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Abstract

Purpose  Alcohol consumption has been purported to
influence many diseases. MicroRNAs (miRNAs) may be
influenced by compounds found in alcohol. In this investi-
gation, we test the hypothesis that total alcohol, beer, wine,
and hard liquor influence miRNA expression.

Methods We studied 1447 colorectal (CR) cancer cases
with normal CR mucosa and carcinoma miRNA expres-
sion data along with alcohol consumption data. We ana-
lyzed long-term and long-term and current (LTC) alcohol
use for beer, liquor, and wine with miRNA expression
between paired carcinoma and normal colon and rectal tis-
sues, adjusting for multiple comparisons using the positive
false discovery rate g-value. MiRNAs associated signifi-
cantly with alcohol were examined with all-cause mortality
(ACM). MiRNAs associated significantly with ACM were
examined with RNA-Seq data.

Results Expression of 84 miRNAs was associated signifi-
cantly with LTC wine use in normal rectal mucosa. Higher
expression of two of these miRNAs significantly wors-
ened ACM: hsa-miR-210 (Hazard Ratio [HR] 1.12, 95%
CI (1.03, 1.21), p-value=0.004), and hsa-miR-92a-1-5p
(HR 1.20, 95% CI (1.04, 1.38), p-value=0.013). These
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miRNAs were downregulated across levels of LTC wine
consumption.

Conclusions Our results suggest that wine influences
miRNA expression in rectal cancer, supporting the
hypothesis that components in alcohol influence miRNA
expression.

Keywords MiRNA - Rectal - Colorectal - Cancer -
Alcohol
Background

Alcohol intake has been associated with all-cause mor-
tality (ACM) as well as with several diseases, including
certain types of cancer, cardiovascular disease, diabetes
mellitus, liver diseases, and obesity [1-5]. Furthermore,
specific types of alcohol have been shown to influence
disease risk uniquely [6, 7]. Some studies have shown an
increase in ACM at both high and low levels of intake
and others have shown that moderate alcohol consump-
tion does not increase disease risk [3, 8]. Given alcoholic
beverage-specific associations and the j-shaped curve asso-
ciated with ACM, multiple biological mechanisms may
operate to influence risk of disease and death from alcohol
consumption.

Alcohol consumption has been shown to incite inflam-
matory responses, and prolonged consumption can induce
systemic inflammation [5]. Lipopolysaccharides (LPS)
can become circulated systemically in individuals who
consume large amounts of alcohol, as alcohol increases
gut membrane permeability [5, 9]. When these antigens
reach the liver, pro-inflammatory cytokines such as TNF-
a, IL-1, and IL-6 are released, creating a potential sys-
temic inflammatory reaction [10]; LPS has been linked to
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liver metastasis in colorectal cancer (CRC) as a result of
this increased inflammation [11]. Chronic inflammation
is known to be a salient process contributing to the devel-
opment and progression of cancer [12], and alcohol con-
sumption has been shown to increase risk of CRC com-
pared to non-drinkers [13]; inflammation due to alcohol
consumption may therefore contribute to the pathogen-
esis of some diseases, such as CRC. Additionally, alcohol
has been assessed as a component of DNA methylation
pathways and it has been hypothesized that alcohol influ-
ences cancer risk by influencing these pathways [14, 15].

In addition to these broad mechanisms associated
with alcohol intake, types of alcoholic beverages con-
tain specific components that may influence disease risk.
For instance, purines, found most abundantly in beer and
in liquor to a lesser extent, may have pro-inflammatory
effects through increased serum uric acid production [16,
17]. Polyphenols in wine, such as resveratrol, may have
anti-inflammatory properties that reduce risk of various
diseases [18, 19]. Polyphenols are known to have multi-
target effects and influence many pathways, including
anti-inflammatory responses, anti-proliferation, and anti-
oxidation [20].

MiRNAs are non-coding RNA molecules, approxi-
mately 22 nucleotides long [21], which are endogenously
expressed and serve as mRNA repressors, either through
mRNA degradation or translation inhibition [22, 23].
MiRNAs have been shown to target thousands of diverse
mRNAs [24], and as such they have been implicated as
regulators of a multitude of biological responses includ-
ing apoptosis, cell differentiation, proliferation, and
innate and acquired immunity [25]. Additionally, miRNA
dysregulation has been associated with cancer and auto-
immune diseases, disease states influenced by chronic
inflammation [26]. MiRNAs are purported to be regu-
lated themselves by certain exogenous dietary factors,
such as vitamins, fatty acids, and polyphenols, which are
present in many foods, including wine [20, 27].

In this study, we analyzed total alcohol consumption
as well as intake of specific types of alcohol includ-
ing beer, liquor and wine, with miRNA expression. We
assessed associations between alcoholic beverages and
miRNA expression in normal colorectal mucosa (NCRM)
and with differential miRNA expression between paired
carcinoma and normal mucosa, analyzing colon and rec-
tal cancers separately. We hypothesize that alcohol con-
sumption will be associated with altered miRNA expres-
sion and that type of alcoholic beverage, i.e., wine, beer,
and liquor, may have unique associations with normal
and/or differential miRNA expression due to differ-
ent mechanisms attributable to different components of
alcohol.
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Methods
Study population

Data come from participants in the population-based Diet,
Activity, and Lifestyle study that were recruited from
Utah or the Kaiser Permanente Medical Care Program of
Northern California (KPMCP). Colon cancer cases were
identified as having a primary adenocarcinoma diagnosed
between 1 October 1991 and 30 September 1994, while
rectal cancer cases were diagnosed between May 1997 and
May 2001. Eligible cases were between 30 and 79 years of
age at diagnosis, currently living in the study area, spoke
English and were able to complete an interview, and had
no prior history of CRC, Crohn’s disease, ulcerative colitis,
or known familial adenomatous polyposis. More detailed
descriptions of proportion of included and excluded cases
for colon cancer [28] and rectal cancer [29] may be found
in our previous works. This study was approved by the
Institutional Review Board at the University of Utah; all
participants signed an informed consent form.

Alcohol data

Data were collected by trained and certified interviewers
using laptop computers; all interviews were audio-taped
as previously described and reviewed for quality control
purposes [30]. The study referent period was 2 years prior
to diagnosis for cases. Information was collected on type,
amount, and duration of alcohol consumption, which was
defined in terms of liquor, including whiskey, rum, gin,
vodka, tequila, liqueurs, etc., beer, including malt liquor
and non-alcoholic beers, and wine, including champagne,
sherry, and wine cooler beverages. Alcohol consumed was
measured in number of drinks consumed, as measured by
12-ounces (oz.) for beer, 4 oz. for wine, and 1.5 oz. for
liquor, per week or month and respondents must have con-
sumed on average at least one beverage a month to be con-
sidered a consumer. Diet history on what cases typically
consumed was collected, including alcohol consumption
for weekdays and weekend days as well as type, amount,
and frequency of alcohol consumed. Data were collected
for the referent year, and 10 and 20 years prior. Long-term
(LT) alcohol consumption was defined as intake during 10
and 20 years prior to diagnosis, while incorporating current
alcohol intake during the referent period with that of 10
and 20 years ago was defined as long-term current (LTC).

MiRNA processing
A pathologist determined carcinoma and normal mucosa

sections on slides from formalin-fixed paraffin embedded
tissues stained with hematoxylin and eosin; subsequent
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cuts from the tissue block stained in aniline blue were
then appropriately sectioned according to this delineation.
RNA was extracted and processed as previously described
[31]. 100 ng total RNA was labeled with Cy3 and hybrid-
ized to Agilent Human miRNA Microarrays V19.0 and
were scanned on an Agilent SureScan microarray scanner
model G2600D using Agilent Feature Extract software
v.11.5.1.1. Data were required to pass stringent QC param-
eters established by Agilent that included tests for exces-
sive background fluorescence, excessive variation among
probe sequence replicates on the array, and measures of the
total gene signal on the array to assess low signal. Samples
that failed to meet QC standards were repeated; samples
failing QC assessment a second time were deemed to be of
poor quality and were excluded from down-stream analy-
sis. Thirteen samples, eight carcinoma, and five, matched
normal, which were run over the course of the study
were repeated to test for potential changes and bias in the
microarray platform. The Agilent platform was found to
be highly reliable (»=0.98) in measuring miRNA expres-
sion in repeated samples and to have reasonable agreement
with NanoString [32] as well as excellent agreement with
qRT-PCR [33]. For unpaired samples due to missing nor-
mal scans, we imputed values whenever possible for nor-
mal mucosa as previously described [34]; this method has
yielded results with high accuracy. In order to minimize
differences that could be attributed to the array, amount of
RNA, location on array, or other factors that could errone-
ously influence expression, total gene signal was normal-
ized by multiplying each sample by a scaling factor which
was the median of the 75th percentiles of all the samples
divided by the 75th percentile of each individual sample
[35]. This scaling factor was implemented using SAS 9.4.

RNA-seq data

Normal CR RNA-Seq was available for 183 subjects for
which alcohol data were available. These samples were
taken from the study subjects used for miRNA analysis
and were extracted, isolated, and purified as previously
described [31]. RNA library construction was done with
the [llumina TruSeq Stranded Total RNA Sample Prepa-
ration Kit with Ribo-Zero. Agencount AMPure XP beads
were used to purify amplified cDNA. A detailed descrip-
tion of the methods can be found in our previous work [36].
Illumina TruSeq v3 single-read flow cell and a 50 cycle sin-
gle-read sequence run was performed on an Illumina HiSeq
instrument. Reads were aligned to a sequence database
containing the human genome (build GRCh37/hg19, Feb-
ruary 2009 from genome.ucsc.edu) and alignment was per-
formed using novoalign v2.08.01. Total gene counts were
calculated using coordinates obtained from http://genome.
ucsc.edu. We dropped genes that were not expressed in our

data or for which the expression was missing for the major-
ity of samples [36].

Statistical analysis

Our sample consisted of 2,943 miRNA tissue samples:
1,496 carcinoma tissue, and 1,447 normal CR mucosa.
Including the imputed data, there were 1,446 subjects with
both carcinoma and paired normal CR mucosa miRNA
samples available for analyzing differential expression
between carcinoma and normal CR mucosa, and 1,447 sub-
jects available for analyzing normal CR mucosa miRNA
expression. We included only the miRNAs in which at least
20% of the samples had some level of detectable expres-
sion in the tissue(s) of interest. We stratified the data by
colon vs. rectal cancer, and the number of included miR-
NAs varied from 766 to 817. We examined eight alcohol
variables: LT total alcohol use, LTC total alcohol use, LT
beer use, LTC beer use, LT wine use, LTC wine use, LT
liquor use, and LTC liquor use. These variables were used
to determine if there was an association between total alco-
hol and specific type of alcohol and miRNA expression in
both normal colonic or rectal mucosa and for the difference
in expression between carcinoma tissue and normal colonic
or rectal mucosa. We fit a least-squares linear regression
model to the log base two transformed miRNA expression
levels and adjusting for age at diagnosis, study center, sex,
and current cigarette smoking (defined as smoking dur-
ing the referent period). p-values were generated using the
bootstrap method by creating a distribution of 10,000 F
statistics derived by resampling the residuals from the null
hypothesis model of no association between the alcohol
variables and the miRNAs [37], using the boot package in
R. Associations were considered significant if the positive
false discovery rate, also known as a g-value, was less than
0.1 [38]. We transformed the miRNAs to standard normal
to calculate standardized the regression slopes in order to
compare the results across the miRNA and lifestyle fac-
tors and present the trend of the miRNA expression across
the levels of each alcohol variable. Alcohol consumption
levels were classified as ‘none’ if subjects consumed <1
drink per month on the long-term alcohol intake question-
naire and no alcoholic beverages reported on the food his-
tory questionnaire, ‘moderate’ for males who consumed
>(0-<20 mg/day and females who consumed >0-<10 mg/
day, and ‘high’ for males consuming > 20 g/day and females
consuming > 10 g/day.

We analyzed expression levels of miRNAs that were
significantly associated with alcohol variables with ACM.
Using a Cox-Proportional Hazard Model in the R package
survival, we calculated p-values based upon 10,000 per-
mutations of the likelihood ratio test adjusting for age, sex,
center, and AJCC stage. Survival time was calculated as the
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time between diagnosis, and death or lost to follow-up. We
report the interquartile range of the miRNA expression and
hazard ratios (HR) and 95% confidence intervals (CI).

We tested associations between miRNAs found to
be associated with alcohol consumption and ACM with
mRNA expression in NCRM, using the bootstrap method
described above.

Bioinformatics

QIAGEN Ingenuity Pathway Analysis (IPA http://www.qia-
gen.com/ingenuity) was utilized to perform pathway analy-
sis on mRNAs associated significantly with hsa-miR-210 in
NCRM. We performed a core analysis, including direct and
indirect relationships, using the ingenuity knowledge base.
We restricted to experimentally verified findings and mam-
malian species, and considered all data sources, tissues,
and mutations.

Results

The study population consisted of 892 colon cancer cases
and 555 rectal cancer cases; 54% of cases were male and
46% were female for colon cases, and 57% of cases were
male and 43% were female for rectal cases (Table 1). The
average age at diagnosis was 64.7 years for colon cancer
subjects and 61.8 years for rectal cancer subjects. Eighty-
six percent of colon cases and 89 percent of rectal cases did
not have a family history of CRC, while approximately 14
percent and 11 percent, respectively, did.

Eighty-four miRNAs were associated with LTC wine
consumption in normal mucosa in rectal cancer subjects
(Table 2) after adjusting for cigarette smoking, age, sex,
and study center. Five of these miRNAs were upregulated
and 79 were downregulated across levels of LTC wine
consumption. We analyzed these 84 miRNAs that were
different by level of LTC wine consumption with ACM.
Higher expression of two of these miRNAs in NCRM
was associated significantly with ACM: hsa-miR-210 (HR
1.12, 95% CI (1.03, 1.21), p-value=0.004), and hsa-miR-
92a-1-5p (HR 1.20, 95% CI (1.04, 1.38), p-value=0.013)
(data shown in Supplemental Table 1). We tested associa-
tions between these two miRNAs and mRNAs expressed in
NCRM. No mRNAs were associated significantly with hsa-
miR-92a-1-5p; 5597 mRNAs associated with hsa-miR-210
when a g-value of <0.05 was applied. Of these, 3169 had
a fold change between carcinoma and NCRM of >1.50
or <0.67, and were used as input to IPA. The top net-
works are shown in Fig. 1. The majority of these mRNAs
were directly associated with hsa-miR-210. Network 1,
centered on 7P53, has DNA Replication, Recombina-
tion, and Repair, Developmental Disorder, and Endocrine
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Table 1 Study sample descriptions

Colon Rectal
N/Mean (%/SD) N/Mean (%/SD)
Age at diagnosis 64.7 9.5) 61.8 (10.8)

Sex

Male 485 (54.4) 316 (56.9)

Female 407 (45.6) 239 (43.1)
Center

Kaiser 626 (70.2) 340 (61.3)

Utah 266 (29.8) 215 (38.7)
Family history of colorectal cancer

No 770 (86.3) 493 (89.0)

Yes 122 13.7) 61 (11.0)
Long-term alcohol use

None 390 43.7) 239 (43.2)

Moderate 288 (32.3) 168 (30.4)

High 214 (24.0) 146 (26.4)
Long-term & current alcohol use

None 347 (38.9) 213 (38.5)

Moderate 366 (41.0) 200 (36.2)

High 179 (20.1) 140 (25.3)
Long-term beer use

None 565 (63.3) 329 (59.7)

Moderate 171 (19.2) 92 (16.7)

High 156 17.5) 130 (23.6)
Long-term & current beer use

None 538 (60.3) 311 (56.3)

Moderate 222 (24.9) 111 (20.1)

High 132 (14.8) 130 (23.6)
Long-term wine use

None 588 (65.9) 365 (66.1)

Moderate 136 (15.2) 97 (17.6)

High 168 (18.8) 90 (16.3)
Long-term & current wine use

None 519 (58.2) 340 (61.6)

Moderate 236 (26.5) 108 (19.6)

High 137 (15.4) 104 (18.8)
Long-term liquor use

None 513 (57.5) 339 (61.6)

Moderate 218 (24.4) 133 (24.2)

High 161 (18.0) 78 (14.2)
Long-term & current liquor use

None 490 (54.9) 330 (59.8)

Moderate 244 (27.4) 141 (25.5)

High 158 17.7) 81 14.7)

Systems Disorder as its top diseases and networks. Net-
work 2, centered on SMARCA4, regulates Cellular Devel-
opment, Hereditary Disorder, and Lipid Metabolism.
Network 3, centered on CCND1, regulates Cell Cycle, Cel-
lular Assembly and Organization, and DNA Replication,
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Tablg 2 MigroRNA e)fpression miRNA Mean miRNA expression Beta® p-value g-value

associated with LTC wine

consumption in normal rectal None Moderate High

fucosa Tumor® Normal Tumor® Normal Tumor® Normal
hsa-miR-100-5p 9.77 10.45 10.67 9.70 7.46 6.67 —-0.23 <0.0001 0.0808
hsa-miR-106b-5p 12.95 3.36 11.45 3.46 13.06 248 —-0.19 0.0031 0.0880
hsa-miR-10b-5p 8.95 11.23 8.84 9.68 8.12 843 —-0.17 0.0096 0.0915
hsa-miR-1203 1.70 241 1.96 2.45 2.11 225 -0.18 0.0052 0.0915
hsa-miR-127-3p 2.22 0.93 247 0.95 2.16 0.22 -0.13 0.0110 0.0915
hsa-miR-1295b-3p 2.63 2.61 3.05 2.46 3.09 234 -0.15 0.0213 0.0980
hsa-miR-130a-3p 5.58 4.26 6.09 4.22 5.49 2.67 -0.16 0.0018 0.0808
hsa-miR-132-3p 0.94 1.25 0.97 1.33 1.61 0.35 -0.15 0.0083 0.0915
hsa-miR-133b 1.17 6.90 1.67 6.55 1.30 475 -0.21 0.0002 0.0808
hsa-miR-143-3p 5.29 8.36 6.43 7.80 5.46 6.38 —0.16 0.0139 0.0923
hsa-miR-145-5p 127.50 269.68 14598 249.57 108.42 201.84 -0.15 0.0178 0.0944
hsa-miR-151a-3p 431 1.07 3.81 0.98 4.42 0.59 -0.14 0.0148 0.0923
hsa-miR-15a-5p 6.31 3.18 5.31 3.07 6.66 2.05 =021 0.0007 0.0808
hsa-miR-15b-5p 35.15 2556  29.66 2244  30.11 19.68 —0.17 0.0102 0.0915
hsa-miR-17-5p 56.07 13.55 4734 13.08 51.50 11.61 -0.16 0.0222 0.0983
hsa-miR-181a-5p 35.81 25.17  33.88 24.18 3044 2221 -0.14 0.0170 0.0944
hsa-miR-184 2.27 2.34 2.39 2.65 2.45 1.86 -0.15 0.0120 0.0923
hsa-miR-193b-3p 10.19 6.06 9.51 5.72 7.59 445 -0.15 0.0089 0.0915
hsa-miR-195-5p 3.08 10.86 3.12 9.73 2.95 7.79 =020 0.0025 0.0808
hsa-miR-199a-3p 41.35 19.32 4070 17.58  32.62 1429 -0.15 0.0204 0.0979
hsa-miR-199a-5p 18.56 7.90 18.42 6.88 14.04 528 —0.20 0.0006 0.0808
hsa-miR-199b-5p 3.62 1.17 3.90 0.86 3.70 0.50 -0.17 0.0094 0.0915
hsa-miR-204-3p 0.48 1.00 0.80 0.87 0.72 0.94 -0.16 0.0149 0.0923
hsa-miR-210 22.73 16.21 20.75 14.11 18.23 1548 —0.06 0.0084 0.0915
hsa-miR-2117 1.45 3.23 1.60 3.10 1.76 294 -0.17 0.0087 0.0915
hsa-miR-222-3p 16.17 9.19 15.42 8.63 14.94 7.72 -0.16 0.0113 0.0915
hsa-miR-2278 1.72 1.91 1.61 1.83 1.87 1.80 -0.11 0.0211 0.0980
hsa-miR-25-3p 28.71 11.29  23.88 10.05 2641 8.62 —0.18 0.0056 0.0915
hsa-miR-27b-3p 3242 2457  30.10 2250 @ 27.54 1891 -0.16 0.0177 0.0944
hsa-miR-28-5p 1.34 1.87 1.39 1.52 1.43 1.10 -0.16 0.0132 0.0923
hsa-miR-302c-5p 2.02 1.65 2.10 1.38 2.54 1.16 -0.18 0.0070 0.0915
hsa-miR-30a-5p 1.51 3.66 1.61 3.06 1.80 2.18 -=0.21 0.0008 0.0808
hsa-miR-30c-5p 7.93 10.29 6.52 9.13 7.10 7.63 -0.16 0.0157 0.0923
hsa-miR-30e-5p 2.78 3.12 2.23 2.79 3.15 235 -0.17 0.0115 0.0915
hsa-miR-3164 1.20 2.02 1.70 1.89 1.84 1.62 -0.17 0.0097 0.0915
hsa-miR-3187-5p 3.49 241 3.95 2.27 4.27 1.99 -0.18 0.0073 0.0915
hsa-miR-324-5p 4.22 1.73 3.05 1.66 4.34 0.96 -0.17 0.0039 0.0915
hsa-miR-3609 2.56 1.79 2.28 1.94 2.92 1.62 -0.13 0.0195 0.0964
hsa-miR-3616-3p 3.32 2.69 3.26 2.69 4.17 195 -0.15 0.0113 0.0915
hsa-miR-3617-5p 3.62 4.04 4.11 3.92 4.22 326 -0.15 0.0200 0.0976
hsa-miR-3620-3p 7.21 8.12 7.64 8.91 6.86 8.33 0.08 0.0102 0.0915
hsa-miR-362-5p 2.96 0.51 2.33 0.46 3.34 0.13 -0.17 0.0092 0.0915
hsa-miR-365a-3p 8.13 3.95 7.12 3.72 7.15 2.72  -0.13 0.0133 0.0923
hsa-miR-3680-3p 6.68 6.12 7.01 6.43 7.30 5.53 -0.13 0.0157 0.0923
hsa-miR-378d 0.22 1.58 0.20 1.36 0.29 1.36 —-0.17 0.0081 0.0915
hsa-miR-378g 1.11 1.87 1.28 1.76 1.67 145 -0.19 0.0045 0.0915
hsa-miR-3922-5p 1.45 1.19 1.72 1.34 1.67 1.08 -0.14 0.0229 0.0998
hsa-miR-3976 2.39 0.95 2.54 1.04 2.59 0.59 -0.17 0.0022 0.0808
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Table 2 (continued)

miRNA Mean miRNA expression Beta® p-value g-value
None Moderate High
Tumor® Normal Tumor® Normal Tumor® Normal
hsa-miR-425-3p 12.43 14.70 12.66 15.65 11.95 15.83 0.15 0.0217 0.0980
hsa-miR-425-5p 11.55 6.17 9.75 5.17 10.03 454 -0.17 0.0053 0.0915
hsa-miR-4280 3.45 2.99 3.82 2.94 4.50 294 -0.16 0.0190 0.0952
hsa-miR-4296 1.72 1.13 2.07 1.00 1.94 094 -0.16 0.0177 0.0944
hsa-miR-432-5p 2.55 2.15 2.65 2.10 2.74 1.72 -0.16  0.0103 0.0915
hsa-miR-4450 3.83 3.40 4.29 2.97 4.44 2.89 -0.20 0.0018 0.0808
hsa-miR-4469 1.32 2.22 1.52 1.87 1.36 1.88 —-0.16 0.0085 0.0915
hsa-miR-4479 1.90 2.15 2.00 1.98 2.09 1.76 —-0.20 0.0024 0.0808
hsa-miR-4657 3.01 1.85 3.29 1.89 3.57 1.51 -0.17 0.0101 0.0915
hsa-miR-4659b-3p 4.25 5.32 4.34 5.05 4.95 486 —0.15 0.0223 0.0983
hsa-miR-4660 4.84 4.11 5.24 3.69 5.14 344 -0.17 0.0060 0.0915
hsa-miR-4684-3p 1.73 2.14 2.10 2.00 2.26 190 -0.17 0.0128 0.0923
hsa-miR-4730 8.99 9.06 7.68 11.03 7.80 7.51 -0.07 0.0151 0.0923
hsa-miR-4748 4.79 4.78 4.96 4.62 5.24 419 -0.16 0.0147 0.0923
hsa-miR-484 1.67 1.67 1.36 1.42 2.33 092 -0.19 0.0012 0.0808
hsa-miR-497-5p 1.13 5.79 1.17 5.46 1.32 4.14 -0.22 0.0004 0.0808
hsa-miR-5008-3p 1.81 0.79 1.96 0.73 2.19 0.39 -0.14 0.0153 0.0923
hsa-miR-518c-5p 1.57 1.91 1.86 1.92 1.85 1.57 -0.16 0.0137 0.0923
hsa-miR-525-5p 1.68 1.71 1.78 1.33 1.82 1.02 -0.15 0.0206 0.0979
hsa-miR-532-5p 4.79 1.01 3.90 0.72 5.23 0.34 -0.17 0.0081 0.0915
hsa-miR-548aa 1.93 2.14 1.68 2.40 1.72 2.08 0.01 0.0042 0.0915
hsa-miR-548am-5p 0.91 1.12 0.69 1.58 1.06 0.75 -0.09 <0.0001 0.0808
hsa-miR-551b-5p 1.31 0.99 1.56 0.95 1.60 0.85 -0.17 0.0110 0.0915
hsa-miR-566 3.08 3.52 3.56 3.86 3.75 312 -0.11 0.0157 0.0923
hsa-miR-5685 0.76 2.23 1.08 2.04 1.22 2.16 -0.16 0.0182 0.0951
hsa-miR-595 5.41 5.68 4.83 5.72 4.25 467 -0.05 0.0113 0.0915
hsa-miR-615-3p 1.06 1.09 0.98 1.28 1.22 1.06 -0.02 0.0187 0.0952
hsa-miR-636 8.76 10.83 9.98 11.69 9.10 11.91 0.13  0.0215 0.0980
hsa-miR-6500-3p 3.00 3.37 3.44 3.00 3.92 296 -0.16 0.0178 0.0944
hsa-miR-652-3p 1.66 0.81 1.72 0.73 2.06 038 -0.16 0.0123 0.0923
hsa-miR-6716-3p 5.22 4.23 4.10 7.60 4.79 320 -0.04 0.0166 0.0944
hsa-miR-877-3p 24.17 3159 2655 3459 2526  34.15 0.13  0.0124 0.0923
hsa-miR-92a-1-5p 0.57 0.78 0.55 0.70 0.82 0.60 -0.16 0.0188 0.0952
hsa-miR-93-5p 37.48 12.83  31.04 11.72 3590 1033  -0.17 0.0111 0.0915
hsa-miR-99a-5p 6.48 3.59 8.31 3.05 5.56 198 -0.15 0.0063 0.0915
hsa-miR-99b-5p 4.65 4.06 5.00 3.99 393 299 -0.15 0.0159 0.0923

?Adjusted for age at diagnosis, study center, sex, and current smoking

>Tumor miRNA expression shown for information only; this was not used in the analysis and was not asso-

ciated with alcohol use

Recombination and Repair. At the center of networks 1 and
3 are TP53 and SMARCA4 respectively, which are tran-
scription factors (TFs), and at the center of network 2 is
CCND1, which encodes for the Cyclin-D1 protein, a key
regulator of the cell cycle.

@ Springer

No other alcohol variables, including total alcohol
consumption, beer consumption, and hard liquor con-
sumption were associated with miRNA expression level.
While hard liquor was associated with expression levels
of 21 miRNAs, none of these remained significant after
adjusting for cigarette smoking status.
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Fig. 1 IPA top networks generated for mRNAs associated with hsa-miR-210 with a FC of greater than or equal to 1.5 or less than or equal to
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Discussion

Long-term current wine consumption significantly altered
miRNA expression in normal rectal mucosa (NRM) of
84 miRNAs. These findings support the hypothesis that
alcohol consumption is able to influence miRNA expres-
sion. Furthermore, they suggest that different forms of
alcohol are able to impact miRNA expression in a dis-
tinctive manner, as we only detected associations for LTC
wine after adjusting for multiple comparisons. Two miR-
NAs associated across LTC wine in NRM, hsa-miR-210
and hsa-miR-92a-1-5p, also significantly worsened ACM
when expression levels were higher. Hsa-miR-210 was
directly associated with expression of a multitude of
mRNAs in NCRM, suggesting miRNAs that are influ-
enced by wine consumption alter mRNAs in NCRM, and

this disruption to normal pathways may contribute to a
variety of disease processes, affecting ACM.

Previously, we reported associations between alcohol
intake and rectal cancer risk in these subjects, and we did
not see significant associations for liquor and wine in gen-
eral; however, we found that, in subjects who were non-
users of NSAIDs, high long-term liquor or beer intake
significantly increased risk of developing rectal cancer
compared to subjects who did use NSAIDs [39]. This find-
ing suggests that liquor and beer consumption have an
inherent inflammatory effect that is ameliorated by NSAID
use. Alcohol metabolism is known to lead to reactive oxy-
gen species production, which may stimulate nuclear factor
kappa-light-chain-enhancer of activated B cells (NF-kB),
a pro-inflammatory factor [5]. A German study found that
not drinking wine recently and over a lifetime significantly
increased chance of death overall and for CRC specifically
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compared to subjects who drank <12 g/day of wine [7]. As
we saw that NSAIDs moderated risk in liquor users only,
it is possible that wine consumption does not trigger the
same inflammatory response that liquor consumption does,
or instead instigates an anti-inflammatory response. Higher
beer and liquor intake, but not wine intake, was associ-
ated with greater risk of incidence of gout [40] in a study
conducted by Choi et al. Gout, an inflammatory disease, is
generally thought to be preceded by hyperuricemia, a con-
dition tied to alcohol consumption, and Choi et al. found
that beer and liquor, but not wine, increased serum uric
acid levels [16]. Ethanol itself increases serum uric acid,
through decreased excretion as well as increased produc-
tion, and alcoholic beverages that contain more purines,
such as beer, which contains high levels of guanosine, and
liquor to a lesser extent, exacerbate this effect as these mol-
ecules are metabolized into uric acid [16, 41]. As uric acid
indicates elevated oxidative stress, Choi et al. proposed
anti-oxidant non-alcoholic components of wine, such as
polyphenols, may prevent uric acid levels from rising with
moderate wine consumption [16].

Resveratrol, an anti-oxidative polyphenol found in
grapes, has been shown to mitigate many pathological
responses, including chronic inflammation and cancer [26].
One hypothesis as to how resveratrol is able to influence
so many disease states, and the multitude of biological pro-
cesses involved, is by altering the expression of miRNAs
[26]. Resveratrol has been linked to the upregulation of
hsa-miR-663 [26, 42]; however, we did not replicate this
finding. Seven miRNAs associated across LTC wine con-
sumption in NRM have been previously associated with
resveratrol presence in human CRC cells in other stud-
ies [20, 43]. Hsa-miR-100-5p, hsa-miR-17-5p, hsa-miR-
181a-5p, hsa-miR-25-3p, and hsa-miR-30e-5p were all
downregulated with increased LTC wine consumption, and
were previously shown to have decreased expression with
the addition of resveratrol to cells [43]. Hsa-miR-30c-5p
was downregulated in our dataset and hsa-miR-615-3p was
upregulated between no and moderate LTC wine intake,
but decreased between moderate and high consumption in
our data; both hsa-miR-30c-5p and hsa-miR-615-3p were
shown to increase with resveratrol addition by Tili et al.
[43].

Quercetin, another polyphenol found in red wines, influ-
ences miRNA expression [20], and has been studied with
expression of select miRNAs in mouse models [44], as well
as in various human cancers [45—47]. In the mouse model,
mmu-miR-181a, 324-5p, 210, and 99b were upregulated,
and 30c-1 (stem loop to miR-30c-5p in humans) and 10b
were downregulated [44] with the addition of quercetin. We
saw significant downregulation across LTC wine consump-
tion for all six miRNAs. In colon [46] and renal cancers
[47], quercetin combined with resveratrol and hyperoside

@ Springer

respectively decreased expression of hsa-miR-27a; we did
not replicate this finding.

As alcohol is known to influence many disease states [1,
2], we analyzed the 84 miRNAs associated significantly
with wine LTC for associations with ACM across colon
and rectal cases combined. Two miRNAs, hsa-miR-210
and hsa-miR-92a-1-5p, significantly worsened ACM when
expression increased in NCRM. These miRNAs were
downregulated in NRM across LTC wine consumption lev-
els. This finding suggests that moderate to high wine con-
sumption decreases miRNAs that potentially are oncogenic,
as they are shown to worsen CRC survival with greater
expression. As these miRNAs were only dysregulated in
NRM, it is likely that this altered expression disrupts nor-
mal biological pathways, contributing to overall disease
states and ACM, rather than CRC pathogenesis specifically.

To identify potentially dysregulated pathways, we tested
associations between mRNAs and hsa-miR-210 and hsa-
miR-92a-1-5p in NCRM. No mRNAs were associated
significantly with hsa-miR-92a-1-5p; 3169 mRNAs were
associated with hsa-miR-210 expression when a g-value
of <0.5 was applied and a fold change restriction of >1.5
or <0.67 were applied. Of these, 14 displayed the typical
inverse relationship of miRNA::mRNA interactions. While
miRNAs are known to upregulate target gene expres-
sion in certain conditions [48], it is likely external factors
influence the expression of these genes in concert with
hsa-miR-210. A multitude of genes upregulate 7P53 and
CCNDI,; it is therefore possible that one, or a combination,
of these genes is responsible for the positive beta coeffi-
cient between hsa-miR-210 and these genes. TFs form feed
forward loops (FFLs) with miRNAs and target genes [49,
50]. In certain FFLs, a TF will upregulate a miRNA and its
target gene, creating an ‘incoherent’ FFL. Both SMARCA4
and TP53 display numerous ‘direct activation’ connections,
that are either bidirectional or leading away from the center,
indicating their positive regulatory capacity. Conversely,
CCNDI is the target of regulation by a larger majority of
genes in its network. GTF3C4, HOXB13, ATAD2 are TFs
that may activate CCNDI. Given the interconnectedness of
the networks and the regulatory ability of so many of the
genes in the network, it is possible other genes, specifically
TFs, influence the direct association between these mRNAs
and hsa-miR-210.

Many of the studies cited from the literature used car-
cinoma tissue; we looked at miRNA expression in both
NCRM and differential miRNA expression, between paired
carcinoma and NCRM, to determine if alcohol influ-
enced miRNA expression. We did not see any associations
between alcohol use and differential miRNA expression
between carcinoma and NCRM; however, we did see that
LTC wine use influenced the expression of 84 miRNAs
in NRM only. As these miRNAs were not associated with
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differential expression, we can infer that these miRNAs’
expression, while influenced by alcohol consumption,
does not differ within the individual’s carcinoma and nor-
mal mucosa, and therefore is behaving similarly to carci-
noma tissue miRNA expression reported in other studies.
As these miRNAs are not differentially expressed, it is
possible that alcohol use contributes to the global dysreg-
ulation of miRNAs, and is one of many factors influenc-
ing disease progression. As we only see associations with
LTC wine, it may be the non-alcoholic components unique
to wine, including phytochemicals, that are responsible for
the altered expression of these miRNAs. As these data used
colorectal tissue, other tissue types may have different asso-
ciations with alcoholic beverages and miRNA expression.
Our study has many strengths, including our large sam-
ple size. This enabled us to analyze colon and rectal cases
separately; as we only detected significant results for NRM
expression, we may not have found significant results if
we had combined colon and rectal cancers or examined
only colon cancer cases. Additionally, we used a micro-
array platform to collect miRNA expression data, which
enabled us to take a discovery approach. This is valuable,
as miRNA expression associated with alcohol use has not
been studied extensively. As we have already stated, this
method has high reliability, which is another asset, as well
as good concordance with other methods [32, 33]. Another
strength of this study is our detailed diet history, which
enabled us to collect data on specific alcohol consump-
tion. We have shown that liquor and wine were associated
with different miRNAs, and we would not have been able
to distinguish these miRNAs otherwise. While we did not
replicate all of the findings in the literature, it is possible
that this is due to our large platform and the fact that we
corrected for multiple comparisons. Additionally, many
of the studies calculate alcohol consumption using differ-
ent amounts of consumption, use certain g/day cutoffs, or
another classification method, and as such our results may
not be directly comparable to others. In a review done by
Milenkovic et al. on miRNAs and polyphenols, they report
that the direction of dysregulation of specific miRNAs
associated with resveratrol in multiple studies varies, and
they attribute this to differences in cell lines used, resvera-
trol concentrations, and time of resveratrol exposure; this
finding highlights the potential sensitivity of miRNAs to
exogenous factors as well as the potential difficulties in
comparing findings across studies [20]. Finally, while there
have been studies investigating polyphenol influence on
miRNA expression for many cancers, there is most often
one or two studies focusing on any given cancer, some
using a combination of different polyphenols, which may
or may not be present in the same foods, and some consider
a select few miRNAs. Additionally, as some studies use
animal models, or different human cell lines, these results

may not be directly comparable. The study whose findings
most closely matched our own was one that used human
CRC cells and performed a microarray analysis [43]. We
encourage others to continue to investigate polyphenol con-
tribution to miRNA expression patterns in disease states,
particularly CRC, in order to better determine how these
molecules influence miRNAs and disease states.

In this study, we show that miRNAs are influenced by
wine consumption. As significant results were found only
for NRM, it is possible that non-alcoholic components of
wine alter the normal mucosa and carcinoma tissue of rec-
tal cancer subjects equally and in a manner that contributes
to the overall dysregulation of genes in CRC.

Acknowledgments The contents of this manuscript are solely the
responsibility of the authors and do not necessarily represent the offi-
cial view of the National Cancer Institute. We would like to acknowl-
edge Dr. Bette Caan and the Kaiser Permanente Medical Research
Program for sample contributions, Erika Wolff and Michael Hoffman
at the University of Utah for miRNA processing, Brett Milash and the
Bioinformatics Shared Resource of the Huntsman Cancer Institute
and University of Utah for miRNA and mRNA bioinformatics data
processing, Sandie Edwards at the University of Utah for her efforts
in overall study monitoring and tumor tissue collection, Dr. Wade
Samowitz at the University of Utah and ARUP Laboratories for slide
review, and Daniel Pellatt at the University of Utah for his assistance
with statistical analysis.

Funding This study was supported by NCI Grants CA163683 and
CA48998.

Compliance with ethical standards

Conflict of interest
of interest.

The authors declare that they have no conflict

Informed consent All participants signed an informed consent
and this study was approved by the Institutional Review Board at
the University of Utah; the committee numbers for this paper are
IRB_00055877 and IRB_00002335.

Open Access This article is distributed under the terms of the
Creative Commons Attribution 4.0 International License (http://
creativecommons.org/licenses/by/4.0/), which permits unrestricted
use, distribution, and reproduction in any medium, provided you give
appropriate credit to the original author(s) and the source, provide a
link to the Creative Commons license, and indicate if changes were
made.

References

1. Khaw KT, Wareham N, Bingham S, Welch A, Luben R, Day
N (2008) Combined impact of health behaviours and mortality
in men and women: the EPIC-Norfolk prospective population
study. PLoS Med 5(1):e12. doi:10.1371/journal.pmed.0050012

2. Zhou Y, Zheng J, Li S, Zhou T, Zhang P, Li HB (2016) Alco-
holic Beverage Consumption and Chronic Diseases. Int J Envi-
ron Res Public Health. doi:10.3390/ijerph13060522

@ Springer


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.1371/journal.pmed.0050012
http://dx.doi.org/10.3390/ijerph13060522

554

Cancer Causes Control (2017) 28:545-555

10.

11.

12.

14.

15.

16.

17.

Midlov P, Calling S, Memon AA, Sundquist J, Sundquist
K, Johansson SE (2016) Women’s health in the Lund area
(WHILA)-Alcohol consumption and all-cause mortality among
women-a 17 year follow-up study. BMC Public Health 16:22.
doi:10.1186/s12889-016-2700-2

Knott CS, Coombs N, Stamatakis E, Biddulph JP (2015) All
cause mortality and the case for age specific alcohol consump-
tion guidelines: pooled analyses of up to 10 population based
cohorts. BMJ 350:h384. doi:10.1136/bmj.h384

Wang HJ, Zakhari S, Jung MK (2010) Alcohol, inflammation,
and gut-liver-brain interactions in tissue damage and disease
development. World J Gastroenterol 16(11):1304-1313

Streppel MT, Ocke MC, Boshuizen HC, Kok FJ, Kromhout D
(2009) Long-term wine consumption is related to cardiovascular
mortality and life expectancy independently of moderate alco-
hol intake: the Zutphen Study. J Epidemiol Community Health
63(7):534-540. doi:10.1136/jech.2008.082198

Walter V, Jansen L, Ulrich A, Roth W, Blaker H, Chang-Claude
J, Hoffmeister M, Brenner H (2016) Alcohol consumption and
survival of colorectal cancer patients: a population-based study
from Germany. Am J Clin Nutr 103(6):1497-1506. doi:10.3945/
ajen.115.127092

Goulden R (2016) Moderate alcohol consumption is not associ-
ated with reduced all-cause mortality. Am J Med 129(2):180—
186. doi:10.1016/j.amjmed.2015.10.013

Angel-Morales G, Noratto G, Mertens-Talcott S (2012) Red wine
polyphenolics reduce the expression of inflammation markers in
human colon-derived CCD-18Co myofibroblast cells: potential
role of microRNA-126. Food Funct 3(7):745-752. doi:10.1039/
c2f010271d

Wang X (2014) Composition of seed sequence is a major
determinant of microRNA targeting patterns. Bioinformatics
30(10):1377-1383. doi:10.1093/bioinformatics/btu045

Hsu RY, Chan CH, Spicer JD, Rousseau MC, Giannias B, Rous-
seau S, Ferri LE (2011) LPS-induced TLR4 signaling in human
colorectal cancer cells increases betal integrin-mediated cell
adhesion and liver metastasis. Cancer Res 71(5):1989-1998.
doi:10.1158/0008-5472.CAN-10-2833

Elinav E, Nowarski R, Thaiss CA, Hu B, Jin C, Flavell RA
(2013) Inflammation-induced cancer: crosstalk between tumours,
immune cells and microorganisms. Nat Rev Cancer 13(11):759-
771. doi:10.1038/nrc3611

Wu AH, Paganini-Hill A, Ross RK, Henderson BE (1987) Alco-
hol, physical activity and other risk factors for colorectal cancer:
a prospective study. Br J Cancer 55(6):687-694

Slattery ML, Curtin K, Sweeney C, Levin TR, Potter J, Wolff
RK, Albertsen H, Samowitz WS (2007) Diet and lifestyle factor
associations with CpG island methylator phenotype and BRAF
mutations in colon cancer. Int J Cancer 120(3):656-663

Slattery ML, Potter JD, Samowitz W, Schaffer D, Leppert M
(1999) Methylenetetrahydrofolate reductase, diet, and risk of
colon cancer. Cancer Epidemiol Biomark Prev 8(6):513-518
Choi HK, Curhan G (2004) Beer, liquor, and wine consumption
and serum uric acid level: the Third National Health and Nutri-
tion Examination Survey. Arthritis Rheum 51(6):1023-1029.
doi:10.1002/art.20821

Crisan TO, Cleophas MC, Oosting M, Lemmers H, Toen-
hake-Dijkstra H, Netea MG, Jansen TL, Joosten LA (2016)
Soluble wuric acid primes TLR-induced proinflammatory
cytokine production by human primary cells via inhibition
of IL-1Ra. Ann Rheum Dis 75(4):755-762. doi:10.1136/
annrheumdis-2014-206564

Tenore GC, Manfra M, Stiuso P, Coppola L, Russo M, Ritieni
A, Campiglia P (2013) Polyphenolic pattern and in vitro car-
dioprotective properties of typical red wines from vineyards

@ Springer

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

cultivated in Scafati (Salerno, Italy). Food Chem 140(4):803—
809. doi:10.1016/j.foodchem.2012.10.023

Leung HY, Yung LH, Shi G, Lu AL, Leung LK (2009) The
red wine polyphenol resveratrol reduces polycyclic aromatic
hydrocarbon-induced DNA damage in MCF-10A cells. Br J Nutr
102(10):1462—-1468. doi:10.1017/S0007114509990481
Milenkovic D, Jude B, Morand C (2013) miRNA as
molecular target of polyphenols underlying their biologi-
cal effects. Free Radic Biol Med 64:40-51. doi:10.1016/.
freeradbiomed.2013.05.046

Bartel DP (2009) MicroRNAs: target recognition and regulatory
functions. Cell 136(2):215-233

He L, Hannon GJ (2004) MicroRNAs: small RNAs with a
big role in gene regulation. Nat Rev Genet 5(7):522-531.
doi:10.1038/nrg1379

MacFarlane L MP (2010) MicroRNA: biogenesis, function and
role in cancer. Curr Genom 11(7):537-561

Friedman RC FK, Burge CB, Bartel DP (2009) Most mamma-
lian mRNAs are conserved targets of microRNAs. Genom Res
19(1):92-105

Carissimi C, Fulci V, Macino G (2009) MicroRNAs: novel
regulators of immunity. Autoimmun Rev 8(6):520-524.
doi:10.1016/j.autrev.2009.01.008

Lancon A, Kaminski J, Tili E, Michaille JJ, Latruffe N (2012)
Control of MicroRNA expression as a new way for resveratrol to
deliver its beneficial effects. J Agric Food Chem 60(36):8783—
8789. doi:10.1021/j£301479v

Garcia-Segura L, Perez-Andrade M, Miranda-Rios J (2013)
The emerging role of MicroRNAs in the regulation of gene
expression by nutrients. J Nutrigenet Nutrigenom 6(1):16-31.
doi:10.1159/000345826

Slattery ML, Potter J, Caan B, Edwards S, Coates A, Ma KN,
Berry TD (1997) Energy balance and colon cancer—beyond
physical activity. Cancer Res 57(1):75-80

Slattery ML, Edwards S, Curtin K, Ma K, Edwards R, Holubkov
R, Schaffer D (2003) Physical activity and colorectal cancer. Am
J Epidemiol 158(3):214-224

Edwards S, Slattery ML, Mori M, Berry TD, Caan BJ, Palmer P,
Potter JD (1994) Objective system for interviewer performance
evaluation for use in epidemiologic studies. Am J Epidemiol
140(11):1020-1028

Slattery ML, Herrick JS, Mullany LE, Valeri N, Stevens J, Caan
BJ, Samowitz W, Wolff RK (2015) An evaluation and replica-
tion of miRNAs with disease stage and colorectal cancer-specific
mortality. Int J Cancer 137(2):428-438. doi:10.1002/ijc.29384
Slattery ML, Herrick JS, Pellatt DF, Stevens JR, Mullany LE,
Wolff E, Hoffman MD, Samowitz WS, Wolff RK (2016) Micro-
RNA profiles in colorectal carcinomas, adenomas, and normal
colonic mucosa: variations in miRNA expression and disease
progression. Carcinogenesis. doi:10.1093/carcin/bgv249

Pellatt DF, Stevans JR, Wolff RK, Mullany LE, Herrick JS,
Samowitz W, Slattery ML (2015) Expression profiles of miRNA
subsets distinguish human colorectal carcinoma and normal
colonic mucosa. Clin Transl Gastroenterol 7:e152

Suyundikov A, Stevens JR, Corcoran C, Herrick J, Wolff
RK, Slattery ML (2015) Accounting for dependence Induced
by weighted KNN imputation in paired samples, motivated
by a colorectal Cancer study. PLoS ONE 10(4):e0119876.
doi:10.1371/journal.pone.0119876

Agilent Technologies I (2013) Agilent GeneSpring User Manual.
Aglient Technologies Inc, Santa Clara Accessed 16 Jul 2015
Slattery ML, Pellatt DF, Mullany LE, Wolff RK, Herrick JS
(2015) Gene expression in colon cancer: A focus on tumor site
and molecular phenotype. Genes Chromosomes Cancer 54
(9):527-541. doi:10.1002/gcc.22265


http://dx.doi.org/10.1186/s12889-016-2700-2
http://dx.doi.org/10.1136/bmj.h384
http://dx.doi.org/10.1136/jech.2008.082198
http://dx.doi.org/10.3945/ajcn.115.127092
http://dx.doi.org/10.3945/ajcn.115.127092
http://dx.doi.org/10.1016/j.amjmed.2015.10.013
http://dx.doi.org/10.1039/c2fo10271d
http://dx.doi.org/10.1039/c2fo10271d
http://dx.doi.org/10.1093/bioinformatics/btu045
http://dx.doi.org/10.1158/0008-5472.CAN-10-2833
http://dx.doi.org/10.1038/nrc3611
http://dx.doi.org/10.1002/art.20821
http://dx.doi.org/10.1136/annrheumdis-2014-206564
http://dx.doi.org/10.1136/annrheumdis-2014-206564
http://dx.doi.org/10.1016/j.foodchem.2012.10.023
http://dx.doi.org/10.1017/S0007114509990481
http://dx.doi.org/10.1016/j.freeradbiomed.2013.05.046
http://dx.doi.org/10.1016/j.freeradbiomed.2013.05.046
http://dx.doi.org/10.1038/nrg1379
http://dx.doi.org/10.1016/j.autrev.2009.01.008
http://dx.doi.org/10.1021/jf301479v
http://dx.doi.org/10.1159/000345826
http://dx.doi.org/10.1002/ijc.29384
http://dx.doi.org/10.1093/carcin/bgv249
http://dx.doi.org/10.1371/journal.pone.0119876
http://dx.doi.org/10.1002/gcc.22265

Cancer Causes Control (2017) 28:545-555

555

37.

38.

39.

40.

41.

42.

43.

44,

Davison AC, Hinkley DV (1997) Bootstrap methods and their
application. Cambridge University Press, Cambridge

Storey JD (2002) A direct approach to false discovery rates. J R
Stat Soc B 64(3):479-498. doi:10.1111/1467-9868.00346
Murtaugh MA, Ma KN, Caan BJ, Slattery ML (2004) Asso-
ciation of fluids from beverages with risk of rectal cancer. Nutr
Cancer 49(1):25-31. doi:10.1207/s15327914nc4901_4

Choi HK, Atkinson K, Karlson EW, Willett W, Curhan G
(2004) Alcohol intake and risk of incident gout in men: a pro-
spective study. Lancet 363(9417):1277-1281. doi:10.1016/
S0140-6736(04)16000-5

Maiuolo J, Oppedisano F, Gratteri S, Muscoli C, Mollace V
(2016) Regulation of uric acid metabolism and excretion. Int J
Cardiol 213:8-14. doi:10.1016/j.ijcard.2015.08.109

Tili E, Michaille JJ, Adair B, Alder H, Limagne E, Taccioli
C, Ferracin M, Delmas D, Latruffe N, Croce CM (2010) Res-
veratrol decreases the levels of miR-155 by upregulating miR-
663, a microRNA targeting JunB and JunD. Carcinogenesis
31(9):1561-1566. doi:10.1093/carcin/bgq143

Tili E, Michaille JJ, Alder H, Volinia S, Delmas D, Latruffe N,
Croce CM (2010) Resveratrol modulates the levels of microR-
NAs targeting genes encoding tumor-suppressors and effectors of
TGFbeta signaling pathway in SW480 cells. Biochem Pharmacol
80(12):2057-2065. doi:10.1016/j.bcp.2010.07.003

Milenkovic D, Deval C, Gouranton E, Landrier JF, Scalbert A,
Morand C, Mazur A (2012) Modulation of miRNA expression
by dietary polyphenols in apoE deficient mice: a new mecha-
nism of the action of polyphenols. PLoS ONE 7(1):e29837.
doi:10.1371/journal.pone.0029837

45.

46.

47.

48.

49.

50.

Tao SF, He HF, Chen Q (2015) Quercetin inhibits proliferation
and invasion acts by up-regulating miR-146a in human breast
cancer cells. Mol Cell Biochem 402(1-2):93-100. doi:10.1007/
s11010-014-2317-7

Del Follo-Martinez A, Banerjee N, Li X, Safe S, Mertens-Talcott
S (2013) Resveratrol and quercetin in combination have antican-
cer activity in colon cancer cells and repress oncogenic micro-
RNA-27a. Nutr Cancer 65(3):494-504. doi:10.1080/01635581.2
012.725194

Li W, Liu M, Xu YF, Feng Y, Che JP, Wang GC, Zheng JH
(2014) Combination of quercetin and hyperoside has antican-
cer effects on renal cancer cells through inhibition of onco-
genic microRNA-27a. Oncol Rep 31(1):117-124. doi:10.3892/
0r.2013.2811

Vasudevan S (2012) Posttranscriptional upregulation by micro-
RNAs. Wiley Interdiscip Rev RNA 3(3):311-330. doi:10.1002/
wrna.121

Arora S, Rana R, Chhabra A, Jaiswal A, Rani V (2013) miRNA-
transcription factor interactions: a combinatorial regulation of
gene expression. Mol Genet Genom MGG 288 (3-4):77-87.
doi:10.1007/s00438-013-0734-z

Nazarov PV, Reinsbach SE, Muller A, Nicot N, Philippidou D,
Vallar L, Kreis S (2013) Interplay of microRNAs, transcription
factors and target genes: linking dynamic expression changes to
function. Nucleic Acids Res 41(5):2817-2831. doi:10.1093/nar/
gks1471

@ Springer


http://dx.doi.org/10.1111/1467-9868.00346
http://dx.doi.org/10.1207/s15327914nc4901_4
http://dx.doi.org/10.1016/S0140-6736(04)16000-5
http://dx.doi.org/10.1016/S0140-6736(04)16000-5
http://dx.doi.org/10.1016/j.ijcard.2015.08.109
http://dx.doi.org/10.1093/carcin/bgq143
http://dx.doi.org/10.1016/j.bcp.2010.07.003
http://dx.doi.org/10.1371/journal.pone.0029837
http://dx.doi.org/10.1007/s11010-014-2317-7
http://dx.doi.org/10.1007/s11010-014-2317-7
http://dx.doi.org/10.1080/01635581.2012.725194
http://dx.doi.org/10.1080/01635581.2012.725194
http://dx.doi.org/10.3892/or.2013.2811
http://dx.doi.org/10.3892/or.2013.2811
http://dx.doi.org/10.1002/wrna.121
http://dx.doi.org/10.1002/wrna.121
http://dx.doi.org/10.1007/s00438-013-0734-z
http://dx.doi.org/10.1093/nar/gks1471
http://dx.doi.org/10.1093/nar/gks1471

	Alterations in microRNA expression associated with alcohol consumption in rectal cancer subjects
	Abstract 
	Purpose 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Study population
	Alcohol data
	MiRNA processing
	RNA-seq data
	Statistical analysis
	Bioinformatics

	Results
	Discussion
	Acknowledgments 
	References


