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1  |  INTRODUC TION

Endometriosis as an enigmatic and often debilitating condition, de-
scribed as the presence of endometrial-like tissues in the uterine 
cavity.1 Endometriosis is the most common cause of chronic pelvic 
pain and infertility in reproductive-aged women and is associated 
with dysmenorrhea, dyspareunia, dyschezia, and dysuria.1 About 10% 
of reproductive-age women and 5%–50% of women with infertility 

experience endometriosis.2 The aetiology of endometriosis, which is 
considered to be multifactorial, remains largely elusive; nevertheless, 
the most well-accepted theory for the pathogenesis of endometriosis 
is Sampson's theory.3 In which, viable endometrial fragments refluxed 
into the peritoneal cavity during menstruation, can implant, develop, 
and invade other tissues of the pelvis.3 Following retrograde menstru-
ation, immune dysfunction has been theorized to facilitate successful 
lesion development after the displacement of endometrial tissue into 
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Abstract
1,25(OH)2D3 has anti-inflammatory and growth inhibitory effects. Our study explored 
the effect of 1,25(OH)2D3 treatment on the expression of monocyte chemotactic 
protein-1 (MCP-1), hepatocyte growth factor (HGF), and insulin-like growth factor-1 
(IGF-1) by peripheral blood mononuclear cells (PBMCs), peritoneal fluid mononuclear 
cells (PFMCs), endometrial stromal cells (ESCs), and its effect on the proliferation of 
PBMCs and PFMCs of patients with endometriosis compared with controls. PBMCs, 
PFMCs, and ESCs were obtained from 10 endometriosis patients and 10 non-
endometriotic individuals. After treating cells with 0.1 μM of 1,25(OH)2D3 for 6, 24, 
and 48 h, the gene and protein expression of mentioned factors were evaluated by 
real-time PCR and ELISA methods, respectively. 1,25(OH)2D3 treatment significantly 
reduced the protein expression of MCP-1, HGF, and IGF-1 in PBMCs and PFMCs of 
endometriotic patients at 48 h (p  < 0.05–<0.01). Also, this treatment significantly 
reduced MCP-1, HGF, and IGF-1 gene and/or protein expression in EESCs and EuESCs 
at 24 and 48 h (p < 0.05–<0.01). 1,25(OH)2D3 treatment also reduced the proliferation 
of PBMCs and PFMCs of endometriotic patients compared with controls (p < 0.01). 
1,25(OH)2D3 can be considered as a potentially effective agent in the prevention and 
treatment of endometriosis along with other therapies.
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ectopic sites.4 Numerous cytokines and growth factors, such as mono-
cyte chemotactic protein-1 (MCP-1),5–7 hepatocyte growth factor 
(HGF),5,8 and insulin-like growth factor-1 (IGF-1)9,10 have been shown 
to be elevated in peritoneal fluid (PF) of women with endometriosis. 
We also recently showed increased MCP-1, HGF, and IGF-1 serum and 
PF levels in endometriotic patients compared with controls.11 MCP-1 
affects endometriosis development by promoting proliferation and 
activating and recruiting mononuclear cells to secrete growth factors 
and cytokines.12,13 HGF as a pleiotropic growth factor, can be involved 
in endometriosis development via its mitogenic, angiogenic, moto-
genic (migration), and morphogenic activities,14 and IGF-1, as another 
growth factor, exerts its effect on endometriosis development by stim-
ulating the growth and preventing apoptosis of endometrial cells.15,16 
Despite decades of research, treatment of endometriosis is currently 
limited to hormonal therapy or surgery which are non-curative and 
frequently lead to endometriosis recurrence after cessation of treat-
ment.17 Thus, recently, there has been an increasing emphasis on 
finding naturally occurring compounds for managing endometriosis. 
One of these compounds which has considerable anti-inflammatory, 
anti-proliferative, and even immunomodulatory effects, is vitamin 
D.18 Studies indicate that vitamin D influences women's reproductive 
health. Ectopic endometrium in endometriotic women, as well as en-
dometriotic stromal cells, were shown to express 1alpha-hydroxylase 
(1α-OHase), which activates 25-hydroxyvitamin D3 (25(OH)D3).19 A 
recent systematic review and meta-analysis showed lower 25(OH)D3 
serum levels in endometriosis women compared with controls. Also, 
a negative correlation between vitamin D levels and the severity of 
endometriosis was observed in that study.20 We also showed lower 
serum and PF levels of 25(OH)D3 in the patients with endometrio-
sis compared with controls.21 Regarding 1,25-dihydroxyvitamin D3 
(1,25(OH)2D3) serum concentration results were controversial.22 The 
genomic pathway responsible for vitamin D activity is regulated by 
vitamin D receptor (VDR), which is expressed in many tissues and nu-
merous tumours.23 Based on Agic et al.'s findings, VDR expression in 
the endometrium of endometriotic women lay between the level seen 
in ovarian cancer and control groups.24 Vitamin D can regulate the en-
tire process of tumorigenesis through mechanisms such as prolifera-
tion, differentiation, apoptosis, migration, invasion, inflammation, and 
oxidative stress,25 and based on findings of a recent systematic review, 
adequate vitamin D levels were associated with a lower risk of ovar-
ian cancer and reduced cancer mortality in the general population.26 
Besides, recent studies pointed to the protective effects of vitamin D 
on endometriotic lesions27,28 and also endometriotic stromal cells.29,30

Considering the importance of MCP-1, HGF, and IGF-1 in the 
development of endometriosis and the inhibitory effect of vitamin 
D on the expression of these factors in other cell types in differ-
ent diseases, we proposed a hypothesis that vitamin D may have an 
inhibitory effect on the development of endometriosis by reducing 
MCP-1, HGF, and IGF-1 expression in peripheral blood mononuclear 
cells (PBMCs), peritoneal fluid mononuclear cells (PFMCs), and endo-
metrial stromal cells (ESCs) of women with endometriosis compared 
with non-endometriotic patients. In this study, for the first time, we 
sought to investigate the effect of the active form of vitamin D on 

the expression of these factors at gene and protein level in PBMCs, 
PFMCs, and ESCs of women with endometriosis compared with 
non-endometriotic patients. Besides, to find the anti-proliferative 
effects of 1,25(OH)2D3, we evaluated the effect of 1,25(OH)2D3 
on the proliferation of PBMCs and PFMCs of patients with and with-
out endometriosis.

2  |  MATERIAL S AND METHODS

2.1  |  Participants

This study included 45 patients admitted to the gynaecology ward 
of Rassoul-Akram hospital. Of these, 30 women with endometriosis 
(stage III-IV) were designated as the experimental group and 15 
women with benign gynaecological diseases and no evidence of 
endometriosis were selected as the control group. All women 
enrolled were at reproductive age (24–45 years old) and were at 
the proliferative phase of the menstrual cycle. None of the included 
patients had pelvic inflammatory disease, adenomyosis, malignancy 
or autoimmune diseases and no patient took immunosuppressive 
and hormonal treatment or vitamin D3 supplement within 6 months 
before surgery. The diagnosis of endometriosis was initially 
evaluated by a clinician during laparoscopy and then confirmed 
by histopathological examination. The extent and severity of 
endometriosis were graded according to the revised American 
Society for Reproductive Medicine (rASRM).31 The study protocol 
was approved by the Ethics Committee of Iran University of Medical 
Sciences (Code: IR.IUMS.REC 1394.26098) and written informed 
consent was obtained from all patients. All methods were performed 
in accordance with the relevant guidelines and regulations.

2.2  |  Sample collection

Peripheral blood samples were collected in ethylenediaminetetraacetic 
acid (EDTA) Falcon tubes under sterile conditions from both groups 
before the administration of general anaesthesia and PF samples 
were collected before any operative manipulation to minimize blood 
contamination.

Ectopic lesions and eutopic endometrial tissues were collected 
from the same participant (endometriotic patient) using laparos-
copy and biopsy curette, respectively. Eutopic endometrium also 
was collected from non-endometriotic women. In the case of vir-
gin patients, only ectopic lesions were collected. Tissue samples 
were immediately placed in Dulbecco's modified Eagle's medium 
(DMEM)-F12 (Gibco) supplemented with 1% penicillin–streptomycin 
(pen-strep) antibiotics (Gibco) and transferred under sterile condi-
tions to the laboratory. For confirmation of endometriosis, a portion 
of the endometrial tissue was sent to the pathological laboratory.

Some samples were missed owning to culture contamination, ob-
taining the undesired cells, inappropriate pathology reports, and low 
peritoneal cell count which were caused by low volume of PF and 
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gross bloody PF. At the end, 10 peripheral blood, 8 PF, 10 eutopic 
and 8 ectopic endometrial tissues from 30 endometriotic patients 
and 10 peripheral blood, 8 PF, and 10 eutopic endometrial tissues 
from 15 non-endometriotic patients were used in this study.

2.3  |  Mononuclear cell culture

Peripheral blood mononuclear cells and PFMCs were separated, re-
spectively, from blood and PF samples using density gradient cen-
trifugation with Ficoll–Hypaque (Sigma-Aldrich). About 1 × 106 cells/
ml of PBMCs and PFMCs were cultured in Roswell Park Memorial 
Institute medium (RPMI-1640; Gibco) supplemented with 5% 
charcoal-stripped foetal bovine serum (CS-FBS; Sigma-Aldrich) and 
1% pen-strep (Gibco).

2.4  |  ESC isolation procedure and cell 
culture conditions

Isolation, culture, and purification of ESCs were explained earlier.32 
Briefly, endometrial tissues obtained from patients and controls were 
cut into 1 mm3 pieces and digested in DMEM-F12 (Gibco) containing 
penicillin (100 U/ml) and streptomycin (100 μg/ml; Gibco), collagenase 
type I (2  mg/ml; Sigma-Aldrich) and deoxynuclease I (300 μg/ml; 
Takara) in a humidified 5% CO2 at 37°C for 2 h with intermittent 
vortexing every 15 min. Following the removal of the undigested 
tissue using 100 μm mesh (BD Biosciences), cells were cultured 
in DMEM-F12 (Gibco) medium supplemented with 10% CS-FBS 
(Sigma-Aldrich) and 1% pen-strep antibiotic (Gibco) in a humidified 
5% CO2 at 37°C for 24 h. After the removal of non-adherent cells by 
washing with warm medium, adherent stromal cells were allowed 
to multiply. To evaluate the purity of ESCs, immunofluorescent 
staining and flow cytometry analysis were used. These cells were 
characterized as a panel of vimentin+, nestin+, cytokeratin−, CD10+, 
CD44+, CD73+, CD105+, CD34−, and CD45− cells.33

2.5  |  Treatment of PBMCs and PFMCs, and ESCs 
with 1,25(OH)2D3

About 1 × 106 PBMCs and PFMCs from each participant were seeded 
in each well of 24-well plates and were treated with 1,25(OH)2D3 

or ethanol at the 0.1  μM concentration.34 Also, about 1.6  × 105 
ESCs were seeded in each well of 12-well plate and were treated 
with pre-optimized 1,25(OH)2D3 (0.1 μM) or ethanol as a vehicle.29 
This concentration of 1,25(OH)2D3 is equivalent to the physiologic 
level of this hormone.35 Seventy-two  h later, PBMCs were stimu-
lated with ionomycin (1 μg/ml) and phorbol 12-myristate-13-acetate 
(PMA; 50 ng/ml; Sigma-Aldrich) and ESCs were stimulated with the 
lipopolysaccharide (LPS; 100 ng/ml; Sigma-Aldrich).36,37 Then, cells 
were incubated for three time points 6, 24, and 48 h.

2.6  |  Total RNA extraction, complementary DNA 
(cDNA) synthesis, and quantitative real-time PCR 
(qRT-PCR)

Total RNA was extracted from PBMCs, PFMCs, and ESCs using 
Trizol solution (Qiagen) based on the manufacturer's protocol. 
Quantity and purity of the extracted RNA were measured using a 
NanoDrop 2000 spectrophotometer (Thermo Fisher Scientific), and 
RNA integrity was assessed by electrophoresis on 2% agarose gel. 
For cDNA synthesis, 1 μg of RNA was reverse transcribed into cDNA 
using a Revert Aid First Strand cDNA Synthesis Kit (Thermo Fisher 
Scientific) according to the protocol. The qRT-PCR was performed 
in duplicate using Rotor-Gene 3000 (Corbett Research) with the 
SYBER premix Extaq (Biofact). The mRNA expression of MCP-1, HGF, 
and IGF-1 were normalized using glyceraldehyde 3-phosphate dehy-
drogenase (GAPDH) mRNA as a housekeeping gene. The sequences 
of the primers and size of amplicons are shown in Table 1. Briefly, 
10 μl SYBER premix Extaq (Biofact), 1 μl primer pairs, 1 μl cDNA tem-
plate, and 8 μl DNase-free water were amplified in Rotor-Gene 3000 
with cycling conditions as 95°C step for 15 min (initial denaturation 
and activation of enzyme), followed by 40 cycles of 95°C for 20 s, 
annealing and elongation at 60°C for 40 s and the melting step at 60 
to 99°C. All reactions were run in duplicate.

2.7  |  Enzyme-linked immunoassay 
(ELISA) procedure

The concentrations of MCP-1, HGF, and IGF-1 proteins were meas-
ured in PBMCs, PFMCs, and ESCs supernatant by a standard ELISA 
kit (Duoset; R&D Systems) based on the manufacturer's protocol. 
The absorbance was measured at 570 nm by a microplate reader 

TA B L E  1  The MCP-1, HGF, IGF-1, and GAPDH primers sequences.

Gene Forward Primer Reverse Primer Amplicon size (bp)

MCP-1 5′-­GAAAGTCTCTGCCGCCCTT-­3′ 5′-­TTGATTGCATCTGGCTGAGCG-­3′ 84

HGF 5′-­GCAATTAAAACATGCGCTGACA-­3′ 5′-­TCCCAACGCTGACATGGAAT-­3′ 140

IGF-1 5′-­CTCTTCAGTTCGTGTGTGGAGAC-­3′ 5′-­CAGCCTCCTTAGATCACAGCTC-­3′ 134

GAPDH 5′-­GCACCGTCAAGGCTGAGAAC-­3′ 5′-­TGGTGAAGACGCCAGTGGA-­3′ 138

Abbreviations: bp, Base pair; GAPDH, Glyceraldehyde 3-phosphate dehydrogenase; HGF, Hepatocyte growth factor; IGF-1, Insulin-like growth 
factor-1; MCP-1, Monocyte chemoattractant protein-1.
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(Bio-Rad). The detection limit for MCP-1, HGF, and IGF-1 were 15.6–
1000, 125.0–8000, and 31.2–2000 pg/ml, respectively.

2.8  |  Carboxyfluorescein diacetate, succinimidyl 
ester (CFSE)

Cell proliferation was evaluated using CFSE assay. Briefly, PBMCs 
and PFMCs were stained with 5  μM CFSE in 1  ml phosphate-
buffered saline (PBS; Biolegend) for 20 min in a CO2 incubator at 
37°C and 5% CO2 (keep protected from the light). For quenching 
the staining and removal of the remaining free dye, cells were 
incubated with 5 ml complete growth medium for 10 min at 37°C 
and 5% CO2. The cells were washed three times and resuspended 
in the complete growth medium, then treated with 1,25(OH)2D3. 
After 72 h, cells were stimulated with ionomycin (1 μg/ml) and PMA 
(50 ng/ml; Sigma-Aldrich). Five days later, PBMCs and PFMCs were 
harvested and cell proliferation was analysed on BD FACSCalibur. 
The flow cytometry data were analysed using the software FlowJo 
(Tree Star version 10.1r5 Inc.).

2.9  |  Statistical analysis

Statistical analyses were performed using the GraphPad Prism 
software 8 (GraphPad Software, Inc.). Kolmogorov–Smirnov test 
was applied to assess the normal distribution of data. All data were 
analysed using the non-parametric tests, including the Wilcoxon 
signed-rank test, Mann–Whitney, and Kruskal-Wallis tests. The 
mRNA expression analysis was performed using the 2−ΔΔCt method. 
A p-value of <0.05 was considered statistically significant.

3  |  RESULTS

3.1  |  The effect of 1,25(OH)2D3 treatment on 
MCP-1 gene and protein expression by PBMCs, 
PFMCs, and ESCs

Figure 1 shows the data obtained from the MCP-1 gene and protein 
expression in PBMCs, PFMCs, and ESCs treated with 1,25(OH)2D3 
after 6, 24, and 48 h. 1,25(OH)2D3 treatment significantly reduced 
MCP-1 gene expression in PBMCs of patients with and without 

endometriosis compared with untreated controls at 6 and 24 h 
(p < 0.01 and <0.05, respectively) and 48 h (p < 0.05; Figure 1Aa,b,c). 
Regarding protein expression, 1,25(OH)2D3 treatment decreased 
MCP-1 expression in PBMCs of endometriosis patients in all time 
intervals (p < 0.05–<0.01; Figure  1Ad,e,f). Also, 1,25(OH)2D3 
treatment decreased MCP-1 protein expression in PBMCs of non-
endometriotic participants at 24 and 48 h (p < 0.05; Figure 1Ae,f).

Gene expression analysis revealed that 1,25(OH)2D3 signifi-
cantly decreased the expression levels of MCP-1 in PFMCs of pa-
tients with and without endometriosis compared with untreated 
control at 6 and 24 h of treatment (p < 0.01 and <0.05, respectively; 
Figure  1Ba,b). But, 1,25(OH)2D3 treatment significantly reduced 
gene expression of MCP-1 in PFMCs of endometriotic patients at 48 h 
(p < 0.01; Figure 1Bc). Regarding protein expression, 1,25(OH)2D3 
treatment significantly reduced MCP-1 expression at 24 and 48 h in 
PFMCs of endometriotic patients (p < 0.01 and <0.05, respectively; 
Figure 1Be,f). 1,25(OH)2D3 treatment significantly reduced MCP-1 
protein expression in PFMCs at 24 h in control participants (p < 0.05; 
Figure 1Be).

Vitamin D treatment reduced MCP-1 gene expression in ectopic 
endometrial stromal cells (EESCs) at 6 h (p < 0.01; Figure 1Ca). Also, 
1,25(OH)2D3 treatment significantly reduced MCP-1 gene expres-
sion in control endometrial stromal cells (CESCs), eutopic endometrial 
stromal cells (EuESCs), and EESCs at 24 and 48 h (p < 0.05–<0.01; 
Figure  1Cb,c). Regarding protein expression, 1,25(OH)2D3 treat-
ment significantly reduced MCP-1 expression at 24 and 48 h in 
EuESCs of endometriotic patients (p < 0.01; Figure 1Ce,f) and at 48 h 
in CESCs (p < 0.01; Figure 1Cf).

3.2  |  The effect of 1,25(OH)2D3 treatment 
on HGF gene and protein expression by PBMCs, 
PFMCs, and ESCs

1,25(OH)2D3 treatment had no significant effect on HGF gene 
expression in PBMCs of patients with and without endometriosis 
compared with untreated controls at 6 h (Figure 2Aa).

The gene expression of HGF in PBMCs of patients with and with-
out endometriosis after 1,25(OH)2D3 treatment compared with un-
treated controls showed a significant reduction after 24 h (p < 0.01 
and <0.05, respectively; Figure 2Ab). 1,25(OH)2D3 treatment sig-
nificantly reduced HGF gene and protein expression in PBMCs of 
endometriotic and non-endometriotic patients at 48 h (p  < 0.05; 

F I G U R E  1  The gene and protein expression of MCP-1 by PBMCs, PFMCs, and ESCs after treatment with 1,25(OH)2D3. PBMCs of 
endometriosis patients and control participants (n = 10), PFMCs of endometriosis patients and control participants (n = 8), EESCs (n = 8), 
EuESCs (n = 10), and CESCs (n = 10) were treated with 0.1 μM 1,25(OH)2D3 at 6, 24, and 48 h. Results were analysed using a non-
parametric test. (A) Treatment of PBMCs, (B) Treatment of PFMCs, and (C) Treatment of ESCs. (a) The gene expression of MCP-1 at 6 h (D3 
+/−), (b) The gene expression of MCP-1 at 24 h (D3 +/−), (c) The gene expression of MCP-1 at 48 h (D3 +/−), (d) protein production of MCP-1 
at 6 h (D3 +/−), (e) protein production of MCP-1 at 24 h (D3 +/−), and (f) protein production of MCP-1 at 48 h (D3 +/−). Data were represented 
as mean ± SEM and min to max. *p < 0.05 and **p < 0.01. CESCs, control endometrial stromal cells; EESCs, ectopic endometrial stromal 
cells; ESCs, endometrial stromal cells; EuESCs, eutopic endometrial stromal cells; MCP-1, monocyte chemoattractant protein-1; PBMCs, 
peripheral blood mononuclear; PFMCs, peritoneal fluid mononuclear cells
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Figure 2Ac,f). This treatment had no significant effect on HGF pro-
tein expression in PBMCs of patients with and without endometri-
osis compared with untreated controls at 6 and 24 h (Figure 2Ad,e). 
Regarding PFMCs, 1,25(OH)2D3 treatment increased HGF gene ex-
pression in PFMCs of endometriotic and non-endometriotic patients 
compared with untreated controls at 6 h but that was non-significant 
(Figure 2Ba).

1,25(OH)2D3 treatment reduced HGF gene expression in the 
PFMCs of endometriosis patients at 24 and 48 h (p  < 0.05 and 
<0.01, respectively; Figure  2Bb,c). 1,25(OH)2D3 treatment had 
no significant effect on HGF protein expression in PFMCs of pa-
tients with and without endometriosis compared with untreated 
controls at 6 and 24 h (Figure 2Bd,e) while this treatment reduced 
HGF protein expression in the PFMCs of endometriosis patients at 
48 h (p < 0.01; Figure 2Bf). Vitamin D treatment reduced HGF gene 
expression in EuESCs in all time intervals (p < 0.05; Figure 2Ca,b,c). 
Also, 1,25(OH)2D3 treatment significantly reduced HGF gene ex-
pression in EESCs at 24 and 48 h (p < 0.01 and <0.05, respectively; 
Figure  2Cb,c). Regarding protein expression, 1,25(OH)2D3 treat-
ment had no significant effect on HGF protein expression in EuESCs 
and CESCs at 6 h (Figure 2Cd) while this treatment significantly re-
duced HGF protein expression at 24 and 48 h in EuESCs of endome-
triotic patients (p < 0.05 and <0.01, respectively; Figure 2Ce,f).

3.3  |  The effect of 1,25(OH)2D3 treatment on 
IGF-1 gene and protein expression by PBMCs, 
PFMCs, and ESCs

1,25(OH)2D3 treatment had no significant effect on IGF-1 gene ex-
pression in PBMCs of patients with and without endometriosis com-
pared with untreated controls at 6 h (Figure 3Aa).

1,25(OH)2D3 treatment reduced the gene expression of IGF-1 
in PBMCs of endometriosis patients and non-endometriotic in-
dividuals at 24 h (p < 0.05; Figure  3Ab). Such treatment did not 
significantly change IGF-1 gene expression in PBMCs of patients 
with and without endometriosis compared with untreated controls 
at 48 h (Figure  3Ac). Also this treatment had no significant effect 
on IGF-1 protein expression in PBMCs of these two groups com-
pared with untreated controls at 6 h (Figure 3Ad) while the protein 
expression of IGF-1 in PBMCs of endometriosis patients and non-
endometriotic individuals decreased significantly at 24 and 48 h fol-
lowing 1,25(OH)2D3 treatment (p < 0.05; Figure  3Ae,f). However, 

the reducing effect of vitamin D treatment on IGF-1 protein expres-
sion was more remarkable in PBMCs of endometriosis patients at 
24 h (p < 0.05; data not shown).

1,25(OH)2D3 treatment did not significantly change IGF-1 gene 
expression in PFMCs of endometriotic and non-endometriotic pa-
tients compared with untreated controls at 6 h (Figure 3Ba). Gene 
expression of IGF-1 in PFMCs of endometriosis patients showed 
a significant decrease after 24 and 48 h following 1,25(OH)2D3 
treatment (p < 0.05 and <0.01, respectively; Figure  3Bb,c). Such 
treatment had no significant effect on IGF-1 protein expression in 
PFMCs of these two groups compared with untreated controls at 
6 h (Figure 3Bd). Protein expression of IGF-1 also decreased signifi-
cantly in PFMCs of endometriosis patients after 24 and 48 h follow-
ing 1,25(OH)2D3 treatment (p < 0.05; Figure  3Be,f). 1,25(OH)2D3 
treatment did not significantly change IGF-1 gene expression in 
CESCs, EuESCs, and EESCs at 6 h (Figure 3Ca). 1,25(OH)2D3 treat-
ment decreased IGF-1 gene expression in EuESCs and EESCs at 24 
(p < 0.05; Figure 3Cb) and 48 h (p < 0.01; Figure 3Cc). Such treatment 
had no significant effect on IGF-1 protein expression in CESCs and 
EuESCs at 6  h (Figure  3Cd) while this treatment decreased IGF-1 
protein expression in EuESCs at 24 and 48 h (p < 0.05; Figure 3Ce,f).

3.4  |  The effect of 1,25(OH)2D3 treatment on cell 
proliferation

Data obtained from the CFSE assay showed that 1,25(OH)2D3 can 
reduce the proliferation of PBMCs and PFMCs of endometriosis pa-
tients (p < 0.01, for both cell types; Figure 4).

4  |  DISCUSSION

In this study, 1,25(OH)2D3 treatment significantly reduced the 
protein expression of MCP-1, HGF, and IGF-1 in PBMCs and PFMC 
of endometriosis patients at 48 h. Also, 1,25(OH)2D3 treatment 
significantly reduced MCP-1, HGF, and IGF-1 gene expression in 
EESCs at 24 and 48 h, and such treatment reduced gene and pro-
tein expression of mentioned factors at 24 and 48 h in EuESCs. Also, 
1,25(OH)2D3 treatment, in our study, significantly inhibited the pro-
liferation in PBMCs and PFMCs of endometriotic patients compared 
with controls. According to our knowledge, this study is the first 
study to investigate the effect of 1,25(OH)2D3, the active form of 

F I G U R E  2  The gene and protein expression of HGF by PBMCs, PFMCs, and ESCs after treatment with 1,25(OH)2D3. PBMCs of 
endometriosis patients and control participants (n = 10), PFMCs of endometriosis patients and control participants (n = 8), EESCs (n = 8), 
EuESCs (n = 10), and CESCs (n = 10) were treated with 0.1 μM 1,25(OH)2D3 at 6, 24, and 48 h. Results were analysed using a non-
parametric test. (A) Treatment of PBMCs, (B) Treatment of PFMCs, and (C) Treatment of ESCs. (a) The gene expression of HGF at 6 h (D3 
+/−), (b) The gene expression of HGF at 24 h (D3 +/−), (c) The gene expression of HGF at 48 h (D3 +/−), (d) protein production of HGF at 6 h 
(D3 +/−), (e) The protein production of HGF at 24 h (D3 +/−), and (f) The protein production of HGF at 48 h (D3 +/−). Data were represented 
as mean ± SEM and min to max. *p < 0.05 and **p < 0.01. CESCs, control endometrial stromal cells; EESCs, ectopic endometrial stromal 
cells; ESCs, endometrial stromal cells; EuESCs, eutopic endometrial stromal cells; HGF, Hepatocyte growth factor; PBMCs, peripheral blood 
mononuclear; PFMCs, peritoneal fluid mononuclear cells
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vitamin D, treatment on MCP-1, HGF, and IGF-1 gene and protein 
expression in PBMCs, PFMCs, and ESCs of patients with and with-
out endometriosis.

A unifying theory regarding the origin of endometriosis has not 
been precisely understood. However, the retrograde menstruation 
theory of Sampson is the most widely accepted one.3 Reflux men-
struation of endometrial tissue is routinely observed in almost all 
reproductive-aged women, but only ∼10%–20% of them develop 
endometriosis. Therefore, it is plausible that other mechanisms like 
dysregulated immunity or inflammatory markers might act in uni-
son to cause endometriosis.4 On the basis of previous studies, the 
critical role of chemokines and growth factors are well defined in 
relation to the pathogenesis of endometriosis in which chemokines, 
such as MCP-1 and growth factors, such as HGF and IGF-1 have 
been shown to be elevated in the serum11,38,39 and PF of women 
with endometriosis.5,10,11,39

MCP-1 (CCL2) and its receptor CC motif chemokine recep-
tor-2 (CCR2) play a key role in endometriosis initiation and de-
velopment.40 MCP-1 is produced by different cells, including 
macrophages, fibroblasts, and endometriotic stromal cells.41,42 
MCP-1 promotes monocyte migration from peripheral blood to the 
peritoneal cavity where they transform into macrophages and cause 
local inflammation in the peritoneal cavity.12 Moreover, in a study 
by Li et al. recombinant human CCL2 in the EuESCs promoted sur-
vivin and matrix metalloproteinase 2 (MMP2) expression and stim-
ulated ESCs proliferation, viability, and invasion through activation 
of Akt and mitogen-activated protein kinase (MAPK)/extracellular 
signal-regulated kinase (Erk)1/2 signalling pathway while both anti-
CCL2 neutralizing antibody and CCR2 antagonist abolished these 
effects.13 On the basis of our recent findings, gene and/or protein 
expression of MCP-1 by PBMCs and PFMCs was higher in endome-
triotic women compared with controls.11 Furthermore, based on a 
recent study, EESCs expressed more MCP-1 gene and/or protein 
compared with EuESCs and CESCs.11,32 According to these findings, 
MCP-1 may be involved in the pathogenesis of endometriosis. The 
present study is the first to investigate the effect of 1,25(OH)2D3 
treatment on MCP-1 expression in PBMCs, PFMCs, and ESCs of pa-
tients with endometriosis compared with controls. Treatment with 
1,25(OH)2D3 in our study significantly reduced gene and protein ex-
pression of MCP-1 in PBMCs and PFMCs of endometriotic patients 
at 24 and 48 h. Also, this treatment reduced MCP-1 gene and/or pro-
tein expression in EESCs, EuESCs, and CESCs. Consistent with our 
findings, 1,25(OH)2D3 treatment in other studies with different cell 
types significantly reduced MCP-1 secretion.43–45

HGF, also known as the scatter factor, is an important growth 
factor related to endometriosis.14 The HGF receptor is the c-met 
proto-oncogene product (c-Met).14 Peritoneal macrophages appear 
to be the major source of most endometriosis-related cytokines. 
But regarding HGF, the peritoneum and endometriotic stromal cells 
seem to be primary production sources of this cytokine in endo-
metriosis.46 Inflammatory cytokines such as IL-6, LPS, and prosta-
glandins known as HGF inducers stimulate HGF production in the 
pelvic cavity of patients with endometriosis.46 We recently showed 
increased HGF gene and protein expression in PFMCs of endome-
triotic patients compared with controls.11 Overexpression of HGF 
in ectopic lesions compared with eutopic endometrium of endome-
triotic patients has been shown in one study.47 Besides, Khan et al. 
showed increased HGF and c-Met immunoexpressions in the eu-
topic endometrium of endometriotic patients than in the controls.48 
Regarding ESCs, recent studies revealed higher HGF gene expres-
sion in EESCs compared with EuESCs11,33,49 and Sugawara et al. 
showed upregulation in the secretion of HGF in EuESCs compared 
with CESCs.50 HGF-Met system was shown to promote stromal cell 
proliferation and invasion of shed eutopic and ectopic endome-
trium through autocrine and paracrine pathways.46 Besides, based 
on a recent study, HGF can be used as the biomarkers for diagnos-
ing endometriosis and predicting its prognosis.51 For the first time, 
1,25(OH)2D3 treatment in our study significantly reduced gene and 
protein expression of HGF in PBMCs and PFMCs of endometriotic 
patients at 48 h. Also, this treatment reduced HGF gene expression 
in EESCs and HGF gene and protein expression in EuESCs at 24 and 
48 h. Consistent with our results, 1,25(OH)2D3 treatment decreased 
HGF production in human promyelocytic leukaemia cell line52 and 
MG-63 osteosarcoma cells.53

IGF-1, which is synthesized by different cells, such as endome-
trial cells, prevents apoptosis and acts as a mitogen on ESCs cul-
tured in vitro.15,16 Studies on the association between IGF-1 and 
endometriosis were inconsistent, but according to a recent prospec-
tive study, IGF-1 and IGFBP-3 were associated with a higher risk of 
endometriosis among younger women.54 Furthermore, it has been 
previously reported that endometriotic cysts significantly expressed 
lower levels of IGF-I, both at the mRNA and protein levels compared 
with eutopic endometrium.55,56 Contrary to these findings, in a study 
by Zhou et al. IGF-I and IGF-1R were expressed both in paired eu-
topic endometrium and ovarian endometrioma tissues.57 In addition, 
in that study, mRNA levels of IGF-I, but not IGF-1R, in EESCs were 
significantly higher than those in EuESCs.57 In line with these re-
sults, we recently showed higher gene and/or protein expression of 

F I G U R E  3  The gene and protein expression of IGF-1 by PBMCs, PFMCs, and ESCs after treatment with 1,25(OH)2D3. PBMCs of 
endometriosis patients and control participants (n = 10), PFMCs of endometriosis patients and control participants (n = 8), EESCs (n = 8), 
EuESCs (n = 10), and CESCs (n = 10) were treated with 0.1 μM 1,25(OH)2D3 at 6, 24, and 48 h. Results were analysed using a non-parametric 
test. (A) Treatment of PBMCs, (B) Treatment of PFMCs, and (C) Treatment of ESCs. (a) The gene expression of IGF-1 at 6 h (D3 +/−), (b) The 
gene expression of IGF-1 at 24 h (D3 +/−), (c) The gene expression of IGF-1 at 48 h (D3 +/−), (d) protein production of IGF-1 at 6 h (D3 +/−), (e) 
protein production of IGF-1 at 24 h (D3 +/−), and (f) protein production of IGF-1 at 48 h (D3 +/−). Data were represented as mean ± SEM and 
min to max. *p < 0.05 and **p < 0.01. CESCs, control endometrial stromal cells; EESCs, ectopic endometrial stromal cells; ESCs, endometrial 
stromal cells; EuESCs, eutopic endometrial stromal cells; IGF-1, Insulin growth factor-1; PBMCs, peripheral blood mononuclear; PFMCs, 
peritoneal fluid mononuclear cells
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IGF-1 in EESCs compared with EuESCs and CESCs.11,33 Besides, we 
showed higher gene and/or protein expression of IGF-1 by PBMCs 
and PFMCs in endometriosis patients compared with controls.11 
IGF-I may contribute to endometriosis development via upregu-
lation of oestrogen receptor beta (ERβ) and aromatase expression 
through IGF-1R/ phosphatidylinositol 3-kinase (PI3K)/AKT path-
way57 so that inhibitors of this signalling pathway can suppress the 
development of endometriosis by downregulating the expression of 
pro-inflammatory cytokines and proteolytic factors.58 For the first 
time, 1,25(OH)2D3 treatment in our study significantly reduced the 
protein expression of IGF-1 in PBMCs and PFMCs of endometriotic 
patients at 24 and 48 h. Also, this treatment reduced IGF-1 gene ex-
pression in EESCs and IGF-1 gene and protein expression in EuESCs 
at 24 and 48 h. Consistent with our findings, vitamin D treatment in 
breast cancer cell lines inhibited the mitogenic effects of IGF-I,59 at-
tenuated the antiapoptotic effects of IGF-I60,61 and downregulated 
the expression of IGF-I receptors.59,61

Endometriotic cells show higher endogenous oxidative stress 
levels because of excess reactive oxygen species (ROS) production 
and alterations in ROS detoxification pathways.62 Oxidative stress 
acts as a regulator of nuclear factor kappa B (NF-κB) activation, 
which is involved in endometriosis onset and progression.63 In in 
vivo studies, constitutive activation of NF-κB has been shown in ec-
topic endometriotic lesions and peritoneal macrophages of patients 
with endometriosis.64,65 Increased levels of oxidative stress along 
with increased levels of pro-inflammatory cytokines in endometri-
otic tissue would activate NF-κB and activation of NF-κB would fur-
ther increase the production of chemokines and growth factors such 
as MCP-1, HGF, and IGF-1.66 So the suppression of NF-κB activation 
may decrease proliferation and expression of these chemokines and 
growth factors in PBMCs, PFMCs, and ESCs of patients with endo-
metriosis. On the basis of recent studies, 1,25(OH)2D3 as a powerful 
antioxidant has been shown to inhibit NF-kB activation by increasing 
the stability of inhibitor of kappa B alpha (IkBα) protein in different 
cell types.45,67,68 Another mechanism by which vitamin D reduces 
inflammation and expression of these growth factors and chemo-
kines in endometriosis may be through up-regulation of mitogen-
activated protein kinase phosphatase-1 (MKP-1). MKP-1 is known 
to preferentially inactivate p38 and c-Jun N-terminal kinase (JNK), 
leading to subsequent inhibition of pro-inflammatory cytokines pro-
duction.69 Besides, calcitriol has been shown to inhibit the growth of 

hepatocellular cell lines by down-regulating c-Met and extracellular 
signal-regulated kinase (ERK) expression.70 Regarding IGF-1, except 
anti-mitogenic and anti-apoptotic effects of vitamin D treatment on 
IGF-1 levels in breast cancer cell line, vitamin D analogue EB1089 
has been shown to inhibit the aromatase gene expression in breast 
cancer cells, via a VDR/Williams syndrome transcription factor 
(WSTF)-mediated mechanism.71

Previously, we showed that the rate of the proliferation of 
EESCs and EuESCs significantly decreased after treatment with 
1,25(OH)2D3 in the fibronectin-coated plate.29 In the present study, 
1,25(OH)2D3 treatment reduced the proliferation of PBMCs and 
PFMCs in endometriosis patients. In consistence with our data, pre-
vious studies showed that 1,25(OH)2D3 dose-dependently reduced 
the proliferation of PBMCs stimulated by phytohaemagglutinin 
(PHA).72,73 Studies have shown that in endometriosis the number 
and percentage of mononuclear cells (both in the blood and espe-
cially at the peritoneal cavity) increases.74 These cells increase the 
production of cytokines and chemokines (including MCP-1, HGF, 
and IGF-1). As a result, reducing the proliferation of these cells can 
reduce inflammation, thereby reducing the infiltration and prolifera-
tion of endometriotic cells.74

As limitation of the present study, we could not evaluate MCP-1, 
HGF, and IGF-1 protein expression in EESCs, because of the small 
number of EESCs that was due to the specific nature of EESCs and 
their difficult growth condition, so it should be examined in other 
studies.

Finally, considering the present and previous findings, 
1,25(OH)2D3 seems to be a promising agent against endometrio-
sis and thus it holds promise as a natural therapeutical agent, but 
further research is warranted based on encouraging in vitro and in 
vivo data.

5  |  CONCLUSIONS

Given the role of MCP-1, HGF, and IGF-1 in proliferation, invasion, 
and angiogenesis, it appears that these factors play vital roles in the 
proliferation of ESCs and their invasion into the extracellular matrix. 
Due to the reduction in the proliferation of PBMCs and PFMCs, as 
well as the reduced expression of these factors after treatment with 
1,25(OH)2D3, it appears that this vitamin may play an important role 

F I G U R E  4  (A) The proliferation rate of 
PBMCs and (B) PFMCs of endometriosis 
and control participants after 
1,25(OH)2D3 treatment. Results reported 
as mean ± SD. PBMCs of endometriosis 
patients and control participants (n = 10), 
PFMCs of endometriosis patients and 
control participants (n = 8). **p < 0.01. 
PBMCs, peripheral blood mononuclear 
cells; PFMCs, peritoneal fluid 
mononuclear cells
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in the reduction of inflammatory responses and the progression of 
the disease. According to the results of this study, 1,25(OH)2D3 can 
be used as an effective agent in the prevention and treatment of 
endometriosis along with other therapies.
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