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in the cyclic adenosine monophosphate response element
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Abstract. Major depressive disorder is a common chronic
emotional disorder, and cyclic adenosine monophosphate
response element binding protein 1 (CREBI) is hypothesized
to play a role in its pathogenesis. The aim of the present study
was to investigate the associations between major depres-
sive disorder and relevant single nucleotide polymorphisms
(SNPs) in the CREBI gene. A total of 1,038 subjects of Han
Chinese descent were recruited, including 456 patients with
major depressive disorder (case group) and 582 healthy
volunteers (control group). The frequency distributions of the
genotypes and alleles were estimated in the case and control
groups, and analyzed for any correlation with major depressive
disorder. Three relevant SNP sites in CREBI were analyzed
using quantitative polymerase chain reaction, and statistical
analyses were performed to estimate their use as risk factors
for major depressive disorder. The analyses revealed that
152254137 and rs16839883 in CREBI showed polymorphisms
in the sample population, and the genotype and allele frequen-
cies of rs16839883 differed significantly when comparing
the patients and healthy controls (P<0.05). No statistically
significant differences were detected in the two SNP sites
between the male and female patients (P>0.05). Furthermore,
no statistically significant differences were detected in
rs2254137 genotype and allele distribution when comparing
the male and female patients with their corresponding control
groups (P>0.05). However, statistically significant differences
were observed in the genotype and allele frequencies of
rs16839883 when the male and female patients were compared

Correspondence to: Dr Hengfen Li, Department of Psychiatry,
First Affiliated Hospital, Zhengzhou University, 1 Jianshe East
Road, Zhengzhou, Henan 450052, P.R. China

E-mail: lihengfen8106@126.com

Key words: major depressive disorder, gene, cyclic adenosine
monophosphate response element binding protein 1, single
nucleotide polymorphism

with their respective controls (P<0.05). Therefore, the results
demonstrated that there is a close correlation between the
rs16839883 polymorphism in CREBI and major depressive
disorder, which suggests that this SNP site should be further
studied as a potential biomarker for major depressive disorder.

Introduction

Major depressive disorder is a common, chronic, emotional
disease with a high rate of patient suicide and mortality. The
condition is clinically characterized by significant and lasting
depression, which has a significant impact on the daily life,
social interactions and operational capability of patients.
Major depressive disorder significantly impacts functionality
in life (1), which is a global economic and social problem (2).
A crucial step towards finding a treatment for major depres-
sive disorder is to clarify the etiology and pathogenesis of the
disease, which remain unclear despite being investigated in
previous studies. The etiology of major depressive disorder
includes various factors, including genetics, character traits
and the environment (3). Genetic factors are considered to be
the most important of these (4), since major depressive disorder
has a degree of heritability of 0.36-0.66 (5). Previous studies
have indicated that major depressive disorder is a complex,
polygenetic, hereditary disease (6,7). However, the underlying
causes of the disease remain unclear and clinical outcomes are
not yet satisfactory.

Cyclic adenosine monophosphate response element
binding protein (CREB) may contribute to the pathogenesis
of the disease; thus, analyzing the associations of single
nucleotide polymorphisms (SNPs) in the CREB gene and
major depressive disorder may be significant. CREB is a type
of nuclear transcription factor and the association between
CREB and major depressive disorder is currently under
intensive investigation. Activated CREB can bind to the
cAMP response element, a specific regulatory element that
is a substrate of phosphorylation for multiple protein kinases,
including protein kinase A (PKA) and C. PKA can regulate
the transcription process through autophosphorylation. When
cAMP levels in the cytoplasm increase, PKA facilitates the
interaction between CREB-binding protein and CREB by
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recognizing the Ser-133 phosphorylation site of CREB, which
further enhances transcription. Several neurotransmitters and
neural regulators bind to CREB via different kinase pathways,
resulting in varying biological effects (8). The activity of
cAMP and PKA in the cerebral cortex and hippocampus have
been shown to be reduced in depressed rats with acquired
helplessness (9), while the expression levels of G protein and
CREB are downregulated in the frontal cortex of patients with
severe major depressive disorder (10). Moreover, CREB can
be overexpressed in the temporal cortex of patients with a
long-term history of antidepressant drug use (11). Thus, there
is a close association between the pathogenesis and treatment
of major depressive disorder and CREB (9,10).

In the present study, case-control comparisons were
performed to analyze CREBI polymorphisms, including
rs2254137, rs16839883 and rs2551683, and the association
between CREBI and major depressive disorder.

Subjects and methods

Major depressive disorder (case group) subjects. Patients
were recruited from the Second Hospital Affiliated to
Xinxiang Medical University, (Xinxiang, China), Department
of Psychiatry, the First Affiliated Hospital of Zhengzhou
University, (Zhengzhou, China), the Fifth People's Hospital
of Kaifeng (Kaifeng, China) and Luoyang City Fifth People's
Hospital (Luoyang, China) between October 2004 and
May 2010. All patients were diagnosed with major depres-
sive disorder in accordance with the diagnostic criteria in the
‘Diagnostic and Statistical Manual of Mental Disorders in
the United States’ (DSM-1V; fourth edition) and had no other
mental illnesses. The diagnoses were performed by at least two
clinicians, including deputy directors, physicians or chief physi-
cians at the hospital. All patients were of the Han Chinese ethnic
group, with an age range of 18-60 years, and had a Hamilton
Depression Rating Scale (HAM-D, 24-item version) score
of =21. In addition, the patients had no history of head injury,
central nervous system infection or organic mental disorders,
and were excluded if their major depressive disorder was the
result of the use of psychoactive drugs or other non-addictive
substances. All patients participated voluntarily in the study and
written informed consent was obtained from each participant or
their statutory guardian. Patients were excluded from the study
if they exhibited mental retardation, dementia or an alternative
mood disorder caused by organic brain or body disease. In addi-
tion, patients were excluded if they or any of their relatives were
not Han Chinese. The study was conducted with the approval
from the Ethics Committee.

Healthy (control group) subjects. Healthy control group
subjects were recruited from the Second Hospital Affiliated to
Xinxiang Medical University, the School Infirmary in Henan
University of Science and Technology (Luoyang, China), the
First Affiliated Hospital of Zhengzhou University, Luoyang City
Fifth People's Hospital and Kaifeng's Physical Examination
Center (Kaifeng, China). The healthy volunteers were all Han
Chinese, with an age range of 18-60 years and no history of
mental illness. The HAM-D scores for these patients were <7.
In addition, the patients were all non-smokers, with no history of
major bodily disease, alcohol dependence, drug abuse or mental
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illness in the last three generations of their family. All patients
participated in the study voluntarily and written informed
consent was obtained from each participant or their statutory
guardian. Patients were excluded from the study if they or any
of their relatives were not Han Chinese.

Psychiatric assessment. Psychiatric examination of all the
subjects in the study was performed simultaneously by two or
more clinicians, including deputy directors, physicians or chief
physicians, as per the semi-structured procedure of clinical
examination in the DSM-IV manual. The HAM-D classifica-
tion was used to estimate the scale of major depressive disorder.
There were five raters, who were psychiatrists with at least four
years of clinical experience, and were trained to administer
HAM-D assessment and perform scoring. The consistency test
was performed simultaneously (k=0.86-0.94).

Subject data. General subject data were collected, including the
patient gender, age, nationality, education level, date of birth,
occupation, medical history, living environment, smoking habits,
alcohol consumption, address, familial situation and contact
information. A total of 456 patients with major depressive
disorder were recruited, of which 194 were male and 262 were
female (age range, 18-60 years; average, 40.5£14.5 years).
The course of disease was 24-48 months (average course,
50+79 months), and the total HAM-D score range was 21-47
(average score, 28.1+6.9). In addition, a total of 582 healthy
volunteers were recruited, of which 327 were male and 255 were
female (age range, 18-60 years; average, 33.6+12.4 years). No
statistically significant differences were identified in gender or
age distribution between the case and control groups (P>0.05).

Samples and genotyping. Venous blood (3 ml) was extracted
from each subject at the elbow between 08:00am and 10:00am
and treated with EDTA to prevent coagulation. The blood
samples were centrifuged (3,000 xg/min, 10 min) and the super-
natant was extracted and stored at -70°C. Total DNA from the
supernatant pellet was isolated using the traditional phenolchlo-
roform (Sangon Biotech Co., Ltd, Shanghai, China) method (12).

Based on previous studies (13-15), three SNPs from the
CREBI gene were selected, including rs22541376, rs16839883
and rs2551638. SNP sequences were obtained from the Single
Nucleotide Polymorphism Database (http://www.ncbi.nlm.nih.
gov/projects/SNP/snp_ref.cgi?rs=387906617), constructed by
the National Center for Biotechnology Information and the
National Human Genome Research Institute.

SNP genotyping was performed in a 96-well sequen-
tial detection system (7300 PRISM; Applied Biosystems
Life Technologies, Beijing, China) using a TagMan
Allelic Discrimination assay (Applied Biosystems Life
Technologies) (16-18). Each sample was run three times with a
simultaneous negative control.

Data processing and analysis. The comparative Ct method was
applied for relative quantification of the genotyping results from
the quantitative polymerase chain reaction, using Sequence
Detection System Version 2.0 software (Applied Biosystems
Life Technologies).

Statistical analysis was performed using SPSS 14.0 software
(SPSS, Inc., Chicago, IL, USA). The »* test was used to estimate
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Table I. Frequency of genotypes and alleles in the case and control groups.
A, SNP 152254137

Genotype, n (%) Allele, n (%)
Groups AA AC/AG CC/GG A C/G
C (n=438) 171 (39) 203 (46) 54 (15) 545 (62) 331 (38)
H (n=578) 196 (34) 291 (50) 91 (16) 683 (59) 473 (41)

¥*=3.556 P=0.169 ¥*=2.044 P=0.153
B, SNP rs16839883

Genotype, n (%) Allele, n (%)
Groups AA AC/AG CC/GG A C/G
C (n=405) 240 (59) 92 (23) 73 (18) 572 (71) 238 (29)
H (n=562) 324 (58) 209 (37) 29 (5) 857 (76) 267 (24)

¥*=139.127 P<0.001

%>=7.729 P=0.005

C, patients with major depressive disorder (case group); H, healthy individual (control group); SNP, single nucleotide polymorphism.

differences in the distribution of genotypes and alleles between
the case and control groups. Hardy-Weinberg Diagnostics
Version 2.0 software (Applied Biosystems Life Technologies)
was used to assess whether the genotypes and alleles conformed
to the Hardy-Weinberg equilibrium. Odds ratio (OR) and 95%
confidence interval (CI) values were used to estimate the risk of
major depressive disorder. P<0.05 was considered to indicate a
statistically significant difference (a, 0.05).

Results

Detection of SNPs. DNA samples were collected from the
456 patients with major depressive disorder and 582 healthy
volunteers. The case and control subjects exhibited the
three SNPs as follows: rs2254137, 438 and 578, respectively;
rs16839883, 405 and 562, respectively; and rs2551638,
416 and 293, respectively. All the genotypes of rs2551638 were
GG, with no other genotype detected.

Tests for the three SNPs, genotypes and alleles of rs2254137
and rs16839883 conformed to the Hardy-Weinberg equilibrium
(P>0.05) in the case and control groups.

Comparison of frequency distributions of the SNPs. Statistically
significant differences were observed in the genotype and allele
frequency distributions of rs16839883 between the case and
control groups (y¥*=139.127, P<0.001 and »*=7.729, P=0.005,
respectively). However, no statistically significant differences
were detected between the groups in the allele or genotype
frequency distributions of rs2254137 (P>0.05; Table I).

Association analysis of the SNP genotypes with major depres-
sive disorder. Patients with the rs16839883 AG genotype
exhibited a lower relative risk of major depressive disorder (OR,
0.496; 95% CI, 0.372-0.663; x*=22.997; P<0.001), whereas

patients with the GG genotype showed a higher risk (OR, 4.04;
95% CI, 2.573-6.348; *=41.285; P<0.001). No statistically
significant difference in major depressive disorder risk was
detected between the patients in the case and control groups
with the rs2254137 AA, AC and CC genotypes or with the
1516839883 AA genotype (P>0.05; Table II).

Comparison of genotype and allele frequencies between male
and female patients. A total of 456 patients were recruited in
the study, of which 194 were male and 262 were female. No
statistically significant differences in the frequencies of geno-
types and alleles of rs16839883 and rs2254137 were detected
between the male and female patients (P>0.05; Table III).

Comparison of genotype and allele frequencies between
malelfemale patients and male/female healthy volunteers.
Comparisons of genotype and allele frequencies were
performed between male patients and healthy male volunteers,
and between female patients and healthy female volunteers.
A statistically significant difference was observed between
male patients and healthy male volunteers for the rs16839883
genotype (4*=19.716, P<0.001), while no significant difference
was detected for rs2254137 (P>0.05; Table IV). Similar results
were obtained for female patients and healthy female volun-
teers (Table V).

Discussion

Although the rs2551638 polymorphism has been reported
in European and African populations (19), the present study
revealed that the AA and AG rs2551638 genotypes do not exist
in the Han Chinese ethnic group. This conclusion was based
on the DNA analysis of 1,038 subjects, including patients with
major depressive disorder and healthy subjects (Table I), which
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Table II. Association analysis of the two SNP genotypes in the case and control groups.

A, SNP 12254137

Genotype Case group Control group OR 95% CI e P-value
AA 171 196 1.248 0.964-1.615 2.843 0.092
AC 203 291 0.852 0.664-1.093 1.595 0.207
CC 64 91 0916 0.647-1.296 0.247 0.619
B, SNP rs16839883
Genotype Case group Control group OR 95% CI Ve P-value
AA 240 324 1.068 0.824-1.385 0.250 0.617
AG 92 209 0.496 0.372-0.663 22.997 0.000
GG 73 29 4041 2.573-6.348 41.285 0.000
SNP, single nucleotide polymorphism; OR, odds ratio; CI, confidence interval.
Table III. Frequency comparison of genotypes and alleles between male and female patients.
A, SNP 152254137
Genotype, n (%) Allele, n (%)
Groups AA AC/AG CC/GG A C/G
M (n=186) 80 (43) 78 (42) 28 (15) 238 (64) 134 (36)
F (n=252) 91 (36) 125 (50) 36 (14) 307 (61) 197 (39)
2*=3.942 P=0.139 %*=0.856 P=0.355
B, SNP rs16839883
Genotype, n (%) Allele, n (%)
Groups AA AC/AG CC/GG A C/G
M (n=168) 102 (61) 40 (24) 26 (15) 244 (73) 92 (27)
F (n=237) 138 (58) 52 (22) 47 (20) 328 (69) 146 (31)

%*=3.244 P=0.198

%*=1.109 P=0.292

M, male patients; F, female patients; SNP, single nucleotide polymorphism.

indicates that the Han Chinese population may not have the
1r$2551638 polymorphism. All the examined population were
of the GG genotype, which suggests that rs2551638 may vary
between ethnic groups and that this site may not be involved
in the pathogenesis of major depressive disorder. No signifi-
cant evidence was found to suggest an association between
1r$2551638 and major depressive disorder (Table II).
Polymorphic analysis of CREBI rs16839883 and
1s2254137 in 456 patients and 582 healthy individuals revealed
that the frequency distributions of the genotypes and alleles
conformed to the Hardy-Weinberg equilibrium, suggesting
that the subject population was reliable and scientifically

robust. The frequency distributions of CREB1 rs16839883,
1r$2551638 and rs2254137 were estimated in the Han Chinese
population using the y? test, and it was found that rs2551638
was of the GG genotype with no polymorphism.

No statistically significant differences were detected in the
1rs2254137 genotype and allele distributions between the case
and control groups (P>0.05), while a statistically significant
difference was detected between the groups for the rs16839883
genotype distribution (y*=139.127, P<0.001). In addition, a
statistically significant difference was observed between the
two groups in the A/G allele distribution of the rs16839883
CREBI1 SNP (x?=7.729, P=0.005). These observations
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Table I'V. Frequency comparison of genotypes and alleles between male patients and healthy individuals.
A, SNP rs2254137
Genotype, n (%) Allele, n (%)
Groups AA AC/AG CC/GG A C/G
M (n=186) 80 (43) 78 (42) 28 (15) 238 (64) 134 (36)
H (n=325) 107 (32.9) 162 (49.8) 56 (17.3) 376 (57.8) 274 (42.2)
%*=5.270 P=0.074 %*=3.710 P=0.055
B, SNP rs16839883
Genotype, n (%) Allele, n (%)
Groups AA AC/AG CC/GG A C/G
M (n=168) 102 (61) 40 (24) 26 (15) 244 (73) 92 (27)
H (n=319) 177 (55.5) 124 (38.9) 18 (5.6) 478 (74.9) 160 (251)
%*=19.716 P<0.001 %*=0.608 P=0.435
M, male patients with major depressive disorder; H, healthy male subjects; SNP, single nucleotide polymorphism.
Table V. Frequency comparison of genotypes and alleles between female patients and healthy individuals.
A, SNP 152254137
Genotype, n (%) Allele, n (%)
Groups AA AC/AG CC/GG A C/G
F (n=252) 91 (36) 125 (50) 36 (14) 307 (61) 197 (39)
H (n=253) 89 (35.2) 129 (51) 35 (13.8) 307 (60.7) 199 (39.3)
%*=0.097 P=0.953 %*=0.006 P=0.938
B, SNP rs16839883
Genotype, n (%) Allele, n (%)
Groups AA AC/AG CC/GG A C/G
F (n=237) 138 (58) 52 (22) 47 (20) 328 (69) 146 (31)
H (n=243) 147 (60.5) 85 (35) 11 (4.5) 379 (78) 107 (22)

%*=30.508 P<0.001

%*=9.542 P=0.002

F, female patients with major depressive disorder; H, healthy female subjects; SNP, single nucleotide polymorphism.

indicate that the CREBI1 gene may be a relevant suscepti-
bility gene for major depressive disorder. Downregulation
of CREBI expression may be influenced by a variation in
the A/G allele, which indicates that reduced expression of
CREBI may contribute to the pathogenesis of major depres-
sive disorder.

Liu ef al revealed an association in haplotype between two
CREBI SNPs (1510932201 and rs6740584) and depression (20),

which suggested that CREB1 may play a role in the pathogen-
esis of the disorder (21-25). Serretti et al found that CREBI1
polymorphisms are associated with drug tolerance through
the detection of five SNPs in CREBI (rs2709376, rs2253206,
rs7569963, 1rs7594560 and rs4675690) (26). In addition,
previous studies identified reduced expression levels of CREB
and phosphorylated-CREB (p-CREB) in the encephalic region
of a cadaver specimen, including the temporal lobe, frontal
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orbital plane and the hippocampus (27-29). The expression of
CREB has been observed to significantly decrease compared
with the control subjects (30,31) and CREB is upregulated by
chronic antidepressant treatment, with increased CREB levels in
rodent models resulting in antidepressant-like behaviors (32-34).
Thus, it is reasonable to suggest that the CREB/p-CREB may be
involved in the etiology of depression.

In conclusion, the results of the present study were consistent

with those of previous studies, and further support the associa-
tion between CREB and the pathogenesis of major depressive
disorder. Therefore, the CREBI gene may be a potential target
gene for antidepressive therapy.
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