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Carcinogens Cancer sites

Occupational Sources

1. Arsenic Lungs, Skin

2. Asbestos Mesothelioma, Lungs
3. Benzene Blood and lymph nodes
4. Beryllium Lungs

5. Cadmium Prostate

6. Chromium Lung

7. Ethylene oxide Blood

8. Nickel Nose, Lungs

9. Radon Lung

10. Vinyl chloride Liver

11. Smoke Lungs, Colon

12. Gasoline Lung, Blood

13. Formaldehyde Nose, Pharynx

14. Hair dyes Bladder

15. Soot Skin

16. Ionizing radiation Bone marrow

17. Hepatic virus- B,C Liver

18. HPV/Herpes viruses Cervix, skin, head/neck
19. Burkitt’s virus Lymph node

20. Helicobacteria pylori Stomach
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Electricians, Smeltors, Medications.
Roof and floor tiles.

Petroleum, painting, detergent, rubber.
Missile fuel, Nuclear reactor.

Battery, painting and coating, phosphors.
Preservatives, pigments, paints.
Ripening agent for fruits, Rocket gases.
Battery, Ceramics, Ferrous alloys.
Uranium decay, Mines, Cellars.
Refrigerator, glues.

air pollution.

Oil petroleum.

Hospital/laboratory workers.
Hairdresser and barber.

Chimney cleaners.

Radiology technician.

Hospital workers, drug users.

Multiple sexual partners.

Black people in South Africa.

People with chronic bacteria infection.
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Year of discovery Scientist Scientific contribution/observation
1859 Darwin Random variations and natural selection
1865 Mendel Laws of segregation! Quantitative traits
1866 Down Down syndrome was discovered
1872 Huntington Huntington disease was discovered
1877 Fleming Chromosomes were identified

1900 De V ries and others Rediscovery of Mendel's laws

1911 Morgan Chromosome mapping in fruit fly
1927 Muller Radiation increases the mutation rate
1930 McClintock Genetic transposition

1937 Haldane Color blindness and Hemophilia on X
1940 Beadle/Tatum One gene, One protein concept

1942 Ford Genetic polymorphism

1949 BalT and Bartram Barr body

1949 Pauling Sickle cell anemia

1953 Watson and Crick Structure of DNA

1956 Tjio and Levan Human has 46 chromosomes

1959 Nowell/Hungerford First genetic link to human cancer
1959 Lejeune Trisomy 21 in Down syndrome

1959 Ford 45,0X= Turner syndrome

1959 Jacobs 47,XXY= Klinefelter syndrome
1966 Khorana/Nirenberg First Genetic code

1969 Linnl ArberlSmith Restriction Enzymes

1970 Bal timore/T emin/Dulbecco Reverse Transcriptase enzyme

1971 Casperson Q-banding of human chromosome
1975 Southern Southern blotting for single gene
1976 Sanger/Gilbert First DNA sequencing

1983 Leder and others First Oncogene to link to cancer
1984 Bishop and others Oncogene amplification in cancer
1984 Greider/Blackburn Telomerase activity

1986 Mullis PCR was discovered

1986-88 Parsa and others Met! Akt!Cystic Fibrosis genes

1990 Watson and others Human genomic project(HGP)

1995 Brown and others Microarray technology

1996 Wilmut Cloning mammalian animals

2003 Venter and Collins Completion of HGP

2005-10 TCGA center and others Proteomics analysis
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Genes Function Type of cancer produced
1. MDM2 | Codes for an antagonist of p53 Sarcomas
2. Bcl-2 Codes for a protein that blocks cell suicide mechanism | B cell lymphomas
3. C-myc Activate other growth-promoting genes leukemia, breast, stomach and lung
4. Ki-ras Involved in stimulatory signaling pathways Lung, Ovarian, colon and pancreatic
gogi oS Hlgo 5lb
1. ps3 Can sFop .ce.ll division and induce abnormal cells to Involved in 60% of all cancers
commit suicide.
erb-B2 Codes for the receptor for epidermal growth factor Breast and ovarian
3. RB Master brake for the cell cycle. Retinoblastoma, bladder, lung, breast
4 APC gr(;detshfor proteins in the cytoplasm to suppress the cell Colon and stomach
\
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Syndrome Cloned Gene Function Chro osoma Tumor Types
Location
Li-Fraumeni P53 = tumor cell cycle regulation, brain tumors, sarcomas,
- 17p13 .
Syndrome suppressor apoptosis leukemia, breast cancer
Familial RBI1 = tumor . retinoblastoma,

. cell cycle regulation 13q14 )
Retinoblastoma suppressor osteogenic sarcoma
Wilms Tumor WTT = tumor transcriptional regulation 11pl13 pediatric kidney cancer

suppressor
NF1 = tumor
Neurofibromatosis | suppressor catalysis of RAS 17411 neurofibromas, sarcomas,
Type 1 protein = inactivation 4 gliomas
neurofibromin 1
_ . Schwann cell tumors,
. NF2 = merlin, also | ,.
Neurofibromatosis called linkage of cell membrane to 22412 astrocytomas,
Type 2 . cytoskeleton 4 meningiomas,
neurofibromin 2
ependynomas
Familial APC = tumor signaling through adhesion
Adenomatous 5921 colon cancer
. suppressor molecules to nucleus
Polyposis
TSC1= tumor form; co'mp.le'x W}th T.SCZ seizures, mental
Tuberous protein, inhibits signaling to . .
. suppressor 9q34 retardation, facial
sclerosis 1 L . downstream effectors of .
protein = hamartin angiofibromas
mTOR
TSC2 = tumor benign growth§
Tuberous (hamartomas) in many
. suppressor see TSC1 above 16p13 .
sclerosis 2 o . tissues, astrocytomas,
protein = tuberin
rhabdomyosarcomas
Deleted in DPC4 = tumor
. suppressor regulation of TGF-f/BMP pancreatic carcinoma,
Pancreatic . . 18921
Carcinoma 4 also known as signal transduction colon cancer
SMAD4
Deleted in DCC = tumor transmembrane receptor
Colorectal involved in axonal 18921 colorectal cancer
. suppressor . . .
Carcinoma guidance via netrins
functions in transcription,
Familial Breast BRCAI DNA binding, tran.scrlptlon 17q21 breast and ovarian cancer
Cancer coupled DNA repair,
chromosomal stability.
transcriptional regulation of
Familial Breast BRCA2 genes involved in DNA 13q14 breast and ovarian cancer
Cancer repair and homologous
recombination
STK11 = serine- phosphorylates and hyperpigmentation,
Peutz-Jeghers threonine kinase activates AMP-activated 19013 multiple hamartomatous
Syndrome (PJS) 11 kinase (AMPK), AMPK P polyps, colorectal, breast
involved in stress responses and ovarian cancers
Hereditary
Nonpolyposis _
Colorectal Cancer ls\l/llsﬁiss;:mor DNA mismatch repair 2p22 colorectal cancer
Type 1: HNPCCI; pp
(Lynch Syndrome)
Type 2: HNPCC2 MLHI = tumor DNA mismatch repair 3p21 colorectal cancer
suppressor
von Hippel-Lindau | VHL = tumor regulation of transcription renal cancers,
Syndrome suppressor elongation 3p26 hemangioblastomas,
SYLCIOME pheochromocytoma
CDKN2A = p16INK4 inhibits cell-cycle
CDK], . .
i . kinases CDK4 and CDK6; melanoma, pancreatic
Familial Melanoma | 2 proteins: AL b Ao thn ox 9p21
p14ARF binds the p53 cancer, others
P16INK4 and stabilizing protein MDM?2
pl4ARF Ep
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Gorhp Syndrome: PTCH = tumor transmembrane receptor for
Nevoid basal cell . . .
. suppressor sonic hedgehog in early 9q22 basal cell skin cancer
carcinoma .
protein = patched | development
syndrome
Multiple Endocrine | MEN1 = tumor intrastrand DNA crosslink 11q13 parathyroid and pituitary
Neoplasia Type 1 suppressor repair d adenomas, carcinoid
transmembrane receptor medullary thyroid cancer,
Multiple Endocrine | MEN2, also S P type 2A
. tyrosine kinase for glial- 10q11
Neoplasia Type 2 known as RET . pheochromocytoma,
neurotrophic factor
mucosal hartoma
BWS caused by
changesinal e
megabase region genomic imprinting
Beckwith- with at least 15 CDKNIC is a cyclin- disorder resulting in
Wiedemann enes: dependent kinase inhibitor, 11p15 Wilms tumor,
Syndrome g \ . cell cycle regulator adrenocortical cancer,
CDKNIC is
: hepatoblastoma
responsible for the
cancers
Hereditary transmembrane receptor for
papillary renal MET 7q31 renal papillary cancer
cancer (HPRC) hepatocyte growth factor
PTEN = plﬁg:plﬁ;);:;):ltlde 3 breast cancer, thyroid
Cowden syndrome | phosphatase and Phosp . 10923 cancer, head and neck
. protein tyrosine .
tensin homolog squamous carcinomas
phosphatase
Hereditary prostate PRCAI, RNaseL RNaseL involved in mRNA
cancer . . 1q24 prostate cancer
maps to this locus | degradation
Ataxia gene product encodes a lymphoma, cerebellar
: . ATM . 11922 L .
telangiectasia kinase ataxia, immunodeficiency
. . solid tumors,
Bloom syndrome BLM DNA helicase RecQ protein 15926 . .
immunodeficiency
XPA =9q22
. . XPC = 3p25
Xi—eﬁdz?na o (XPV) ENf* rggalrfeihfasers’ Go | XPD=19q13 skin cancer
pigmentosu ucleotide excision rep XPE=11p12
XPF=16pl3
FANCDI =
BRCA2 FANCA=16q24.3 acute myeloid leukemia
Fancon anemia FANCN = PALB2 | components of DNA repair | FANCC=9¢22.3 e ’
which is a nuclear | machinery FANCD2=3p25.3 Shroti]lospomal’ instabilit
binding partner for FANCE=11p15 ! ey
BRCA2
i) Eollad 5 35 05101 D gz
Organism Genome size (base pairs) # of active genes
Human 3,200, 000, 000 23,500
Mouse 2,600, 000, 000 23,500
Weed 100, 000, 000 23,500
Roundworm 97, 000, 000 19,000
Fruit fly 137, 000, 000 13,000
Yeast 12, 000, 000 6,000
Bacteria 4,600, 000 3,200
Virus 9, 700 9
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Abstract

During the past 30 years, researchers have made a remarkable progress in identifying the biological
(bacteria, viruses), biochemical (chemical compounds) and biophysical (ionizing radiation) cause of
human cancer. The term “Cancer” refers to 277 forms of cancer diseases.

Scientists have determined the process of cancer formation from a consequence of accumulating
multiple mutations in human genome. These genetic disruptions would eventually change the normal
process of cellular proliferations and differentiation.

The genetic alterations are frequently indicative of poor prognosis for most human cancers.

Both nonhereditary and hereditary cancers are caused by genetic disorders that change the cellular
growth control system.

Genes associated with human cancer formation include four classes of genes: 1. Oncogenes (which
increasing their activities end to uncontrollable growth of cells), 2. Tumor suppressor genes, 3. DNA
repairing genes, 4. Apoptotic genes.

Over activated oncogenes which cause cellular proliferation. In contrast, inactivated tumor suppressor
genes lose their inhibitory effect which is crucial to prevent inappropriate growth. DNA repairing
proteins fix the damage and apoptotic proteins cause the pre-cancer cell to commit suicide.

We have over millions of genes in each somatic cell of our body. After sequencing all human genome
in 2003, we noticed that Only 23,500 genes are active which encode over 400,000 proteins needed for
physiological functions.

99.9% of genome is identical in all humans worldwide. Only 0.1% of the whole genome differ which
cause the genetic variations.

Up to 93% of all human cancers are non-hereditary and the remaining 7% are hereditary. A wealth of
information has been indicated by the potential use of bioinformatics and molecular techniques for
cancer screening, prognosis and monitoring of the efficacy of anticancer therapies. In recent years,
molecular genetics have greatly increased our understanding of the basic mechanisms in cancer
development. The essential outcome of these molecular studies is that the cancer can be considered as
the genetic disease.
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