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Effect of human follicle‑stimulating 
hormone on immunomodulatory function 
of decidual mesenchymal stem cells 
by reducing interleukin‑6 levels
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Abstract 

Objective:  Women with an elevated basal FSH indicate diminished ovarian reserve and reduced oocyte and embryo 
numbers. DMSCs are likely to be involved in immune tolerance of pregnancy maintenance. We investigate the effect 
of follicle-stimulating hormones on the immunomodulatory functions of DMSCs.

Methods:  DMSCs were primary cultured from decidual tissue. Pretreated DMSCs with mitomycin C, combined with 
CD4+ T lymphocytes, DMSCs + CD4+T co-culture system was established. Different physiological dose FSH (3 ng/
ml,10 ng/ml,30 ng/ml,100 ng/ml) were used to co-culture system. Cytokines (IFN-γ, IL-2, IL-4, IL-6, IL-10, TNF-α) and 
other proteins (FSHR, MyD88) were measured.

Results:  Compared with the control group (FSH (0 ng/mL) + CD4+T + DMSCs), the FSH concentration was 10, 
30, and 100 ng/ml, IL-6 levels were significantly reduced (P < 0.05). IL-6, MyD88 protein expression was remarkably 
decreased (P < 0.05).

Conclusion:  FSH/FSHR could negatively regulate the immunosuppressive function of DMSCs by reducing secretion 
of IL-6 levels through MyD88 pathways, but upstream and downstream signalling pathways require further validation.
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Introduction
Mesenchymal stem cells (MSCs) are adult stem cells with 
significant self-renewal ability and multilineage differen-
tiation capacity [1]. MSCs can be isolated from various 
tissues, including bone marrow, adipose tissue, umbilical 
cord, and others [2]. Decidua is also an essential source 
of MSCs [3]. Some studies indicate that decidual mesen-
chymal stem cells (DMSCs) have a wide range of immune 
regulation functions better than bone marrow-derived 

MSCs [4]. Researches show that Human Decidua plays an 
essential role in Immune Tolerance to maintain normal 
pregnancy [5–7]. Dendritic cells, natural killer cells, T 
cells, macrophages, and other immune cells in the decid-
ual tissue constitute the immune microenvironment to 
maintain pregnancy stability. MSCs have an immune reg-
ulation function and can maintain immune tolerance [6], 
A variety of MSCs could be isolated from term placental 
tissue, including DMSCs [7]. As an essential component 
of decidual cells, DMSCs were likely to be involved in 
immune tolerance of pregnancy maintenance [8].

There are many cytokines in the microenvironment, 
including Th1 and Th2 cytokines. Th1 cytokines are det-
rimental to implantation, trophoblast cell growth, and 
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embryonic development, while Th2 cytokines inhibit Th1 
cytokines from preventing secondary damage to tropho-
blast cells and fetus[9]. Follicle-stimulating hormone 
(FSH), a glycoprotein hormone family member, promotes 
and maintains normal gonadal development and repro-
ductive function. Besides, FSH can participate in immune 
regulation by mediating the secretion of immune factors 
through follicle-stimulating hormone receptors (FSHR) 
distributed in gonads. BMSCs have been found to express 
FSHR [10]. Several studies suggest a negative effect of 
raised FSH on the quality of embryos and in vitro fertili-
zation (IVF) treatment outcome [11–13]. Women with an 
elevated basal FSH indicate diminished ovarian reserve 
and reduced numbers of oocytes and embryos [14, 15]. 
Therefore, we speculate that the reason might be related 
to FSH regulating the immune function of DMSCs.

At present, there is no relevant report on the regulatory 
effect of FSH on immune function of DMSCs. It may help 
to understand the role of DMSCs in embryo implanta-
tion, immune tolerance, and pregnancy maintenance and 
provide a research basis for the pathogenesis research 
and treatment of abnormal pregnancy such as threatened 
abortion and missed abortion.

Materials and methods
Primary culture of DMSCs
Samples of human decidual tissue (ten samples) were col-
lected from healthy women aged 20–30 years undergoing 
elective vaginal surgical termination of early pregnancy 
(6–8 gestational weeks). In the laboratory, every sample 
should be washed three times in DMEM/F12 (Genom 
Biotechnology, China) containing antibiotics (100 IU/ml 
penicillin and 100  mg/mL streptomycin). Samples were 
thoroughly separated from the trophoblast and minced 
carefully into about one mm3 piece by Surgical scissors. 
After washing with PBS (pH 7.4), decidual tissue was 
incubated in 0.25% collagenase type I and IV 1:1 (GIBCO, 
USA) at 37℃ for 80 min. The cell suspension was filtered 
through Stainless steel filter (70 mm). Then, 4 ml 0.84% 
NH4CL for lysing the red blood cells in a four ℃ refrig-
erator for 15  min. After washing PBS (pH 7.4) twice, 
draw 6  ml into a 25 cm2 cell-culture flask, add DMEM 
/ f12 with 10% fetal bovine serum and 2 ml/l glutamate 
(Sigma, Germany). Cells were grown in 37C, 5% CO2, 
and 95% humidity cell incubator. Fourth to sixth passage 
cells were used in all experiments; cells were observed 
under a microscope and photographed.

Phenotypic analysis
After the primary cells were collected, the concentra-
tion was adjusted to 1 × 105/ml, and PBS was added 
to prepare the suspension. The cultured DMSCs were 
measured by Flow cytometry with antibodies against 

specific markers for mesenchymal cells. The antibod-
ies, Anti-CD45-FITC、Anti-CD34-PE, Anti-HLA-DR-
PE, Anti-CD29-PE, Anti-CD79-PE, Anti-CD90-FITC, 
Anti-CD146-PE, Anti-CD19-ECD, Anti-CD73-PE, Anti-
CD3-FITC(Beckman coulter, USA)were added in DMSCs 
suspensions. The specific fluorescent labelling of 10,000 
events was analyzed in a Beckman coulter FACSCali-
bur flow cytometer using Kaluza 2.1 software (Beckman 
coulter, USA). Each experiment was repeated three times, 
and each experiment included three replicates. The aver-
age values of triplicate measurements were used as each 
activity value.

Differentiation ability of DMSCs as osteogenic 
and adipogenic cells
Configuration of osteogenic cells induction medium: 
high glucose DMEM/F12 (Genom Biotechnology, China), 
2 mM glutamine (Genom Biotechnology, China), 100 nM 
dexamethasone (Sigma, Germany), 0.2 mm ascorbic acid 
(Sigma, Germany), 10  mM to-sodium glycerophosphate 
(Sigma, Germany). Cells were cultured in an osteogenic 
cells induction medium for 20 days. Osteogenic differen-
tiation of DMSCs was assessed using alizarin red staining 
(Merrybaugh, China).

Configuration of Adipogenic Cells induction medium: 
solution A: high glucose DMEM/F12 (Genom Biotech-
nology, China), 2 mM glutamine (Genom Biotechnology, 
China), one mol/L dexamethasone (Sigma, Germany), 
10  g/ml bovine insulin (GIBCO, USA), 0.5  mM IBMX 
(Sigma, Germany), 200  M Indomethacin (Sigma, Ger-
many). Solution B: high glucose DMEM/F12 (Genom 
Biotechnology, China), 1 M dexamethasone (Sigma, Ger-
many), 10 g/ml bovine insulin (GIBCO, USA). After three 
days in culture in solution A, the induction medium was 
replaced with Solution B, then culture for 20 days. Adi-
pogenic differentiation was assessed using oil red O stain 
(Sigma, Germany).

Expression of FSHR mRNA and protein in DMSCs
Total RNA was isolated from DMSCs by using RNeasy 
mini kit (Servicebio, China). Real-time PCR was per-
formed using the RT system according to the manufac-
turer’s instructions. The PCR program was as follows: 
hold at 98 °C for 5 min followed by at 98 °C for 15 s, at 
55  °C for 15  s and at 72  °C for 30  s for 35 cycles. The 
primer sequences of human FSHR were as follows: the 
upper primer 5 tcaggctaggggtcagagat-3, the lower primer 
5’-gctcaccttcatgtagctgc-3’, the expected fragments were 
631 bp.

DMSCs were fixed in 4% paraformaldehyde in PBS at 
4 °C for 15 min, and cells were embedded in paraffin and 
sectioned. Fixed samples were incubated with 0.1% Tri-
ton X-100 in PBS for 5 min and BlockingOne (Servicebio, 
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China) for 30  min, followed by anti-FSHR (Servicebio, 
China) at a dilution of 1:500 in 5% BlockingOne at 4  °C 
overnight. Cells were washed 3 times with 0.1% Tween 20 
in PBS and incubated with Alexa Fluor 488-coupled anti-
rabbit secondary antibody (Servicebio, China) at a dilu-
tion of 1: 500. Cells were washed with DAPI (Servicebio, 
China). Images were collected and processed by fluores-
cence microscopy (Nikon, Japan). The average values of 
triplicate measurements were used as each activity value.

Effect of FSH on proliferation and apoptosis of DMSCs
DMSCs were seeded at a density of 5000 cells per well 
in 96-well plates after adding FSH at 0  ng/ml, 3  ng/ml, 
10  ng/ml, 30  ng/ml, 100  ng/ml. The plate was returned 
to a 5% CO2 incubator at 37  °C with saturation humid-
ity for 24  h or 48  h. After that, ten μL CCK‐8 solution 
(Dojindo, Japan) was added to 96‐well plates for 2  h. 
Finally, the absorbance at 450  nm was measured using 
a microplate reader (Bio-Tek, USA). Each experiment 
was repeated three times, and each experiment included 
three replicates.

The tunel assay kit (Servicebio, China) was performed 
to measure apoptosis. DMSCs were pretreated with 0 ng/
ml, 3  ng/ml, 10  ng/ml, 30  ng/ml, and 100  ng/ml for 24 
and 48 h, respectively, and then exposed to 6-OHDA for 
2 h. Cells were then fixed with 4% paraformaldehyde and 
subjected to the TUNEL reaction according to the manu-
facturer’s protocol. Cells were then fixed in 4% paraform-
aldehyde and subjected to TUNEL reaction according 
to the manufacturer’s protocol. Tunel positive cells were 
photographed and analyzed by laser scanning confocal 
microscopy (Nikon, Japan). The average values of tripli-
cate measurements were used as each activity value.

Isolate CD4+T cells from peripheral blood
Peripheral blood was drawn from healthy volunteers 
after informed consent. Lymphocyte separation medium 
was used to isolate lymphocytes and peripheral blood 
mononuclear cells ex  vivo. Purified CD4+ T cells were 
separated from PBMCs by negative isolation using the 
magnetic-activated cell sorting technology (Miltenyi Bio-
tec, USA).

FSH on cytokines levels of DMSCs
DMSCs were seeded at a density of approximately 
5 × 104 cells/well in a 24-well cell culture plate with 
DMEM containing 10% FBS. After four hours of 
incubation (logarithmic growth phase of bacteria), 
mitomycin C (Sigma, German) was added to a final 
concentration of 0.3  mg/mL, and incubation was con-
tinued for 12  h. Following this, the cells were divided 
into six groups, FSH + DMSC + CD4+T, FSH + CD4+T, 
FSH + DMSC, DMSC + CD4+T, DMSCs and CD4+T. 

Different concentrations of FSH (3, 10, 30, 100  ng/
ml) were added to FSH groups. Following incubation 
at 37  °C for 24 or 48  h, levels of Interferon-γ (IFN-γ), 
interleukin-2 (IL-2), interleukin-4 (IL-4), interleukin-6 
(IL-6)、interleukin-10(IL-10) and Tumor necrosis 
factor-α (TNF-α) (Millipore Corporation, USA) were 
measured using the Luminex 200™ analyzer (Immune 
Monitoring Core, USA). Each experiment was repeated 
three times, and each experiment included three rep-
licates. The average values of triplicate measurements 
were used as each activity value.

Western blot analysis
Western blot analysis was used to follicle-stimulating 
hormone receptor (FSHR), interleukin-6 (IL-6), deter-
mine myeloid differentiation factor 88(MyD88), Tumor 
necrosis factor-α (TNF-α), interleukin-2 (IL-2), inter-
leukin-10 (IL-10) (Abcam, U.K.) expression in DMSCs. 
In brief, protein samples were separated using 10% 
SDS-PAGE and transferred onto PVDF membranes. 
Membranes were blocked with 5% nonfat milk in PBS 
containing 0.1% Tween-20 (Sigma, St Louis, USA) at 
4  °C overnight under gentle rocking and incubated 
with primary antibodies at 4  °C. Membranes were 
washed three times and probed with goat anti-human 
secondary antibody (1:3000; Dawen, Hangzhou, China) 
for 2 h at room temperature. Immunoblots were visu-
alized using an ECL detection kit (Amersham Bio-
sciences, Pittsburgh, USA) and exposed to X-ray films. 
Each experiment was repeated three times, and each 
experiment included three replicates. The average 
values of triplicate measurements were used as each 
activity value.

Statistics
Statistical analysis was performed with SPSS 19.0 soft-
ware. The measurement data were subject to the normal 
distribution, expressed as the mean ± standard deviation. 
One-way ANOVA with Tukey’s post-hoc test was used 
to compare groups, and P < 0.05 was considered a statis-
tically significant difference. The statistical charts were 
designed with GraphPad Prism 7.0.

Results
Morphological characteristics of DMSCs
DMSCs were successfully isolated from first-trimester 
decidua, containing many epithelioid cells (Fig S1). 
After two or three passages, the epithelioid cells were 
significantly reduced, and the rest 95% of cells were 
fibroblasts, spindle-like, with nuclei centred and abun-
dant cytoplasm (Fig S1).
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Analysis by flow cytometry
Flow cytometry with antibodies against specific mark-
ers for mesenchymal cells was applied to analyze the 
surface markers expressed by the cultured DMSCs. 
According to flow cytometry, DMSCs showed high-
intensity expression of CD29 (C)、CD90 (D)、CD73 
(E) and CD146 (G) in 42.9%-74.7% of the cells analyzed, 
but weak expression of CD45 (F)、CD3 (A)、CD19 (B)
、HLA DR (H) and CD34 (I) in 2.2%-5.1% of the cells 
analyzed (Fig S2).

Differentiation of DMSCs
After 21 days of osteogenic induction and culture of the 
fourth-generation DMSCs, it can be detected that the 
bone nodules were stained into red crystals by staining 
with Alizarin Red (Fig S3A). After 18 days of adipogenic 
induction and culture, the fourth-generation DMSCs 
were stained with oil red, and many fat droplets stained 
orange-red appeared in the cells (Fig S3B).

Growth curve of DMSCs
The isolated DMSCs grew well and proliferated actively. 
The initial cell number was 1 × 104/well, and the expo-
nential growth phase doubling speed was about 28 h, sta-
bilizing after 12 days (Fig S3C).

Expression of FSHR mRNA and protein in DMSCs
The results of RT-PCR revealed that FSHR mRNA was 
expressed in DMSCs (Fig.  1A). Similarly, immunofluo-
rescence results revealed the presence of FSHR protein in 
DMSCs (Fig. 1B).

The effect of FSH on the proliferation and apoptosis 
of DMSCs
By CCK-8 detection, the results showed that when FSH 
acted on DMSCs for 24 h, it had no significant impact 
on the proliferation of DMSCs at 3, 10, and 30  ng/ml 
(P > 0.05), and it had an inhibitory effect on the pro-
liferation of DMSCs at 100  ng/ml (P < 0.05) (Fig.  2A). 
When the concentration of FSH acts on DMSCs for 
48 h, it had no significant effect on the proliferation of 
DMSCs at 3 ng/ml (P > 0.05). It had an inhibitory effect 
on the proliferation of DMSCs at concentrations of 10, 
30, and 100 ng/ml (P < 0.05) (Fig. 2A). The immunofluo-
rescence results indicated that DMSCs exhibited a sig-
nificant increase in Tunel-positive cells in response to 
high doses of FSH (100 ng/ml). The results were higher 
at 48 h of effect than at 24 h (Fig. 2B).

The effect of FSH on cytokine secretion of DMSCs
After different concentrations of FSH (3, 10, 30, 100 ng/
ml) on DMSCs for 48  h, there was no significant dif-
ference with various cytokines levels (IFN-γ, IL-2, IL-4, 
IL-6, IL-10, TNF-α) compared with the control group 
(FSH (0 ng/mL) + DMSCs), (P > 0.05) (Fig. 3).

The effect of DMSCs on lymphocyte cytokine secretion
Compared with the CD4 + T group, the levels of IL-6 
and IL-10 in the DMSCs + CD4+T group were signifi-
cantly increased (P < 0.05), and the level of TNF-α was 
significantly increased (P < 0.05). Compared with the 
DMSCs group, the levels of IL-6, IL-10, and TNF-α 

Fig. 1  Immunofluorescence and RT-PCR identification of FSHR in DMSCs. A RT-PCR identification of FSHR using cDNA of FSHR transformants. 
Maker: DNA marker; FSHR-DMSC1 and FSHR-DMSC1: FSHR RNA expression in DMSC isolated from two decidua tissues. B Immunofluorescence 
and confocal microscopy assays showing FSHR protein expression in DMSCs using anti-EhPC4 and FIT-C conjugated secondary antibodies. Phase 
contrast, DAPI stain, green channel (FIT-C), and merge are indicated. Bottom panels, single cell (200X and 400X magnification). Green = FSHR, 
blue = DAPI
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in the DMSCs + CD4+T group were significantly 
increased (P < 0.05) (Fig. 4).

The effect of FSH on cytokine secretion of DMSCs + CD+T 
Co‑Culture System
Different concentrations of FSH (3, 10, 30, 100  ng/ml) 
were added to the CD4+T + DMSCs co-culture system 
for 48 h. Compared with the control group (FSH (0 ng/
mL) + CD4+T + DMSCs), the FSH concentration was 10, 
30, and 100 ng/ml, IL-6 levels were significantly reduced 
(P < 0.05) (Fig. 5).

The effect of FSH on protein expression of DMSCs + CD4+T 
co‑culture system
According to the above results, 30  ng/ml of FSH 
acted on the co-culture system for 48  h in the experi-
mental group. IL-6, MyD88 protein expression was 

remarkably decreased in the experimental group (FSH 
(30  ng/mL) + CD4+T + DMSCs) compared with con-
trol group (DMSCs + CD4+T) (P < 0.05). IL-6, MyD88, 
TNF-α protein expression was remarkably increased in 
control group (DMSCs + CD4 + T) compared with Blank 
group (DMSCs alone) (Fig. 6) (P < 0.05).

Discussion
Decidua is a special tissue formed by the invasion of 
trophoblast cells in the maternal endometrium[16]. It 
includes the maternal–fetal interface with the tropho-
blast cells on the offspring surface. It provides a suitable 
growth environment and immune environment for the 
fetus and plays a role in maintaining early pregnancy. 
Decidual mesenchymal stem cells (DMSCs) are an essen-
tial part of decidual tissue and may be associated with 
term spontaneous labour [8]. DMSCs have similar prop-
erties and lower immunogenicity than BMSCs. In recent 
years, they have attracted the attention of many scholars 

Fig. 2  The effect of FSH on the proliferation and apoptosis of DMSCs. A Different concentrations of FSH acted on DMSCs for 24 h and 48 h by CCK-8 
method. It had an inhibitory effect on the proliferation of DMSCs at 100 ng/ml for 24 h (P < 0.05). It had an inhibitory effect on the proliferation of 
DMSCs at 10, 30, and 100 ng/ml for 48 h (P < 0.05). The results shown are means ± SEM. B Terminal deoxynucleotidyl transferase dUTP nick end 
labelling (TUNEL) assay to detect apoptotic cell death. Representative microscopic images of TUNEL-positive cells in DMSCs treated with different 
doses of FSH at 24 h and 48 h. The results showed that high doses and prolonged FSH contributed to the apoptosis of DMSCs. Red = tunnel; 
blue = DAPI. scale bar = 50 μm (400X magnification)
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and have significant clinical application prospects in 
regenerative medicine, wound repair, and hematopoietic 
stem cell transplantation [17].

Dimitrov’s method [18] was used to isolate DMSCs, 
and it was found that the isolated primary DMSCs had 
a lot of red blood cells, which affected cell viability. The 
fourth-generation fibroblast-like cells cannot reach 
more than 95% of total cells by Dimitrov’s method. We 
improved Dimitrov’s method by adding the steps of rup-
turing red blood cells with 0.84% ​​NH4CL and filtering 
with a 200-mesh filter, effectively purifying the primary 
cells. The decidual mesenchymal stem cells isolated have 
good cell viability, fibroblast-like spiral growth adherent 
to the wall, and differentiation ability of bone formation 
and adipogenesis. It was found that our cells separated 
from decidua meet the minimum MSC standards estab-
lished by ISCT (International Association for Cell Ther-
apy) [2] and the standards set by the first International 
Working Group on Placental Stem Cells [19] through 
immunophenotype by flow cytometry. We found that 
the high expression of CD146 in the DMSCs isolated 
in this study (74.7%) was consistent with the results of 

Dimitrov [18] (Fig S2G). At the same time, neither bone 
marrow nor fat-derived MSCs had reported a positive 
phenotype, indicating that CD146 might be s a pheno-
type that could distinguish DMSCs from other sources 
of MSCs, but more studies should be confirmed. At 
the same time, studies have shown that DMSCs could 
also differentiate into endoderm-derived respiratory 
epithelial cells and lung cells, indicating that DMSCs 
have more substantial multi-directional differentiation 
potential [20]. The proliferation rate of DMSCs isolated 
in this study (exponential growth rate was about 28  h) 
was slightly higher than that of BM-MSCs (exponential 
growth rate was about 31 h) but somewhat lower than 
other related literature reports (exponential growth rate 
was about 21.3  h) [21] (Fig S3C). Many factors could 
change the proliferation rate of DMSCs [3], but hypoxia 
was the main focus of current research. Studies have 
shown that hypoxia could promote the proliferation 
of DMSCs, indicating that its growth rate was closely 
related to oxygen concentration, and this mechanism 
might be associated with the up-regulation of BCL-2 
levels [3].

Fig. 3  The effect of FSH on cytokine secretion of DMSCs. There was no significant difference with various cytokines levels (IFN-γ, IL-2, IL-4, IL-6, IL-10, 
TNF-α) compared with the control group (FSH (0 ng/mL) + DMSCs), (P > 0.05). The results shown are means ± SEM
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The rapid development of allogeneic hematopoietic 
stem cell transplantation has a broad role in treating 
hematologic disorders, such as leukaemia, lymphoma, 
and aplastic anaemia. However, this type of stem cell 
transplantation complication can not be ignored, 
especially a severe complication for graft-versus-host 
response (GVHD). High mortality and difficult-to-treat 
characteristics quickly make it a medical problem [22]. Le 
Blanc et al. use allogeneic MSCs to treat acute and hor-
mone ineffective GVHD and achieve a good treatment 
effect [23]. Kim N et  al. find that MSC has an immu-
nosuppressive effect of decreasing GVHD incidence. 
Besides, other studies have found that MSCs can inhibit 
the proliferation of various immune cells such as T cells, 
NK cells, and DC in vitro, and immune cells constitute a 
stable microenvironment for maintaining pregnancy [4]. 
The above studies indicate that DMSCs participate in the 
immune tolerance of the mother-fetal interface. Further 
research on DMSCs could improve the theory of repro-
ductive immunity and benefit patients with infertility.

The immune regulation of DMSCs is mainly through 
the secretion of immune regulatory factors and directly 

affects the number of immune cells such as T cells, NK 
cells, and DCs. There are many cytokines in the micro-
environment of the maternal–fetal interface, such as 
IFN-γ, IL-2, IL-4, IL-6, IL-10, TNF-α, which influence the 
maternal immune tolerance [24]. MSC can secrete IL-10, 
TGF-β, IDO, and PGE2, thereby inhibiting the prolifera-
tion of T cells and exerting immunosuppressive functions 
[6]. Human leukocyte antigen-G (HLA-G) is an essential 
factor that mediates immune tolerance. DMSCs have 
had low expression of HLA-G for a long time [25]. When 
stimulated by progesterone and some anti-inflammatory 
factors such as IL-10, the expression level of HLA-G 
increased significantly, showing that DMSCs play an 
essential role in maintaining pregnancy immune stabil-
ity [25]. Progesterone-induced blocking factor (PIBF) 
is a vital activity composition in the stability of mater-
nal–fetal immune tolerance. It can inhibit Th1 immune 
response and Treg cell proliferation. PIBF is continuously 
released in DMSCs, and some sex hormones such as pro-
gesterone will regulate its expression [25, 26].

Follicle-stimulating hormone (FSH) is released from 
the anterior pituitary gland in the hypothalamus. For 

Fig. 4  The effect of DMSCs on lymphocyte cytokine secretion. Compared with the CD4 + T group, the levels of IL-6 and IL-10 in the 
DMSCs + CD4 + T group were significantly increased (P < 0.05), and the level of TNF-α was significantly increased (P < 0.05). Compared with the 
DMSCs group, IL-6, IL-10, and TNF-α in the DMSCs + CD4 + T group were significantly increased (P < 0.05). The results shown are means ± SEM
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women, it can promote the proliferation and differen-
tiation of follicular granulosa cells and accelerate the 
growth and development of ovaries. For men, it can act 
on the seminiferous tubules of the testes and participate 
in sperm production [27]. The effect of FSH on target 
organs is mainly mediated by FSH receptor (FSHR) [28, 
29]. Previous studies propose that FSH is only expressed 
in female ovarian granulosa cells and male testicular Ser-
toli cells. However, recent studies have shown that FSHR 
is not expressed only in the gonads, find that FSHR is 
expressed in the placenta, liver, fat, muscle, and skin tis-
sue expression [30], and also exists on BMSCs [10]. The 
high and abundant FSHR expression at protein levels by 
immunohistochemistry or immunofluorescence is not 
associated with clear FSHR mRNA amplification [31], 
the identification of FSHR requires the combination of 
mRNA and protein results. Recent study indicate that 
FSH can mobilizes VSELs and HSPCs into peripheral 
blood [32, 33], indicate FSH also has an association with 
hematopoietic function.

It has been statistically shown that high FSH lev-
els are not conducive to the maintenance of pregnancy 
[14]. Moreover, we found that FSHR receptors existed 
in DMSCs. We speculated that the FSH/FSHR pathway 
was a meaningful way to mediate the immune regulation 
function of DMSCs, but no function-related studies of 
them were found.

Our research found FSH can inhibit the prolifera-
tion of DMSCs in  vitro, and higher concentrations 
have a better inhibitory effect on the proliferation of 
DMSCs (P < 0.05) (Fig.  2A). The inhibitory effect was 
dose-dependent. The higher the concentration, the 
stronger the inhibitory effect. Moreover, the effect of 
48 h was more evident than 24 h. It indicated that FSH 
could directly affect the proliferation ability of DMSCs 
in a dose- and time-dependent manner. This result 
was supported by the tunel assay (Fig.  2B), showing 
that high concentrations of FSH promote apoptosis of 
DMSCs. However, the mechanism needed to be fur-
ther investigated.

Fig. 5  The effect of FSH on cytokine secretion of DMSCs + CD + T Co-Culture System. Compared with the control group (FSH (0 ng/
mL) + CD4 + T + DMSCs), the FSH concentration was 10, 30, and 100 ng/ml, IL-6 levels were significantly reduced (P < 0.05). The results shown are 
means ± SEM
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We had established a co-culture system of DMSCs and 
CD4+ T lymphocytes, pretreated DMSCs with Mito-
mycin C, added different physiological concentrations 
of FSH (3, 10, 30, 100  ng/ml) to the co-culture system, 
and observed the changes in cytokines levels. In the 
DMSCs + CD4+T co-culture system, IL-6 and IL-10 lev-
els were significantly increased than those in the CD4+T 
culture group, while the secretion levels of TNF-α were 
significantly reduced. The results were consistent with 
Aggarwal, S [6]. TNF-α was both an inflammatory fac-
tor and a Th1 cytokine. IL-10 was an immunosuppres-
sive factor and a Th2 cytokine, showing that DMSCs 
had an immunosuppressive effect on pregnancy immu-
nity to maintain pregnancy by shifting Th1/Th2 balance 
towards Th2. IL-6 had a wide range of biological effects. 
It could stimulate the growth of various cells and pro-
mote the synthesis of plasma albumin. Besides, IL-6 was 
mainly used as Th2 cytokines to mediate fluid immu-
nity to maintain allogeneic immune tolerance During 
pregnancy [34]. DMSCs and lymphocytes could secrete 
IL-6 individually [35]. Our study found that DMSCs 
could promote CD4+T cells to secrete more IL-6 in the 
DMSCs + CD4+T co-culture system.

Different physiological concentrations of FSH 
(3, 10, 30, 100  ng/ml) added on DMSCs pretreated 

with mitomycin C, compared with the control group 
(FSH(0  ng/ml) + DMSCS), the cytokines (IFN-γ, IL-2, 
IL-4, IL-6, IL-10, TNF-α) were no significant change 
(P > 0.05) (Fig. 3). The reason might be that mitomycin 
C prevents cell proliferation and affect the secretion of 
cytokines, or maybe FSH did not affect cytokines lev-
els in DMSCs alone. When different concentrations 
of FSH acted on the DMSCs + CD4+T co-culture sys-
tem, higher concentrations of FSH (30, 100  ng/ml) 
would significantly decrease the secretion level of IL-6 
(Fig.  5) indicating that the immune regulation of FSH 
on DMSCs requires the support of CD4+T lympho-
cytes. Lower concentrations of FSH (3, 10  ng/ml) had 
no effect. FSH directly affected various gonadal cells 
and stem cells [36]. Still, no studies had shown that 
there was FSHR on the surface of lymphocytes. We 
measured the effect of FSH on cytokine secretion of 
Co-Culture System, which did not prove whether FSH 
can act on CD4+ T cells. Theoretically, FSH could not 
act directly on lymphocytes, but this still needed to 
be demonstrated experimentally. This limitation of 
our study made our results more conservative, and we 
would add relevant experiments in future studies. IL-6 
protein expression was decreased in the experimental 
group (FSH (30 ng/mL) + CD4+T + DMSCs) compared 

Fig. 6  The effect of FSH on protein expression of DMSCs + CD4 + T Co-Culture System. IL-6, MyD88 protein expression was remarkably decreased 
in the experimental group (FSH (30 ng/mL) + CD4 + T + DMSCs) compared with control group (DMSCs + CD4 + T) (P < 0.05). IL-6, MyD88, TNF-α 
protein expression was remarkably increased in control group (DMSCs + CD4 + T) compared with Blank group (DMSCs alone) (P < 0.05). Results 
shown are means ± SEM
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with control group (DMSCs + CD4+T), which was con-
sistent with the results tested by Luminex 200™ System. 
Western blot results indicated DMSCs exist as follicle-
stimulating hormone receptors (FSHR). MyD88 protein 
expression decreased simultaneously with IL-6 (Fig. 6), 
revealing that the effect of FSH in co-cultivation was 
associated with MyD88.

Toll-like receptors (TLR) are the primary receptors for 
the innate immune system to recognize pathogen-related 
molecular patterns. The signalling pathways initiated 
by them can also regulate adaptive immune responses. 
MyD88 is an essential transduction protein in this signal 
pathway [37]. IL-6 was almost exclusively TLR4 depend-
ent and relied on MyD88 and TRIF adaptor cooperation. 
TLR4 initially recruits TIRAP at the plasma membrane. 
Subsequently, it facilitates the recruitment of MyD88 to 
trigger the initial activation of NF-κB, which is necessary 
for the induction of IL-6 levels via TLR4 signalling [38].

Conclusions
In summary, DMSCs had immunosuppressive effects, 
could enhance the secretion level of IL-6, and IL-10 
reduced the secretion level of TNF-α and made the Th1/
Th2 balance shift to Th2 to maintain pregnancy immune 
tolerance. FSH/FSHR could inhibit the proliferation and 
promote apoptosis of DMSCs. Besides, FSH/FSHR could 
negatively regulate the immunosuppressive function 
of DMSCs by reducing secretion of IL-6 levels through 
MyD88 pathways. Still, upstream and downstream sig-
nalling pathways required further validation. There was 
no relevant report on the regulatory effect of FSH on 
immune function of DMSCs. We expected this research 
could improve development of the pathogenesis research 
and treatment of abnormal pregnancy such as threatened 
abortion and missed abortion.
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