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Abstract

Background—Copy number variations (CNVs) are structural genetic mutations consisting of

segmental gains or losses in DNA sequence. Although CNVs contribute substantially to genomic

variation, few genetic and imaging studies report association of CNVs with alcohol dependence

(AD). Our purpose is to find evidence of this association across ethnic populations and genders.

This work is the first AD-CNV study across ethnic groups and the first to include the African

American population.

Methods—This study considers two CNV datasets, one for discovery (2,345 samples) and the

other for validation (239 samples), both including subjects with AD and healthy controls of

European and African ancestry. Our analysis assesses the association between AD and CNV

losses across ethnic groups and gender by examining the effect of overall losses across the whole

genome, collective losses within individual cytogenetic bands and specific losses in CNV regions.

Results—Results from the discovery dataset showed an association between CNV losses within

16q12.2 and AD diagnosis (p = 4.53x10−3). An overlapping CNV region from the validation

dataset exhibited the same direction of effect with respect to AD (p = 0.051). This CNV region

affects the genes CES1p1 and CES1, which are members of the carboxylesterase (CES) family.

The enzyme encoded by CES1 is a major liver enzyme that typically catalyzes the decomposition

of ester into alcohol and carboxylic acid and is involved in drug or xenobiotics, fatty acid and

cholesterol metabolisms. In addition, the most significantly associated CNV region was located at

9p21.2 (p = 1.9×10−3) in our discovery dataset. Although not observed in the validation dataset,

probably due to small sample size, this result might hold potential connection to AD given its

connection with neuronal death. In contrast, we did not find any association between AD and the

overall total losses or the collective losses within individual cytogenetic bands.
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Conclusions—Overall, our study provides evidence that the specific CNVs at 16q12.2

contribute to the development of alcoholism in African American and European American

populations.
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Introduction

Alcohol dependence (AD) is a disease marked by the abuse of alcohol consumption with

harmful consequences for the patient and his surroundings. The heritability of this disease,

estimated at 32–73% (Heath et al., 1997), places the genetic risk factor as one of the most

important contributors of AD prognosis. Many studies confirm this genetic influence by

reporting significant association between AD and single nucleotide polymorphisms (SNPs),

variations in one DNA nucleotide base pair. Examples of these findings include SNPs

located within GABA receptor genes (Song et al., 2003, Dick and Foroud, 2003, Reich et

al., 1998) and alcohol metabolic genes (Boccia et al., 2007).

Although most genetic studies on AD used SNPs, there is an emerging interest in a different

source of genetic variant known as copy number variations (CNVs), which in contrast to

SNPs encompass multiple nucleotides of DNA code. CNVs are structural variations in DNA

sequence consisting of excess (gain) or deficiency (loss) of sections of DNA sequence,

which contribute substantially to genomic variation (Sebat et al., 2004, Iafrate et al., 2004).

Several studies have reported strong evidence on the association between CNVs and various

diseases. For instance, one study reported that losses affecting the CCL3L1 gene are

associated with enhanced HIV susceptibility (Gonzalez et al., 2005). A study by Guilamtre

et al. showed associations between Autism and losses located at 22q11, spanning the

PRODH and DGCR6 genes (Guilmatre et al., 2012). Losses at the C4 gene have shown to

increase Systemic Lupus Erythematous susceptibility (Yang et al., 2007). Capuzzo et al.

have reported a link between gains located at 7p11.2, affecting the EGFR gene, and a better

response of survival rate to lung cancer (Cappuzzo et al., 2005). Wilson et al. have

distinguished several gains encompassing the GLUR7 and AKAP5 genes only in mental

disorder patients (Wilson et al., 2006). Patients with schizophrenia (Stone et al., 2008)

exhibit an increased rate of rare CNVs across the whole genome. All these studies present

evidence of the CNV impact in human disease susceptibility.

Up to date, few studies have centered on the association between CNVs and AD (Bae et al.,

2011, Lin et al., 2012, Liu et al., 2011, Boutte et al., 2012). Bae et al. (Bae et al., 2011)

reported losses at 20q13.33 as a protective factor against the risk for AD using a dataset

consisting of 1,138 Koreans. Lin et al. (Lin et al., 2012) showed associations of CNV dosage

and AD in two CNV regions located at 6q14.1 and 5q13.2. The study by Lin et al. utilized a

public dataset consisting of 2,488 European Americans (EAs), which is part of the Study of

Addiction: Genetics and Environment (SAGE) (Bierut et al., 2010), available through NCBI

dbGaP (http://www.ncbi.nlm.nih.gov/gap). Their results suggest that AD risk and CNV

dosage has a negative relationship at 5q13.2 and a positive relationship at 6q14.1. In
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addition, our research group has utilized magnetic resonance imaging (MRI) data of the

brain as a mediator between CNVs and AD, to enhance the detection power within relatively

small samples (Liu et al., 2011),(Boutte et al., 2012). Losses identified at 22q13.1 were

associated with functional responses in the precuneus to alcohol cues in binge drinkers.

CNVs at 11q14.2 were marginally associated with brain volume variations as well as

hazardous drinking behavior. All these studies demonstrate that CNVs have the potential to

influence the risks for AD.

Collaboration studies, such as SAGE, often consist on multi-ethnic samples. This ethnic

variety may confound further analysis since differences in genetic variations among diverse

ethnic populations are substantial. Evolutionist theories and empirical evidence lend support

to this suggestion in particular to CNVs. The out-of-Africa theory (Vigilant et al., 1991)

suggests that higher number of CNVs should be expected in African descendants compared

to non-African descendants (Pinto et al., 2007). Not surprisingly, some CNV studies have

reported evidence of significant differences between EA and African American (AA)

populations. For instance, a study on psychometric intelligence shows a larger effect of the

length of rare losses in European descendants compared to African descendants (Yeo et al.,

2012). Another study shows that significantly more subjects in EA (75%) carry a loss

affecting GSTM1 gene than in AA (25%) (Huang et al., 2009). These reports suggest that

ethnicity should be carefully considered in CNV association studies.

Previous AD-CNV association researches focus on EA or Korean individuals, yet no former

study contemplates more than one ethnicity disregarding the substantial difference and

similarity in genetic susceptibility between populations. A common disease such as AD

might hold biological pathways affected by genetic mutations common to multiple

populations besides ethnic differences. This motivates us to search for evidence of CNV

associations with alcohol dependence across ethnic populations and genders. Our work is the

first AD-CNV association study across ethnic groups and the first to include AA population

by leveraging multi-ethnic samples within the collaboration study, SAGE. This study takes

advantage of all samples available in SAGE and focuses on losses exhibiting similar effects

for both EAs and AAs. Our analysis ponders three different types of CNV ensembles:

overall losses across the whole genome, collective losses within individual cytogenetic

bands and specific losses in individual CNV regions.

Materials and Methods

Participants

Our study included a discovery dataset and an independent validation dataset. The discovery

dataset came from the public genetic database known as dbGaP, specifically the SAGE

project (Bierut et al., 2010). Three large complementary studies individually ascertained for

alcohol dependence form the SAGE project. These include the Collaborative Study on the

Genetics of Alcoholism (Reich et al., 1998, Foroud et al., 2000), the Collaborative Genetic

Study of Nicotine Dependence (Bierut et al., 2007, Saccone et al., 2007), and the Family

Study of Cocaine Dependence (Bierut et al., 2008). Overall, the SAGE dataset consists of

4,032 subjects where cases are subjects identified as having a lifetime diagnosis of DSM-IV

alcohol dependence and control subjects do not report a history of drinking with significant
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AD symptoms and do not have a lifetime diagnosis of drug dependence. For our study, we

retained 2,345 out of 4,032 SAGE samples following a quality control procedure further

explained in the Genotyping and CNV calls section. In summary, we excluded all cell line

samples, bad CNV quality samples, first-degree relatives and subjects tagged as “Other” (an

intermediate score of AD). Table 1 provides complete demographic information.

The validation dataset consisted of 239 European descendant samples (Hispanic and non-

Hispanic) collected at the Mind Research Network during a genetic study on alcoholism

(Claus et al., 2011, Liu et al., 2011). Recruited subjects only included people with a

minimum of five binge-drinking episodes in the past month. Binge drinking means five or

more drinks per episode for men, and four or more drinks for women. Diagnostic interviews

confirmed that subjects are free of severe brain injury, brain-related medical problems, and

symptoms of psychosis. The alcohol dependence scale (ADS) (Skinner and Allen, 1982)

determined AD severity of every subject. Subjects with a total ADS score greater or equal

than 14 were classified as AD and the rest as non-AD (controls) (Saunders et al., 1993),

resulting in 106 AD cases and 133 controls. See Table 2 for the demographic information.

Genotyping and CNV Calls

The discovery dataset DNA was extracted from whole blood or cell line and genotyped at

the Center for Inherited Disease Research (CIDR) using the Illumina Human 1 M-duo bead

chip. The chip spans 1,049,008 loci. CNVs were detected based on the intensity value of

log-R-ratio and Beta allele frequency of each locus using the processing pipeline proposed

by Chen et al. (Chen et al., 2011). This pipeline was designed to report a CNV call only if

the two independent detection algorithms, Hidden Markov Models (PennCNV) (Wang et al.,

2007) and Circular Binary Segmentation (Olshen et al., 2004), agree with each other. As a

quality control in the detection pipeline, we excluded CNVs smaller than 500 base pairs

(bp)and subjects with an excessive total number of CNVs (mean + 3 standard deviations),

which helps in reducing the number of false positives and improves the reliability of CNV

calls. A two-sample t-test on the number of losses for samples from whole blood and cell

lines suggested that significantly more CNV calls for cell line samples (p = 2.4x10−12) were

observed. This strongly indicated that cell lines induce additional CNV calls as reported by

previous studies (Reddy et al., 1994). Thus, we excluded 1,431 cell line samples from our

analysis.

Despite advances in CNV discovery techniques, CNV detection from SNP microarrays still

presents low reliability with a considerable high probability of false calls, especially in the

case of CNV gains (Zhang et al., 2011). We have evaluated a set of 22 CNVs called by the

approach implemented in this study (Chen et al., 2011) using TaqMan PCR (Liu et al.,

2012), and 93% of the losses but none of the gains were validated. Additionally, many

studies have confirmed that losses are more likely to have deleterious effects than gains

(Yeo et al., 2012, Liu et al., 2012, Liu et al., 2011, Stefansson et al., 2008). Thus, we choose

to investigate only losses and their association with AD. Overall, we identified 36,813 losses

from 2,345 samples (15.7 losses per subject). We did not excluded CNVs at non-coding

regions of the genome since the literature suggests that a majority of associated variants fall

outside coding regions (Manolio et al., 2009).
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We define overlapping CNVs from different samples as CNVs that share the same loci or

are three or less markers apart from each other. Then, a CNV region (CNVR) is a

chromosome location with CNVs observed in our samples with a frequency larger than 1%,

and the boundary of a CNVR is set to be the extreme positions of the overlapping CNVs.

There were 378 individual CNVRs encompassing losses with a frequency larger than 1%.

For the validation dataset, DNA was extracted from saliva and genotyped by Illumina

Human 1 M-duo bead chips. Losses were detected using the same pipeline as for the

discovery dataset. A total of 4,083 losses were identified from 239 samples (17.08 losses per

subject) and 333 individual CNV regions had losses with a frequency larger than 1%.

Genome-wide Association Analyses

Total Loss burden test—We first explored the difference between cases and controls in

terms of the overall loss burden, measured by the total number of losses per subject. We

applied an N-way ANOVA to test the main effect of the overall loss burden on diagnosis

while controlling for race (AA/EA) and gender including interaction terms.

Cytoband and CNVR Test—The overall loss burden across genome provides a gross

measure of CNVs. Thus, we explored the collective effect of all CNVs within each of 811

cytogenetic bands, given that nucleotides within each cytoband share similar GC contents,

and genes within each cytoband share similar expression breadth (Lercher et al., 2003).

Studying cytoband genetic effects, an intermediate level between genomic and individual

genetic variant, strikes to find a balance between overall genomic burden and specific

genetic effect. We group all CNV calls in each cytoband according to NCBI36/hg18 genome

map.

Four categorical variables were considered in this step: the presence of losses in a cytoband

or CNVR, AD diagnosis, race and gender. We used the Cochran–Mantel–Haenszel (CMH)

test to assess repeated effects of losses on AD across populations and gender. Specifically,

we built four 2-by-2 contingency tables to test the association between the presence of losses

and AD diagnosis, while stratifying the samples into four groups (AA males, AA females,

EA males and EA females). This test was conducted for each cytoband and CNVR, where

the null hypothesis stated that there were no consistent association between losses and AD

diagnosis across AA males, AA females, EA males and EA females.

Validation test of Loss association with AD—Given that we focused on CNV effects

common to AA and EA populations in the discovery dataset, we expected to replicate the

findings in the European descendant only validation dataset. First, we tested the validity of

the effect of overall losses by applying a two-sample t-test to the loss burden on AD.

Second, we tested the effect observed in associated (p < 0.01) cytobands and/or CNVRs

from the discovery dataset. For this purpose, we used CNVRs in the validation dataset that

overlapped with those identified in the discovery dataset. We assessed if the AD effect in the

validation dataset was of the same direction as that observed in the discovery dataset.

Finally, we reported the observed level of significance using the Fisher’s exact test in 2 by 2

contingency tables, one for each region, where the presence of losses and diagnosis are the

nominal variables. Since the validation dataset is small (239 samples), it is not
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recommendable to further stratify samples to use the CMH test, as applied to the discovery

dataset. Because of the small number of samples, we relaxed the significance threshold to

0.1 in the validation dataset.

Replication of regions previously reported as associated with AD—We expected

to observe some degree of similarity between our results and those reported from other CNV

studies of AD cohorts. Since our analysis shared part of EA samples with the study by Lin et

al. (Lin et al., 2012), we evaluated their reported CNVRs located at 5q13.2 (Chromosome 5:

68,921,426–70,412,247) and 6q14.1 (Chromosome 6: 79,034,386–79,090,197) against AD.

Additionally, we evaluated the CNVR at 20q13.33 (Chromosome 20: 61,195,302–

61,195,978) reported for Korean population (Bae et al., 2011). First, we identified CNVRs

in our discovery dataset overlapping with those regions previously reported. Then, we

compared the direction of effect and significance of our analysis with their results.

Results

Total Loss burden discovery

The ANOVA test on the number of losses suggested no significant association between the

overall loss burden and AD (p=0.33) or gender (p=0.06). On the other hand, a significant

group difference was observed in terms of race (p=1.25x10−164), where the mean number of

losses is higher in AAs compared to EAs (21 vs. 14 losses per subject), as shown in Table 3.

Cytoband region discovery

We tested 727 cytobands, excluding 84 with no losses, and did not observe any significant

effect from the collective losses within individual cytobands on AD after Bonferroni

correction. However, we found five cytobands associated with AD with an uncorrected

significance level of p<0.01 (6q12, 9p21.2, 11q14.1, 3p14.1 and 6p22.1). See Figure 1 for a

graphical representation of the distribution of CNVs for each of these cytobands. Given the

limited incidence per CNVR, which implies low power of detection, we considered these

regions as potential candidates for AD association and further validated their effects using

the validation dataset.

CNVR discovery

None of the CNVRs exhibited significant AD associations after Bonferroni correction.

Similarly to the cytoband region discovery, we identified six CNVRs with p<0.01. These

CNVRs are located at 9p21.2, 6q12, 3p14.1, 16q12.2, 11q14.1 and 2p25.1, ordered by

observed significance level. The CNVR with the lowest p-value, located at 9p21.2

(Chromosome 9: 28,039,518–28,043,556), spanned 4Kbp affecting the LINGO2 gene. This

CNVR showed an AD effect with a p-value of 1.9×10−3 where we consistently observed a

lower frequency of subjects with losses in controls compared to patients for EA males (OR

6, 95% CI: 1.89–19.5), EA females (OR 1.71, 95% CI: 0.45–6.51), AA males (OR 1.33,

95% CI: 0.29–6.06) and AA females (OR 2.62, 95% CI: 0.52–13.215). The breakpoints of

CNVs at 9p21.2 CNVR and another CNVR of 16q12.2 are plotted in Figure 2, where CNVR

16q12.2 carries the validated effect on AD reported in the following.
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Validation results

Overall Loss burden validation—The two sample t-test on the validation dataset

suggested that the overall loss burden did not significantly differ between cases and controls

(p = 0.93) as suggested by the discovery dataset.

Cytoband region validation—Among the five cytobands implicated as AD-related in

the discovery dataset, none showed similar effect direction in the validation dataset.

CNVR validation—The discovery dataset suggested six AD-related CNVRs, among which

four overlapped with CNVRs in the validation dataset (3p14.1, 6q12, 11q14.1 and 16q12.2).

We did not observe any CNVs at 9p21.2 (Chromosome 9: 28,039,518–28,043,556) which

presented the most significant association with AD in the discovery data. Only a CNVR,

located at Chromosome 16: 54,362,680–54,377,001 in the validation dataset fell inside the

region (Chromosome 16: 54,342,070–54,403,172) identified in the discovery dataset and

affected genes CES1p1 and CES1. This CNVR reported the same direction of effect on AD

as in the discovery. In the validation dataset, AD patients exhibited a lower frequency of

losses compared to controls (OR 0.16, 90% CI: 0.02–0.93) and the Fisher’s exact test

reported a p-value of 0.051. Since the validation sample includes Hispanic and non-Hispanic

(all European descendant), we conducted an additional logistic regression test, controlling

for two top principal components from genome-wide SNP data (possible population

structure), age and gender. It leaded to the same result that AD patients are 89% less likely

to carry a loss at 16q12.2 (p=0.06). In the discovery dataset, AD patients also showed a

lower frequency of losses compared to controls (p=4.53×10−3). This was consistently

observed in EA males (OR 0.47, 95% CI: 0.25–0.87), EA females (OR 0.65, 95% CI: 0.37–

1.16), and AA females (OR 0.21, 95% CI: 0.02–1.93). The observed difference for AA

males (OR 1.06, 95% CI: 0.37–3) reported the opposite direction but with a very small

effect, close to no effect.

Replication of CNVRs previously reported associated with AD—We tested three

CNVRs located at 5q13.2, 6q14.1 and 20q13.33 previously suggested for their association

with AD. The first region, located at 5q13.2, exhibited the same direction of effect for EAs

(p = 0.09) in our discovery dataset as that reported by Lin et al. (Lin et al., 2012). Extending

the analysis to include AAs, we observed a significance of 0.43 from the CMH test of four

subgroups. We found lower ratio of subjects with losses in AD patients compared to controls

for the sets of EA males (OR 0.76, 95% CI: 0.4–1.4), EA females (OR 0.56, 95% CI: 0.27–

1.17) and AA females (OR 0.72, 95% CI: 0.19–2.74). However, the direction of effect was

the opposite for AA males (OR 3.3, 95% CI: 1.09–10.28). The validation dataset showed the

same direction of association as reported by Lin et al. where a lower ratio of subjects with

losses was observed in AD patients compared to controls (OR 0.83, 90% CI: 0.28–2.45).

The second AD associated CNVR, located at 6q14.1, reported opposite direction of effect to

that suggested by Lin et al. for EAs (Lin et al., 2012), noticeable lower ratio of loss

incidence and significance of 0.26 for EAs. Extending the analysis to including AAs, we

observed a significance of 0.15 from the CMH test of four subgroups. In detail, EA males

did not report losses, EA females reported only two losses in AD patients, and AD patients
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had higher ratio of subjects with losses compared to controls in AA males (OR 2.17, 95%

CI: 0.65–7.3) and AA females (OR 1.27, 95% CI: 0.53–3.09). The validation dataset showed

almost no difference between the control and case groups (OR 0.97, 90% CI: 0.44–2.1).

Note that Lin’s test at this region mainly reflected the large effect of gains that cannot be

studied in our data.

The last AD associated region, located at 20q13.33 suggested by Bae et al. for Koreans (Bae

et al., 2011), had no overlapping CNVRs in the discovery nor in the validation dataset.

Discussion

This CNV association study constitutes a step forward in better understanding how CNVs

affect the risk of developing AD across different ethnic populations and genders. To the best

of our knowledge, our work is the first CNV-AD association study to take advantage of a

large multi-ethnic dataset. The main results of our analysis suggest that losses located at

16q12.2 (Chromosome 16: 54,342,070–54,403,172) have a protective effect, while losses at

9p21.2 (Chromosome 9: 28,039,518–28,043,556) may have (further validation is needed) a

deleterious effect on the risk for AD, regardless of race or gender as summarized in Table 4.

The effect of losses at 16q12.2 can potentially come from reduced duplications of this

region, since regions with low copy repeats (region-specific repeat sequences) or segmental

duplications are susceptible to genomic rearrangements resulting in CNVs (Lee and Lupski,

2006). Thus, more losses at 16q12.2 in healthy controls may reflect less of duplication of

this region, which may impose a protective factor on the risk to AD. In addition, we report

our analysis for the CNVR at 5q13.2 (Chromosome 5: 68,921,426–70,412,247), reported by

Lin et al. (Lin et al., 2012), showing the same direction of effect for EA but a different

pattern for AA population.

After no effect from overall total losses or the collective losses within individual cytogenetic

bands was observed, we constrained our study to common CNVR (>1%), following the

common disease-common variant hypothesis. About 12% of American adults have had an

alcohol dependence problem at some time in their life (Hasin et al., 2007). For such a

common disorder, we considered that common CNVRs may have a higher impact on AD

risk than rare CNVRs, which instead are more likely associated with rare disorders such as

schizophrenia or autism (Sebat et al., 2007, Stone et al., 2008). For completeness, we

conducted a 2-way ANOVA test on ethnicity and overall rare CNV losses and found no

significant difference of rare CNVs between cases and controls (p = 0.24), suggesting that

rare CNVs may less likely contribute to AD. Therefore, we focused on validating the

hypothesis of Common Disease-Common Variant (Hemminki et al., 2008) for AD.

Although the analysis of CNVRs reports no significant association with AD after Bonferroni

correction, two individual CNV regions may still hold potential biological functional impact.

The CNVR at 9p21.2 holds the highest observed significance in the discovery dataset

(p=1.9×10−3), but since no CNVR at the same region was observed in the validation dataset

(possibly due to the small sample size), we cannot perform validation test. Nevertheless, the

consistency observed in four subgroups of the discovery samples merited further discussion.

The other promising CNVR is at 16q12.2 and presents the same effect on AD in both the
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discovery and validation datasets. In contrast to the lack of effect from cytobands and the

total burden of losses, these results may indicate that AD is more attributable to specific

local variations instead of extensive variations of the genome or chromosomes. Furthermore,

we conducted a power test for this region showing that we have a power of 0.724,

probability to detect such effect with Type I error of 0.05 uncorrected for multiple

comparisons. Even though the power of detection under multiple comparisons is low, the

CNVR at 16q12.2 does not pass multiple comparison correction, the results are promising

because of the agreement with the validation tests.

The CNVR at 16q12.2 spans the two genes CES1p1 and CES1. Both belonging to the

carboxylesterase (CES) gene family which is responsible for catalyzing the hydrolysis of

various xenobiotics, such as cocaine and heroin, and endogenous substrates with ester (Imai

et al., 2006). Gene CES1p1 does not encode a protein, but is a pseudogene and shares a

similar DNA sequence with CES1. The enzyme CES1, encoded by gene CES1, is a major

liver enzyme that typically catalyzes the decomposition of ester into alcohol and carboxylic

acid. It is involved in xenobiotic (Redinbo et al., 2003), fatty acid and cholesterol (Jernås et

al., 2009) metabolisms. Mutations within the 16q12.2 cytoband or the CES1 gene have been

connected with cerebral cortical malformations (Piao et al., 2002), amyotrophic lateral

sclerosis (Abalkhail et al., 2003), anti-tuberculosis drug-induced hepatotoxicity (Wu et al.,

2012) and obesity (Friedrichsen et al., 2013). Even though we do not know the

correspondent pathway, the association of this CNVR with AD is promising given the fact

that the spanned genes have a direct relationship with liver and hydrolysis functions

involving the alcohol compound.

The CNVR at 9p21.2 exhibits the strongest association with AD in our discovery analysis (p

= 1.9x10−3). This CNVR affects LINGO2 gene. The function of LINGO2 has not been well

investigated and is currently unknown (Wu et al., 2011). However, a high degree of

similarity exists between LINGO1 and LINGO2 (Vilariño-Güell et al., 2010), members of

the leucine-rich repeat (LRR) family. LINGO1 expression increases after neuronal damage

and decreases during axonal sprouting (Ji et al., 2006). This fact suggests that LINGO1 is a

regulator of neuronal death. Therefore, disruption of this gene might have implications in

neurological diseases proposing an interesting potential connection with AD, but further

validation is required.

Given our multi-ethnic framework, the replication of results from previous studies is

important because it extends the CNV association analysis to AAs. In the case of the EA

population, we observed the consistent effect of CNV losses at 5q13.2 in our dataset,

compared with what Lin et al. reported. However, the CMH test for EAs suggested no

significance dependence (p = 0.09). AA males also exhibit similar effects from losses at

5q13.2, but females exhibit a strong opposite direction of effect. This constitutes evidence

that AD morbidity may also vary according to combinations of ethnicity and gender. The

noticeable difference in our results for 6q14.1 may be due to the exclusion of cell line

samples and emphases on losses only in our analysis. The CNVR at 20q13.33 reported by

Bae et al. (Bae et al., 2011) do not overlap with any region in our datasets, which may

reflect the population specificity and/or the different genotyping platforms. A limitation of

our study was the two AD classification criteria in the discovery and validation datasets.
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However, a pair of studies suggests the high degree of similarity and consistency of ADS

and DSM-IV (Saxon et al., 2007, Hasin, 2003), supporting consistent results in our study

using any of these criteria. Overall, our study provides evidence that the presence of losses

has a protective effect against the risk for AD in the CNVR at 16q12.2 and likely a

deleterious effect at 9p21.2, which is common to both EA and AA populations. Moreover,

the implicated gene CES1 has functional coherence with the disease of our interest. These

findings suggest that local individual CNVR, not the global or cytoband collective CNVs,

more likely have impact on the risk of AD. In conclusion, we present evidence that a CNVR

common to multiple races may influence a common biological pathway related to AD as a

heritable disease.
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Figure 1.
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Figure 2.

Ulloa et al. Page 15

Alcohol Clin Exp Res. Author manuscript; available in PMC 2015 May 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Ulloa et al. Page 16

Table 1

Demographic table of 2,345 CNV participants in the discovery dataset.

Healthy Control (1320) Alcohol Dependent (1025) Total (2345)

Race EA 981 756 1737

AA 339 269 608

Gender Female 434 621 1055

Male 886 404 1290

Age Mean ± SD 39.5 ± 9.34 39.2 ± 8.90 39.33 ± 9.10
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Table 2

Demographic table of 239 participants in the validation dataset.

Healthy Control (133) Alcohol Dependent (106) Total (239)

Ethnicity Hispanic 39 50 89

Non-Hispanic 94 56 150

Gender Female 36 39 75

Male 98 66 164

Age Mean ± SD 29.3 ± 9.02 35.06 ± 9.6 31.9 ± 9.72
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Table 3

Mean number of losses for race and diagnosis.

Diagnosis (p=0.33)

Race (p=1.25x10−164) Healthy Control (n=1320) Alcohol Dependent (n= 1025)

EA (n=1737) 14.08 ± 4.61 13.62 ± 4.45

AA (n = 608) 20.63 ± 6.82 21.23 ± 6.35
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