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Abstract

This study aimed to determine the relationship bet-
ween the C825T polymorphism in the G-protein ββ3-
subunit (GNB3) gene and the response to citalopram
in a Korean population with major depressive disor-
der (MDD). Citalopram was administered for 8 weeks
to the 84 MDD patients who completed this study.
All subjects were examined using the Structured Clin-
ical Interview for DSM-IV, and the severity of depres-
sion was assessed using the 21-item Hamilton De-
pression Rating (HAMD-21) scale. A main effect of
an interaction of genotype with time on the decrease
in the HAMD-21 score during the 8-week study peri-
od was not found. ANOVA revealed no significant
effects of the GNB3 C825T polymorphism on the
decrease in the HAMD-21 score at each time period.
Although the C825T polymorphism of the GNB3 gene

may affect the pathogenesis of MDD, our results do
not support the hypothesis that this polymorphism is
involved in the therapeutic response to citalopram in
Korean patients with MDD.
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Most antidepressants act on monoaminergic recep-
tors, most of which are linked to G proteins. G proteins
control cell reactions by influencing signal transduc-
tion in intracellular signaling pathways via interven-
tion in the process of conveying signals from the re-
ceptor to the effector protein1,2. G proteins comprise
α, β, and γ subunits that, once activated, transduce
excitation of extracellular receptors into intracellular
signals, and thereby play an important role in deter-
mining the specificity and other characteristics of reac-
tions in all cells. G protein functions by creating a βγ
dimer by separating a α-monomer bound to GTP, with
receptor activation resulting in the G protein dividing
into a free Gα subunit and a Gβγ subunit, where the
latter activates various effector proteins contained
therein, including phospholipases, adenylyl cyclases,
ion channels, G-protein-coupled receptor kinases, and
phosphoinositide 3-kinase3.

The single-nucleotide C825T polymorphism in
exon 10 of the G-protein β3-subunit (GNB3) gene
was discovered by Siffert4. Although the GNB3 C825T
polymorphism does not affect the amino acid sequence
of the β subunit, the T allele is related to defects in
nucleotides 498-620 of exon9. This polymorphism
appears to be associated with enhanced signal trans-
duction and ion-transfer activity. GNB3 polymorphisms
may influence responses to electroconvulsive treat-
ment5, from which it has been suggested that GNB3
mediates the serotonergic effect at the level of second-
messenger cascades6. 

Zill7 found that the relation between the GNB3 C825T
polymorphism and responses to treatment with anti-
depressants was influenced by TT isogamy in patients
who responded favorably to various antidepressants.
Moreover, Serretti6 and Lee8 found favorable respons-
es to antidepressant treatment in depressed patients
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with the GNB3 TT genotype or T allele. In the reports
about GNB3 C825T polymorphism, however, effects
of the SNP were evaluated in depressive patients in-
cluding bipolar patients, and various treatment meth-
ods were employed which are including various phar-
macological medications such as noradrenergic and
serotonergic specific agents (NaSSa)7,8, serotonin and
noradrenaline reuptake inhibitors (SNRI)8, tricyclic
antidepressants (TCA)7,8 and selective serotonin reup-
take inhibitors (SSRI)6-8 as well as non-pharmacolo-
gical treatment such as electroconvulsive theraphy
and transcranial magnetic stimulation7. In addition,
Zill7 and Serretti6 followed up the patients for 4 and 6
weeks of treatments, respectively.

Thus, we tested association between GNB3 C825T
polymorphism and response to long-term treatment
with single antidepressant, especially citalopram which
is a kind of SSRI that targets the serotonin transporter
and has been shown to exhibit antidepressant activity
that is superior to that of TCAs, in homogenous pop-
ulation with major depressive disorder (MDD).

Clinical Characteristics of Study Subjects
and Hardy-Weinberg Equilibrium for 
the GNB3 C825T Polymorphism

Of the 134 patients chosen to participate in this study,
60 withdrew because of a failure to draw blood, lack
of efficacy, personal conflict or other personal deci-
sion, loss to treatment, or adverse events during treat-
ment. Table 1 summarizes patient data for gender, age
at onset, and frequency of hospitalization history, sui-
cide attempts, and family history of MDD or other
psychotic diseases. None of these parameters differed
significantly among the three GNB3 C825T genotypes
(C/C, C/T, and T/T) except gender distribution (P==
0.0293). Chi-square tests applied to the three genotype

frequencies revealed that the subjects were in Hardy-
Weinberg equilibrium (χ2==0.754, P==0.686).

Association Analysis for the GNB3 C825T
Polymorphism with Response to 
Citalopram Medication

At first, we compared the distributions of genotypes
and alleles between responders (Rp) and nonrespon-
ders (Non-Rp). As shown in Table 2, we could observe
a trend of association, however, which was not statis-
tically significant between genotype frequencies and
response to citalopram medication during 8 weeks (χ2

==5.334, d. f.==2, P==0.070). The allele frequencies are
also comparable in the two groups (χ2==1.274, d. f.==1,
P==0.259, OR==1.461, 95% CI for OR==0.755-2.826). 

In addition, we also tested association between the
frequencies of genotypes and alleles and remission
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Table 1. Demographic characteristics for MDD group (ITT group analysis, n==84).

GNB3a
Genotype

P-value
C/C T/C T/T

HAMD at baseline 25.0±6.7 24.8±7.9 21.9±4.4 0.2148*
Onset age 48.7±13.6 46.9±15.9 44.3±18.0 0.6659*
Hospitalization history 4 (26.7%) 8 (53.3%) 3 (20.0%) 0.7659�

Suicide attempt 0 (0.0%) 4 (80.0%) 1 (20.0%) 0.3135�

Family history 3 (42.9%) 3 (42.9%) 1 (14.2%) 0.6925�

Sex (Male) 4 (16.7%) 9 (37.5%) 11 (45.8%) 0.0293**
Education (yr)

Middle school graduate 11 (32.4%) 16 (47.0%) 7 (20.6%) 0.2267**
High school graduate 5 (26.3%) 11 (57.9%) 3 (15.8%)
More than high school 6 (28.6%) 6 (28.6%) 9 (42.8%)

Dose at week 8 23.9±9.8 28.1±11.8 22.4±8.3 0.1197*
aData represents mean±std or n (%) appropriately
*Genotype comparisons are made by ANOVA*, Chi-square test**, or Fisher’s exact test�

Table 2. Distribution of genotype and allele frequencies of
GNB3 polymorphism among responsive and non-responsive
patients. 

Genotype Allele 
ITTa group frequencies� frequencies�

C/C T/C T/T C T

Responsive 17 22 19 56 60
(n==58) (29.3%) (37.9%) (32.8%) (48.3%) (51.7%)

Non-responsive 7 16 3 30 22
(n==26) (26.9%) (61.6%) (11.5%) (57.7%) (42.3%)

aIntent-to-treat group. LOCF (last-observation-carried-forward) analy-
sis is performed for missing data in HAMD scores
�Comparison of genotype frequencies between responsive and non-
responsive group: χ2==5.3340, d. f.==2, P==0.0695
�Comparison of allele frequencies between responsive and non-res-
ponsive group: χ2==1.2742, d. f.==1, P==0.2590, Odd ratio (OR)==
1.461, 95% Confidence interval (CI) for OR==0.755-2.826



status at 8 weeks after the initiation of citalopram treat-
ment (Table 3). In similar with the result of response
status (Table 2), we could observe a trend of associa-
tion, however, which was not statistically significant
between genotype frequencies and remission status
by citalopram medication (χ2==4.890, d. f.==2, P==
0.087). The allele frequencies are also comparable in
the two groups (χ2==0.771, d. f.==1, P==0.380, OR==
1.322, 95% CI for OR==0.708-2.468).

Association Analysis for the GNB3 C825T
Polymorphism with the % Decline of 
HAMD-21 Score in MDD Patients by
Citalopram Medication

To clarify the observed trends of the association
between C825T SNP and response to citalopram or
remission status, we tested association of the SNP

with decline of HAMD-21 score after citalopram
treatment. As expected, repeated measures ANOVA
showed significant decline of mean HAMD-21 score
in MDD patients (P⁄0.001, Table 4). The mean of
HAMD-21 score at baseline was 24.1±6.9, which
was decreased to 9.5±7.1 after 8 weeks by citalopram
treatment. The decline of HAMD-21 were statistically
significant in all period of medication compared with
baseline score. However, there were no associations
between genotypes and the decline in total HAMD-21
across time period as well as at each of time period
(Table 4).

Discussion

Numerous studies have provided no consistent ex-
planation for the effects of antidepressants on neuro-
transmitters11-16.

Recent investigations of antidepressant mechanisms
have focused on intracellular signaling pathways con-
trolled by the long-term administration of antidepres-
sants17. Some studies have shown that long-term treat-
ment with an antidepressant can activate G proteins,
which is related to an antidepressant effect. This is
supported by three reports that the GNB3 gene is relat-
ed to the functional mechanism of antidepressants6,8,18. 

However, although polymorphism of the GNB3
gene is known to be related to functional differences
of G proteins, we found no relationship between GNB3
gene polymorphism and the response to treatment
with citalopram. In addition, we did not detect any
differences in antidepressant effects among the three
genotypes of the GNB3 gene or with the progression
of time. Moreover, the genotype, allele, and allele-
carrier frequencies did not differ between Rp and
Non-Rp or between Rm and Non-Rm. 

G-protein β3 Subunit C825T Polymorphism and Citalopram       357

Table 3. Distribution of genotype and allele frequencies of
GNB3 polymorphism among patients with remission and
without remission.

Genotype Allele
ITTa group frequencies� frequencies�

C/C T/C T/T C T

Remission* 10 10 12 30 34
(n==32) (31.3%) (31.3%) (37.4%) (46.9%) (53.1%)

No remission 14 28 10 56 48
(n==52) (26.9%) (53.9%) (19.2%) (53.9%) (46.1%)

aIntent-to-treat group. LOCF (last-observation-carried-forward) analy-
sis is performed for missing data in HAMD scores
*Remission group is defined by patients whose HAMD score at week
8 is less than 7
�Comparison of genotypes between patients with remission and with-
out remission χ2==4.8901, d. f.==2, P==0.0867
�Comparison of alleles between patients with remission and without
remission χ2==0.7706, d. f.==1, P==0.3800, OR==1.322, 95% CI for
OR==0.708-2.468

Table 4. Comparison of changes of HAMD scores across study period among genotypes (ITT group analysis, n==91).

HAMD score
Genotype

Baseline Week 1 Week 2 Week 4 Week 8 P-value* P-value**

C/C 25.0±6.7 19.9±8.1 15.5±7.8 10.7±6.6 9.4±6.8 ⁄0.001 0.7644
T/C 24.8±7.9 18.8±7.7 15.3±7.2 12.3±6.8 11.1±7.9
T/T 21.9±4.4 17.0±4.7 12.4±4.9 8.8±5.7 7.1±5.6

Overall�,§ 24.1±6.9 18.6±7.2 14.6±6.9 10.9±6.5 9.5±7.1

P-value� 0.2148 0.3812 0.2166 0.1427 0.1163

*Repeated measures ANOVA p-value for testing overall mean HAMD score changes across time period
**Repeated measures ANOVA p-value for testing mean HAMD score changes by genotypes across time period
�ANOVA test at each of time period
�Testing overall mean HAMD score changes comparing to that of baseline: week 1 vs. baseline (P⁄0.0001); week 2 vs. baseline (P⁄0.0001);
week 4 vs. baseline (P⁄0.0001); week 8 vs. baseline (P⁄0.0001)
§Testing cubic trend of overall mean HAMD score changes: P==0.0115



This study was subject to several limitations. First,
the T allele is reportedly correlated with the severity
of depression and improvement by treatment with
antidepressants8, but also with a poor response to nor-
triptyline18. The absence of such correlations in the
present study may have been due to the administered
doses being too low, and hence future studies should
consider the drug concentration in the blood. Second,
the use of a small sample in this study may lower the
statistical powers of analyses. Thus, possible effects
of GNB3 C825T on the function of citalopram should
be evaluated in future research using a larger sample
or functional validation. Third, although the C825T
polymorphism of the GNB3 gene affected the response
to treatment with citalopram, it may still play only a
partial role in a complex mechanism involving multi-
ple genes-this limitation applies to all single-gene
approaches. Fourth, there are reports7,19,20 that the res-
ponse to antidepressant treatment is better in Caucasian
MDD patients than in Japanese21 and Korean8 MDD
patients, indicating that the frequency of the T allele
may differ between Asian and Caucasian populations.
It is therefore possible that ethnicity differences were
responsible for the results of this study differing from
those of previous studies. 

In conclusion, although the C825T polymorphism
of the GNB3 gene may affect the pathogenesis of
MDD, our study found that GNB3 gene variants did
not affect the antidepressant function of citalopram.
This observation needs to be confirmed in future stud-
ies that are not subject to the above-mentioned limi-
tations. 

Materials & Methods

Subjects
Trained psychiatrists examined all the potential

subjects using the Structured Clinical Interview for
the fourth revision of the Diagnostic and Statistical
Manual of Mental Disorders (DSM-IV)9 and the K-
DIGS (Korean version of the Diagnostic Interview for
Genetic Studies)10. The severity of depression was
assessed using the 21-item Hamilton Depression Rat-
ing (HAMD-21) scale. Only subjects with a minimum
score of 18 on the HAMD-21 scale entered the study,
and subjects with primary or comorbid diagnoses of
schizophrenia, schizoaffective disorder, rapid cycling
bipolar disorder, dementia, or alcohol or substance
dependence based on DSM-IV criteria within the pre-
vious 6 months were excluded. We also excluded
subjects showing a personal or family history of sub-
stance abuse/dependence and major psychiatric disor-
ders (schizophrenia, schizoaffective disorder, rapid

cycling bipolar disorder, or dementia) and those with
serious or unstable medical illness. Patients who were
receiving medications were subjected to a 2-week
washout period. Demographic data, medical history,
and laboratory data were documented. All subjects
were at least 18 years of age, and comprised a mixture
of in- and outpatients. During the treatment period of
the study, all subjects took citalopram daily (range:
10-60 mg/day). Psychotropic drugs such as benzodi-
azepines and mood stabilizers were not allowed. Ven-
ous blood was drawn from each subject after obtain-
ing written informed consent using a protocol approv-
ed by the Ethics Committee of the Korea University
Medical Center.

The clinical symptoms of the subjects were evaluat-
ed based on the HAMD-21 scores at baseline and after
1, 2, 4, and 8 weeks of treatment. Responders (Rp)
were defined as a reduction in the HAMD-21 scores
from baseline of at least 50%, and remitters (Rm) were
defined as a HAMD-21 total score of 7 points or less
after either 4 or 8 weeks of treatment.

DNA Analysis
DNA was extracted from peripheral blood and a

polymerase chain reaction (PCR) was performed with
the sense primer 5′-TGA CCC ACT TGC CAC CCG
TGC-3′ and the antisense primer 5′-GCAGCA GCC
AGG GCT GGC-3′. The amplification mixture con-
tained 3 μL of DNA, 5 μL of 10× PCR buffer, 4 μL
of 2.5 mM dNTP, 1 μL of each primer, 35.75 μL of
distilled water, and 0.25 μL of Taq polymerase. Sam-
ples were amplified using a thermocycler with an ini-
tial 5 min at 94�C, followed by 35 cycles of 40 sec at
94�C, 40 sec at 62�C, and 40 sec at 72�C. After a final
5 min at 72�C, the reaction was terminated at 4�C.
The amplified DNA was digested with the restriction
endonuclease Bse DI, which cuts at the -825T site,
and the product was electrophoresed on 3% agarose
gels and stained with ethidium bromide. The DNA-
amplified fragment was 268 bp long. The presence or
absence of the restriction Bse DI site determines whe-
ther a single 268-bp fragment (allele T) or two frag-
ments of 116 and 152 bp (allele C) are produced.

Statistical Analysis
The categorical data were analyzed using the chi-

square test or Fisher’s exact test as necessary. Geno-
type differences for continuous variables were eval-
uated using the t-test or one-way ANOVA, followed
by the LSD multiple-range test for comparisons among
groups. Odd ratios with 95% confidence intervals (CIs)
were calculated to estimate the effects of high-risk
genotypes and alleles. The effect of genotype, time,
or a time-genotype interaction was determined using
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a two-way repeated-measures ANOVA with time as a
covariate. The cutoff probability value was set at 0.05.
All statistical analyses were performed using SPSS
(version 10.0 for Microsoft Windows).
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