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Abstract The present study is aimed to exploring whether

some single nucleotide polymorphisms (SNPs) within

GRIA1, GRIA2 and GRIA4 could be associated with major

depressive disorder (MDD) and whether they could predict

clinical outcomes in Korean in-patients, respectively, treated

with antidepressants. One hundred forty-five (145) patients

with MDD and 170 healthy controls were genotyped for 17

SNPs within GRIA1, GRIA2 and GRIA4. Baseline and final

clinical measures, including the Montgomery-Asberg

Depression Rating Scale (MADRS) for patients with MDD,

were recorded. No association was observed between alleles,

genotypes and haplotypes under investigation and clinical

and demographical variables. As a secondary finding, a

marginal association was observed between rs4302506 and

rs4403097 alleles within GRIA2 and age of onset in patients

with MDD. Our findings provide evidence for a possible

association between rs4302506 and rs4403097 SNPs and age

of onset in patients with MDD. However, taking into account

that the several limitations of our study including the mod-

erately small sample size of our study, our findings should be

considered with caution and further research is needed to

draw more definitive conclusions.

Keywords GRIA1 � GRIA2 � GRIA4 � Major depressive

disorder

Introduction

Glutamate is the most abundant excitatory neurotransmitter

in the brain and it acts by activating two types of receptors:

ionotropic receptors (NMDA, AMPA and kainate) and

metabotropic receptors (mGluR1–8). Current evidence

suggests that glutamate plays an important role in several

psychiatric conditions, such as schizophrenia, major

depressive disorder (MDD) and anxiety disorder [1–5].

AMPA receptors are tetramers comprised of combina-

torial assembly of four different subunits referred to as

GluR1 (GRIA1), GluR2 (GRIA2), GluR3 (GRIA3) and

GluR4, alternatively called GluRA-D2 (GRIA4) [6–8].
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Different subunits show distinct spatial and temporal dis-

tribution in the brain and confer distinct properties to the

AMPA receptor complexes [9]. The highest density of

AMPA receptors is found in the prefrontal cortex and

hippocampus, which are key areas responsible for mood

regulation and that are thought to play an important role

into the development and maintenance of MDD [10].

Moreover, several studies have indicated that AMPA

receptors may be involved into the therapeutic activity of

antidepressant drugs [11, 12].

The GluR1 subunit, encoded by GRIA1 that maps on

5q33, has been shown to influence cognitive function, such

as working memory and reward learning [13]. Moreover,

ligands to the ionotropic glutamate receptors have demon-

strated therapeutic effects in animal models of MDD [14].

GRIA2 encodes for GluR2 and GRIA4 for GluR4 sub-

units. Such genes are located on chromosome 4q32–33 and

11q22, respectively. Several studies have suggested the

regions spanning the GRIA2 showed association with major

psychiatric disorders such as bipolar disorder and schizo-

phrenia as well as treatment response [15–17]. However,

the relationship between GRIA4 and MDD as well as

treatment response is far more limited and less clear thus

far.

Overall, current evidence suggests that some GRIA1,

GRIA2 and, to a lesser extent, GRIA4 variants could be

associated with some psychiatric disorders as well as with

response to their treatments. However, the dearth of studies

specifically concerning the relationship between GRIA1,

GRIA2 and, particularly, GRIA4 polymorphisms and MDD

suggests the need for further investigation before more

definitive conclusions can be drawn. Therefore, the present

paper is aimed at investigating whether a set of SNPs within

GRIA1 (rs707176 and rs6875572), GRIA2 (rs6536221,

rs4260586, rs4302506, rs4441804, rs3813296 and rs440

3097) and GRIA4 (rs11226805, rs2166318, rs11822168,

rs1938956, rs10736648, rs528205, rs11226867, rs667174

and rs641574) could be associated with MDD in an inde-

pendent sample of Korean in-patients. In addition, in the

present study we investigated the effects of the same SNPs on

clinical improvement in the same samples of MDD patients

naturalistically treated with antidepressants.

Methods

Subjects

The sample under investigation in the present study com-

prised 145 in-patients suffering from MDD who were

consecutively recruited at the Department of Psychiatry of

the Catholic University of Korea College of Medicine,

Seoul, Korea. Patients were eligible for inclusion if they

had a documented clinical diagnosis of MDD according to

the DSM-IV criteria, as assessed by the Mini-International

Neuropsychiatric Interview (M.I.N.I.) [18]. The sample has

been previously analyzed regarding other gene variants

(e.g., [19]).

There was not any particular restriction with regard to

treatments, concomitant comorbidities and first versus

following episodes of disease. However, patients were

excluded if they had current severe or unstable medical and

neurological conditions, current treatment with a long-

acting antipsychotic, concomitant alcohol and substance

abuse disorders and if they were not of Korean ethnicity.

The choice of using not excessively tight inclusion and

exclusion criteria was motivated by the decision to include

a sample of subjects that could be representative of usual

psychiatric in-patients. A further sample of 170 Korean

psychiatrically healthy subjects, who underwent the same

assessment of psychiatric patients to exclude possible

psychiatric disorders, drawn from the same location of the

psychiatric patients included in the present study, was also

included to compare genotype and allelic frequencies

among the three populations of subjects under investiga-

tion. Healthy controls included a population sample of

healthy donors.

All patients admitted to the hospital were assessed for

the severity of illness at baseline and at discharge by means

of psychometric questionnaires specific for each disorder

under investigation. More in detail, MDD severity was

assessed by means of the Montgomery-Asberg Depression

Rating Scale (MADRS) [20]. Scorers were trained with

the specific instruments with good inter-rater reliability

(k [ 0.8). Additionally, the following clinical and demo-

graphic variables were recorded: gender, age, clinical

subtypes, age at onset, family history of psychiatric dis-

orders, lifetime suicide attempts, duration of admission,

drugs at discharge and use of concomitant anxiolytics. The

study protocol was approved by the institutional review

board (approval number HC10TISI0031). All patients

(18–65 years old) provided written informed consent

before participating into the study.

Outcome measures

The main outcomes investigated in the present study were:

(1) differences between genotype and allelic frequencies in

patients with MDD and healthy control subjects and (2)

influences of the SNPs under investigation on clinical

improvement in MDD patients mentioned above analyzed

separately. Further outcomes of interest comprised the

effects of included SNPs on clinical and demographical

variables mentioned above as well as on response and

remission rates. Both continuous and categorical analyses

were performed. In accordance with previous studies,
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response was a priori defined as a C50% symptoms’

reduction from baseline to discharge (e.g., [21]). Remission

was defined as a MADRS score B7 at discharge for

patients with MDD [21].

DNA analysis

Genomic DNA was extracted from blood by standard

methods and quantified. The high-throughput genotyping

method using pyrosequencer (Biotage AB, Sweden) was

used for genotyping 2 SNPs within GRIA1 (rs707176 and

rs6875572), 6 SNPs within GRIA2 (rs6536221, rs4260586,

rs4302506, rs4441804, rs3813296 and rs4403097) and

9 within GRIA4 (rs11226805, rs2166318, rs11822168,

rs1938956, rs10736648, rs528205, rs11226867, rs667174

and rs641574) (Table 1). PCR primers (Bioneer, Daejeon,

Korea) and sequencing primers (Bioneer, Daejeon, Korea)

used for the pyrosequencing assay were designed by using

the Pyrosequencing Assay Design Software v1 (Biotage

AB, Sweden), and one primer of each primer set was

biotinylated.

Statistical analysis

Statistical analyses were performed using ‘‘Statistica’’

package [22]. Differences in the allelic and genetic fre-

quencies between healthy subjects and patients with MDD

as well as effects of such variants on response rates and

further categorical outcomes were calculated using the v2

statistics. The influence of the SNPs under investigation

and continuous outcomes was calculated using the

ANOVA. As an example, clinical improvement on

MADRS total scores was calculated according to the fol-

lowing formula:

MADRSfinal �MADRSbaselineð Þ=MADRSbaseline½ � � 100:

In case of positive findings, clinical variables correlated

with the outcome measures under investigation were added

as covariates, so as to investigate possible stratification

effects. Haploview 3.2 was used to generate a linkage

disequilibrium (LD) map and to test for Hardy–Weinberg

equilibrium (HWE) [23]. Tests for associations using

multi-marker haplotypes were performed using the

statistics environment ‘‘R’’ (http://www.R-project.org),

package ‘‘haplo.score,’’ to compare clinical and socio-

demographic outcomes among different haplotypes. Per-

mutations (n = 10.000) were performed to estimate the

global significance of the results for all haplotypes

analyses.

All P values were 2-tailed, and statistical significance

was conservatively set at the 0.005 level (corresponding to

the Bonferroni correction for the 10 blocks of SNPs under

investigation, see below for further information) in order to

reduce the likelihood of false-positive results. With these

parameters we had a sufficient power (0.80) to detect a

small-medium effect size (x = 0.16) that, as an example,

corresponded to an odds ratio of 1.94 between the MDD

patients and the group of controls and to detect medium-

large (d = 0.29) effect sizes for patients with MDD, car-

rying the CC genotype of rs4302506 as compared with

those carrying the CT genotype [24]. Such effects sizes

Table 1 GRIA1, GRIA2 and GRIA4 SNPs considered in this study

SNP ID Positiona Alleles Location Amino-acid

exchange

GRIA1

rs707176 153029960

(159512)

C/T Coding exon I ? I

rs6875572 153078510

(208062)

A/G Coding exon A ? A

GRIA2

rs6536221 158143886

1015

A/G Intron None

rs4260586 158157467

14596

A/T Intron None

rs4302506 158238830

95959

C/T Coding exon H ? H

rs4441804 158267535

124664

C/T Intron None

rs3813296 158281523

138652

G/T Intron None

rs4403097 158285597

142726

C/T 30-UTR None

GRIA4

rs11226805 105482024

300

C/T Intron None

rs2166318 105483661

1937

A/G Intron None

rs11822168 105630803

149079

A/G Intron None

rs1938956 105640104

158380

G/T Intron None

rs10736648 105642936

161212

A/G Intron None

rs528205 105719522

237798

G/T Intron None

rs11226867 105734327

252603

A/G Intron None

rs667174 105753035

271311

C/T Intron None

rs641574 105812839

331115

A/G Intron None

a Absolute chromosomal position. The relative position to the start

codon is given in parenthesis. All data from http://www.snpper.

chip.org. I isoleucine, A alanine, H Histidine
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corresponded to the possibility of detecting final differ-

ences on MADRS of 4 points.

Results

Socio-demographic features of MDD patients

and controls

Socio-demographic features of patients with MDD are

reported in Table 2. For control subjects, only data about

gender and age were collected (see [19]). There were no

significant differences among the two groups with regard to

age and gender (gender: P = 0.09; age: P = 0.09). There

were no associations between any of the SNPs under inves-

tigation and baseline clinical variables (all P values[0.05).

Hardy–weinberg equilibrium (HWE) and linkage

disequilibrium for GRIA1, GRIA2 and GRIA4 SNPs

Two out of 19 SNPs under investigation were not poly-

morphic in the present sample (rs6875572 and rs6536221

in GRIA1 and GRIA2, respectively) and were therefore

excluded from the analyses. The remaining SNPs were all

in HWE in the whole sample (rs707176: P = 1.0,

rs4260586: P = 0.79; rs4302506: P = 0.80, rs4441804:

P = 0.57, rs3813296: P = 0.44, rs11226805: P = 0.63,

rs2166318: P = 0.28, rs11822168: P = 0.13, rs1938956:

P = 0.25, rs10736648: P = 0.50, rs528205: P = 0.46,

rs11226867: P = 0.32, rs667174: P = 0.99, rs641574:

P = 0.76). Strong LD was observable between rs4260586,

rs4302506, rs4441804, rs3813296 and rs4403097 within

GRIA1 and between rs11226805, rs2166318 and

rs11822168, between rs1938956, rs10736648 and rs528205

and between rs11226867, rs667174 and rs641574 within

GRIA4; see Figs. 1, 2). Patients and healthy controls sep-

arately analyzed yielded similar results (data not shown).

Differences between genotype and allelic frequencies

in MDD patients and healthy controls

There were no significant differences between allelic and

genotype frequencies in MDD patients and healthy controls

(online Table 1; all P values [0.005).

Influence of GRIA1, GRIA2 and GRIA4 variants

on clinical improvement in MDD patients

We did not observe any association between the genetic

variants under investigation in the present study and

MADRS total scores in patients with MDD (online

Table 2 Clinical and demographic characteristics of the sample

Clinical and demographic

characteristics

Major depressive

disorder (n = 145)

Gender

Males 75 (52%)

Females 70 (48%)

Age 41.37 ± 14.07

MADRS

Baseline 34.35 ± 8.95

Discharge 17.12 ± 9.88

Response

Yes 78 (54%)

No 66 (45%)

Missing 1 (1%)

Remission

Yes 22 (15%)

No 122 (84%)

Missing 1 (1%)

Clinical subtypes

MDD without PF 105 (72%)

MDD with PF 11 (8%)

Dysthymia 4 (3%)

MDD NOSs 5 (4%)

Missing value 20 (13%)

Age at onset 38.08 ± 13.29

Family history of psychiatric disorders

Yes 30 (21%)

No 92 (63%)

Missing values 23 (16%)

Suicide attempts

Yes 36 (25%)

No 92 (63%)

Missing value 17 (12%)

Duration of admission (days) 32.31 ± 20.55

Drug

Paroxetine 40 (27%)

Venlafaxine 35 (24%)

Fluoxetine 23 (16%)

Mirtazapine 21 (14%)

Other 3 (3%)

Missing value 23 (16%)

Concomitant anxiolytics

Alprazolam 30 (21%)

Lorazepam 73 (50%)

Clonazepam 3 (2%)

Buspiron 4 (3%)

None 35 (24%)

MADRS Montgomery-Asberg Depression Rating Scale, PF psychotic

feature, MDD major depressive disorder, NOS not otherwise specified
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Table 2; all P values [0.005). The haplotype analysis

focusing on the sliding windows haplotypes mentioned

above did not find any significant association as well.

Consideration of treatment as covariant did not influence

results.

Influence of GRIA1, GRIA2 and GRIA4 variants

on further clinical and socio-demographical variables

in patients with MDD

Marginal associations were observed between rs4302506

and rs4403097 alleles within GRIA2 and age of onset in

patients with MDD. More in detail, the rs4302506 C allele

and the rs4403097 T allele were associated with a lower

age of onset of MDD (F = 8.85, d.f. = 1,260, P = 0.003

and F = 7.84, d.f. = 1,260, P = 0.005, respectively). Of

note, a trend toward significance between rs4302506 and

age of onset in MDD was observed in the genotype anal-

ysis as well. Indeed, subjects carrying the rs4302506 CC

genotype had a slightly significant lower age of onset of

MDD as compared with those carrying the TC and the TT

genotypes (F = 5.14, d.f. = 2,128, P = 0.007, see online

Table 2).

No further association was observed between the

remaining alleles and genotypes under investigation and

clinical and demographical variables. Response rates did

not significantly differ across different genotypes as well

(online Table 3). Furthermore, none of the haplotypes

under investigation was associated with any of such

measures.

Discussion

The present paper was aimed at exploring whether specific

SNPs within GRIA1, GRIA2 and GRIA4 could be associ-

ated with MDD and whether the same variants could pre-

dict clinical outcomes. In addition, we explored whether

such variants could be associated with several clinical and

socio-demographical variables of our sample.

First of all, our results suggest that the rs4302506 and

rs4403097 alleles within GRIA2 could be associated with

age of onset in patients with MDD. In particular, we found

an association between rs4302506 C allele and the

rs4403097 T allele and lower age of onset of MDD.

Moreover, a trend toward significance between rs4302506

and age of onset in MDD was observed in the genotype

analysis as well. Indeed, subjects carrying the rs4302506

CC genotype had a significantly lower age of onset of

MDD as compared with those carrying the TC and the TT

genotypes. In spite of the dearth of studies specifically

dealing with the present topic, these findings are in line

with the notion that early onset of disease could be a key

indicator for a heritable form of MDD [25].

We found no significant differences between allelic and

genotype frequencies in MDD patients and healthy con-

trols. Possible explanations for the negative findings could

be imputed to differences in terms of ethnicity, study

design and SNPs under investigation. Note also that,

although Kerner et al. [26] consistently found associations

between GRIA1 SNPs and psychotic bipolar disorder, no

individual SNP could be replicated across datasets.

Fig. 1 Linkage disequilibrium of GRIA2 SNPs under investigation in

the present study Fig. 2 Linkage disequilibrium of GRIA4 SNPs under investigation in

the present study
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Moreover, we did not observe any significant associa-

tion between the genetic variants under investigation and

clinical improvement in patients with MDD, and the hap-

lotype analysis focusing on the sliding windows haplotypes

mentioned above did not find any significant association as

well. Of note, while current evidence suggests that some

GRIA1, GRIA2 and GRIA4 variants could be associated

with several psychiatric disorders as well as with response

to their treatments, the majority of current evidence

focused on schizophrenia and little is known about the

relationship between these genes variants and MDD thus

far. Therefore, we could preliminarily suggest that genetic

variants under investigation in the present study could be

either not associated with MDD as well as with response to

their treatments or more specifically associated with some

domains, such as cognition or affectivity, that could indi-

rectly affect the development and response to treatment of

such disorders.

Before firm conclusions are drawn, however, several

limitations of the present study should be carefully consid-

ered. First of all, as reported above, candidate genetic studies

such as the present one are associated with a high likelihood

of false-positive findings [27]. On the other hand, negative

results could be related to the lack of statistical power that

could obscure small effects exerted by single SNPs.

Recently, odds ratios of less than 1.4 were reported, below

our detectable threshold. A further concern is related to the

use of several drugs with different mechanisms of action for

each cohort of patients that does not allow to draw definitive

conclusions with regard to the influence of the SNPs under

investigation on specific drugs or classes of drugs. However,

our decision to include patients treated with different drugs

could have the advantage of being closer to ‘‘real world’’

clinical practice, and consideration of this variable did not

affect results. Also, the duration of hospitalization in the

present study could be considered as insufficient to ascertain

a lack of response and remission, though this time frame is

consistent with common clinical practice [28]. Furthermore,

other dimensions of clinical improvement might be influ-

enced by the SNPs under investigation other than depressive

symptoms. However, we collected only such information. A

further limitation of this study could be related to the

incomplete coverage of genes under investigation, due to our

tagging approach. Finally, we obtained only limited infor-

mation about some clinical and socio-demographical vari-

ables in patients with MDD, and it is therefore unclear

whether additional information could have altered our

results.

In conclusion, our results suggest that rs4302506 and

rs4403097 SNPs could be associated with age of onset in

patients with MDD. However, taking into account the

limitations of the present study, our findings should be

considered with caution and replications in larger sample

of patients treated with more standardized pharmacological

regimens are needed to draw more definitive conclusions.
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