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Abstract

AIM: To assess whether DNA methylation patterns in
chronic alcoholics are different from non-alcoholic sib-
ling controls.

METHODS: We examined the methylation patterns
in DNA samples from 25 chronic alcoholics and 22
matched siblings as controls (one per family). DNA
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was extracted from peripheral blood and analyzed for
differences in the methylation patterns after bisulfite-
conversion. We used the Illumina GoldenGate Methyla-
tion Cancer Panel I (Illumina, San Diego, CA), which
probes the methylation profile at 1505 CpG sites from
807 cancer related genes. We excluded the 84 X-chro-
mosome CpG sites and 134 autosomal CpG sites that
failed to show a within sample reliability score of at
least 95% for all samples, leaving 1287 autosomal CpG
sites (associated with 743 autosomal genes) with reli-
able signals for all samples. A methylation score was
calculated as the average methylation for the 1287 CpG
sites examined. Differences were assessed by a two-
sample t-test. We also examined the average sib pair
differences in methylation scores at each of the 1287
sites. All analyses were performed using SPSS, version
9.0, P < 0.05 was considered significant.

RESULTS: Methylation levels at the 1287 CpG sites
averaged 28.2% for both alcoholics and controls. The
mean difference in methylation scores between alco-
holic and non-alcoholic sibs by CpG site was < 1% with
small inter-individual variances; and only 5 CpG sites
had an average sib difference > 5%. Subgroup analysis
showed that methylation scores were significantly lower
for the alcoholic-dependent subjects who smoked com-
pared to their non-smoking unaffected siblings. Specifi-
cally, among smokers who are alcoholic, global meth-
ylation indices were significantly lower than in non-
alcoholic sib controls, whereas among non-smoking
alcoholics, the global indices were significantly higher (P
= 0.008).

CONCLUSION: Although we observed no effect of al-
coholism alone on DNA methylation, there is a decrease
in alcoholics who smoke, suggesting a mechanism for
alcohol-tobacco synergy for carcinogenesis.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Epigenetics is the study of heritable differences related
to changes in gene expression that are not due to differ-
ences in DNA sequences themselves. Although still in
its infancy, epigenetics is expanding rapidly as a field of
study. DNA methylation, one of the two main types of
epigenetic inheritance, is involved in many physiological
and pathophysiological conditions, including regulation
of gene expression and silencing of repeat elements in
the genome. Epigenetic mechanisms have been impli-
cated in the long term memory formation by neurons
and are a growing area of research in diseases such as
Alzheimer’s dementia", DNA methylation is thought to
play important roles in many diseases, including multiple
sclerosis, diabetes mellitus, schizophrenia, alcohol depen-
dence and cancer™,

It has been shown that global methylation status in
peripheral blood monocytes is associated with plasma ho-
mocysteine levels in healthy individuals. The importance
of homocysteine to DNA methylation status stems from
the fact that homocysteine is a precursor of S-adenosyl
methionine, which acts as the methyl donor when cytosine
residues in the dinucleotide sequence CpG are methylated
by DNA methyltransferases. Chronic alcoholics com-
monly have elevated homocysteine levels. Bonsch ez a/”,
showed associations among alcohol-associated elevated
plasma homocysteine levels, global methylation levels
assayed by difference in CpG methylation sensitive vs.
insensitive restriction enzyme (Hpall/Mspl) digestion, and
the subsequent expression of DNMT mRNAs in alco-
holic patients, compared to controls. These findings sup-
port the hypothesis that ethanol exposure increases global
levels of DNA methylation and suggests that changes in
DNA methylation may result in changes in gene expres-
sion. Support for this hypothesis includes several reports
of DNA hypermethylation associated with alcohol use at
specific individual genes in peripheral blood cells®"”. Oth-
er studies have identified changes in methylation associ-
ated with smoking, suggesting both alcohol and smoking
may contribute to changes in DNA methylation""?. In all
likelihood, many more genes whose levels of expression
are partially controlled by the methylation status of the
DNA in their promoters are yet to be discovered.
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Changes in DNA methylation are recognized as one
of the most common forms of molecular alteration in
human neoplasia 'Y, Hypermethylation of CpG islands
located in the promoter regions of tumor suppressor
genes has been firmly established as a mechanism for gene
inactivation in cancers'™'%, In contrast, global hypometh-
ylation of genomic DNA"" and loss of IGF2 imprinting
were observed in tumor cells" and a correlation between
hypomethylation and increased gene expression was re-
ported for many oncogenes' . In addition, monitoring
global changes in DNA methylation has been used for
molecular classification of cancers”””. Gene hypermeth-
ylation has been correlated with clinical risk groups for
P 25 well as with hormone receptor status
and response to tamoxifenin breast cancer™**”, Therefore,
it may be feasible to use methylation markers to classify
and predict cancer risk, different kinds or stages of can-
cer, cancer therapeutic outcomes and patient survival.

neuroblastoma

Alcoholism and cancer risk

About 3.6% of all cases of cancer and a similar propor-
tion of cancer deaths are attributable to heavy consump-
tion of alcohol. These figures are higher in selected
regions of the wotld, in particular in Central and Eastern
Europe. Among women, 60% of cancers attributable to
alcohol use occur in the breast™. Chronic excessive al-
cohol consumption is the strongest risk factor for upper
aerodigestive tract (UADT) cancer (oral cavity, pharynx,
hypopharynx, larynx and esophagus)®”. Chronic and
heavy alcohol use also increases the risk for cancer of the
liver, colon, rectum and breast™. Many epidemiological
studies have demonstrated a correlation between chronic
and heavy alcohol ingestion and the occurrence of cancer
in these organsmm. Because the ingestion of all types of
alcoholic beverages is associated with an increased can-
cer risk, more likely than not, ethanol itself is the crucial
compound that increases cancer risk, rather than conge-
ners (propanol, butanol, pentanol) or other additives. The
exact mechanisms of ethanol-associated carcinogenesis
have remained obscure.

Multiple mechanisms are believed to be involved in
alcohol-associated cancer development of the UADT,
including the effect of acetaldehyde (AcH the first me-
tabolite of ethanol oxidation), induction of cytochrome
P-4502E1 leading to the generation of reactive oxygen
species, and enhanced procarcinogen activation, modula-
tion of cellular regeneration, and nutritional deficien-
cies. Folate deficiency, primarily the consequence of low
dietary intake and destruction by AcH, is common in
alcoholics and contributes to the inhibition of transmeth-
ylation, which is an important factor in the regulation
of genes involved in carcinogenesis. Acetaldehyde also
decreases DNA repair mechanisms and the methylation
of cytosine in DNA. However, it has been shown re-
cently that chronic alcoholics have significantly increased
levels of genomic DNA methylation in petipheral blood
mononuclear cells (PBMC), compared to samples from

unrelated volunteer blood donors'”.

June 15, 2012 | Volume 4 | Issue 6 |



Thapar M et a/. DNA methylation patterns in alcoholics

Most studies to date have examined changes in global
methylation in alcohol users or methylation changes at
a few candidate genes, rather than at a broader panel of
specific sites. This study was designed specifically to ob-
tain preliminary data on the methylation status in PBMC
of genes known or suspected of playing a role in cancer
development. The primary aim was to assess the change
in global DNA methylation levels at these gene specific
sites in well-characterized chronic alcoholics and to com-
pate it to suitably matched non-alcoholic family members
as controls. We also wanted to explore whether there are
observable, meaningful differences in methylation pat-
terns between the two groups at different gene loci and
whether there are relationships between life time alcohol
use and the degree or pattern of DNA methylation.

MATERIALS AND METHODS

We examined the methylation patterns in DNA samples
from 25 chronic alcoholics and 22 of their non-alcoholic
biological siblings. We utilized the resources available
through the UCONN Alcohol Research Center of
UCHC to help us identify suitable alcohol-dependent
subjects and their non-alcohol-dependent family mem-
berts to serve as controls. The kindreds studied have been

well characterized and followed longitudinally. They are
enrolled in the long-standing Collaborative Study on the
Genetics of Alcoholism™. After IRB approval, suitable
subjects were identified and informed consent for partici-
pation in this study was obtained.

The alcohol-dependent subjects were at least 21 years
of age and had a history of alcohol use for at least 5 years.
All subjects were interviewed using the Semi-Structured
Assessment for the Genetics of Alcoholism, a reliable
and valid psychiatric diagnostic instrument”, Alcohol-
dependent subjects met the DSM-1V diagnosis of al-
coholic dependence. Males were consuming at least 15
drinks per week or 5 or more standard drinks in a day
and females at least 8 or more drinks per week or 4 or
more standard drinks in a day within the past year. Non-
alcohol-dependent biological siblings of the subjects
served as controls. The controls were screened for heavy
alcohol use or history of cancer by self-reported ques-
tionnaires. They were required to have had a normal
physical examination and no personal history of any kind
of cancer other than superficial skin cancer. We excluded
any subjects with known genetic abnormalities or chronic
liver diseases (other than alcohol-related liver disease)
and subjects with known nutritional disorders and/or
anemia, which may have served as confounding variables.
The sample examined included 22 sibships comprised of
25 probands and 22 siblings (3 sibships included 2 pro-
bands).

DNA methylation analysis

DNA was prepared from peripheral blood samples using
a commercial kit (Gentra PureGene, Qiagen, Valencia,
CA) and 500 ng of each DNA sample was bisulfite re-
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acted using the EZ-96 DNA methylation-gold kit from
Zymo Research (Orange, CA).

We used a high-throughput single nucleotide polymor-
phism genotyping system™ for DNA methylation detec-
tion, based on genotyping of bisulfite-converted genomic
DNA. This technology, developed by Illumina, combines
a miniaturized bead-based array platform, a high level of
assay multiplexing, and scalable automation for sample
handling and data processing. We used the Illumina
GoldenGate Methylation Cancer Panel I (Illumina, San
Diego, CA), which probes the methylation profile at 1505
CpG sites from 807 genes selected by the manufacturer,
based on their relevance to carcinogenesis. This assay is
reported to have a sample replicate variation of < 6%P
and can resolve a 10% or greater methylation difference
with 95% confidence.

We excluded the 84 X-chromosome CpG sites in the
Illumina Cancer Panel because the methylation levels for
X-chromosome sites vary greatly by sex [the X-chromo-
some (Lyon) inactivation in females is associated with
methylation of CpG-rich islands[37]]. We also excluded
from analysis 134 autosomal CpG sites that did not give
an assay reliability score of at least 95% for all samples,
leaving 1287 autosomal CpG sites with reliable signal for
all samples. The included 1287 CpG sites were associated
with 743 autosomal genes.

Statistical analysis

For each participant, we calculated a methylation score by
computing the average methylation over the 1287 CpG
sites examined. Differences in the mean methylation
scores between the two samples were assessed by a two-
sample ~test. We also examined the average sib pair dif-
ferences in methylation scores at each of the 1287 sites
evaluated with use of a paired £ test. All analyses were
performed using SPSS, version 9.0, P < 0.05 was consid-
ered a statistically significant result.

RESULTS

A total of 25 alcoholics and 22 matched controls (one
control per family) were recruited for this study. The aver-
age age of probands and controls was not significantly
different. Probands were more likely to be male (Fisher’s
exact test, P = 0.004). Three sib pairs contained 2 pro-
bands. As anticipated, the alcohol-dependent subjects
had significantly higher amounts of alcohol use, both in
terms of days (frequency) and drinks (quantity) per week
(Table 1). Bisulfite reacted DNA was examined at 1421
autosomal CpG sites contained on the Illumina DNA
methylation chip. Analysis was limited to the 1287 probes
which generated valid test signals (95% quality confidence
signal) from all samples. Methylation levels at the 1287
CpG sites averaged 28.2% for all samples combined. The
mean methylation score was not significantly different be-
tween the alcohol-dependent subjects and their unaffected
siblings (Table 2). The mean difference in methylation
scores between affected and unaffected sibs by CpG site
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Table 1 Selected demographic and alcohol-use features at

baseline

Alcohol-dependent Non-alcoholic

siblings siblings
(n = 25) (n = 22)
Age (yr) (SD, range) 40.7 (9.5, 24-54)  40.6 (11.4, 21-59)
Gender (M:F) 18:7 4:18
Current smoker 14 7
Race: EA, AA, NA 14,10,1 13,8,1
Hispanic Ethnicity 2 3
Past 12-mo drinking (mean + SD)
Drinking days per week 3.91+1.95° 0.95+1.18
Drinks per drinking day 7.90 +4.01° 2.68+1.34
Drinks per week 34.0 +30.8° 27+3.6
'Heavy drinking days per week 2.53 £ 2.66° 0.18 £0.34

“Heavy drinking days” were defined as days in which men consumed
more than 10 drinks and women more than 8 drinks. *#-test P < 0.001 vs
non-alcoholic siblings. EA: European American; AA: African American;
NA: Native American.

Table 2 Global methylation scores

Alcohol-dependent Non-alcoholic

siblings siblings
Global methylation index for 1287
CpG sites
Mean methylation (SD) 0.282 (0.016) 0.282 (0.012)
Median methylation (SD) 0.082 (0.010) 0.079 (0.009)
Range 0.01-0.97 0.01-0.97

Sib pair difference in global
methylation level at each of 1287
sites (alcoholic minus non-alcoholic
sibling methylation level)

Mean difference (SD)
Replicate pair difference in

0.00005 (0.019)

methylation level at each of 1287
sites (3 non-alcoholic and alcoholic
siblings with replicate bisulfite
treatment and methylation
quantification)

Mean difference (SD)

0.0008 (0.006) 0001 (0.003)

No global measures of methylation significantly differ between groups.

was < 1% (Table 2) with a tight distribution, and only 5
CpG sites had an average sib difference > 5% (Figure 1).
The sib difference and t-test statistic for these 5 CpG sites
are listed in Table 3. Finally, as a test of the assay’s repro-
ducibility, we performed replicate bisulfite conversion and
methylation assays for DNA samples from alcoholics and
non-alcoholic participants from 3 sibships. The mean dif-
ference in replicate sample methylation for the 1287 CpG
sites was less than 1% (Table 2).

Because tobacco use may also affect methylation levels,
we conducted a subgroup analysis comparing the global
methylation sib pair differences for sib pairs in which
neither smoked (7 = 7), those in which both smoked (» =
7), and sib pairs for which the proband smoked and the
control sib did not (# = 7) (in two sib pairs, the control
sib but not the alcoholic sib smoked; smoking status was
not available for one proband). We found that, for the
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Table 3 Alcoholic minus non-alcoholic sib differences in

methylation scores at 5 CpG sites with average difference in
methylation frequency > 0.05

Gene lllumina CpG  Average Sib Paired ¢-test P value
symbol probe ID difference statistic (2-tailed)

LTA 820 0.083 2.46 0.021
CRK 3392 0.068 3.18 0.004
GSTM1 4902 0.054 1.82 0.081
HPN 4931 -0.084 -2.14 0.043
MSH3 2787 -0.052 -1.35 0.189

LTA: Lymphotoxin o precursor; CRK: v-crk sarcoma virus CT10 oncogene
homolog isoform b; GSTM1: Glutathione S-transferase M1 isoform 1;
HPN: Hepsin (transmembrane protease, serine 1); MSH3: MutS homolog 3.

two groups of sib pairs concordant for smoking status,
compared with the non-concordant group, the alcohol-
dependent subjects had higher average methylation levels
at the 1287 sites examined (F = 284, df = 2, P < 0.001).
Similarly, for non-smoking sib pairs, in 6 of 7 pairs, alco-
holic subjects had a higher average methylation index. In
contrast, for discordant pairs with an alcoholic smoker, in
6 of 7, the alcoholic subject had a lower average methyla-
tion index than the non-alcoholic, non-smoking sibling (y”
=8.2,df =2, P=0.017) (Table 4).

DISCUSSION
The major findings of this study are two-fold: (1) Contrary

to out a priori major hypothesis, there was no difference in
average CpG methylation scores between alcohol-depen-
dent subjects and non-alcoholic siblings; and (2) Howevert,
in a secondary analysis, we did find a small but significant
decrease in PBMC methylation scores in the alcoholic sub-
jects who smoked, when compared to their non-alcohol
dependent siblings who did not smoke (Table 4). Thus,
despite heavy, chronic and ongoing alcohol use in the
alcohol-dependent probands, we found no effect on aver-
age methylation of the DNA of PBMCs for a set of 1287
CpG sites associated with 743 genes implicated in carcino-
genesis. This is in contrast to results reported by Bénsch
et al” who have shown a global CpG DNA hypermeth-
ylation in chronic alcoholics. However, in previous work,
results among alcoholics were compared to a random,
untelated non-alcoholic control population and genes par-
ticularly relevant to cancer development were not studied.
Gender and race have recently been reported to influence
global genomic methylation in peripheral blood™, em-
phasizing the importance of carefully matched controls in
studies of this type. We believe that our family controls are
a unique strength of our results.

Others have shown that global leukocyte DNA hy-
pomethylation is associated with the risk of developing
breast cancer””. In a mouse model of cutaneous carcino-
genesis, it has been shown that the degree of DNA hypo-
methylation of genomic DNA increases as lesions prog-
ress from a benign to invasive cancers™. The discordant
results can be explained by the fact that hypomethylation
is most relevant when it occurs in the coding regions
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Table 4 Global methylation score sib-pair differences for non-smokers vs sibship with alcoholic tobacco user (7 sib pairs)

Sib pair concordance for smoking status

Concordant Discordant

Both non-smokers

Both smokers Proband smokes

Mean (SD) sib pair difference in methylation at each site
(alcoholic minus non-alcoholic sibling methylation level)

+0.006 (0.018)

+0.010 (0.020) -0.009 (0.025)

Mean sib pair difference for 1287 markers, ANOVA: F = 284 (df = 2), P < 0.0001. Among concordant non-smoking sib pairs, for 6 of 7 pairs alcoholic subject

had higher methylation index among concordant. Five of 7 smoking sib pairs alcoholic subjects had higher methylation index. Among discordant pairs
with an alcoholic smoker, 6 of 7 alcoholic subjects had a lower methylation index than non-alcoholic siblings.

400 n
M mean = 4.53E-5
SD = 0.0099
300 - n=1287
o)
5
S 200
o
o
w
100
0 Il L L Il
-0.1000  -0.0500 0.0000 0.0500 0.1000

Average methylation difference

Figure 1 Frequency histogram of average within sib pair difference in
methylation at 1287 CpG sites methylation level of alcoholic minus non-
alcoholic sibling.

of the genes. In contrast to prior global CpG methyla-
tion analysis with respect to heavy and chronic alcohol
use, our study found no meaningful change in levels of
methylation at specific CpG sites of potential relevance
to cancer-related genes, when results were compared to
those of non-alcoholic siblings.

The combination of alcohol and tobacco use is
known to be synergistic in markedly increasing the risk
of development of malignancies of the UADT, especially
squamous cell carcinomas of esophagus, lung and oro-
pharynX[“’MJ. Our finding of increased CpG methylation
among alcoholics vs. non-alcoholic siblings for those 14
sib pairs concordant for smoking status, corrected for
the status of their sibs (Table 4), is thus of much interest.
If confirmed in larger number of subjects and in several
other samples, it will suggest that factors other than hy-
pomethylation of DNA accounts for the well established
synergism of alcohol and tobacco in the pathogenesis of
cancer of UADT.

Our study had several limitations. Perhaps most im-
portant is the small sample size, which, due to limitations
in time and funding, was only about half as large as we
had hoped. Secondly, this is not a genome-wide study,
but rather examines only a select group of candidate
genes, albeit genes pre-selected for their known relevance
to cancer development. Nonetheless, the genes examined
may not be as important in early stage carcinogenesis
and/or may be affected by other epigenetic factors such
as histone modifications. Another unavoidable limitation
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was that most alcoholics were men, whereas most non-
alcoholic siblings were women. Thus, although matched
genetically by family, alcoholic subjects and controls were
not closely matched by gender.

A major strength of this study is the inclusion of
biological siblings unaffected by alcoholism as controls.
Also, the tumor genes included on the Illumina Cancer
Methylation Assay chip have been well characterized pre-
viously as related to cancers of the UADT. We excluded
from analysis the CpG sites related to the X and Y chro-
mosomes that could have had a confounding effect on
our results. This is supported by a recent study by Zhang
et al™ showing significantly lower global genomic DNA
methylation in females. It is thought that X chromosome
inactivation in women may diminish the capacity for
methylating autosomal locit”!,

In summary, our study did not reveal any significant
differences in the average methylation score between
alcoholic and non-alcoholic siblings associated with 743
genes implicated in catcinogenesis. However, subgroup
analysis did show a significantly decreased methylation of
genes important in cancer development among alcoholics
who smoked, compated to their non-alcoholic siblings
who did not smoke. This finding needs confirmation in
larger independent samples. It would also be prudent
to consider a priori the combined effect of alcohol and
smoking when planning future studies examining the ef-
fects of alcohol on DNA methylation.

COMMENTS

Background

DNA methylation is thought to play an important role in cancer development.
Chronic and heavy alcohol has long been associated with a variety of cancers
and has recently been associated with increased DNA methylation levels.
Research frontiers

The authors planned this study to assess whether DNA methylation patterns in
chronic alcoholics are different from non-alcoholic siblings who served as con-
trols for comparison.

Innovations and breakthroughs

The major findings of this study are two-fold: (1) Contrary to our belief, there
was no difference in average CpG methylation scores between alcohol-
dependent subjects and non-alcoholic siblings; and (2) However, in a second-
ary analysis, we did find a small but significant decrease in methylation scores
of DNA from peripheral blood mononuclear cells in the alcoholic subjects who
smoked, when compared to their non-alcohol dependent siblings who did not
smoke. Thus, despite heavy, chronic and ongoing alcohol use in the alcohol-
dependent subjects, we found no effect on average methylation for the set of
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743 genes examined, which have previously been implicated in carcinogenesis.
This is in contrast to results reported by Bonsch et al who reported a global
DNA hypermethylation in chronic alcoholics, albeit not adjusted for results from
controls from the same families.

Applications

Subgroup analysis did show significantly decreased methylation of genes
important in cancer development among alcoholics who smoked, compared to
their non-alcoholic siblings who did not smoke. This finding needs confirmation
in larger independent samples. It would also be prudent to consider a priori the
combined effect of alcohol and smoking when planning future studies examin-
ing the effects of alcohol on DNA methylation.

Terminology

DNA Methylation: It refers to the addition of a methyl group to the DNA at spe-
cific locations, namely, the cytosine residues of CpG dimers. DNA methylation
is thought to regulate a number of cellular processes in the human body and
also to influence the development of cancer when it occurs at specific sites.
Peer review

The study was well planned and conducted. The conclusions drawn are sup-
ported by the results. The study however is limited by its limited sample size
and the fact that it examines only a select group of genes that have been as-
sociated to cancer development. A major strength of this study is the use of
siblings as controls to adjust for any differences in the DNA methylation status
that may be due to inherent genetic factors that differ among different kindreds.
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