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Abstract

Background: Bipolar I disorder (BP-I) is one of the significant disabling psychiatric disorders resulting in severe deficits in the social
and personal function of suffering patients. Among its etiologies, immunologic and genetic disturbances are two important areas
of interest.
Objectives: This study aimed to assess the potential role of interleukin-1β (IL-1β)-511 polymorphism in BP-I pathogenesis based on a
previous pilot study.
Methods: After diagnostic interviews held by two psychiatrists using structured clinical interview for DSM disorder (SCID), 102
bipolar-diagnosed hospitalized patients in Ibn-e-Sina Hospital, Mashhad, Iran, were selected and compared with 102 healthy indi-
viduals of the control group. The DNA was extracted from the blood samples of each group. Genetic locus -511 of IL-1β was defined by
its specific primers. Polymerase chain reaction (PCR) and restriction fragment length polymorphism (RFLP) were also carried out.
The two groups’ results were compared by SPSS-20 using the chi-square test.
Results: There were no significant differences in the genotypic frequency of IL-1β locus -511 (P = 1) and C/T allelic frequency (P = 0.42)
between bipolar and control groups. There was also no significant difference in the allelic frequency between psychotic and non-
psychotic subgroups (P = 0.218) and suicidal and non-suicidal subgroups of bipolar patients (P = 0.829). The genotypic distribution
of -511 IL-1β polymorphisms in the control group was in the Hardy-Weinberg equilibrium.
Conclusions: In contrast with a previous pilot study, this study found no relationship between BP-I and genotypic and C/T al-
lelic frequencies of -511 IL-1β polymorphism. There were also no associations between the allelic frequency and two subgroups of
psychotic/non-psychotic and suicidal/non-suicidal of bipolar patients.
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1. Background

Bipolar disorder (BP) is one of the major psychiatric
disorders that can severely affect patients’ personal and
social life and cause loss of disability-adjusted life years
(DALY) even more than what happens in all different kinds
of cancer or some important neurologic diseases such as
Alzheimer’s disease and epilepsy (1, 2). Its prevalence is es-
timated at approximately 1.0% in the general population (1,
3), with sibling risk recurrence around 7 - 10 and heritabil-
ity near 80% - 90% (4). Further, the pattern of its heritabil-

ity seems to be complex referring to the non-mendelian
types of transmission with incomplete genetic penetrance
and polygenetic inheritability (5). Pathogenesis is still un-
known, but in recent years there has been too much fo-
cus on neurodegenerative and neurodevelopmental phe-
nomena regarding the potential role of inflammation in
the regulation of neuronal structure and neuronal func-
tion (6).

A growing body of evidence supports the role of the in-
flammatory system in bipolar pathogenesis and indicates
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that the increased level of pro-inflammatory markers is as-
sociated with a bipolar mood disorder (7-9) such as inter-
leukin 1 and 6 (10). These polypeptide agents play different
roles in the immune system secreted by a variety of cells
such as endothelial cells, T lymphocytes, and macrophages
which influences vascular permeability, called neutrophils
to the inflammation sites, and provokes the synthesis of
different agents such as free radicals in those specific re-
gions. Along with its protective role against different cau-
sations, it could also lead to anatomical injuries and cell
death even in the CNS. The association between different
episodes of bipolar disorder and pro-inflammatory situa-
tions was indicated in different studies (11).

Among inflammatory cytokines, interleukin-1 beta (IL-
1β) is reported to be involved in mesencephalic progeni-
tor cells’ differentiation into dopaminergic neuronal cells
(12, 13). It also plays a role in acute and chronic neurode-
generative outcomes and neurodevelopmental processes
in the embryonic period by provoking the synthesis of
some factors such as nerve growth factor (NGF) and in-
hibiting the expression of brain-derived neurotrophic fac-
tor (BDNF) (13), which is one of the suspicious sites for sci-
entists who investigate bipolar psychopathogenesis.

Compatible with these considerations, a systemic re-
view stated that inflammation may be related to bipolar
disorder in some different areas (14). Another study indi-
cated that the mechanisms involved in the immune system
may be associated with BP core psychopathology resulting
from the relations between affective symptoms of BP and
markers of inflammation (15). Another study manifested
that in the acute phase of mania, we may face active inflam-
mation and elevated levels of IL-1RA, sTNF-R1, and hs-CRP.
Also, chronic inflammation could be seen in both the acute
phase by the increased levels of hs-CRP and IL-1RA and the
full remission period of mania by the sustained higher lev-
els of hs-CRP (16). Furthermore, in the depressive episode
of BP, persistent inflammation and increased levels of IL-
1RA, hs-CRP, sIL-2R, and sTNF-R1 could be seen initiating in
the acute phase and continuing to full remission (17).

According to molecular genetic studies, there could be
an association between some immunologic-related genes
and bipolar disorder (10). Existing evidence suggests an as-
sociation between inflammation and bipolar disorder by
common genetic polymorphisms (14). A study supported
the role of genes involved in cytokines encoding associated
with dysregulations in the immune system, presented by
pathological decreasing or increasing of cytokine compo-
nents in mood disorders (9). Another study suggests that
this dysregulation in inflammatory cascade, presented by

decreasing or increasing inflammatory products, may be
associated with genetic-based variations in BP patients (6).
In another study, an association was found between BP
and the variable number of tandem repeats (VNTR) poly-
morphism in the interleukin-1 receptor antagonist (IL-1RA)
gene, which serves as an important regulator of the activ-
ity of interleukin-1β (IL-1β) and interleukin-1 α (IL-1α) (18).

In contrast, a study revealed no significant differences
in genotypic or allelic frequencies between bipolar pa-
tients and the control group (13). Another study reported
no significant differences in allelic frequency and geno-
typic distribution of IL-1RA gene polymorphism between
bipolar patients and the control group (19). Additionally,
another study on the -308 promoter polymorphism of tu-
mor necrosis factor-alpha (TNF-α) as a pro-inflammatory
cytokine did not support the impact of this given polymor-
phism on bipolar pathogenesis (20).

According to the potential role of cytokine-related
genes in the pathogenesis of bipolar disorder and signifi-
cant probability of IL-1 involvement, a pilot study was car-
ried out in Mashhad Ibn-e-Sina Hospital, Iran, comparing
the polymorphism of the IL-1 cluster in four loci (-511 IL-
1β, +3954 IL-1β, -889 IL-1α, and IL-1RN) between bipolar and
control groups. As the results showed, significant differ-
ences were seen in the CC genotypic frequency (P = 0.04)
and C/T allelic frequency (P = 0.02) just in one locus (-511 IL-
1β) between 48 bipolar patients and 47 healthy individuals
(21).

2. Objectives

This study aimed to compare the polymorphism of IL-
1β in this specific locus (-511 IL-1β) between bipolar and con-
trol groups, evaluating the potential association between
-511 IL-1β polymorphism and BP-I by selecting a larger sam-
ple size based on statistic assessments.

3. Methods

Based on the information obtained from the prelim-
inary research conducted by Talaei et al. (21), the sam-
ple size was calculated to be 98 individuals in each group,
with a 0.95 confidence level, 80% test power, and 0.16 ac-
curacy. Considering the possibility of participants’ with-
drawal from the study, 105 individuals in each group en-
tered the study. With the withdrawal of three participants
in each group due to dissatisfaction with continuing the
study, finally, 102 individuals completed the study in each
of the bipolar and control groups.
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In this study, after diagnostic interviews held by two
psychiatrists using structured clinical interview for DSM
disorder (SCID), finally, 102 bipolar-diagnosed hospital-
ized Iranian volunteers in Mashhad Ibn-e-Sina Hospital,
Iran, were included as the case group after ruling out im-
munologic, genetic, thyroid, and neurologic diseases and
substance-induced mood disorders. They were compared
with 102 healthy unrelated volunteer staff of Ibn-e-Sina
Hospital and Bu Ali Research Institute, without personal
and familial history of mood disorders included through
the same inclusion criteria. The exclusion criterion was the
dissatisfaction of participants to continue the study. The
participants of each group were selected by a convenience
method of sampling. After obtaining informed consent, a
10 cc blood sample was collected from each individual. The
DNA samples were extracted at the Bu-Ali research center,
and IL-1β locus -511 (placed in the promotor region) was de-
fined by its specific primers with the sequences of forward
5’-GCC TGA ACC CTG GAT ACC GT-3’ and reverse 5’-GCC AAT
AGC CCT CCC TGT CT- 3’. Next, the distribution of biallelic
polymorphism (C→ T replacement) was assessed. Then,
polymerase chain reaction (PCR) was carried out, respec-
tively, as seen in Table 1. The resulting products underwent
electrophoresis on a 3% agarose gel, stained by ethidium
bromide for making visible the 155bp bands. Restriction
fragment length polymorphism (RFLP) was carried out by
using restriction enzyme endonuclease Ava I (Ferments,
Karaj) and incubated at 37°C overnight. This enzyme cut
the length of DNA at its restriction site, 5’…C↓PyCGPuG…3’.
After finishing the incubation period, to deactivate the en-
zyme, 1µL of 0.05% EDTA was used at 85°C temperature for
one hour. If the restriction site was present, the main seg-
ment with the length of 155 bp was divided into two 88 bp
and 67 bp segments, which implicated on the C allele (wild
allele or allele 1). If the restriction site was not present, the
155 bp segment remained intact and undivided, which im-
plicated on the T allele (variant allele or allele 2). Thus, the
CC, CT, and TT genotypes were defined. For better vision,
RLEP products were electrophoresis on the 17% polyacry-
lamide gel and stained with silver nitrate. Then, the results
of each group were compared statistically by SPSS version
20 software using chi-square (χ2). The P-value < 0.05 was
considered statistically significant.

3.1. Tool

SCID: It is a structural diagnostic interview for assess-
ing axis I psychiatric disorder based on DSM criteria. Its
Persian version was equivalent to cross-cultures (22).

Table 1. Sequences of PCR in Case and Control Groups

Sequences Number of
Cycles

Temperature, °C Time, min

First 3

95 0.5

65 0.5

72 0.5

Second 15

94 0.5

60 0.5

72 0.5

Third 15

94 0.5

58 0.5

72 0.5

Fourth 5

94 0.5

56 0.5

72 0.5

Fifth 5

94 0.5

55 0.5

72 0.5

Sixth - 72 10

Seventh - Cooling to 25 -

4. Results

The bipolar group consisted of 102 patients (74 females
and 28 males) with an average age of 36.59 ± 11.35 years
compared with the control group consisting of 102 healthy
individuals (62 females and 40 males) with an average age
of 39.22± 9.59 years. There were no significant differences
in age and gender between the case and control groups (P
= 0.076 and P = 0.075, respectively).

The genotype distribution of -511 IL-1β polymorphisms
in the control group was in the Hardy-Weinberg equilib-
rium (P = 0.51). The frequencies of three genotypes (CC,
CT, and TT) and two alleles (C and T) in each group can be
seen in Table 2. There were no significant differences be-
tween genotypic frequency in bipolar and control groups
(P = 1.00 for CC frequency, P = 0.261 for CT frequency, P =
0.142 for TT frequency). Also Comparing allele C frequency
with allele T revealed no significant difference between
two groups (P = 0.420). Besides, there were no significant
differences between the two subgroups of bipolar patients
(with and without suicidal ideation (P = 0.829) and with
and without the psychotic feature (P = 0.218)), as shown in
Table 3.
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Table 2. Genotypic and Allelic Frequencies of IL-1β (-511) in BP-1 and Control Groups

IL-1β (-511) BP Patients, No. (%) Controls, No. (%) P-Value OR Confidence Interval 95%

Genotypes

CC 37 (36.3) 37 (36.3) 1.00 1.00 0.565 - 1.770

CT 43 (42.2) 51 (50.0) 0.261 0.729 0.420 - 1.266

TT 22 (21.6) 14 (13.7) 0.142 1.729 0.829 - 3.606

Alleles

C 117 (57.4) 125 (61.3) 0.420 0.850 0.572 - 1.262

T 87 (42.6) 79 (38.7) 0.420 1.177 0.792 - 1.747

Table 3. Comparing Allele Frequencies Based on History of Psychosis and Suicide in the Case Group

Conditions
Alleles

P-Value OR 95% Confidence Interval
C T

Suicide with suicidal idea 36 (30.8) 28 (32.2)
0.829 0.937 0.515 - 1.701

Suicide without suicidal idea 81 (69.2) 59 (67.8)

Psychosis with psychotic feature 81 (69.2) 67 (77.0)
0.218 0.672 0.356 - 1.268

Psychosis without psychotic feature 36 (30.8) 20 (23.0)

5. Discussion

In recent years, an increasing number of studies have
suggested a crucial role for the immune system, espe-
cially pro-inflammatory cytokines such as IL-1, in the psy-
chopathogenesis of bipolar disorder. The elevated level
of pro-inflammatory cytokines in bipolar disorder was
proven in several studies (11). However, it still remains un-
known wheatear inflammation plays a causal role in the
bipolar formation or it per se results from bipolar underly-
ing psychopathogenesis. Among the hypotheses address-
ing this matter, some variations in encoding immune-
related genes are proposed, which eventually may result in
the dysregulation of the inflammatory cascade. Nonethe-
less, relatively a few studies focused on the role of genes in-
volved in encoding immunologic components such as pro-
inflammatory cytokines in bipolar pathogenesis. Further,
the results of different studies in this field are controver-
sial.

In our study, there were no significant differences in
genotypic and allelic frequencies of IL-1β polymorphism
in locus -511 between the bipolar and control groups, and
there were either no significant differences in allelic fre-
quencies of IL-1β polymorphism in this given locus, -511, be-
tween psychotic and non-psychotic and between suicidal
and non-suicidal bipolar individuals. One study by Talaei
et al. (21), which was as a pilot study for the present study,
assessing and comparing the polymorphism of IL-1 cluster
in four loci (-511 IL-1β, +3954 IL-1β, -889 IL-1α, and IL-1RN) be-

tween bipolar and control groups, showed significant dif-
ferences in the CC genotype frequency (P = 0.04) and C/T
allelic frequency (P = 0.02) just in one locus (-511 IL-1β) be-
tween 48 bipolar patients and 47 healthy individuals. An-
other study by Papiol et al. (12) reported an association be-
tween -511 IL-1β C/T polymorphism and gray matter deficits
in the whole brain and left DLPFC of bipolar patients. Pa-
piol et al. (13) in 2004 indicated a difference close to statisti-
cal significance for the excess of allele C in -511 C/T polymor-
phism (P = 0.051) in patients with schizophrenia compared
to a control group whereas there were no significant dif-
ferences in genotypic or allelic frequencies between bipo-
lar patients and control groups. In line with a previous
study, Kim et al. (19) reported significant differences in
the allelic frequency and genotypic distribution of IL-1 re-
ceptor antagonist (IL-1RA) gene polymorphism when com-
paring schizophrenic patients with a control group while
there were no significant differences between bipolar pa-
tients and the control group. In contrast, Rafiei et al. (18) re-
ported a significant difference in IL-1RA gene (IL1RN) poly-
morphism, which plays a major role in the regulation of
IL-1α and IL-1β activities, between bipolar patients and the
control group, which suggested a positive correlation be-
tween the variable number of tandem repeats (VNTR) poly-
morphism in IL1RN and bipolar patients. Middle et al. (20)
compared -308 promoter polymorphism of tumor necro-
sis factor-alpha (TNF-α) as a pro-inflammatory cytokine be-
tween a female control group and female bipolar patients
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with and without psychosis but did not support the im-
pact of this given polymorphism on bipolar pathogene-
sis. In another study, the role of another pro-inflammatory
cytokine, Interferon-gamma (IFN-γ), was assessed in bipo-
lar development by comparing the IFN-γ +874A/T polymor-
phism between the bipolar and control groups, which sug-
gested a possible association between the T allele and the
elevated risk of bipolar development (23). Liu et al.’s study
(24) indicated that the plasma levels of sCD4, sCD8, and
IL-1RA significantly elevated in the acute phase of mania
before pharmacotherapy while just sCD8 and IL-1RA re-
mained different in remitted patients. In contrast, a sys-
tematic review and meta-analysis in 2013 by Munkholm et
al. (25) showed no significant differences between bipolar
and control groups in the serum levels of some cytokine
elements such as IL-1, IL-1β, IL-1RA, and IFN-γ, while it in-
dicated a significantly higher level of some other immune
components such as TNF-α, soluble tumor necrosis factor
receptor type 1 (sTNFR1), and IL-4. Another study by Rao
et al. (26) suggested the role of neuroinflammation, espe-
cially IL-R cascade, in the frontal cortex of bipolar patients.
Soderlund et al. (27) showed the significantly elevated level
of IL-1β in patients suffering from one or more episodes of
mania or hypomania in the last year when compared to pa-
tients without recent mentioned episodes, suggesting an
alteration in brain cytokines which could be related to the
recent episode of mania or hypomania in bipolar patients.

Finally, these controversial reports may result from
heterogeneity in the methodological assessment and sam-
ple sizes of different studies, overlapping the symptoms of
bipolar disorder with other psychiatric disorders, which
may lead to some difficulty in its clinical diagnosis all over
the world and could implicate on distinct biological ori-
gins of some different symptoms considered in overall as
bipolar disorder.

5.1. Conclusions

The present study, in contrast with a previous pi-
lot one, found no association between bipolar disorder
and genotypic or allelic frequencies of -511 IL-1β polymor-
phism. No association was also found between the al-
lelic frequency of -511 IL-1β polymorphism and two differ-
ent subgroups, psychotic/non-psychotic and suicidal/non-
suicidal, in bipolar individuals. Further studies focusing
on bipolar endophenotypes are warranted.
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