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Toxicology /105447
Chapter 13-Carcinogenesis
History:
Percival Pott 1775:  high incidence of scrotal cancer with chimney sweeps.
Ludwing Rehn 1895: bladder cancer, aniline dye.
Yamagawa and Ichikawa 1915: showed that repeated application of coal tar to rabbit's ears produced malignant cancer.
1930- First carcinogenic PAH produced which is dibenzo(a, h ) anthracene
1932- B[a] P skin painting
	Chemicals 
	Neoplasm

	Alcoholic beverage
	Esophagus, oropharynx, larynx, and liver

	Aflatoxin
	liver

	Beta chewing
	mouth

	Fat, protein, calories
	Breast, colon, endometrium, gall baldder



Middle therapies: 
DES: was used as contraceptive and caused Vaginal cancer in offspring 







Occupational Carcinogenesis
	Agent
	Industry and trades with proved excess cancers and exposure
	Primary affectedsite

	Abestoses
	Construction, asbestosis mining and milling, production of friction products and cement
	Pleura, peritoneum, bronchus

	Para-amino diphenyl
	Chemical manufacturing 
	Urinary bladder

	
	
	

	Arsenic
	Copper mining and smelting
	Skin, bronchus, and liver

	Alkalating agents
	Chemical manufacturing
	Bronchus

	Benzene 
	Chemical and rubber manufacturing, petroleum refining
	Bone Marrow

	Benzidine, beta-napthylamine, and derived dyes
	Dye and textile production
	Urinary Bladder

	Chromium and chromates
	Tanning and pigment making
	Nasal Sinus, bronchus

	Isopropyl alcohol manufacture
	Chemical manufacturing 
	Cancer of paranasal sinus

	Nickel
	Nickel refining
	

	Poly nuclear aromatic hydrocarbons from coke, coal, tar, shale, mineral oil, and creosote
	Steel making, roofing, chimney cleaning
	Skin, scrotum, bronchus 

	Vinyl chloride monomer
	Chemical manufacturing
	Liver

	Wood dust
	Cabinetmaking, carpentry
	Nasal sinus




Basis  for classification of carcinogens in human:
Group 1: Human carcinogens Epidemiological studies supported by animals studies for at least 2 years. If it causes tumor in multiple species or multiple organs, 
Group 2A: Probable human carcinogen: animal data but limited human data.
Group 2B: Possible human carcinogen, animal data but you may not have human data or not good human data. 
Group 3: not classifiable, most chemicals
Group 4: probably not carcinogenic : never able to demonstrate if it causes cancer
Mechanism: 
Elizabeth and James Miller: made seminal discoveries related to the metabolism of synthetic and naturally occurring chemicals to toxic and/or carcinogenic electrophilic metabolites, and to the enzymology and regulation of xenobiotic metabolism.
Most chemicals have to be metabolized to activated form. Most time these compounds are electrophilic compounds. 
Metabolism: 
· Parent compounds
· Proximate: middle
· Ultimate: activated 
Most                            
[image:   Fig. 1. ]
Most P450- mediated can be form proximate ( in metabolic pathway) or ultimate carcinogens 
Cancer is multistep process with a long latency between the first exposure to a chemical carcinogen and ultimate development of neoplasia .
Multi step process: Three “ hit” hypothesis:
1. Initiation: a mutation in the DNA, can be one nucleotide, simple mutation or complicated heritable, irreversible, fixed into the DNA.
2. Promotion: clonal expansion allows an initiated cell to proliferate. Copies of the initiated cells. (Pre neoplastic Lesion PNL).
There is no alteration to the DNA. Not heritable. 
3. Progression: bigger genetic instability, multiple mutation, irreversible, heritable, 
Starts with single mutation, fixed in the DNA, and replicates with the DNA.
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Figure 13.1 Schematic diagram of the development of a malignant tumor from a normal cell.
Initiation: 
Molecular target of carcinogenic agents:
1. Proto-Oncogenes
Oncogenes first identified as genes contained in RNA tumor viruses or the acute transforming retrovirus. 
Incorporate into the DNA and transcribe their genetic material with the host.
They cause mutation in genes but retroviruses causing cancer in human is very rare. 

Oncogenes DNA viruses SV-40 and adenovirus
· Do not incorporate into the DNA.

DNA viruses are involved in human cancers:
· Chronic hepatitis B infection (liver cancer)
· Papillomavirus  ( Cervical cancer)
· Herpes virus (Cervical cancer)
· Epestin- Bar virus (Burkitt’s lypmphoma)
Oncogenes : over 50 have been identified in signal transduction .
Examples of oncogenes:
· Sis: mutated form of platelet derived growth factor (PDGF).
· Erb-B: mutated or truncated version of epidermal growth factor (EGF).
· Fos: is a transcription factor and it stays bound to the DNA and keep transcription on. 
· Ras Gene family: the most frequently detected activated oncogenes in human tumors especially in pancreas, colon, and lungs.
Usually need more than one oncogene to transform cells. 
2. Tumor suppressor genes have similar function but are also involved with regulation of the cell cycle. 
· Retinoblastoma (Rb): controls from G1 to S phase.
· P53: frequently mutated gene, blocks the gene in late G1 phase, not a checkpoint, a transition of the cell from G1 to S phase. 
http://annals.org/data/Journals/AIM/20017/12FF1.jpeg
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You need to know the differences between oncogenes and tumor suppressor genes.

Promotion:
Epigenetic mechanism: expression of genes is altered while primary DNA sequence is not.
Clonal expansion of initiated cell. 
Promoting agents:
· Phenobarbital
· TCDD
· Estradiol 
· Cholic acid

Progression: Hallmark is evolving in genetic instability
Progression agents:
· Asbestoses
· Arsenic
· Benzene
Genotoxic carcinogens are those chemicals that are capable of modifying the primary sequence of DNA (i.e., initiators). This group includes chemicals that induce mutational and clastogenic changes or changes in the fidelity of DNA replication. Epigenetic carcinogens do not alter the primary sequence of DNA; instead they can affect cell proliferation and differentiation by a number of mechanisms including cytotoxicity and compensatory cell proliferation, receptor mediated events, and by altering the expression or repression of certain genes and cellular events related to cell proliferation and differentiation.
[image: ]
Figure 13.3 Chemical structures of some representative chemical carcinogens. [Adapted from Cancer Biology,
Third Edition by Raymond W. Ruddon. copyright © 1981, 1987, 1995 by Oxford University Press, Inc. Used by
permission of Oxford University Press, Inc.]
You do not have to know the structure of the compound.
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Figure 13.3 (Continued)
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Figure 13.4 Metabolic activation of several representative genotoxic carcinogens.
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Figure 13.6 Schematic diagram of the cell cycle including primary checkpoints.
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Figure 13.11 Interactions of environmental (lifestyle, diet viral, occupational) exposures and genes.
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Figure 13.13 Identifying and reducing chemical carcinogens requires an interdisciplinary approach, in which
health professions interface with other scientific disciplines.
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TABLE 13.3 Classification of Carcinogenic Chemicals

Type

Possible or Probable Mechanism of
Action

Examples

Genotoxic carcinogens
Direct-acting or
procarcinogenic
Inorganic carcinogenic
Epigenetic carcinogens
Solid-state
Hormonal

Immunosuppressant

Cocarcinogenic

Promoter

Cytotoxic

An electrophile, the compound alters
the genetic code via mutagenic or
clastogenic processes

Alters the fidelity of DNA replication

Mechanical disruption of tissue

Disrupts cellular dedifferentiation,
promotes cellular growth

Depression of the immune system
allows the proliferation of initiated
cells or tumors

Modifies the response of genotoxic
carcinogens when coadministered

Enhances cell growth, promotes
response to initiator or genotoxic
carcinogen

Increases the rate of spontaneous

mutation, promotes regenerative
cell growth

Bis(chloromethyl) ether, nitrosamines,
benzanthracene, epoxides, dimethyl
sulfate, nitrosoureas

‘Cadmium, chromium, nickel

Asbestos, metal foils, plastic
Estrogens, androgens, thyroid
hormone, tamoxifen,
diethylstilbestrol
Azathioprine

Ethanol, solvents, catechol

Phorbol esters, catechol, ethanol

Trichlorethylene, carbon tetrachloride,
chloroform
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the higher risk of liver cancer that is observed in some third world countries. Fusarium monilifome is
ubiquitous in corn and produces fumonisins B, B,, and fusarin C, all of which have been implicated

in human esophageal cancer.
Cooking is another factor that may alter the dietary carcinogen load. Cooking alters the chemical
structure of foods, and cooking has long been known to produce cyclic compounds, a number of which

TABLE 13.15 Cancer Sites and Associated Risks/Benefits of Diets

Probable Possible

Site of Cancer Increases Risk Decreases Risk Increases Risk Decreases Risk

Colorectum Red meat, processed Vegetables, Alcohol, fat Folate
meat nonstarch,
polysaccharides
Alcohol, red meat, ~ Vegetables Fruit, phytoestrogens
fried meat
Alcohol, meat Fruit and vegetables
Salt, pickled and Fruit and vegetables, Carotenoids
preserved food vitamin C
Vitamin E (Red) meat, fat Vegetables
Fruit and vegetables, Folate, vitamin A
vitamin C
Fruit and vegetables
Red meat Fruit and vegetables,
vitamin C,
nonstarch,
polysaccharides

Bladder Fruit and vegetables
Liver Alcohol

Source:  Adapted from Cummings and Bingham (1998).
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N exception to this rule. Pharmaceuticals are known to be capable of producing side effects other than
" the desired therapeutic effect. A surprising number of drugs are known to have carcinogenic effects.

Perhaps the most well-known class of agents with such effects is, of course, the potent chemotherapeu-
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TABLE 13.18 Synthetic Carcinogens that Might Be Present in Foods

Pesticide residues: acrylonitrile, amitrole, aramite, atrazine, benzotrichloride, 1,3-butadiene, captafol, carbon
tetrachloride, chlordane, Kepone, chloroform, 3-chloro-2-methylpropene, p-chloro-o-toluidine,
chlorophenoxy herbicides, creosotes, DDD, DDE, DDT, Dichlorvos, 1,2-dibromo-3-chloropropane, p-
dichlorobenzene, 1.2-dichloroethane, 2-dichloroethane, dichloromethane, 1.3-dichloropropene,
dimethylcarbamoy! chloride, 1,1-dimethylhydrazine, ethylene dibromide, ethylene thiourea, heptachlor,
hexachlorobenzene, hexachlorocyclohexane, mirex, N-nitrosodiethanolamine, pentachlorophenol, o-
phenylphenate, nitrofen, 1,3-propane sulfone, propylene oxide, styrene oxide, sulfallate, tetrachlorodibenzo-
p-dioxin, thiourea (past), toxaphene, 2.4,6-trichlorophenol

Potential animal drug residues:  diethylstilbesterol (now banned), ethinyl estradiol, medroxyprogesterone
acetate, methylthiouracil, N-[4-(5-nitro-2-furyl)-2-thiazolyl]Jacetamide, nortestosterone, propylthiouracil

Packaging or storage container migrants: acrylamide, acrylonitrile, 2-aminoanthraquinone, BHA, 1.3-
butadiene, chlorinated paraffins, carbon tetrachloride, chloroform, 2-diaminotoluene, di(2-
ethylhexyl)phthalate, dimethylformamide, diethyl sulfate, dimethyl sulfate, 1.4-dioxane, ethyl acrylate,
epichlorohydrin, ethylene oxide, ethylene thiourea, 2-methylaziridine, 4,4’-methylenedianiline, 4,4’-
methylene bis(2-chloroaniline) (now prohibited), 2-nitropropane, I-nitropyrene, phenyl glycidyl ether,
propylene oxide, sodium phenyl phenate, sodium saccharin, styrene, styrene oxide, tetrachloroethylene,
toluene diisocyanate, vinyl chloride

B

Residues from food processing:  dichloromethane, epichlorohydrin, NTA trisodium salt monohydrate|
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TABLE 13.19 Pharmaceutical Agents® with Carcinogenic Effects”

Generic Name Therapeutic Use Daily Dosage (mg/day) ~ Tumor Site; Species
Rifampin Antibiotic: tuberculosis 600 Liver; mice
Isoniazid Antibiotic: tuberculosis 300 Lung: mice
Clofibrate Lowers cholesterol 2000 Liver; mice
Disulfiram Discourages alcohol abuse 125-500 Liver: rats
Phenobarbital Antiepileptic 100-200 Liver; mice
Acetaminophen Pain relief (OTC) 20004000 Liver; mice
Metronidazole Antibiotic, antiparasitic 500 Lung: rats/mice
Sulfisoxazole Antibiotic, urinary tract 8000
Dapsone Antibacterial, AIDS, leprosy, etc. 300 Spleen, thyroid, and -
peritoneum; rats
Methimazole Hypothyroidism 15 Thyroid and pituitary
tumors; rats
Oxazepam Antianxiety 70 Thyroid, testes,
prostate; rats/mice
liver; mice
Furosemide Water retention in disease states 75

“List adapted from Waddell (1996).
bCancer effects as listed in the Physicians Desk Reference (PDR), 1996, or Ames and Gold (1991).
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