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After sequencing of the human genome in 2003, science
turned to the epigenome to improve understanding of the
biological processes that dictate how the genetic code
is read [1]. The interplay between the genome and
epigenome can be described as the union of nature and
nurture — while the genetic code remains fixed by nature,
the epigenome may be altered. The epigenome is a set
of heritable, yet modifiable chemical changes that affect
the transcription, translation, and silencing of the genome
[1]. The pattern of the epigenome is responsible for
gene activation, silencing, and facilitation of tissue-specific
gene expression in cells of the human body. Mutations
leading to genetic changes in DNA are considered rare,
and typically occur in the context of disease processes
such as cancer [1]. However, the epigenome is susceptible
to change due to environmental factors, and is expected
to change across an individual’s lifetime [2]. This key
characteristic of the epigenome has made it an important
topic in chronic disease research [3]. DNA methylation,
histone modification, nucleosome modeling, and gene
expression regulation by microRNA (miRNA) are known
epigenetic regulation mechanisms [3]. This paper explores
the potential for DNA methylation to serve as a biomarker
of early carcinogenesis.

DNA methylation is a widely studied epigenetic
modification in the field of molecular epidemiology, which
seeks to understand molecular processes by which known
risk factors may cause disease in the human body.
Molecular epidemiology techniques are commonly applied
to research focused on the etiology of cancer, where long
latency periods make it difficult to study the effect of
toxins on cancer risk directly. Breaking down the disease
continuum allows molecular epidemiologists to study the
mechanistic relationships by which lifestyle exposures can
lead to disease. For example, to elucidate the mechanism
by which body mass index (BMI) may lead to increased
colorectal cancer risk, an investigator may study the
relationship between BMI and DNA methylation — a
known precursor to cancer.

Another consideration of molecular epidemiology research
involves the investigation of genetic factors that affect
the molecular processes under study. The efficiency

of molecular processes in the cell is influenced by an
individual’s genetics [4]. By incorporating genetic factors
into the study of molecular epidemiology, it becomes
possible to target those individuals that are at an increased
risk of disease due to genetic polymorphisms. When data
on lifestyle exposures and genetic factors are combined, a
more complete picture of the risk of chronic diseases begins
to form. This research can then be directly used to test
individuals for genetic variants, as well as create targeted
interventions for those at an increased risk. Specifically,
genetic screening and development of drugs that may
help mitigate deficiencies associated with methylation
processes could benefit individuals determined to be at
increased risk [5]. In any case, molecular epidemiology
allows intervention research to move forward with greater
information regarding the biological mechanisms behind
disease causation [5].

Biomarkers have become important surrogate endpoints
of studies in the quest for improved disease understanding
due to their ease of measurement and earlier detection
of disease [6]. In a recent review, Strimbu and Tavel
define biomarkers as objective indications of medical
state observed from outside the patient — which can
be measured accurately and reproducibly [6]. Long
interspersed nuclear element-1 (LINE-1) DNA methylation
is a specific form of DNA methylation, and an established
precursor to carcinogenesis. It is specifically linked to
colorectal, breast, cervical, head and neck, and kidney
cancer, as well as all-cancer mortality, and other chronic
diseases [7, 8]. Although the exact role of LINE-1
DNA methylation is not clear, hypomethylation of LINE-1
elements is linked to genomic instability, a known precursor
to cancer [3]. Furthermore, LINE-1 DNA methylation is a
relatively stable measure, and does not change over shorter
time periods [9]. This is an essential component of a
biomarker, as a measure with poor stability and daily or
monthly fluctuations would be difficult to quantify without
consistent measurement and follow-up.

In recent years, microchip-based approaches have been
used to quantify DNA methylation over traditional
polymerase chain reaction (PCR) based approaches [10].
This approach is able to quantify methylation with
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improved reliability and validity over previous methods
[10]. It is perhaps these types of advancements in cheaper,
easier to use measurement tools that will further propel the
use of LINE-1 DNA methylation as a common biomarker
for detecting carcinogenesis in its early stages. Basic
science studies show that there is biological probability for
LINE-1 DNA methylation to lie on the causal pathway
between specific lifestyle factors and carcinogenesis [7,
8]. Although some current research suggests that LINE-1
DNA methylation is tissue-specific, methylation measured
in leukocyte cells is also associated with colorectal, bladder,
and breast cancer risk [8].

Combined, these aspects of LINE-1 DNA methylation
demonstrate its potential as a biomarker of early
carcinogenesis. Currently, the relationship between
the majority of cancer risk factors and LINE-1 DNA
methylation has not been established. However,
epidemiologic studies investigating these relationships
continue to provide new research, allowing for potential
future implementation of LINE-1 DNA methylation as a
biomarker of early carcinogenesis in clinical work.
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