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Background: This study aimed to explore whether intrauterine infusion of peripheral blood mononuclear 
cells (PBMCs) could induce favorable transcriptomic changes in the endometrium for embryo implantation 
and the potential mechanism.
Methods: Twenty-one mice were randomly divided to five groups, including a normal pregnancy (NP) 
group, an embryo implantation dysfunction (EID) group, an EID with human chorionic gonadotropin 
(hCG) group, an EID with PBMCs group, and an EID with hCG co-cultured with PBMCs group. The 
endometrium in the implantation window from mice were collected and determined by RNA sequencing 
(RNA-Seq), and the expression of significantly different genes with high degree of coincidence was 
recommended and validated by quantitative real-time polymerase chain reaction (qRT-PCR).
Results: There were totally 1,366 up-regulated and 1,374 down-regulated genes in the EID mice compared 
with the normal pregnant mice. We selected (fold change ≥2, P<0.05) and verified the candidate genes 
associated with embryo implantation, immune response and other reproductive processes in previous reports 
by qRT-PCR. Leukemia inhibitory factor (LIF), solute carrier family 15 member 2 (SLC15A2), retinoic acid 
receptor responder 1 (RARRES1), vascular cell adhesion molecule 1 (VCAM1) were down-regulated and 
musculin (MSC), chemokine (C-X-C motif) ligand 14 (CXCL14) were up-regulated significantly in EID group 
(P<0.05), and the synergistic effects of hCG were seen. In addition, the expression of glucocorticoid receptor 
(GR)-β in PBMCs of NP mice was higher than that of EID mice, and up-regulated GR-β in EID mice could 
significantly increase the expression of LIF, SLC15A2, RARRES1 and VCAM1, and decrease the expression of 
CXCL14 and MSC, which indicated GR-β might be a transcriptional factor of the six genes above.
Conclusions: Intrauterine PBMCs perfusion might improve the performance of impaired endometrial 
receptivity by regulating LIF, SLC15A2, RARRES1, VCAM1, MSC as well as CXCL14, and hCG could 
enhance the effect of PBMCs. In addition, GR-β, as a transcriptional factor, could regulate the six genes in 
PBMCs.
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Introduction

In the past few decades, in vitro fertilization and embryos 
transfer (IVF-ET) treatment have been widely used in 
infertile couples around the world. With the continuous 
advancement of assisted reproduction technology (ART), 
patients have access to a greater number of good-quality 
embryos. However, there is almost only 30% probability 
on the implantation of each embryo (1,2), even 10% of IVF 
patients suffer from repeated implantation failure (RIF) (3).  
RIF is a clinical quandary in reproductive medicine, which 
refers to a situation when implantation has repeated failed 
after transferring morphologically normal embryos to 
anatomically normal uterus (4).

The embryo implantation is a complex and delicate 
process, which requires a synchronization and coordinating 
cross-talk between an embryo with good developmental 
potential and a receptive endometrium (4). All of these 
events occur at a temporal period that is called the “window 
of implantation (WOI)” (5). It was reported that impaired 
endometrial receptivity was responsible for approximately 
two-thirds of the implantation failure (6), which made the 
unreceptive status of endometrium the most significant 
barrier to the establishment of pregnancy. Previous 
studies showed that a variety of factors participated in 
endometrium decidualization, including ovarian hormones, 
cytokines, growth factors, and transcription factors secreted 
by embryos and endometrium (5), of which chorionic 
gonadotropin (CG), secreted by developing embryos, was 
one of the most important signals profoundly modulating 
immunological tolerance and angiogenesis at maternal-fetal 
interface (7). Some studies also demonstrated that human 
chorionic gonadotropin (hCG) had an effect of promoting 
endometrial receptivity in women (8) and other primates (9).

Moreover, there is increasing evidence that large 
populations of decidual immune cells play a pivotal role 
on implantation and throughout the pregnancy (10,11), 
including the emergence of a receptive endometrium (12).  
During trophoblast cells invasion, blastocyst breaks through 
endometrial tissues and activates Th1 and Th17, while 
Th2 and Tregs are also needed to maintain pregnancy 
and regulate embryo invasion. At the implantation site, 
the endometrium has a sufficient blood supply with a 
large number of peripheral blood mononuclear cells 
(PBMCs), which are mainly composed of T lymphocytes, 
B lymphocytes, and monocytes. Preliminary studies 
showed that PBMCs could induce functional changes of 
endometrium and promote BeWo cells attachment (13), 

and hCG might be able to enhance such effects (14). 
Yoshioka et al. (15) developed an approach, who used hCG 
to culture with PBMCs obtained from RIF patients for 48 h,  
and administrated cultured PBMCs together with freshly 
isolated PBMCs into the uterus, which demonstrated a 
significant improvement on the clinical pregnancy rate, the 
implantation rate and the live birth rate in PBMCs-treated 
patients. Since then, intrauterine administration of autologous 
PBMCs has become one of the therapies for RIF patients. 
A recent meta-analysis indicated that PBMCs infusion 
increased the probability of clinical pregnancy and live 
birth irrespective of embryos stage and ET cycle types (16),  
though chemical and immunological indices were lacked to 
clarify the mechanisms of such benefits.

Several uterine receptivity biochemical markers have been 
proposed, however, none of them has been transformed 
into clinical practice successfully. Given the complexity 
of endometrial receptivity, the transcriptomic study as an 
alternative approach allowed scholars to simultaneously 
study all molecules involved in the implantation process. 
Kao et al. pioneered the microarray technology to describe 
the genetic changes of secretory-phase endometrium (17). 
From then on, many scientists utilized this test to explore 
the regulation of endometrial receptivity (18). Díaz-
Gimeno et al. developed endometrial receptivity array 
(ERA) test (19), including 238 differentially expressed 
genes (DEGs) of WOI. As a molecular predictive model, 
ERA could objectively diagnose the status of endometrium 
and create possibilities for individualized ET (20). At 
present, high-throughput RNA sequencing (RNA-Seq) 
technology and massive data analysis could provide a more 
comprehensive molecular profiling for endometrium (21)  
of specific populations, such as RIF (22) and recurrent 
miscarriage (23) during implantation.

In our previous studies, we detected that hCG could 
induce interleukin-1β (IL-1β) and TNF-α in PBMCs, 
and its secretion peaked after a 24-hour culture (24). At 
the same time, we observed a promotion of leukemia 
inhibitory factor (LIF) and VEGF in endometrium and a 
higher pregnancy rate in embryo implantation dysfunction 
(EID) mouse model after a hCG co-cultured with PBMCs 
infusion (25). We also demonstrated administration of hCG 
co-cultured with PBMCs for 24 hours could significantly 
improve the adverse pregnancy outcome of RIF patients, 
especially for women who had undergone four or more 
implantation failures (26). However, the mechanisms of 
hCG co-cultured with PBMCs infusion in promoting a 
receptive endometrium remain unclear. In the current 
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study, we performed a single intrauterine administration of 
hCG, PBMCs or hCG co-cultured PBMCs to mice with 
EID, and used RNA-Seq to analyze the potential role of 
such treatment during the putative implantation window. 
We showed that there were potential clinical benefits 
for intrauterine administration of hCG co-cultured with 
PBMCs prior to embryos implantation in mice with EID.

Methods

Animals

Adult male and female ICR mice of specific pathogen 
free (SPF) grade were obtained from Beijing Vital River 
Laboratory Animal Technology Co., Ltd. (Beijing, China). 
They were housed in Animal Laboratory Center of 
Renmin Hospital of Wuhan University (No. SYXK 2015-
0027, Wuhan, China), under environmentally controlled 
conditions (12 hours light and 12 hours darkness, 22–24 ℃, 
75–85% relative humidity) with standard food and water 
ad libitum. Eight to ten weeks old mice were used in our 
study, females weighed about 26–28 g and males weighed 
about 29–32 g. All female mice were caged with male mice 
(ratio 2:1) at 7:00 pm and vaginal plugs were checked at 
7:00 am on the next morning. Presence of vaginal plugs 
was considered as the evidence of mating, and the day was 
defined as the pregnant day 0.5 (PD 0.5). Intrauterine 
perfusion was performed through bilateral uterine horn 
at 9:00 am in PD 1.5 and EID mouse model was induced 
by mifepristone at 9:00 am in PD 3.5. At 9:00 pm in PD4, 
all female mice were sacrificed and the endometrium were 
collected for further experiments. All animal procedures 
included in this study conformed to the National Institutes 
of Health guidelines on the ethical use of animals (NIH 
Publication, revised 2011) and the Guideline for the Care 
and Use of Laboratory Animals of the Chinese Animal 
Welfare Committee. All experiments were approved by 
the Animal Use Committee of Renmin Hospital of Wuhan 
University (Wuhan, China).

Preparation of PBMCs

Consistent with our previous studies (25,27), we used 
Ficoll-PaqueTM PLUS (Tianjin Haoyang Biological 
Manufacture Co., Ltd., Tianjin, China) to centrifugate 
PBMCs from peripheral blood of unpregnant female mice. 
After centrifugation, PBMCs were collected from the 
interface layer and washed twice with PBS (Gibco®, Grand 

Island, NY, USA). Thereafter, PBMCs were suspended in 
RPMI1640 (Gibco®, Grand Island, NY, USA) supplemented 
with 10% FBS (Gibco®, Grand Island, NY, USA), with or 
without 5 IU/mL hCG (Zhuhai Livzon Diagnostics Inc., 
Zhuhai, China). And then incubated PBMCs at 37 ℃ under 
5% CO2 and high humidity for 24 hours.

EID mouse model establishment

The mice were mated as described above. Then we 
randomly divided pregnant mice into normal pregnancy 
(NP) group, EID group, EID with hCG group, EID with 
PBMCs group and EID with hCG co-cultured with PBMCs 
group. EID mice were made as our previous study as 
follows (25): 0.1 mL mifepristone (dissolved in propanediol 
at a concentration of 0.08 mg/mL, Hubei Gedian Renfu 
pharmaceutical company, Hubei, China) was injected into 
each mouse at PD 3.5 subcutaneously.

Intrauterine administration

After animals were anesthetized by isoflurane (RWD Life 
Science, Shenzhen, China), we surgically administrated 2.5 μL  
therapeutic fluids into the uterus through cranial part of 
each uterine horn using a micro-syringe. We administrated 
blank culture medium to the NP and EID mice, culture 
medium with 5 IU/mL hCG, PBMCs and PBMCs with 
5 IU/mL hCG to the EID. The overall operation time of 
a mouse was no more than 20 minutes, and the unilateral 
uterine horn administration time was about 5 seconds.

Tissue collection and tissue processing

All mice were sacrificed at PD4, which represented the 
“WOI” of mice, and endometrial samples were obtained. 
Endometrial tissues were snap-frozen in liquid nitrogen and 
then stored at –70 ℃ till further experiments.

RNA extraction and purification

Total RNA was extracted from endometrial tissue using 
RNAiso Plus Total RNA extraction reagent (Cat#9109, 
TAKARA Biomedical Technology Co., Ltd., Tokyo, Japan) 
according to the manufacturer’s instructions. Use Agilent 
Bioanalyzer 2100 (Agilent Technologies, Santa Clara, CA, 
US) checked the RNA integrity. Qualified total RNA was 
then purified by RNA Clean XP Kit (Cat.A63987, Beckman 
Coulter Inc., Kraemer Boulevard Brea, CA, USA) and 
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RNase-Free DNase Set (Cat#79254, QIAGEN GmbH, 
Germany).

RNA-Seq procedure

We used Ribo-Zero rRNA removal beads (Mouse, 
Illumina, USA) to remove ribosomal RNA from total 
RNA and fragmented the mRNA into small pieces using 
divalent cations under 94 ℃ for 8 min. The cleaved RNA 
fragments were copied into first-strand cDNA using reverse 
transcriptase and random primers, and seconded-strand 
cDNA was synthesized using DNA Polymerase I and 
RNase H. Then cDNA fragments went through an end 
repair process, the addition of a single ‘A’ base and ligation 
of the adapters. The products were then purified and 
enriched with polymerase chain reaction (PCR) to create a 
final cDNA library. To confirm the insert size and calculate 
the mole concentration, purified libraries were quantified by 
Qubit® 2.0 Fluorometer (Life Technologies, Carlsbad, CA, 
USA) and validated by Agilent 2100 bioanalyzer (Agilent 
Technologies, USA). Cluster was generated by cBot with 
the library diluted to 10 pM, which were then sequenced on 
the Illumina HiSeq 2500 (Illumina, USA).

Before reads mapping, clean reads were achieved from 
raw reads by filtering out rRNA reads, sequencing adapters, 

short fragment reads and other low-quality reads. Those 
high-quality reads passed the Illumina quality filters were 
kept for the afterwards sequencing analysis.

Transcriptome data analysis and significant genes 
overlapping

Clean reads were aligned to the genome GRCm38.p4 
(mm10) by Hisat2 v:2.0.4. Transcript levels were estimated 
using fragments per kilobases per million reads (FPKM), 
the DEGs were identified by edge R algorithms. The up- or 
down-regulated genes were filtered from the RNA-Seq data 
with P values <0.05.

In order to identify the potential functional molecules 
of our study, we performed genes overlapping over 
significantly DEGs between EID group and NP group, 
EID with hCG group, EID with PBMCs group and EID 
with hCG co-cultured with PBMCs group, EID with hCG 
co-cultured with PBMCs group and EID with hCG group 
and EID with hCG co-cultured with PBMCs-treated group. 
We first used |log2(fold change)| ≥1 and P<0.05 as the 
screening criteria, and then summarized genes which have 
been included in ERA test (19). After that, we expanded 
the range of our screening to the whole genome, and used 
|log2(fold change)| ≥2 and P<0.05 as the cut-off. Under 
two standards above, genes with high degree of coincidence 
were used for further verification.

Quantitative real-time polymerase chain reaction  
(qRT-PCR)

Total RNA was extracted from another 15 endometrium 
samples (3 samples per group) using TRIzol extraction 
reagents (Invitrogen, Grand Island, NY, USA), according 
to the methods of manufacturer’s instructions. RNA purity 
and concentration were photometrically tested. RNA was 
reverse-transcribed into cDNA using Reverse Aid First 
Strand cDNA Synthesis Kit (Thermo, Grand Island, NY, 
USA). RT-PCR was performed using Trans-Start Tip Green 
qPCR Supermix (Transgen Biotech, Beijing, China) with 
ABI 7500 RT-PCR (Bio-Rad, CA, USA). Specific primer 
sequences are listed in (Table 1). The gene expression levels 
were calculated relative to GAPDH using the 2–ΔΔCq method.

Detection of protein in cell supernatant by enzyme-linked 
immunosorbent assay (ELISA)

Glucocorticoid receptor (GR)-β ELISA kit was obtained 

Table 1 Oligonucleotide primers used in qRT-PCR

Gene Primer

GAPDH Forward: GGTTGTCTCCTGCGACTTCA

Reverse: TGGTCCAGGGTTTCTTACTCC

LIF Forward: GAATACAGGAGGTTGGAGCAGTGC

Reverse: AAGGCAGCGATGAAGCAAGGAC

RARRES1 Forward: CCTGCCGTATTCACTTGGTCTGG

Reverse: GGCGGTGCCATAGCTGATGC

SLC15A2 Forward: TCAGCATCGCCTTCATTGTGGTG

Reverse: CAGCCAGGAGTCAGCAATCGC

MSC Forward: GGAAGAGGAGGACGGTGAAGAGG

Reverse: ATTCCGCTGCGACTGCTTGC

CXCL14 Forward: GTCACCACCAAGAGCATGTCCAG

Reverse: TCGTTCCAGGCATTGTACCACTTG

VCAM1 Forward: ATCTCAGGTGGCTGCACAAGTTG

Reverse: AGCGCACAGGTAAGAGTGTTCATC

qRT-PCR, quantitative real-time polymerase chain reaction.
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from R&D company, and the procedure was practiced 
according instruction. Measure the absorbance at 450 nm, 
using a microtiter plate spectrophotometer. Perform an 
end-point measurement after 1 h. Calculate the titer of the 
sera. The titer can be defined as the dilution of cell culture 
supernatant giving an optical density (OD) of 0.2 above 
the background of the ELISA after a 1-h reaction. Before 
calculation of results, create a standard curve by plotting the 
mean absorbance for each standard concentration on the 
ordinate against the GR-β concentration on the abscissa.

Statistical analysis

Data were presented as mean ± standard error of mean 
(SEM). Unpaired t-test for two comparisons, and one-way 
analysis of variance (ANOVA) with multiple comparisons 
test for one data set were used to evaluate the statistical 
significances of the results and statistical analyses were 
undertaken by SPSS 22.0 (SPSS, Chicago, IL, USA). 
Significance was accepted at P<0.05.

Results

RNA-Seq analysis

In this experiment, a total of 21 endometrial samples from 
five groups were detected by RNA-Seq. At least three 
biological replicates for each set. We generated five libraries 
and sequenced them to a depth of greater than 40 million 
high-quality mappable clean reads, and more than 90% of 
the sequence bases could be aligned to the genome (Figure 1,  
Table 2). In summary, the sequence distribution of each 
sample was balanced and with evenness genome mapping. 
Our sequencing results were of good quality and could be 
used for further analysis.

DEGs analysis

The number of DEGs were listed (P<0.05) (Table 3). Using 
fold change ≥4 and P<0.05 as the screening criteria, we 
overlapped genes which have been included in ERA test, 
and 15 genes were selected for a coincidence of greater than 
twice. We also used fold change ≥2 and P<0.05 as the filter 
to extensively overlap the DEGs of genome and 160 genes 
were selected for a coincidence of greater than three times 
(Figure 2). Then a literature research was conducted about 
the above 172 genes, of which 24 genes had been reported 
to be involved in embryo implantation, immune response 

and other reproductive processes. We also verified these 
genes by qRT-PCR for another 15 samples, the expression 
of retinoic acid receptor responder 1 (RARRES1), solute 
carrier family 15 member 2 (SLC15A2), musculin (MSC), 
chemokine (C-X-C motif) ligand 14 (CXCL14), and 
vascular cell adhesion molecule 1 (VCAM1) was different 
significantly (Figures 3,4). Though LIF failed to meet part 
of our requirements mentioned above, we specially included 
LIF as another candidate marker in our study, considering 
its representative role in endometrial receptivity assessment.

Intrauterine hCG co-cultured with PBMCs administration 
induced the expression of endometrial receptivity marker LIF

In our previous data, Intrauterine infusion of hCG co-
cultured with PBMCs to EID mouse could induce an 
accumulation of LIF in endometrium (25). We observed 
a significant decrease of LIF expression in EID mice 
[P<0.001, log2(fold change) =–2.53], and a rebound after 
hCG co-cultured with PBMCs infusion [P<0.05, log2(fold 
change) =0.78]. In addition, we also discovered an elevation 
in PBMCs-treated group, though there was no statistical 
difference (P>0.05) (Figure 4).

Intrauterine hCG co-cultured with PBMCs administration 
induced expression of CXCL14

CXCL14 was highly chemotactic for monocytes and was 
elevated in the mid-secretory phase endometrium. In our 
study, we observed an increase of CXCL14 expression 
in EID mice [P<0.0001, log2(fold change) =1.87], and an 
infusion of PBMCs slightly reduced of CXCL14 (P>0.05), 
but an infusion of hCG co-cultured with PBMCs could 
reduce its expression significantly [P<0.01, log2(fold change) 
=–0.64] (Figure 4).

Intrauterine administration of PBMCs induced RARRES1 
expression

According to ERA test (19), RARRES1 expression 
was increased in endometrium at WOI, while another 
transcriptome analysis demonstrated that RARRES1 was 
significantly decreased in RIF patients (28). Our results 
showed that RARRES1 was decreased in EID mice 
[P<0.001, log2(fold change) =–2.48], which was similar to 
the previous results. Additionally, RARRES1 expressions 
were all enhanced in EID with PBMCs group and hCG 
co-cultured with PBMCs group [P<0.01, log2(fold change) 
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Figure 1 A total of 21 endometrial samples from five groups (group A, B, C, D, E) were detected by RNA-Seq: genes region distribution, 
reads density in chromosomes and saturation analysis were mapped, which reflected a good data quality to be used for further analysis. 
RNA-Seq, RNA sequencing; FPKM, fragments per kilobases per million reads.

=2.35; P<0.001, log2(fold change) =–2.70], which occurs 
during the mid-luteal phase generally (Figure 4).

PBMCs intrauterine infusion induced SLC15A2 expression 
in EID mice

SLC15A2, reported to be involved in immune response, 
was reduced in the endometrium of EID mice [P<0.001, 

log2(fold change) =–1.46]. Simultaneously, we discovered 
that  PBMCs and hCG co-cul tured with  PBMCs 
administration were able to increase SLC15A2 expression 
[P<0.01, log2(fold change) =1.29; P<0.01, log2(fold change) 
=1.23]. Though we failed to observe a significant down-
regulation of SLC15A2 in EID mice by PCR analysis 
(P<0.05), there was still a high resemblance to RNA-Seq 
data (Figure 4).
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Intrauterine hCG infusion significantly induced MSC 
expression in endometrium

We also conducted an analysis over the expression of 
MSC, which was down expressed infertile mice, and could 
regulate Tregs differentiation (29). In our current research, 
we detected MSC expression was significantly elevated 
[P<0.0001, log2(fold change) =3.19] in EID mice. hCG co-
cultured with PBMCs administration exhibited an obvious 
inhibition in such elevation [P<0.001, log2(fold change) 
=–2.19; P<0.01, log2(fold change) =–2.07] (Figure 4).

Intrauterine hCG administration induced the VCAM1 
expression in endometrium

In our previous data, we demonstrated an increase of VEGF 

by hCG combined PBMCs administration (21). VCAM1, 
as another regulator to affect vascular permeability, might 
be activated on the embryo implantation. RNA-Seq showed 
that VCAM1 expression was significantly decreased in 
endometrium of EID mice [P<0.001, log2(fold change) 
=–1.33], while hCG treatment significantly increased 
VCAM1 expression [P<0.01, log2(fold change) =1.97]. 
However, we failed to find a difference in hCG co-cultured 
PBMCs group (P>0.05). qRT-PCR results showed a 
difference within five groups (P<0.05), and the overall 
trend was similar, but no significant difference was found in 
multiple comparisons (Figure 4).

GR-β expression in PBMC

The GR, including GR-α and GR-β, is a key receptor 

Table 2 Data coverage analysis summary of RNA-Seq

Sample name Raw reads Raw bases (G) Q20 ratio (%) Clean reads Mapping ratio (%)

A1 45981096 6.90 97.85 44749376 94.66

A2 47810208 7.17 97.92 46618116 93.48

A3 41852208 6.28 97.71 40582840 95.01

A4 46491848 6.97 97.61 44986018 95.01

A5 54930544 8.24 97.81 53056140 94.43

B1 69926244 10.49 97.75 68050413 93.92

B2 49841438 7.48 98.03 48674777 96.26

B3 44674562 6.70 98.26 43550588 95.78

C1 55393914 6.70 98.26 53965026 96.13

C2 52850408 7.93 97.75 51205746 96.02

C3 52762636 7.91 97.72 51190886 95.92

C4 45180192 6.78 97.57 43481316 94.06

D1 46749688 7.01 97.44 45162974 94.74

D2 58050644 8.71 96.97 55758573 95.00

D3 51596132 7.74 97.30 49832824 95.51

D4 47256192 6.91 97.76 45887893 94.53

D5 49249390 8.30 97.73 47329438 95.69

D6 56941090 6.28 97.71 54865396 95.02

E1 46085276 7.09 97.75 44735127 94.86

E2 55350902 7.39 97.72 53586351 94.49

E3 45715494 8.54 97.77 44295717 96.32

RNA-Seq, RNA sequencing.
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involved in inflammatory responses. It was found that GR at 
a low level, could affect the biological effects of endogenous 
glucocorticoids (GCs), and decreased cellular responsiveness 
to GCs, so that patients were in the immune turbulence 
owing to weaker of immunosuppressive effect (30).  

PBMCs from normal pregnant mice and EID mice were 
isolated and incubated for 24 hours respectively, and the 
expression of GR-β in cell supernatant was detected by 
ELISA. The expression of GR-β in EID mice was decreased 
significantly (P<0.01) (Figure 5).

Table 3 Summary of the numbers of DEGs

Group Up (n) Down (n) Total (n)

Group B to group A 1,366 1,374 2,740

Group C to group B 465 535 1,000

Group D to group B 241 248 489

Group E to group B 452 466 918

Group E to group C 580 652 1,232

Group E to group D 449 501 950

DEG, differentially expressed gene.

Figure 2 Gene overlapping: using fold change ≥4 and P<0.05 as the screening criteria, 15 genes were selected for a coincidence of greater 
than twice; using fold change ≥2 and P<0.05 as the filter to extensively overlap the DEGs of genome, 160 genes were selected for a 
coincidence of greater than three times. DEG, differentially expressed gene.

G2–G1 G2–G1G3–G2 G3–G2

G4–G2 G4–G2

G5–G2 G5–G2

G5–G3 G5–G3

G5–G4 G5–G4

2  15 (1)
4 (2)

3

Number of elements: specific (1) or shared by 2, 3, ... lists Number of elements: specific (1) or shared by 2, 3, ... lists

2  15 (3)
4 (36)

3

10 3110 294 77687

Size of each list Size of each list

35.0

17.5

0

537.0

268.5

0
G2–G1 G3–G2 G4–G2 G5–G2 G5–G3 G5–G4 G2–G1 G3–G2 G4–G2 G5–G2 G5–G3 G5–G4

35

15
4

9
20

11

537

270
163

250
352

212



Annals of Translational Medicine, Vol 8, No 4 February 2020 Page 9 of 15

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2020;8(4):99 | http://dx.doi.org/10.21037/atm.2019.12.109

Figure 3 Clustering analysis of the genes in the different samples: the red color refers to the higher expression; the green color refers to the 
lower expression.

Figure 4 Effect of intrauterine infusion on genes expression in endometrium by RT-PCR: LIF, SLC15A2, RARRES1, VCAM1 were down-
regulated and MSC, CXCL14 were up-regulated in EID group (one-way ANOVA test: *P, <0.05; **, P<0.01; ***, P<0.001). RT-PCR, real-
time polymerase chain reaction; EID, embryo implantation dysfunction; ANOVA, analysis of variance; NP, normal pregnancy; hCG, human 
chorionic gonadotropin; PBMC, peripheral blood mononuclear cell.
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The correlation among LIF, SLC15A2, RARRES1, 
VCAM1, CXCL14, MSC and GR-β

Considering that GR-β is a transcriptional factor related 
to inflammation, we used PROMO program to predict the 
binding sites on the promoter regions of these six genes. 
We found that there were all GR-β binding sites in the 
upstream regions of these six genes (Figure 6). Furthermore, 
LIF, SLC15A2, RARRES1, VCAM1 were positively 
regulated and CXCL14, MSC were negatively regulated 
by GR-β. After isolation of normal unpregnant PBMCs, 
PBMCs were co-cultured with GR-β, and intrauterine 
perfusion was performed in EID mice. It was found that the 
expression of LIF, SLC15A2, RARRES1, VCAM1 in the 
endometrium of EID mice increased, while the expression 
of CXCL14 and MSC decreased, the effect of PBMCs co-
cultured with GR-β was more obvious than that of PBMCs 
by RT-PCR (P<0.05) (Figure 7).

Discussion

Large amounts of immune cells and immune-related factors 
at implantation site are important components of maternal-
fetal interface (31), which contribute to the immune tolerance 
while induce a moderate inflammatory response during 
embryo implantation. Many studies indicated that abnormal 
immune environment of endometrium and peripheral blood 
could lead to EID. Some scholars used a specific combination 

of immunological biomarkers to determine whether 
uterine immunological microenvironment played a role in 
implantation, and they discovered more than 80% of patients 
with previous implantation failures exhibited an immune 
imbalance in endometrium, which might be the root for 
their poor endometrial receptivity (32). Lymphocyte therapy 
treatment (LIT) (33), intravenous immunoglobulin (34)  
and other immune interventions could effectively improve 
the pregnancy outcome of RIF patients. Although detailed 
indications and further exploration was needed to verify 
clinical effectiveness, our previous data showed intrauterine 
infusion of hCG co-cultured with PBMCs before ET could 
achieve better clinical pregnancy outcomes for some RIF 
patients (26). We also discovered that hCG co-cultured 
with PBMCs intrauterine administration in advance could 
effectively improve the number of blastocysts implanting 
in EID mice (25). To explore the potential mechanisms 
responsible for such improvements in mice and RIF patients, 
we depicted the transcriptome profiles of endometrium in 
EID mice model after receiving a hCG, PBMCs and hCG 
co-cultured with PBMCs infusion by RNA-Seq, verified 
the most differential expressed genes by qRT-PCR, and 
discovered that LIF, RARRES1, SLC15A2, MSC, CXCL14, 
VCAM1 might be the important factors regulating embryos 
implantation.

LIF, as a member of IL-6 family, is a Th2-associated 
cytokine .  LIF played a  key  role  on endometr ia l 
decidualization and embryos implantation (35), which 

Figure 5 GR-β protein expression in PBMC culture supernatant. Twenty-four hours post incubation, ELISA for GR-β was detected: 
concentration standard curve of GR-β protein; GR-β protein expression in PBMCs from normal pregnant and EID mice (unpaired t-test: **, 
P<0.01). PBMC, peripheral blood mononuclear cell; ELISA, enzyme-linked immunosorbent assay; EID, embryo implantation dysfunction; 
NP, normal pregnancy.
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made it be a commonly molecular marker to evaluate 
endometrial receptivity (36). Early studies found that 
LIF knockout mice showed some defects during embryos 
implantation processes, while exogenous supplementation 
of LIF could restore their fertility (37). We demonstrated 
that hCG co-cultured with PBMCs could elevate LIF 
expression in endometrium, which suggested infusion 
treatment could be used as a supplement to patients with 
implantation failures.

CXCL14 reached peak at embryos implantation site 
during WOI (38), and its knockout in mice could lead 
to infertility (39). It is showed that CXCL14 might be 
regulated by progesterone and exerted a chemo-attractive 
effect on natural killer (NK) cells for the accumulation in 
epithelial glands (40). In our study, we detected a significant 
increase in endometrial CXCL14 expression, which 
might be associated with local immune disorders caused 
by mifepristone, and this compensatory increase could be 
restored by intrauterine infusion of hCG co-cultured with 
PBMCs. At the same time, we also observed slight changes 
in LIF and CXCL14 in mice treated with PBMCs only, 
which might relate to the luteinizing hormone (LH)/hCG 
receptor in lymphocyte surface (41).

RARRES1, induced by retinoic acid, expressed in 
multiple tissues. Previous studies suggested that RARRES1 
was involved in the apoptosis of tumor cells, inhibited the 
proliferation and invasion of tumor cells (42), and placenta 

formation might share some molecular processes of  
tumor (43). Studies indicated that RARRES1 was an 
important regulator of trophoblast cells (44), and its 
overexpression in trophoblast cells was highly correlated 
with the onset of preeclampsia (45). There were also reports 
that RARRES1 in ectopic endometrium of patients with 
endometriosis was higher than endometrium infertile 
women of childbearing age, prompting its potential role 
in endometrial differentiation (46). Our results showed 
the similarities in the human, where RARRES1 was down-
regulated in EID endometrium, and PBMCs treatment 
recovered its down-regulation. So, we hypothesized that 
PBMCs might participate in endometrial differentiation 
and trophoblastic invasion through RARRES1. However, 
further exploration is needed, owing to the lack of relevant 
research on the role of RARRES1 during the implantation 
process.

SLC15A2 or PepT2 is a transmembrane transporter 
expressed in the cell membrane and the organelle 
membrane. In mice, SLC15A2 was highly expressed in 
mature immune cells and macrophages in bone marrow (47).  
By utilizing the proton gradient of the membrane, 
SLC15A2 completed the transport of dipeptides (MDP), 
tripeptides (Tri-DAP) and other peptidomimetic substances 
involved in innate immune responses, to induced the release 
of inflammatory factors, such as IL-6 and TNF-α. Although 
it was found that SLC15A2 declined in human during WOI, 

Figure 6 The binding site of gene was predicted by PROMO program: GR-β could be the transcriptional factor of six genes.
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there was no other study to report its dysregulation in 
patients and mice with implantation difficulties. SLC15A2 
was also involved in the onset of several immune diseases, 
such as inflammatory bowel disease and systemic lupus 
erythematosus. Our study observed a decreased expression 
of SLC15A2 in mice with implantation dysfunction, and 
intrauterine perfusion treatment of PBMCs might be useful 
to repair the injury. Thus, we suspected that mifepristone 
might inhibit moderate inflammatory responses of 
implantation, and the infusion of PBMCs might contribute 
to the recovery of immune micro-environment.

MSC is a member of the helix-loop-helix transcription 
factor family. Literature reports suggested that its down-
regulation could induce the transformation of Tregs to 
Th2 cells through Foxp3 (29). In addition, studies have 
also detected the expression of MSC in Th17 and therefore 
participating in IL-2 secretion (48). Our results suggested 
that MSC was significantly increased when undertaken 

endometrial damage, and hCG infusion might effectively 
reverse such changes. Considering the positive effect 
of hCG on immune cells (49), we speculated that hCG 
might repair the abnormalities of local immune balance 
by modulating the action of MSC, and promote embryos 
implantation.

VCAM1 was expressed on endothelial cells under 
inflammatory conditions, mediating the recruitment of 
various subsets of leukocytes (50). At implantation sites, 
ERA test suggested (19) that VCAM1 was elevated in 
the endometrium during implantation and experienced 
a reduction in unexplained infertility patients (51). Our 
results exhibited a similar trend as the expression of 
human, VCAM1 was significantly decreased in the mice 
model, while hCG intrauterine perfusion treatment 
significantly increased the expression of VCAM1. Previous 
studies have found out that hCG intrauterine perfusion 
therapy significantly increased Notch1 expression in 

Figure 7 Effect of intrauterine infusion of GR-β co-cultured with PBMCs on genes expression in endometrium by RT-PCR: the expression 
of LIF, SLC15A2, RARRES1 and VCAM1 were significantly increased, while CXCL14 and MSC were significantly decreased (one-way 
ANOVA test: *, P<0.05; **, P<0.01). PBMC, peripheral blood mononuclear cell; RT-PCR, real-time polymerase chain reaction; ANOVA, 
analysis of variance; EID, embryo implantation dysfunction.
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the endometrium. As another component of the Notch 
signaling pathway (45), we speculated that the above 
changes might be due to the effect of hCG on the Notch 
signaling pathway in endometrium (49).

GC has a strong immunomodulatory and anti-
inflammatory effect, and is used to treat autoimmune 
diseases and some malignant lymphomas (52). There is an 
intermodulation between GC in serum and GR in cells, 
and the reactivity of cells to GC is also associated with GR 
content, which mainly depends on three mechanisms: (I) 
combining GR with GC response elements to regulate gene 
expression directly; (II) interacting with other transcription 
factors indirectly regulate gene through GR; (III) second 
messenger Cascade effect mediated by GR. In this study, 
we found that GR-β in PBMCs was decreased in EID and 
could regulated six genes above. When GR-β was increased, 
the rebound of these downstream genes could be found. 
Clinical efficacy of dexamethasone in the treatment of RIF 
may be related to this mechanism.

In conclusion, our results indicated that intrauterine 
administration of hCG co-cultured with PBMCs prior to 
embryos implantation has a good influence on endometrial 
receptivity in mice with embryonic implantation dysfunction 
by regulating LIF and CXCL14. Furthermore, PBMCs 
might repair the decline of RARRES1 and SLC15A2, and 
hCG perfusion could improve the expression of VCAM1 
and reduce the high expression of MSC. Such infusion 
could effectively improve the endometrial receptivity 
and might have an effect on the regulation of immune 
microenvironment, embryos adhesion and trophoblast 
invasion. However, considering that endometrial biopsy 
might cause further damages to patients with RIF, we failed 
to use human endometrium but endometrium of EID 
mice model as our test samples. Therefore, there might 
be differences between the human and the mouse. To our 
knowledge, this was the first study to comprehensive profile 
of the molecular regulation of endometrium after hCG co-
cultured with PBMCs intrauterine administration. Further 
studies are needed to determine if these changes of the 
genes above are helpful to improve implantation failures in 
infertile populations.
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