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Background: Recent studies revealed the role of the PACI (ADCYAPIRI) gene variability in
vulnerability to posttraumatic stress disorder in women. Due to the relatively high comorbidity
of posttraumatic stress disorder and substance use disorder, we hypothesized about possible
associations between PACI gene and problematic alcohol use.

Method: The sample studied consisted of 491 women aged 18-28 years (mean age =21.76 years;
SD =1.83) and the Alcohol Use Disorders Identification Test was used to assess drinking prob-
lems. We successfully genotyped 17 single-nucleotide polymorphisms in the PACI gene.
Results: Single locus analysis revealed a significant (after correction for multiple testing) asso-
ciation between intronic polymorphism rs2302475 and problematic alcohol use (P=0.00048;
recessive model). This result was strengthened by the haplotype analysis (P=0.00379).
Conclusion: Our results suggest that the PACAP/PACI signaling system is implicated in the
development of problematic alcohol use in women.
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Introduction

Pituitary adenylate cyclase-activating polypeptide (PACAP) and its receptor (PAC1) are
implicated in regulating stress response. Their role is particularly important in the bed
nucleus of the stria terminalis (BNST), where PACAP-containing neurons interact closely
with neurons containing corticotropin-releasing hormone (CRH),' which is secreted when
a stressor activates the hypothalamic—pituitary—adrenal (HPA) axis. Furthermore, high
concentrations of PAC1 were identified in several other brain regions, that is, the amygdala,
hippocampus and cerebellum.”* The gene coding for PAC1 was related with stress-related
disorders due to its links to the stress response system. Recently Ressler et al’ revealed a
significant association between PACI (ADCYAPIRI) gene polymorphism (rs2267735)
and proneness to posttraumatic stress disorder (PTSD). The authors also showed that meth-
ylation of ADCYAPIRI was related to PTSD. One study failed to replicate Ressler et al’s
finding.® However, two others found an interaction effect of genotype and trauma.”®
Interestingly, the Ressler et al’s study® showed the association only in women. This
effect is probably due to the localization of 1s2267735 in a putative estrogen response
element (ERE). It should also be noted that PAC/ variability was associated with the dark-
enhanced startle response® and increased reactivity of the amygdala and hippocampus to
threat stimuli.! Additionally, Pohlack et al'! found a link between PAC! and impaired
contextual conditioning in the hippocampus. However, the latter study did not confirm
the association between the genotype and PTSD.
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Exposure to trauma and subsequent mental health
problems are indicated as potential risk factors for prob-
lematic alcohol use, and the comorbidity of PTSD and sub-
stance use disorder (SUD) is relatively high. Several lines
of evidence suggest neurobiological mechanisms are shared
by the PTSD and SUD.!? One promising area of research
in this domain involves understanding the role of the HPA
axis activity, especially in the context of stress-related CRH
neurocircuitries.’* The BNST seems to be the key structure
responsible for integration of stress and reward information
and mediating the negative affective state associated with
excessive alcohol use.'* Recently Blasio et al'® revealed a
role of the PACAP/PACI system in alcohol consumption in
rats. One may speculate that part of this process is mediated
through BNST action.

Vulnerability to problematic alcohol use is substantially
genetic in nature.'® Among the leading candidate genes for
SUD are those which code for subunits of the inhibitory
GABA, and glycine receptors and proteins responsible
for alcohol metabolism.!” To the best of our knowledge,
there is no reported work that explores the role of PACI
(ADCYAPIR]I) variability in the development of problem-
atic alcohol use. The main aim of this study was to identify
possible links between polymorphisms in PACI gene and
problematic alcohol use in a sample of young women. This
sample was chosen due to the aforementioned sex-specific
association between rs2267735 and PTSD.

Methods

Participants

The participants were 502 young women with a mean age
(M) =21.78 (SD =1.84; range 18-28 years). They were
recruited via Facebook student groups; an exclusion crite-
rion was being a student of psychology; inclusion criteria
were sex (female) and age (18-25 years). The vast majority
(99%) were of Polish nationality (the remaining 1% were
Ukrainian or Swedish). Also, the vast majority (96%)
were single (0.4% were married; the remainder marked the
answer “other”). More than half of the participants (54.6%)
had received a secondary level education and the remaining
had at least a Bachelor’s degree. Participation in the study
was voluntary and participants gave their informed consent.
They completed the questionnaires individually; following
completion, they were paid the equivalent of 10 USD. The
study was approved by the Research Ethics Committee at the
Faculty of Psychology, University of Warsaw. All subjects
gave informed consent in accordance with the Declaration of
Helsinki. The study was carried out between 2014 and 2016.

Measures

The Alcohol Use Disorders Identification Test (AUDIT)
is a widely used instrument, developed as a screening tool
by the World Health Organization for early identification
of problem drinkers.'® AUDIT consists of 10 questions
regarding recent alcohol consumption, alcohol dependence
symptoms and alcohol-related problems. The total score
ranges from 0, indicating no presence of problem drinking
behavior, to 40, indicating marked levels of problem drinking
behavior. The threshold for indicating possible (moderate)
drinking problems is a score of 8. AUDIT possesses
good psychometric properties.! In the present study, the
Cronbach’s alpha for the total score was 0.81.

Genotyping

DNA was isolated for all participants. The biological material
was obtained from saliva using the Oragene® saliva collec-
tion system (DNA Genotek Inc., Ottawa, ON, Canada) and
extracted using the provided protocol. Twenty-four single-
nucleotide polymorphisms (SNPs) located within the PAC1
(ADCYAPIRI) gene were selected for genotyping based on
the existing literature and the HapMap database. We included
the following SNPs: rs7794247; rs1157655; rs7784067;
rs4439020;rs1981701;rs35413074;1rs10241138;rs10226318;
rs17723231;1rs1006622; rs17159873;1rs12533865; rs887703;
rs12668955;1rs2302475;rs1541516; 1s2267732;1rs2267733;
rs2267735; 1s2267737; rs2267738; 1rs2267740; rs4723047
and rs4503014. The Sequenom iPLEX®Gold assay was used
for SNP genotyping following the manufacturer’s protocol.?
This genotyping method utilizes matrix-assisted laser desorp-
tion ionization-time of flight mass spectrometry to determine
genotypes based on the mass of allele-specific fragments.?!

Statistical analyses

In order to test association between the selected SNPs, as
the independent variables, and the AUDIT scale results, as
the dependent variable, the following analysis of covariance
(ANCOVA) models including age as a covariate were
used:

1. dominant (AA + AB compared against BB),

2. recessive (AA compared against AB + BB),

3. multiplicative (AB compared against AA + BB),

where A is minor allele and B is major allele. SNPs of PAC1
(ADCYAPIRI) were selected based on their minor allele
frequency (MAF; =5%) and completeness of genotyping
(=75%) across all subjects who were included in the analysis.
The denominator used in all SNP analyses was the number
of all subjects. Recessive and multiplicative models were
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estimated only if the minor homozygote frequency of a given
SNP was greater than or equal to 5%.

Haplotypes of PACI (ADCYAPIRI) were constructed
according to the Solid Spine of linkage disequilibrium (LD)
approach? based on the data of all subjects who were included in
the analysis. In order to test association between the constructed
haplotypes, as the independent variables, and the AUDIT
scale results, as the dependent variable, an ANCOVA model
including age as a covariate was used. The denominator used
in all haplotype analyses was the number of DNA strands in all
subjects, that is, double the number of those subjects. Haplotype
models were estimated only for haplotypes whose frequencies
were =5% across the number of the analyzed DNA strands.

The statistical significance of each genetic source of
variation (SNP or haplotype) in the AUDIT scale results was
assessed using a 3-step approach. The first step was to calcu-
late the P-value for the corresponding F-value of the given
source’s mean square (type III). The second step was about
correcting the calculated P-value by dividing it by the number
of ANCOV A models estimated for the given source (1 or 3).
The third step involved analysis of correlation matrices for all
the analyzed genetic sources (selected SNPs or constructed
haplotypes, respectively) to determine the study-wide

effective level of significance (V,).” The correlation
matrices were calculated based on Spearman’s rho statistic
and using pairwise exclusion of missing observations.

All supplied means and SDs of the AUDIT scale results
are descriptive and not least-square estimates. All analyses
were performed with the use of SAS software version 9.3.%
Haploview software (version 4.2; Broad Institute, Cambridge,
MA, USA)*? was used to estimate the MAF and Hardy—
Weinberg equilibrium (HWE) P-value and to visualize LD
patterns and the haplotype map.

Results
Due to incomplete data, 11 women were excluded from the
analyses. The final analysis population consisted 0f 491 sub-
jects aged, M =21.76 (SD =1.83; range 18-28 years). One
hundred and ninety participants (38.69% of the sample) had
8 or more points in the AUDIT questionnaire.

The following SNPs were excluded from the analysis due
to technical problems with genotyping or MAF under 5%:
1s7794247, 154439020, rs1981701, rs17159873, rs2267732,
rs2267735 and rs2267737. Genotype distributions for all
remaining polymorphisms were in concordance with the
HWE (Table 1).

Table | Single locus analyses for association of PAC/ gene polymorphisms and problematic alcohol use

SNP HWE Subjects = N (%) Model Means and SDs for Statistics
P-value genotype groups
rs| 157655 0.45 TT: 24 (4.9), GT: 185 Dominant not GG:M =7.11,SD =4.68; F=0.11;
(37.7), GG: 282 (57.4) GG: M =6.98,SD =4.54 P=0.74573
rs7784067 | CC: 91 (18.5), CT: 242 Dominant not TT: M =6.89, SD =4.52; =I1.11;
(49.3), TT: 158 (32.2) TT: M =7.33,SD =4.76 P=0.87917
Recessive CC: M=6.99, SD =5.02; F=0.02;
not CC: M =7.05, SD =4.50 P=1
Multiplicative CT: M =6.86, SD =4.32; F=0.74;
not CT: M =7.20, SD =4.85 P=1
rs35413074 0.18 CC: 24 (4.9), AC: 195 Dominant not AA: M =6.78, SD =4.63; F=1.20;
(39.8), AA: 271 (55.3) AA: M =7.25, SD =4.58 P=0.27435
rs10241138 | CC:5(1.0), CT: 92 Dominant not TT: M =7.69, SD =5.25; F=2.57;
(18.7), TT: 394 (80.2) TT: M=6.87, SD =4.41 P=0.10981
rs10226318 0.28 GG: 65 (13.2), GT: 244 Dominant not TT: M=6.92, SD =4.71; F=0.52;
(49.7), TT: 182 (37.1) TT: M=7.24, SD =4.40 P=I
Recessive GG: M=7.11, SD =4.82; F=0.04;
not GG: M =7.02, SD =4.57 P=I
Multiplicative GT: M =6.86, SD =4.69; F=0.70;
not GT: M=7.2, SD =4.51 P=I
rs17723231 0.39 TT: 43 (8.8), CT: 220 Dominant not CC: M =6.86, SD =4.67; F=0.86;
(44.8), CC: 228 (46.4) CC: M =7.24,SD =45I P=1
Recessive TT: M=7.07, SD =4.93; F=0.01;
not TT: M=7.03, SD =4.57 P=I
Multiplicative CT: M =6.82, SD =4.63; F=0.95;
not CT: M=7.21, SD =4.57 P=0.99255
(Continued)
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Table | (Continued)
SNP HWE Subjects = N (%) Model Means and SDs for Statistics
P-value genotype groups
rs1006622 0.59 CC: 106 (21.6), CT: 237 Dominant not TT: M =6.89, SD =4.72; F=1.15;
(48.3), TT: 148 (30.1) TT: M=7.36, SD =4.30 P=0.85196
Recessive CC: M =7.28,SD =5.14; F=0.39;
not CC: M =6.97, SD =4.44 P=1
Multiplicative CT: M=6.72, SD =4.52; F=2.27;
not CT: M =7.33, SD =4.66 P=0.39669
rs12533865 0.99 CC:2(0.4), CT: 53 Dominant not TT: M=7.11, SD =5.21; F=0.05;
(10.8), TT: 436 (88.8) TT: M=7.03, SD =4.52 P=0.82552
rs887703 0.19 GG: 53 (10.8), AG: 238 Dominant not AA: M =6.66, SD =4.51; F=4.72;
(48.5), AA: 200 (40.7) AA: M =7.58, SD =4.67 P=0.09082
Recessive GG: M=8.15, SD =5.44; F=3.12;
not GG: M =6.90, SD =4.47 P=0.23466
Multiplicative AG: M=6.33, SD =4.22; F=10.58;
not AG: M=7.7, SD =4.84 P=0.00367
rs12668955 0.23 AA: 126 (25.7), AG: 231 Dominant not GG: M =7.24, SD =4.51; F=2.58;
(47.1), GG: 133 (27.1) GG: M =6.48, SD =4.80 P=0.32649
Recessive AA: M =7.71,SD =4.81; F=3.66;
not AA: M =6.79, SD =4.51 P=0.16882
Multiplicative AG: M =6.97, SD =4.34; F=0.06;
not AG: M =7.08, SD =4.83 P=I
rs2302475 0.56 CC: 103 (21.0), CT: 252 Dominant not TT: M =6.9, SD =4.44; F=0.93;
(51.3), TT: 136 (27.7) TT: M=7.39, SD =4.97 P=I
Recessive CC: M =5.53, SD =4.25; F=14.47;
not CC: M=7.43, SD =4.61 P=0.00048
Multiplicative CT: M =7.46,SD =441, F=4.87;
not CT: M =6.59, SD =4.75 P=0.08356
rs1541516 0.95 AA: 3 (0.6), AG: 80 Dominant not GG: M =7.84, SD =5.40; F=3.01;
(16.3), GG: 408 (83.1) GG: M =6.87, SD =4.4| P=0.08322
rs2267733 0.34 TT:71 (14.5), CT: 246 Dominant not CC: M =7.30, SD =4.32; F=3.11;
(50.1), CC: 174 (35.4) CC: M =6.56, SD =5.04 P=0.23599
Recessive TT: M=7.07, SD =4.32; F=0.01;
not TT: M =7.03, SD =4.65 P=I
Multiplicative CT: M =7.36, SD =4.33; F=2.87;
not CT: M=6.71, SD =4.84 P=0.27219
rs2267738 0.9 AA: 22 (4.5), AG: 169 Dominant not GG: M =7.32, SD =4.51; F=1.14;
(34.4), GG: 300 (61.1) GG: M =6.85, SD =4.65 P=0.28578
rs2267740 0.85 TT:8(1.6),CT: 118 Dominant not CC: M=7.39, SD =4.19; F=1.01;
(24.0), CC: 365 (74.3) CC: M =691, SD =473 P=0.31479
rs4723047 0.86 CC: 24 (49), CG: 175 Dominant not GG: M =7.00, SD =4.65; F=0.03;
(35.6), GG: 292 (59.5) GG: M =7.06, SD =4.57 P=0.87311
rs4503014 | GG: 33 (6.7), AG: 188 Dominant not AA: M =6.69, SD =4.42; F=2.30;
(38.3), AA: 270 (55.0) AA:M=731,SD =4.72 P=0.39121
Recessive GG: M=5.58, SD =3.04; F=3.58;
not GG: M =7.14, SD =4.67 P=0.17700
Multiplicative AG: M =6.89, SD =4.60; F=0.33;
not AG: M=7.13, SD =4.60 P=I

Notes: Percentages are based on the number of all subjects included in the analysis (N=491). Percentages not summing up to 100 are due to rounding. Statistics are based
on analysis of covariance (ANCOVA) model including age as a covariate. All supplied means and SDs are descriptive and not least-square estimates.
Abbreviations: SNP, single nucleotide polymorphism; HWE, Hardy—Weinberg equilibrium; SD, standard deviation.

Assuming the recessive model, we identified significant
(after correction for multiple testing) association between
rs2302475 and AUDIT scale results — F(1,478) =14.473,
P=0.00048. We did not find any associations between other
SNPs within the PACI (ADCYAPIR1I) gene and the depen-
dent variable. The specific results for all SNPs are presented
in Table 1.

In our sample, we identified 4 separate haploblocks. The
pairwise LD patterns are presented in Figure 1.

Haplotype reconstruction revealed 3 haplotypes in
block 4, reaching estimated frequencies of 5% or more.
Means and SDs of AUDIT total scores for identified hap-
logroups were as follows: CG — M =6.61, SD =4.4; TA —
M =8.36,SD=5.58; TG—M =7.28, SD =4.53. We identified
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Figure | Diagram of block structure of PAC/ gene generated using Haploview.

a significant (after correction for multiple testing) main effect
of haplotype — F(2,963) =5.61, P=0.00379. The Tukey—
Kramer post hoc test showed significant difference between
CG and TA groups (P=0.0066).

Discussion

Recent studies revealed that the PACI (ADCYAPIRI) gene
plays arole in the risk for PTSD in women.>’ Our study aimed
to identify possible relations between PAC! polymorphisms
and problematic alcohol use in a sample of young women.
We showed the strong impact of the rs2302475 SNP on
AUDIT scores. The relevance of this polymorphism was
further supported by the results of haplotype analysis. The
1rs2302475 polymorphism was previously related to schizo-
phrenia in one study® — the T allele was identified as a risk
factor. In our study, the CC genotype was associated with
lower levels of problematic alcohol use as measured by the
AUDIT. It therefore seems likely that the T allele increases
the risk of psychiatric disorders, which, in part, may be
causally related to HPA axis activity.?>? It should be noted,
however, that a different polymorphic site (ie, rs2267735)

I
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was linked to PTSD in a sample of women in previous
studies.’ This sex-specific relation is due to the presence of
an ERE in the intron region containing this SNP. Our study
was designed to expand the phenotypic spectrum associated
with PAC1 (ADCYAPIRI) gene in young females. However,
due to technical problems, we were not able to genotype
rs2267735 in our sample. Thus, it was not possible to test
sex-specific effects related to this polymorphism. The region
adjacent to rs2302475 probably does not contain an ERE.
We conducted a computer-assisted homology search of the
sequence of this region using an ERE-prediction program
(Dragon ERE finder ver 3.0).>” The analysis did not reveal
the existence of such regulatory elements. Therefore, it seems
that the major limitation of our study is that it was conducted
only on female participants. Replication attempts should
include both sexes. We cannot rule out, however, that the
association identified may be a consequence of LD between
the two aforementioned polymorphisms. We calculated the
LD for this SNP pair using 1,000 Genomes Project data and
a web-based tool, SNAP.2 This analysis identified a strong
LD between rs2302475 and rs2267735 (D’=0.85). Assuming
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that the obtained results indirectly represent the actual effect
of rs2267735, one could treat them as a confirmation of
Ressler et al’s® findings. Regardless of which SNP is the true
cause of the results obtained in our study, one may speculate
about the role of the PACI (ADCYAPIRI) gene variability
in the etiology of problematic alcohol use. Of course, our
study is not without limitations. We mentioned above about
the composition of the sample studied. We must also note
that we used a self-rated measure of problematic alcohol use.
Replication studies should include clinical samples and use
semi-structured clinical interviews to diagnose problematic
alcohol use. One of the potential limitations of this study
is the lack of assessment of comorbid conditions such as
anxiety, sleep or mood disorders. We cannot exclude the
possibility that our findings reflect the impact of the PAC!
(ADCYAPIRI) gene variability on these conditions and not
on the problematic alcohol use.

Conclusion

In summary, we revealed the association between the
1rs2302475 polymorphism in the PACI (ADCYAPIRI) gene
and problematic alcohol use among young women. Our find-
ings were strengthened by the haplotype analysis. Our results
indicate the role of the PACAP/PACI signaling system in
vulnerability to problem drinking in women.
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