= Qver expression of proto oncogenes

eg:
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 Certain DNA sequence is amplified several fold in some cancers.

¢ Studies then demonstrated that

e About 20% to 30% of and some types of
show amplification.

e Amplification of correlates strongly with advanced tumor stagein




= Mutations activate protooncogenes through structural alterations.
These alterations, which usually involve critical protein regulatory
regions, often lead to the uncontrolled, continuous activity of the
mutated protein.

= Various types of mutations, such as base substitutions, deletions, and
insertions, are capable of activating protooncogenes.

Mutations in DNA that give rise to cancer may be inherited or caused
by chemical carcinogens, radiation, viruses, and by replication errors
that are not repaired.




= Point mutationsare frequently detected in the ras family of
protooncogenes (K-ras, H-ras, and N-ras).

= Single mostdominant cause of many human tumor.
= Ras protein M\W 21000(P-,)

= |nactive ras is in bound state with GDP.,

= When cells are stimulated by GF, ras P,, get activated by
exchanging GDP for GTP.
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= Studies have found mutations in about 30% of
50% of , and 90% of

= Another significantexample of activating point mutations
is represented by those affectingthe in

)
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. -which are constitutively produced throughout the cell Cycle
. - whose synthesis is only induced after growth factor stimulation of a quiescent cell
u the (Rb)/

and a class of




Failure of check point in cell cycle result in cancer :

= |ntrinsic error rate

= After a period of arrest even though damage remains
unpaired, the cell may resume the cycle.

= Check point may be mutated leading to unchecked growth
cancer —




Normally protect the individual from getting the cancer by
inhibiting the proliferation in response to certain signals
such as DNA damage.

When this gene is deleted or mutated, cancer results.

Antioncogenes acts by :




Table 51.6. Important oncosuppressor genes

Name of the Abbre- Chromosome
oncosuppressor viation no.

Retinoblastoma RB 13
Wilms' tumor WT 11

Familal adenomatous 5

polyposis_

Deleted in colon cancer 18
Gene for protein-53
Familial breast cancer

von Hippel-Lindau gene

NF-1 -- neurofibromatosis




= |solated from pt of retinoblastoma

= Inbinds andin activates E,F a transcription factor

= rbinhibits cell cycle at Giphase.

= Cyclin D inactivates Rb which is normal mechanism to over come G, arrest by Rb.
= Certain tumour antigens combine with rb

= SoRb cannotinhibit cell cycle leading to continuous cell division cancer.
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= Gene encodes a phosphoprotein with MW 53,000 with 375 a.a

= |tis a transcription factor regulating the cell cycle and apoptosis.

= |t block the cells that have damaged DNA by triggering the production of
another protein P,4, which blocks cell division until the damage is
repaired.
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Table 62—-6. Some differences between oncogenes
and tumor suppressor genes.’

Oncogenes Tumor Suppressor Genes

Mutation in one of the two al- | Mutations in both alleles or a
leles sufficient for activity; mutation in one followed
act dominant to wild-type by a loss of or reduction

to homozygosity in the

second
“Gain of function” of a protein | Loss of function of a protein
that signals cell division
Mutation arises in somatic Mutation present in germ
tissue, not inherited cell (can be inherited) or
somatic cell
Some tissue preference Strong tissue preference
(eg, effect of RB7 gene in
the retina)




= Cell Cycle Suppression and Apoptosis. Normal cell growth depends on a
balanced regulation of cell cycle progression and apoptosis
(programmed cell death) by proto-oncogenes and growth suppressor
genes.

= At checkpoints in the products of tumor suppressor genes slow growth
in response to signals from the cell’'s environment, including external
growth inhibitory factors, or to allow time for repair of damaged DNA,
or in response to other adverse circumstances in cells.

= Alternately, cells with damaged DNA are targeted for apoptosis so that
they will not proliferate. Many growth-stimulatory pathways involving
proto-oncogene.
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Fig. 18.16. Roles of the Bel-2 family members in regulating apoptosis. Bel-2, which is anti-
apoptotic, binds Bid (or tBid) and blocks formation of channels that allow cytochrome c
release from the mitochondria. Death signals result in activation of a BH3-only protein such

as Bid, which can lead to mitochondrial pore formation, swelling, and release of cytochrome c.
Bid binds to and activates the membrane ion-channel protein Bax, activating cytochrome ¢

release, which binds to Apal and leads to formation of the apoptosome.
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Fig. 18.15. The mitochondrial integrity path-
way releases cytochrome c, which binds to
Apal and forms a multimeric complex called
the apoptosome. The apoptosome converts
procaspase 9 to active caspase, which it

releases into the cytosol.

activation of growth factor—
dependentsignaling pathways
that inhibit apoptosis

*One of the features of neoplastic
transformation is loss of GF
dependence for survival.



= DNA repair enzymes are tumor suppressor genes in the sense that errors repaired
before replication do not become mutagenic.

= once a mutation develops in a growth regulatory gene, a cancer may arise.

= Ex: predispose
women to the development of

E (hereditary non-polyposis colon cancer) — due to inherited mutations in
enzymes involved in




= DNA polymeraseis unable to replicate the ends of chromosomes
, resulting in loss of DNA at specialized ends of chromosomes called
telomere.

= Telomere binds with specialized telomere binding proteinstoforma T
loop structure that prevents the ends of chromosomes from being
recognized as broken or damaged DNA.




= C(Critically short telomere triggers a p53 requlated DNA damage check
point, this is called

= Cells can bypass this growth arrest if rb or p53 are nonfunctional

= |ncertain cancer, telomerase activation caused cancer —
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