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Abstract
Background: Adiponectin is one of the most important adipokines secreted from fatty 
tissue that has a direct inhibitory effect on the development of cancer cells. Adiponectin 
plays an important role in human reproduction system and fertility of women. Adi-
ponectin concentration decreases in women with endometriosis and endometrial can-
cer. The aim of the present study was to investigate the effect of adiponectin on human 
endometrial stromal cell (HESC) viability as well as mRNA expression of Adipo R1 
and Adipo R2 receptors. 

Materials and Methods: In this experimental study, eight endometrial biopsies were 
taken and stromal cells were separated by enzymatic digestion and cell filtrations. Stro-
mal cells of each biopsy were divided into four groups: control, 10, 100, and 200 ng/ml 
adiponectin concentrations. The effect of adiponectin on viability of the normal HESCs 
was studied by trypan blue staining and the relative  expression levels of  Adipo R1 and 
R2 were analyzed by semi-quantitative reverse transcription polymerase chain reaction 
(RT-PCR). Data were analyzed by one way ANOVA and unpaired student’s  t test and 
p<0.05 was considered significant. 

Results: Adiponectin decreased viability of normal human endometrial stromal cells in 
a dose and time dependent manner. Expression of Adipo R1 and Adipo R2 receptors did 
not change in the presence of adiponectin. 

Conclusion: Adiponectin can directly influence the viability of HESCs and decrease 
their viability, but it didn’t change expression of adiponectin receptors. 
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Introduction

Adiponectin is one of the most important 
members of adipokine family which is widely 
synthesized and secreted by fatty tissue. Various 
roles have been identified for adiponectin such 
as regulation of glucose level and lipids homeo-
stasis. Furthermore, adiponectin plays a pivotal 
role in reproductive system (1, 2). Adiponectin 
is abundantly present in the blood stream and 

its concentration in human plasma is 5-30 μg/
ml which comprises 0.01% of all proteins in the 
plasma (3).

Decreasing adiponectin of plasma is indicative 
of obesity and diabetes (4). Also, various stud-
ies have demonstrated that decreasing adiponec-
tin plasma level is linked to increasing the risk of 
several type of cancer, including breast cancer (5), 
colorectal (6), prostate (7), and digestive system 
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(8). Adiponectin binds to receptors, known as 
Adipo R1 and Adipo R2 (9). These receptors 
contain seven transmembrane domains but dif-
fer from G-protein coupled receptors structural-
ly and functionally. The tendency of adiponec-
tin receptors to bind to adiponectin isoforms as 
well as tissue distribution of these receptors are 
different (10).

In mice, Adipo R1 exists in different organs 
such as skeletal muscle, lung, and spleen; 
whereas Adipo R2 is mainly expressed in liver 
(11). In human, Adipo R1 and Adipo R2 are ex-
pressed in islets of Langerhans, macrophages, 
adipocytes, and vascular smooth muscles (12- 
14).

Various data have indicated that adiponectin 
is influential in female fertility and plays an 
important role in female reproductive system. 
Study has indicated that serum adiponectin lev-
el decreases in women with endometriosis (15) 
and endometrial cancer (16). Also, adiponectin 
level in peritoneal fluid of endometriosis pa-
tients decreased dramatically in advanced en-
dometriosis (17).

In histopathological studies of endometriosis 
tissues, stromal cells and glands are abundant-
ly present, but changes of endometrial stromal 
cells are much more than those of endometrio-
sis identifying glands and there is the possibil-
ity of the presence of gland-free stromal cells in 
endometriosis tissue (18). HESCs play pivotal 
role in female reproductive biology and there is 
no report on the effect of adiponectin on these 
cells. The aim of the present study was to ex-
amine the effect of adiponectin on human endo-
metrial stromal cells and in vitro mRNA expres-
sion of adiponectin receptors.

Materials and Methods

Samples

In this experimental study, endometrial tis-
sues were taken from women aged 25-35 who 
had no record of hormonal treatment for three 
months before surgery and had undergone hys-
terectomy surgery or biopsy diagnosis for in-
fertility management and reasons other than en-
dometrial malignancies such as myoma. Eight 
samples of normal endometrium in the secre-

tory phase were taken. The Ethics Committee 
of Kermanshah University of Medical Sciences 
and Tehran Science and Research Branch of 
Islamic Azad University accepted the work on 
human endometrial tissue in this study and all 
patients signed informed consents. 

Separation and culture of human endometrial 
stromal cells

Stromal cells were separated from endome-
trial tissue according to previous work (19, 20). 
Each endometrial sample was prepared in ster-
ile condition and was washed with PBS solu-
tion containing 1% antibiotic/antimycotic, and 
then was chopped mechanically. The sample 
was incubated with collagenase type I solution 
(2 mg/ml in DMEM/F12) (Sigma, Germany) for 
60-90 minutes. The cell suspension was passed 
through 70 and 40 μm cell strainers (BD falcon, 
USA) respectively, centrifuged for 15 minutes 
(2500 rpm) and DMEM/F12 (Gibco, Germany) 
was added to the cell pellet. Then the suspen-
sion was layered on ficoll (Amersham, Swe-
den) and was centrifuged for 30 minutes (1500  
rpm). The stromal cells were collected and were 
washed with PBS and were cultured in DMEM/
F12 containing 10% fetal bovine serum (FBS) 
(Gibco, Belgium), 0.1 mg/ml streptomycin, and 
100UI/ml penicillin. The cultures were incubat-
ed in a humidified atmosphere of 95% air and 
5% CO2 at 37˚C. After seven days, cell density 
reached confluency and 1×105 cells were trans-
ferred to each well of 24-well culture plate.

Cell treatment

To add adiponectin (high molecular weight, 
R&D System Minneapolis, MN USA) to stro-
mal cells, the media was removed and cells were 
washed with PBS and incubated with serum-free 
media overnight and then were treated with adi-
ponectin at 0, 10, 100, and 200 ng/ml in 24, 48, 
and 72 hours for each dose (21).

Evaluation of cells viability
To analyze the viability of cells, we used trypan 

blue staining. The stained and non-stained cells 
were counted by hemocytometer and the percent-
age of the cells viability was calculated by divid-
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ing the number of non-stained cells by total num-
ber of cells multiplied by 100 (22).

Reverse transcription polymerase chain reaction 
(RT-PCR) 

Total RNA was extracted from stromal cells 
in control group and adiponectin group (100 
ng/ml for 48 hours) using RNA purification kit 
(Jena Bioscience, GmbH, Germany). Total RNA 
(≥1μg) was used to synthesize complementary 
DNA (cDNA) in a 20 μl reaction by AccuPow-
er® RocketScriptTM RT PreMix kit (BIONEER, 
Korea) and oligo(dT). The PCR was performed 
using PCR PreMix kit (BIONEER, Korea) ac-
cording to the manufacturer’s instructions. 
Cycle conditions were as follows: initial dena-
turation at 94˚C for 10minutes; followed by 35 
cycles of  denaturation at 94˚C for 60 seconds, 
annealing at 58˚C (GAPDH) and 62˚C) Adipo 
R1 and Adipo R2 (for 60 seconds and extension 
at 72˚C for 60 seconds, with a final extension at 
72˚C for 10 minutes (Table 1). Since less than 35 
cycles produced PCR products at low intensity, 
the PCR reactions were thought to be still in the 
exponential phase. Experiments were performed 

in triplicate to ensure reproducibility. 

Semi-quantitative reverse transcription–poly-
merase chain reaction analysis

The expression of target genes was quantified 
against the internal reference gene (GAPDH). Prod-
ucts were electrophoresed on a 1.5% agarose gel. 
Gels were stained with ethidium bromide (10 µg/
mL) and photographed on an ultraviolet transillumi-
nator (UVIdoc; Uvitec, Cambridge, UK). Gel imag-
es were analyzed using the UN-SCAN-IT program. 
Semi-quantitative RT-PCR values were presented 
as a ratio of the density of Adipo R1 and  Adipo 
R2 bands divided by density of GAPDH bands. RT-
PCR was performed as three individual replicates.

Statistical analysis
Data are reported as means ± SEM and statistical 

analysis was done by SPSS (version 16) using one 
way analysis of variance (ANOVA) followed by 
tukey test. The significance of differences in ex-
pression of mRNA between two groups was deter-
mined using the unpaired Student’s t test. P<0.05 
was considered significant. 

Table 1: Characteristics of the primers used for target genes and internal control
RT-PCR 
product size (bp)

Annealing 
temperature (˚C)

Primer sequences (5′-3′)Gene

22458Forward   CCAGGTGGTCTCCTCTGACTTCAAC 
Reverse    AGGGTCTCTCTCTTCCTCTTGTGTGCTC

GAPDH

28862Forward      AAACTGGCAACATCTGGACC
Reverse       GCTGTGGGGAGCAGTAGAAG 

Adipo R1

30062Forward   ACAGGCAACATTTGGACACA 
Reverse     CCAAGGAACAAAACTTCCCA

Adipo R2

Results

Effect of Adiponectin on the viability of human 
endometrial stromal cells

Human endometrial stromal cells were treated 
with adiponectin (10. 100, and 200 ng/ml) for 24, 
48, and 72 hours. Treatment with adiponectin de-
creased the viability of stromal cells depending on 
dose and time (Fig 1). 100 and 200 ng/ml doses in 

all of the experiment times indicated a significant 
difference compared to control group, so cell vi-
ability in adiponectin (200 ng/ml) was 76.3% after 
72 hours (p<0.001) (Fig 2). Adiponectin (10 ng/
ml) showed significant difference only in 48 and 72 
hours in comparison with control group (p<0.001).

Equal numbers of cells were incubated for 48 
hours with various concentrations of 10 ng/ml (B), 
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100 ng/ml (C), and 200 ng/ml (D) adiponectin. As 
it is indicated, treatment with higher concentra-
tions of adiponectin has resulted in a significant 
decrease in cells viability in comparison with the 
control group (A).

Equal numbers of cells were exposed to adi-
ponectin (10, 100, and 200 ng/ml) for 24, 48, 
and 72 hours and cells viability was examined 
by trypan blue staining method. Adiponectin de-
creased cell viability depending on dose and time 
and caused cell death. Columns marked with aster-
isk indicate the significant difference compared to 
control group (p<0.001).

Fig 1: Morphology of normal human endometrial stro-
mal cells in the presence of adiponectin: Control group: 
(A ×100), 10 ng/ml group: (B ×100), 100 ng/ml group: (C 
×100), 200 ng/ml group: (D ×100). 
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Fig 2: Effect of Adiponectin on viability of normal human 
endometrial stromal cell. Equal numbers of cells were ex-
posed to adiponectin (10, 100, and 200 ng/ml) for 24, 48, 
and 72 hours and cells viability was examined by trypan 
blue staining method. Adiponectin decreased cell viability 
depending on dose and time and caused cell death. Columns 
marked with asterisk indicate the significant difference com-
pared to control group (p<0.001).

Expression of mRNA AdipoR1 and AdipoR2 in
normal human endometrial stromal cells

In this study, expression of  Adipo R1 and Adipo 
R2 in normal human endometrial stromal cells in 
the secretory phase in the presence and absence of 
Adiponectin was demonstrated by semi-quantita-
tive RT-PCR analysis (Fig 3). The results revealed 
that expression of Adipo R1 and Adipo R2 mRNA 
in control group (without Adiponectin) and treat-
ment group (100 ng/ml adiponectin) for 48 hours 
did not indicate significant difference (p>0.05).
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Fig 3: Expression of Adipo R1 and Adipo R2 in normal hu-
man endometrial stromal cells with and without Adiponectin 
in the secretory phase was demonstrated by semi-quantita-
tive RT-PCR analysis. Expression of Adipo R1 and Adipo 
R2 mRNA in control group and treatment group (100 ng/ml 
adiponectin) did not indicate significant difference (p>0.05).

Discussion

In our study, the in vitro effect of adiponectin 
on viability of normal HESCs and expression of  
Adipo R1 and Adipo R2 receptors was examined. 
The findings indicated that adiponectin depending 
on dose and time decreased the viability of HESCs 
significantly. This finding,  confirms the findings 
reported by Cong et al. which regard to the inhibi-
tory effect of adiponectin on the endometrial car-
cinoma cell lines (HEC-1-A and RL95-2) in the 
culture (23) as well as anti-proliferative effects on 
trophoblast cells and trophoblast cell lines (JEG-3 
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and BeWO) and decreasing their numbers in the 
culture (21).

The effects of adiponectin on cell death and 
decreasing stromal cells count, in this study, was 
observed with concentrations much lower than 
normal level which is normally circulating in hu-
man blood serum (24, 25). Furthermore, the ob-
tained results in this study are compatible with 
the findings of previous research regarding the 
decreasing impact of adiponectin on the viability 
of various cancer cells such as breast cancer cell 
line (MCF7), prostate, endothelial cancer and bone 
cells (26-29).

Lower level of adiponectin is an independ-
ent risk factor in the incidence of infertility and 
reproduction and different genital cancers in 
epidemiological studies. The direct and indirect 
mechanisms that influence this phenomenon are 
not still well-known (30). However, it seems that 
adiponectin exerts its biological effects through 
two receptors named Adipo R1 and Adipo R2. 
Takemura et al. in 2006 showed the expression 
of two receptors of adiponectin in the epithelial 
and endometrial stromal cells of endometrial tis-
sue (31). The presence of these two receptors in 
various normal tissues and cancer cells has been 
confirmed (32-34).

In the present study, the expression of  Adipo R1 
and Adipo R2 mRNA in the absence of adiponec-
tin as well as presence of 100 ng/ml adiponectin 
in normal stromal cells was analyzed. Expression 
of these two receptors in these cells was observed 
which confirms the findings of previous studies in 
which the presence of these receptors in endome-
trial stromal cells in both secretory and prolifera-
tive phases was demonstrated (31). However, the 
results of our study revealed that adiponectin did 
not have significant effect on the expression of  
Adipo R1 and Adipo R2 receptors.

In another study, the expression of Adipo R1 and  
Adipo R2 receptors in human normal endometrial 
and endometrial cancerous tissue in the presence 
of adiponectin (in vitro) was investigated. The 
findings showed that adiponectin decreased cell 
proliferation in human endometrial cancerous tis-
sue via adiponectin receptors and the level of Ad-
ipo R1 expression was higher than that of Adipo 
R2 but the level of expression of receptors in can-
cerous tissue did not indicate significant difference 

compared to normal non-cancerous tissue (30). 
The recent research has indicated that expression 
of  Adipo R1 in breast cancer cells (32) and human 
endometrial cancerous tissue (23) is higher than 
that of Adipo R2. 

These findings are compatible with the results 
of our study. The reason for this could be be-
cause of adiponectin binding to Adipo R1 and  
Adipo R2 receptors and the ability of these recep-
tors in activating ligand-dependent AMP-activated 
protein kinase (AMPK). Activation of AMPK re-
sults in decreasing cell proliferation and increasing 
the number of inhibited cells in G1/G0 phase and 
consequently inducing cell death (35).

Conclusion

Adiponectin  inhibit  endometrial stromal cell  
proliferation in dose and time dependant manner, 
and cause cell death. It can suggest as anti-endo-
metriosis agent.

For further studies on the effect of adiponectin in 
inhibition of progressive development and prolif-
eration of endometriotic cells, endometrial stromal 
cells of endometriosis patients should be used and 
the function and expression of its receptors in the 
development of the disease must be investigated.
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