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Inhibition of Chemical Carcinogenesis
Carcinogenesis is defined as a process wherein the normal physiologic function of living cells is altered resulting in abnormal and uncontrollable growth of a particular organ or tissue. Carcinogens are agents that instigate this process.  

 A majority of human cancers occur as a result of exposure to environmental agents or factors.

Environmental factors:  

· smoking (attributed to 30%cancers)

· diet (attributed to 35% cancers)

· behavior:  cultural, sexual (7%)

· occupation (4%)

· radiation exposure 

· exposure to agents in the air, water, soil 

About 80% of cancer etiology is theoretically avoidable.  

Carcinogen Categories

· Physical:  

· Radiation

· UV-B radiation:  squamous cell and basal cell carcinomas, malignant melanoma

· Ionizing radiation ( (-rays, X-rays, photons, radon):  bone marrow cancers




-Direct DNA damage




-Indirect DNA damage:  





H2O (H+  + OH. (DNA damage ( oncogenic expression

· fibers:  asbestos ( malignant mesothelioma, bronchogenic carcinoma

· chronic irritation:  lip cancer in pipe smokers, oral cancer in tobacco chewers, lung cancer in foundry workers

· Biologic:

· Viruses

· Retroviruses:

-competent vs. noncompetent

-acute transforming viruses

     -viral oncogenes derived from human proto-oncogenes

     -transduction

-slow transforming viruses:  slowly activated oncogene

     -insertional mutagenesis

     -pro-oncogenes

· DNA viruses:

-Hep B + aflatoxin B ( carcinogen formation

-HPV (cervical cancer), EBV (Burkitt’s and Hodgkin’s lymphomas)

     -transformation mechanism:  

      gene insertion( TSA production

     -tumor suppression genes

-activate present oncogene

-exogenous oncogene brought by virus

· Bacteria:  H. pylori (gastric cancer)

· Parasites:  Schistosoma haematobium (bladder cancer), liver flukes (bile duct cancer)

· Chemical:  majority of carcinogens

· Organic chemicals

· polycyclic aromatic hydrocarbons (lung, skin cancers):  afalatoxins, grilled  meat, cigarettes (benzopyrene), combustion 


emissions, coal tar

· vinyl chloride (hepatic cancer)

· aromatic amines

· 2-naphthylamine (bladder cancer)

· benzene (AML)

· Inorganic chemicals

· arsenic:  skin, lung, liver cancers

· chromium  and nickel:  nasal sinus and lung cancers

· Hormones and polypeptide growth factors:  nongenotoxic

· DES:  clear cell carcinoma of the vagina

· OCP w/ predominant synthetic steroidal estrogens:  liver cell adenomas

· OCP prolonged use:  premenopausal breast cancer in some studies

· tamoxifen and unopposed estrogen:  endometrial carcinoma.  In regard to HRT, premarin is composed of 14% equilin 


which is a known mutagen.

· androgenic steroids, primarily synthetic congeners of testosterone w/ prolonged use:  hepatocellular carcinoma

Classification of Carcinogens

Carcinogenic potential is determined by hazard identification and risk estimation, which together estimate cancer risk.  These factors are currently  determined by tumor incidence in a 2-year bioassay in rodents.  Based on such research, five classifications of carcinogens has been developed by the Environmental Protection Agency and the International Agency for Research on Cancer:

· Group 1 Human Carcinogen:  demonstrated human carcinogenicity

· aflatoxin, benzene, estrogens

· Group 2A Probable Human Carcinogen:  limited human and adequate animal data

· benz[a]anthracene, diethylnitrosamine, polychlorinated biphenyls

· Group 2B Possible Human Carcinogen:  little or no human data, adequate animal data

· styrene, 2,3,7,8-tetrachlorodibenzo-p-dioxin(TCCD), urethane

· Group 3 Not Classifiable as to Human Carcinogenicity:  little human or animal data

· 5-azacytidine, diazepam

· Group 4 Non Carcinogenic to humans:  lack of evidence in humans, no evidence in animals

· caprolactam

Carcinogen Activity and Metabolic Activation

Carcinogens are described as direct or indirect acting.  In either cases a chemically reactive intermediate is formed that covalently binds to DNA and other cellular macromolecules.

· Direct acting:  chemically reactive agents that do not required metabolic activation, but spontaneously decompose to produce a reactive electrophilic intermediate that can alkylate DNA and produce base modifications.

· weak( req. minimal concentration

· act as initiators

· examples:  (-propiolactone, aziridine, bi(chloromethyl) ether, ethylene oxide, methyl methane sulfonate, nitrogen mustard derivatives, nitrosamides, anti cancer drugs (cyclophosphamide, alkylating agents which cause later cancer after present cancer is cured)

· Indirect acing agents are procarcinogens that require metabolic activation to form reactive electrophilic intermediates (Phase 1 biotransformation)

· parent carcinogen (i.e. benzo[a] pyrene)( activation by CYP450 or monooxygenase ( proximate carcinogen (benzo[a]pyrene 7.8-diol(activation by CYP450 or monooxygenase( ultimate carcinogen (i.e. electrophilic epoxides such as benzo[a]pyrene-7,8-diol-9,10-epoxide) ( nucleic acid damage

· chronic toxin exposure (liver):  (SER, ( CYPP450( positive feedback 

· examples:  aniline dyes, nitrosamines (formed from nitrate metabolism), PCB’s, DDT, polycyclic aromatic hydrocarbons

· alcohol induces enzymes similar to CYPP450, especially in pancreatic CA


Phase 2 biotransformation results in conjugation of the electrophilic, hydrophilic products of phase 1.  Glutathione-S-transferases (GSTs) is one such important enzyme.  However, in the case of aromatic amines (i.e. benzidine), phase 2 conjugation leads to more chemically reactive and ultimate carcinogens.  Likewise, other enzymatic pathways may be responsible for metabolic activation, such as cyclooxygenase cooxidation of carcinogens in the urinary bladder.

Carcinogen Induced Changes

· The first step in cancer induction occurs when metabolically activated carcinogens (from direct or indirect sources) covalently bond to nucleophilic sites in DNA forming carcinogen-DNA adducts.  

· Other causes of DNA damage:

· Reactive oxygen species (ROS) produced subsequently to phase 1 biotransformation 

· Base modifications secondary to depurination, deamination, depyrimidination, single-strand breaks, alkylation

· UV-light formed cyclobutane dimers

· Examples of Alterations:  DNA methylation, K-ras mutation, LOH and DCC mutation, LOH and p53 mutation

· Cell replication in the presence of carcinogen-DNA adduct formation (DNA damage) produces deleterious effects.

· Mutagenicity does not equal carcinogenicity as not all mutations are carcinogenic.  However, there is a strong correlation between them as carcinogens can induce mutations (point mutations, frame shift mutations, chromosomal changes, etc)

Genetic Changes in Cancer Cells

· In general, 5 to 9 genetic changes must occur within a given cell to acquire malignant transformation.

· These changes occur preferentially in a subset of human genes related to cellular development, differentiation, proliferation, survival, senescence and genetic repair.  

· Genetic changes can be inherited in the germ line or acquired by somatic cells (sporadic)

· Inherited germ line genetic changes account for probably 5-10% of all solid tumors and fewer cases of leukemia and lymphoma.  

· Inheritance of a high penetrance cancer gene does not mean that cancer is inevitable, however, as additional mutations are necessary for cancer development

· Low penetrance cancer predisposition genes have not been identified.  Yet, theoretically, this class may contribute to a much higher proportion of cancer through modification of high penetrance genes or through their effect on metabolization of environmental or endogenous toxins resulting in increased carcinogen formation.

The cancer predisposition genes undergo “gain of function” mutations (oncogenes- less common) or “loss of function” mutations occur with tumor suppressor genes (more common)..

Oncogenes
Proto-oncogenes, normal genes regulating cell proliferation and differentiation, seem to be targets for chemical carcinogens and develop into oncogenes (cancer causing genes or gain of function genes) after alteration.  Oncogenes may code for proteins that are autocrine factors enhancing growth and proliferation.  More than 50 oncogenes have been identified and are divided into six categories:

· growth factors: (cell cycle as in astrocytoma, oligodendroma (sis, hst)

· growth factor receptors 

· nonreceptor tyrosine kinases: cytoplasmic protein kinases

· serine-threonine kinases

· G proteins/GTPases (2nd messenger systems

· nuclear proteins: transcription regulators

Oncogenes can cause cancer if only one half of the normal copy is mutated.  A small number of inherited cancer predisposition genes could be considered oncogenes (i.e. RET, MET genes).

Tumor Suppressor Genes

Tumor suppressor genes function to oppose oncogenes by inhibiting cell growth and differentiation through their transcription products.  Cells have two copies of tumor suppressor genes.  If only one is active, then tumor suppression will still occur.  If both copies are inactive, loss of growth control can occur and cancer can develop (i.e. mutation turns them into a loss of function gene).  

· A number of tumor suppressor have been discovered, most importantly p53.  Most cancer (60-100%) has either a mutation or deletion in p53 as it is the target of UV radiation as well as many carcinogens.

· Children may inherit the first inactive gene leaving them susceptible to tumor development as only one more genetic altering event will be necessary for complete loss of tumor suppressor gene function (i.e. retinoblastoma).

The majority of cancer predisposition genes “loss of function” mutations, occurring in tumor suppressor genes.  Although a single copy of a tumor suppressor gene may still function, mutation in a first copy may adversely affect the function of the second copy.  Loss of the normal allele through a variety of genetic and epigenetic mechanisms may occur as well (termed loss of heterozygosity or LOH).  Such genetic effects are usually due to alteration of additional genes responsible for genomic stability or DNA repair, which are grouped with tumor suppressor genes.

The class of cancer predisposition genes made up from loss of function genes is divided into four categories.  

· cell cycle progression:  p53, RB

· apoptosis:  bcl-2 (85% of B cell lymphoma (non Hodgkin’s) cases)

· cellular senescence

· detection and repair of DNA damage

Loss of tumor suppressor function is a target of gene therapy.  Attempts to replace the products of tumor suppressor genes with other endogenous small molecules is another therapeutic approach (i.e. quercetin in the case of gastric cancer cells lacking p53).

Finally, metastasis and neovascularization are regulated by additional genes.

Pedigree and Identification of Individuals at Risk for Carrying Inherited Predisposition Genes

Family history(pedigree) is the best screening approach for identifying individuals at high risk for developing cancer due to inheritance of a mutated cancer predisposition gene.  

· Validate family history with the patient and relatives

· Obtain pathology reports on all reported cases of cancer as reporting may be inaccurate for many types of cancer.

· Ascertain whether individuals in the family demonstrate other constitutional changes that are not necessarily cancer related such as multiple bowel polyps (familial adenopolyposis/Gardner’s syndrome), hyperpigmentation (Peutz-Jaeger’s syndrome). 

· Familial characteristics that suggest the presence of a cancer predisposition gene

· increased number of cancers

· unexpectedly early onset of tumors

· multiple tumors in a single individual

· rare tumors

· identifiable patterns of cancers predictive of cancer syndromes

· nonmalignant manifestations of a cancer gene syndrome

· ethnic background or “founder” effects

If a patient is suspected to be at risk for carrying an inherited cancer predisposition gene, genetic counseling may be discussed as an option for further evaluation.

Multistage Carcinogenesis

Initial experiments with carcinogenesis using the mouse skin model lead to the development of a multistage model, focusing on initiation and promotion.  These experiments revealed that epidermal neoplasia can be induced in mouse skin by two methods:

· complete carcinogenesis:  a single large dose or multiple low-dose application of a genotoxic carcinogen

· two-stage carcinogenesis:  subcarcinogenic doses of a carcinogen followed by multiple applications of a noncarcinogenic agent that induces dermal hyperplasia.

The importance of these discoveries includes:

· Most human exposure to chemical carcinogens occurs at doses to low to cause cancer alone.

· Certain human carcinogens exhibit a strong tumor promoting activity (i.e. tobacco smoke).

· Many dietary components appear to have a promoting activity. 

Actually, the two stage model of the mouse skin model has three-mechanistic stages:  initiation, promotion, progression

· Initiation:  induced by a single, subcarcinogenic dose of a metabolically active carcinogen through the formation of DNA-adducts
· initiation is phenotypically silent unless exposure to a tumor or growth promoter occurs
· initiation is cumulative and irreversible, creating a stable alteration in genetic material
· Promotion results from exposure of initiated tissue to repetitive promoting stimuli, most of which are not intrinsically genotoxic. Epigenetic mechanisms that cause an alteration of the expression of genes associated with hyperproliferation, tissue remodeling and inflammation are responsible for promotion resulting in clonal expansion of initiated cells.  Promotion is reversible in early stages and irreversible in later stages due to additional genetic changes.
· Progression or malignant conversion of cells into malignant cells through the accumulation of additional genetic changes.  
In Human Cancer…


Multistage carcinogenesis occurs similarly in human cancer as it does in the mouse skin model.  The multistep process of human tumorigenesis may involve the activation of proto-oncogenes as well as the inactivation of one or more tumor suppressor genes.  


Field cancerization  refers to multiple carcinogenesis in an area of epithelium preconditions by an unidentified carcinogenic agent and is responsible for 5% of annual incidence of second primary cancers  in patients with squamous carcinomas of the head and neck.

Modifying Factors in Carcinogenesis

· Individual ability to metabolize chemical carcinogens can be influenced by simultaneous exposure to other chemicals or by genetic constitution or both (i.e. genetic variation in phase I and II enzymes, GSTs)

· increased of lung cancer in smokers lacking GSTM1 allele

· Modulation of enzymes that activate or deactivate carcinogens by dietary or environmental chemicals

· DNA repair capacity, if inhibited, will allow a greater likelihood of mutation induction and cancer initiation

· Diet, nutrition and lifestyle

· diet is associated with cancer of the breast, colon, endometrium and gallbladder.

· alcohol is believed to be a cocarcinogen, enhancing the effect of other known carcinogens such as tobacco smoke and HBV.

· Other factors include age, sex, hormonal influences, immunologic status, trauma and radiation.

Inhibition of Chemical Carcinogenesis 

Chemoprevention refers to the administration of anticarcinogenic compounds.  Chemoprevention and dietary intervention are means of cancer control when cancer results from exposure to environmental carcinogenic agents.  Consumption of fresh fruits and yellow-green vegetables reduces the incidence and mortality caused by stomach, colon, breast, prostate, lung and bladder cancers.

Prevention strategies

· Initiation:  

· alter carcinogen metabolism:  epigallocatechin gallate (EGCG), selenium, phenethylisothiocyanate, indole-3-carbinol

· enhancing carcinogen detoxification:  Oltipraz, diallylsulfide, EGCG, glucarolactone

· scavenging DNA-reactive electrophiles: EGCG, ellagic acid

· enhancing DNA repair

· Promotion

· scavenging ROS:  antioxidants, particularly vitamins C and E

· altering gene expression involved in cell signaling, proliferation, apoptosis and differentiation:  retinoids

· suppress proliferation:  diflouromethylornithine, DHEA, selenium tamoxifen

· induce differentiation:  retinoids

· encourage apoptosis:  DHEA

· decreasing inflammation:  Sulindac, vitamins C and E, piroxicam, glycyrrhetinic acid, NSAIDS

Current research emphasizes the inhibition of tumor promotion as the early stage is reversible.  Initiation as a temporal event is undetectable and is therefore considered an impractical area of prevention research.  However, the use of some known initiation preventing substances, such as through the consumption of green tea, may be practical clinical applications considering the cost, risk and benefit ratios.  Subsequently, much research is also aimed at prevent the occurrence of second primary cancers due to field cancerization.
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