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Abstract
Background—Many risk factors have been associated with cancer, such as age, family history,
race, smoking, high-fat diet, and poor nutrition. It is important to reveal the molecular changes related
to risk factors that could facilitate early detection, prevention, and overall control of cancer.

Methods—We selected six cancer-specific methylated genes that have previously been reported in
primary tumors and have also been detected in different bodily fluids of cancer patients. Here, we
used quantitative fluorogenic real-time methylation-specific PCR in plasma DNA samples for the
detection of methylation changes from an asymptomatic population who do not have any known
cancer.

Results—The promoter methylation frequencies of the studied genes were as follows: APC (7%),
CCND2 (22%), GSTP1 (2%), MGMT (9%), RARβ2 (29%), and P16 (3%). Promoter methylation of
at least one of the genes analyzed was observed in ~46% (72 of 157) of the samples by binary
dichotomization. Promoter hypermethylation of at least two genes was detected in 17% (26 of 157)
of the samples. RARβ2 methylation was observed in 45% of subjects who had a high-fat diet in
contrast with those who had a low-fat diet (23%; P = 0.007).

Discussion—Our findings may help to elucidate early methylation changes that may lead to cancer
development. These methylation changes could be due to exposure to risk factors and may be useful
for cancer prevention measures such as changes in lifestyle. Longitudinal follow-up of a high-risk
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population is needed to understand the association of methylation of candidate genes in cancer
development.

Introduction
Cancer incidence and mortality rates vary worldwide, including by race, gender, and age (1).
In the United States, in 2008, 1,437,180 individuals, or 3,937 persons per day, were expected
to be diagnosed with cancer; and about 565,650 persons, or more than 1,500 per day, were
expected to die from cancer (2). African Americans have higher cancer incidence and mortality
rates than any other racial and ethnic group in the United States. The disparities in cancer
mortality are much greater than those in incidence, in part, because African Americans have
the shortest survival rate due to later stage at diagnosis and less access to appropriate and timely
treatment (3). The causes of this disparity are complex and interrelated but likely arise from
socioeconomic disparities in work, wealth, income, education, housing, overall standard of
living, prevention, early detection and treatment services, and the effect of racial discrimination
on all these factors (4). Over the past 3 decades, research efforts have come to the conclusion
that most cancers are multifactorial (i.e., they are probably related to the interactions of multiple
genetic, epigenetic, and environmental risk factors). Risk factors that have been associated
with cancer include race (3), smoking status (5), age (6), family cancer history (7), poverty
(8), alcohol consumption (9), and high-fat diet (10).

Epigenetic changes are defined as all meiotically and mitotically heritable changes in gene
expression that are not coded in the DNA sequence itself and deregulate the mechanisms, such
as transcriptional control, which lead to the inappropriate silencing or activation of cancer-
associated genes (11). It is known that certain environmental factors induce epigenetic changes.
These changes will establish a gene expression pattern by altering the epigenetic state of the
genome (12,13). Both global hypomethylation and gene-specific promoter hypermethylation
are associated with cancer (14,15). Several studies have shown that these epigenetic changes
are an early event in carcinogenesis and are present in the precursor lesions of a variety of
cancers, including lung (16), thyroid (17), and colon (18).

Cancer development occurs through the accumulation of genetic and epigenetic changes that
allow cells to behave independently from the tight network of controls that regulate the
homeostatic balance between cell proliferation and cell death (19). The interaction of external
factors with one or more internal factors drives the genetic and epigenetic changes, increasing
the probability of developing cancer (20). Recent studies have provided convincing evidence
that methylation in the promoter region is frequently associated with “gene silencing”; that is,
the gene is not expressed in the presence of methylation but is expressed in its absence (21).
Most importantly, promoter methylation of these genes can be detected in bodily fluids with
high sensitivity and specificity (22–25).

Before Watson and Crick described the helical structure of the DNA, Mandel and Metais in
1947 (26) discovered DNA in plasma and serum by using a simple perchloric acid precipitation
method. Previous reports paved a way to find circulating DNA in higher concentrations among
patients with cancer compared with cancer-free patients (27,28). Stroun et al. (29) showed that
circulating free DNA was derived from tumor cells and certain characteristics of tumor DNA
were present in circulating DNA. Other studies reported the presence of methylated DNA in
the bodily fluids of patients with various types of malignancies and the absence of it in normal
subjects (22–25).

The goal of this study is to determine the level of promoter hypermethylation in the plasma
DNA of established cancer-related genes (APC, CCND2, GSTP1, MGMT, RARβ2, and P16)
and to test their association with several potential risk factors in cancer-free individuals. We
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anticipate that in the future this information can be used to stratify high-risk groups by a
molecular approach and thereby contribute to cancer prevention and control. To our
knowledge, this is the first study to evaluate the association between lifestyle factors and CpG
island methylation of genes in cancer-free subjects.

Materials and Methods
Study Population

We conducted a cross-sectional study on the association between selected methylation markers
and specific risk factors for cancer in a community-based sample of mostly African American
men. We recruited a convenience sample of men through a variety of community-based venues,
including a local market, churches, and health fairs, and a variety of other activities. Eligible
participants were age 40 y and above, without a known history of a symptomatic disease,
including cancer. In our cross-sectional study, 534 cancer-free subjects were recruited. Among
the 534 individuals, 262 are male and were selected for this study. However, 105 were excluded
from the analysis for the following reasons: 81 did not consent to a blood draw, 14 did not have
amplifiable DNA extracted from their plasma samples, and 10 did not have enough plasma
available. The remaining sample for this analysis included 149 African Americans, 2 Asians,
1 Hispanic/Latino, 4 Caucasians, and 1 “other.” We obtained plasma samples from the
participants and tested for a panel of markers that have been previously shown to have high
methylation frequencies in prostate cancer. The participants gave written informed consent and
responded to a standardized questionnaire administered by a trained interviewer during a face-
to-face interview. The content of the interview includes questions on the following areas:
socioeconomic factors (e.g., income, education, and parental education); access to care
(medical insurance, economic barriers, transportation); cultural beliefs (mistrust, religiosity);
psychosocial factors (depression, self-esteem, social support); cancer screening practices; and
related behavioral risk and protective factors, including smoking, alcohol consumption, and
dietary habits. Further demographic characteristics are detailed in Table 1.

Carbon Monoxide Measurement
A single-breath carbon monoxide (CO) level measurement was used to immediately assess and
confirm smoking status and severity of the smoking. Following tobacco smoke inhalation, CO
displaces oxygen in the erythrocyte to form carboxyhemoglobin, a biological indicator of the
amount of CO in the body. In this form, CO has a half-life (t1/2) of about 6 to 16 h and may
remain in the blood for up to 24 h (30). However, measuring carboxyhemoglobin levels is not
always possible due to the invasive nature of collecting blood samples. Studies have reported
that the level of CO in end expiratory breath shows a close relationship to blood
carboxyhemoglobin level (31). Hence, measuring breath CO levels can provide an immediate,
noninvasive, and effective way of confirming a subject’s smoking status. Reported breath CO
level in nonsmokers ranges from 0 to 6 parts per million (ppm), whereas CO level of smokers
will be >6 ppm.

The portable Breath CO-Carbon Monoxide Monitor (Vitalographs, Inc.) was used to measure
both alveolar and environmental CO levels. The environmental (interview site/background)
CO level was measured before measuring volunteer’s lung CO level. After recording the
highest CO level obtained for the interview site, a sampling-T and new disposable mouthpiece
were mounted on the monitor. When the display showed 000 +2, the volunteer was asked to
take a deep breath, hold it as long as he can, and then to breathe out slowly and gradually
through the mouthpiece over a period of 20 s. The highest level displayed on the specimen
collection form was recorded. The volunteer was asked to provide three expiratory breaths,
and the average of the three measures was taken. Pearson correlation coefficients among each
of the measures show acceptable variability.
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Blood Sample Collection
After obtaining the informed consent, a 20 mL blood sample was collected into three tubes: 3
mL into a Vacutainer tube (BD Diagnostics) containing K3 EDTA 7.5% solution, 7 mL into a
Vacutainer tube without anticoagulant, and 10 mL into a Vacutainer tube containing K3 EDTA
7.5% solution. The blood samples were transported to the laboratory within 2 h of being drawn.
The Vacutainer containing 3 mL of blood was used for DNA isolation from lymphocytes. The
Vacutainer tube containing 7 mL was used to obtain serum. The plasma was obtained by
centrifuging 10 mL of blood at 800 × g for 10 min at 4°C. An equal volume of plasma (~1 mL)
was aliquoted into three 1.8 mL vials (VWR International) and stored at −80°C until used. For
this study, 1 mL of plasma was used for DNA extraction.

DNA Extraction
DNA from plasma was extracted as previously described (24). Briefly, DNA was obtained
from 1 mL of plasma by digestion with 50 μg/mL proteinase K (Boehringer Mannheim) in the
presence of 1% SDS at 48°C for 2 d followed by phenol/chloroform extraction and ethanol
precipitation and finally dissolved in 20 μL of LoTE (2.5 mmol/L EDTA and 10 mmol/L Tris-
HCl) and stored at −20°C until used.

Sodium Bisulfite Conversion of DNA Extracted from Plasma
The EpiTect Bisulfite kit (Qiagen, Inc.), was used to convert unmethylated cytosines to uracil
in DNA extracted from plasma according to the manufacturer’s instructions. Converted DNA
was stored at −80°C until used.

Methylation Analysis
Bisulfite-modified DNA was used as a template for fluorescence-based real-time PCR, as
previously described (22). Amplification reactions were carried out in triplicate in a final
volume of 20 μL containing 1 μL of bisulfite-modified DNA; 600 nmol/L concentrations of
forward and reverse primers; 200 nmol/L probe; 0.6 units of platinum Taq polymerase
(Invitrogen); 200 μmol/L concentrations each of dATP, dCTP, dGTP, and dTTP; and 6.7
mmol/L MgCl2. Primers and probes were designed to specifically amplify the promoters of
the six genes of interest and the promoter of a reference gene, β-actin; primer and probe
sequences and annealing temperatures are provided in Supplementary Table S1.
Amplifications were carried out using the following profile: 95°C for 3 min followed by 50
cycles at 95°C for 15 s and 60°C for 1 min. Amplification reactions were carried out in 384-
well plates in a 7900 sequence detector (Perkin-Elmer Applied Biosystems) and analyzed by
a sequence detector system (SDS 2.3; Applied Biosystems). Each plate included subjects’ DNA
samples, positive (in vitro methylated leukocyte DNA) and negative (normal leukocyte DNA
or DNA from a known unmethylated cell line) controls, and multiple water blanks. Leukocyte
DNA from a healthy individual was methylated in vitro with excess SssI methyltransferase
(New England Biolabs, Inc.) to generate completely methylated DNA, and serial dilutions (90–
0.009 ng) of this DNA were used to construct a calibration curve for each plate. All samples
were within the range of sensitivity and reproducibility of the assay based on the amplification
of the internal reference standard (threshold cycle value for β-actin of 40). The relative level
of methylated DNA for each gene in each sample was determined as a ratio of methylation-
specific PCR–amplified gene to β-actin (reference gene) and then multiplied by 1,000 for easier
tabulation (average value of triplicates of the gene of interest divided by the average value of
triplicates of β-actin × 1,000). The samples were categorized as unmethylated or methylated
based on the sensitivity of the assay. We considered methylated and unmethylated by
dichotomization. Any normalized methylation values above the cut point value (here 0) were
considered as methylated.
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Gene Selection
A total of 6 genes (GSTP1, APC, CCND2, MGMT, P16, and RARβ2) were selected for promoter
methylation status analysis. The panel included genes reported as targets for epigenetic
silencing in human cancer.

Risk Factors
We examined the association between several potential risk factors and promoter methylation
at each of the six genes. Age was analyzed both as a continuous variable, ranging from 40 to
86, and as a dichotomous variable, ranging from 40 to 49 and 50 and above. Income was
analyzed as a dichotomous variable under $50,000 per year (per household) and ≥$50,000. The
cutoff for age and income was determined empirically. A smoker was defined as an individual
who reported having smoked ≥100 cigarettes in his lifetime. Family cancer history was
dichotomized to anyone with “brothers, sisters, parents, children, or other close family
members” having/had cancer and those who have not. Diet and nutrition were characterized
as a dichotomous variable based on consumption of red meat, processed meat, whole-milk
products, and fried foods. Individuals who ate two or more of these food groups on at least a
daily basis were considered high-fat consumers and individuals who ate less were considered
low-fat consumers. The CO level found in the breath was considered a measure of current
smoke exposure through either personal smoking or environmental exposure. Levels ranging
from 0 to 6 ppm were considered non-exposed and levels of ≥6 ppm were considered as
exposed. Childhood environmental tobacco smoke exposure was dichotomized based on the
response to the question whether the individual was exposed or not in the home where they
grew up. Alcohol use was dichotomized with never users and former users as one group and
current users as the other group. A physician diagnosis of diabetes was also a binary variable.
We decided for the empirical categorization based on our findings.

Statistical Analysis
We examined the relationship between promoter methylation frequencies of each individual
gene and total numbers of methylated genes with the hypothesized risk factors, first by χ2.
Because of the skewed distribution of methylation levels, we also tested with nonparametric
rank sum tests. The categorization of methylation status into binary variables (1 = methylated
and 0 = no methylation) was also used to test the relationship using χ2 and logistic regression.
An association was considered statistically significant with P value of <0.05. All statistical
tests were two-sided. Data analyses were done with Stata version 9.1.

Results
The characteristics of the study participants, including age, income, race, smoking status,
family cancer history, diabetes, diet and nutrition, CO level, environmental tobacco smoke,
and alcohol consumption, are summarized in Table 1.

Frequency of Methylation in Plasma Samples by Quantitative Methylation-Specific PCR
We tested the promoter methylation status of six genes that have been previously associated
with cancer (GSTP1, APC, CCND2, MGMT, P16, and RARβ2).

The frequencies observed were 3 of 157 (2%) for GSTP1, 11 of 157 (7%) for APC, 34 of 157
(22%) for CCND2, 14 of 157 (9%) for MGMT, 4 of 157 (3%) for P16, and 46 of 157 (29%)
for RARβ2. Approximately 46% of the subjects showed promoter methylation of at least one
gene, 16.5% for two or more genes, 7% for three or more genes, and 2% for four or more genes.
The promoter methylation frequencies of these six individual genes are listed in Table 2.
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Association of Plasma DNA Hypermethylation Profiles with Cancer Risk Factors
Several demographic parameters considered to be risk factors (age, smoking status, family
cancer history, diabetes, diet and nutrition, CO level, environmental tobacco smoke, and
alcohol) were compared with the methylation frequency. CCND2 and RARβ2 have higher
methylation frequencies compared with other genes (Table 2).

Associations between variables and gene promoter methylation were observed for every gene
with at least one of the analyzed parameters. The bivariate analysis data are shown in Table 3,
with χ2 analysis. Briefly, RARβ2 promoter methylation was positively associated with high-
fat consumers and diabetes (P = 0.007 and P = 0.034, χ2 test, respectively). Promoter
methylation levels and frequencies of RARβ2 in plasma DNA of high-and low-fat consumers
are shown in Fig. 1. Representative scatter plots showing the relationship of promoter
methylation values of tested genes with different cancer risk factors are shown in Fig. 2.
GSTP1 promoter methylation frequency was significantly correlated with family history of
cancer and CO levels <6 ppm (P = 0.054 and P = 0.042, χ2 test, respectively; Fig. 2; Table 3).
APC promoter methylation frequency was significantly correlated with diabetes (P = 0.041,
χ2 test; Fig. 2; Table 3). MGMT methylation frequency was significantly correlated with
childhood environmental tobacco smoke whereas P16 was correlated with adult (or no)
exposition (P = 0.043 and P = 0.007, χ2 test, respectively; Fig. 2; Table 3). CCND2 promoter
methylation was significantly higher in the never smokers, nonalcoholic, and higher income
group (P = 0.053, P = 0.016, and P = 0.011, χ2 test, respectively; Fig. 2; Table 3). We also did
rank sum test to emphasize the strength and veracity of the findings and the data are shown in
Supplementary Table S2.

All of the variables of interest (age, income, race, smoking status, family cancer history,
diabetes, diet and nutrition, CO level, environmental tobacco smoke, and alcohol consumption)
were then entered in a logistic regression model. In this analysis, CpG methylation of genes
(yes/no status) APC, GSTP1, MGMT, and P16 was not associated with any risk factors (data
not shown). However, the association between CCND2 methylation and the absence of alcohol
consumption was statistically significant (P = 0.05; odds ratio, 0.12; 95% confidence interval,
0.015–1.003) and a positive association between RARβ2 methylation and smokers approached
significance (P = 0.066; odds ratio, 0.33; 95% confidence interval, 0.101–1.076). The
multivariate analysis was done, but the results are not shown because none achieved statistical
significance (data not shown).

Discussion
Epigenetic changes provide a potential explanation for how environmental factors modify the
risk for common diseases among individuals (13). It is established that inactivation by promoter
methylation of certain genes is one of the hallmarks of developing cancer. Methylation of
cancer-related genes has been found in some cancer-free individuals, raising several questions,
such as “What is the prevalence of these methylated genes in cancer-free individuals?,” “Could
the presence of methylation signal of any of the cancer-related gene heighten the risk of
developing cancer in the future and thus be used to identify people who should be monitored
more closely?,” and “What are the individual, environmental, and behavioral factors that lead
to methylation of these genes?”

In a cross-sectional study, we selected a cancer-free population with known demographic,
lifestyle, and other associated factors that are risk factors for developing cancer, such as diet,
family history of cancer, and environmental exposure. We hypothesized that this population
would have a high prevalence of promoter methylation in certain genes that have been linked
to cancer (GSTP1, APC, CCND2, MGMT, P16, and RARβ2; refs. 17,22–25,32). It was possible
to detect promoter methylation of these genes in plasma DNA samples, and indeed, 46% of
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the participants were found to have methylation of at least one of six genes we tested. To
determine whether methylation in plasma DNA of this cancer-free population is due to
exposure to specific risk factors, rather than just a normal occurrence, future research needs to
compare the methylation patterns among individuals at varying levels of risk for developing
cancer. If methylation patterns vary by risk level, it may mean that detection of promoter
methylation of these genes in plasma specimens could provide a novel, minimally invasive
approach to screen high-risk populations long before any symptoms of cancer become
established. Longitudinal follow-up of a cancer-free cohort with methylation and without
methylation needs to be done to evaluate the usefulness of DNA methylation in plasma as a
screening tool or as an aid in assessing the need for preventive measures.

Previous studies (18,33) have reported the detection of genetic and epigenetic alterations in
matched samples from tumor tissue and plasma in patients with lung, head and neck, kidney,
colon, and pancreatic cancers. The circulating plasma DNA is presumably shed from the
original primary tumor or preneoplastic lesions. The promoter methylation of the studied genes
has also been detected in bodily fluids of cancer patients, whereas no or less frequent
methylation was detected in age-matched controls (22–25). However, thus far, little is known
about the relevance of the detection of promoter methylation of certain genes in plasma of
cancer-free subjects and how these epigenetic alterations are related to exposures of risk factors
that are related to cancer. Recently, in a nested case-control study of an extremely high-risk
cohort of developing lung cancer, Belinsky et al. (16) reported that simultaneous methylation
of three or more of the six genes they tested was associated with a 6.5-fold increased risk of
developing cancer. Both the sensitivity and the specificity were 64% of the later study. They
prospectively examined a large panel of genes for their ability to predict lung cancer and
showed the promise of gene promoter hypermethylation in sputum as a molecular marker for
identifying people at high risk for cancer development.

Aberrant methylation of CpG islands in the promoter regions has gained importance in the
initiation of cancer and can be used as biomarkers for early detection of cancer (22,24,34).
Promoter methylation of several genes has been reported previously in nonmalignant tissues,
sputum, and serum DNA of smokers (35). Detection of CpG island promoter hypermethylation
in plasma DNA could be a marker of disease (an early neoplastic effect), exposure (a biological
effect of any risk factor), or both. The presence and extent of CpG island promoter
hypermethylation in a cancer-free subject may reflect chronic exposure to known or still
unidentified carcinogenic risk factors. Longitudinal studies need to assess the risk of
developing precursor lesions associated with the presence of methylation of specific genes,
and the assessment of additional genes may help to further elucidate this relationship, perhaps
identifying high-risk individuals who could benefit from more intensive standard evaluation
that could eventually detect cancer earlier.

One of the most interesting statistically significant associations observed in this study was
between the RARβ2 promoter methylation and high fatty food intake (defined by consumption
of red meat, processed meat, whole-milk products, or fried foods more than twice a day, every
day). This gene encodes retinoic acid receptor β, a member of the thyroid-steroid hormone
receptor superfamily of nuclear transcriptional regulators. It binds retinoic acid, the
biologically active form of vitamin A, which mediates cellular signaling in embryonic
morphogenesis, cell growth, and differentiation. This gene is inactivated by promoter
methylation in many types of cancer (17,24,36). Because high intake of fat has been related to
a large number of cancers (37–39), and RARβ2 methylation silencing is a common feature of
malignancy, one can speculate that this association is related to preneoplastic changes.
Environmental and dietary factors in animals and humans inevitably affect epigenetic patterns,
although a clear-cut causal relationship has yet to be established. The major obstacle in
establishing such relationship is the fact that environmental and dietary factors induce
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molecular changes that are most likely subtle and cumulative, resulting into a quantitative
manifestation over a long period of time (20).

Cyclin D2 is one of the D-type cyclins that function as rate-limiting controllers of G1 to S phase
during the cell cycle. Inactivation of CCND2 associated with aberrant promoter
hypermethylation was reported in different cancer types (32,40). In this study, we found a high
frequency of methylation of CCND2 (22%) in our cancer-free population. Interestingly
CCND2 methylation frequency is significantly higher in never smokers compared with
smokers. Although tobacco smoking is known to cause lung and other cancers, these diseases
are still reported in those who have never smoked and are considered as different diseases in
never smokers (41), suggesting that there may be different pathways that need to be altered in
smokers and nonsmokers. For each situation, CCND2 methylation in never smokers may
indicate the subjects who are high risk for developing nonsmoking-related cancer, such as
prostate cancer, and may also indicate that this alteration belongs to a nonsmoking pathway of
carcinogenesis. There are contradictory data for MGMT methylation in smokers (42) and never
smokers (43). Our findings show a positive correlation between MGMT methylation and
environmental tobacco smoke. These results are consistent with Liu et al.’s (42) study, which
showed that tumors from male smokers have more MGMT promoter methylation compared
with tumors from male nonsmokers (50% versus 10%; P < 0.05). In our data, P16 methylation
frequency was significantly correlated with adult environmental tobacco smoke. Recent studies
showed that aberrant P16 promoter methylation is an early and critical event in the non–small
cell lung carcinoma development (44), and it has been observed in serum and sputum of chronic
smokers without clinical disease (45). P16 inactivation by promoter hypermethylation may be
a useful predictive marker of lung cancer development in high-risk subjects such as heavy
smokers.

We observed a significant association between GSTP1 methylation and family cancer history.
Many studies have shown the association of presence of methylation and family history of
colon cancer (46), supporting the concept of a shared etiology, such as genetic predisposition
(47). The biological relevance of these epigenetic alterations associated with other parameters,
such as diabetes, is not yet clear. Further studies in cancer patients who present this condition
may elucidate the relevance of these alterations and their correlation with carcinogenesis.

There are several limitations in our study. (a) Our population is consisted of only 157
individuals. A larger sample would give us more power to detect relationships between
promoter methylation and relevant risk factors. (b) The study population was recruited through
convenience sampling. Although this limits our findings, the method of participant selection
would have no effect on the association between specific risk factors and promoter methylation.
(c) Our study is restricted to males. (d) This is a cross-sectional study. Although we can report
associations between methylation and risk factors, we cannot infer causal relationships, as we
do not know the temporal relationship between the exposures of interest and promoter
methylation. This temporal relationship will need to be examined in a longitudinal study with
a larger cohort. (e) Our diet measurement is based on participant’s self-report that may not be
accurate. Animal studies with accurate diet consumption report may help to elucidate the role
of fatty food on RARβ2 methylation; however, animal studies may not accurately reflect results
in humans.

In summary, this cross-sectional study suggests that it is possible to detect cancer-related gene
hypermethylation in plasma of a cancer-free population, and it may be related to the exposure
to certain risk factors or may represent a preneoplastic alteration. A large longitudinal study
of a cancer-free population needs to be conducted to elucidate the effect of exposure to specific
risk factors on the methylation of these genes and ultimately establish the use of methylation
markers as a valid method for early cancer detection. In such a study, individuals with
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methylated genes could be tracked to see whether they develop cancer at a higher rate than
those without methylation of these genes. Those subjects who had no methylated genes at
baseline could be tracked to see if they developed them over time and which factors and
behaviors play a role in causing the methylation. Because methylation of certain genes occurs
in the very early stages of tumorigenesis, detection of methylation in plasma specimens could
provide a low invasive approach to screen high-risk population long before any symptoms of
any cancer are established.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Methylation levels and frequencies of RARβ2 in plasma DNA of high- and low-fat consumers.
Calculation of the RARβ2 gene to β-actin ratios was based on the fluorescence emission
intensity values for both the genes obtained by quantitative methylation-specific real-time PCR
analysis. The obtained ratios were multiplied by 1,000 for easier tabulation. Values designated
as 0.01 are zero values, which cannot be plotted correctly on a log scale. RARβ2 methylation
was found in plasma DNA of 25 of 108 (23%) low-fat consumers and in plasma DNA of 21
of 47 (45%) high-fat consumers (P = 0.007). The number of subjects is represented by dots.
We can observe 25 dots above 0.1 (methylated) versus 83 below 0.01 (unmethylated) for the
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low-fat consumers, whereas 21 dots show methylated (above 0.01) and 26 dots show
unmethylated values (below 0.01) for the high-fat consumer group.
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Figure 2.
Representative scatter plots of methylation values of tested genes with different high-risk
variables. Methylation levels of GSTP1, APC, CCND2, MGMT, P16, and RARβ2 in plasma
DNA of different groups. Calculation of the gene of interest: ratios were based on the
fluorescence emission intensity values for both the gene of interest and β-actin obtained by
quantitative real-time PCR analysis. The obtained ratios were multiplied by 1,000 for easier
tabulation. Values designated as 0.01 are zero values, which cannot be plotted correctly on a
log scale.
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Table 1

Demographic characteristics of the studied population

Characteristic No. subjects (%)

Age

 40–49 99 (63)

 50–90 58 (37)

Smoking

 None 36 (23)

 Former and current 121 (77)

Income

 $0–49,999 131 (83)

 $50,000+ 14 (9)

 Unknown 12 (8)

Family cancer history

 None in family 86 (55)

 Anyone in family 71 (45)

Diet and nutrition

 Low fat 108 (69)

 High fat 47 (30)

 Unknown 2 (1)

CO

 <6 ppm 60 (38)

 >6 ppm 81 (52)

 Unknown 16 (10)

Environmental tobacco smoke

 None 8 (5)

 Child 22 (14)

 Adult 23 (15)

 Child + adult 95 (60)

 Unknown 9 (6)

 None and adult only 31 (21)

 Child and child + adult 117 (79)

Alcohol consumption

 None and former 131 (83)

 Current 26 (17)

Diabetes

 No diabetes 149 (95)

 Diabetes 8 (5)
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Table 2

Promoter methylation frequency for the six genes analyzed in the studied population

Gene Methylation positive % (no. methylation positive/no. total cases)

APC 7 (11/157)

CCND2 22 (34/157)

GSTP1 2 (3/157)

MGMT 9 (14/157)

RARβ2 29 (46/157)

P16 3 (4/157)
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