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INTRODUCTION 
 

Bipolar disorder, is a major psychiatric disorder with a 

lifetime prevalence of ~1 - 3%, characterized by mania 

and depression episodes which usually start in 

adolescence and continue throughout life.
[1-5]

 Family, 

adoption and twin studies suggest that genetic factors 

play a key role in BP.
 [6-8]

 Genetic studies indicate that 

the 18th chromosome contains determinants of BP.
[9-11]

 

The locus where IMPA2 is located is the most studied 

locus for BP.
[2,12] 

At the same time, loci associated with 

schizophrenia, affective disorder and autism are also 

associated with human chromosome 18.
[13] 

Linkage and 

association studies suggest that IMPA2 could be a 

genetic susceptibility factor for BP.
[14,15]

 

 

The IMPA2 gene encodes myo-inositol 

monophosphatase (IMPase) which catalyzes the 

dephosphorylation of various myo-inositol 

monophosphates to free myo-inositol that acts on the 

phosphoinositide signaling pathway.
[13,14,16]

 The integrity 

and sustainability of phosphoinositide signaling pathway, 

which produces the second messengers 1,4,5-

trisphosphate and diacylglycerol (DAG), depends on a 

continuous supply of free myo-inositol.
[17-19]

 Lithium is 

the oldest and still the most effective mood stabilizer for 

the pharmacological treatment of BP, being used in the 

long-term treatment of associated mania and depression 

periods.
[19-24] 

This chemical may act by depleting 

neuronal myo-inositol concentrations through the 

inhibition of IMPase.
 

This represents the “inositol-

depletion hypothesis” for the therapeutic action of 

lithium.
 [25,26]

 

 

Two genes encoding human IMPases have so far been 

isolated, IMPA1 located on chromosome 8q21.13–21.3, 
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and IMPA2. Analysis of IMPA2 variants supports 

linkage of BP to chromosome 18p11.2.
[13,14,16] 

Sjoholt et 

al. (2004) detected an association between single 

nucleotide polymorphisms (SNPs) in the IMPA2 

promoter and BP in a family-based association study 

among Palestinian-Arabs. 
[14] 

They reported that IMPA2 

was a candidate gene in BP based on convergent 

evidence from pharmacological, biochemical, linkage, 

and association analyses.
[14] 

These results provide a basis 

for further studies on whether IMPA2 gene plays a role 

in the etiology of BP and lithium treatment. Lithium may 

reduce the frequency, duration and severity of recurrent 

episodes of both mania and depression during 

maintenance therapy of BP.
[25-28]

 The major aim of this 

study was to determine the relationship of BP with 

IMPA2 gene polymorphisms in the lithium treatment 

pathway. 

 

MATERIALS AND METHODS 
 

Subjects 

Ninety-four individuals with a diagnosis of BP, the 

experimental group, and 99 healthy individuals without a 

BP diagnosis, the control group, were included in the 

study. Diagnosis was based on Diagnostic and Statistical 

Manual of Mental Irregularities IV (DSM-IV) performed at 

Mersin University Faculty of Medicine, Department of 

Psychiatry. The mean age of participants was 40.7 ± 12.6 

years; 48.2% were female and 51.8% were male. 

 

The 99 healthy individuals of the control group were 

selected from an 18 - 65 age range. They were selected 

to be compatible in terms of gender with the 

experimental group. Members of the control group had 

no family history of psychiatric disorders.  

 

Permission from the Ethics Committee of Mersin 

University was obtained for our study. Signed consent 

forms were obtained from all participants.  

 

We collected 6 - 7 ml peripheral blood from each 

individual for DNA isolation. Prior to DNA extraction, 

the blood was placed in centrifuge tubes containing 1 ml 

2% EDTA and stored at +4 ºC. 

 

DNA analyses 

DNA isolation was performed on peripheral blood samples 

from patients and control groups.
[29]

 Molecular analysis of 

rs1787984, rs585247, rs650727, rs669838 and rs636173 

polymorphisms of the IMPA2 gene of each individual was 

performed by real-time polymerase chain reaction (real-

time PCR; Applied Biosystems, Waltham, MA, USA).  

 

Statistical analyses 

Statistical tests were performed in the Biostatistics and 

Medical Informatics Department, Mersin University 

Faculty of Medicine, Turkey. Normality test for the 

continuous variable age was by the Shapiro-Wilks test. 

 

Student's t test was used to test the differences in groups 

and gender for the age variable. The relationships 

between categorical variables were tested using Pearson's 

chi-square and likelihood ratio chi-square tests. 

 

Allele frequencies were calculated, and the population of 

each was determined by the Hardy-Weinberg 

equilibrium. Data from genotyping was evaluated 

statistically with SPSS v.11.5 software (SPSS Inc., 

Chicago, IL, USA). Genotype frequencies for 

polymorphisms of the IMPA2 gene (rs1787984, 

rs585247, rs650727, rs669838, rs636173) were 

determined for healthy participants and patients; p < 0.05 

was considered statistically significant. 

 

RESULTS AND DISCUSSION  
 

The study included 193 individuals, 93 (48.2%) were 

female and 100 (51.8%) were male. The mean age of the 

women and men in the patient and control groups was 

39.9 ± 11.7 years and 41.4 ± 13.5 years, respectively. 

There was no significant statistically difference in the 

groups in terms of age and gender (Table 1). 

 

Of the 94 patients, 46 (48.9%) were female and 48 

(51.8%) were male. Of the 99 healthy participants in the 

control group, 47 (47.5%) were female and 52 (52.85%) 

were male. There was no significant statistically 

difference in the groups in terms of age and gender 

(Table 2). 

 

We choose polymorphic regions to examine allelic 

differences of IMPA2. A total of 5 polymorphisms in 

IMPA2 gene were evaluated for allelic and genotypic 

frequencies. We determined allelic discrimination in a 

multicomponent plot by using real-time PCR. No 

association was found between IMPA2 gene 

polymorphisms rs1787984, rs585247, rs669838, 

rs636173 and BP. However there was an association 

between IMPA2 gene polymorphism rs650727 and BP. 

 

Bipolar disorder is a heterogeneous disorder 

characterized by periods of mania and depression. The 

complexity of BP makes it difficult to diagnosis, treat, 

classify, and understand in terms of 

pathophysiology.
[13,14,16,30]

 Previous studies have shown 

that IMPA2 encodes IMPase, which is involved in the 

inositol signaling pathway, and this gene may play a role 

in the therapeutic response of BP to lithium 

treatment.
[9,13,30,31]

 Lithium acts as an inhibitor without 

competition, reducing free inositol levels in the 

phosphoinositide cycle (PIP2).
[17]

 In this study we 

investigated the hypothesis that variations in IMPA2 

might increase susceptibility to BP. 

 

Shamir et al. (1998), examining lithium treatment in 77 

BP and 29 control lymphoblastoid cell lines, found 

IMPase activity in BP cell lines to be < 50% of the 

controls.
[32]

 Sjoholt et al. (2000), identified 9 

polymorphisms in 23 patients with BP 7 were located in 

introns, one in exon 2 (159T>C, quiet transition) and 

another in exon 5 (443G>A, amino acid substitution, 

R148Q). They also described the genomic structure of 
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IMPA2 and characterized some genomic differences 

between the IMPA1 and IMPA2 genes by using genomic 

sequence analysis of the promoter region. They reported 

that IMPA genes polymorphisms in the 3'UTR region 

should be investigated for their effects on gene 

expression.
[11] 

Soares et al. (2000), observed that 

compared to control individuals, lithium treated BP 

patients had significantly lower PIP2 levels.
[33] 

Two 

previous studies researched the promoter and 5' UTR 

region of the IMPA2 gene in BP patients. One study in a 

Japanese population (Ohnishi et al., 2007) and one in an 

Arab–Palestinian sample (Sjøholt et al., 2004) found 

statistically significant relationship between the BP and 

IMPA2 promoter –SNPs 207T> C and -461C>T 

(rs2075824).
[2,14]

 Bloch et al. (2010) found a statistically 

significant relationship between rs669838 and rs585247 

polymorphisms of the IMPA2 gene and BP, in a study 

comparing 556 BP patients and 735 controls from a 

European population.
[31]

 The distribution of the rs585247 

polymorphism with T/T genotype indicated differences 

could be related to the activity of IMPase. In the current 

stdy, we did not find a relationship to BP for these SNPs. 

Yoko et al. (2018) examining genetic differences 

between early-onset BP and late-onset BP for the IMPA2 

gene (rs669838, rs1020294, rs1250171 and rs630110), 

showed that rs1020294 and rs1250171 were associated 

with the age of onset in a Caucasian population.
[34]

 

Although we studied similar populations, we could not 

find a significant association for rs669838. 

 

In our study, we investigated 5 polymorphisms of the 

IMPA2 gene, rs1787984, rs585247, rs650727, rs669838 

and rs636173. We found a significant association 

between rs650727 polymorphism and BP. These SNPs 

were localized in the 5' region of the gene near the 

promoter region. There was no association between 

IMPA2 gene polymorphisms rs1787984, rs585247, 

rs669838, rs636173 and BP. Our results suggested that 

the rs650727 polymorphism was associated with BP. 

IMPA2-rs650727 genes in patients showed the following 

genotypes: C/C (45.2%), T/C (47.3%), T/T (7.5%). By 

comparison, the control group had: C/C genotype (48%) 

T/C genotypes (33.6%), and T/T genotypes (18.4%; 

Table 3). The 'C' allele in rs650727 polymorphism might 

have a functional role in the regulation of the IMPA2 

gene expression. This variation might act on IMPase and 

affect the phosphoinositide pathway, blocking the 

formation of free inositol. Reduced free inositol might 

prevent mania and depression. Differences between 

reports might be related to population diversity, 

heterogeneity of the disease, or the number of patients in 

the study. rs650727 might be responsible for 

transcriptional up-regulation of mRNA. An expanded 

study with a larger patient population is necessary to 

examine the effects of polymorphisms in the 3’ UTR 

region of IMPA genes, and their effect on gene 

expression. 

 

Although the number of patients used in the current 

study was too small to represent the Turkish population, 

there was a statistically significant relationship between 

the rs650727 polymorphism and BP. 

 

To better reflect the Turkish population, it would be 

necessary to increase the number of patients and controls. 

In addition, investigation of other gene polymorphisms 

in the PIP2 pathway might contribute to further 

understanding the etiology of BP. 

 

There were some limitations in the current study. The 

mania and depression status of individuals in the patient 

group was not defined. In addition, we did not 

investigated clinical subphenotypes, such as age of onset, 

family history and frequency of mood episodes. 

 

Table 1: The mean age of the male and female patients (n = number of subjects and individual).  

 

 Gender n Average age P 

Patient and control group 
Women 93 39.9 ± 11.7 

0.435 
Men 100 41.4 ± 13.5 

 

Table 2: The mean age of the patient and control group (n = number of subjects / individual).  

 

Gender 
Patient Control 

2
 P 

n The mean of age / (%) n The mean of age / (%) 

Women 46 43,52 / (48,9) 47 40,25 / (47,5) 
0,041 0,0839 

Men 48 43,72 / (51,1) 52 39,17 / (52,85) 
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Table 3: Genotype and allele frequencies of variations in the IMPA2 gene.  

 

SNP Sample n Genotype frequency *p Allele frequency **p HWE 2
 

SNP 1 AA AG GG  A G   

rs1787984 Bipolar 94 56 34 4 

0.392 

0.78 0.22 0.681 0.169 

 Controls 99 50 42 7 0.72 0.28 0.649 0.207 

SNP 2   TT TC CC T C   

rs585247 Bipolar 92 56 31 5 

0.690 

0.78 0.22 0.795 0.068 

 Controls 99 66 29 4 0.81 0.19 0.720 0.129 

SNP 3   TT TC CC T C   

rs650727 Bipolar 93 7 44 42 
0.038 

0.31 0.69 0.324 0.975 

 Controls 98 18 33 47 0.35 0.65 0.010 6.722 

SNP 4   TT TG GG 

0.950 

T G   

rs669838 Bipolar 91 16 44 31 0.42 0.58 0.955 0.003 

 Controls 99 19 46 34 0.42 0.58 0.657 0.236 

SNP 5   AA AG GG 

0.903 

A G   

rs636173 Bipolar 93 17 47 29 0.44 0.56 0.788 0.072 

 Controls 99 20 47 32 0.44 0.56 0.718 0.131 

Bold indicates p<0.05. 

*p values for comparison of genotype frequencies between bipolar individuals and controls. 

**p values for comparison of allele frequencies between bipolar individuals and controls. 

 

CONCLUSION  
 

We demonstrated an association between the rs650727 

polymorphism of the IMPA2 gene and BP. While the 

study requires further replication in a larger sample, it 

provides additional information on the chromosome 18p 

genomic region. Further functional experiments are 

necessary to investigate the role of the IMPA2 gene and 

its involvement in regulation of the inositol pathway. 
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