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Abstract. The aim of the present study was to investigate the 
effects of Icaritin on the proliferation and decidualization of 
endometrial stromal cells (ESCs). A total of 20 specimens 
of endometrium were collected during hysterectomy at the 
Gynecology Department of Shenzhen Nanshan People's 
Hospital (Shenzhen, China) between August 2014 and 
December 2015. The endometrium was digested with high 
concentrations of collagenase and DNase and filtered with 
meshes, and then the glandular epithelial and stromal cells 
were separated by the adhesion purification method. The 
purity of stromal cells was identified by vimetin and cyto-
keratin 7 immunostaining. The estradiol  +  progesterone 
(E2+P4) and/or cyclic adenosine monophosphate (cAMP) 
were added to induce an in  vitro decidualization model, 
which was used to analyze the effect of Icaritin on the 
decidualization ability of the human ESCs. The decidu-
alization markers of human ESCs, prolactin (PRL) and 
insulin‑like growth factor‑binding protein 1 (IGFBP‑1), was 
analyzed by reverse‑transcription quantitative polymerase 
chain reaction measurements of the mRNA levels, PRL 
immunostaining and ELISA analysis of the IGFBP‑1 protein 
levels in the cells or cell culture supernatant separately. 
The results demonstrated that treatment with E2+P4 and/or 
cAMP for 96 h was able to induce decidualization in ESCs, 
and that the cells demonstrated polygon‑shaped epithelioid 
changes. The cell nuclei revealed multinuclear changes, and 
the cells were also observed to be large and round in shape. 
The PRL expression and upregulated IGFBP‑1 mRNA and 

protein levels in the E2+P4+cAMP treatment group indicated 
successful decidualization of the in vitro model. However, 
the addition of Icaritin inhibited the expression of PRL and 
IGFBP‑1 mRNA, as well as IGFBP‑1 protein in the induced 
ESCs compared with groups without Icaritin. These results 
suggest that Icaritin was able to inhibit the expression of 
decidualization‑related genes in ESCs in vitro. However, the 
exact mechanisms require further investigation.

Introduction

Endometrium with a thickness <8 mm in the middle luteal 
phase (6‑10 days following ovulation) is considered as thin 
endometrium  (1), which is a potential cause of infertility. 
Hysteroscopy has been reported to demonstrate no adhesion 
in the pelvic cavity as the endometrium is smooth and thin 
in patients with thin endometrium, which may affect the 
implantation of blastocysts in the endometrium (2,3). There 
are a number of potential factors that may lead to thin endo-
metrium, with decidualization failure being one of the major 
causes (4,5).

Under the effects of estrogen and progestogen, endometrial 
stromal cells (ESCs) are able to undergo a typical transforma-
tion, including morphological, biochemical and vascular system 
changes, which are termed as endometrial decidualization (6). 
Endometrial decidualization is one of the essential precondi-
tions for blastocyst implantation, placentation and pregnancy 
maintenance (5). Furthermore, the morphology of human ESCs 
in decidualization is altered from spindle to polygon shape, 
the cell becomes larger and round, the nucleus becomes large 
and pale, the cytoplasm is rich in glycogen and lipid droplets 
and the cells reveal epithelioid changes (7). In addition, the 
intercellular boundaries become unclear as prolactin (PRL), 
insulin‑like growth factor‑binding protein 1 (IGFBP‑1), tissue 
factors, neuropeptide, and extracellular matrix components 
are secreted from the cells, among which PRL and IGFBP‑1 
are considered as the markers of ESC decidualization (8‑10). 
Previous studies have revealed that PRL is expressed in gesta-
tional endometrium and decidual cells induced in vitro (10), 
and that IGFBP‑1 is overexpressed in decidualized endome-
trium stroma and positively associated with the degree of 
stromal cell decidualization (11). Additionally, the expression 
of IGFBP‑1 in the decidualized endometrium is regulated by 
the progesterone receptor (PR) (12).
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Phytoestrogen is a plant‑der ived non‑steroidal 
compound  (13). The structure and biological activity of 
phytoestrogen are similar to those of endogenous estrogen (13). 
However, phytoestrogen has bidirectional regulatory effects: It 
demonstrates anti‑estrogenic activity when the level of estrogen 
is high in the body, and reveals estrogenic activity when the 
level of estrogen is relatively low (14). Icaritin is one of the 
major active ingredients of epimedium. Icaritin and its deriva-
tive, desmethylicaritin, exhibit evident estrogenic effects, and 
are able to increase the expression of PR (15). However, only 
a small number of studies to date have investigated the effects 
of Icaritin on endometrial cells and its role in decidualization 
of the cells. Therefore, the effect of Icaritin on primary ESCs 
was investigated in the present study.

Materials and methods

Human endometrium. In total, 20 endometrial tissues were 
obtained during hysterectomy at the Shenzhen Nanshan 
People's Hospital (Shenzhen, China) between August 2014 
and December 2015, with written informed consent obtained 
from all patients (aged 30‑39), following the approved 
procedures of the Institutional Review Board of Shenzhen 
Nanshan People's Hospital. Subsequently, the collected 
endometrium samples were used for the separation and 
culture of primary ESCs. The T HESC human ESC cell line 
was provided by Professor Haibin Wang of the Institute of 
Zoology, Chinese Academy of Sciences (Beijing, China) 
and used for the induction of the decidualization model. The 
study was approved by the Ethics Committee of Shenzhen 
Institutes of Advanced Technology, Chinese Academy of 
Sciences (Shenzhen, China).

Isolation, culture and identification of primary ESCs (pESCs). 
Fresh endometrial tissues were obtained during hysterectomy, 
placed in ice‑cold sterilized PBS and transferred to the labo-
ratory for the separation and culture of pESCs within 1 h. 
Tissues were minced and digested with high concentrations of 
collagenase (1 mg/ml) and DNase (0.2 µg/ml) for 1 h at 37˚C, 
and then filtered through a mesh. The glandular epithelial 
and stromal cells were separated by the adhesion purification 
method, as described previously (16).

The stromal cells reached confluence after 3 days of culture 
in the complete culture medium (cDMEM, high glucose 
Dulbecco's modified Eagle's medium with 10% fetal bovine 
serum; Invitrogen; Thermo Fisher Scientific, Inc., Waltham, 
MA, USA) at 37˚C with 5% CO2. Next, the culture medium 
was discarded, cells were washed with PBS, and 0.25% trypsin 
and 0.53 mM EDTA solution (Invitrogen; Thermo Fisher 
Scientific, Inc.) was added to disassociate the cells for 2 min 
at room temperature, and the cells were gently resuspended. 
The cell suspension was transferred to a centrifuge tube and 
centrifuged at 230 x g for 5 min at room temperature. The 
supernatant was then discarded and the fresh culture medium 
was added to resuspend the cell pellet gently. The cells were 
subsequently split at a ratio of 1:3.

For the purity identification of the primary ESCs, they 
were passaged three times, and were then seeded into a 
24‑well culture plate with a density of 1x104 cells/ml. Once 
the cells had reached 80% confluence, the culture medium was 

discarded, and the cells were washed with PBS twice. Next, 
1 ml ice‑cold 4% paraformaldehyde (PFA) was added into each 
well to fix the cells for 20 min on ice. Finally, the fixed cells 
were washed with PBS and stored at 4˚C in PBS for immu-
noflurescence identification with vimentin and cytokeratin 7 
(CK7) as described below.

In vitro decidualization model of human ESCs. Induction 
of the decidualization of the stromal cells (105  cells) was 
performed following with estradiol (E2, 10 nM) + proges-
terone (P4; 1 µM) (both from Sigma‑Aldrich; Merck KGaA, 
Darmstadt, Germany) and/or cAMP (0.5 mM) using an induc-
tion method, as previously reported (14). Briefly, the confluence 
ESCs from the third passage after thaw were used to induce 
decidualization with different treatment groups: PE (P4+E2), 
PEC (P4+E2+cAMP), PC (P4+cAMP) and control (complete 
culture medium) groups. The concentrations of E2, P4 and 
cAMP were selected according to a previous study (17).

Following the successful induction of the decidualization 
model, Icaritin (10 µM; Beijing Shenogen Pharma Group, 
Beijing, China) was added to the induction cocktail to inves-
tigate its effect with the following groups: PI (P4+Icaritin), 
PE (P4+E2), PEI (P4+E2+Icaritin), PEC (P4+E2+cAMP), 
PECI (P4+E2+cAMP+Icaritin), PC (P4+cAMP), PCI 
(P4+cAMP+Icaritin) and the control (complete culture 
medium) groups. Then, the induced decidualization was 
performed for all groups as described above.

Each group contained triplicates, and each condition had 
been performed three times. Cells from different treatment 
groups were all observed and photographed with an inverted 
microscope during the treatment period. In all treatments, 
following 96 h of induction, the culture media from different 
treatment groups were collected and stored at ‑80˚C for 
IGFBP‑1 ELISA analysis later. Furthermore, a number of cells 
from different groups were harvested for total RNA extraction, 
and a number of the cells were fixed with 4% PFA at room 
temperature for 15 min, then washed with PBS and stored at 
4˚C in PBS for immunofluorescence staining.

Reverse‑transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). The expression of PRL and IGFBP‑1 mRNA in 
decidualized ESC cells was measured by RT‑qPCR according 
to the previously described methods (18). Primer sequences 
were as follows: PRL sense, ATGGAAGTCCCGACCAGAC 
and antisense, ATT​GAG​GAG​CAA​ACC​AAACG; IGFBP‑1 
sense, CTG​CGT​GCA​GGA​GTC​TGA and antisense, CCC​
AAA​GGA​TGG​AAT​GATCC.

ELISA. IGFBP‑1 protein expression in the supernatant of 
decidualized ESCs was measured with IGFBP‑1 ELISA kits 
(OKDA00085; Alpha Diagnostics, San Antonio, TX, USA), 
according to the manufacturer's protocol. The optical density, 
measured using a microplate reader, was put into the software 
to calculate the protein concentration, from which a curve was 
plotted using GraphPad Prism 6 software (Premier Biosoft 
International, Inc., Palo Alto, CA, USA).

Immunofluorescence. Fixed pESCs were incubated with 
anti‑vimentin (1:200, ab92547) and anti‑CK7 (1:200, 
ab181598) (both from Abcam, Cambridge, MA, USA), and 
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fixed ESCs from different treatments were incubated with 
anti‑PRL (1:150, ab64377; Abcam) primary antibody over-
night at 4˚C separately, washed with PBS and incubated with 
FITC‑conjugated secondary antibody (1:200, ab6717; Abcam). 
After washing with PBS, cells were mounted with anti‑fading 
mounting medium with DAPI and observed with a fluores-
cence microscope (magnification, x40). Images were captured 
with a charge coupled device camera.

Statistical analysis. SPSS for Windows 17.0 software (SPSS 
Inc., Chicago, IL, USA) was used for statistical analysis. 
Quantitative data are presented as the mean  ±  standard 
deviation. One‑way analysis of variance was used for the 
analysis of single factors amongst multiple groups. The 
Student‑Newman‑Keuls and Fisher's least significant differ-
ence t‑tests were used for pair‑wise comparisons. P<0.05 was 
considered to indicate a statistically significant difference.

Results

Morphology and identification of primary ESCs. Images of 
pESCs are presented in Fig. 1. Stromal cells began to adhere 
within several min following culture, and the adhesion was 
generally completed at 1‑2 h of culture. Cells were triangular 
at an early stage following adhesion (Fig. 1A‑C). The glan-
dular epithelial cells predominantly aggregated and began to 
adhere at 2 h of culture. Furthermore, the cells exhibited a 
tadpole‑like appearance at an early stage following adhesion, 
and subsequently grew into a nest shape (Fig. 1D‑F).

Following 4‑6 days of culture, the pESCs reached conflu-
ence and became spindle‑shaped (Fig. 2A‑C). Among the 
stromal cells, <5% were identified as glandular epithelial cells. 
Following passage of the cells three times, relatively pure 
stromal cells were obtained, with a purity of 95%, and positive 
vimentin (Fig. 2A‑C) and negtive CK7 expression (Fig. 2D‑F).

Figure 2. Primary endometrial stromal cell identification. Isolated stromal cells were stained with (A‑C) stromal cell marker vimentin and (D‑F) epithelium 
cell marker CK7 to demonstrate its purity. Magnification, x200. CK7, cytokeratin‑7.

Figure 1. Primary endometrial stromal cells and glandular epithelium. Representative endometrial stromal cells at (A) x40, (B) x100 and (C) x200 magnifica-
tion, and D, E and F are representative glandular epithelium at (D) x40, (E) x100 and (F) x200 magnification. Black arrows indicate glandular epithelium cells.
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Morphological characteristics of the ESCs following decidu‑
alization. An inverted microscope was used to observe the 
in  vitro cultured decidualized stromal cells (Fig.  3). The 
results revealed that the shape of the cells was irregular. 
The cells were polygon‑shaped and revealed epithelioid 
changes. Multinucleation was observed for the cell nuclei, 
and the cell bodies were large and round in the PEC and PC 
groups (Fig. 3E and G) compared with the control, PI and PE 
groups (Fig. 3A‑C), with moderate changes observed in the 
PEI, PECI and PCI groups (Fig. 3D, F and H).

Icaritin inhibits the expression of PRL and IGFBP‑1 mRNA 
in the decidualized cells. The results revealed that PEC and 
PC were able to induce the decidualization of ESCs, as the 
expression of PRL (Table I) and IGFBP‑1 mRNA (Table II) 
was significantly higher in the two groups compared with the 
control group, and the expression in the PEC group was also 
significantly higher compared with the PC group. However, 
the expression levels of PRL and IGFBP‑1 was significantly 

decreased in the PCI group compared with the PC group and 
in the PECI group compared with the PEC group following 
addition of Icaritin.

Icaritin inhibits the expression of decidualization proteins. Cell 
immunofluorescence of PRL revealed that the PRL was negative 
in the cell groups that were not decidualized in the control, PI, PE, 
and PEI groups (Fig. 4A‑D) but positively expressed in the decid-
ualized cells of the PEC, PECI, PC and PCI groups (Fig. 4E‑H). 
By evaluating the decidualized marker IGFBP‑1 secreted into 
the culture media, the IGFBP‑1 protein level was demonstrated 
to be significantly higher in the PEC group compared with the 
PC group. However, the expression of IGFBP‑1 protein was 
significantly decreased following addition of Icaritin (Table III).

Discussion

The acceptability of the growing environment of endometrium 
is critical to the successful implantation of embryos, and an 

Figure 3. Morphology of decidualized stromal cells. Morphology of the stromal cells was observed under the following treatments: (A) Control, (B) PI, (C) PE, 
(D) PEI, (E) PEC, (F) PECI, (G) PC and (H) PCI. Magnification, x100. P4, progesterone; E2, estradiol; PI, P4+Icaritin; PE, P4+E2; PEI, P4+E2+Icaritin; PEC, 
P4+E2+cAMP; PECI, P4+E2+cAMP+Icaritin; PC, P4+cAMP; PCI, P4+cAMP+Icaritin; cAMP, cyclic adenosine monophosphate.

Table II. IGFBP‑1 mRNA expression following Icaritin 
treatment in decidualized cells (n=10 per group).

Group	 Relative expression

Control	 0.000076362±3.45985x10‑5

PI	 9.31374x10‑6±4.64574x10‑6

PE	 1.03501x10‑5±2.74771x10‑6

PEI	 1.68732x10‑5±3.79461x10‑6

PEC	 0.001787477±0.000487733
PECI	 0.001435567±0.000317134
PC	 0.001470706±0.000377389
PCI	 0.000961847±0.000164622

PEC vs. PECI, q‑value  =  4.411, P=0.00318; PEC vs. PC, 
q = value=3.97, P=0.00219: PC vs. PCI, q‑value = 6.378, P=0.001. 
IGFBP‑1, insulin‑like growth factor‑binding protein 1; PI, P4+Icaritin; 
PE, P4+E2; PEI, P4+E2+Icaritin; PEC, P4+E2+cAMP; PECI, 
P4+E2+cAMP+Icaritin; PC, P4+cAMP; PCI, P4+cAMP+Icaritin; 
cAMP, cyclic adenosine monophosphate; E2, estradiol; P4, proges-
terone.

Table I. PRL mRNA expression following Icaritin treatment in 
decidualized cells (n=10 per group).

Group	 Relative expression

Control	 8.722x10‑6±1.08866x10‑5

PI	 3.96x10‑6±2.21x10‑6

PE	 5.82x10‑6±2.10297x10‑6

PEI	 4.86x10‑6±1.31x10‑6

PEC	 0.0041±0.000446
PECI	 0.002995±0.00038
PC	 0.00348±0.000416
PCI	 0.002929±0.000704

PEC vs. PECI, q‑value  =  9.831, P<0.0001; PEC vs. PC, 
q‑value = 5.512, P=0.0048: PC vs. PCI, q‑value = 4.901, P=0.0470. 
PRL, prolactin; PI, P4+Icaritin; PE, P4+E2; PEI, P4+E2+Icaritin; 
PEC, P4+E2+cAMP; PECI, P4+E2+cAMP+Icaritin; PC, P4+cAMP; 
PCI, P4+cAMP+Icaritin; cAMP, cyclic adenosine monophosphate; 
E2, estradiol; P4, progesterone.
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endometrium that is too thin may reduce the implantation rate 
of embryos (3). Fatemi and Popovic‑Todorovic (19) previously 
demonstrated that insufficient endometrium growth may result 
in a decreased rate of embryo implantation. The endometrium 
consists of ESCs and endometrial glandular epithelial cells. 
Usually, specimens of thin endometrium are difficult to obtain 
due to the low incidence of thin endometrium. In the present 
study, such specimens were obtained during hysterectomy 
for uterine fibroid or adenomyosis. High concentrations of 
collagenase and DNase were used in combination to digest 
the cells, after which the cells were filtered through a mesh 
and the adhesion purification method was used to separate the 
glandular epithelial and stromal cells. As glandular epithe-
lial cells are difficult to passage and purify, only ESCs with 
relatively high purity were obtained in the present study. As 
the response of pESCs to hormone treatments various among 
pESCs derived from different patients, the T HESC cell 
(ESCs) line was used to investigate the effect of Icaritin on 
the decidualization to minimize the variation from different 
pESCs. Li et al (20) recently demonstrated that the use of 

BerEP4‑coated magnetic beads was able to assist in obtaining 
high‑purity ESCs. Chan et al (21) previously indicated that a 
BerEP4 antibody exhibited specificity for luminal and glan-
dular epithelia in the endometrium. In the present study, a 
95% purity of pESCs was obtained via the adhesion culture 
method, which is comparable to other methods used for ESC 
isolation (20,21).

Physiological levels of estrogen and progestogen are 
required for the regulation of menstruation and pregnancy 
maintenance (6). From the late stage of secretion, endometrial 
cells begin to proliferate and differentiate under the effects of 
estrogen and progestogen, and then undergo decidualization 
to form decidual cells (22). Such cells are irregular in shape; 
appear polygon shaped and the cell bodies become large 
and round, with a rich cytoplasm (6). Cell nuclei separate to 
demonstrate multinuclear changes (6). In humans and mice, 
the degree of decidualization is consistent with the degree of 
trophoblast invasion (6,23,24). Such decidualization may then 
exert regulatory effects on blastocyst implantation, placenta 
formation and maintenance of normal pregnancy  (23). If 
defects in decidualization exist, trophoblast invasion may be 
blocked and thus lead to infertility and recurrent spontaneous 
abortion (24). Patients with a thin endometrium exhibit a low 
menstrual blood volume, which maybe associated with insuf-
ficient decidualization of the endometrium (4).

Decidualization is predominantly regulated by estrogen 
and progestogen (6). Therefore, adding estrogen and proges-
togen to human or murine ESCs is able to induce a model of 
decidualization in vitro. Previous studies have revealed that 
progesterone, estrogen and cAMP co‑regulate the decidual-
ization of human ESCs in a time‑dependent manner (25‑27). 
Carden et al (28) previously used E2+P4 to treat ESCs for 
14 days and successfully induce decidualization. The present 
study confirmed that using E2+P4 and/or cAMP to treat ESCs 
for 96 h was able to induce decidualization. Additionally, 
the expression of decidualization‑related proteins was 
significantly higher in the PEC group compared with the 
PC group. It was speculated that this may be associated with 
the evidence that P4 serves a dominant role in the process of 

Table III. IGFBP‑1 protein expression following Icaritin 
treatment in decidualized cells (n=6 per group).

Group	 Relative expression

PEC	 10.438125±0.781819935
PECI	 9.0145±0.753969874
PC	 8.7955±1.028489461
PCI	 6.4853±0.056983423

PEC vs. PECI, q‑value  =  5.049, P=0.0023; PEC vs. PC, 
q‑value = 5.825, P=0.0029: PC vs. PCI, q‑value = 6.764, P=0.0019. 
IGFBP‑1, insulin‑like growth factor‑binding protein 1; PEC, 
P4+E2+cAMP; PECI, P4+E2+cAMP+Icaritin; PC, P4+cAMP; PCI, 
P4+cAMP+Icaritin; cAMP, cyclic adenosine monophosphate; E2, 
estradiol; P4, progesterone.

Figure 4. PRL immunofluorescent staining of the stromal cells was observed under the following treatments: (A) Control, (B) PI, (C) PE, (D) PEI, (E) PEC, 
(F) PECI, (G) PC and (H) PCI. Magnification, x200. PRL, prolactin; PI, P4+Icaritin; PE, P4+E2; PEI, P4+E2+Icaritin; PEC, P4+E2+cAMP; PECI, 
P4+E2+cAMP+Icaritin; PC, P4+cAMP; PCI, P4+cAMP+Icaritin; cAMP, cyclic adenosine monophosphate; E2, estradiol; P4, progesterone.
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decidualization (29). However, the regulation by trace estrogen 
and its receptors is also required. Furthermore, the regulatory 
effects of estrogen are required for in vitro cultured ESCs to 
regulate decidualization, whereas a lower expression level of 
decidualization‑related proteins in the PC group (compared 
with the PEC group) may be associated with the insufficiency 
of estrogen.

Previous studies have revealed that the regulatory effects of 
estrogen are more precise than the effects of progestogen (30‑32). 
Icaritin has estrogenic effects, and thus maypromote the 
proliferation of the endometrium and improve the expression 
of progestogen receptors (15). Human ESCs carry progestogen 
and estrogen receptors, and thus can mimic the in vivo morpho-
logical and functional changes in decidualization in vitro (33). It 
was hypothesized that the estrogenic effects of Icaritin were able 
to affect the decidualization of stromal cells, and thus affect the 
proliferation and secretion of the endometrium. In order to avoid 
the individual difference in primary ESCs, E2+P4 and/or cAMP 
were used to treat T HESC cells in the present study in order to 
induce the decidualization model, after which Icaritin was added 
for induction. Immunostaining revealed that PRL was positively 
expressed, and the expression of IGFBP‑1 was positively associ-
ated with the degree of decidualization. Following addition of 
Icaritin into the PEC and PC groups, in which decidualization 
was induced, the expression of PRL and IGFBP‑1 mRNA and 
the level of IGFBP‑1 protein was decreased. These observa-
tions indicated that Icaritin was able to inhibit the expression 
of decidualization‑related genes in ESCs in vitro. Icaritin is a 
plant‑derived estrogen that reveals anti‑estrogenic effects when 
the estrogen level in the body is relatively high (34). Therefore, 
additional Icaritin in E2‑induced decidualization may exert 
anti‑estrogenic activities. Wu et al (35) recently indicated that 
providing excess estrogen at an early stage of pregnancy was 
able to inhibit the decidualization of the endometrium and lead 
to decidualization dysfunction. However, additional studies 
are required to investigate the mechanisms associated with the 
inhibitory effects of Icaritin on decidualization further.
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