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Alcohol addiction may increase the risk of obesity due to shared genetic components. The Copine V
(CPNE5) gene is involved in Ca®* binding and may play an important role in the development of the
central nervous system. This study tested the genetic associations of 77 single-nucleotide poly-
morphisms (SNPs) within the CPNE5 gene with alcohol dependence (AD) and obesity using a Caucasian
sample — The Study of Addiction — Genetics and Environment (SAGE) sample (1066 AD cases and 1278
non-AD controls, 422 obese cases and 1395 non-obese controls). The Marshfield sample (1442 obese

ﬁfgﬁdgepen dence cases and 2122 non-obese controls) was used for replication of obesity. Multiple logistic regression
Obesity analysis was performed using the PLINK software. In the SAGE sample, we identified 10 SNPs associated
CPNE5 with AD and 17 SNPs associated with obesity (p < 0.05). Interestingly, 6 SNPs (rs9986517, rs9470387,
Calcium 1s3213534, rs10456444, rs3752482, and rs9470386) were associated with both AD (OR = 0.77, 0.77, 0.83,
Polymorphism 0.84, 0.79 and 1.14, respectively; p = 9.72 x 107>, 1.1 x 1074 4.09 x 1073, 5.26 x 1073, 1.59 x 102, and
Haplotype 3.81 x 10*2, respectively) and obesity (OR = 0.77, 0.77, 0.78, 0.77, 0.68 and 1.18, respectively;

Meta-analysis
Pleiotropic effect

p=274x 1073269 x 1073,2.45 x 1073,1.01 x 10~3,5.18 x 10~ and 3.85 x 1072, respectively). In the
Marshfield sample, rs3752480 was associated with obesity (p = 0.0379). In addition, four SNPs
(rs9986517, rs10456444, rs7763347 and rs4714010) showed associations with obesity in the meta-
analysis using both samples (p = 0.00493, 0.0274, 0.00346, and 0.0141, respectively). These findings
provide the first evidence of common genetic variants in the CPNE5 gene influencing both the AD and
obesity; and will serve as a resource for replication in other populations.

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

Alcohol consumption is the third leading risk factor globally for
disease burden, and harmful use of alcohol leads to 2.5 million
deaths worldwide every year (WHO, 2010). In the United States
(US), 71% of the general US aged 18 or older reported that they
drank in the past year. One quarter (24.6%) reported engaging in
binge drinking, and 7.1% reported heavy drinking in the past month
(SAMHSA, 2012). Based on the 2009—2010 National Health and
Nutrition Examination Survey (NHANES) data, the age-adjusted
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obesity prevalence among US adults 20 years and older was
35.7% (Flegal et al., 2012), with the absolute numbers of obese in-
dividuals globally projected to surpass 1.12 billion by 2030 (Kelly
et al., 2008). Previous epidemiological data suggest that moderate
alcohol intake may protect against obesity, particularly in women,
whereas higher consumption including binge-drinking may in-
crease the risk of obesity (Wilson, 2010; Yeomans, 2010;
Wakabayashi, 2014). Results are inconsistent, however. For
example, one study suggested that heavy drinking was not related
to obesity (Adachi et al., 2000), with another study reporting
frequent drinking was associated with reduced odds of obesity
(Rohrer et al., 2005). Using the 1988—1994 NHANES data in the
non-smoking US adult population, the odds of overweight and
obesity were significantly higher among binge drinkers and those
consuming four or more drinks/day. However, those who reported
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drinking one or two drinks per day, or less than five drinks per
week, had decreased odds of obesity (Arif and Rohrer, 2005). One
recent study using the NHANES registry of 1999—2002 suggested
potential gender differences in the link between alcohol con-
sumptionand obesity. Binge drinking was associated with signifi-
cantly higher odds of obesity, for both males and females, however,
moderate drinking (3 drinks/day in females and 4 drinks/day in
males) was associated with increased odds of obesity in females,
but decreased odds of obesity in males (Chakraborty, 2014).

Alcohol dependence (AD) is a psychiatric diagnosis evidenced
by physical or psychological dependence on alcohol. According to
the Diagnostic and Statistical Manual of Mental Disorders (DSM) IV
criteria for AD, at least three out of seven of the following criteria
must be manifest during a 12-month period: tolerance, withdrawal
symptoms, use in larger amounts or for longer periods than
intended, persistent desire, loss of control, reduction or cessation of
social, occupational and recreational pursuits, continued use
despite knowledge of alcohol-related harm. (http://www.
alcoholcostcalculator.org/business/about/dsm.html). Among
American adults, approximately 12% have had an AD problem in
their lifetime, with 4% classified as having an AD problem in the
previous 12-months (Hasin et al., 2007). Family, twin, and adoption
studies have indicated that genetic and environmental factors, as
well as their interactions, all contribute to the development of AD,
with a heritability of more than 0.5 (Heath et al., 1997; Schuckit,
2000; Goldman et al., 2005; Bierut et al., 2010). Recently, several
genome-wide association studies (GWAS) have been completed
and a number of candidate genes have been found to be associated
with the risk of AD and alcohol consumption (e.g., Bierut et al.,
2010; Edenberg et al., 2010; Schumann et al., 2011; Wang et al.,
2011; Zuo et al.,, 2012; Gelernter et al., 2014).

Binge eating disorder, and overeating as an addictive disorder,
are also psychiatric disorders in DSM-V and are often comorbid
with obesity (James et al., 2004; Volkow and O'Brien, 2007;
American Psychiatric Association, 2013). Alcohol addiction may
also be comorbid with obesity, and those with AD may be at
increased risk of obesity due to shared genetic components (Wang
et al.,, 2013).

The Copine V (CPNE5) (also known as CPN5, COPN5) gene is
located at 6p21.2 (Creutz et al., 1998; Tripodis et al., 1998). Copines
are a family of calcium-dependent lipid-binding proteins
comprised of 2 N-terminal C2 domains (C2Ds) and a C-terminal A
domain. The C2Ds contain aspartate residues important for calcium
and phospholipid binding (Ramsey et al., 2008). The CPNES5 is one
of several genes that encode a calcium-dependent protein con-
taining two N-terminal type I C2 domains and an integrin A
domain-like sequence in the C-terminus. A recent study showed
that CPNES5 is expressed in both neural progenitor cells and the
differentiated neurons during the neural development, suggesting
that CPNE5 might play an important role in the development of the
central nervous system (Ding et al., 2008). Although alcohol's ef-
fects on the central nervous system, including neuro-cognitive
deficits, neuronal injury and neurodegeneration, are well docu-
mented, the biological and genetic mechanisms remain elusive
(Mukherjee, 2013). Hence, CPNES5 is a suitable candidate gene for
study in AD. In the present study, we hypothesized that CPNE5
plays a role in AD, with some genetic variants within the CPNE5
gene potentially associated with both AD and obesity. This study
explored the associations of 77 single-nucleotide polymorphisms
(SNPs) within the CPNE5 gene with both AD and obesity in The
Study of Addiction — Genetics and Environment (SAGE) sample
(1066 AD cases and 1278 non-AD controls, 422 obese cases and
1395 non-obese controls). The Marshfield sample (1442 obese
cases and 2122 non-obese controls) was used for replication of
obesity.

2. Materials and methods
2.1. Samples

2.1.1. The SAGE sample

SAGE is a comprehensive genome-wide association study
(GWAS) of approximately 4000 unrelated subjects of European and
African—American descent. It was funded as part of the Gene
Environment Association Studies (GENEVA) initiative supported by
the National Human Genome Research Institute (dbGaP study
accession phs000092.v1.p1). Cases used for this report were 1066
Caucasian subjects with the primary phenotype of a lifetime history
of AD using DSM-IV criteria (Bierut et al., 2010). Controls consisted
of 1278 Caucasian subjects who had used alcohol, but never diag-
nosed as having AD or drug dependence (DD) (due to the likely
genetic overlap between AD and DD). A subset of 1817 individuals
had height (in inches) and weight (in pounds), with body mass
index (BMI) calculated by dividing weight in pounds by height in
inches squared and multiplying by a conversion factor of 703.
Obesity was determined as a body mass index (BMI) > 30 (WHO,
1998). The SAGE sample contains about 1 million Illumina SNPs.
Samples were genotyped at the Johns Hopkins Center for Inherited
Disease Research (CIDR). Genotyping was performed using Illumina
Human1Mv1_C BeadChips and the Illumina Infinium II assay pro-
tocol (Gunderson et al., 2006). Allele cluster definitions for each
SNP were determined using Illumina BeadStudio Genotyping
Module version 3.1.14 and the combined intensity data from the
samples. A SNP call rate of 98% was required. Within the CPNE5
gene, 77 SNPs in the SAGE sample were available.

2.1.2. The Marshfield sample

The Marshfield sample produced publicly available data from “A
Genome-Wide Association Study on Cataract and HDL in the
Personalized Medicine Research Project Cohort” - Study Accession:
phs000170.v1.p1 (dbGaP). The primary goals of this project are to
develop and validate electronic phenotyping algorithms, to accu-
rately identify cases and controls while maintaining a positive
predictive value (PPV) of >95%, and to conduct a genome-wide
association study that advances the understanding of two specific
yet interrelated disease states, while simultaneously engaging the
community in these research efforts. The details about these sub-
jects were described elsewhere (McCarty et al., 2005, 2008). While
AD status was not available in the Marshfield sample, for the 3564
Caucasian individuals available, all of had height (in centimeters)
and weight (in kilograms), allowing for calculation of BMI and
determination of obesity status. Genotyping data using the ILLU-
MINA Human660W-Quad_v1_A was available foe the entire sam-
ple, with samples genotyped at the Johns Hopkins Center for
Inherited Disease Research (CIDR). Within the CPNE5 gene, 59 SNPs
were available.

2.2. Statistical analyses

HAPLOVIEW software was used for quality control (Barrett et al.,
2005). First, Hardy—Weinberg equilibrium (HWE) was tested for all
of the SNPs in controls. Then, minor allele frequency (MAF) was
determined for each SNP. Third, the linkage disequilibrium (LD)
structure based on D’ values was constructed. For the SAGE sample,
logistic regression analysis of AD and obesity separately, adjusted
for age and sex, was performed. For the Marshfield sample, logistic
regression analysis of obesity, adjusted for age and sex, was con-
ducted. The asymptotic p-values for the logistic regression models
were calculated while the odds ratio (OR) and its standard error
were estimated using PLINK v1.07 (Purcell et al., 2007). Since the
two samples shared the same genotyping platform, results for
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obesity were directly meta-analyzed by combining the separate
results of obesity from two samples (OR and standard error of OR)
into overall effects. For this meta-analysis of the two datasets, the
basic meta-analysis function in PLINK was applied. Fixed-effect
meta-analysis p-value and fixed-effect ORs were estimated. The
between-study heterogeneity was tested by the y?-based
Cochrane's Q statistic (Higgins and Thompson, 2002). Haplotype
analyses of AD and obesity were separately performed in the SAGE
sample using the PLINK software.

3. Results
3.1. Genotype quality control and descriptive statistics

All 77 SNPs in the SAGE sample and 59 SNPs in the Marshfield
sample were in HWE in the controls (p > 0.01). Participant char-
acteristics for two samples are presented in Table 1. There were
more obese females than males in both cases and controls in both
samples, as well as within AD controls in the SAGE sample. How-
ever, there were more males than females among AD cases in the
SAGE sample. The mean ages for the Marshfield sample were
substantially higher than those in the SAGE sample.

3.2. Association with alcohol dependence in the SAGE sample

Single marker analysis showed that 10 SNPs within the CPNE5
gene in the SAGE sample were associated with AD (p < 0.05)
(Table 2). The top three SNPs showing significant associations with
AD were 159986517, rs9470387, and rs929051 (OR = 0.77, 95%
Cl = 0.68—0.88 with p = 9.72 x 10~>; OR = 0.77, 95%CI = 0.68—0.88
with p = 1.1 x 1074 and OR = 124, 95%CI = 1.10-14 with
p = 5.18 x 1074, respectively). Results remained significant after
Bonferroni correction (¢ = 0.05/77 = 6.49 x 10~4). Haplotype an-
alyses showed the T-C haplotype from rs9986517 and rs1064827
(D' = 1.0 between two SNPs in Fig. 1) was significantly associated
with AD (p = 9.79 x 107°) (Table 3).

3.3. Association with obesity in the SAGE sample

A total of 17 SNPs associated with obesity were identified in the
SAGE sample (p < 0.05) (Table 2). The most significant SNP for
obesity was rs10456444 followed by rs3213534 and rs9470387.
Haplotype analysis showed the C—C haplotype from rs1064827 and
1s10456444 (D' = 1.0 between two SNPs in Fig. 1) was significantly
associated with obesity (Table 4).

3.4. Replication study of obesity and meta-analysis

In the Marshfield sample, single marker analysis showed that
1s3752480 was associated with obesity (p = 0.0379) (data not
shown). We then focused on the 21 SNPs associated with AD or

Table 1
Descriptive characteristics of cases and controls.

obesity in the SAGE sample (Table 2). Among the 21 SNPs in Table 2,
16 SNPs overlapped in both samples. Four SNPs (rs929051,
1s7763347, rs763046, and rs4714010) were associated with obesity
in the Marshfield sample with borderline significance
(0.05 < p < 0.10). In addition, four SNPs (rs9986517, rs10456444,
1s7763347 and rs4714010) were associated with obesity in the
meta-analysis of the SAGE and Marshfield samples (Table 2).

3.5. Shared SNPs among alcohol dependence and obesity

Table 2 shows that 6 SNPs in the SAGE sample (rs9986517,
rs9470387, rs3213534, rs10456444, rs3752482, and rs9470386)
were associated with both AD and obesity. In addition, 2 SNPs
(rs9986517 and rs10456444) associated with AD in the SAGE
sample also revealed associations with obesity in the meta-analysis
of the two samples (OR = 0.88 and 0.91, respectively;
p =493 x 1073 and 2.74 x 1072, respectively). The allele effects of
these 6 SNPs on AD and obesity all have the same directions.

4. Discussion

To our knowledge, no studies investigating associations of
CPNE5 polymorphisms with comorbid AD and obesity have been
published. In this study, we identified 10 SNPs associated with AD
and 17 SNPs associated with obesity in the SAGE sample. Interest-
ingly, 6 SNPs (rs9986517, rs9470387, rs3213534, rs10456444,
1s3752482, rs9470386) were associated with both AD and obesity
in the SAGE sample; while 2 of the 6 SNPs (rs9986517 and
rs10456444) also showed associations with obesity in the meta-
analysis of two samples. Haplotype analyses further supported
the single-marker analysis results of AD and obesity in the SAGE
sample. In addition, some of the obesity results in the SAGE sample
were replicated in the Marshfield sample and meta-analysis.

The CPNE5 gene is one of the genes in a family of calcium-
dependent lipid-binding proteins comprised of 2 N-terminal C2
domains (C2Ds) and a C-terminal A domain. It has been reported
that the C2 domains of CPNE5 are capable of Ca** binding (Tomsig
et al.,, 2003; Cho and Stahelin, 2006; Hurley, 2006), which plays a
key role in the development of the nervous system. For example,
Ca* is a second messenger in neuronal signal transduction and is
implicated in many processes, especially apoptosis (Nutt et al.,
2002). Studies have demonstrated that CPNE5 transcripts are
abundant during the development of embryonic mouse brain, and
may play an important role during neurogenesis (Ding et al., 2008).
A recent study showed that CPNES5 is implicated in synaptic func-
tion, behavioral plasticity, or resource constraint and is moderately
expressed in the adult mouse striatum (D'Amours et al.,, 2011).
Furthermore, previous work reveals a possible association of
alcohol tolerance with increased synaptic Ca** sensitivity (Lynch
and Littleton, 1983), with alcohol potentially leading to calcium
jon (Ca®*) overload (Altura and Altura, 1994). Further studies reveal

SAGE sample Marshfield sample
AD* Control Obesity Control Obesity Control
Number 1066 1278 422 1395 1442 2122
Sex, N (%)
Males 646 (61%) 376 (29%) 179 (42%) 587 (42%) 623 (43%) 852 (40%)
Females 420 (39%) 902 (71%) 243 (58%) 808 (58%) 819 (57%) 1270 (60%)
Age, years
Mean + SD 38.1+99 38.6 +94 41.1 £ 8.7 394 +95 65.2 + 104 67.1+118
Range 18-77 18—65 22-65 18-77 46—-90 46-90

2 AD: Alcohol dependence.



4 K.-S. Wang et al. / Journal of Psychiatric Research 71 (2015) 1-7
Table 2
SNPs within CPNE5 gene associated with alcohol dependence and obesity (p < 0.05).
SNP Position®  AL® MAF® HWE? OR_AD® P_AD' OR_OB® P_OB" OR_MF P.MF ORY P-meta Q"
rs9986517 36827057 T 0.31 0.247 0.77 (0.68—0.88) 9.72E-05 0.77 (0.65—0.91) 2.74E-03 0.93 (0.84-1.03) 0.141 0.88 0.00493 0.072
rs9470387 36821836 A 0.31 0.247 0.77 (0.68—0.88) 1.1E-04 0.77 (0.65-0.91) 2.69E-03 — — — — —
rs929051 36822469 A 0.40 0.99 1.24 (1.10-1.4) 5.18E-04 1.05(0.90—-1.22) 0.542 1.09 (0.99-1.2) 0.067 1.08 0.0597 0.648
1s7762245 36824207 A 0.33 0.575 1.22(1.07-1.38) 2.39E-03 1.07 (0.92—-1.26) 0.372 1.06 (0.96—-1.17) 0.232 1.07 0.138 0.898
rs3213534 36819384 A 0.39 0.063 0.83(0.73—0.94) 4.09E-03 0.78 (0.66—0.91) 2.45E-03 — — — — —
rs10456444 36830820 C 0.47 0.99 0.84 (0.75-0.95) 5.26E-03 0.77 (0.66—0.90) 1.01E-03 0.97 (0.88—1.07) 0.586 0.91 0.0274 0.013
rs12203137 36831894 A 0.23 0.789 1.20(1.05—-1.38) 8.02E-03 1.16(0.97—-1.37) 0.097 - — — - -
rs3752482 36841048 G 0.13 0.99 0.79 (0.65—0.96) 1.59E-02 0.68 (0.52—0.89) 5.18E-03 1.04 (0.91-1.2) 0.549 095 0.44 0.01
rs3213537 36823899 T 0.17 0.3 1.21(1.03—1.42) 2.49E-04 1.04(0.85—-1.28) 0.685 0.99 (0.88—1.14) 0.99 1.01 0.835 0.73
rs9470386 36821698 G 0.48 1.0 1.14(1.01—-1.28) 3.81E-02 1.18(1.01—-1.37) 0.0385 1.01 (0.92—-1.12) 0.847 1.05 0.217 0.1
rs10947627 36816967 A 0.46 0.291 1.09 (0.96—1.23) 0.182 1.24 (1.06—-1.45) 7.97E-03 — - — — -
1s236427 36843044 A 0.15 0.752  0.92(0.78—1.09) 0.35 132 (1.07-1.63) 8.47E-03 0.99 (0.87—1.14) 0.958 1.08 0.166 0.03
15236441 36834976 G 0.25 0.939 1.01(0.88-1.17) 0.857 1.27 (1.06—1.53) 1.12E-02 0.96 (0.85—1.08) 0.492 1.04 044 0.012
rs7763347 36819028 A 0.46 0.291 1.07 (0.95—-1.21) 0.272 1.22 (1.04—-1.43) 1.28E-02 1.1 (1.0-1.21) 0.0579 1.13 0.00346 0.261
rs763046 36821241 A 0.19 0.631 1.07 (0.91-1.25) 0.42 1.28 (1.05—-1.56) 1.33E-02 0.89 (0.78—1.02) 0.0856 0.99 0.952 0.003
rs1010791 36823618 T 0.28 0949 1.01(0.88—1.17) 0.866 1.25(1.04-1.49) 1.49E-02 0.98 (0.87—1.1) 0.71 1.05 0317 0.03
15236446 36830929 A 0.31 0.966 1.1 (0.96—-1.25) 0.176 1.22 (1.03—1.45) 1.85E-02 0.94 (0.84—1.04) 0.227 1.01 0.801 0.01
rs1064827 36830125 T 0.28 0949 1.01(0.88—1.17) 0.881 1.24 (1.04-1.48) 1.87E-02 — - - — -
rs236432 36838396 T 0.17 1.0 0.95(0.80—1.12) 0.52 1.25(1.02—-1.55) 3.34E-2 0.98 (0.86—1.12) 0.759 1.05 0374 0.06
rs236444 36831682 T 0.28 0.949 0.99(0.87—-1.15) 0.993 1.21(1.01-1.45) 3.75E-02 0.99 (0.88—1.11) 0.889 1.05 0.32 0.07
rs4714010 36855384 T 0.46 0.301 0.89(0.79—1.01) 0.0564 0.85(0.73—0.99) 0.0464 0.92 (0.84—1.02) 0.0967 0.9 0.0141 0.403
2 Physical position (bp).
b Minor allele.
¢ Minor allele frequency.
4 p-value for Hardy—Weinberg equilibrium test.
€ 0dds ratio for the alcohol dependence in SAGE sample.
f p-value for alcohol dependence in the SAGE sample.
& Odds ratio for obesity in the SAGE sample.
b p-value for obesity in the SAGE sample.
I 0dds ratio for obesity in the Marshfield sample.
I p-value for obesity in the Marshfield sample.
k" 0dds ratio for the meta-analysis of obesity.
! p-value for the meta-analysis of obesity.
m

p-value for Cochrane's Q statistic.

that AD can develop at the cellular level, with changes in calcium
homeostasis (Nagy, 2000), while alcohol-induced apoptosis may
contribute to alcohol-induced brain-vascular damage and stroke (Li
et al., 2004). Recent research shows that Ca>* may play a role in
pancreatic cell death and acute pancreatitis induced by alcohol
metabolites (Criddle et al., 2006; Gerasimenko et al., 2009). In the
present study, 10 SNPs were found to be associated with AD, with
haplotype analyses further supporting the single-marker analysis
results of AD in the SAGE sample. These findings indicated that
CPNE5 SNPs and haplotypes could serve as potential molecular
markers for AD.

Previous animal models have shown that Ca?* may be related to
the development of obesity (Chan, 1995; Kim et al., 1996). Other
studies suggest that regulation of intracellular Ca®* ([Ca%*]i) plays a
key role in obesity, insulin resistance and hypertension (Zemel,
1998; Zemel and Miller, 2004). Furthermore, it has been recently
reviewed that Ca?* may induce apoptosis of cancer cells and adi-
pocytes, resulting in decreasing tumor size and long-term reduc-
tion in adipose tissue mass (Sergeev, 2013, 2014). In this study, we
performed the first genetic association study and meta-analysis of
obesity for CPNE5 gene, and identified 17 SNPs associated with
obesity in the SAGE sample and 4 SNPs associated with obesity in
the meta-analysis of the SAGE and Marshfield samples. Our results
indicate that the CPNE5 gene might also play a potential role in
obesity.

Previous epidemiological studies reveal heavy drinking or
binge-drinking may increase the risk of obesity (Arif and Rohrer,
2005; Wilson, 2010; Yeomans, 2010; Chakraborty, 2014;
Wakabayashi, 2014). Furthermore, some previous studies also
support a link between substance use, abuse or dependence, with
obesity, but results are inconsistent (Barry et al., 2009; Grucza et al.,
2010; Pickering et al., 2011). For example, a relationship between

being overweight and nicotine and alcohol dependence or abuse
was found among men, but not among women (John et al., 2005). In
addition, obesity was associated with psychiatric disorders and
suicidal behavior in a Canadian sample (Mather et al., 2009).
Another study suggested that depression, obesity and alcohol use
disorders were interrelated conditions for women, but a greater
understanding of reasons underlying the co-occurrence of these
conditions would benefit prevention and intervention efforts
(McCarty et al., 2009). In the present study, 6 SNPs were associated
with both AD and obesity in the SAGE sample, with 2 of these also
associated with obesity in the meta-analysis. The effects of these 6
SNPs had the same directions: the minor alleles of 5 SNPs showed
risk effects on both AD and obesity while the other one showed
protective effect on both AD and obesity. These results provide
evidence that the CPNE5 gene has a pleiotropic effect on AD and
obesity. Our results also support previous studies that obesity or
uncontrolled eating disorder may share some pathways with
excessive ethanol consumption or AD and addiction (Thiele et al.,
2003; Tomasi and Volkow, 2013; Lichenstein et al., 2014). Previ-
ous findings and our present results suggested that Ca*>* may be
one of the mechanisms linking AD and obesity.

The current study has a number of strengths. First, to our
knowledge, this is the first candidate gene study which investigated
the associations between CPNE5 polymorphisms and comorbidities
of AD and obesity. Second, our sample sizes were relatively large
and the two samples were ethnically homogeneous. Third, we
examined 77 SNPs within the CPNE5 gene in the SAGE sample, and
used 59 SNPs in the Marshfield sample to replicate our findings.
Fourth, we implemented a meta-analysis to increase the study
power and precision by combining two study samples. Finally, we
were able to detect pleiotropic effects of CPNE5 gene on two
complex diseases — AD and obesity.
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Fig. 1. Linkage disequilibrium structure of thirteen SNPs within a block including rs9986517 and rs10456444. The numbers indicate the D’ values between the corresponding two
SNPs.

Table 3
Haplotype analysis of alcohol dependence in the SAGE sample.

Haplotype Alcohol dependence
Case® Control” %2¢ p¢
1s7762245 rs9986517
C T 0.27 0.33 14.68 0.000127
C C 0.37 0.34 7.69 0.00555
rs9986517 rs1064827
T C 0.28 0.33 15.18 9.79 x 10>
C C 0.48 0.43 11.47 0.000706
@ Haplotype frequency in cases.
° Haplotype frequency in controls.
¢ Chi-square value for each haplotype using PLINK.
d p-value for each haplotype using PLINK.
Table 4
Haplotype analysis of obesity in the SAGE sample.
Haplotype Obesity
Case? Control” 72¢ p¢
1s9986517 rs1064827
C T 0.26 0.22 54 0.0202
T C 0.27 0.33 9.76 0.00178
rs1064827 rs10456444
C C 0.43 0.50 11.38 0.000744
T T 0.26 0.22 5.52 0.0188

a
b
c
d

Haplotype frequency in cases.
Haplotype frequency in controls.

Chi-square value for each haplotype using PLINK.
p-value for each haplotype using PLINK.

The current study is not without limitations, however. First, only
one sample had information on AD. Second, this study focused on
obesity classified simply as BMI >30. Additional research should
compare subcategories of obesity such as Class [ obesity
(BMI = 30—34.9), Class II obesity (BMI = 35—39.9), and Class III
obesity (BMI > 40), as differences may exist in observed findings.
Third, our current findings might be subject to type I error due to
the number of comparisons made. Fourth, unequal distribution of
gender across AD and obesity groups may have impacted findings.
Finally, the mean ages for the Marshfield were higher than those in
the SAGE samples. Replication of current findings in additional
samples is clearly needed.

5. Conclusion

These findings provide the first evidence of genetic variants in
the CPNE5 gene influencing both AD and obesity. Results of the
current study could serve as a resource for replication in other
populations. Future functional studies within CPNE5 may help to
better characterize the genetic architecture of these two complex
diseases. The findings also provide evidence for the utility of po-
tential joint intervention and prevention efforts among patients
with AD and obesity.

Conflicts of interest

All authors have reported no financial interests or potential
conflicts of interest.



6 K.-S. Wang et al. / Journal of Psychiatric Research 71 (2015) 1-7

Contributors

Kesheng Wang and Yue Pan managed the literature searches
and analyses, edited the references, and wrote the draft of the
manuscript. Lingjun Zuo and Xingguang Luo offered critical guid-
ance in the design of this study and provided a substantive review
of the manuscript. Changchun Xie offered critical guidance on the
statistical analysis and contributed for statistical expertise and
improvement of the manuscript. Kesheng Wang designed the study
and improved the manuscript. All authors read and approved the
manuscript.

Funding sources

No founding source is given for the present paper.

Acknowledgments

The authors would like to thank Dr. Beth Bailey, Director of Pri-
mary Care Research, Department of Family Medicine, East Tennes-
see State University for her constructive comments and
improvements on the paper.

Funding support for the SAGE was provided through the Na-
tional Institutes of Health (NIH) Genes, Environment and Health
Initiative (GEI) Grant U01 HG004422. SAGE is one of the GWAS
funded as part of the GENEVA under GEI. Assistance with pheno-
type harmonization and genotype cleaning, as well as with general
study coordination, was provided by the GENEVA Coordinating
Center (Grant U01 HG004446). Assistance with data cleaning was
provided by the National Center for Biotechnology Information.
Support for collection of datasets and samples were provided by
COGA (Grant U10 AA008401), COGEND (Grant P01 CA089392), and
FSCD (Grant RO1 DAO013423). Funding support for genotyping,
which was performed at the Johns Hopkins University Center for
Inherited Disease Research, was provided by NIH GEI Grant
UO1HG004438, the National Institute on Alcohol Abuse and Alco-
holism, the National Institute on Drug Abuse, and the NIH contract
“High throughput genotyping for studying the genetic contribu-
tions to human disease” (HHSN268200782096C). The datasets used
for the analyses described in this manuscript were obtained from
dbGaP at http://www.ncbi.nlm.nih.gov/projects/gap/cgibin/study.-
cgi study_id = phs000092.v1.p1 through dbGaP accession number
phs000092.v1.p.1.

Funding support for the Personalized Medicine Research Project
(PMRP) was provided through a cooperative agreement
(UOTHG004608) with the National Human Genome Research
Institute (NHGRI), with additional funding from the National
Institute for General Medical Sciences (NIGMS). The samples used
for PMRP analyses were obtained with funding from Marshfield
Clinic, Health Resources Service Administration Office of Rural
Health Policy grant number D1A RHO00025, and Wisconsin
Department of Commerce Technology Development Fund contract
number TDF FYO10718. Funding support for genotyping, which was
performed at Johns Hopkins University, was provided by the NIH
(U0O1HG004438). Assistance with phenotype harmonization and
genotype cleaning was provided by the eMERGE Administrative
Coordinating Center (UO1HG004603) and the National Center for
Biotechnology Information (NCBI). The datasets used for the ana-
lyses described in this manuscript were obtained from dbGaP at
http://www.ncbi.nlm.nih.gov/gap through dbGaP accession num-
ber phs000170.v1.p1.

This study was approved by the Internal Review Board (IRB),
East Tennessee State University.

References

Adachi, H., Hirai, Y., Fujiura, Y., Imaizumi, T., 2000. Effect of alcohol intake on dietary
habits and obesity in Japanese middle-aged men. Nihon Koshu Eisei Zasshi 47
(10), 879—886.

Altura, B.M., Altura, B.T.,, 1994. Role of magnesium and calcium in alcohol-induced
hypertension and strokes as probed by in vivo television microscopy, digital
image microscopy, optical spectroscopy, 31P-NMR, spectroscopy and a unique
magnesium ion-selective electrode. Alcohol Clin. Exp. Res. 18 (5), 1057—1068.

American Psychiatric Association.http://www.dsm5.org/documents/eating%
20disorders%20fact%20sheet.pdf. 2013.

Arif, A.A., Rohrer, J.E., 2005. Patterns of alcohol drinking and its association with
obesity: data from the Third National Health and Nutrition Examination Survey,
1988—1994. BMC Public Health 5, 126.

Barrett, J.C,, Fry, B., Maller, J., Daly, M.J.,, 2005. Haploview: analysis and visualization
of LD and haplotype maps. Bioinformatics 21, 263—265.

Barry, D., Clarke, M., Petry, N.M., 2009. Obesity and its relationship to addictions: is
overeating a form of addictive behavior? Am. ]. Addict. 18 (6), 439—451.

Bierut, LJ., Agrawal, A., Bucholz, K.K., Doheny, K.F,, Laurie, C., Pugh, E., et al., 2010.
A genome-wide association study of alcohol dependence. Proc. Natl. Acad. Sci.
U. S. A. 107, 5082—5087.

Chakraborty, S., 2014. Analysis of NHANES 1999-2002 data reveals noteworthy
association of alcohol consumption with obesity. Ann. Gastroenterol. 27 (3),
250—-257.

Chan, C.B., 1995. Beta-cell stimulus — secretion coupling defects in rodent models of
obesity. Can. J. Physiol. Pharmacol. 73 (10), 1414—1424.

Cho, W., Stahelin, R.V., 2006. Membrane binding and subcellular targeting of C2
domains. Biochim. Biophys. Acta 1761, 838—849.

Creutz, C.E., Tomsig, ].L., Snyder, S.L., Gautier, M.-C., Skouri, F.,, Beisson, ]., et al., 1998.
The copines, a novel class of C2 domain-containing, calcium-dependent,
phospholipid-binding proteins conserved from Paramecium to humans. ]. Biol.
Chem. 273, 1393—1402.

Criddle, D.N., Sutton, R., Petersen, O.H., 2006. Role of Ca®* in pancreatic cell death
induced by alcohol metabolites. ]J. Gastroenterol. Hepatol. 21 (Suppl. 3),
S$14-S17.

D'Amours, G., Bureau, G., Boily, M.J., Cyr, M., 2011. Differential gene expression
profiling in the mouse brain during motor skill learning: focus on the striatum
structure. Behav. Brain Res. 221 (1), 108—117.

Ding, X,, Jin, Y., Wu, Y., Wu, Y., Wu, H,, Xiong, L., et al., 2008. Localization and cellular
distribution of CPNE5 in embryonic mouse brain. Brain Res. 1224, 20—28.
Edenberg, H.J., Koller, D.L., Xuei, X., Wetherill, L., McClintick, ]J.N., Almasy, L., et al.,
2010. Genome-wide association study of alcohol dependence implicates a re-

gion on chromosome 11. Alcohol Clin. Exp. Res. 34, 840—852.

Flegal, K.M., Carroll, M.D., Kit, B.K.,, Ogden, C.L., 2012. Prevalence of obesity and
trends in the distribution of body mass index among US adults, 1999—2010.
J. Am. Med. Assoc. 307 (5), 491—497.

Gelernter, J., Kranzler, H.R., Sherva, R., Almasy, L., Koesterer, R., Smith, A.H., et al.,
2014. Genome-wide association study of alcohol dependence:significant find-
ings in African- and European-Americans including novel risk loci. Mol. Psy-
chiatry 19 (1), 41—49.

Gerasimenko, J.V., Lur, G., Sherwood, M.W.,, Ebisui, E., Tepikin, A.V., Mikoshiba, K.,
et al,, 2009. Pancreatic protease activation by alcohol metabolite depends on
Ca®* release via acid store IP3 receptors. Proc. Natl. Acad. Sci. U. S. A. 106 (26),
10758—-10763.

Goldman, D., Oroszi, G., Ducci, F, 2005. The genetics of addictions: uncovering the
genes. Nat. Rev. Genet. 6, 521-532.

Grucza, RA., Krueger, R.F, Racette, S.B., Norberg, K.E., Hipp, P.R,, Bierut, LJ., 2010.
The emerging link between alcoholism risk and obesity in the United States.
Arch. Gen. Psychiatry 67 (12), 1301—1308.

Gunderson, K.L., Steemers, FJ., Ren, H., Ng, P., Zhou, L., Tsan, C,, et al., 2006. Whole-
genome genotyping. Methods Enzymol. 410, 359—376.

Hasin, D.S., Stinson, ES. Ogburn, E., Grant, B.F, 2007. Prevalence, correlates,
disability, and comorbidity of DSM-IV alcohol abuse and dependence in the
United States. Arch. Gen. Psychiatry 64 (7), 830.

Heath, A.C., Bucholz, KK., Madden, P.A., Dinwiddie, S.H., Slutske, W.S., Bierut, L.,
et al.,, 1997. Genetic and environmental contributions to alcohol dependence
risk in a national twin sample: consistency of findings in women and men.
Psychol. Med. 27, 1381-1396.

Higgins, J.P., Thompson, S.G., 2002. Quantifying heterogeneity in a meta-analysis.
Stat. Med. 21, 1539—1558.

Hurley, J.H., 2006. Membrane binding domains. Biochim. Biophys. Acta 1761,
805—811.

James, G.A., Gold, M.S,, Liu, Y., 2004. Interaction of satiety and reward response to
food stimulation. J. Addict. Dis. 23, 23—37.

John, U., Meyer, C., Rumpf, HJ., Hapke, U., 2005. Relationships of psychiatric dis-
orders with overweight and obesity in an adult general population. Obes. Res.
13 (1), 101-109.

Kelly, T., Yang, W., Chen, C.S., Reynolds, K., He, J., 2008. Global burden of obesity in
2005 and projections to 2030. Int. J. Obes. (Lond) 32, 1431—-1437.

Kim, J.H., Mynatt, R.L., Moore, J.W., Woychik, R.P., Moustaid, N., Zemel, M.B., 1996.
The effects of calcium channel blockade on agouti-induced obesity. FASEB ]. 10
(14), 1646—1652.

Li, W,, Li, J., Liu, W,, Altura, B.T.,, Altura, B.M., 2004. Alcohol-induced apoptosis of
canine cerebral vascular smooth muscle cells: role of extracellular and


http://www.ncbi.nlm.nih.gov/projects/gap/cgibin/
http://www.ncbi.nlm.nih.gov/gap
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref1
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref1
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref1
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref1
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref2
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref2
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref2
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref2
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref2
http://www.dsm5.org/documents/eating%20disorders%20fact%20sheet.pdf
http://www.dsm5.org/documents/eating%20disorders%20fact%20sheet.pdf
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref4
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref4
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref4
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref4
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref5
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref5
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref5
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref6
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref6
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref6
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref7
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref7
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref7
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref7
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref8
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref8
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref8
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref8
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref9
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref9
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref9
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref9
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref10
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref10
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref10
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref11
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref11
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref11
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref11
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref11
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref12
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref12
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref12
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref12
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref12
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref13
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref13
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref13
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref13
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref14
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref14
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref14
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref15
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref15
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref15
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref15
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref16
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref16
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref16
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref16
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref16
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref17
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref17
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref17
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref17
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref17
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref18
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref18
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref18
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref18
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref18
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref18
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref19
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref19
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref19
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref20
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref20
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref20
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref20
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref21
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref21
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref21
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref22
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref22
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref22
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref23
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref23
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref23
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref23
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref23
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref24
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref24
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref24
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref25
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref25
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref25
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref26
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref26
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref26
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref27
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref27
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref27
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref27
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref28
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref28
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref28
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref29
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref29
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref29
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref29
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref30
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref30

K.-S. Wang et al. / Journal of Psychiatric Research 71 (2015) 1-7 7

intracellular calcium ions. Neurosci. Lett. 354 (3), 221—-224.

Lichenstein, S.D., Jones, B.L, O'Brien, J.W., Zezza, N, Stiffler, S., Holmes, B., et al.,
2014. Familial risk for alcohol dependence and developmental changes in BMI:
the moderating influence of addiction and obesity genes. Pharmacogenomics 15
(10), 1311-1321.

Lynch, M.A., Littleton, J.M., 1983. Possible association of alcohol tolerance with
increased synaptic Ca®* sensitivity. Nature 303 (5913), 175—176.

Mather, AA., Cox, BJ.,, Enns, M.\W.,, Sareen, J., 2009. Associations of obesity with
psychiatric disorders and suicidal behaviors in a nationally representative
sample. J. Psychosom. Res. 66 (4), 277—285.

McCarty, C.A., Peissig, P., Caldwell, M.D., Wilke, R.A., 2008. The Marshfield Clinic
Personalized Medicine Research Project: 2008 scientific update and lessons
learned in the first 6 years. Pers. Med. 5, 529—542.

McCarty, C.A. Kosterman, R., Mason, W.A., McCauley, E. Hawkins, ].D.,
Herrenkohl, TI, et al, 2009. Longitudinal associations among depression,
obesity and alcohol use disorders in young adulthood. Gen. Hosp. Psychiatry 31
(5), 442—450.

McCarty, C.A., Wilke, R.A., Giampietro, P.F.,, Wesbrook, S.D., Caldwell, M.D., 2005.
Marshfield Clinic Personalized Medicine Research Project (PMRP): design,
methods and recruitment for a large population-based biobank. Pers. Med. 2,
49-79.

Mukherjee, S., 2013. Alcoholism and its effects on the central nervous system. Curr.
Neurovasc. Res. 10 (3), 256—262.

Nagy, J., 2000. Alcohol dependence at the cellular level: effects of ethanol on cal-
cium homeostasis of IM-9 human lymphoblast cells. ]J. Stud. Alcohol. 61 (2),
225-231.

Nutt, LK., Pataer, A., Pahler, J., B, Fang, Roth, J., McConkey, DJ., et al., 2002. Bax and
bak promote apoptosis by modulating endoplasmic reticular and mitochondrial
Ca®* stores. J. Biol. Chem. 277 (11), 19-25.

Pickering, R.P.,, Goldstein, R.B., Hasin, D.S., Blanco, C., Smith, S.M., Huang, B., et al.,
2011. Temporal relationships between overweight and obesity and DSM-IV
substance use, mood, and anxiety disorders: results from a prospective study,
the National Epidemiologic Survey on alcohol and related conditions. J. Clin.
Psychiatry 72 (11), 1494—1502.

Purcell, S., Neale, B., Todd-Brown, K., Thomas, L., Ferreira, M.A., Bender, D., et al.,
2007. PLINK: a tool set for whole-genome association and population-based
linkage analyses. Am. J. Hum. Genet. 81 (3), 559—575.

Ramsey, C.S., Yeung, F,, Stoddard, P.B., Li, D., Creutz, C.E., Mayo, M.W., 2008. Copine-I
represses NF-kappa-B transcription by endoproteolysis of p65. Oncogene 27,
3516—3526.

Rohrer, J.E., Rohland, B.M., Denison, A., Way, A., 2005. Frequency of alcohol use and
obesity in community medicine patients. BMC Fam. Pract. 6 (1), 17.

Schuckit, M.A., 2000. Genetics of the risk for alcoholism. Am. J. Addict. 9, 103—112.

Schumann, G., Coin, LJ., Lourdusamy, A., Charoen, P., Berger, K.H., Stacey, D., et al.,
2011. Genome-wide association and genetic functional studies identify autism
susceptibility candidate 2 gene (AUTS2) in the regulation of alcohol con-
sumption. Proc. Natl. Acad. Sci. U. S. A. 108, 7119—7124.

Sergeev, I.N., 2013. Regulation of apoptosis in adipocytes and breast cancer cells by
1,25-dihydroxyvitamin D3: a link between obesity and breast cancer. Horm.
Mol. Biol. Clin. Investig. 14 (3), 99—106.

Sergeev, L.N., 2014. Vitamin D-mediated apoptosis in cancer and obesity. Horm. Mol.
Biol. Clin. Investig. 20 (2), 43—49.

Substance Abuse and Mental Health Services Administration (SAMHSA), 2012.
National Survey on Drug Use and Health (NSDUH). Available at: http://www.
samhsa.gov/data/NSDUH/2012SummNatFindDetTables/DetTabs/NSDUH-
DetTabsSect5peTabs1t056-2012.htm#Tab5.8A.

Thiele, T.E., Navarro, M., Sparta, D.R,, Fee, ]J.R., Knapp, D.J., Cubero, 1., 2003. Alco-
holism and obesity: overlapping neuropeptide pathways? Neuropeptides 37
(6), 321-337.

Tomasi, D., Volkow, N.D., 2013. Striatocortical pathway dysfunction in addiction and
obesity: differences and similarities. Crit. Rev. Biochem. Mol. Biol. 48 (1), 1-19.

Tomsig, J.L., Snyder, S.L., Creutz, C.E., 2003. Identification of targets for calcium
signaling through the copine family of proteins. . Biol. Chem. 278 (12), 48—54.

Tripodis, N., Mason, R., Humphray, S.J., Davies, A.F,, Herberg, J.A., Trowsdale, J., et al.,
1998. Physical map of human 6p21.2-6p21.3: region flanking the centromeric
end of the major histocompatibility complex. Genome Res. 8, 631—643.

Volkow, N.D., O'Brien, C.P., 2007. Issues for DSM-V: should obesity be included as a
brain disorder? Am. J. Psychiatry 164, 708—710.

Wakabayashi, 1., 2014. Light-to-moderate alcohol drinking reduces the impact of
obesity on the risk of diabetes mellitus. ]J. Stud. Alcohol Drugs 75 (6),
1032—-1038.

Wang, K.S.,, Liu, X., Zhang, Q., Pan, Y., Aragam, N., Zeng, M., 2011. A meta-analysis of
two genome-wide association studies identifies 3 new loci for alcohol depen-
dence. ]. Psychiatri. Res. 45, 1419—1425.

Wang, L., Liu, X,, Luo, X., Zeng, M., Zuo, L., Wang, K.S., 2013. Genetic variants in the
fat mass- and obesity-associated (FTO) gene are associated with alcohol
dependence. J. Mol. Neurosci. 51 (2), 416—424.

World Health Organization (WHO), 2010. Draft Global Strategy to Reduce the
Harmful Use of Alcohol. World health Organization, Geneva, Switzerland.
World Health Organization (WHO), 1998. Obesity: Preventing and Managing the

Global Epidemic. Geneva, Switzerland.

Wilson, C., 2010. Obesity: light-to-moderate alcohol consumption may reduce
weight gain in middle-aged or older women. Nat. Rev. Endocrinol. 6 (7), 353.

Yeomans, M.R,, 2010. Alcohol, appetite and energy balance: is alcohol intake a risk
factor for obesity? Physiol. Behav. 100 (1), 82—89.

Zemel, M.B., Miller, S.L., 2004. Dietary calcium and dairy modulation of adiposity
and obesity risk. Nutr. Rev. 62 (4), 125—131.

Zemel, M.B., 1998. Nutritional and endocrine modulation of intracellular calcium:
implications in obesity, insulin resistance and hypertension. Mol. Cell Biochem.
188 (1-2), 129—-136.

Zuo, L., Gelernter, ]., Zhang, C.K,, Zhao, H., Ly, L., Kranzler, H.R,, et al., 2012. Genome-
wide association study of alcohol dependence implicates KIAAO0O40 on chro-
mosome 1q. Neuropsychopharmacology 37 (2), 557—566.


http://refhub.elsevier.com/S0022-3956(15)00269-1/sref30
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref30
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref31
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref31
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref31
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref31
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref31
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref32
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref32
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref32
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref32
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref33
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref33
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref33
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref33
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref34
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref34
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref34
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref34
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref35
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref35
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref35
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref35
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref35
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref36
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref36
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref36
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref36
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref36
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref37
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref37
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref37
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref38
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref38
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref38
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref38
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref39
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref39
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref39
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref39
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref39
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref40
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref40
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref40
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref40
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref40
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref40
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref41
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref41
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref41
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref41
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref42
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref42
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref42
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref42
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref43
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref43
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref44
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref44
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref45
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref45
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref45
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref45
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref45
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref46
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref46
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref46
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref46
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref47
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref47
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref47
http://www.samhsa.gov/data/NSDUH/2012SummNatFindDetTables/DetTabs/NSDUH-DetTabsSect5peTabs1to56-2012.htm#Tab5.8A
http://www.samhsa.gov/data/NSDUH/2012SummNatFindDetTables/DetTabs/NSDUH-DetTabsSect5peTabs1to56-2012.htm#Tab5.8A
http://www.samhsa.gov/data/NSDUH/2012SummNatFindDetTables/DetTabs/NSDUH-DetTabsSect5peTabs1to56-2012.htm#Tab5.8A
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref49
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref49
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref49
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref49
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref50
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref50
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref50
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref51
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref51
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref51
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref52
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref52
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref52
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref52
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref53
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref53
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref53
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref54
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref54
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref54
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref54
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref55
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref55
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref55
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref55
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref56
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref56
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref56
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref56
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref57
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref57
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref58
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref58
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref59
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref59
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref60
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref60
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref60
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref61
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref61
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref61
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref62
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref62
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref62
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref62
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref62
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref63
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref63
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref63
http://refhub.elsevier.com/S0022-3956(15)00269-1/sref63

	Genetic variants in the CPNE5 gene are associated with alcohol dependence and obesity in Caucasian populations
	1. Introduction
	2. Materials and methods
	2.1. Samples
	2.1.1. The SAGE sample
	2.1.2. The Marshfield sample

	2.2. Statistical analyses

	3. Results
	3.1. Genotype quality control and descriptive statistics
	3.2. Association with alcohol dependence in the SAGE sample
	3.3. Association with obesity in the SAGE sample
	3.4. Replication study of obesity and meta-analysis
	3.5. Shared SNPs among alcohol dependence and obesity

	4. Discussion
	5. Conclusion
	Conflicts of interest
	Contributors
	Funding sources
	Acknowledgments
	References


