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Summary

Several lines of evidence implicate abnormalities in glutamatergic neural transmission in major depressive dis-
order (MDD) and treatment response. A high percentage of MDD patients do not respond adequately to
antidepressants and are classified as having treatment-resistant depression (TRD). In this study we investigated
five GRIK4 variants, previously associated with antidepressants response, in an Italian cohort of 247 MDD
no-TRD and 380 TRD patients. We found an association between rs11218030 G allele and TRD. Moreover,
significant associations between rs11218030 and rs1954787 and the presence of psychotic symptoms were
observed. In conclusion, our data support the involvement of GRIK4 in TRD and in the risk of developing
psychotic symptoms during depressive episodes.

Introduction

MDD is one of the most prevalent mental disorders
worldwide with a profound impact on public health
(Carvalho et al., 2014). Despite significant progress in
antidepressant treatments, the Sequenced Treatment
Alternatives to Relieve Depression (STAR*D) study
has shown that only about one-third of patients experi-
ence full remission after the first treatment trial, and for
many patients, achieving remission requires repeated
trials of sufficiently dosed antidepressant medication.
Moreover, approximately 30% or more MDD patients
have refractory or TRD (Bentley et al., 2014).

Research from the past decade has accumulated
a large amount of evidence involving the glutamate
system in antidepressant response, suggesting it as
a target for the development of novel antidepressants
(Catena-Dell’Osso et al., 2013). Interestingly, traditional
monoaminergic-basedantidepressants have been repeat-
edly shown to interfere with glutamate system function,
starting with modulation of N-methyl-D-aspartate
(NMDA) receptors and it has been demonstrated that

antidepressants selectively regulate glutamate receptors
expression and function (Musazzi et al., 2013).

Several pharmacogenomic studies investigated
Glutamate Receptor Ionotropic Kainate 4 (GRIK4)
gene variants in relation to antidepressant outcome
with interesting but contrasting findings (Paddock
et al., 2007; Horstmann et al., 2010; Perlis et al., 2010;
Serretti et al., 2012; Pu et al., 2013; Kawaguchi et al.,
2014).GRIK4 encodes the kainic acid-type glutamate re-
ceptor 1 (KA1) subunit, which co-assembles with other
glutamate receptor subunits to form cation-selective
ion channels, but might also possess metabotropic
functions (Horstmann&Binder, 2009). The role of iono-
tropic glutamate receptors, such as GRIK4, in anti-
depressant action has been supported by studies in
animal models. Chronic treatment with antidepressants
resulted in a region-specific reduction in binding activity
of N-methyl-D-aspartate receptors (Nowak et al., 1996;
Boyer et al., 1998), and an antidepressant phenotype
associated with ablation ofGRIK4 and a parallel disrup-
tion in hippocampal plasticity in mice was recently
demonstrated (Catches et al., 2012).

Taking into account the involvement of GRIK4 in
antidepressant actions and the dearth of studies focus-
ing on GRIK4 SNPs, we performed an association
study in Italian TRD and no-TRD MDD patients,
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investigating the role of the GRIK4 genetic variants
that are the most significant in the STAR*D study
(Paddock et al., 2007).

Method and materials

Study cohort

A total of 627 Diagnostic and Statistical Manual of
Mental Disorders, 4th Edition (DSM-IV) MDD
patients with at least moderately severe depression
were voluntarily enrolled in the study; all of them
had been referred to the ‘Villa S. Chiara’ Psychiatric
Hospital in Verona. The study was approved by the
Local Ethics Committees (CEIOC IRCCS Istituto
Centro San Giovanni di Dio Fatebenefratelli,
Brescia and Ethics Committee of the province of
Verona), and written informed consent was obtained.

Diagnosis of unipolar depression was confirmed
using the Structured Clinical Interview for DSM-IV
Axis I Disorders (SCID-I) diagnostic scale. Exclusion
criteria were: 1) mental retardation or cognitive
disorder; 2) a lifetime history of schizophrenic, schizo-
affective or bipolar disorder; 3) personality disorders,
substance abuse, alcohol abuse or dependency, obses-
sive compulsive disorder, post-traumatic stress dis-
order, as primary diagnosis; and 4) comorbidity with
eating disorders.

A total of 22·7% of the patients showed psychotic
symptoms, 41·8% showed current comorbidity in
Axis I (Generalized Anxiety Disorder, Panic Attacks
or Anxiety Disorders not otherwise specified [NOS]),
21·9% showed symptoms of Axis II disorders
(Paranoid, Dependent, Obsessive-Compulsive and
Histrionic personality disorders) and 3·8% alcohol
abuse, as a secondary diagnosis (the total number
exceeds the number of subjects due to the presence
of comorbidity).

A total of 380 subjects had been evaluated as TRD
patients (Group 1: TRD). Treatment resistance to
antidepressants was defined as the failure of the pa-
tient to respond to two or more adequate trials of
two or more different classes of antidepressants and
to an adequate trial of a tricyclic (TCA) drug as
described in Stage III of Thase and Rush Staging
Method (Thase & Rush, 1997).

The secondgroupwascomposedof247MDDpatients
experiencing a depressive episodewho responded to their
current treatment (Group 2: no-TRD).

All patients were Caucasians of Italian descent for
at least two generations, and unrelated to other parti-
cipants. All socio-demographic and clinical features
for the two groups are shown in Table 1.

Genotyping

The five intronic GRIK4 polymorphisms (rs1954787,
rs4936554, rs11218030, rs4430518 and rs949056)

were genotyped using the BeadXpress System and
the VeraCode Assay according to the manufacturer’s
protocols (http://www.illumina.com). The raw
BeadXpress data were processed using the Illumina
BeadStudio software suite (genotyping module
3·3·7), producing report files containing normalized
intensity data and single nucleotide polymorphism
(SNP) genotypes. Features of the investigated SNPs
are reported in Table 2, whereas data regarding link-
age disequilibrium (LD) pattern are described in the
Supplementary Material (Table S1) and Fig. 1.

Statistical analysis

Chi-square (χ2) tests and logistic regression analyses
were conducted to evaluate the association between
groups and categorical variables, while analysis of
variance (ANOVA) was used to compute possible dif-
ferences in age and education between groups. Odd
ratios (OR) and corresponding 95% confidence inter-
vals (CI) were used to quantify the association be-
tween genotype and response. As no-TRD and TRD
patients differed in terms of socio-demographic vari-
ables such as age and education (see Table 1), for all
the association analyses we used logistic regression
adjusted by these variables.

All statistical analyses were conducted using SPSS
version 17·0 (SPSS Inc., Chicago, IL).

Results

The analysis of single locus effect between no-TRDand
TRD groups revealed differences in genotype and allele
distributions between the two groups (p = 0·03 and
p = 0·03, respectively) for rs1954787 (see Table 3A).

Table 1. Clinical and demographical features of
no-TRD and TRD patients.

Characteristics
no-TRD
(n = 247)

TRD
(n = 380) p-value

Age (years), mean
(SD)

54·0 (14·6) 56·7 (13·3) 0·02

Gender (% female) 71·3 66·6 0·22
Education (years),
mean (SD)

10·0 (4·0) 8·9 (3·9) 0·001

% of recurrent MDD 69·4 90·5 <0·001
% of severe vs.
moderate MDD

42·1 87·4 <0·001

% psychotic symptoms 3·7 35·0 <0·001
% comorbidity with
personality disorders

14·0 26·7 <0·001

% comorbidity with
anxiety disorders

38·9 43·7 0·23

% comorbidity with
alcohol abuse

4·8 3·2 0·34

SD, standard deviation.
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AA homozygotes were more frequent in no-TRD
patients (F = 3·73, p = 0·05). However, the risk effect
of rs1954787 G allele for TRD subjects did not remain
significant after adjustment for multiple comparisons
in terms of the number of SNPs analysed.

Stronger results were obtained for rs11218030. The
analysis showed differences in genotype and allele dis-
tributions between the two populations (p = 0·02 and
p = 0·02, respectively) (see Table 3B). In the dominant
model, AA homozygotes were more frequently found
among the no-TRD patients (F = 7·79, p = 0·005,
OR= 1·67, 95% CI = 1·15–2·44). The risk effect of
rs11218030 G allele for a non-response to treatment
in MDD remained significant after adjustment for
multiple comparisons, by Bonferroni correction, in
terms of the number of SNPs analysed (p = 0·025).

No significant associations were observed for the
other SNPs.

Because many clinical variables strongly affect the
response to treatment (Table 1), we carried out

secondary analyses on these two SNPs to investigate
putative influences of clinical factors.

Significant effects were found for the presence of
psychotic symptoms in association with both the
SNPs. A different distribution of genotype and allele
frequencies (p = 0·005 and p = 0·005, respectively, for
rs1954787, and p = 0·03 and p = 0·03 for rs11218030)
was observed betweenMDD patients with and without
the presence of psychotic symptoms (see Table 4A
and 4B).On the assumption of a co-dominant, recessive
and dominant model, for rs1954787 the dominant
model best fitted the data (p = 0·006), for which, homo-
zygous GG patients presented an OR of 1·71 for
rs1954787 of developing psychotic symptomatology
during a depression episode.

Discussion

In the present study we investigated the role of five
GRIK4 variants previously associated with response
to antidepressants in a cohort of depressed patients,
comparing TRD vs. no-TRD. We found a risk effect
of rs11218030 G allele for the resistance to treatment
in MDD. Moreover we showed that rs1954787 GG
homozygotes and G allele carriers of rs11218030
have a higher risk of developing psychotic symptom-
atology during a depressive episode.

Clinical studies have shown that antidepressant
treatments result in a correction of glutamate balance;
however, the molecular mechanisms correlating with
the lack of outcome have been investigated only in
genetic association studies.

In the STAR*D cohort, the rs11218030 variant was
found to be significantly associated with non-response
when comparing non-responders vs. controls, but no
data regarding this variant was reported for the compar-
isons of responders vs. non-responders in both the dis-
covery and validation cohorts (Paddock et al., 2007).
The most studied SNP in the GRIK4 gene in relation to
treatment response is rs1954787. In theSTAR*Dcohort,
associations between G allele with a better treatment re-
sponse and remission were found (Paddock et al., 2007)
aswell as in the study conducted byPu and collaborators
(Pu et al., 2013) in a Chinese Han cohort. However, sev-
eral other evidences revealed a lack of association in

Table 2. SNPs features and RegulomeDB results.

Marker Chr Position Location Alleles Regulome scorea Regulome hits

rs1954787 11 120168573 Intron G/A 5 Minimal binding evidence
rs4936554 11 120196495 Intron C/T 2b Likely to affect binding
rs11218030 11 120225204 Intron A/G 5 Minimal binding evidence
rs4430518 11 120228643 Intron G/T 5 Minimal binding evidence
rs949056 11 120284569 Intron C/T 4 Minimal binding evidence

aRegulome score from 1 to 6: 1 strong evidence, 6 minimal evidence.

Fig. 1. LD among the investigated SNPs. Dark gray and
light gray colours represent a strong LD pattern (D’ >0·8)
and white colour represents moderate to low LD (D’ <0·8
to >0·5).
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Caucasian MDD patients (Horstman et al., 2010; Perlis
et al., 2010; Serretti et al., 2012) in line with our results.
Recently, a meta-analysis was carried out on these five
studies (Kawaguchi et al., 2014), which included
more than 2000 MDD patients. The results showed
that the T allele of GRIK4 rs1954787 represented a
risk factor that reduced the likelihood of response to
treatment in MDD.

The high heterogeneity in the results could be
explained by the frequency of this GRIK4 variant
that strongly shows significant ethnic and geographic
variations (see http://hapmap.ncbi.nlm.nih.gov/).
Indeed, the effect obtained in the meta-analysis
(Kawaguchi et al., 2014) seems principally due to
the Asian cohort (Pu et al., 2013), whereas the ORs
for the other studies were poor.

Furthermore, the conflicting results could be due to
different study designs, different definitions of respon-
ders or a different clinical MDD phenotype with
more severe symptoms in our sample and in other
studies such as those by Serretti and Hortsmann
(Hortsmann et al., 2010; Serretti et al., 2012). This
might be in line with our results concerning the posi-
tive associations between both rs1954787 and
rs11218030, and the presence of psychotic symptoms
in MDD. This is of particular importance since the
presence of psychotic symptoms is one of the strongest
negative predictors of resistance to treatment in
MDD (Schlaepfer et al., 2012; Perlis et al., 2013).
Considering the complexity of the TRD phenotype,
literature suggests that pharmacogenetic study designs

should take into account the manifold biological, clin-
ical, socio-demographical and environmental vari-
ables that have an impact on treatment response.
This would enable putative associations to be iden-
tified with clinical and environmental factors that
influence the outcome in MDD. This would then sug-
gest that GRIK4 variants may be implicated indirectly
in the response through a direct involvement in nega-
tive or positive predictors of response.

In addition, our results are in agreement with evi-
dence that GRIK4 was associated with psychosis and
mood disorders and with haloperidol efficacy during
acute treatment (Pickard et al., 2006; Blackwood
et al., 2007; Drago et al., 2013).

However, all the SNPs investigated are in intronic
regions and seem not to have a functional role or an
effect on gene expression regulation (Table 2).
Further studies should explore the association be-
tween GRIK4 variants with a putative functional
role in the TRD phenotype, which may explain the
associations reported in our present study.

The main limitation of this work is represented by
the heterogeneity of the therapy followed by the
patients enrolled in the study. This could represent a
confounding factor in the understanding of the in-
volvement of these polymorphisms in TRD as these
gene variants may be associated with the resistance
of specific classes of antidepressant drugs. This could
be clarified by increasing the number of patients.

In conclusion, our data showed the involvement of
the GRIK4 gene in treatment response mechanisms

Table 3. Allele and genotype distributions in no-TRD and TRD patients for the significant variants GRIK4
rs1954787 (A) and GRIK4 rs11218030 (B).

Table 3A

MAF (A)
Allele
model

Genotypes n (frequency)

Genotype models

n (frequency) AA AG GG Codominant

Dominant
(GG vs
AG+AA)

Recessive
(GG+AG
vs AA)

No-TRD (n = 247) 241 (0·49) 63 (0·25) 115 (0·47) 69 (0·28)
χ2 = 5·01
p = 0·03

F = 4·82
p = 0·03a

F = 2·94
p = 0·09a

F= 3·73
p = 0·05a

TRD (n = 379) 321 (0·42) 75 (0·20) 171 (0·45) 133 (0·35)

Table 3B

MAF (G) Genotypes n (frequency)

Genotype models

n (frequency)
Allele
model AA AG GG Codominant

Dominant
(AA vs
AG+GG)

Recessive
(AA+AG
vs GG)

No-TRD (n = 247) 58 (0·12) 195 (0·79) 46 (0·19) 6 (0·02) F = 7·79
χ2 = 5·41
p = 0·02

F = 5·55
p = 0·02a

p = 0·005a

OR= 1·67
F = 0·14
p = 0·71a

TRD (n = 379) 125 (0·16) 262 (0·69) 109 (0·29) 8 (0·02) 95%C.I. =
1·15–2·44

a p-values corrected for age and education.
MAF, minor allele frequency.
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and psychotic symptoms. Independent replications
with larger sample sizes are needed to better under-
stand the potential role of these polymorphisms in
TRD and in psychotic symptoms.
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