
INTRODUCTION

Bipolar disorder (BD) is one of the most frequent and dis-
abling conditions worldwide. Despite extensive efforts towards 
optimization of clinical criteria and better understanding of 
underlying pathogenic mechanisms, little improvement has 
been achieved in the treatment of BD. Interrelations between 
neuronal and immunologic systems have long been investigat-

ed and it has now been robustly established that cytokines and 
other components of adaptive immunity play key roles in host 
defense against microorganisms and in regulation of neuro-
genesis, release of neurotransmitters, control of blood-brain 
barrier permeability, and protection of neurons.1 It is therefore 
not surprising that evidence that indicates involvement of im-
munity and inflammation in psychiatric disorders including 
BD is accumulating.2

Despite their well-known involvement in neuroimmuno-
logic processes, the pathogenic significance of chemokines, 
which are small signaling proteins with the ability to induce 
chemotaxis, has been relatively understudied in BD as com-
pared with other immune system components. In previous 
studies, expression levels of several chemokine and chemokine 
receptors have been examined in patients with BD.1 By con-
trast, potential associations between chemokine and chemo-
kine receptor polymorphisms and BD have been fundamen-
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tally understudied and only MCP-1 gene polymorphisms have 
been investigated in patients with BD.3-6

To further delineate the involvement of chemokines in BD 
pathogenesis, we compared genetic variants of several chemo-
kines [monocyte chemotactic protein 1 (MCP-1), stromal cell-
derived factor 1 (SDF-1)] and chemokine receptors (CCR2, 
CCR5, CXCR4) among healthy control and BD populations 
and identified chemokine/chemokine receptor genotypes car-
rying increased risk for BD development.

METHODS

Subject selection
The study sample comprised 200 patients with BD and 195 

healthy control subjects with no personal or family history of 
psychiatric disorders. All patients had active symptoms at the 
time of the study. Patients and healthy control subjects were 
recruited from Erenkoy Psychiatric and Neurological Disor-
ders Hospital. Each patient was given a diagnostic assessment 
based on clinical interviews using a Structured Clinical Inter-
view for Diagnostic and Statistical Manual of Mental Disor-
ders, Fourth Edition (DSM-IV).7 Our sample consisted of un-
related patients with BD (mean age: 40.77±11.59; males/
females: 73/127), and 200 unrelated healthy controls (mean 
age: 42.85±10.11; males/females: 84/111).

Measurements, protocol, and procedure
The psychopathologic status of the patients was assessed by 

two experienced psychiatrists using the Scale for the Assess-
ment of diagnoses in all cases were made based on case re-
cords and clinical assessments by consensus of two experi-
enced psychiatrists according to DSM-IV criteria.7 All subjects 
were examined according to a standardized interview. The as-
sessment was performed on a semi-structured sociodemo-
graphic form that required patient information regarding de-
mographic personal details of the patients and informants, 
symptoms of patients, history of present illness, details of 
medical or surgical interventions, past history, family history, 
personal history, premorbid personality, details of physical ex-
amination, mental status examination, and diagnostic formu-
lation. The diagnosis was made using the Structured Clinical 
Interview for DSM-IV (SCID-I).8 The patients were then screened 
on various rating scales such as the Brief Psychiatric Rating 
Scale9,10 for patients with BD, and the Rating Scale for Mania11,12 
for BD. Controls with BD were excluded from the study based 
on the results of the SCID-I DSM-IV interviews. Normal con-
trol participants were recruited from a large medical outpatient 
clinic. We investigated their demographic data, medical, and 
psychiatric history.

To minimize the effect of ethnic differences in gene frequen-

cies, the study participants were recruited from the Turkish 
population living in Western Turkey. The study was approved 
by the Medical Ethics Committee of Istanbul Medical Faculty, 
and all participants (i.e., controls or patients) gave written in-
formed consent.

Inclusion and exclusion criteria
Inclusion criteria were a diagnosis of current DSM-IV BD. 

Patients were excluded if their primary diagnosis was not BD. 
Patients were also excluded from the study if they had a histo-
ry of neurologic or medical disorder that would affect neuro-
psychologic function (i.e., seizures, head trauma, stroke, brain 
tumor, meningitis) or if they had a recent history of abuse of 
alcohol or psychoactive drugs. In addition, control subjects 
were excluded if they had a diagnosis of any DSM-IV axis I 
and axis II disorders. None of the control subjects had any 
physical health problems.

Polymorphism analysis
DNA extraction from white blood cells was completed us-

ing the method of Miller et al.13 Polymerase chain reaction 
(PCR)/restriction fragment length polymorphism (RFLP) 
analysis was performed for the detection of the variations in 
these region of MCP-1 A2518G, CCR2 V64I, CCR5 Δ32, 
CCR5 A55029G, SDF-1 3’A and CXCR4 C138T.14-17 PCR was 
performed using suitable primers listed in Table 1. Products of 
MCP-1A2518G, CCR2V64I, CCR559029, SDF-1, and CXCR4 
were further subjected to digestion with PvuII, BsaBI, SduI, 
MsPI, and BccI restriction enzymes, respectively. Visualization 
was completed using electrophoresis through a 3% agarose gel. 
The relative size of the PCR products was determined through 
comparison of the migration of a 50−1000 bp DNA molecular 
weight ladder (Invitrogen, Grand Island, NY, USA).

Statistical analysis
Statistical analyses were performed using the SPSS software 

package version 20.0 (SPSS Inc., Chicago, IL, USA). Data are 
expressed as means±standard deviation (SD). Differences in 
the distribution of genotypes or alleles between cases and con-
trols were tested using the Chi-square statistic, and compari-
son of demographic data were tested using Student’s t-test. In 
addition, minor allele frequency and Hardy-Weinberg equilib-
rium were obtained using Haploview 4.2. Linkage disequilibri-
um among chemokine gene polymophisms was assessed using 
D’ and r2 values obtained through the Haploview program 
(http://www.broad.mit.edu/mpg/haploview/documentation.
php). To control multiple comparisons for 5 polymorphisms, 
Bonferroni correction was used and p<0.01 was considered 
statistically significant.
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RESULTS

Demographic and clinical characteristics of subjects are pre-
sented in Table 2. Sex (p=0.218) and age (p=0.781) distribu-
tion did not differ significantly between the patients with BD 
and healthy controls. The genotypes were not associated with 
sex, initial symptoms, duration of disease, response to drugs, 
and clinical psychiatric tests. MCP-1 genotype distribution was 
significantly different between patients with BD and healthy 
controls (p=0.009; χ2: 9.38) (Table 3). MCP-1 G+ genotype was 
significantly higher in patients with BD (42%) as compared 
with healthy controls (29.7%) and had higher risk for BD 
(p=0.011, χ2: 6.44; OR: 1.70, 95% CI: 1.12−2.59). MCP-1 GG 
genotype incidence was significantly higher in patients with 
BD (13.5%) than in controls (5.6%) and increased the risk of 
BD (p=0.008, χ2: 7.01; OR: 2.61, 95% CI: 1.25−5.42). By con-
trast, MCP-1 AA genotype was significantly higher in healthy 
controls than in patients with BD and was associated with re-
duced disease risk (p=0.011, χ2: 6.44; OR: 0.585, 95% CI: 
0.386−0.886). Even after Bonferroni correction, MCP-1 G+ 
and GG genotypes were significantly associated with increased 
disease risk (p<0.01).

CCR5-Δ32 II genotype frequency was higher (96%) in the 
BD group than in healthy control group (91.8%) without 
reaching statistical significance and might be associated with 
increased risk for BD (p=0.080, Fisher’s exact test, OR: 2.145; 
95% CI: 0.89−5.13). Likewise, CXCR4-C138T C+ genotype 
frequency was higher (99.5%) in patients with BD than in con-
trols (96.9%) without reaching statistical significance, but 
might be contributing to increased risk for BD (p=0.057, Fish-
er’s exact test, OR: 6.31, 95% CI: 0.754−52.9). There were no 
differences with regards to CCR2-V64I, CCR5-A55029G, and 
SDF-1-3’A genotype frequencies between the patients with BD 
and the healthy control group (Table 3).

When allele frequencies were evaluated, CXCR4-C138T 
genotype C allele and MCP-1-A2518G genotype G allele fre-
quencies were found to be significantly higher in patients with 
BD than in controls (Table 4). Nevertheless after Bonferroni 
correction, only MCP-1-A2518G genotype G allele frequency 
showed statistical significance (p>0.01).

Minor allele frequencies (MAF) are given in Table 5. With 
the exceptions of CCR5-A55029G and MCP-1-A2518G geno-
types, most genotype distributions were found to be consistent 
with Hardy-Weinberg equilibrium in patients. Among the 
controls, only SDF-1-3’A and CXCR4-C138T genotype fre-
quencies were consistent with Hardy-Weinberg equilibrium.

Even though GCGGA and ACGGA haplotypes were signif-
icantly higher in patients with BD than in controls and GTG-
GA and GTAGG haplotypes were significantly higher in con-
trols than the patients (Table 6), these differences did not attain 
statistical significance according to Bonferroni correction.

DISCUSSION

To understand the underlying pathophysiology of BD, and to 
discover personalized markers for patients with BD, researchers 
have worked on several immunologic and inflammatory fac-
tors.39 These studies have brought several proteins including 
chemokines and chemokine-related factors to light.40,41 Patients 
with BD present with exacerbation and remission of symptoms 
and may clinically be in manic, depressive or euthymic states. 
These clinical fluctuations are expected to affect gene expres-
sion levels. Therefore, not surprisingly, levels of the same che-
mokine have been found to be increased or reduced in different 
BD cohorts.1,39,41 In some studies performed with patients with 
BD, serum levels of CXCL10, CCL3, CCL11, and MCP-1 were 
increased and serum levels of CCL1 and CCL22 were de-
creased, whereas CCL24 and CXCL8 displayed reduced or in-

Table 1. MCP-1 A2518G, CCR2 V64I, CCR5 Δ32, CCR5 A55029G, SDF-1 3’A and CXCR4 C138T suitable primers

Gene frequencies Primers (reverse and forwards)
MCP-1 A-2518G 5’-TCT CTC ACG CCA GCA CTG ACC-3’

5’-GAG TGT TCA CAT AGG CTT CTG-3’
CCR2 V64I 5’-CAT TGC AAT CCC AAA GAC CCA CTC-3’

5’-TTG GTT TTG TGG GCA ACA TGA TGG-3’
SDF-1 3’A 5’-CAGTCAACCTGGGCAAAGCC-3’

5’-AGCTTTGGTCCTGAGAGTCC-3’
CXCR4 C-138T 5’-AACTTCCTATGCAAGGCAGT-3’

5’-TATCTGTCATCTGCCTCACT-3’
CCR5 Delta32 5’-TGTTTGCGTCTCTCCCAG-3’

5’-CACAGCCCTGTGCCTCTT-3’
CCR5 A-55029G 5’-CCCGTGAGCCCATAGTTAAAACTC-3’

5’-TCACAGGGCTTTTCAACAGTAAGG-3’
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Table 2. Characteristics of patients with BD and healthy controls

Healthy controls (N=195) BD patients (N=200) p value
Age, years: mean±SD 42.85±10.11 40.77±11.59 0.781
Sex, n (male/female) 84/111 73/127 0.218
Education, %

0−5 years 21.6 43.2 <0.001
6−11 years 29.7 29.7 0.958
12−15 years 35.1 26.6 0.090
16+ years 13.5 0.5 <0.001

Alcohol use, %
Yes NA 14.1 NA
No NA 85.9 NA

Smoking use, %
Yes NA 58.8 NA
No NA 41.2 NA

Civil status, %
Single NA 37.1 NA
Married NA 46.4 NA
Divorced NA 16.5 NA

Relatives marriage, %
Yes NA 23.4 NA
No NA 76.6 NA

The degree of closeness of consanguinity, %
1st degree NA 28.6 NA
2nd degree NA 57.1 NA
3rd degree NA 14.3 NA

Onset of disease, %
>30 years NA 79.6 NA
≤30 years NA 20.4 NA

Duration of illness, %
0−5 years NA 29.4 NA
6−11 years NA 25.9 NA
11+ years NA 44.7 NA

In the course of the disease, %
Mixed NA 2.6 NA
Seasonal NA 34.9 NA
Rapid cycle NA 1.3 NA
Others NA 61.2 NA

Family history of psychiatric illness, %
Schizophrenia NA 11.1 NA
Bipolar disease NA 67.9 NA
Major depression NA 6.2 NA
Others NA 14.8 NA

Medications
No medication NA 0.6 NA
Antipsychotic NA 59.5 NA
Antidepressant NA 14.3 NA
Anticonvulsant NA 25.6 NA

NA: not applicable, BD: bipolar disease, SD: standard deviation
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creased serum levels in different BD cohorts. In expression 
studies performed with quantitative RT-PCR, CCL7, CCL20, 
CXCL2, and MCP-1, gene expressions were upregulated and 
CCR2 and CX3CR1 gene expressions were downregulated on 
monocytes, whereas CCL3 gene expression was downregulated 
on brain samples of patients with BD.1,18-24 We hypothesized 
that polymorphism screening might give a more reflective and 
profound account of chemokine and chemokine receptor in-
volvement in BD pathogenesis because polymorphism results 
are not influenced by clinical fluctuations.

In our polymorphism study, we found significantly increased 
MCP-1 GG genotype frequency in patients with BD and an 
increased risk for development of BD in carriers of this geno-
type. We also found that patients with BD displayed higher 
frequencies of certain chemokine/chemokine receptor alleles 
and haplotypes than healthy controls. Overall, our findings con-
firmed the involvement of chemokines in BD pathogenesis.

In previous studies, CCR5 and CXCR4 expressions have 
been shown to be enhanced in patients with major depression 
in correlation with the severity of clinical findings25 and CXCR4 

Table 3. Distribution of MCP-1-A2518G, SDF-1-3’A, CCR5-delta32, CCR5-A55029G, CXCR4-C138T and CCR2-V64I gene polymorphisms 
in patients with bipolar disease (BD) and healthy controls (C)

Polymorphism
Controls (N=195) BD (N=200) p  value

N % N % C vs. BD
MCP-1-A2518G

AA 137 70.3 116 58 0.009
GG 11 5.6 27 13.5
AG 47 24.1 57 28.5

CCR2-V64I
GG 148 75.9 141 70.5 0.200
AA 8 4.1 5 2.5
GA 39 20.0 54 27.0

CCR5-Δ32
II 179 91.8 192 96.0 0.080
DD 4 2.1 0 0
ID 12 6.2 8 4.0

CCR5-A55029G
AA 90 46.2 92 46.0 0.684
GG 49 25.1 44 22.0
AG 56 28.7 64 32.0

SDF-1-3’A
GG 87 44.6 85 42.5 0.912
AA 24 12.3 26 13.0
AG 84 43.1 89 44.5

CXCR4-C138T
CC 150 76.9 168 84.0 0.057
TT 6 3.1 1 0.5
TC 39 20.0 31 15.5

Table 4. Distribution of SDF-1-3’A, CXCR4-C138T, MCP-1-A2518G, CCR2-V64I and CCR5-A55029G allele frequencies in bipolar disease 
and control groups

SNP Associteted alleles Case, control ratios Chi square p value
1 SDF-1-3’A A 0.352, 0.338 0.172 0.6783
2 CXCR4-C138T C 0.918, 0.869 4.842 0.0278
3 MCP-1-A2518G G 0.278, 0.177 11.354 8.10-4

4 CCR2-V64I A 0.160, 0.141 0.556 0.456
5 CCR5-A55029G A 0.620, 0.605 0.184 0.6679
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expression alterations have been implicated in brain tissues of 
patients with BD.26 To our knowledge, our study shows an as-
sociation with MCP-1-A2518G polymorphism and BD for the 
first time, thus shedding light on BD pathogenesis. Notably in 
previous studies, MCP-1-A2518G genotypes have been shown 
to be related with major depressive disorder but not BD.3-6 Our 
study and previous studies on MCP-1 polymorphism displayed 
identical diagnostic criteria and demographic features. There-
fore, this discrepancy might be due to ethnogeographic differ-
ences or different distribution of bipolar type 1 and type 2 pa-
tients.

MCP-1 levels have been found to be increased in sera, cere-
brospinal fluids, and monocytes of patients with BD.1,18,19,27 
Moreover, an association has been described between certain 
MCP-1 genotypes and depressive symptoms or suicide at-
tempts.5,6 Thus, our findings together with the previous results, 
confer a clinical pathogenic role to this specific chemokine. 
There are a few potential mechanisms through which MCP-1 

and other chemokine polymorphisms might influence BP de-
velopment and severity. The role of inflammation in BD patho-
genesis and particularly in cognitive impairment is increasingly 
recognized. Complex interactions between the central nervous 
system (CNS) pathogenic microorganism content and inflam-
mation appear to lead ultimately to psychiatric and cognitive 
impairment.2,28,29 Chemokines and chemokine receptors have 
important actions in the first defense of the host against viral 
pathogens and altered chemokine expression has particularly 
been associated with increased CNS viral load.30,31 Moreover, 
MCP-1 regulates Th1 and Th2-type immune responses, which 
are known to be altered in patienst with BD.32-34 Certain MCP-
1 polymorphisms might presumably alter the functions of this 
chemokine, leading to increased viral load and a propensity to 
CNS inflammation, both of which are risk factors for BD. MCP-
1 modulates neurotransmission by controlling the release of 
neurotransmitters and plays a neuroprotective role through its 
anti-apoptotic actions.35-37 Most notably, there is evidence to 

Table 5. Minor allele frequencies in bipolar disorder patients and controls

SNP Position* HWpval Alleles MAF
SDF-1-3’A 2679288 0.5848 A:G 0.346
CXCR4-C138T 41619499 0.2705 T:C 0.106
MCP-1-A2518G 7316789 2.8×10-6 A:G 0.228
CCR2-V64I 46347717 0.163 G:A 0.151
CCR5-A55029G 46360444 1.3×10-12 A:G 0.387
*contig accession number. MAF: minor allele frequency

Table 6. The frequencies of haplotypes of chemokine genes in patients with bipolar disorder and controls

Haplotypes
Frequency

Chi-square p value
Overall Patients Controls

GTGGA 0.214 0.182 0.246 4.878 0.0272
GTGGG 0.157 0.168 0.147 0.643 0.4227
ATGGA 0.131 0.124 0.138 0.373 0.5415
GCGGA 0.075 0.098 0.051 6.316 0.012
ATGGG 0.068 0.077 0.059 1.019 0.3127
GCGGG 0.062 0.065 0.058 0.197 0.6569
ATGAA 0.044 0.042 0.045 0.027 0.8691
GTGAA 0.034 0.033 0.035 0.018 0.8918
ACGGA 0.031 0.044 0.019 4.114 0.0425
GTAGG 0.028 0.014 0.042 5.965 0.0146
GTGAG 0.027 0.022 0.032 0.751 0.3862
GTAGA 0.022 0.017 0.027 1.029 0.3105
ACAGA 0.021 0.018 0.024 0.383 0.5363
GTGAA 0.014 0.022 0.006 3.424 0.0643
ACGGG 0.013 0.014 0.012 0.055 0.8154
ATAGG 0.012 0.006 0.018 2.238 0.1347

SDF-1-3’A, CXCR4-C138T, MCP-1-A2518G, CCR2-V64I, and CCR5-A55029G. D’: 0.296, LOD: 1.29, r2: 0.01
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suggest that MCP-1 adjusts the production of serotonin, a 
neurotransmitter closely associated with BD, by hyperpolariz-
ing serotonergic raphe neurons in the midbrain.38 MCP-1 
polymorphisms might thus affect serotonergic transmission 
and render susceptibility to BD development.

In conclusion, our findings indicate an association between 
chemokine and chemokine receptor functions and BD. The 
exact mechanisms by which chemokine and chemokine re-
ceptor gene polymorphisms contribute to BD development 
and their associations with clinical features of patients need to 
be further investigated.
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