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Abstract: Endometrium modulated by estrogen (E) and progesterone (P) is important for implantation and pregnan-
cy. The present study compared the expression of chemokine CXCL12 and chemokine receptor CXCR4 and CXCR7
between human cycling and early pregnant endometria by immunohistochemistry (IHC). Then the modulation of E
and P on expression of CXCL12, CXCR4 and CXCR7 in human endometrial stromal cells (ESCs) was explored at both
mRNA and protein level. The result of IHC showed that human ESCs of the menstrual period did not express CXCL12,
CXCR4 or CXCR7 protein, however, the expression of CXCR4 and CXCR7 but not CXCL12 in ESCs increased in the
proliferative and secretory phase, and the expression intensity for CXCR4 and CXCR7 in ESCs was the highest in the
first trimester. Moreover, E and P were able to up-regulate the mRNA and protein expression of CXCR4 and protein
expression of CXCR7 in ESCs (P<0.01). Thus, ESCs spatiotemporally co-express CXCR4 and CXCR7 rather than
CXCL12, and E and P are able to regulate the expression of CXCR4 and CXCR7 in ESCs, suggesting the modulation

of steroid hormones on chemokine receptor expression in ESCs.
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Introduction

As one of the most important medical events in
the 20th century, the worldwide application of
assisted reproductive technology (ART) in clini-
cal practice has greatly changed the fate of
many infertile couples. However, the implanta-
tion rate (IR) in fresh ART cycles always hovers
at 30%, despite of the advancements in ovari-
an stimulation protocol and laboratory technol-
ogy [6]. Especially, there are still a considerable
proportion of refractory infertilities suffering
from recurrent implantation failure (RIF) or
recurrent miscarriage (RM), indicating implan-
tation rather than fertilization is a rate-limiting
factor in fertility [16, 22].

Although successful implantation acquires the
delicate co-operation between the embryo and
mother, the initiation of a receptive endometri-
um is of maternal origin [2, 22]. In normal
reproductive cycle, the endometrium under-

goes luteinization and develops towards a
receptive milieu under the modulation of ste-
roid hormones [16]. Normal endometrial stro-
mal cells (ESCs) even function as embryo bio-
sensors and selectors via recognizing the devel-
opmentally impaired embryos and inhibiting the
secretion of some key implantation mediators
[23]. Impaired ESCs disturbs the responses of
endometrium to embryonic signals and causes
RM [19]. Although many proteins and molecules
have been identified in the endometrium [22,
24, 28], our knowledge of their function and
modulation of steroid hormones on pregnancy-
related molecules still remains poorly defined.

Chemokine (C-X-C motif) ligand 12 and chemo-
kine (C-X-C motif) receptor 4 (CXCL12/CXCR4)
have attracted much attention because of their
distinctive functions in several crucial reproduc-
tive biology processes, including uterine Natural
Killer cell recruitment, placentation, implanta-
tion and embryogenesis [5, 8, 17, 27, 29]. A
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recent study even found that CXCL12 is
expressed in human mature oocytes and medi-
ates the intracellular calcium influx and hyper-
activation of spermatozoa [32]. Our previous
researches also reveal the importance of
CXCL12/CXCR4 axis in the interaction between
trophoblasts (TCs) and decidualized ESCs dur-
ing human first trimester pregnancy [17, 29].
However, our knowledge regard to the spatio-
temporal expression of CXCL12/CXCR4 in
human cycling endometrium, especially in the
implantation period, is still very limited.
Moreover, the traditional viewpoint on the
exclusive interaction of CXCL12 with CXCR4
has been challenged since the identification of
CXCR7. CXCR7 can bind to CXCL12 with excep-
tionally high affinity and provide cells with a sur-
vival and adhesion advantage [3]. Two studies
have reported the expression of CXCR7 in
human TCs in different stages of pregnancy
[24, 25]. As a novel receptor for CXCL12, there
are many puzzles on the expression pattern
and function of CXCR7 at the materno-fetal
interface.

In the present study, we compared the expres-
sion pattern of CXCL12, CXCR4 and CXCR7
between human cycling and early pregnant
endometria. Then the modulation of steroid
hormones, estrogen (E) and progesterone (P),
on the expression of CXCL12, CXCR4 and
CXCR7 in human ESCs was explored by reverse
transcription-polymerase  chain  reactions
(RT-PCR), in cell western, flow cytometry (FCM)
and enzyme-linked immunosorbent assay
(ELISA), respectively. We hope this investiga-
tion is beneficial to better understanding the
modulation of steroid hormones on the expres-
sion of pregnancy related key molecules in
endometrium, which will shed lights on the
mechanisms underlying the preparation of
endometrium for the arrival of the embryo and
provide new insights for endometrium-related
infertility.

Materials and methods
Tissue collection

Human endometrial and villous tissues were
collected from patients who accepted total
abdominal hysterectomy, total laparoscopic
hysterectomy or artificial abortion at the
Obstetrics and Gynecology Hospital of Fudan
University or Beijing Chaoyang Hospital of
Capital Medical University from 2011 to 2013.
The recruitment criteria included a normal
pregnancy history, regular menstrual cycle and
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without any hormone treatment within the last
three months. The exclusion criteria were irreg-
ular menstrual cycle, endometrial diseases or
incomplete data. The samples were collected
into ice-cold DMEM/F12 (Dulbecco’s Modified
Eagle Medium: Nutrient Mixture F-12; Gibco),
then immediately transported to the laboratory
and separated for paraffin embedding or ESCs
isolation. The study was approved by the
Human Research Ethics Committee of the
Obstetrics and Gynecology Hospital and Beijing
Chaoyang Hospital. All participants completed
an informed consent to the collection of tissue
samples.

Isolation and culture of human ESCs

ESCs were isolated according to our previous
method [17, 29]. With this method we obtained
highly purified ESCs and the detailed informa-
tion on the purity and characteristics of ESCs is
displayed in our previous publication [29].

Immunohistochemistry

IHC was performed according to our previous
method [17, 29]. The antibodies used in this
experiments were rabbit anti-human CXCR4
(1:50), CXCRY7 (1:25) or CXCL12 (1:50) (Abcam).
Human first-trimester villi were used as positive
control. The corresponding non-immune rabbit
antibody was also used as negative control.
The immunostaining intensity was observed
and scored according to our previous research
[141, 12]. The experiments were performed with
twenty-one endometrial and seven decidual
samples.

Immunofluorescence cell staining

Indirect immunofluorescence was used to
detect the expression and position of CXCR7
and CXCR4 in ESCs [17, 29]. The isolated ESCs
were seeded on 6-well plates which were pre-
coated with cover glasses. At 80-90% conflu-
ence, the cells were fixed in 4% polyformalin
and treated with 0.2% Triton X-100. Then they
were blocked with 10% FCS at room tempera-
ture for 30 min and incubated overnight at 4°C
with goat anti-human CXCR4 (1:60, 16.67 ug/L)
or rabbit anti-human CXCR7 (1:60, 16.67 ug/L)
antibody (Abcam). After being thoroughly
rinsed, the cells were incubated with fluoresce-
in isothiocyanate (FITC) conjugated donkey
anti-goat immunoglobulin (Ig) G (1:100, 10
pg/L) or Texas Red conjugated donkey anti-rab-
bit 1gG (1:100, 10 ug/L) (Rockland) at room
temperature for 60 min in darkness. After
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counterstain with 4’, 6-diamidino-2-phenylin-
dole (DAPI), the results were observed under
fluorescence microscope. The experiments
were repeated three times.

Reverse transcription-polymerase chain reac-
tions

ESCs in mid-log growth were digested with
0.25% trypsin and seeded at a density of 1x10°
cells/ml on 6-well plates. At 80-90% conflu-
ence, the cells were starved with DMEM/F12
without FCS for 12 h, then treated with vehicle
(DMEM/F12 with 2% stripped FCS), E (10%-
10® M) or P (101%-10¢ M) for 24 h. Total cellular
RNA of the cells was extracted using RNAiso
plus (Takara) based on the instruction by the
manufacture. Then the first strand cDNA was
synthesized with the usage of First Strand
cDNA Synthesis Kit (Fermentas), and poly-
merase chain reactions (PCR) (TIANGEN) were
performed in 5 min precycle at 94°C, then fol-
lowed by 35 cycles of 30 sec at 94°C, 15 sec at
60°C, and 45 sec at 72°C. When the final cycle
was over, samples were kept at 72°C for 10
min to complete the synthesis [29]. Primer
pairs for cDNA amplification were as follows:
5-ATT CAC ATC TAA CCT CAT CTT CTT CAC-3
(sense) and 5-TGA CTT ACT CAC ATA GCA CAT
TG-3’ (antisense) for human CXCL12; 5-GGT
GGT ATG TTG GCG TCT G-3’ (sense) and 5-ATA
GCA GGA CAG GAT GAC AAT ACC-3’ (antisense)
for human CXCR4; 5-AGA AGA CAG CGA CAA
TGG AGA AGG-3’ (sense) and 5-TGC CTG ACA
CCT ACT ACC TGA AG -3’ (antisense) for human
CXCR7; 5-GCT GTG CTA CGT CGC CCT G-3
(sense) and 5-GGA GGA GCT GGAAGCAGC C-3
(antisense) for B-actin. The expected fragment
lengths for CXCL12, CXCR4, CXCR7 and B-actin
were 155, 194, 164 and 66 base pairs (bp),
respectively. The PCR reaction products of 5 pl
were electrophoresed on 2% agarose gels and
ethidium bromide-stained bands were photo-
graphed, and analyzed by gel imaging systems
(AIPhaEase software). The intensity for CXCL12,
CXCR4 or CXCR7 mRNA was equal to the ratio
of the absorbance of the target gene to that of
the actin. The experiments were carried out in
triplicate and repeated three times.

In-cell Western blot
ESCs in mid-log growth were digested with

0.25% trypsin and seeded at a density of 1x10°
cells/ml on 6-well plates. At 80-90% conflu-
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ence, the cells were starved with DMEM/F12
without FCS for 12 h, then treated with vehicle
(DMEM/F12 with 2% stripped FCS), E (10**-
10® M) or P (1011-10-¢ M) for 48 h. According to
our previous method [30], the in-cell Western
blot was conducted to explore the effects of
steroid hormones on CXCL12, CXCR4 and
CXCR7 protein expression in ESCs. Briefly, the
cells were fixed with 4% formaldehyde (diluted
with PBS) for 20 min at room temperature. After
being washed with 0.1% Triton, the cells were
blocked with 10% FBS for 90 min at room tem-
perature. Then they were added with rabbit
anti-human CXCR4 (1:100, 10 pg/L), CXCR7
(1:100, 10 pg/L) or CXCL12 (1:100, 10 ug/L)
antibody (Abcam). The housekeeping protein,
mouse anti-human actin (1:500, 2 ug/L) anti-
body (Abcam) was also added to each well at
the same time as control. After incubation over-
night at 4°C, the wells were added with the cor-
responding second anti-rabbit (1:80, 12.5
pg/L) or anti-mouse (1:60, 16.7 ug/L) fluores-
cence antibody (Rockland, Inc, Gilbertsville, PA,
USA). This procedure was operated in dark
place avoiding the exposure to light. The imag-
es were obtained using the Odyssey Infrared
Imaging System (LI-COR Biosciences GmbH).
The intensity was calculated as the ratio of the
intensity of CXCL12, CXCR4 or CXCR7 protein to
that of actin. The experiments were carried out
in triplicate and repeated three times.

Flow cytometry

ESCs in mid-log growth were digested with
0.25% trypsin and seeded at a density of 5x10°
cells/mL on 24-well plates. At 80-90% conflu-
ence, the cells were starved with DMEM/F12
without FCS for 12 h, then added with vehicle
(DMEM/F12 with 2% stripped FCS), E (10° M),
P (10 M) or a combination of E (10° M) with P
(101° M). After treatment for 48 h, the cells
were collected for FCM analysis based on our
previous method [17]. Briefly, to protect the
membrane localization of chemokine receptor
to the greatest extent possible, the cells were
digested with 0.25% trypsin only for 30-50 s,
then blown off gently and washed with phos-
phate-buffered saline (PBS). After blockade
with 10% FBS, the recovered cells were mixed
with mouse anti-human CXCR4-APC or CXCR7-
PE antibody (Biolegend). The corresponding
non-immune antibodies were also used as neg-
ative control. After incubation in darkness for
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CXCR4 CXCR7 CXCL12 Isotype

Component of protein
expression intensity

CXCR4 CXCR7 CXCL12

Figure 1. Expression of CXCL12, CXCR4 and CXCR7 protein in human endometrial and decidual tissues. Immunohis-
tochemistry was performed to detect the protein expression of CXCL12, CXCR4 and CXCR7 in human endometrial
and decidual tissues. The antibodies used in this experiment were rabbit anti-human CXCR4 (1:50), CXCR7 (1:25)
and CXCL12 (1:50). A specific brown-coloured staining for CXCR4 or CXCR7 protein could be observed in the cyto-
plasm and membrane of human endometrial stromal cells in situ. There was no evidence for nonspecific staining
with the control antibody. The pictures were the representative of the experiments. V: human first trimester villous

2452 Int J Clin Exp Pathol 2015;8(3):2449-2460



Steroid modulates CXCR4/CXCR7 expression in uterine stromal cells

tissues, as a positive control; M: endometrial tissues from the menstrual period; P: endometrial tissues from the
proliferative phase; S: endometrial tissues from the secretory phase; D: decidual tissues from first trimester preg-

nancy. Maghnification: x200.

A CXCR4

CXCR7

B DAPI

Figure 2. CXCR7 and CXCR4 were co-expressed in human cultured endometrial stromal cells. Indirect immunofluo-
rescence was used to detect the expression and position of CXCR7 and CXCR4 in human endometrial stromal cells
(ESCs). Both CXCR4 (green fluorescence) and CXCR7 (red fluorescence) protein were co-expressed in the cytoplasm
and cytomembrane of ESCs. A: Expression of CXCR4 (green fluorescence) in ESCs; B: Expression of CXCR7 (red

fluorescence) in ESCs; C: DAPI staining in ESCs; D: The merged picture. Magnification: x400.

30 min at room temperature, the cells were
analyzed immediately by FCM (FC500,
Beckman Coulter, USA). The experiments were
performed in triplicate and repeated three
times.

Enzyme-linked immunosorbent assay
ESCs in mid-log growth were digested with
0.25% trypsin and seeded at a density of 2x10°
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cells/200 pl on 24-well plates. At 80-90% con-
fluence, the cells were starved with DMEM/F12
without FCS for 12 h, then treated with vehicle
(DMEM/F12 with 2% stripped FCS), E (10° M),
P (101° M) or a combination of E (10° M) with P
(10 M). The supernatants from each well
were collected at 24, 48 and 72 h, respectively.
Human CXCL12 enzyme-linked immunosorbent
assay (ELISA) kit (R&D Systems) was used to

Int J Clin Exp Pathol 2015;8(3):2449-2460
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Figure 3. Effects of estrogen and progesterone on CXCL12, CXCR4 and CXCR7 mRNA expression in human ESCs.
ESCs in mid-log growth were starved with DMEM/F12 for 12 h, then treated with vehicle (DMEM/F12 with 2%
stripped FCS), estrogen (10*'-10° M) or progesterone (10*-10° M) for 24 h. Reverse transcription-polymerase
chain reactions (RT-PCR) were performed to detect the effects of different concentration of steroid hormones on
MRNA expression of CXCL12 (155 bp), CXCR4 (194 bp) and CXCR7 (164 bp) genes. The intensity of CXCL12, CXCR4
or CXCR7 gene was equal to the ratio of the absorbance of the target gene to that of the actin. Then the relative ex-
pression level of the target gene was changed from the corresponding control. A: Modulation of estrogen on CXCL12,
CXCR4 and CXCR7 mRNA expression in ESCs. B: Modulation of progesterone on CXCL12, CXCR4 and CXCR7 mRNA
expression in ESCs. C: One of the representative pictures for RT-PCR. Error bars depict the standard error of the
mean. Compared with the control, “P < 0.01; **P < 0.05.

measure chemokine production in each super- Statistics

natant according to our previous method [29].

The CXCL12 assay demonstrated a sensitivity The data were shown in the mean * SE and
of 47 pg/ml and an assay range from 156- assessed with the post hoc Dunnett’s t test or
10,000 pg/mL. The ELISA assay was carried Dunnett T3 test, when appropriate. The differ-
out in duplicate in four separate experiments. ences were accepted as significant at P < 0.05.

2454 Int J Clin Exp Pathol 2015;8(3):2449-2460
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Figure 4. Modulation of estrogen and progesterone on CXCR4 and CXCR7 protein expression in human ESCs by
in-cell Western analysis. ESCs in mid-log growth were starved with DMEM/F12 for 12 h, then treated with vehicle
(DMEM/F12 with 2% stripped FCS), estrogen (101%-107 M) or progesterone (1011-107 M) for 48 h. In cell western
was conducted to explore the influence of exogenous steroid hormones on protein expression of CXCR4 and CXCR7
in human ESCs. The green fluorescence represents actin, and the red fluorescence represents CXCR4 or CXCRY.
The intensity was calculated as the ratio of the intensity of CXCR4 or CXCR7 protein to that of actin. Then the relative
protein level of the target protein was changed from the corresponding control. A: Modulation of estrogen on CXCR4
and CXCR7 protein expression in ESCs. B: Modulation of progesterone on CXCR4 and CXCR7 protein expression in
ESCs. C: One of the representative pictures for in-cell western. Error bars depict the standard error of the mean.

Compared with the control, P < 0.01; ""P < 0.05.

Results

Expression of CXCL12, CXCR4 and CXCR7 in
human endometrial tissues

In IHC analysis, human first-trimester villi were
also used as positive control at the same time
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[24, 25, 29]. The results in Figure 1 demon-
strated that human in situ ESCs did not express
CXCL12 protein during different stages of the
reproductive cycle or the first trimester.
Moreover, no positive signals for CXCR4 or
CXCR7 could be detected in human ESCs in the
menstrual period. For CXCR4 protein, the mod-

Int J Clin Exp Pathol 2015;8(3):2449-2460
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Figure 5. Effects of estrogen and progesterone on membrane expression of CXCR4 and CXCR7 in human ESCs.
ESCs in mid-log growth were starved with DMEM/F12 for 12 h, then added with vehicle (DMEM/F12 with 2%
stripped FCS), estrogen (10° M), progesterone (10° M) or a combination of estrogen (10° M) and progesterone
(10*° M) for 48 h. The membrane expression pattern of CXCR4 and CXCR7 by human ESCs was determined by FCM.
A: Modulation of estrogen and progesterone on CXCR4 and CXCR7 protein expression in ESCs detected by FCM. B:
One of the representative pictures for FCM. Error bars depict the standard error of the mean. Compared with the
control, "P < 0.01; **P < 0.05.

erate to strong positive cases of four were all co-expressed in human in vitro cultured ESCs.
from the decidual tissues, and the weak posi- Both the red fluorescence (CXCR7) and green
tive cases were from the proliferative phase (3 fluorescence (CXCR4) was clearly recognized in
cases), secretory phase (3 cases) and first tri- the same area of the cells, including the cyto-
mester (3 cases), respectively. Of the seven plasm and cytomembrane. Moreover, the
CXCR4-negative samples, the proliferative expression pattern of CXCR7 (red fluorescence)
phase and menstrual period accounted for four in ESCs was highly consistent with that of
and three cases respectively. For CXCR7 pro- CXCRA4 protein (green fluorescence).
tein, six of eleven proliferative phase samples
and four of seven secretory phase samples Modulation of estrogen and progesterone on
were weak-positive. Of the seven decidual sam- CXCL12, CXCR4 and CXCR7 mRNA expression
ples, the expression intensity for CXCR7 was in human ESCs
strong (2 cases), moderate (1 case), weak (2
cases) and negative (2 cases), respectively. The results of RT-PCR in Figure 3 showed that
after the treatment of different concentration
CXCR7 and CXCR4 protein were co-expressed of E or P, the mRNA level of CXCL12, CXCR4 and
in human cultured ESCs CXCR7 in ESCs manifested different changes.
Both E and P were able to up-regulate the
The immunofluorescence results in Figure 2 mMRNA level of CXCR4 in human ESCs in vitro.
showed that CXCR7 and CXCR4 protein were The effective concentration was from 10 M to

2456 Int J Clin Exp Pathol 2015;8(3):2449-2460



Steroid modulates CXCR4/CXCR7 expression in uterine stromal cells

107" M and 101° M to 10-® M for E and P, respec-
tively. However either E or P showed no effects
on CXCR7 mRNA expression in ESCs. Moreover,
contrary to P which failed to stimulate the tran-
scription of CXCL12 in ESCs, E at a concentra-
tion of 101* M to 108 M significantly increased
the mRNA expression of CXCL12 (compared
with the corresponding control group, P < 0.01).

Effects of estrogen and progesterone on pro-
tein expression of CXCR4, CXCR7 and CXCL12
in human ESCs

It was demonstrated in Figure 4 that after being
treated with E or P, the protein level of CXCR4 in
ESCs significantly increased (compared with
the control P < 0.01). But there was a differ-
ence in the effective concentration between E
(10°, 108 M) and P (10%° to 107 M). Different
from the effects of steroidal hormone on mRNA
expression of CXCR7, both E (10° to 107 M)
and P (10° to 107 M) were also able to up-reg-
ulate the protein expression of CXCR7 in ESCs.
However, at the same detection level, no posi-
tive signals for CXCL12 protein could be
observed in ESCs in each treatment group.

Effects of estrogen and progesterone on mem-
brane expression of CXCR4 and CXCR7 in hu-
man ESCs

As shown in Figure 5, the proportion of CXCR4-
positive ESCs remarkably increased after being
treated with E (10° M) or E (10° M) combined
with P (10%° M), however, P of 10° M had no
effects on membrane expression of CXCR4 in
ESCs. Compared with CXCR4, there was almost
no membrane expression of CXCR7 in ESCs in
the control group. However, the treatment of E
(10° M), P (102 M) or E (10° M) combined with
P (10° M) was able to significantly increase the
membrane protein level of CXCR7 in ESCs.

Effects of estrogen and progesterone on
CXCL12 secretion by human ESCs

ELISA assay was used to observe the produc-
tion of CXCL12 by ESCs. Human first-trimester
TCs were used as positive control [29] and at
present detection level TCs secreted CXCL12
spontaneously. Consistent with our expecta-
tion, although ESCs were in a good growth state
in in vitro culture, they did not secret CXCL12
under natural state. Moreover, either E or P
showed no detectable effects on the secretion
of CXCL12 by ESCs.
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Discussion

The present study using IHC confirmed the spa-
tiotemporal expression of CXCR4 and CXCR7 in
human in situ ESCs, and the expression inten-
sity for CXCR4 and CXCR7 was the highest in
the first trimester. However, no positive signals
for CXCL12 protein could be detected in the
cycling or early pregnant endometria. As the
ligand for CXCR4 and CXCR7, CXCL12 has been
confirmed to be expressed in human oocytes,
early embryos and even fetal-derived TCs [4, 8,
27, 29, 32], suggesting the role of CXCL12/
CXCR4/CXCR7 axis in mediating the crosstalk
between the fetus and endometrium during
implantation and early preghancy. Moreover,
this unique expression pattern of CXCR4 and
CXCR7 in ESCs also indicates the function of
ESCs to “sense” the signals released from the
embryo, which is consistent with Teklenburg
group’s research in which ESCs function as
embryo biosensors and selectors to recognize
the developmental embryos [17, 19, 23].

Moreover, except for the menstrual period, the
positive-expression rate and expression inten-
sity for CXCR7 in ESCs was always relatively
lower than that of CXCR4. As the co-receptor for
CXCL12, CXCRY displays more complicated bio-
logical characteristics than CXCR4 [1, 9, 13-15,
20, 26]. It can function as not only the activator
of CXCL12 in a CXCR4 independent manner to
stimulate proliferation, apoptosis, adhesion
and invasion of cells, but also the scavenger
receptor to internalize the chemokine to ensure
the correct migration of CXCR4-positive cells
toward the target position [1, 9, 13-15, 26].
Thus, the possible reasons for this unique
expression pattern of CXCR4 and CXCR7 in
ESCs are inferred as follows: 1) A small number
of CXCR7 receptor is enough to execute its
function because of the higher affinity to
CXCL12 compare with CXCR4 [3]; 2) To insure
the smooth transduction of CXCR4 mediated
signals, CXCR7 may mainly function as a modu-
lator of CXCL12 gradient rather than activator;
3) The mixed-expression also abide by the prin-
ciples of excessive biological signals and self-
protection in organisms. When one of the sig-
nals is blocked, an alternative signal can be
activated to maintain the normal biological
functions.

The advancement of ART provides us a deeper
insight to the importance of endometrium in

Int J Clin Exp Pathol 2015;8(3):2449-2460
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normal pregnancy [7, 16, 18]. E and P are the
only hormones necessary to prepare the endo-
metrium for implantation or pregnancy [16].
Thus, in the present study, we also observed
the modulation of E and P on CXCR4 and CXCR7
expression in ESCs. It was shown that both E
and P were able to up-regulate the mRNA and
protein expression of CXCR4 in ESCs, suggest-
ing steroid hormones had a direct regulatory
effect on CXCR4 expression. However, E and P
mainly increased CXCR7 protein rather than
MRNA expression. The inconsistence between
gene and protein suggests the complexity of
post-transcription regulatory network in ESCs.
Moreover, there is also a complicated interac-
tion between CXCR7 and CXCR4 [1, 9, 13-15,
20, 26]. Thus, we could not exclude the possi-
bility that the increase of CXCR7 expression is
concomitant with the increase of CXCR4. The
up-regulation of CXCR4 expression induced by
hormones activates some common signals,
which in turn promotes the post-transcription
regulation of CXCR7 expression. In addition, we
observed CXCL12 mRNA expression in ESCs,
but no positive signals for CXCL12 protein could
be detected in present detective level which
further suggests the importance of post-tran-
scription regulation. The detailed mechanisms
deserve further investigation.

Both our previous and other group’s studies
have revealed that the embryo and embryo-
derived TCs are the main source of CXCL12 and
CXCL12 can mediate the cooperation between
the embryo and CXCR4-positive endometrium
during normal pregnancy [2, 4, 8, 10, 17, 27],
which suggests the leading role of fetal-derived
signals at the matero-fetal interface. However,
it was demonstrated in the present study that
before encounter with the embryo or TCs, E and
P alone were enough to regulate both CXCR4
and CXCR7 expression in ESCs. Thus in our
opinion, the fact that ESCs are able to self-reg-
ulate the expression of chemokine receptors
under the treatment with E and/or P, indicates
the ability of ESCs to “actively” self-prepare for
“sensing” the forthcoming of the embryo.
Moreover, it was also demonstrated in the pres-
ent study that there was a difference in the
effective concentration between E and P, sug-
gesting the refine and complicated role of ste-
roid hormones in endometrium. Of course, the
effective concentration suggested by in vitro
experiments can not be fully equivalent to the
optimal concentration in vivo. The detailed
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mechanisms underlying the regulation of hor-
mones on endometrium still deserve further
investigation.

In conclusion, the present study confirmed the
spatiotemporal expression of CXCR4 and
CXCR7 rather than CXCL12 in human primary
ESCs, and E and P are able to regulate the
expression of CXCR4 and CXCR7 in ESCs. This
research will contribute to our better under-
standing of the changes of pregnancy-related
key molecules under the modulation of steroid
hormones, which sheds intellectual lights on
the involved mechanisms of the interaction
between the endometrium and embryo, and
provides new insights for endometrium-related
infertility.
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