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Abstract 

Background Previous studies have shown that depression was associated with HTR3B gene. The aim of this study 
was to investigate the relationship between polymorphisms of the HTR3B gene and depression and its executive 
dysfunction in Chinese Han population.

Methods A total of 229 patients with depressive disorder and 202 healthy controls were enrolled. Six Single nucleo-
tide polymorphism sites (SNPs) including rs10789970, rs4938056, rs12421126, rs1176744, rs2276305 and rs12795805 
were genotyped by Snapshot. Clinical features were collected using a general demographic questionnaire. The 
24-item Hamilton Depression Scale (HAMD) was used to assess the symptoms’ severity of the patients. The patients’ 
executive function was assessed using a series of cognitive tests including Maze Test, Symbolic Coding Test, Spatial 
Span Inverse Order Test, Linking Test, and Emotional Management Test.

Results The genotypic and allelic distributions of rs1176744 in HTR3B gene were significantly different (χ2 = 11.129, 
P = 0.004, χ2 = 9.288, P = 0.002, respectively) between patients and controls. The A allele was positively correlated 
with depression. The proportion of A carriers was significantly higher and that of C carriers was lower in patients than 
those in controls. Patients had significantly lower scores of Spatial Span Inverse Order Test in carriers of A allele at locus 
rs1176744 and higher scores in carriers of C alleles at locus rs1176744 and rs12795805.

Conclusions The polymorphisms of HTR3B gene may be associated with depression in Chinese Han population. 
The A allele of rs1176744 may increase the risk of developing depression and executive dysfunction while C alleles of 
rs1176744 and rs12795805 may be the protective factors for executive dysfunction in patients with depression.
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Introduction
Major Depressive Disorder (MDD) is the leading cause of 
disability [1] according to the World Health Organization 
(WHO), which affects roughly 350 million people world-
wide [2], and is the third-largest contributor to the global 
burden of disease [3]. Numerous studies have demon-
strated that cognitive dysfunction in patients with major 
depression is a strong predictor of occupational and social 
dysfunction [4]. The Diagnostic and Statistical Manual of 
Mental Disorders, Fifth Edition(DSM5) states that specific 
criteria for depression include cognitive function issues 
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such as impaired attention, memory, and executive func-
tioning [5]. Patients with MDD experience permanent and 
recurrent cognitive impairment leading to significantly 
lower quality of life, and these deficiencies may continue 
even after a major depressive episode has subsided [6]. 
These deficits include deficits in the domains of process-
ing speed, visual selective attention, working memory, 
verbal learning, and executive function [7]. Studies have 
reported that approximately 20–30% of depressed individ-
uals have severe executive function deficits [8], which have 
been shown to be the strongest independent predictor of 
functioning in patients with MDD in remission [9]. And a 
brief cognitive screen at the start of treatment, focusing on 
executive functioning, was considered to be of useful value 
in the prognosis of depression [10].

MDD is thought to be a complex polygenetic disor-
der in which both genetic and environmental factors are 
involved in its onset and development [11, 12]. The focus 
of current genetic research is mostly on functional genes 
such as genes from dopamine system and the serotoner-
gic gene variants (i.e., HTR1A-7 and SLC6A4) [13, 14]. 
5-HT receptors (HTR) are known to be involved in the 
etiology of depression. Currently, it is known that a total 
of 18 genes are responsible for 14 different mammalian 
5-HT receptor subtypes, which are further subdivided 
into 7 families, and the 5-HT3 receptor, which is a dis-
tinct ion channel [15], is expressed in both the central 
nervous system (CNS) and the peripheral nervous system 
(PNS) and has the ability to control rapid depolarization 
of either peripheral or central neurons [16]. Presynaptic 
5-HT3 receptor activation is followed by rapid depo-
larization, which causes a rapid rise in cytosolic  Ca2+ 
concentration. Postsynaptic activation results in depo-
larization by  Na+ and  K+ influx, which regulates CNS 
and PNS function [17]. A previous study showed that the 
antagonist of the 5-HT3 receptor could reverse depres-
sive-like behavior [18]. Ondansetron, a serotonin 5-HT3 
receptor antagonist, has been shown to boost the expres-
sion of antioxidant components like glutathione, increase 
the levels of 5-HT, and reduce depression in diabetic rats 
by inhibiting the 5-HT3 receptor [19].

Five subunits of the 5-HT3 receptor make up the 
ligand-gated ion channel which are encoded by the sero-
tonin receptor genes HTR3A, HTR3B, HTR3C, HTR3D, 
and HTR3E, respectively [20]. 5-HT3B [21] is one of the 
most well investigated and well-characterized subunits 
which may have a role in tissue-specific functional altera-
tions in 5-HT3-mediated signaling and/or regulation 
[20]. A clinical study found that the polymorphism of 
rs1176744 in HTR3B gene was related to major depres-
sion in women [22]. Another study in 2019 discovered 
a link between rs1176744 polymorphism and major 
depression in the Russian population [23]. Meanwhile, 

HTR3B rs1176744 polymorphism and rs3831455 dele-
tion have been linked to bipolar disorder in various stud-
ies [22, 24, 25]. The 5-HTR3  antagonist Ondansetron 
has been shown to be able to counteract scopolamine-
induced learning deficits [26] and improve maze perfor-
mance [27]. Itasetron, another 5-HTR3  antagonist, has 
been found to have memory-enhancing effects [28]. So 
far, there is no study exploring the relationship between 
the polymorphisms of HTR3B gene and cognitive dys-
function in patients with depression.

Therefore, we conducted a case–control study to 
investigate the association between HTR3B gene poly-
morphisms and depression and its executive function in 
Chinese Han patients with major depressive disorder.

Methods
Participants
In this study, patients who visited outpatient clinics or 
were admitted to hospital in Shandong Mental Health 
Center from January 2012 to March 2014 were enrolled. 
The inclusion criteria included: patients met the Diag-
nostic and Statistical Manual of Mental Disorders—
Fourth Edition (DSM-IV) diagnosis of major depressive 
disorder; male or female; aged between 30 and 60 years 
old; biological parents were Chinese Han population; 
24-item Hamilton Depression Scale (HAMD) score ≥ 20. 
Depressive episodes caused by organic brain disorders, 
psychoactive substance use, severe physical illnesses, 
and other psychiatric disorders were all excluded. Other 
exclusion criteria included women who were pregnant 
or nursing, those with a history of mild mania, manic 
or mixed episodes, or those with psychotic symptoms. 
Healthy adults who were aged between 30 and 60 years 
old were included in the study as the control group. They 
also met the following criteria: biological parents were 
Chinese Han population; had no neurological illness or 
personality disorder which match the DSM-IV axis I and 
axis II diagnoses; had no family history of mental illness. 
Each participant gave their informed consent in writing 
and took part in the study voluntarily. Ethical approval 
was granted by the ethics committee of Shandong Mental 
Health Center.

Assessments
General sociodemographic data and personal history 
of all the participants were collected using a self-made 
questionnaire which included age, gender and years 
of education. The 24-item Hamilton Depression Scale 
(HAMD) was used to evaluate the symptoms’ severity of 
the patients.

The patients’ executive function was assessed using 
the MATRICS Consensus Cognitive Battery (MCCB), 
a computerized testing package, which has been 
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validated in China and has a good internal consistency 
and acceptable reliability for patients with mood disor-
der [29]. The specific tests used are as follows.

•  Maze Test (MT): The purpose of the test is to 
assess reasoning and problem-solving skills, includ-
ing anticipation, planning, and impulse control. The 
test is administered by drawing a pathway from the 
entrance to the exit of the maze. The lines should 
be drawn in accordance with the requirements and 
should not intersect with the original lines in the 
maze, nor should the lines be drawn at the corners. 
If the subject does not get out of the maze within 
the time limit, a score of 0 will be given. If the sub-
ject comes out of the maze within the specified 
time, the score will be given according to the time 
he/she actually completed the maze. All the scores 
of the maze will be added up to the raw score.

•  Symbolic Coding Test (SCT): Using the standard 
template provided as a reference, the participant 
selects the numbers that match the different sym-
bols and fills in the blanks, requiring the participant 
to complete them within 90 s. The number of errors 
is subtracted from the total number of answers to 
give the final score.

•  Spatial Span Inverse Order Test (SSIOT): The main 
test is spatial location memory breadth. Ten blue 
squares are displayed on the screen and the par-
ticipant is asked to click on them repeatedly in the 
opposite order. A score of 1 is given to those who 
click in exactly the right order. Those who click on 
more or fewer squares or in the wrong order will 
receive 0 points.

•  Linking Test (LT): The test is designed to assess 
visual scanning and motion trajectories that reflect 
the participant’s speed of information processing. 
The participant is asked to connect the numbers 
on the answer key in order from smallest to largest 
without interruptions during the test. The partici-
pant’s completion time is used as the scoring crite-
rion. If the participant exceeds the time limit, the 
test time is recorded as 300 s and those who do not 
finish within the time limit are scored as errors.

•  Emotional Management Test (EMT): This test is 
designed to assess the ability to use emotions to 
accomplish tasks and solve emotional problems, and 
the ability to integrate their emotions into problem-
solving. The total score is used as the raw score.

SNPs selection
SNPs located at the 3’ end, 5’ end, or exon region were 
selected based on the confirmed HTR3B gene sequence 

information from the National Center for Biotechnology 
Information (NCBI) database. We selected SNPs which 
had a minimum allele frequency (MAF) greater than 
10% in the Chinese Han population. Six loci of HTR3B 
gene (rs10789970, rs4938056, rs12421126, rs1176744, 
rs2276305 and rs12795805) were chosen, the MAF of 
which were 42.5%, 43.7%, 21.7%, 18.6%, 23.2% and 15.9%, 
respectively.

DNA extraction and SNPs genotyping
First, 5 ml of venous blood of all participants were drawn 
and stored in an anticoagulant tube (with EDTA antico-
agulant). The collected samples were then centrifuged at 
the speed of 3000 RPM for 10 min. After centrifugation, 
leukocytes were extracted and placed in EP tubes in -70℃ 
refrigerator for use.

The whole genome DNA was extracted from periph-
eral blood leukocytes using the DNA extraction kit 
from Hangzhou Jiuna Biotechnology Co., Ltd. A total 
of 1500  μl of red blood cell lysate was added into the 
above blood samples after thawing and centrifuged at 
12,000  rpm for 20  s. After that, 500  μl of cell nucleus 
lysate and 200  μl of protein precipitate was added and 
centrifuged at 13,000  rpm for 5  min, then 650  μl of 
propanol was added to obtain a filamentous or cot-
ton wool-like white DNA precipitate. Then, added 1  ml 
70% ethanol to the DNA precipitate and centrifuged at 
12,000 rpm for 1 min, and added 0.5 ml 170% ethanol to 
centrifuge at 12,000 μl for 1 min. Finally, the precipitate 
was wiped dry and 50 μl sterile water was added to dis-
solve the DNA precipitate, and the extracted DNA was 
then put into the -70 ℃ refrigerator again for use.

The primers were designed using the online primer 
design tool and synthesized by Beijing Genomics insti-
tution (BGI) (Table 1). The PCR was carried out in a 5-μl 
volume containing 1 μl genomic DNA, 0.5 μl of 10 × PCR 
buffer, 1 μl of Primer, 0.1 μl of dNTPs (2.5 mM each), 1.8 μl 
of HPLC and 0.2  μl of Ex Taq [5U/μl], 0.4  μl of 25  mM 
 MgCI2. The reaction conditions of PCR were as follows: 
after an initial step of 15 min at 94 °C, denaturation at 94 °C 
for 20 s, annealing at 56 °C for 30 s, extended at 72 °C for 
60 s; 45 cycles in total. Then the amplified products were 
digested and purified. The SAP (Shrimp Alkaline Phos-
phatase) reaction was carried out in a volume containing 
1.53 μl of deionized water, 0.17 μl of SAP buffer and 0.3 μl 
of SAP enzyme 2μL. The reaction conditions for SAP were 
as follows: after an initial step of 40 min at 37 °C, the SAP 
reaction was completed at a temperature of 4  °C after a 
continuous period of 5 min at a temperature of 85 °C. Then, 
the Snapshot extension reactions were performed with the 
Snapshot Multiplex PCR Kit, and the 9 μl volume contain-
ing 7 μl of PCR product, 0.041 μl iplex enzyme, 0.94 μl of 
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iplex extension primer, 0.2 μl of iplex stop primer, 0.2 μl of 
iplex buffer and 0.619 μl of deionized water. After an initial 
step of 30 s at 94 °C, denaturation at 94 °C for 5 s, annealing 
at 52 °C for 5 s, extended at 80 °C for 5 s and then followed 
by 40 cycles. Finally, data analyses and genotyping were 
performed using Mass ARRAY software after desalination.

Statistical analysis
Statistical description and analyses were carried out using 
SPSS 21.0 software.

The goodness of fit Chi-square test was used to compare 
the allelic genotypes of six SNPs and test whether they con-
formed to Hardy Weinberg equilibrium (HWE). Chi-square 
test and Independent-samples t-test were used to compare 
the differences of demographic data between patients and 
healthy controls, where independent samples t-tests were 
also used to compare the cognitive function test scores of 
carriers of different alleles at different genetic loci. One way 
ANOVA and Pearson correlation were used to analyze the 
relationship between general information and cognitive 
function. Covariance analysis was used to analyze the asso-
ciation between different genotypes of gene polymorphisms 
and cognitive dysfunction. The difference was statistically 
significant when Ρ < 0.05. Bonferroni correction was used to 
calculate the threshold P value for significance tests. Chain 
imbalance and haplotype analyses were carried out using 
the Haploview software (version 4.2).

Results
General demographic characteristics of the participants
A total of 229 patients with depressive disorder were 
enrolled in this study, in which 106 patients were male 
and 123 were female. The control group consisted of 202 
participants, including 90 males and 112 females. There 
was no statistical difference between the two groups 
in terms of age, sex, or years of education (P > 0.05) 
(Table 2).

Association of the HTR3B gene polymorphisms 
with depressive disorder
Hardy–Weinberg Law of Equilibrium
The HTR3B gene’s six polymorphic loci were tested using 
the Hardy–Weinberg law of Equilibrium in both the case 
and control groups. The genotype distribution of five 
loci (rs10789970, rs4938056, rs12421126, rs1176744 and 
rs12795805) except for rs2276305 (P < 0.05) were consist-
ent with the Hardy–Weinberg Equilibrium. The genetic 
data of rs2276305 was excluded from our following study.

Genotypic distributions of HTR3B gene in patients 
and controls
The genotypic distribution of rs1176744 in HTR3B 
gene was statistically different (χ2 = 11.129, P = 0.004) 
between patients and controls. The difference remained 
significant after Bonferroni correction (P < 0.01correct-
ing for 5 tests). The frequencies of CC and AC geno-
types were lower while that of AA genotype was higher 
in patients (2.2%, 35.7%, 62.1%, respectively) than those 
in controls (8%, 42.0%, 50.0%, respectively). Meanwhile, 
the differences of A carriers with non-carriers and C 
carriers with non-carriers between the two groups were 
significant as well (P < 0.05). In addition, the distribu-
tions of C carriers and non-carriers of rs12795805 was 

Table 1 Primer sequences

SNP Upstream primers Downstream primers PCR length

rs10789970 ACG TTG GAT GTC TAT TCA GGAG 
GAA ACA CC

ACG TTG GAT GGG CAC TTT TGAAG 
ATG CCT G

98

rs4938056 ACG TTG GAT GAG GCG ACA AGAT 
CAA GAC TC

ACG TTG GAT GGA GAG CTT CAGTT 
TCT CCA C

112

rsl2421126 ACG TTG GAT GGG AAA TGC AAAC 
AAC CTA GA

ACG TTG GAT GGT AGC ATT ATGGA 
AGT CTT G

119

rsl176744 ACG TTG GAT GTG GTC CCA GATG 
AGT TCA C

ACG TTG GAT GCT CTG TGA CAACA 
AGT TCT C

114

rs2276305 ACG TTG GAT GAC CCT CAG CCTG 
AGA TCC A

ACG TTG GAT GAG GGT TTC TCCTC 
CAC TAT C

109

rsl2795805 ACG TTG GAT GCA GCA CAG GTTA 
TTA TTC AC

ACG TTG GAT GTC AGA AGG TGAG 
GGA TAT GG

116

Table 2 Comparison of general demographic information 
between patients and controls

patients Healthy 
Controls

χ2/t value P-value

Gender 0.130 0.718

 Male 106 90

 Female 123 112

Age (years) 42.47 ± 8.15 42.55 ± 8.32 -0.104 0.917

Education (years) 12.39 ± 4.39 12.64 ± 5.18 -0.543 0.587
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found to be different between patients and controls 
(P < 0.05) in which the proportion of C carriers were 
significantly higher in patients, but this difference was 
no longer significant after Bonferroni correction. There 
was no significant difference among genotype frequen-
cies and distributions of allele carriers vs non-carriers in 
rs10789970, rs4938056 and rs12421126 between the two 
groups. The comparison of the genotype frequencies and 
distribution of allele carriers vs non-carriers are shown 
in Tables 3 and 4.

Allelic distributions of HTR3B gene in patients and controls
There were statistical differences in the allelic distri-
butions of rs1176744 and rs12795805 in HTR3B gene 
(χ2 = 9.288, Ρ = 0.002; χ2 = 4.256, Ρ = 0.039, respectively) 
between the two groups, and the proportions of A allele 
of rs1176744 and C allele of rs12795805 were significantly 
higher in patients. These differences were positively 

correlated with depressive disorder (OR = 1.126, 95% 
CI: 1.042 to 1.217; OR = 1.387, 95% CI: 1.014 to 1.897, 
respectively). However, P value of rs12795805 did not 
withstand Bonferroni correction for multiple testing. No 
association was found between depression and the other 
three SNPs tested. The comparison of allelic distributions 
of five polymorphic loci in HTR3B gene is presented in 
Table 5.

Linkage disequilibrium and haplotype analysis
Linkage disequilibrium (LD) was determined between 
the five SNPs of HTR3B gene in both patients and con-
trols. LD blocks of HTR3B gene SNPs and values of the 
correlation coefficient R2 for both groups are presented 
in Fig. 1. Significant P values are shown in red on the hap-
lotype block model created by the Haploview tool. One 
haplotype block was noteworthy, according to haplotype 

Table 3 Comparison of genotype frequencies of HTR3B gene polymorphism loci between case and control groups

Bolded indicates statistically significant (P < 0.05)
* indicates the difference was still significant after Bonferroni correction

SNP(A1/A2) Group genotype(%) χ2 P

A1A1 A1A2 A2A2

rs10789970
(C/T)

case (227) 39(17.2) 113(49.8) 75(33.0) 0.766 0.682

control (200) 32(16.0) 108(54.0) 60(30.0)

rs4938056
(C/T)

case (229) 43(18.8) 113(49.3) 73(31.9) 1.123 0.570

control (202) 34(16.8) 110(54.5) 58(28.7)

rs12421126
(C/T)

case (201) 8(4.0) 67(33.3) 126(62.7) 2.278 0.320

control (176) 4(2.3) 70(39.8) 102(58.0)

rs1176744
(A/C)

case (227) 141(62.1) 81(35.7) 5(2.2) 11.129 0.004*

control (200) 100(50.0) 84(42.0) 16(8.0)

rs12795805
(C/T)

case (227) 6(2.6) 73(32.2) 148(65.2) 4.852 0.088

control (200) 4(2.0) 46(23.0) 150(75.0)

Table 4 Comparison on frequencies of allele carriers and non-carriers between groups

Bolded indicates statistically significant (P < 0.05). χ2
1: χ2[(A1A1 + A1A2)/A2A2]; χ2

2: χ2[(A2A2 + A1A2)/A1A1]; P1: P[(A1A1 + A1A2)/A2A2]; P2: P[(A2A2 + A1A2)/A1A1]

SNP(A1/A2) Group genotype χ2
1 P1 genotype χ2

2 P2

A1A1 + A1A2 A2A2 A2A2 + A1A2 A1A1

rs10789970 case (227) 152 75 0.454 0.500 188 39 0.107 0.744

(C/T) control (200) 140 60 168 32

rs4938056 case (229) 156 73 0.508 0.476 186 43 0.277 0.599

(C/T) control (202) 144 58 168 34

rs12421126 case (201) 75 126 0.879 0.348 193 8 0.888 0.346

(C/T) control (176) 74 102 172 4

rs1176744 case (227) 222 5 7.642 0.006 86 141 6.347 0.012
(A/C) control (200) 184 16 100 100

rs12795805 case (227) 79 148 4.845 0.028 221 6 0.192 0.661

(C/T) control (200) 50 150 196 4
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analysis employing the HTR3B gene loci that were under 
investigation. Between the three loci of this haplotype 
block, rs4938056, rs10789970, and rs12421126 were in 
linkage disequilibrium (Fig. 1).

Relationship between HTR3B gene and cognitive deficits 
in patients
Comparison of cognitive functions between patients 
and controls
In this study, we first investigated the difference of cogni-
tive functions examined between patients and controls. 
A total of five tests including Maze Test, Symbolic Cod-
ing Test, Spatial Span Inverse Order Test, Linking Test 
and Emotion Management Test were used to assess the 
executive functioning of all the participants. Significant 
differences were obtained in the scores of LT, SSIOT and 
EMT (P < 0.05), which indicated worse executive func-
tions of depressed patients (Table 6). There was no dif-
ference in the scores of SCT and MT between groups 
(P > 0.05).

Potential confounders of cognitive deficits in patients
The potential confounders (age, education, gender, and 
total HAMD scores) of the impaired executive functions 
in patients were then investigated. The results showed 

Table 5 Comparison of allele frequencies of five SNPs in HTR3B gene between the two groups

Bolded indicates statistically significant (P < 0.05)
* indicates the difference was still significant after Bonferroni correction; OR value: hazard ratio; 95% CI: lower and upper limits of the confidence interval

SNP Al Allele frequency A2 χ2 P OR 95%CI

Case group Control group

rs10789970 C 0.421 0.430 T 0.075 0.784 0.978 0.837 1.144

rs4938056 C 0.434 0.441 T 0.032 0.857 0.986 0.847 1.148

rs12421126 C 0.206 0.222 T 0.256 0.613 0.932 0.708 1.225

rs1176744 A 0.800 0.710 C 9.288 0.002* 1.126 1.042 1.217

rs12795805 C 0.187 0.135 T 4.256 0.039 1.387 1.014 1.897

Fig. 1 Linkage disequilibrium analysis of the selected SNPs. (Note: 
The numbers in the LD block are the values of R2 which are shown in 
the percentage chart. For example, 34 represents R2 = 0.34)

Table 6 Comparison of cognitive functions between case and control groups

Bolded indicates statistically significant (P < 0.05)

LT Linking Test, SCT Symbolic Coding Test, MT Maze Test, SSIOT Spatial Span Inverse Order Test, EMT Emotion Management Test

Cognitive test items Case group(229) Control group(202) t P
Mean ± standard deviation Mean ± standard deviation

LT 47.131 ± 22.479 43.820 ± 6.953 2.122 0.035
SCT 33.825 ± 11.528 35.391 ± 13.642 -1.291 0.197

MT 7.424 ± 1.611 7.510 ± 1.774 -0.529 0.597

SSIOT 5.148 ± 1.919 6.738 ± 1.800 -8.871 0.000
EMT 7.924 ± 1.654 8.477 ± 2.115 -2.990 0.003
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that the scores of SSIOT were significantly associated 
with age (Table 7).

Association of the polymorphism of HTR3B gene 
and cognitive deficits
According to the above results, covariance analysis in 
which age was regarded as covariate was then performed 
to find out whether different genotypes and allele carriers 
at different loci of HTR3B gene were related to cognitive 
deficits of depressive patients. The results revealed sig-
nificant difference (P < 0.05) among three different geno-
types and between different allele carriers of rs1176744 
and rs12795805 in SSIOT. Patients with AA genotypes 
of rs1176744 had significantly lower scores, suggesting 
worse executive function, than those with AC and CC 
genotypes (P < 0.05).The A carriers had lower scores and 
C carriers had higher scores than non-carriers respec-
tively, indicating A allele is a risk factor while C allele is 
a protective factor for executive function in patients. In 
addition, C carriers of rs12795805 had significant higher 
scores than non-carriers, demonstrating C allele is a pro-
tective factor (Table 8).

Discussion
This study had two goals. First, we investigated the rela-
tionship between the HTR3B gene polymorphisms and 
depressive disorder. We discovered that in the Chinese 
Han population, the polymorphism of rs1176744 in 
HTR3B gene may be associated with depressive disor-
der. Next, we investigated the connection between the 
polymorphisms of HTR3B gene and the executive dys-
function of patients. The findings demonstrated that 
rs1176744 and rs12795805 polymorphisms were associ-
ated with the scores of SSIOT. The A allele of rs1176744 
may increase the risk of cognitive dysfunction and C 
alleles of rs1176744 and rs12795805 may be the protec-
tive factors in those with depressive disorder.

In this study, we found that there were more partici-
pants with AA genotype and A carriers while less C car-
riers of rs1176744 in patients than those in controls. The 
result was consistent with previous studies. Yamada et al. 
found that the rs1176744 locus cause missense mutations 

(Tyr129Ser:386A > C) and that Tyr129 homozygote (AA 
genotype) were more common in female depressed 
patients than controls [22]. In a 2019 study of 222 
depressed and 147 healthy Russians [23], the rs1176744 
polymorphism of HTR3B gene was also found to be 
significantly related with depression. A previous study 
showed that the heterozygote for the rs1176744 locus 
of AC (Y129S) could widen the maximum response to 
5-HT, decrease desensitization and deactivation kinet-
ics, and increase mean channel open duration [30]. In 
the same year, Karen’s research revealed that the aver-
age opening time of the cation channel increased sev-
enfold in the Y129S receptor when compared with the 
AA genotype, and the increased signal displayed by the 
Y129S receptor may have a preventive effect on the onset 
of depression [31]. As a result, it could be suggested that 
AA genotype may be the risk factor for the etiology of 
depression and C allele may be a protective factor.

Our study found evidence about the association 
between the HTR3B gene polymorphism and the execu-
tive dysfunction of patients. Studies have reported that 
the mRNA of the HTR3B gene is mainly expressed in the 
prefrontal cortex, brainstem amygdala and mediodorsal 
thalamus, all of which have been shown to be associated 
with cognitive function [32–37]. There were few previous 
studies on the association of 5-HT3B gene and cognitive 
function. Kulkarni J, et al. found that individuals with the 
C allele of SNP rs1176744 had lower scores on the Pain 
Catastrophizing Scale (PCS), suggesting that C allele 
may act as a preventive measure against pain catastro-
phizing, a coping strategy characterized by an excess of 
negative thoughts and feelings [38]. It has been well stud-
ied that there were parallel pathways between pain and 
depression [39], and our findings suggested that among 
depressed patients, the A carriers had worse perfor-
mance and C carriers had better performance of execu-
tive function than non-carriers respectively, indicating 
that A allele may increase the risk of executive dysfunc-
tion while C allele showed a protective effect.

Another novel finding of this study was the results 
regarding the polymorphism of rs12795805. Association 
analyses demonstrated moderate correlation between C 

Table 7 Association between general information and cognitive deficits in patients

Bolded indicates statistically significant (P < 0.05)

LT Linking Test, SSIOT Spatial Span Inverse Order Test, EMT Emotion Management Test, r: Pearson correlation coefficient; F: the test statistic for the one-way ANOVA

Dependent variable Age Years of education Gender Total HAMD score

r P F P F P r P

LT 0.085 0.201 1.021 0.412 0.670 0.414 1.101 0.128

SSIOT -0.167 0.011 1.086 0.372 0.038 0.846 0.002 0.982

EMT -0.127 0.056 0.999 0.427 0.448 0.504 0.051 0.443
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allele and depression (OR = 1.387) although the signifi-
cance was no longer present after Bonferroni correction. 
It is important to note that the small effect size for this 
association could indicate a link between rs12795805 
and depression, but that the effect size was too small to 
detect a significant difference with the current sample. 
This smaller effect size may have occurred due to an 
insufficient sample size. Meanwhile, C allele was found 
to have a protective effect on the executive dysfunction 
of depression. We have not found any previous study 
reporting the relationship between this locus and depres-
sion. Two recent studies on bipolar disorder and heroin 
addiction respectively observed no significant associa-
tion of rs12795805 polymorphism with these two mental 
health problems [40, 41].

The relationship between 5-HT3 receptors and cog-
nitive function have been investigated in different stud-
ies [26–28, 42–44] which revealed that 5-HT3 receptor 
antagonist could improve cognitive functions includ-
ing attention, learning and memory. A recent study 
reviewing key data obtained from preclinical behavio-
ral models and clinical trials of MDD concluded that 
vortioxetine (a 5-HT3 receptor antagonist) improved 
cognitive impairment in patients with MDD [45]. In a 
case–control research conducted in 2021, ondansetron, 
a serotonin (5-HT) 3 receptor antagonist, was found 
to increase MCCB scores (assessments included speed 
of processing, attention/alertness, working memory, 
verbal learning, visual learning, reasoning/problem-
solving, and social cognition) in patients with schizo-
phrenia [46].

Our findings are subject to several limitations. 
Firstly, the sample size was modest and the genetic 
power of this study was relatively low. Secondly, 
patients who chose not to seek treatment could not be 
involved in our findings, as our patients were identi-
fied from the outpatient and inpatient departments of 
the hospital. Thirdly, only the executive function was 
investigated, so the cognitive deficits of patients such 
as attention, learning and memory may not be fully 
explored. Lastly, a potential confound to findings of 
executive function is that depressed patients were 
allowed to be on antidepressant medications. We could 
not exclude the possibility that antidepressants may 
play a role in the current executive function findings 
and, if so, in which direction. For example, whilst some 
studies suggested that antidepressants may lead to 
improvement on executive function in MDD patients 
[47–49], this effect was not consistently observed, with 
a recent study concluding that the use of antidepres-
sants, particularly SSRIs and trazodone, may instead 
increase the risk of cognitive impairment 5 years later 

among the oldest old women [50]. The current study 
adopted a real-world, pragmatic design, as requiring 
patients to wean off medications would likely have 
worsened their clinical condition and may have placed 
them at risk, including risk of suicide.

The etiology of depression is still unknown, and the 
pathogenesis of this disease could be caused by a variety 
of factors including genetics, gene expression, personality 
basis, social environment, etc. Therefore, further genetic 
and epigenetic studies based on larger sample sizes and 
studies to explore the interaction of genes and environ-
ments are needed.

Conclusions
In our study, we found that the polymorphism of 
rs1176744 in HTR3B gene may be associated with 
depression, where individuals carrying A allele may be 
more likely to develop depressive disorder. The polymor-
phisms of rs1176744 and rs12795805 were associated 
with executive function, in which A allele of rs1176744 
may increase the risk of cognitive dysfunction while C 
alleles of rs1176744 and rs12795805 may be the protec-
tive factors in patients with depression.
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