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The role of the potassium channel gene KCNK2 in
mayjor depressive disorder.

Congiu C, Minelli A, Bonvicini C, Bortolomasi M, Sartori R, Maj C, Scassellati C, Maina G, Trabucchi
L, Segala M, Gennarelli M.

Abstract

Six single nucleotide polymorphisms (SNPs) of the KCNK2 gene were investigated for their association

with major depressive disorder(MDD) and treatment efficacy in 590 MDD patients and 441 controls. The A
homozygotes of rs10779646 were significantly more frequent in patients than controls whereas G allele of
rs7549184 was associated with the presence of psychotic symptoms and the severity of disease. Evaluating the

Sequenced Treatment Alternatives to Relieve Depression (STAR*D) dataset, we confirmed our findings.

1. Introduction

lon channels are important mediators of intrinsic neuronal excitability, widely distributed in the
central nervous system. Their relevant importance as modulators of action potential duration
modulators and neurotransmitter release regulators make them interesting to study due to their
putative role in susceptibility to psychiatric illness and relative pharmacological treatments (Imbrici
etal., 2013).

Several studies have identified associations between voltage gated potassium channelsand bipolar
disorder and schizophrenia (Borsotto et al., 2007; Heide et al., 2012; Judy and Zandi, 2013 ;
Smolin et al., 2012) whereas few data are available in association with major depressive

disorder (MDD). Studies have focused in particular on the two-pore domain potassium channel, and
noteworthy Heurteaux et al. (2006) showed that KCNK2 /- knockout mice have an antidepressant-
like phenotype. In their study, KCNK2-deficient mice showed an increased efficacy

in serotonin neurotransmission, resistance to depression, and a substantially reduced level

of corticosterone under stress conditions.

In humans, genetic variations in the KCNK2 (also called TREK-1) gene have been linked to
susceptibility to depression as well as to antidepressant response (Liou et al., 2009). The Sequenced
Treatment Alternatives to Relieve Depression (STAR*D) study reported an association between
genetic variants in KCNK?2 locus and differential responses to next-step treatment in individuals
who did not remit with citalopram treatment (Perlis et al., 2008). These results suggested that
certain KCNK2 genotypes could be involved in resistance to antidepressants, in line with the
hypothesis raised in the Heurteaux animal model (Heurteaux et al., 2006).

However, these literature findings have not been confirmed by the integrated analyses of the most
recent GWASs (Genome-Wide Association Studies) both for MDD vulnerability (Ripke et al.,
2013) and for antidepressant efficacy (Uher et al., 2013).

In order to better understand the role of KCNK2 in MDD and antidepressant response, we carried
out: 1) an association study in a representative cohort with a well-delineated phenotype
characterization evaluating six SNPs previously resulted associated with response in STAR*D
cohort (Perlis et al., 2008); 2) a single gene reanalysis on available case-control and
pharmacogenetic GWAS datasets.

2. Materials and methods
2.1. Sample

Five hundred ninty DSM-1V MDD patients (of whom 372 treatment resistant depression(TRD) and
218 no-TRD) with at least moderately severe depression were voluntarily enrolled along with 441



unrelated healthy volunteers. Inclusion criteria and all sample characteristics are shown
in Supplementary Data A file.

2.2. Genotyping and statistical analyses

The KCNK2 polymorphisms rs2841608, rs2841616, rs12136349, rs10779646, rs7549184 and
rs10494996 were genotyped using the BeadXpress System and the VeraCode Assay according to
the manufacturer’s protocols (www.illumina.com).

Chi-square (y?) tests and logistic regression analyses were conducted to evaluate the association
between groups and categorical variables.

All data about genotyping method and statistical analyses performed are reported in Supplementary
Data B file.

2.3. GWAS datasets replication studies

We analyzed KCNK?2 data on two different GWAS datasets (Ripke et al., 2013 ; Uher et al., 2013)
through ricopili interrogation tool from the Broad Institute.

Moreover, we had access to clinical and genetic data of the dataset 2 of STAR*D study. All details
about the dataset evaluated and the analyses performed are shown in Supplementary Data B file.

3. Results
3.1. Our sample results

We first carried out a multiple comparison permutation test including

all KCNK2genotyped SNPs and the principal clinical features such as pathology, response to
treatment, symptoms.

The results of association analyses showed a significant difference in allelic distribution between
patients and controls for the rs10779646 (p=0.01) and a trend of association (p=0.06) between
rs7549184 and the severity of depression. All further analyses were performed only on these two
SNPs.

Analysis results on rs10779646 (see Table 1A) demonstrated differences in genotype frequencies in
case-control comparison (p=0.002). In particular, the AA homozygotes were more frequent in
patients than controls (F=9.10, p=0.003, OR=1.42, 95% CI:1.10-1.85).

Regarding the rs7549184, significant effects were found for the presence of psychotic symptoms
and the severity of depression (see Table 1B and C). Assuming a recessive model, homozygous GG
patients presented an OR=2.37 (95% CI.:1.22-4.63; p=0.009) of developing psychotic
symptomatology during a depression episode compared to the A allele carriers ( Table 1B).
Furthermore, this SNP was associated with the severity of the depressive episode. In particular, G
allele carriers showed an increased risk of developing a more severe MDD symptomatology than
AA (p=0.03; OR=1.68; 95% CI1=1.14-2.48; Table 1C).

We performed LD analysis on all the five SNPs genotyped in the case-control population. Between
the SNPs rs10779646 and rs7549184 no LD block was present and the haplotype analysis by
sliding windows approach did not detect any association in haplotype frequencies.

3.2. GWAS datasets replication results

Considering both case-control and pharmacogenetic meta-analyses, no SNPs reached significant p-
Value after Bonferroni correction for the number of the SNPs considered in KCNK2 region. The
rs10779646 and the rs7549184 have not been analyzed in both GWAS. Moreover the two SNPs are
not in LD with any polymorphisms in the datasets, thus making impossible an association analysis
through a genotype imputation.

Evaluating only the STAR*D dataset, the comparison between no-TRD and TRD subjects showed
12 significant polymorphisms associated with treatment resistance (Supplementary Data C file).



Moreover, two SNPs resulted associated with the severity of the depressive episode that resulted a
negative predictor of response (p<0.001) confirming the wide literature.

4. Discussion

Our study showed that KCNK2 variants were significantly associated with MDDsusceptibility and
negative predictor of response to treatment as severity of disease and the presence of psychotic
symptoms. Moreover, analyses on STAR*D data supported our results associating

KCNK?2 SNPs both with treatment response and severity of MDD.

We observed that one intronic SNP (rs10779646) of the KCNK2 gene was associated with the risk
of developing MDD since AA homozygotes were more frequent in patients. These data are in line
with the literature regarding the involvement of KCNK?2 and its genetic variations with the
pathophysiology of the disease (Heurteaux et al., 2006 ; Liou et al., 2009) supported by its
biological role as a modulator of the excitability of neurons by affecting neural firing and action
potential generation and duration and by regulating neurotransmitter release.

In our sample, we found also a significant association of rs7549184 both with the presence of
psychotic symptoms and the severity of the depressive episode. G allele carriers correlated with a
more severe pathology and GG homozygotes showed twice the risk of developing psychotic
symptoms during a depression episode compared to the A allele carriers. This is of particular
importance since the presence of psychotic symptoms is one of the strongest negative predictor
factors of resistance to treatment in MDD (Perlis et al., 2013 ; Schlaepfer et al., 2012). To support
our finding, several studies showed a significant association of KCNK2 with inter-individual
variations in treatment response in MDD both on data from animal models and humans

(Heurteaux et al., 2006; Liou et al., 2009 ; Perlis et al., 2008).

Preclinical studies on animal models have proved that KCNK2 is a downstream target

of SSRIs (Heurteaux et al., 2006). In Heurteaux et al.’s study, KCNK2-deficient mice behavior was
nearly exactly the same as wild-type mice that were treated with fluoxetineor paroxetine. In
addition, knockout mice were insensitive to fluoxetine or paroxetine.

In humans, Perlis and collaborators found an association between KCNK2 genetic variants and the
differential response to next-step treatment among individuals who did not remit

with citalopram (Perlis et al., 2008). Furthermore, one study showed that KCNK2 may be involved
in depression resistant phenotype (Dillon et al., 2010).

Nonetheless, performing a single-gene study in the most recent GWAS meta-analyses (Ripke et al.,
2013 ; Uher et al., 2013), we did not find KCNK?2 as a candidate gene both for MDD susceptibility
and response. Nevertheless, the two SNPs resulted implicated in our study in susceptibility to MDD
and resistance to antidepressant mechanisms have not been included in both GWASs.

This heterogeneity of data could be the result of the contrasts between strength and limitations of a
candidate gene approach and GWAS technique (Fabbri et al., 2013). In particular, the need to
obtain large sample sizes entails as consequence a high heterogeneity in clinical and socio-
demographic features that negatively affect the increase in power obtained in these studies.

Since the literature has reported that a substantial proportion of responses to an initial
antidepressant trial may be placebo-like or nonspecific (Perlis et al., 2008 ; Walsh et al., 2002), we
excluded Level 1 responders in no-TRD group of STAR*D dataset. Comparing them with TRD
ones, it was confirmed the involvement of KCNK2 in treatment resistance showing 12 SNPs
associated with the outcome. Moreover, two SNPs were correlated with the severity of the MDD
episode confirming our results regarding a role of KCNK2 in more severe form of depression.
Unfortunately, since the presence of psychotic symptom was an exclusion criterion for the
enrollment of STAR*D project, it has not been possible to perform any replication analysis.
Considering the complexity of the resistance/response phenotype, the literature suggests that
pharmacogenetic study designs should take into account the manifold biological, clinical, socio-
demographical and environmental variables that impact on treatment response. This would enable
putative associations to be identified with clinical and environmental factors that influence the



outcome in MDD. This would then suggests that some genetic variants may be indirectly implicated
in the response through an involvement in negative or positive predictors of response.

The present study replicates and extends the findings about the involvement of KCNK2 gene in the
aetiopathogenesis of MDD and in treatment resistance mechanisms. Variations in potassium-
channel genes seem to have pleiotropic effects on a broader psychopathology and consequently they
play important biological role in psychiatric disorders.
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