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Abstract

Introduction: Single nucleotide polymorphisms (SNPs) in the BDNF, COMT, CBR1 and CCK
genes have been associated with the process of fear extinction in humans. Since fear extinc-
tion plays a key role in recovering from psychological trauma, there is a possibility that these
genes modulate the risk of developing post-traumatic stress disorder (PTSD).

Objective: To assess unilocus and multilocus associations between SNPs in the BDNF, COMT,
CBR1 and CCK genes and the risk of developing PTSD.

Materials and methods: 129 inhabitants of the municipality of Itagui, Colombia, who had
experienced psychological trauma at least once, were genotyped for these polymorphisms
(38 cases of PTSD and 91 controls). Logistic regression was used to perform unilocus and
multilocus association tests for single SNPs and existing SNP-SNP genotypic combinations.
Results: No unilocus associations were found, but interactions between the BDNF and CBR1
genes and between the COMT and CCK genes were observed. Of these interactions, the
genotypic combinations that behaved as risk factors were AG-AA (OR=13.52, p<0.05) in
the BDNF-CBR1 interaction, and TC-AA (OR=13.70, p<0.05) in the CCK-COMT interaction.
Conclusions: The two pairs of interacting polymorphisms found in this study could act ad-
ditively and generate a greater risk of developing PTSD after suffering psychological trauma.
People who have a single allele have a lower risk of developing PTSD than those who have
two alleles in the interacting genes.

Keywords: Stress Disorders, Post-Traumatic; Extinction, Psychological; Polymorphism,
Single Nucleotide; Risk Ratio (MeSH).

Resumen

Introduccion. Los polimorfismos de un solo nucleétido (SNP, por su sigla en inglés) en los
genes BDNF, COMT, CBR1 y CCK han sido asociados con el proceso de extincion del miedo
en humanos. Dado que la extincion del miedo es clave para la recuperacion del trauma psi-
coldgico, es posible que estos genes modulen el riesgo de desarrollar trastorno de estrés
postraumatico (TEPT).

Objetivo. Evaluar las asociaciones unilocus y multilocus entre los SNP en los genes BDNF,
COMT, CBR1y CCKy el riesgo de desarrollar TEPT.

Materiales y métodos. 129 habitantes del municipio de Itagii, Colombia, que habian
experimentado trauma psicoldgico al menos una vez, fueron genotipificados para estos po-
limorfismos (38 casos de TEPT y 91 controles). Se realizaron pruebas de asociacion unilocus
y multilocus por regresion logistica para SNP Unicos y las combinaciones genotipicas SNP-
SNP existentes.

Resultados. No se encontraron asociaciones unilocus, pero se observaron interacciones en-
tre BDNFy CBR1,y CCK'y COMT. De estas interacciones, las combinaciones genotipicas que
se comportaron como factores de riesgo fueron AG-AA (OR=13.52, p<0.05) de BDNF-CBR1
y TC-AA (OR=13.70, p<0.05) de CCK-COMT.

Conclusiones: Los dos pares de polimorfismos en interaccion encontrados en el presen-
te estudio podrian actuar de forma aditiva y generar un mayor riesgo de desarrollar TEPT
después de sufrir trauma psicoldgico. Quienes portan un solo alelo tienen un menor riesgo
de desarrollar el trastorno que quienes portan dos alelos en genes que interacttan entre si.
Palabras clave: Trastornos por estrés postraumatico; Extincion psicoldgica; Polimorfismo
de nucledtido simple; Factores de riesgo (DeCS).
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Introduction

Post-traumatic stress disorder (PTSD) is a pathological
response to stressful life events that can cause psy-
chological trauma.* The prevalence of such events in
conflicted societies facilitates the appearance of this
mental health condition.? That is the case of Itagui (Co-
lombia), a city historically affected by violence, where
an 11% PTSD rate among the adult population living in
its urban area was reported in 2012.° Besides environ-
mental factors, genetic studies have shown that genetic
inheritance plays a vital role in whether this condition
is developed after being exposed to a trauma or not.
In this sense, a twin study conducted on war veterans
showed that genetic factors accounted for 30% of the
risk of developing PTSD.*

According to the fear conditioning behavioral mo-
dels that have been used to explain this pathology,”
PTSD symptoms can be triggered by exposing indivi-
duals who have experienced psychological trauma to
stimuli associated with said traumatic event. However,
in some cases, those associations remain active in time
due to the inability of the individuals to inhibit the fear
response and, therefore, PTSD symptoms may appear
any time over a long period of time, even if the sub-
jectisin a safe environment.® Persistent fear response
is thought to be the result of the individual’s failure to
learn that said emotional response is no longer useful
in a safe environment.’

It has been proposed that an individual’s genotype
can increase the risk of developing PTSD since it can in-
fluence how fear is processed in the underlying neural
circuit after the subject has undergone a fear conditio-
ning process. Also, this genotype could be associated
with prefrontal cortex hypoactivity and hyperactivity
in the amygdala;° thus, it could be involved in how fear
memory is consolidated in the corticolimbic pathway.®

SNP polymorphisms in genes that exert a certain
degree of influence on different brain pathways have
been associated with a fear extinction deficit, including
COMT, which codes for the catechol-O-methyltransferase
enzyme; BDNF, which codes for the brain-derived neu-
rotrophic factor; CBR1, which codes for the cannabinoid
receptor 1; and CCK, which codes for the cholecysto-
kinin neuropeptide.

In the COMT gene, the rs4680 single nucleotide poly-
morphism (SNP) yields a guanine for adenine substitution,
which in turn leads to replacement of valine by methio-
nine in the COMT enzyme, catalyzing the breakdown
of catecholamines in the brain. In a fear conditioning
experiment conducted on humans, those who had the
Met/Met genotype showed a fear inhibition deficit.® In
this regard, Valente et al.° in a study carried out with
Brazilian victims of urban violence, reported that this
polymorphism was associated with PTSD. In addition,
the Val/Met mutation is also present in the BDNF pro-
tein due to a G/A substitution in SNP rs6265 of the BDFN
gene. Both mice and humans that carry the Met allele of
the BDNF gene have exhibited deficit in fear extinction.°

On the other hand, in the CBR1 gene, rs2180619
SNP can have the A or the G allele. In this regard,
Heitland et al.'' reported that the participants with A
allele extinguish fear less effectively than those with the
G allele. Likewise, the CBR1 gene has also been asso-
ciated with PTSD.*? Finally, an association between the
T allele found in the SNP rs1799923 in the CCK gene and

SNP-SNP interactions associated with PTSD

PTSD was reported in war veterans.*® It has been su-
ggested that cholecystokinin (CCK) neuropeptide acts
within the cannabinoid system to modulate fear inhibi-
tion; therefore, it is involved in fear processing.'*

These findings allow suggesting that the combined
effect of polymorphisms in the BDNF, COMT, CBR1 and
CCK genes may modulate the risk of developing PTSD
after exposure to psychological trauma. In the present
case-control study, carried out in the city of Itagli, an
association between PTSD and the aforementioned poly-
morphisms was tested to determine if these genes may
modulate said risk. Both the unilocus and the multilocus
effect over the phenotype were considered.

Materials and methods

Previous research

Patient data and genetic samples used in the present
study were obtained from a previous mental health
survey carried out in 2012 in Itagti, Colombia.'® For
that study, 896 people, living in six urban areas of this
municipality, were administered the World Health Orga-
nization World Mental Health Composite International
Diagnostic Interview (WHO WMH-CIDI). Their saliva
samples were collected using the DNA Genotek’s sa-
liva-based collection kits. Chelex resins were used for
DNA extraction. Finally, the obtained nucleic acids were
stored in a Tris-EDTA buffer solution at -20°C.

Ethical considerations

All participants signed and submitted a written infor-
med consent form in which they authorized the use of
their DNA samples for future genetic studies on mental
health. Data and sample collection procedures complied
with the ethical principles for medical research esta-
blished in the Declaration of Helsinki (2013)'¢ and the
ethical principles for human research stated in Resolu-
tion 8430 issued by the Colombian Ministry of Health
and Social Protection.'’ This study was approved by the
Bioethics Committee of Universidad CES on its session
83, held on July 13, 2015.

Participants

Out of the 896 subjects that participated in the study
mentioned above, a sample of 129 respondents aged
from 13 to 65 years was selected to conduct the present
study. All participants from the original sample that had
experienced psychological trauma at least once were
included in the study. Cases (referred to as PTSD+) con-
sisted of 38 people that were diagnosed with the disorder
using the WHO WMH-CIDI. The criteria for diagnosis,
according to the interview were: A) exposure to a trau-
matic event, B) persistently re-experiencing the event,
C) persistent avoidance of stimuli associated with the
trauma and numbing of general responsiveness, D)
hyperarousal, E) experiencing disturbances B, C and
D for more than a month, and F) clinically significant
distress that impairs normal functioning.'¢ Controls (re-
ferred as to PTSD-) were made up of 91 subjects who
only met the diagnostic criterion A.

Sex distribution was similarin both PTSD+ and PTSD-
groups (42.1% and 40.6% men, respectively, p>0.5,
Fisher’s exact test). On the other hand, distribution
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of comorbidity with major depressive disorder (MDD)
was significantly different between cases and controls
(52.6% individuals diagnosed with MDD in the PTSD+
group vs. 13.2% in the control group, p<0.001, Fisher’s
exact test). Finally, a higher prevalence of alcohol de-
pendence was also observed in the cases (15.8% in the
PTSD+ group compared to 1.1% in the control group,
p<0.005 Fisher’s exact test).

Genotyping

SNP rs6265 in the BDNF gene, SNP rs4680 in the
COMT gene, SNP rs2180619 in the CBR1 gene, and
SNP rs1799923 in the CCK gene were genotyped using
kompetitive allele specific PCR (KASP™) (LGC Geno-
mics, USA). Since it was not possible to find out the
genotype of some participants, the following results
were obtained: 113 genotypes for SNP rs6265 (33 ca-
ses and 80 controls), 107 for SNP rs4680 (32 cases
and 75 controls), 109 for SNP rs2180619 (32 cases
and 77 controls), and 112 for SNP rs1799923 (33 ca-
ses and 79 controls). Selection for double genotyping
was blind and random, and only 12.16% of the samples
genotyped were selected. The genetic results obtai-
ned after this process showed a 100% match between
each sample and its replica. Negative controls were
also processed blindly and, as expected, it was not
possible to genotype them.

Statistical analysis

Statistical data processing was done using the R sof-
tware version 3.2.2.'° The SNPassoc package?’’ was
used to perform the Hardy-Weinberg test and the uni-
locus and multilocus analyses. The Epitools package”!
was used to carry out a post-hoc analysis to study
the allele combinations that could explain gene-gene
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interactions. All alleles were found in the study popula-
tion with a frequency greater than 1%. In addition, the
Hardy-Weinberg Exact Test*” was used to evaluate the
adjustment of the allele frequencies to the Hardy-Wein-
berg Model, which allowed determining that the allele
frequencies of the four genes were in equilibrium.

The unilocus association with PTSD was assessed for
each of the candidate genes. The Odds Ratio (OR) was
calculated as a measure of risk, while significance was
assessed with a maximum likelihood test. The Akaike
information criterion (AIC) was used to judge which in-
heritance model (codominant, dominant, recessive, and
over-dominant) fit the data better. The multilocus ge-
netic association between every possible combination
of SNP pairs was evaluated as an interaction in the lo-
gistic regression model. Age and sex were controlled in
the unilocus and multilocus tests. Afterwards, Fisher’s
exact tests were performed to determine which geno-
typic combinations of the previously found interactions
were significant as risk factors. This was made by com-
paring each genotypic combination to the rest of the
existent genotypic combinations in the sample. Signifi-
cance tests are reported with a 95% confidence interval.

Results
Unilocus analysis

Only the inheritance models that showed the best fit for
the data (smallest AIC) were considered for the unilocus
analysis. These inheritance models allowed determining
the possible risk genotype for each independent gene.
No significant association with post-traumatic stress di-
sorder was reported in any SNP. However, OR intervals
tended to be displaced to the right for the following ge-
notypes: AG in the BDNF gene, AA in the COMT gene,
and the TC in CCK gene (Table 1).

Table 1. Candidate genes as unilocus risk factors in PTSD cases.

Genotypes AIIeI|c o
Gene inheritance model PTSD + PTSD - t Odds Ratio p-value+

BDNF: Over-dominant Risk genotype

model of inheritance Reference GG, AA
COMT: Recessive model of  Risk genotype AA
inheritance Reference GG, AG
CBR1: Dominant model of ~ Risk genotype GA, GG
inheritance Reference AA
CCK: Over-dominant Risk genotype e
model of inheritance Reference TT, CC

2.3[0.9-5.4] >0.05
20 62
9 11
2.3[0.8-6.4] >0.1
23 64
20 57
0.6 [0.2-1.4] >0.1
12 20
12 17 2.1[0.9-5.2]
>0.1
21 62

BDNF: brain-derived neurotrophic factor gene; COMT: catechol-O-methyltransferase; CBR1: cannabinoid receptor 1; CCK:

cholecystokinin.

* Number of cases diagnosed with the disease.
T Number of controls.

F Probability.

Source: Own elaboration.

Multilocus analysis

When considering all possible combinations of SNP pairs
in the regression model, interactions between BDNF and
CBR1 (p<0.05) and between CCK and COMT (p<0.005)
were significant in the PTSD+ group. Then, existent ge-

notype combinations for these interactions were studied
individually as risk factors and the following outcomes were
obtained: when AG genotype of BDNF gene is combined
with AA of CBR1, and when TC of CCK is combined with AA
of COMT, the risk for developing PTSD increases significant-
ly in comparison to other existent combinations (Table 2).
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SNP-SNP interactions associated with PTSD

Table 2. Genotype pairs of SNP-SNP interactions identified as risk factors in PTSD cases.

BDNF - CBR1 Genotype combinations PTSD+* | PTSD-t ggg;

SNP-SNP Risk
interaction Haplotype G 13.5
[1.5- <0.05
Reference GG-AA + GG-GA + GG-GG + AG- 121.0]

GA + AG-GG + AA-AA

SNP-SNP Risk

CCK7 - o Odds
COMT8 genotype combinations PTSD + PTSD - t

interaction [T TAAA 13.7
[1.5- <0.05
Reference TC-GA + TC-GG + CC-AA + CC- 27 74 122.7]

GA + CC-GG + TT-AA + TT-GA

SNP: Single nucleotide polymorphism; BDNF: brain-derived neurotrophic factor gene; CBR1: cannabinoid receptor 1; COMT:

catechol-O-methyltransferase; CCK: cholecystokinin.
* Number of cases diagnosed with PTSD.

T Number of controls.

* Probability.

Source: Own elaboration based on the data obtained in the study.

Discussion

Unilocus vs. multilocus results

According to the reports, risk allele A of the BDNF, CBR1
and COMT genes and risk allele T of the CCK gene have
been associated with increased vulnerability for PTSD® 3
or reduced capacity to inhibit the fear response.®%!*
However, in the present study, no association between
carrying these alleles, either in a homozygous or a he-
terozygous form, and developing PTSD as a result of
being exposed to a traumatic event was found.

Nevertheless, when these alleles were portrayed in
two different genes, they behaved as risk factors for
developing the disease. This was the case for A allele
as a heterozygous in genotype AG of BDNF combined
with A allele as a homozygous in genotype AA of CBR1,
and for T allele as a heterozygous in genotype TC of
CCK combined with A allele as a homozygous in geno-
type AA of COMT. The low frequencies of genotype AA
of BDNF (0.7%) and genotype TT of CCK (2.8%) that
were observed in this study might explain why this effect
is only present when these alleles appear as heterozy-
gous. Thus, portraying two risk alleles in two different
interacting genes increases the risk of developing PTSD
after exposure to trauma.

SNP-SNP interactions associated with posttraumatic
stress disorder

BDNF interacts with the endocannabinoid system in-
ducing the synthesis and release of neuromodulators
(endocannabinoids and neurotrophins). Once they are
released, they activate their CBR1 receptor, starting
a long term depression of inhibitory synapses.” It is
known that the substitution of valine for methionine in
the BDNF precursor protein affects the depolarization
dependent-secretion of this growing factor in hippo-
campal neurons.?* If BDNFis secreted in a less effective
way, its activity on the endocannabinoid system may be
affected; this system plays important role in the expres-
sion and retention of fear extinction.?> A minor activity
of BDNF, together with portraying AA genotype in the
SNP rs2180619 of the CBR1 gene might explain why an

association between these two interacting genes and
PTSD was found in the present study.

Regarding the interaction between the gene products
of CCK and COMT, it is known that the CCK neuro-
peptide exerts antagonistic effects on dopaminergic
function through its action on the CCK-B receptor.® The
CCK polymorphism under study appears to reduce the
transcription of this gene.?” Meanwhile, when the COMT
enzyme is mutated with Met allele, its catalytic activity
drops by 40%, increasing dopamine availability in the
brain.?® These two effects combined may impact the an-
tagonistic effects of CCK over dopaminergic signaling,
where the antagonistic effect of CCK is important to mo-
dulate behavior motivated by stress.*® Yet, determining
how a reduction of this modulatory action could be as-
sociated with PTSD requires further research.

Limitations

One of the limitations of this study is that the frequen-
cy of comorbidity with MDD was higher in the cases
than in the controls. As a result, the genetic associa-
tions found here may be a consequence of an MDD
diagnosis instead of a PTSD diagnosis. However, it is
well known that comorbidity between MDD and PTSD
is usually the standard. Depressive symptoms appear
along with PTSD symptoms, and some authors consi-
der that separating MDD into a different disorder when
it co-occurs with PTSD is arbitrary.?® Consequently, both
diseases could share the genetic factors that increase
the risk of developing them after an individual is expo-
sed to a traumatic event.

Another limitation of this study is that the sample of
PTSD patients retrieved from the previous study was
low since only 38 people were diagnosed with the disor-
der out of 896 people that were originally interviewed.
Thus, the presented results may need additional su-
pport by further studies.

Conclusions
This study shows that the probability of developing PTSD

is higher when two risk alleles are present in two inte-
racting genes than when the allele is only found in one
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of the two genes. This means that to understand the ge-
netic etiology of this disease better, the effect of multiple
polymorphisms acting together on the phenotype should
be considered. It is worth noting that the interactions
found here should be analyzed at a biochemical level
to understand how they influence the neural networks
in which fear processing occurs and establish a causal
relation between said influence and PTSD. Although
the way how these genes interact at the neuronal level
is not clearly known, it was found that certain genetic
combinations, considered as risk factors, could be used
to help achieving a genetic diagnosis of the disease.
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