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Objective: The facts that depression is more prevalent in females than in males and females are exposed to depression more
commonly during certain hormonal fluctuating periods indicate the role of sex hormones in physiopathology. Estrogen acts over
estrogen receptors alpha and beta and recently identified G protein-coupled estrogen receptor 1 (GPER1). The present study
aimed, for the first time, to evaluate serum GPER1 levels in drug-naïve major depressive disorder (MDD) patients.
Methods: The study included 56 newly diagnosed drug-naïve MDD patients aged between 18 and 50 years and 42 age- and
gender-matched healthy volunteers. Medical history was obtained and physical examinations, laboratory tests, and the Hamilton
Depression Rating Scale (HAM-D), Hamilton Anxiety Rating Scale (HAM-A) were performed. The serum GPER1 levels were
measured.
Results: The HAM-D score was significantly higher in the MDD patients than in the controls. The GPER1 level was significantly
higher in the MDD patients than in the controls. A positive correlation was found with GPER1 levels and depression scores.
The receiver operating characteristic analysis revealed sensitivity, specificity, positive predictive value, and negative predictive
value as 82.1%, 90.5%, 92.0%, and 79.2%, respectively, for the presence of depression, when the serum GPER1 value was ≥0.16.
Conclusion: This study demonstrated significantly higher serum GPER1 levels in the MDD patients than in the controls, a positive
correlation was found between GPER1 levels and depression scores and serum GPER1 level was valuable in predicting the
presence of depression.
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INTRODUCTION

dicate the importance of sex hormones in physiopa3-5)
thology. It has been demonstrated that estrogen is involved in cycle-dependent mood disorders, such as premenstrual syndrome or postpartum and menopausal de6,7)
pressive disorders and that estrogen has a wide range of
interactions with neuronal signaling.8)
Estrogen exerts its effects through two different classes
of receptors, which are the nuclear receptors (estrogen receptor alpha [ER] and estrogen receptor beta [ER]),
and the membrane-bound G protein-coupled receptor(s).9)
Studies on G protein-coupled receptor, which has been recently discovered and called as GPR30, have demonstrated that this intracellular and transmembrane receptor
acts in rapid, non-genomic estrogen signaling. It has later
been called as G protein-coupled estrogen receptor 1
(GPER1).9) In certain cases, co-expression of ER, ER,
and GPER1 suggests an interaction between these
receptors.9) In a study, an increase in anxiety symptoms

Major depressive disorder (MDD) is among the common and important mental health problems. The lifetime
prevalence of MDD is estimated to be 1.5-19.0% (median,
9.4%).1) It is known that female sex hormones like estrogen and progesterone affect emotions and cognitions and
lead females to differently response to stress as compared
with males.2) The facts that depression, which is one of the
stress-related disorders, is more prevalent in females than
in males and females are exposed to depression more commonly during certain hormonal fluctuating periods inReceived: September 7, 2016 / Revised: October 13, 2016
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has been reported in ER knockout mice together with increases in amygdala response and 5-hydroxytryptamine
1A receptor expression,10) suggesting the role of estrogen
receptors in the regulation of serotonin and the importance
of estrogen in emotional processing. Information on the
action mechanism of GPER1 is based on in vitro studies or
experimental animal studies; nevertheless, its mechanism
of action has not been clarified yet.11,12) Recently, GPER1
has been reported to have a role in estradiol-mediated ef13)
fects on mood in a mouse model of depression. Additionally, in a recent study, GPER1 has been reported to have
a potential to mediate the effects of anxiogenic estradiol in
14)
both male and female mice.
The diagnosis of MDD is made with subjective criterias
according to Diagnostic and Statistical Manual of Mental
Disorders, fourth edition (DSM-IV) or fifth edition
(DSMV). The objective markers are yet had not identified
for the diagnosis of psychiatric diseases. The diagnostic
value of peripheral biomarkers is more important than other biomarkers because their collection and use is easy and
suitable in clinical practice. Previously a groving body of
15,16)
research determined inflamation
oxidative parame17,18)
ters
and etc. as biomarkers in MDD and anxiety
disorders. Estrogen receptors have been identified in polymorphonuclear and mononuclear leukocytes isolated
from peripheral blood and blood vessel endothelium of
both men and women.19,20) GPER1 is widely expressed in
the human body, both in normal and pathological tissues.
It is localized in the cell membrane as well as in intracellular membranes.21,22) Antibodies against various subcellular marker proteins can be used to determine the intracellular localization of GPER1 in native cells.22)
In our previous and first human serum study (with a serum specific kit) we determined significantly higher serum GPER1 levels in generalized anxiety disorder patients than in the controls, a positive correlation between
GPER1 levels and anxiety scores and serum GPER1 level
was valuable in predicting the presence of generalized
anxiety disorder.23)
Although estrogen has an important role in mood
through GPER1, to the best of our knowledge, there is no
study investigating serum GPER1 levels and its diagnostic value in MDD in humans. Therefore, the present
study aimed to assess serum GPER1 levels in drug-naïve
patients with MDD.

METHODS
Patients
The present study included 56 patients aged between 18
and 50 years who were newly diagnosed with MDD according to DSM-IV at their first admission. All patients
were drug-naïve. The control group consisted of age- and
gender-matched 42 healthy volunteers. All participants
were assessed by a trained clinical psychiatrist. The study
protocol was approved by the Scientific Research Ethics
Committee of Kahramanmaraş Sütçü Imam University
and a detailed signed informed consent was obtained from
each patient and control subject. The investigation was
carried out in accordance with the latest version of the
Declaration of Helsinki.
Exclusion criteria were being pregnant or postmenopausal, having irregular menstrual cycle (anovulatory cycle), receiving hormone replacement therapy (e.g., oral
contraceptives), having endocrine disorders (diabetes
mellitus, impaired levels of thyroid stimulating hormone
[TSH]), receiving drugs known to influence prolactin level (e.g., metoclopramide, somatostatin uptake inhibitors,
calcium channel blockers, histamine-2 receptor antagonists), being an alcohol and/or substance addict, and having a psychiatric disorder other than MDD or a concomitant physical disease.
Demographic data and medical history of the patients
and control subjects were recorded. Their physical examination and required laboratory analyses were performed.
The Hamilton Depression Rating Scale (HAM-D) and
Hamilton Anxiety Rating Scale (HAM-A) were used in all
patients and control subjects.
Laboratory Measurements
Blood sample of each study subject were collected between 8.00 am and 11.00 am and transferred to the
Department of Biochemistry for the analyses. The measurements of fasting blood glucose (FBG), TSH, estradiol
and prolactin were performed by standard laboratory
methods using an automatic analyzer (Adams HA-8160,
ADVIA Centaur XP Immunoassay System; Siemens,
Dublin, Ireland). TSH, estradiol and prolactin levels analysed with raddioimmunoassay method. The subjects with
normal levels according to sex and age of FBG,TSH and
prolactin included the study.
For the analysis of GPER1, fasting venous blood samples (10 ml) from the patients and healthy controls were
collected into tubes without anticoagulant. The collected
blood samples were centrifuged at 5,000 g for 10 minutes

GPER1 Levels in Serum of Patients with Major Depression 339

at 4°C. The serum samples were separated from the clotted blood and then stored in acid-washed tubes at −20oC
until analyses. The serum levels of GPER1 were measured
by a quantitative sandwich enzyme immunoassay technique (ELISA) using a commercial kit (SEG045Hu;
Cloud-Clone Corp., Houston, TX, USA) according to the
manufacturer’s instruction.
Statistical Analysis
The Statistical Package for the Social Sciences for
Windows (version 16; SPSS Inc., Chicago, IL, USA) was
used for data analysis. Descriptive statistics were performed. The patient and control groups were compared by
chi-square test for categorical variables. Spearman’s correlation analysis was performed to assess the correlation
between GPER1 levels and HAM-D scores. A p value less
than 0.05 was considered statistically significant. A receiver operating characteristic (ROC) curve was plotted to
obtain a cut-off value of GPER1 for predicting the presence of depression.

HAM-D score (r=0.586, p＜0.001).
The ROC analysis revealed that GPER1 had a predictive value for the presence of depression (area under
the curve [AUC], 0.92; 95% confidence interval [CI],
0.87-0.98; p＜0.001). When the GPER1 value was ≥0.16,
the sensitivity, specificity, positive predictive value, and
negative predictive value for the presence of depression
were 82.1%, 90.5%, 92.0%, and 79.2%, respectively (Fig.
2). The GPER1 level was under the cut-off point in all subjects in the control group.

DISCUSSION
The main outcome of the present study was that the serum GPER1 level was significantly higher in the patients
with MDD than in the controls. A positive correlation was

Table 2. Hamilton Depression scores and GPER1 and estradiol
levels of patients with MDD and healthy controls
MDD group
(n=56)

RESULTS
In the present study, 56 patients diagnosed with MDD
(MDD group) and 42 healthy controls (control group)
were included. There was no difference between the two
groups in terms of age and gender (Table 1). HAM-A
scores were ＜17 in patient and control groups.
The HAM-D score of the MDD group were significantly higher than that of the control group. The serum
GPER1 levels were significantly higher in the MDD
group than in the control group (Table 2, Fig. 1). The levels of TSH (1.20±[1-1.85]; 1.60±[1-2] mIU/L), estradiol
(99.2±12.3; 149.2±26.1 pg/ml) and prolactin (10.11±
4.52; 11.97±5.54 ng/ml) levels were in normal range in
patient and control group respectively (p＞0.05 in all).
According to Spearman’s correlation analysis, there was a
positive significant correlation between GPER1 level and

HAM-D score
GPER1 (ng/ml)
Male
Female
Estradiol (pg/ml)
Male
Female

Control group
(n=42)

18±4.1
7±3.68
0.28 (0.19-0.38) 0.11 (0.07-0.13)
0.30 (0.26-0.40) 0.11 (0.07-0.13)
0.27 (0.14-0.37) 0.11 (0.07-0.14)
99.2 (12.3)
149.2 (26.1)
55.30 (2.98)
43.30 (7.89)
127.5 (18.75)
224.15 (594.88)

p value

＜0.001
＜0.001
＜0.001
＜0.001
0.430
0.630
0.850

Values are presented as mean±standard deviation, median
(interquartile range), or mean (standard error of mean).
GPER1, serum G protein-coupled estrogen receptor 1; MDD, major
depressive disorder; HAM-D, the Hamilton Depression Rating Scale.
Ham-D scores and GPER-1 levels were statistically different
between groups; p＜0.001. There was no difference between
groups in term of estradiol levels.

Table 1. Demographic characteristics of the patients with MDD
and healthy control subjects
Characteristic
Age (yr)
Gender
Male
Female

MDD group
(n=56)

Control group
(n=42)

p value

33.5±11.23

36.57±9.86

0.162

22 (39.3)
34 (60.7)

18 (42.9)
24 (57.1)

0.722

Values are presented as mean±standard deviation or number (%).
MDD, major depressive disorder.
We didn’t find any difference between groups in terms of gender
and age.

Fig. 1. Serum G protein-coupled estrogen receptor 1 (GPER1)
levels of the major depressive disorder (MDD) and control groups.
Mean±standard error of mean: 0.28±0.02 for MDD group; 0.11±
0.01 for control group.
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Fig. 2. Receiver operating characteristic (ROC) curve for serum G
protein-coupled receptor 1 (GPER1).
Area under curve (AUC) was 0.92 for GPER-1. Cut-off point was
detected as 0.16 ng/ml.
This curve combines the information of the true positive rate and
the true negative rate, and the AUC is a measure of the overall
discriminative power of GPER1.

found between GPER1 serum levels and depression
scores. Furthermore, we found a good diagnostic value for
increased GPER1 activity.
Estrogen is known to have favorable effects on neurological system such as increasing neuronal connectivity
and improving cognitive performance.24) The amygdala,
the hippocampus, and some non-mesial temporal structures have a central role in mood regulation and these
structures are continuously sensitive to fluctuations in the
25)
sex hormone levels like estrogen. Estrogen has facilitating effect on various neurotransmitter systems, which regulates mood and affect, and data on this issue are gradually
26,27)
increasing.
The serotoninergic system is particularly
related to mood.28-32) The factors increasing the serotonergic and noradrenergic transmission have also been suggested to have efficacy in the treatment of depression in
the peri- and post-menopausal periods.33-35)
It has been reported that favorable effect of estrogen on
mood is associated with ER signaling and that estrogen
leads to a decrease in glucocorticoid activity via ER and
has antidepressant activity.4) In an investigation it was
suggested that women with the AA alleles of ER
RS4986938 had the higher prevalence of lifetime major
depression than women with other allele frequencies and
carriers of the AA alleles in ER polymorphism
RS9340799 had increased prevalence of lifetime major
depression only among lifetime post-menopausal hor36)
mone users. Administration of estrogen receptor antagonists to the hippocampus enhances depression. Knowing

the mechanism by which estradiol influences depression
is important in order to improve its therapeutic
potential.37)
There are evidences that GPER1 might have a role in
mood disorders.24,38) In the mouse, for instance, the localization of GPER1 has been reported in a number of nuclei,
including the paraventricular nucleus, hypothalamic nucleus, septal complex nuclei, hippocampal nuclei, and supraoptic nucleus that play a role in emotional control.39)
Increasing knowledge about GPER1 and having information on the expression levels of GPER1 in various
diseases may contribute to the diagnostic and prognostic
approaches and enable to use GPER1 agonist or antagonists in individualized treatment approaches.40) Appropriate doses of estrogen in the treatment of depression in
females during hormonal fluctuating periods suppress cyclic hormonal changes and the mood-enhancing effect of
estrogen improves depression.41) Experimental studies on
animals have suggested that antidepressant-like effect of
estradiol is mediated by ER and GPER1 and that GPER1
might be a new target in the treatment of depression.42,43)
At present, diagnosis of MDD is based on the verbal
declaration of symtoms, clinical behavioral observations,
and mental status examinations that increases the probability of misdiagnosis.There is a serious need to find a
practical biomarker for the proper diagnosis of MDD.
Previous studies found that some biochemical markers
44)
have diagnostic value for MDD. Karlović et al. found a
significant diagnostic value of serum brain-derived neurotrophic factor in diagnosing MDD with ROC analysis.
They found the AUC was 0.892 with a 95% confidence
level. In another study, Fan et al.45) found miRNAs were
up-regulated in peripheral blood mononuclear cells of patients with MDD and by ROC curve analysis, AUC of
these miRNAs was 0.636. They concluded that altered expression of miRNAs in peripheral blood mononuclear
cells might be able to serve as specific biomarker for diagnosis of MDD.45) Furthermore, Camkurt et al.46) denoted
AUC value of 1.0 for malondialdehyde in major depression. Our study illustrates possible implication for estrogen rereceptor activity as an valuable research area for detection of peripheral biomarkers.
There are limited studies about GPER levels in human
with psychiatric diseases. Only in our previous study we
determined significantly higher serum GPER1 levels in
generalized anxiety disorder patients than controls.
Similiarly our present study, in ROC analysis it was found
that the diagnostic value of GPER1 levels for generalized
23)
anxiety disorder was significantly high. It seems anxi-
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ety and depression is separately related with higher
GPER1 levels. It is a question yet whether GPER1 levels
are specific for MDD. So further studies are needed to
clarify this question.
Depression is more prevalent in females than in males.
Female sex hormones estrogen has an important role in
mood through GPER1. According to our hypotesis it is expected to be that GPER1 is more selective biomarker for
depression in female rather than that in men. But, both
male and female MDD group had higher GPER1 levels
than that of each control group. In rat studies there is controversial effect of GPER1 according to sex on mood.
14,47,48)
Some studies show equal effect in both gender
and
the others show gender differences.49) In our previous
study in subgroup analysis, GPER1 levels were significantly increased in patients with anxiety disorder, regardless of gender.20) So it seems that GPER1 levels show
an increase related MDD, independent from sex.
The major limitations of the present study were the small
number of patients, its cross-sectional design, and the lack
of pre- and post-treatment receptor level measurement.
The other limitation was that our patient group was fertile
men and women. But depression also affects non-fertile
males and women. Further studies might include these
groups to clarify the effect of GPER1.
Nevertheless, to our knowledge, there is no study in the
literature assessing the serum GPER1 levels in MDD patients; accordingly, this study has the feature of being the
first study on this issue. The outcome of the present study
is important in terms of providing data for a treatment approach through target receptors in MDD, considering this
approach particularly in refractory cases, and understanding the relationship of estrogen with depressive or
antidepressant effects. Understanding the mechanisms
that regulate the relations between estrogen and depression would contribute to the development of therapeutic
strategies.
The present study demonstrated that the serum GPER1
levels were significantly higher in the patients with MDD
than in the control subjects and have a positive correlation
with depression scores. Moreover, it was observed that
GPER1 level had a good diagnostic value for the presence
of depression. Further studies are needed to clarify the
possible biomarker value of GPER1, in this baseline our
study should be considered as a preliminary study.
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