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ABSTRACT

Background: Genetic and molecular factors can play an important role in an individual’s cancer susceptibility and response to
carcinogen exposure. Cancer susceptibility and response to carcinogen exposure can be either through inheritance of high
penetrance but rare germline mutations that constitute heritable cancer syndromes, or it can be inherited as common genetic
variations or polymorphisms that are associated with low to moderate risk for development of cancer. These polymorphisms can
interact with environmental exposures and can influence an individual’s cancer risk through multiple pathways, including
affecting the rate of metabolism of carcinogens or the immune response to these toxins. Thus, these genetic polymorphisms can
account for some of the geographical differences seen in cancer prevalence between different populations.

Objectives: This review explores the role of molecular epidemiology in the field of cancer prevention and control in low- and
medium-income countries.

Findings: Using data from Human Genome Project and HapMap Project, genomewide association studies have been able to
identify multiple susceptibility loci for different cancers. The field of genetic and molecular epidemiology has been further revolu-
tionized by the discovery of newer, faster, and more efficient DNA-sequencing technologies including nextgeneration sequencing.

Conclusions: The new DNA-sequencing technologies can play an important role in planning and implementation of cancer
prevention and screening strategies. More research is needed in this area, especially in investigating new biomarkers and

measuring gene-environment interactions.
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INTRODUCTION

Genetic and inherited factors play a significant role in
predicting an individual’s susceptibility to cancer.' The
risk for nasopharyngeal cancer is 4- to 10fold among
individuals with a firstdegree relative with the cancer.”
Similarly, firstdegree relatives of breast cancer patients
have a 24old higher risk for developing breast cancer’
and, a family history of pancreatic cancer is associated
with a 94old increased risk compared with the general
population.” Carcinogenesis is considered to be a
multistep, evolving process that involves interaction be-

) . 6
tween genetic and environmental factors.”

Molecular or genetic epidemiology is the discipline
of epidemiological study that focuses on the contribution
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of genetic and environmental risk factors to cancer risk
and the interplay between them at the cellular and mo-
lecular levels.*” A major breakthrough in this field was
the sequencing of complete human DNA by The Hu-
man Genome Project.'” This was followed by the crea-
tion of genomewide databases of common genetic
variations in humans. This information, in addition to
recent advances in genotyping technology, has provided
the foundation to more comprehensively examine genetic
variations in relation to cancer risk using genome-wide
association studies (GWAS; Fig. 1). GWAS have iden-
tified loci for multiple new cancer-susceptibility genes''
and use the design of observational epidemiology
studies (case-control and cohort studies) to determine
association of low penetrance alleles with cancer risk by
calculating odds ratio or relative risk. Human genome is
comprised of discrete regions, of linkage disequilibrium
(LD), where nearby single nucleotide polymorphisms
(SNPs) show strong correlation with one another.'” The
International HapMap Project was initiated in 2002 to
study LD patterns across the genome in multiple pop-
ulations. The HapMap Project genotyped more than 3
million SNPs in 269 samples from 4 populations
(Northern and Western European ancestry, Chinese,
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Japanese, and Yorubans from Nigeria).” The com-
pletion of these 2 projects and the advances in genome-
sequencing technologies including nextgeneration
sequencing and high-volume SNP genotyping platforms
such as the Illumina BeadArray and the Affymetrix
GeneChip array have revolutionized the practice of mo-
lecular epidemiology. Commons terms used in the field
of molecular and genetic epidemiology and their defini-
tions are listed in (Table 1).

GENETIC AND MOLECULAR
MECHANISMS OF CARCINOGENESIS

A human gene is composed of coding (exons) and
noncoding (introns) regions, and regulatory DNA se-
quences.”* A DNA mutation occurring in germline
cells may be passed on to progeny and thereby lead to
so-called less common heritable cancer syndromes
(Table 2). The degree of cancer risk associated with
inheriting a mutation depends on gene penetrance,
which is the probability that an individual carrying a
mutation will develop disease and may be modified by a
combination of genetic and environmental factors.
Gene mutations associated with inherited cancer syn-
dromes usually involve oncogenes or tumor suppressor
genes. Several hundred proto-oncogenes have been
identified that have the potential to be converted into
oncogenes and lead to cancer. They usually are involved
in processes such as cell division, apoptosis, signal
transduction, and cell differentiation.

Additionally, cancer susceptibility also can be
inherited through more common nucleotide sequence
variations. These variations include SNPs, 1 base-pair
substitutions, sequence insertions and deletions, and
highly variable repeating nucleotide segments. SNPs are
the most common form of variation and exist approxi-
mately every 300 bp on average across the genome.'” An
SNP is a DNA sequence variation occurring when a
single nucleotide (A, T, C, or G) in the genome differs
between members of a species. Between ethnically
different populations, there are 7 million differences at the
level of single-base pairs occurring at a frequency of at least
5% of the population.'” Most SNPs have no functional
consequence if they occur in a noncoding sequence, or
might have modest effects that may interact with envi-
ronmental factors to increase cancer susceptibility.

Epigenetic mechanisms of carcinogenesis are
increasingly being identified as key steps in pathways
from exposure to cancer. These mechanisms do not
depend on structural changes in DNA but on functional
regulation such as DNA methylation and histone
modification. These processes are important de-
terminants of gene expression as they determine the
process by which the instructions in genes are converted
to mRNA, directing protein synthesis.' Genomic
instability also plays an important role in carcinogenesis
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Figure 1. Methods used to study genetic variations in molecular and genetic
epidemiology. Abbreviations: GWA, genome-wide association; SNP, single

nucleotide polymorphism.

both in inherited and sporadic cancers and is broadly
classified into microsatellite instability and chromosome
instability. In inherited cancers, genomic instability is

mostly caused by mutations in DNA-mismatch repair.'’

CANCER SUSCEPTIBILITY FROM
HERITABLE CANCER SYNDROMES

Once a cancer is ascertained to have a genetic component
through familial aggregation studies, the next step is to
identify the pattern of Mendelian inheritance (autosomal
dominant or recessive) using segregation analysis. Then
linkage analysis is used to localize the chromosomal region
containing the cancer-causing gene. This approach has
been used to identify multiple inherited cancer syn-
dromes. For instance, linkage analysis was conducted as a
genome-wide search among 23 families with multiple in-
dividuals affected with early-onset breast cancer to identify
associated genetic loci.'® They linked a region on chro-
mosome 17g21 and positional cloning was used to
localize the BRCAI gene in this region.'” Two years later
BRCA2, located on chromosome 13q12—13, was identi-
fied.”” Both BRCAI and BRCA2 are tumor suppressor
genes. Mutations in BRCA1 and BRCA2 also are associ-
ated with other malignancies, such as ovarian, prostate,
and pancreatic cancers; malignant melanoma; gallbladder
and bile duct cancers; and stomach cancer.?"%?

In general, women with BRCAI have a lifetime risk
for breast cancer of 60% to 85% and prevalence of
BRCA1 or BRCA2 mutations in the general population
range from 1 in 200 to 1 in 1000.”” Factors that modify
penetrance appear to be reproductive factors and exoge-
nous hormones.”* Cancer risk from BRCAI and
BRCA?Z is reported to be highest in Ashkenazi Jews.”” It
is estimated that 5% to 10% of all breast cancers can be
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