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Abstract

Genetic factors play a crucial role for the pathophysiology of treatment-resistant depression (TRD). It has been established
that Catechol-O-methyltransferase (COMT) and cyclic amp-response element-binding protein (CREB) are associated with
antidepressant response. The aim of this study was to explore the association between single nucleotide polymorphisms
(SNPs) in COMT and CREBI genes and TRD in a Chinese population. We recruited 181 patients with major depressive
disorder (MDD) and 80 healthy controls, including 81 TRD patients. Depressive symptoms were assessed with the Hamilton
Depression Rating Scale-17 (HDRS). Genotyping was performed using mass spectrometry. Genetic analyses were conducted
by PLINK Software. The distribution of COMT SNP rs4818 allele and genotypes were significantly different between TRD
and controls. Statistical differences in allele frequencies were observed between TRD and non-TRD groups, including
rs11904814 and rs6740584 in CREBI gene, rs4680 and rs4818 in COMT gene. There were differences in the distribution of
HDRS total scores among different phenotypes of CREBI rs11904814, CREBI 156740584, COMT rs4680 and rs4818. Gene—
gene interaction effect of COMT—CREB] (rs4680 X rs6740584) revealed significant epistasis in TRD. There findings indicate
that COMT and CREBI polymorphisms influence the risk of TRD and affect the severity of depressive symptoms of MDD.
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Introduction

Major depressive disorder (MDD) is a common, recurrent
and disabling psychiatric disorder with a 12-month preva-
lence of approximately 6% and a lifetime risk of nearly 20%
(Malhi and Mann 2018). It has been reported that MDD
will be a major cause of global disease burden by 2030
(Briley and Lépine 2011). 1/3 MDD patients showed treat-
ment-refractory after recerving multiple pharmacological
treatments despite significant improvements in depressive
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symptoms under the treatment of antidepressants (Carvalho
et al. 2014). Patients with treatment-resistant depression
(TRD) have continuous psychiatric and somatic symptoms
that deteriorate their social functioning abilities and quality
of life (Lex et al. 2019; Fava 2003; Chen et al. 2019). The
prognosis of TRD was terrible and the recurrence rate was
higher than that of non-TRD, which greatly increased the
burden on social functioning and economic impact (Demyt-
tenaere and Van Duppen 2019; Johnston et al. 2019).

The etiology of TRD is complex and multifactorial.
Genetic factor has a significant impact on the clinical out-
comes of antidepressant treatment. Increasing researches
focused on the association between gene variants and the
susceptibility of TRD. Studies indicated that the polymor-
phisms in genes related to metabolic enzymes responsible
for antidepressants transport and metabolic clearance play an
important role in the progress of TRD (Halaris et al. 2021).
Genome-wide association studies (GWAS) of TRD found
that the genes related to cytoskeleton regulation and neural
plasticity may be associated with TRD (Fabbri et al. 2018,
2019; O’Dushlaine et al. 2014). The transcription factor
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cAMP-responsive element-binding protein 1 (CREB1) is a
member of the leucine zipper family and encoded by CREB1
that located in 2q33.3 (Xing et al. 1996). CREBI1 is a tran-
scription factor implicated in synaptic and neuronal plasticity
base on mediated the BDNF pathway (Rafa-Zablocka et al.
2018). Meta-analysis suggested that CREB1 as potentially
crucial mediator for effects of antidepressant (Xiao et al.
2018). The literature provides some evidence of CREBI
gene implicated in the antidepressant response. Research
found that the increasing of CREB levels in rodent models
cause the antidepressant-like effect and the mice knocked-
out of the CREBI1 gene led to a antidepressants-resistant
phenotype (Rafa-Zabtocka et al. 2018; Perlis et al. 2008).
In addition, CREB was upregulate and neurogenesis was
increased in the hippocampus after antidepressant treatment
(Gundersen et al. 2013). A preliminary study detected that
the haplotypes within CREBI involved in the TRD (Serretti
et al. 2011). The study by Raffaella Calati and colleagues
on treatment resistance and CREBI SNPs in MDD patients
found that the variants of CREB1 were probably implicated
in the treatment resistance (Calati et al. 2013). Although
some studies failed to detected the relationship between
CREBI SNPs and the status of treatment-resistance, most
of these studies supported the polymorphisms of CREBI
influence the remission of depressive symptoms (Serretti
et al. 2011; Calati et al. 2013; Calabro et al. 2018).

Based on the finding of “the European Group for the
Study of Resistant Depression” (GSRD), the COMT gene
responsible for the catecholamine inactivation also as a
promising candidate genes in treatment-resistance (Fabbri
et al. 2013; Kocabas et al. 2010; Schosser et al. 2012). Meta-
analysis indicated that the polymorphism of COMT associ-
ated with the treatment response in MDD patients (Tang
et al. 2020). COMT rs4680 (vall58met) has been intensively
investigated result in the decrease of enzyme activity and
protein level (Calabro et al. 2018). The role of COMT rs4680
and other COMT polymorphisms in antidepressant treatment
response have been investigated, however, with inconsist-
ent results. In addition, most findings on the genes associ-
ated with TRD have focused on Caucasians. Only one study
has suggested that the COMT gene was associated with sex
differences of fluoxetine therapeutic response in a Chinese
population (Tsai 2009).

To our knowledge, there are no studies investigating the
relationship between TRD and genes CREBI and COMT
in a Chinese Han population. As mentioned above, we
hypothesized that the SNPs of COMT and CREBI genes
likely play a critical role in the pathophysiology and
development of TRD. Thus, the aims of the preliminary
study were: (1) to investigate the relationship between
genes COMT and CREBI SNPs and TRD; (2) to explore
the association between the SNPs of the genes COMT
and CREBI and the severity of symptoms of TRD; (3) to
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examine the interaction effects of the genes COMT and
CREB] as they related to the risk for TRD.

Methods
Subjects

A total of 181 MDD patients (male/female: 63/118,
average age: 44.22 +11.44 years, average duration:
25.20 +32.00 months) were recruited from the outpatient
clinic of Tianjin Anding Hospital. The inclusion criteria
for this study were as follows: (1) Han Chinese; (2) 18-65-
years old; (3) patients met the DSM-IV diagnostic crite-
ria of MDD, confirmed by two experienced psychiatrists
through the Structured Clinical Interview for DSM-IV
(SCID). The previous usage of drugs information was col-
lected according to reports of close relatives and clinical
medical records. All subjects were in good physical health.
Subjects with a history of substance dependence or major
medical illnesses (e.g., neurological disorder, cerebrovas-
cular disease) were excluded.

MDD patients were divided into TRD group (male/
female 34/47, age 45.99 +12.668 years) and Non-TRD
group (male/female 29/71, age 42.79 +10.189 years).
Patients diagnosed with TRD were those who did not
respond to at least two different classes of antidepressants
of adequate dose for at least 6 weeks during the current
depressive episode based on the medical records. The
choice of treatment medication was based on the previous
treatment experience, efficacy, tolerance, long-term treat-
ment plan, age, gender and economic status. The compe-
tent psychiatrist was select the appropriate drugs for the
patient after comprehensive consideration these factors.
The dosage of medication is determined by the psychiatrist
according to the patient's condition and adverse reactions.
In addition, the symptomatic treatment were applied for
the comorbidity disorder including sleep disorders, anxi-
ety disorders etc.

A total of 80 healthy controls (male/female 25/55, age
40.39 + 11.589 years) were also recruited and were gender-
and age-matched with the patients. All healthy controls were
Han Chinese from the local community of Tianjin, screened
by psychiatrists based on SCID diagnostic assessment to
exclude subjects with any psychiatric disorders. Further-
more, none of the healthy controls had a family history of
mental diseases.

Informed consent was obtained from all participants prior
to the start of this research. This study was approved by the
institutional review board and the ethic committee of Tian-
jin Anding Hospital in accordance with the Declaration of
Helsinki. (No. 2019-18).
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Clinical assessments

The Hamilton Depression Rating Scale (HDRS) was estab-
lished in 1960 (Hamilton 1960). The scale is still commonly
used for the evaluation of depressive symptoms in current
psychiatric research. In this study, the depressive symptoms
of MDD patient were assessed by four psychiatrists using
the HDRS (17-item). Before the study, all psychiatrists par-
ticipated in an HDRS training session. Analysis of repeated
assessments showed that the inter-observer correlation coef-
ficient of the HDRS total score was more than 0.8.

Genotyping

After overnight fasting, blood samples were collected from
peripheral vessels to 5-ml EDTA vacuum tubes. Genomic
DNA samples were isolated from the whole blood samples
using the high-salt method (Carpi et al. 2011). Genotyping
was performed by primer extension of multiplex products
with detection by matrix-assisted laser desorption time-of-
flight mass spectrometry (Wolk et al. 2018). All genotyping
was conducted by technicians who were blind to the clinical
status of the participants. 10% of the samples were repeated
for the genotyping assay, and the concordant rate was 100%.
Based on the prior knowledge about COMT and CREBI1
involved in the pathogenesis of response to antidepressants,
6 SNPs of the two candidate genes were selected using a
candidate gene approach, namely rs11904814 (CREBI),
1s2253206 (CREBI), rs6740584 (CREBI), rs4633 (COMT),
rs4680 (COMT) and rs4818 (COMT) (Table 1). Minor allele
frequencies (MAFs) of Han Chinese were taken from dbSNP
(http://www.ncbi.nlm.nih.gov/projects/SNP/).

Statistical analysis

In this study, counting data were shown as percentages,
and descriptive data was shown as mean + standard devia-
tion (x +5). Comparisons of the differences in demographic
and clinical variables between MDD patients and healthy
controls, TRD and non-TRD samples, 7 tests were used as

continuous variables, and chi-squared tests or Fisher’s exact
test were used as categorical variables.

The Hardy—Weinberg equilibrium (HWE) test was per-
formed to estimate the representativeness of samples before
the correlation analyses (Table 1). Comparisons of the dis-
tribution of alleles and genotypes of candidate genes SNPs
between MDD, TRD, non-TRD and controls groups were
performed using PLINK. Statistical analyses for specific
phenotypes were carried out by SPSS software (version
25.0). The logistic regression model was used to test the
association between candidate SNPs and depressive pheno-
types. The odds ratios (ORs) with 95% confidence intervals
(CIs) were presented.

Gene—gene interaction analyses (epistasis) were carried
out by PLINK among candidate gene SNPs in all patients.
Statistical significance was evaluated using two-tailed
design-based tests and the P value was conservatively set at
the 0.008 level of significance. Bonferroni corrections were
used for multiple tests to reduce type I error.

Results
General information

As shown in Table 2, there were no significant differences
in the demographic variables between MDD and controls,
TRD and non-TRD groups. In addition, no statistical differ-
ence was found in the duration of illness reported in TRD
and non-TRD groups.

Association analysis of the SNPs within candidate
genes between TRD and non-TRD groups
and controls

According to the stratified analysis of treatment response, the
differences in allele and genotype distribution of the COMT
SNP rs4818 between TRD and control groups were signif-
icant and the C allele showing higher frequency in TRD
individuals than controls (allele C, P=0.003, OR 2.477,
95% CI 1.350-4.543; P=0.002) (Table 3). COMT SNP

Table 1 Candidat.e gepes and Chr SNP Base-pair position Gene HWE(P) MAF CHB* Location
SNPs concerned in this study
2 rs11904814 207,562,074 CREBI 0.380 G (0.30) Intron
2 12253206 207,527,254 CREBI 0.726 A (0.30) Intragenic
2 rs6740584 207,564,627 CREBI 0.615 T (0.31) Intron
22 1s4633 19,962,712 CoMT 0.209 T (0.23) Intragenic
22 rs4680 19,963,748 CoMT 0.537 A (0.26) Intragenic
22 rs4818 19,963,684 coMT 0.321 G (0.27) Intragenic

MAF(CHB)*, minor allele frequencies (Han Chinese.), taken from dbSNP. HWE Hardy—Weinberg equilib-

rium
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Table? Clinical characteristics Variables MDD (181) Control (80) P value® P value?
of subjects
TRD (81) Non-TRD (100)
Sex
Male 34 (42%) 29 (29%) 25 (31.3%) 0.068 0.575
Female 47 (58%) 71 (71%) 55 (68.8%)
Age 45.99+12.668 42.79+10.189  40.39+11.589 0.583 0.092
Education (years) 10.32+4.491 9.74+4.471 10.13+4.689 0.387 0.838
Duration of illness (months) 25.20+31.997 24.58+32.374 0.898
HAMD 29.40+5.021 22.41+3.626 <0.001
#The P value? for comparison between TRD and non-TRD
®The P value® for comparison between MDD (TRD +non-TRD) and healthy control
Table 3 Allele and genotype distributions of polymorphisms of candidate genes in different groups versus healthy controls
Gene SNPID Sample Genotype n (%) P Allele (%) x> P OR (95% CI)
COMT 154680 AA GA GG A G
MDD 10 (5.6%) 121 (67.2%) 49 (27.2%) 0.206 141 (39.2%) 219 (60.8%) 0.008 0.928 1.018 (0.695-1.491)
Non-TRD - 88 (88%) 12 (12%) 0.057 88 (44.0%) 112 (56.0%) 1.008 0.315 1.242 (0.813-1.896)
TRD 10 (12.5%) 33 (41.3%) 37 (46.3%) <0.001 53 (33.1%) 107 (66.9%) 1.099 0.294 0.783 (0.495-1.237)
HC 1(1.3%) 60 (75.0%) 19 (23.8%) 62 (38.8%) 98 (61.3%)
COMT 154818 CC CG GG C G
MDD 22 (21.8%) 54 (53.5%) 25 (24.7%) 0.083 98 (48.5%) 104 (51.5%) 4.399 0.036  1.78 (1.035-3.060)
Non-TRD 1 (2%) 37 (75.5%) 11 (22.5%) 0.084 39 (39.8%) 59 (60.2%) 0.497 0.481 1.249 (0.673-2.315)
TRD 21 (40.4%) 17 (32.7%) 14 (26.9%) 0.002 59 (56.7%) 45 (43.3%) 8.746 0.003 2.477 (1.350-4.543)
HC 3(77%)  21(53.8%) 15(38.5%) 27 (34.6%) 51 (65.4%)
100-
rs4680 was significantly different in the genotype frequen- — GO
cies (P <0.001) between TRD and control groups (Table 3). 80 R
In light of the low frequency of AA genotypes in non-TRD
and control groups, we used the dominant model analysis .y
(GG/GA + AA), demonstrating that the GG homozygote of §
COMT SNP rs4680 was more frequent in the TRD group §- o
than in healthy controls. There were no significant differ- & 407
ences in SNPs of COMT and CREBI genes between the
non-TRD and the control groups (Fig. 1). 20+
Association analysis of the SNPs of candidate genes 0-
between TRD and non-TRD groups TRD NON-TRD — HC
rs4680

Based on the association analysis of the candidate gene
SNPs and TRD, significant differences in allele and geno-
type distribution between the TRD and non-TRD groups
were observed (Table 4). Significant differences were
observed in rs11904814 of CREBI gene (allele T, OR
2.096, 95% CI 1.312-3.350, P=0.001) as well as rs4680
and rs4818 of COMT gene (allele G, OR 1.586, 95% CI
1.030-2.443, P=0.036; allele C, OR 1.983, 95% CI
1.132-3.474, P=0.016, respectively). The genotypes dis-
tribution of COMT rs4680 and rs4818 between the TRD
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Fig. 1 Distribution of COMT rs4680 genotypes (GG vs GA+AA)
between TRD and non-TRD, TRD and control groups in the Domi-
nant model. (**P <0.01, binary logistics regression)

and non-TRD groups were significant different (P <0.001;
P <0.001, respectively). Compared to the non-TRD group,
the allelic association of CREB1 rs6740584 was significant
and more frequent C allele in the TRD group (allele C, OR
1.648, 95% CI 1.045-2.599, P=0.031). After the Bonferroni
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Table 4 Allele and genotype distributions of polymorphisms of candidate genes between TRD and non-TRD groups

OR (95% CT)

Allele (%)

Genotype n (%)

Sample

SNP ID

Gene

TT

GT

GG

rs11904814

CREBI

2.096 (1.312-3.350)

0.001

121 (76.6%) 9.749
117 (60.9%)
T

37 (23.4%)
75 (39.1%)

C

0.009

46 (58.2%)
37 (38.5%)

TT

29 (36.7%)
43 (44.8%)

CT

4 (5%)

TRD

16 (16.7%)

CC

Non-TRD

rs6740584

CREBI

1.648 (1.045-2.599)

0.031

4.659

42 (26.6%)
74 (37.4%)

116 (73.4%)
124 (62.6%)

4(5.1%) 0.073

34 (43%)

41 (51.9%)
39 (39.4%)

AA

TRD

14 (14.1%)

GG

46 (46.5%)

GA

Non-TRD

rs4680

comTt

1.586 (1.030-2.443)

0.036

4412

107 (66.9%)
112 (56%)

53 (33.1%)
88 (44%)

<0.001

37 (46.3%)
12 (12%)

GG

33 (41.3%)
88 (88%)

GC

10 (12.5%)

TRD

Non-TRD

CC

rs4818

comT

5.793 0.016 1.983 (1.132-3.474)

45 (43.3%)
59 (60.2%)

59 (56.7%)
39 (39.8%)

21 (40.4%) 17 (32.7%) 14 (26.9%) <0.001
37 (75.5%) 11 (22.5%)

1 %)

TRD

Non-TRD

corrections, most of the above significant variables passed
the corrections, except for CREBI 1s6740584. For CREBI
rs2253206 and COMT rs4633, no significant association
between TRD and SNPs was observed.

Comparing the severity of depressive symptoms
in different genotypes of candidate gene SNPs

By comparing the two subgroups, it was noted that mean
scores of HDRS in the TRD group were significantly higher
than in the non-TRD group (29.40+5.021 vs. 22.41 +3.626).

TRD subjects were classified according to their genotyp-
ing data, and total HDRS scores were compared between
groups. HDRS scores differences among genotype of can-
didate gene SNPs in TRD patients can be seen in Table 5.
Patients with GG genotype of rs11904814 of CREBI dem-
onstrated higher HDRS scores (29.1 +4.98) than GT and
TT genotypes (P =0.003). In addition, HDRS scores dif-
fered between the genotypes rs6740584 of CREBI with
patients with TT genotype demonstrating higher HDRS
scores (28.5 +5.85) than CC genotype patients (P =0.04).
HDRS scores for the GA genotype of rs4680 of COMT were
higher in MDD patients (27.66 +27.6) than AA and GG
genotype patients (P <0.001). Finally, TRD patients with the
GC genotype of rs4818 of COMT displayed higher HDRS
scores (27.26 +27.2) than CC and GG genotypes patients
(P=0.016). The association was not significant between
genotype of CREB1 rs6740584 and COMT rs4818 and
HDRS scores after Bonferroni corrections.

In non-TRD patients, there were no significant differences
in HDRS total scores among different genotypes of candi-
date gene SNPs groups.

Gene-gene interaction analysis

The results of gene X gene interaction analysis showed that
the COMT (rs4680) and CREBI (rs6740584) genes have
significant epistasis in TRD patients compare to non-TRD
patients (P <0.001). There was an interaction effect of
COMT and CREBI upon treatment-resistant.

Discussion

In this study, we explored the association between SNPs of
candidate genes COMT and CREBI in TRD to find genetic
markers in the development of TRD in a Han Chinese
population. This study first found that SNPs of COMT and
CREBI genes may be associated with TRD but not non-
TRD. The main findings of this study were that: (1) CREBI
rs11904814 may increase the risk of TRD in MDD patients;
(2) COMT rs4818 and rs4680 may confer the susceptibility
to TRD; (3) TRD patients with GG genotype of rs11904818
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Table 5 The distribution of

. Gene SNP ID Sample Genotype F P
HDRS scores in genotype of
candidate genes SNPs HDRS (x=5)
CREBI 1511904814 GG GT TT
Non-TRD  23.25+3.59 22.55+3.37 22.39+3.83 0.107 0.899
TRD 29.1+4.98 27.04+5.68 24.94+5.36 5.885 0.003
CREBI 136740584 cC CT TT
Non-TRD  22.22+4.02 22.85+2.99 21+4.08 0.615 0.543
TRD 25244574 26.88+5.34 28.5+5.85 3.284 0.04
COMT 134680 AA GA GG
Non-TRD 22.5+4.14 23+4.02 22+3.04 0.669 0.515
TRD 22.5+4.14 27.66+5.61 23.80+4.66 12.024 <0.001
COMT 134818 CC GC GG
Non-TRD  23.24+4.17 2294+3.68 20.92+3.36 1.697 0.194
TRD 23777+4.78 27.26+5.10 24.84+5.51 4.306 0.016

(CREBI) and GA genotype of rs4680 (COMT) presented
more severity depressive symptoms; (4) the interaction of
COMT and CREB] showed significant epistasis in TRD.

In the present study, we found that CREBI rs11904814
was associated with TRD. The SNP rs11904814 located in
intron 3 of CREBI (Utge et al. 2010). Few study focus on the
CREBI 1511904814 for MDD patients. There were two stud-
ies found that the interaction between rs11904814 and the
environment increased the susceptibility to MDD in Chinese
Han populations (Wang et al. 2015; Ma et al. 2017). Another
study had noted the association of CREBI SNP rs11904814
with depression in men (Utge et al. 2010). To the best of our
knowledge, no association analysis between CREBI SNP
rs11904814 and TRD has been reported. We observed that
subjects carrying the T allele of CREBI rs11904814 repre-
sented a lower risk to develop into TRD.

Mechanism of many antidepressants action was activated
the NE or 5SHT receptors and then coupled to adenylate
cyclase/cAMP/PKA pathway or coupled to phosphatidylino-
sitol and triggered the calcium influx. These signal pathways
can induce CREB phosphorylation and modulated by set of
target genes activated by CREB (Blendy 2006). Rats with
overexpression of CREB in the hippocampal dentate gyrus
showed significantly reduced immobility times in the FST.>*
The expression of CREBI mRNA and CREB was elevated
in the hippocampus after antidepressant therapy in MDD
patients (Xiao et al. 2018). CREB and CREB-dependent
gene expression plays a critical role in response to signal
transduction cascades stimulated by hormones, inflamma-
tory factors and synaptic activity (Blendy 2006). Patients
with TRD have the imbalance of inflammatory activity
(Strawbridge et al. 2019). CREB1 encoded by CREBI has
been identified as a downstream target of the Mitogen-acti-
vated protein kinase (MAPK) pathway. MAPK1 and CREB1
have implicated in inflammatory processes and associated
with the symptom remission after antidepressant treatment
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(Calati et al. 2013). The brain-derived neurotrophic fac-
tor (BDNF)—the neurotrophic tyrosine kinase receptor 2
(TrkB) pathway modulated the phosphorylation of CREB,
and CREB mediated the up-regulation of BDNF that is
closely related to therapeutic response (Chen et al. 2001).
Previous study indicated that Polymorphisms of CREB1
affected response to paroxetine by altering the expression
of transcription factor in BDNF signaling pathway (Mur-
phy et al. 2013). In addition, CREB maintained the levels
of BDNF in the hippocampus and prefrontal cortex (PFC)
after antidepressant treatment (Rafa-Zabtocka et al. 2018).
The CREB also has been shown to play a critical role in the
neuronal plasticity and to alleviated the decrease gray mat-
ter volume in the hippocampus of TRD patients (Marchese
et al. 2017).

In this study, we observed that COMT rs4818 and rs4680
increased the risk of TRD. The relationship between COMT
SNPs and the antidepressants response has been widely stud-
ied. Evidence indicated that COMT SNP rs4680 is related
to the efficacy of paroxetine in the early stage of depres-
sion, and that patients with GG genotype had a worse effect
of paroxetine treatment than those with AA or AG geno-
types (Benedetti et al. 2009). A similar result was found in
response to fluvoxamine, with patients with GG homozy-
gotes of COMT experiencing a poorer reaction than those
with AA or AG genotypes (Benedetti et al. 2010). We also
observed that the frequencies of GG genetype in TRD group
was more frequent than non-TRD group. However, there
were several studies finding no association between the
COMT SNP rs4680 and reaction to antidepressants (Taranu
et al. 2017; Brunoni et al. 2020; Chiesa et al. 2014). The
opposites view have been suggested that patients with GG
homozygotes were associated with better response to MECT
treatment (Lin et al. 2015). Some possible explanations for
this discrepancy could include differences in ethnicity,



Polymorphisms of COMT and CREBT are associated with treatment-resistant depression in... 91

sample size, method of treatment for depression and some
methodology differences (Li et al. 2014).

COMT encoded by the COMT gene is an enzyme impli-
cated in monoamines degradation. As we know, dopamine
regulated the process of motivation and emotion, reward,
attention and psychomotor function that was impaired in
MDD (Antypa et al. 2013). Study indicated that the DBS
therapy on superolateral-branch of the medial forebrain
bundle (MFB) increased the expression of dopamine D2
receptors in the hippocampus and present antidepres-
sant responses in rats (Dandekar et al. 2017). In addition,
dopamine agonists have been used as adjunctive drugs to
improve the symptoms of TRD (Chen et al. 2013; Hori
et al. 2013). COMT regulates the activity of noradrenaline
and adrenaline which are essential for the action of anti-
depressants (Marchese et al. 2017). The polymorphisms
of COMT lead to a change in dopamine concentration
through changing enzymatic activity. It has been shown
that the increase of stress-induced CRH mRNA depends
on the noradrenergic pathway (Kovacs 2013). The over-
activation of the HPA axis also plays a critical role in
TRD (Rosenblat et al. 2015). The increase in cortisol lev-
els is associated with the severity of depressive symptoms,
worse clinical response and prognosis (Li et al. 2021).

Our results suggested that the SNPs of CREBI and
COMT may affect the severity of depressive symptoms in
patients with TRD. It was found that the CREB] gene was
associated with the severity and remission of depressive
symptoms (Calati et al. 2013; Juhasz et al. 2011). Several
studies have also suggested that the A allele of rs4680
correlated with lower depressive symptoms in Asians
(Seib et al. 2016; Avinun et al. 2020). In contrast, another
study found that COMT SNPs were not associated with the
severity of depressive symptoms in a population of Chi-
nese Han participants (Chao et al. 2019). These conflicting
findings may be due to differences experimental design. In
the current study, more severe depressive symptoms were
observed in patients presenting with the specific genotype
of CREBI rs11904814 and COMT SNPs rs4680, these
SNPs also influenced the susceptibility of TRD.

In present study, pairwise gene—gene interaction analy-
ses (epistasis) were carried out by PLINK among can-
didate gene SNPs in all patients. Our results suggest an
interaction of CREBI and COMT polymorphisms on TRD
susceptibility despite there were no allelic differences
SNPs between TRD and healthy controls in the two SNPs.
Some evidence indicated that epistatic interactions can be
observed even if a single SNP individually leads to nega-
tive findings (Fabbri et al. 2013). CREB might be involved
in the tissue-specific expression of COMT P1 promoter in
rats (Tenhunen 1996). However, it is unclear that the spe-
cific effect of CREBI/COMT signaling pathway on TRD.
The current results should be interpreted with caution and

their interactions on development of TRD should be fur-
ther examined.

The limitations of this research should be considered. (1)
patients were treated with different types of antidepressants
with different mechanisms of action. The effect of studied
polymorphisms on a specific drug was difficult to interpreted
and the effects of specific antidepressants should be explored
in future. (2) the sample size relatively small and lack of
independent replication, further studies with larger sample
size should be conducted to understand the role of COMT
and CREBI in TRD susceptibility. (3) The interaction
between COMT and CREB] should be further investigated
to elucidate the potential mechanism of TRD.

Conclusions

In conclusion, the SNPs of CREBI and COMT increased the
susceptibility of TRD and influenced the severity of depres-
sive symptoms of TRD patients in a Chinese Han popula-
tion. Based on our findings, we argue that our data sup-
port the idea that COMT and CREBI genes have a genetic
interaction that may increase the risk for developing TRD.
Replicative studies of this work need a larger sample size to
verify the relationship we observed above. In addition, we
believe our data provides preliminary evidence to support a
possible interaction effect between COMT and CREB] genes
in patients with TRD and points toward a potential mecha-
nism of epistasis.
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