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Introduction

• Cancer is a disease characterized by mutation, modified gene
expression, cell proliferation, and abnormal cell growth.

• Multiple causes of cancer including infectious agents, radiation, 
and chemicals. 

• Estimates suggest that 70% to 90% of all human cancers have 
a linkage to environmental, dietary, and behavioral factors.



Proportions of human cancer deaths 



MECHANISMS OF CHEMICAL CARCINOGENS

• The induction of neoplasia by chemical agents: 

• a mutational event and a selective proliferation of the mutated cell to 
form a neoplasm.

• chemicals that induce cancer have been classified into one of two
broad categories genotoxic or DNA-reactive agents, and non-
genotoxic or epigenetic agents



Terminology



Neoplasm Nomenclature



Multistage model carcinogenesis.



Initiation

• The first stage of the cancer process, a process that is defined 
as a stable, heritable change.

• This stage is a rapid, irreversible process that results in a 
carcinogen-induced mutational event.

• Chemical and physical agents lead to genetic changes including 
mutations and deletions. 

• Chemical carcinogens that covalently bind to DNA and form 
adducts that result in mutations are initiating agents.



Promotion

• The second stage, derived from either endogenous or 
exogenous stimuli of cell growth, involves the selective clonal 
expansion of initiated cells to produce a pre-neoplastic lesion.

• Both exogenous and endogenous agents that function at this 
stage are referred to as tumor promoters.

• Tumor promoters are not mutagenic and generally are not able 
to induce tumors by themselves, they act though several 
mechanisms involving gene expression changes that result in 
sustained cell proliferation either through increases in cell 
proliferation and/ or the inhibition of apoptosis.



Progression

• The final stage involves the conversion of the benign pre-
neoplastic lesions into a neoplastic cancer.

• In this stage, due to increase in DNA synthesis in cell 
proliferation in the pre-neoplastic lesions, additional genotoxic
events may occur resulting in additional DNA damage including 
chromosomal damage such as deviations and translocations.



Stages of Carcinogenesis Process



Mutagenesis

• The reaction of a carcinogen with genomic DNA either directly 
or indirectly may result in DNA adduct formation or DNA 
damage, and frequently produces a mutation.

• Several mechanisms of mutagenesis are known to occur.

• Modification of DNA by electrophilic carcinogens can lead to a 
number of products. 

• These events are dependent upon when in the cell cycle the 
adducts are formed, where the adducts are formed, and, the 
type of repair process used in response to the damage.



Genotoxic/DNA-Reactive Compounds

• Genotoxic compounds interact with nuclear DNA of a target cell
producing unrepaired DNA damage that is inherited in 
subsequent daughter cells.

• direct-acting: agents that can directly bind to DNA without being 
metabolized) and those that require metabolic activation (ie, 
indirect-acting carcinogens: compounds that require metabolism 
in order to react.



Examples of Genotoxic Carcinogens



Damage by Alkylating Electrophiles

• The ultimate carcinogenic forms of these chemicals are 
frequently strong electrophiles that can readily form covalent 
adducts with nucleophilic targets. 

• Because of their unpaired electrons, S:, O:, and N: atoms are 
nucleophilic targets of many electrophiles. 

• In general, the stronger electrophiles display a greater range of 
nucleophilic targets, whereas weak electrophiles are only 
capable of alkylating strong nucleophiles (eg , S: atoms in 
amino acids).



DNA Repair

• Following the formation of a carcinogen–DNA adduct, the 
persistence of the adduct is a major determinant of the outcome. 

• This persistence depends on the ability of the cell to repair the 
altered DNA.

• However, the presence of a DNA adduct is not sufficient for the 
carcinogenesis process to proceed. 

• The relative rates or persistence of particular DNA adducts may be 
an important determinant of carcinogenicity.

• Differences in susceptibility to carcinogenesis are likely the result of 
a number of factors, including DNA replication within a tissue and 
repair of a DNA adduct.



DNA Repair Mechanisms

• Although cells posses mechanisms to repair many types of DNA 
damage, these are not always completely effective, and 
residual DNA damage can lead to the synthesis of altered 
protein.

• Mutations in an oncogene, tumor-suppressor gene or gene that 
controls the cell cycle, can result in a clonal cell population with 
a proliferative or survival advantage.

• Repair of DNA damage does not always occur prior to cell 
replication, and, in addition, repair of DNA damage by some 
chemicals is relatively inefficient.



Mismatch Repair of Single-Base Mispairs

• Many spontaneous mutations are point mutations, a change in 
a single base pair in the DNA sequence.

• Depurination is a fairly common occurrence and spontaneous 
event in mammals, and results in the formation of apurinic sites.

• All mammalian cells possess apurinic endonucleases that 
function to cut DNA near apurinic sites. 

• The cut is then extended by exonucleases, and the resulting 
gap repaired by DNA polymerase and ligase.



Excision Repair

• DNA regions containing chemically modified bases, or DNA 
chemical adducts, are typically repaired by excision repair 
processes.

• Proteins that slide along the surface of a double-stranded DNA 
molecule recognize the irregularities in the shape of the double 
helix, and affect the repair of the lesion.



End-Joining Repair of Nonhomologous DNA

• A cell that has double-strand breaks can be repaired by joining 
the free DNA ends.

• The joining of broken ends from different chromosomes, 
however, will lead to the translocation of DNA pieces from one 
chromosome to another, translocations that have the potential 
to enable abnormal cell growth.

• Homologous recombination is one of two mechanisms 
responsible for the repair of double-strand breaks.

• The double-strand break on one chromosome is repaired using 
the information on the homologous, intact chromosome



DNA Repair Pathways



Human Carcinogenic Chemicals Associated 
With Medical Therapy and Diagnosis


