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Infroduction

Bipolar disorder (BD) is
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ABSTRACT

Objective: There is increasing evidence in the literature that estrogen and its receptors play an
essential role in the efiopathogenesis of bipolar disorder due to gender differences in the course,
severity, and peak periods of the disease. In this context, g protein-coupled estrogen receptor
(GPER), defined in the reproductive system as well as the nervous system, endocrine system, and
cardiovascular system, mediates the neurological benefits of estradiol; It is crucial to understand
its role in this disease better.

Method: This study aimed to compare serum GPER levels in euthymic bipolar disorder patients and
healthy controls matched for age, sex, and body mass index.

Results: In this study, we found decreased serum GPER levels in both genders separately and in fotal
in the patient groups compared fo the controls.

Conclusion: Our results should be considered preliminary and should be repeated in more
homogeneous groups with larger samples. In addition, we believe that further studies should be
conducted on the therapeutic efficacy of G1 in depressive bipolar patients.
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oz

Amac: LiteratUrde Gsfrojen ve reseptdrlerinin, hastaligin seyri, siddeti ve pik ddnemlerindeki cinsiyet
farkliliklar nedeniyle bipolar bozuklugun etyopatogenezinde &nemli rol oynadigina dair artan
kanitlar bulunmaktadir. Bu baglamda Ureme sisteminin yani sira sinir sistemi, endokrin sistem ve
kardiyovaskiler sistemde de tanimlanan ve &stradiolin norolojik faydalanna aracilik eden GPER'in
bu hastaliktaki rolint daha iyi anlamak énemlidir.

Yoéntemler: Bu calismada, 6timik dénemdeki bipolar bozukluk hastalariile yas, cinsiyet ve vicut kitle
indeksi agisindan eslestiriimis saglikll kontrollerde serum GPER dUzeylerini karsilastirmayr amagladik.
Sonuglar: Bu calismada hasta gruplannda kontrol gruplarina gére her iki cinsiyette ayn ayn ve
tfoplamda serum GPER dUzeylerinin dUsUk oldugunu saptadik.

Tarhigma: Sonuglarmiz 6n ¢calisma olarak degerlendiriimeli ve daha biytk érneklemlerle daha

homojen gruplarda tekrarlanmalidir. Ek olarak, G1'in depresif dénemdeki bipolar hastalarda
terapotik etkinligi konusunda daha fazla arastirma yapiimasi gerekfigine inaniyoruz.

Anahtar kelimeler: GPER, Ostrojen Reseptérleri, Estradiol, Cinsiyet

a mood disorder with estrogen increases the serotonin level by decreasing

depressive and manic episodes which etiology is still
not fully determined [1]. Although the disease is seen
approximately equally in men and women, there are
gender differences. Rapid cycling and hypomania
are more common in women, and mania episodes
are more common in men [2, 3]. In the estimation of
the effect of birth events on the course of the disease,
the risk of having a bipolar aftack in the first month
after birth is estimated to be 23 times higher than the
pregnancy period, which shows the importance of
gender difference and the effect of sex hormones
in the course of the disease [4]. Literature data on
gender differences in (BD) show that sex hormones,
especially estrogen and related receptors, should be
investigated further in this disease.

Besides having essential roles in the menstrual cycle
and pregnancy, estrogen has important roles in the
central nervous system. It has been reported that

the monoamine oxidase activity, reduces the sensitivity
of the D2 receptor, and has an agonistic effect on the
cholinergic system [5, 6]. Estradiol is the most common
and most potent form of estrogen, while estrone and
estriol are other forms of estrogen. Estrogen receptors
mediate the effects of estrogens [7]. ERa and ERp,
known as nuclear transcription factors from estrogen
receptors, are primarily found in the cytoplasm and
nucleus but are present in finy amounts in the cell
membrane [8, 9]. Furthermore, G protein-coupled
estrogen receptor 1(GPER), a new estrogen receptor,
has been identified in the reproductive system and
almost every system, including the cardiovascular,
endocrine, and nervous systems [10, 11]. While
estradiol plays an essential role in nervous system
diseases and is associated with ERa and ERP, interest
in GPER has increased after it has been determined
that GPER is expressed throughout the nervous
system and mediates neurological benefits related to
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estradiol [12, 13]. GPER mediates various mechanisms,
including suppressing neuroinflammatory processes,
inhibiting apoptosis-related pathways, and enhancing
neurotrophic factors [11].

In the literature, there is evidence in clinical and
preclinicalstudies that estrogen and estrogenreceptors
are essential in understanding the etiopathogenesis of
mood disorders [14-16]. A survey by Dias et al. reported
that women with premenstrual exacerbations
experience more frequent mood episodes than
women who do not [17]. There are limited studies on
serum GPER levels in psychiatfric disorders, including
BD and schizophrenia [18, 19]. Only one study in the
literature investigates the potential role of GPER in
patients with bipolar disorder [18]. Our study aimed to
compare serum GPER levels in non-smoking euthymic
bipolar patients with healthy controls matched for
age, sex, and body mass index.

Methods
Participants

Our study included 64 participants; 32 in the patient
and 32 in the control groups. A Structured Clinical
Interview (SCID), according to DSM-5 diagnostic
criteria, was applied by a psychiatrist to patients with
BD diagnosis before being included in the study. The
patients had not experienced mania or depressive
episodes, and their medical treatment was the same
in the last year. At enrollment, the patients had no
affective symptoms and were clinically stable. The
control group consisted of hospital workers who were
matched for gender, age, and body mass index and
had no previous psychiatric admission. Before inclusion
in the study, SCID was applied to the control group
according to DSM-5 diagnostic criteria.

The inclusion criteria applied are as follows; Being
between the ages of 18-65, not having any significant
medical disease including endocrine disorders,
having a regular menstrual cycle, not taking hormone
replacement therapy, not having any comorbid
psychiatric illness for the patient group, not having
received psychiatric diagnosis and freatment in the
past and still for the control group. We obtained written
informed consent from all participants included in the
study. Ethics committee approval of the present study
was made by Ataturk University Faculty of Medicine
(approval date/number: 01.12.2022/19).

Measurements

We applied a sociodemographic data form to record
sociodemographic variables and clinical data.
Hamilton Depression Scale was used fo evaluate
depressive symptoms, and the Young Mania Rating
Scale was used to assess mania symptoms.

Biochemical Analysis

Blood samples were collected from the patient and
control groups after fasting between 9.00 and 11.00
in the morning. The samples were quickly taken to
the biochemistry laboratory, and immediately after
centrifugation at 4000 g for 15 minutes, the serum
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samples were separated. Separated serum samples
were stored at -28 [ until biochemical analysis.
To measure serum GPER-1 levels, a commercial kit
(SEG045Hu; Cloud-Clone Corp) was used with the
quantitative sandwich enzyme immunoassay method,
following the manufacturer’s instructions.

Statistical Analysis

We evaluated whether the continuous variables
were normally distributed, with kurtosis and skewness
values. Mean * standard deviation and percentage
values were used to present descriptive statistics.
Differences between patient and confrol groups
were examined using independent sample t-tests
(when normally distributed) or Mann-Whitney U fests
(when not normally distributed). The chi-square test
was used to compare binary variables between
groups. Pearson correlation test was used to test the
relationship between continuous variables (clinical
characteristics-GPER) in the patient group. We used
IBM SPSS 23.0 program. A p-value less than 0.05 was
considered significant.

Resulis

The patient and control groups consisted of 32
participants in each. Both groups were matched for
gender, age, and body mass index. The characteristics
of the groups and the addifional data of the patient
group are shown in Table 1. In this study, we found
decreased serum GPER levels in both genders
separately andin totalin the patient groups compared
to the control groups (Table 2).

Table 1. Sociodemographic variables of ali the participants

Bipolar (n=32) Control (n=32) p
Age Mean + SD 32.90+8.37 33.21+7.37 0.87
Gender (F:/’::)O'G/ Male 414 16/16 1
Education years Mean + SD 10.81+2.52 11.842.65 0.11
BMI (kg/m?2) Mean + SD 25.61+2.09 24.86+1.97 0.31
DRSS CUTo Mean +SD 9.5045.81
(Years)
Disease onset Mean + SD 23.31+5.06
Manic episode Mean £ SD 2.81£2.10
Depressive episode Mean £ SD 1.65£1.31
Hospital stay Mean £ SD 3.28+2.36
Treatment (AP+MS) n, % 14, 43.8

AP: Antpsychotic; MS: Mood Stabilizator

Table 2. Comparison GPER level between bipolar and control groups

Bipolar (n =32) Control (n =32) P
Mean + SD Mean + SD
GPER 4.24+1.37 10.11 £2.69 <0.01
GPER female 413+1.13 9.90 +2.42 <0.01
GPER male 4.35+1.60 10.31 £2.99 <0.01
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Discussion

To our knowledge, this is the second study evaluating
serum GPER levels in BD. In the first study by Orhan
et al., increased serum GPER levels were found in
patients with BD compared to the controls, and it was
suggested that GPER might play an essential role in the
pathogenesis of BD [18]. We found decreased GPER
levels in BD compared to the confrols, which does
not support the previous study. Our study compared
the patient and control groups regarding age and
gender, asin the first study examining GPER levels in BD.
In addition, unlike the previous study, we compared
the control group regarding body mass index and
determined smoking as an exclusion criterion. In this
context, matching non-smoking BD patients with the
control group regarding age, sex, and body mass
index will provide sufficient homogeneity. Body mass
index comparison is important since it was reported in
another study that GPER regulates body fat and body
weight [20].

Before the literature data on GPER, studies showed
the critical role of estradiol in psychiatric diseases. It
was believed that ERa and ERB[11] primarily mediated
the benefits of estradiol in the nervous system. With the
increasing data on GPER as a new estrogen receptor,
it has been revealed that it is expressed in the entire
central nervous system and has essential contributions
to estradiol-related neurological benefits [13, 21].
Maintaining vascular functions and the blood-brain
barrier, reducing neuroinflammation, mediating the
increase of neurofrophic factors, and inhibiting the
pathways that cause apoptosis can be counted as
some ofthese benefits [11]. Asone of the mostimportant
pieces of evidence for this, it was reported in the study
by Alexander et al. that activating the GPER agonist
G1 improves cognitive functions, including memory
and learning [22]. G15, the selective antagonist of
GPER, has been shown to inhibit the antidepressant
effects of G1 in a animal study [23]. Another study by
Xu et al. reported that G1 reduced the signal of the
serofonin receptor in the paraventricular nucleus in
the hypothalamus, supporting the idea that GPER may
play an essential role in mood disorders[24].

GPER is required in E2-induced changes in
desensitization at the serotonin 1A receptor, which
is essential for antidepressant therapy. It has been
suggested that GPER may enhance the therapeutic
effect of anfidepressants [25]. A study conducted
with ovariectomized rodents reported that long-term
freatment with G1 caused an antidepressant-like
impact by increasing the phosphorylation of trkB, ERK,
and Akt receptors in the brain [26]. To our knowledge,
there are no studies of GPER or G1 in animal models
of BD. We found decreased GPER levels in euthymic
BD patients compared to the control group. However,
a previous human study stated that increased
GPER levels might be an essential biomarker [18].
The depressive phase of BD is a complex treatment
process, as antidepressant drugs can cause a manic
shift. In this context, we believe that further studies
should be conducted on the effectiveness of G1in the
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depressive period of bipolar disorder, which is the data
in the literature on antidepressant efficacy.

A rat study conducted in the contfext of elucidating
the hippocampal functions of GPER showed that the
binding of the antagonist weakened the reference
memory to GPER. In contrast, the binding of the agonist
strengthened the reference memory. Thus, activation
of GPER affects cognitive functions [27]. Another
animal study showed that estradiol improved social
learning, and this process was accelerated because
of GPER activation [28]. It is known that patients with
BD experience cognitive impairments due to recurrent
mood attacks [29]. The patients included in our
study showed relative chronicity and had recurrent
episodes. The decreased GPER levels we obtained
in the patient group compared fo the confrols may
explain the cognitive impairments seen in BD, even if
the mood attack is over.

In this study, we applied strict protocols during the
blood collection period, such as tfaking fasfing
blood at certain times of the day, and non-smoker
patients were compared for gender, age, and body
mass index; However, the significant limitations of
our study should not be ignored when evaluafing
the decreased GPER levels we obtfained. The most
important of these limitations is the small sample size.
For this reason, another sufficiently strong study needs
to be done. Secondly, because it was the venous
blood samples we collected, they may be affected
by the blood-brain barrier and may not represent
values in the central nervous system. Thirdly, since
it is a study conducted only in euthymic patients, it
does not provide information about different disease
periods or establish a causal relationship. Finally, the
patients participating in our study continued their
current medical treatment, which can be considered
an important confounding factor.

In conclusion, our study found decreased GPER levels
in non-smoking BD patients compared to healthy
controls matched for age, sex, and body mass index.
Our results should be considered preliminary and
should be repeated in more homogeneous groups
with larger samples. In addition, we believe that further
studies should be conducted on the therapeutic
efficacy of G1 in depressive bipolar patients.

Author Contributions

Conception: O.H, Data Collection and Processing:
OH.OFU., Design: O.H, OFU, Supervision: EBK., Analysis
and Interpretation: NO, EBK, Literature Review:
OH,OFU, Writer: O.H, OFU, Critical Review: O.H,O.F.U,
E.B.K, N.O

References

1.Diflorio, A. and I. Jones, Is sex importante Gender differences in
bipolar disorder. International review of psychiatry, 2010. 22(5): p. 437-
452.

2.Gogos, A., et al., Sex differences in schizophrenia, bipolar disorder,
and post-fraumatic stress disorder: Are gonadal hormones the link?
British Journal of Pharmacology, 2019. 176(21): p. 4119-4135.

3.Meinhard, N., L.V. Kessing, and M. Vinberg, The role of estrogen in



Decreased GPER Bipolar Disorder - Hursitoglu et al.

Genel Tip Dergisi

bipolar disorder, a review. Nordic Journal of Psychiatry, 2014. 68(2):
p.81-87.

4.Munk-Olsen, T., et al., New parents and mental disorders: a
population-based register study. Jama, 2006. 296(21): p. 2582-2589.

5.Payne, J.L., The role of estrogen in mood disorders in women.
International Review of Psychiatry, 2003. 15(3): p. 280-290.

6.Douma, S., et al., Estrogen-related mood disorders: reproductive life
cycle factors. Advances in Nursing Science, 2005. 28(4): p. 364-375.

7.liang, J. and Y. Shang, Estrogen and cancer. Annual review of
physiology, 2013. 75: p. 225-240.

8.Carroll, JS. and M. Brown, Estrogen receptor target gene: an
evolving concept. Molecular Endocrinology, 2006. 20(8): p. 1707-1714.

9.Edwards, D.P., Regulatfion of signal transduction pathways by
estrogen and progesterone. Annu. Rev. Physiol., 2005. 67: p. 335-376.

10.Shi, H., S.P.D.S. Kumar, and X. Liu, G protein-coupled estrogen
receptor in energy homeostasis and obesity pathogenesis. Progress
in Molecular Biology and Translational Science, 2013. 114: p. 193-250.

11.Roque, C., et al., The role of G protein-coupled estrogen receptor
1 on neurological disorders. Frontiers in Neuroendocrinology, 2019. 55:
p. 100786.

12.Hazell, G.G., et al., Localisation of GPR30, a novel G protein-coupled
oestrogen receptor, suggests multiple functions in rodent brain and
peripheral tissues. The Journal of endocrinology, 2009. 202(2): p. 223.

13.Dun, S.L., et al., Expression of estrogen receptor GPR30 in the
rat spinal cord and in autfonomic and sensory ganglia. Journal of
neuroscience research, 2009. 87(7): p. 1610-1619.

14.Hwang, W.J., et al., The role of estrogen receptors and their
signaling across psychiatric disorders. International journal of molecular
sciences, 2020. 22(1): p. 373.

15.Einaft, H., et al., Protein kinase C inhibifion by famoxifen antagonizes
manic-like behavior in rats: implications for the development of novel
therapeutics for bipolar disorder. Neuropsychobiology, 2007. 55(3-4):
p. 123-131.

16.Graae, L., R. Karlsson, and S. Paddock, Significant association
of estrogen receptor binding site variation with bipolar disorder in
females. PLoS One, 2012. 7(2): p. €32304.

17.Diacs, R.S., et al., Longitudinal follow-up of bipolar disorder in women
with premenstrual exacerbation: findings from STEP-BD. American
Journal of Psychiatry, 2011. 168(4): p. 386-394.

18.0rhan, F.O., et al., Serum levels of GPER-1 in euthymic bipolar
patients. Neuropsychiatric Disease and Treatment, 2018: p. 855-862.

19.Hursitoglu, O., et al., Evaluation serum levels of g protfein-
coupled estrogen receptor and its diagnostic value in patients with
schizophrenia. memory, 2020. 33: p. 34.

20.Davis, K.E., et al., Sexually dimorphic role of G protein-coupled
estrogen receptor (GPER) in modulating energy homeostasis.
Hormones and behavior, 2014. 66(1): p. 196-207.

21.Brailoiu, E., et al., Distribution and characterization of estrogen
receptor G protein-coupled receptor 30 in the rat central nervous
system. Journal of endocrinology, 2007. 193(2): p. 311.

22.Alexander, A., A.J. Irving, and J. Harvey, Emerging roles for the novel
estrogen-sensing receptor GPER1 in the CNS. Neuropharmacology,
2017.113: p. 652-660.

23.Dennis, MK., et al., In vivo effects of a GPR30 antagonist. Nature
chemical biology, 2009. 5(6): p. 421-427.

24.Xu, H., et al., Extra-nuclear estrogen receptor GPR30 regulates
serotonin function in rat hypothalamus. Neuroscience, 2009. 158(4):
p. 1599-1607.

25.McAliister, C.E., et al.,, GPR30 is necessary for estradiol-induced
desensitization of 5-HT1A receptor signaling in the paraventricular
nucleus of the rat hypothalamus. Psychoneuroendocrinology, 2012.
37(8): p. 1248-1260.

429

26.Benmansour, S., et al., Effects of long-term treatment with estradiol
and estrogen receptor subtype agonists on serotonergic function in
ovariectomized rats. Neuroendocrinology, 2016. 103(3-4): p. 269-281.

27.Lu, C.L. and C. Herndon, New roles for neuronal estrogen receptors.
Neurogastroenterology & Mofility, 2017. 29(7): p. e13121.

28.Ervin, KS.J., et al., Activation of the G protein-coupled estrogen
receptor, but not estrogen receptor a or B, rapidly enhances social
learning. Psychoneuroendocrinology, 2015. 58: p. 51-66.

29.Van Rheenen, T.E., ef al., Current understandings of the trajectory
and emerging correlates of cognitive impairment in bipolar disorder:
An overview of evidence. Bipolar disorders, 2020. 22(1): p. 13-27.



