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Abstract
Bipolar disorder (BD) is a common disorder that affects approximately 1% of the population. It is associated with both chronic and acute severe features, such 
as low remission rates and a high prevalence of clinical and psychiatric comorbidities. The aim of the present article is to synthesize data from various articles 
that investigated genetic polymorphisms associated with BD. The 129 articles selected identified 79 (85.87%) genes associated with BD. This analysis identified 
the five genes that are the most cited in the literature: CANAC1C, DAOA, TPH2, ANK3 and DISC1. Of the 92 genes identified in these articles, 33 (35.87%) 
showed no association with BD. This analysis showed that, despite recent advances with respect to the role of genetic polymorphism in predisposition to BD, 
further research is still required to elucidate its influence on this disorder.
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Resumo
Transtorno bipolar (TB) é uma doença comum que afeta aproximadamente 1% da população. Apresenta características crônicas e agudas graves, com índices de 
remissão de baixa e alta prevalência de comorbidades clínicas e psiquiátricas. O objetivo do presente artigo é sintetizar dados de vários artigos que investigaram 
polimorfismos genéticos associados com TB. Dentre os 129 artigos selecionados, identificaram-se 79 (85,87%) genes associados com TB. Essa análise identifi-
cou cinco genes que são os mais citados na literatura: CANAC1C, DAOA, TPH2, ANK3 e DISC1. Dos 92 genes identificados nesses artigos, 33 (35,87%) não 
mostraram associação com TB. Essa análise mostrou que, apesar dos avanços recentes com relação ao papel do polimorfismo genético na predisposição para 
TB, mais pesquisas ainda são necessárias para elucidar sua influência sobre esse transtorno.
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Introduction

The evolution of the concept of bipolar disorder is ongoing. Its roots 
can be found in the work of Araeteus of Capadocia, who assumed 
that melancholia and mania were two forms of the same disease. The 
modern understanding of bipolar disorder began in France, throu-
gh the work of Falret and Baillarger. The pivotal concepts of Emil 
Kraepelin changed the basis of psychiatric nosology, and Kraepelin’s 
unitary concept of manic-depressive insanity was largely accepted. 
Kraepelin and Weigandt’s ideas on mixed states were the corners-
tone of this unitary concept. After Kraepelin, however, the theories 
of Kleist and Leonhard in Germany, as well as the work of Angst, 
Perris and Winokur, emphasized the distinction between unipolar 
and bipolar forms of depression. More recently, the emphasis has 
shifted again to the bipolar spectrum, which, in its mild forms, has 
been expanded to the limits of normal temperament1,2. Because the 
introduction of the concept of the bipolar spectrum broadened the 
boundaries of the disease, the estimated rates of BD have been found 
to be substantially higher. These estimates still need to be validated 
by population-based studies3.

Bipolar disorder (BD) is a complex, multifactorial and polygenic 
condition characterized by episodes of mania/hypomania and depres-
sion4,5. Several genes potentially involved in the pathophysiology of 
BD have been studied relative to their association with severity, age 

at onset, number of hospitalizations, vulnerability to the disorder and 
other clinical aspects. The genetic characterization of BD will enable 
(A) the identification of parents that are especially predisposed to 
having bipolar descendants, (B) the early detection of individuals that 
are prone to developing BD, (C) the identification of bipolar patients 
that are likely to be non-responsive to lithium therapy and (D) the 
identification of patients that are likely to suffer severe episodes. There 
is currently only a preliminary knowledge of genes that are associated 
with BD. However, the increasing understanding of gene expression 
regulation by epigenetic mechanisms and the dimensional approach 
to mental disorders suggest new directions for further research in 
psychiatric genetics6. Because the complexity in mode of transmis-
sion of BD and its phenotypic heterogeneity many difficulties have 
emerged in the identification these genes5.

In the recent years, advances on techniques of neuroimaging, 
molecular biology and genetics has provided new insights about 
the biology of bipolarity7. Several studies have identified genes that 
are associated with triggering BD. Work in molecular genetic epi-
demiology has shown the influence of inherited factors in mental 
disorders and begun to characterize their genetic interactions with 
environmental factors8. Research focused on major pathophysiolo-
gical disorders has defined a number of candidate genes, focusing 
on functional polymorphisms and identified variant sequences that 
change relevant proteins or enzymes8. Despite numerous studies, 
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much of the genetic variation that may underlie the disease pathology 
is still unknown9. Analyses of changes in DNA and the molecular 
mechanisms by which environmental factors can act on the genome 
may lead to the identification of genes whose expression is involved 
in the etiology of mental disorders10. A large number of genes with 
small effects, combined with environmental factors, are responsible 
for the etiology of BD11.

In pharmacogenomic analyses, the success of mood stabilizers 
is affected by genetic factors that may change the response pheno-
type; for most drugs, there is still insufficient information about 
the mechanism by which these effects occur12. Lithium is the most 
commonly used drug for BD treatment and has been the target of 
studies on genetic susceptibility to BD and subsequent therapeutic 
response13. Research on polymorphism and BD is relevant because 
the disease is heritable, as is resistance to treatment with lithium14.

Given this context, the identification of genetic polymorphisms 
may provide evidence for the cause of BD and will also identify genes 
that are strong candidates for further study. Candidate genes are selec-
ted based on their linkage to a characteristic of interest (e.g., circadian 
rhythm). The expression of these genes has also been studied and 
associated with BD; in this way, the presence of polymorphisms can 
be detected. Detection of polymorphism enables the identification of 
risk factors or protective factors that affect the development of BD. 

A more successful approach would be to search for associations 
with more restricted phenomena, such as personality traits, symp-
toms or small groups of symptoms, and, preferentially, endophe-
notypes. The search for genetic susceptibility of mental disorders is 
warranted specially under new paradigms such as their interaction 
with the environment and other endophenotypic variables which 
have been investigated through neuropsychological and neuroi-
maging evaluations. Thus, this research seeks to identify articles 
that investigated the presence of genetic polymorphisms that are 
associated with BD15.

Methods

Original articles published in the database PubMed/Medline were 
selected by means of the following associations: “bipolar disorder 
and SNP” and “bipolar disorder and polymorphism”. A PubMed 
gene ontology search was used to determine the function of each 
gene identified. The references of the selected articles were not used 
as a source in this review.

The inclusion criteria were as follows:
•	 published between 2005 and 2011;

•	 written in English;
•	 included codes identifying the location of polymorphisms 

(e.g., rs 1006737 – Gene CACNA1C);
•	 described genes associated with bipolar disorder;
•	 no association with BD.

Results

We selected 129 original articles that identified genetic polymor-
phisms as associated or not associated with BD and were published 
between 2005 and 2011. We selected only those that included an 
identification code for the locations of the polymorphisms. Together, 
these articles identified 92 genes (Table 1).

Genes and polymorphisms associated with demonstration

The 129 articles selected, 79 (85.87%) genes associated with BD (Table 1). 
An analysis of these articles associated identified five genes as the 
most cited in the literature: CANAC1C16-24, DAOA25-32, TPH230,33-37, 
ANK321,38-39 and DISC140-43 (Table 2). These five genes account for 
29 original articles that showed association with BD. The 29 articles 
represent research from several countries: United States16,17,21,28,41, 
Germany8,20,39, Australian21, UK19,23,24,32, Africa25,26, Romania23,33, 
Scotland30, Finland31,41, China29,33,43, Sweden34, Russia8, France37, Ire-
land35, Canada38, Japan42, Italy18 and the Netherlands22. Some articles 
related the genetic polymorphism specifying the classification of 
TBI8,25,27,32,35,36,39,41 , in addition to TBI and II37. The population studied 
by the authors of the articles are mostly from ocidente18,20,22,26,28,30,32,34-38  

and a lower part are the oriente25,27,33,43.
Among the 196 functions of these 92 polymorphic genes, ac-

cording to gene ontology, the most common were the following: 
protein binding, appearing in 32.61% (30) of genes, metal ion binding 
(19.56%, 18), AT-binding (18.48%, 17), receptor activity (17.39%, 16) 
and nucleotide binding (16.3%, 15) (Table 2).

Among the five most cited genetic polymorphisms in the litera-
ture, it was possible to identify three genes, ANK3, CACNA1C and 
DISC1, with protein binding functions. TPH2 has metal ion binding 
activity. The DAOA gene was not associated with any function in 
the PubMed gene ontology database. None of these genes have a 
common gene ontology. The ANK3, CACNA1C and DISC1 genes 
were annotated as components of the cytoplasm, and the ANK3 and 
DISC1 genes encode components of the cytoskeleton.

The articles discussing the CACNA1C gene investigated BD patient 
sample populations that numbered between 282 and 2,021 individuals. 

Table 1. Genetic polymorphisms associated with bipolar disorder, published between 2005 and 2011
GENES GENES GENES GENES GENES GENES

ANK3* G72/G30 DAOA*,a GABRB2* ADCY8* hNP* NCAM1*,a

Bcl-2* NR1D1* EGR3* ST3GAL1* QDPRa PREPa

CACNA1C* GPR50*,a GRIA2* PDLIM5*,a CLOCK* CHRNA2a

P2RX7*,a GRM3* GRIA1*,a DGKH* BHLHB2* CHRNA5a

GSK3b* LACE1* AKT1* PPARD* CSNK1E* CHRNB1a

AANAT* CHRNA7*,a SP4* PALB2* BDNF*,a CHRNB4a

DOK5* ITIH1* PI4K2Ba COMT* SIAT4A* TBX1a

CRY2* RORB*,a DFNB31* TPH2*,a TACR1* IMPA2*
NR4A3*,a PPARGC1B* SORCS2* PCDHa* DISC1* SST*
GRIN2B*,a TEF* SCL39A3*,a PCNT* TSNAX* ARNTL*
HSP-70* DHHCa IGF1* ATP1A3* ATP1A1* NOS1*
OTX2*,a SLC6A3* NAPG* HTR2A* ATP1A2* KIAA0564*
SCN8A* YWHAH* ERG3,a DTNBP1*,a PACAP/ADCYAP1* NRG1*
5-HT1A*,a TSPAN8* NPAS2*,a TRPM2* VAPA*,a CHMP1.5a

5-HT6a DARPP-32a NDUFV2* RGS4* MPPE1*,a BRCA2*
VMAT1 (Thr136Ser)* Per3* MAOAa

* Genes associated with BD.
a Genes not associated with BD.
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Table 2. Study details for candidate bipolar disorder genes most often cited in the literature between 2005 and 2011
Genes Designation Function Case/control Authors Polymorphism
CACNA1C a-1C subunit calcium 

channel L – type 
voltage-dependent

Calmodulin Binding, 
protein binding,
voltage-gated calcium, channel activity 
voltage-gated ion channel activity

90 cDNA Quinn et al., 2010 rs1006737
585 Franke et al., 2010 rs1006737
1.868/2.938 Green et al., 2010 rs1006737
282/440 Bigos et al., 2010 rs1006737
110 Erk et al., 2010 rs1006737
2.021/1.840 Dao et al., 2010 rs2370419

rs2470411
1.213 Cassamassina et al., 2010 rs10848635

rs1006737
1.098/1.267 Ferreira et al., 2009 rs1006737
77 Kempton et al., 2009 rs1006737

DAOA D-amino acid oxidase No description 191/188 Dalvie et al., 2010 rs701567
198/180 Grigoroiu-serbanescu et al., 2010 rs3916965

rs1935057
rs3916967
rs2391191

248/188 Gawlik et al., 2010 rs2391191
rs1935062
rs3916966

475/588 Zhang et al., 2009 rs778293
555/564 Maheshwari et al., 2009 rs1935058
706/1416 Soronen et al., 2008 rs2391191

rs3916966
723 Williams et al., 2006 rs391695

rs1341402
rs1935058
rs2391191
rs778294
rs954581
rs1421292

213/197 Prata et al., 2008 rs2111902
rs3918346
rs746187
rs3916972

TPH2 Tryptophan 
hydroxylase 2

Function
iron ion binding, 
metal ion binding, tryptophan 
5-monooxygenase activity

151 Roche e Mckeon, 2009 rs1386482
rs1386486
rs4290270

883/1.300 Cichon et al., 2008 rs17110563
rs11178997
rs11178998
rs7954758

198/180 Grigoroiu-Serbanescu et al., 2008 rs17110563
105/106 Lin et al., 2007 rs4570625

rs11178997
rs11178998
rs11179003
rs171110747

225/221 Harvey et al., 2007 rs4290270
182/364 Bogaert et al., 2006 rs4131348

ANK3 Ankyrin G Protein binding 47/67 Ruberto et al., 2011 rs10994336

90 cDNA Quinn et al., 2010 rs10994336
1.098/1.267 Ferreira et al., 2009 rs10994336
923/774 Schulze et al., 2009 rs10994336

rs9804190

DISC1 Disorder of 
schizophrenia 1

Protein binding 506/507 Xiao et al., 2011 rs2738864
rs16841582

379 Perlis et al., 2008 rs10495308
rs2793091
rs2793085

723 members of 179 
families with BD

Palo et al., 2007 rs821616

373/717 Hashimoto et al., 2006 rs821616
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Control sample populations ranged in size between 440 and 2.938 
healthy individuals. Four studies worked only with healthy people or 
with cDNAs (derived from lymphoblastic cells) from the HapMap 
database. Four codes describing the location of a polymorphic gene 
associated with BD were identified (Table 2). This gene is located on 
chromosome 12p13.3 (Figure 1).

Articles related to the DAOA gene sampled between 191 and 704 
individuals with BD and between 180 and 1.416 healthy individuals. 
Only one study contained only healthy individuals. These studies 
identified 17 codes for the location of a genetic polymorphism 
associated with BD (Table 2). This gene is located on chromosome 
13q34 (Figure 1).

Articles related to the TPH2 gene sampled between 105 and 883 
individuals with BD and between 106 and 1.300 healthy controls. 
Only one study did not include control samples. These studies 
identified 11 codes for the locations of polymorphisms associated 
with BD (Table 2). This gene is located on chromosome 12q21.1 
(Figure 1).

Articles related to the ANK3 gene sampled between 47 and 1.098 
individuals with BD and between 67 and 1.267 control individuals. 
One article studied cDNAs (derived from lymphoblastic cells) from 
the HapMap database. These studies reported four codes representing 
the location of the polymorphism associated with BD (Table 2). This 
gene is located on chromosome 10q21 (Figure 1).

Articles related to the DISC1 gene sampled between 373 and 506 
patients with BD. One article did not include control samples, and 
another studied members of families affected with BD. These studies 
identified six codes indicating the location of the polymorphism 
associated with BD (Table 2). This gene is located on chromosome 
1q42.1 (Figure 1).

The functionality of the polymorphisms identified was observed 
made ​​to analyze the variation in the expression of genetic polymor-
phism in association with some variables: cognitive assessment39, 
memory39,41, making decision39. Psychotic illness after the use of 
alcohol, drug dependence, intravenous drug abuse, psychotic illness 
secondary to medicamentos20. Emotional memory, emotion on the 
face, the work memory17. Episodes of hospitalization disease25,27. 
Age of first hospitalization26,34. First age36, number of episodes, 
family history of disease psyquiatric8,36 on first and second grau25. 
Attention41. These variables have been showing greater respect of 
the polymorphisms and episodes of TB, which when studied poly-
morphism with TB diagnosis.

Genes/polymorphisms lacking association with BD

Of the 92 genes identified, 33 (35.87%) specifically showed no associa-
tion with BD (Table 1). DAOA, TPH2, P2RX7, NR4A3, GPR50, CHR-
NA7, RORB, GRIA1, PDLIM5, BDNF, NCAM1, VAPA, DTNBP1, 
SLC6A3, 5-HT1 and OTX2 were described both as associated with 
BD and not associated with BD by different studies (Table 1).

Discussion

The study of genetic polymorphism associated with TB raises the 
possibility that mental illness is mainly associated with common 
genetic variants is outdated. Is now plausible that multiple rare va-
riants each have a potent effect on disease risk and that they could 
accumulate to become a substantial component of mental disease 
risk44. The search for genetic information that are associated with 
the outbreak of TB involves structural and environmental factors. 
Among the genes associated with BD, those with protein binding 
activity may be especially relevant. Because the biological proper-
ties of a cell are determined by the active proteins expressed, these 
genes may be involved in BD through changes in protein structure, 
thereby increasing or decreasing some feature/function that can 
cause major cellular changes. Alternatively, these genes may still be 
active, along with other proteins, but with changes in their functions 
that trigger BD. 

Adenosine triphosphate (ATP) is a key energy-transferring 
molecule that is used in many biological processes. It is involved 
in the active transport of molecules, the synthesis and secretion of 
substances, locomotion and cell division. Genes involved in ATP 
synthesis may therefore interfere in one or more of these biological 
processes, promoting the onset of BD. Genes involved in receptor 
function may increase or decrease the receptor activities and thereby 
modify some function/action that may then contribute to the onset of 
BD. Changes in nucleotide (adenine, guanine, cytosine, thymine and 
uracil) synthesis may result in mutations or polymorphism, depen-
ding on the effect of the structural change. This may contribute to BD.

 Studies of the five most cited genes show their influence in the 
etiology of BD. Several articles confirmed the association of polymor-
phisms in CACNA1C with BD. The strong expression of CACNA1C 
in BD patients suggests an increased activity of calcium channels. 
Thus, calcium channel inhibitors may have clinical value for the 
treatment of BD. One of these studies further identified a potential 
mechanism for bipolar disorder risk16. A decrease in CACNA1C 
expression can protect against the development of mood disorders17. 
Two polymorphisms in the CACNA1C gene (rs10848635, rs1006737) 
had a protective effect on BD episodes. The polymorphism rs1006737 
was also correlated with reduced severity of depression and insomnia. 
However, both alleles were associated with an increased risk of suicide 
during treatment for depression18. This is a clear demonstration that 
there is an overlap between genes in the biological basis of suscepti-
bility to mental illness across the clinical spectrum19.

Research conducted by Erk et al.20 suggests a gene-environment 
interaction mechanism for BD, i.e., a dysfunctional adaptation to 
stress. CANAC1C has been established as a drug target because of 
its binding site for calcium channel blockers (verapamil); these drugs 
have shown some evidence of effectiveness in mood stabilization of 
BD patients. Calcium channel subunit expression is decreased in the 
mouse brain in response to lithium, one of the most effective bipolar 
therapies21. Genetic variation in CACNA1C is associated with the 
volume of the brainstem that modulates central control over the 
motor, cognitive, affective and arousal, providing a psychiatric risk 
factor22. Magnetic resonance imaging showed that there was signifi-
cant correlation between CACNA1C mutation and the total volume 
of gray matter, but not in regional grey matter volume, white matter 
volume, or cerebrospinal fluid or volume23.

Several highly cited articles regarding the DAOA gene confirm 
its association with BD. An initial study by Dalvie et al.25 provided 
preliminary evidence that ancestral DAOA gene alleles (rs701567) 
have a protective effect, lessening the chances of having severe BD 

Figure 1. Chromosomal locations of the five genes most commonly asso-
ciated with BD and their polymorphisms.
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(psychosis and repeated hospitalizations). Haplotypes of DAOA/G30 
are associated with affective psychoses, but do not contribute to the 
pathogenesis of affective disorders26. Different SNPs that potentially 
indicate membership in the DAOA/G30 haplotype were found to be 
correlated with psychotic episodes and mood changes with delusions 
in Romanian BD patients27. Other studies suggest that DAOA does 
not have a major effect on susceptibility to BD, but can contribute to 
susceptibility in some families28. In contrast, multiple sensitizing (and 
perhaps protective) variants of the DAOA/G30 gene are present in 
different populations29. Additional evidence supports the involvement 
of DAOA/G30 and DAO in the etiology of bipolar disorder, but none 
indicated any interaction between these genes30. DAOA thus may 
play an important role in the predisposition of individuals with a 
mixed phenotype of psychosis and mania and lead to changes in the 
expressed characteristics of these psychological illnesses31. Williams 
et al.32 suggested that depression is associated with greater glutama-
tergic function. Patients with mutations in the DAOA gene, which 
is associated with affective disorders, have symptoms that should be 
associated with reduced activity and/or frontal activation of DAO.

An analysis of the articles related to TPH2 shows that this gene 
may influence the risk of BD33. A study performed in a population of 
Swedish descent provides preliminary evidence for the association of 
the TPH2 gene with protection against the pathogenesis of affective 
disorders34. An examination of the functional effects of TPH2 provided 
evidence for the lower thermal stability and solubility of the mutant 
enzyme, suggesting that the reduced production of 5-HT in the brain 
may serve as a pathophysiological mechanism of BD35. Studies carried 
out by Grigoroiu-Serbanescu et al.36 also support the involvement of 
TPH2 variability in the etiology of BD. The polymorphism rs17110563, 
which lies in the TPH2 protein coding region, was detected in a 
Romanian patient but not in control individuals, supporting the hy-
pothesis that it represents a risk factor for a rare form of BD. The BD 
susceptibility locus in TPH2 shows a statistically significant association 
with BD at both a locus-specific SNP and haplotype marker SNPs37. 

The ANK3 protein is found in the initial segment of the axon 
and governs the localization of voltage-dependent sodium channels. 
The mRNA expression levels of ANK3 and CACNA1C are affected 
by local genetic variation24. ANK3 is reduced in the mouse brain 
in response to lithium, one of the most effective bipolar therapies. 
Significant literature suggests that bipolar disorder is an illness of ion 
channels21. The ANK3 gene has a selective effect on sensitivity to sig-
nals that affect an individual’s sustained attention and thus can even-
tually contribute to the risk of BD38. Regions close to the rs9804190 
and rs10994336 polymorphisms will be jumping off points for future 
studies that aim to define functional variants that are responsible for 
susceptibility to BD39. A small sample of article related to the ANK3 
gene may show little significance of its association with TB38.

The involvement of DISC1 in the etiology of BD was first 
suggested by Palo et al.40. These authors suggested that polymor-
phisms in DISC1 contribute to variations in the psychotic features 
of bipolar spectrum disorder. DISC1 may represent a new target 
for the development treatments and diagnostic tools for bipolar 
disorder41. DISC1 is associated with lowered biological activity of 
ERK (extracellular regulated kinase), reduced grey matter volume 
in the brain and increased risk for major depressive disorder43. A 
haplotype [rs2738864 (C)-rs16841582 (C)] was associated with BD. 
This discovery provides of the role of DISC1 in BD43.

Conclusion

This study shows that, despite advances with respect to the role of 
genetic polymorphisms in predisposition to BD, significant research 
must still be performed to elucidate the roles of specific genes and 
their variants in this disorder.
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