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Abstract 

 

Over the last few years, intrauterine administration of autologous peripheral blood mononuclear 

cells (PBMC) has been proposed as new immunotherapy for patients with unexplained 

recurrent implantation failure (RIF). In these patients, administration of activated PBMC before 

embryo transfer results in a 2-fold increase in live birth rates(Yang et al., 2020). In this study 

we evaluated the role of T cells to promotes human endometrial receptivity. On the day of 

ovulation, PBMC were isolated from and activated with T cells mitogen, the  

phytohemagglutinin (PHA) and hCG for 48-h in a conditioned culture medium. Distributions 

of CD4+ T cells were characterized in 157 patients by flow cytometry before and after 

PHA/hCG activation. Cytokine production was analyzed by cytometric beads array. We 

observed in RIF patients a significant decrease in Th2 and natural Treg cells before activation 

with PHA/hCG and an increase of Th17 cells after activation compared to intrauterine sperm 

insemination (IUI) and in vitro fertilization (IVF) groups. Furthermore, the hCG/PHA treatment 

increases anti-inflammatory T cells (Th2 and Treg cells) compared to non-treated T cells. 

Principal component analysis (PCA) performed on CD4 T cell subtypes revealed a different 

cellular profile in the RIF compared to the IUI and IVF groups. This inflammatory state change 

could explain how endometrium immunomodulation by hCG-activated PBMC helps patients 

with unexplained RIF to reach implantation. 

 

Keywords: Endometrium immunomodulation, In vitro fertilization, Repeated implantation 

failure, Peripheral blood mononuclear cells, Th cells. 
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1. Introduction 

 

Nowadays, infertility affects 10 to 15% of couples in industrialized countries (Chandra, Copen, 

& Stephen, 2014; Evers, 2002). Since the 1980s, we observed a 3-fold increase in the 

percentage of infertile couples in Canada only (Bushnik, Cook, Yuzpe, Tough, & Collins, 

2012). In the last decades, many treatments have been developed in the field of assisted 

reproductive technology but, based on meta-analysis, only 21 to 30 % of elective single-embryo 

transfers result in clinical pregnancies (Gleicher, Kushnir, & Barad, 2019)(Gelbaya, Tsoumpou, 

& Nardo, 2010). A successful pregnancy involves synchronization between a healthy embryo 

and an endometrial receptivity (Teh, McBain, & Rogers, 2016). Embryo implantation is the 

critical step leading to the invasion of the uterine wall and the subsequent clinical validation of 

the pregnancy by increasing human chorionic gonadotropin (hCG) in the maternal blood. 

Implantation is mediated by interactions between the embryo and the endometrium (Kim & 

Kim, 2017) and involves hormones, growth factors, cytokines and adhesion molecules 

(Guzeloglu-Kayisli, Kayisli, & Taylor, 2009; Pawar, Hantak, Bagchi, & Bagchi, 2014). The 

window of implantation (WOI) occurs between 5 and 10 days post-ovulation and is associated 

with the expression of cellular products such as cytokines produced by the immune cells 

(Robertson & Moldenhauer, 2014; van Mourik, Macklon, & Heijnen, 2009). In recent years, 

studies have shown that a successful embryo implantation maybe influenced by the immune 

cells present at the implantation site (Robertson, Care, & Moldenhauer, 2018; Robertson & 

Moldenhauer, 2014). 

 

Recurrent implantation failure (RIF) can be defined as three successive transfers of 

healthy embryos into a normal uterus that does not lead to successful implantation and clinical 

pregnancy (Bashiri, Halper, & Orvieto, 2018). RIF can be due to the embryo itself, factors 
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decreasing endometrial receptivity or both (Bashiri et al., 2018). Today, advanced technologies 

in the field have made it possible to specifically study the implantation process to understand 

the different aspects of endometrial-embryonic interaction (Hoozemans, Schats, Lambalk, 

Homburg, & Hompes, 2004; Zohni, Gat, & Librach, 2016). New techniques are being studied 

to enhance endometrial receptivity. For example, it has been shown that hCG-activated 

peripheral blood mononuclear cells (PBMC) promote the implantation and invasion of mouse 

blastocyst in vitro (Nakayama et al., 2002). Clinical trials have studied the effects of 

unstimulated (Okitsu et al., 2011) and hCG-activated PBMC for 48-h on the implantation and 

clinical pregnancy rates in RIF patients (Yoshioka et al., 2006). These studies have shown that 

endometrium immunomodulation by intrauterine administration of PBMC significantly 

increased implantation and clinical pregnancy rates in RIF patients. Furthermore, a recent meta-

analysis confirms an increase in live birth rate by 2-fold(Yang et al., 2020). Although PBMC 

in RIF patients seems to modulate endometrial receptivity, the cellular mechanisms responsible 

for this phenomenon are still unknown.  

 

Various cell populations such as CD4+/CD8+ T cells (25-60%), monocytes (10-30%), B 

cells (5-15%) and NK cells (5-10%) are present in PBMC (Kleiveland, 2015). CD4+ T cells are 

known to play an important role in the establishment of immunity (Luckheeram, Zhou, Verma, 

& Xia, 2012). These cells perform various functions, characterized by specific cytokine 

productions that can induce a pro- or anti-inflammatory response. The aim of this study is to 

understand the role of CD4 T lymphocytes in endometrial immunomodulation in RIF patients.  
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2. Material and Methods 

 

2.1 Ethic statement and patients 

This study was approved by the ethical committee of INRS (Québec, QC, Canada), protocol 

CER-16-427. One hundred and fifty-seven (157) women were enrolled in this study between 

April 2017 and November 2018. All women were enrolled and treated at the Fertilys clinic and 

are part of a larger cohort. Women were divided into three different groups: 66 patients were 

treated for intrauterine sperm insemination (IUI group), 61 patients with less than three 

previous embryo implantation failures were transferred with a fresh or frozen/thawed embryo 

(IVF group), and 30 patients with three or more embryo implantation failures were transferred 

with fresh or frozen/thawed embryos (RIF group). Women who had known etiologies of RIF, 

such as chromosomal abnormalities and the presence of antiphospholipid antibodies were 

excluded from this study.  

 

2.2 In vitro fertilization (IVF) procedure  

 

Ovarian stimulation was performed using mainly an GnRH antagonist protocol combining 

recombinant FSH/LH to GnRH antagonist (Cetrotide; EMD Serono, Ontario, Canada), and less 

commonly,  a micro-dose flare-up protocol using buserelin as the agonist (Suprefact; Sanofi, 

Québec, Canada). Briefly, ovarian stimulation was initiated on day 3 using FSH-r (Gonal-F; 

EMD Serono) or human menopausal gonadotropins (Menopur; Ferring, NJ, USA). For the 

GnRH antagonist protocol, Cetrotide and rLH (Luveris; EMD Serono) were both added when 

ovarian follicles reached 12-14 mm in diameter until hCG administration. As for the micro-

dose flare-up protocol, the GnRH agonist was started the same day of rFSH or hMG, usually 

on day 3 of the cycle. When at least two dominant ovarian follicle reached 18 mm in diameter, 

ovulation was triggered using recombinant or human chorionic gonadotropin (hCG: Ovidrel, 
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EMD Serono or Pregnyl, EMD Serono). Thirty-five to 36-h post-hCG administration, oocytes 

were recovered by transvaginal oocyte retrieval. Luteal phase was always supported with 

vaginal progesterone.  

 

2.3 Embryo culture 

 
Cumulus-oocyte complexes were removed using hyaluronidase (CooperSurgical Fertility & 

Genomic Solutions, Målov, Denmark) diluted in modified human tubal fluid (mHTF) media 

(CooperSurgical Fertility & Genomic Solutions) supplemented with 10% Serum Substitute 

Supplement (Fujifilm Irvine Scientific, CA, USA). Cumulus-removed oocytes were firstly 

incubated in Sage 1-Step medium (CooperSurgical Fertility & Genomic Solutions) at 37 C, 

5% CO2, 5% O2. After 2-h, intracytoplasmic sperm injection was performed. Fertilized oocytes 

were then incubated at 37 C, 5% CO2, 5% O2 until fresh embryo transfer or embryo 

vitrification. Depending on woman’s age, one or two embryos were transferred in utero three 

to five days after oocyte retreival.  

 

2.4 Frozen/thawed embryo transfer 

Embryos were thawed the day before or on the same day of transfer using a vitrification 

warming kit (Kitazato), according to the manufacturer’s recommendations. Briefly, embryos 

were placed in a thawing medium for 1 min at 37 C. After thawing, the embryos were kept in 

the dilution solution (Kitazato) for 3 min at 37 C. Embryos were finally washed in the washing 

solution (Kitazato) for 5 min at 37 C. Frozen/thawed embryos were transferred in utero two 

days after PBMC intrauterine administration. In most frozen/thawed embryo transfer cycles, 

letrozole 5 mg from day 3 to 7 was used to augment ovulation followed by hCG administration 

when the dominant follicle reached 18 mm. Luteal phase was also always supported with 

vaginal progesterone. 

.CC-BY-NC-ND 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted January 8, 2021. ; https://doi.org/10.1101/2021.01.06.425452doi: bioRxiv preprint 

https://doi.org/10.1101/2021.01.06.425452
http://creativecommons.org/licenses/by-nc-nd/4.0/


7 
 

 

2.5 Isolation and administration of PBMC 

Thirty milliliter of blood were collected 3 or 5 days prior to embryo transfer and PBMCs were 

isolated as previously described (Emi et al., 1991; Hashii et al., 1998) by Ficoll-Hypaque 

(Ficoll-PaqueTM PLUS, GE Healthcare, Uppsala, Sweden). After centrifugation step at 400 g 

for 30 min, PBMC were washed twice in PBS 1X (Gibco, USA). For immunomodulation, 

PBMC (1×106 cells/ml) was suspended in 6 ml of global total medium supplemented with 

PHA/hCG  and then incubated for 48-h at 37 °C, 5% CO2. For flow cytometry analysis, 1×106 

PBMC of freshly isolated were suspended in 1 ml of RPMI 1640 medium (Gibco) 

supplemented with 10% fetal bovine serum (FBS), 50 ng/ml Phorbol 12-myristate 13-acetate 

(PMA), 1 µg/ml ionomycin, 0.7 µl/ml GolgiStop (BD Biosiences, USA) and 1µl/ml GolgiPlug 

(BD Biosiences) for 5-h at 37 °C, 5% CO2. The remaining of fresh PBMC cells were frozen at 

-80 °C in FBS supplemented with 10% DMSO. After 2 days, PBMC suspended in global total 

medium were counted and then washed with new global total medium. The supernatant was 

frozen at -80 °C. PBMCs (1×106 cells) were suspended in 0.4 ml of global total medium and 

injected in the uterine cavity. The remaining of PBMCs was suspended in 1 ml of RPMI 1640 

(Gibco) supplemented with 10% FBS, 50 ng/ml PMA, 1µg/ml ionomycin, 0.7 µl/ml GolgiStop 

and 1µl/ml GolgiPlug and were incubated 5-h at 37°C, 5% CO2 for flow cytometry experiments. 

2.6 Flow Cytometry 

After activation of PBMCs with 50 ng/ml PMA, 1 µg/ml ionomycin and 1 µg/ml brefeldin A 

for 5-h at 37°C, 5% CO2 and a washing step in PBS 1X, 1 x106 cells were transferred into a 1.5 

ml microcentrifuge tube. Non-specific binding blocking was achieved by adding 1 µg of normal 

human IgG (R & D Systems,USA). Staining with anti-CD4+/FITC (Biolegend, USA), anti-T-

bet/BV605 Biolegend, USA), anti-IFN-γ/APC-Cy7 (Biolegend), anti-GATA-3/BV421 

(Biolegend, USA), anti-IL-4/BV510 (Biolegend, USA), anti-IL-17/BV711 (Biolegend, USA), 

.CC-BY-NC-ND 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted January 8, 2021. ; https://doi.org/10.1101/2021.01.06.425452doi: bioRxiv preprint 

https://doi.org/10.1101/2021.01.06.425452
http://creativecommons.org/licenses/by-nc-nd/4.0/


8 
 

anti-AHR/PE Cy7 (Ebioscience, USA), anti-IL-22/PerCP (Biolegend, USA), anti-CD25/APC 

(Biolegend, USA), anti-Foxp3/PE (Biolegend, USA). Briefly, cells were stained with cell 

surface antibodies for 30 min on ice in the dark and then washed with PBS before fixation and 

permeabilization using Foxp3/Transcription Factor Staining Buffer Set (eBioscience) following 

the manufacturer’s instructions. Cells were then stained with intracellular antibodies for 30 min 

at room temperature and washed twice with 1X permeabilization Buffer from the 

permeabilization kit (eBioscience) before analysis on Fortessa (Becton Dickinson, USA). 

 

2.7 Cytometric beads array 

Cytokines expression was evaluated using the Human T Helper Cytokine Panel (Biolegend, 

San Diego, CA) according to the manufacturer’s recommendations. Briefly, the supernatants 

were diluted with a 1:2 ratio: 25 µl of diluted supernatant were transferred into the 96-well 

plate, 25 µl of mixed capture beads, 25 µl of detection antibodies cocktail and 25 µl of SA-PE 

were added into each well. Data were acquired on BD™ FACS Fortessa flow cytometer and 

analyzed with Biolegend legendplex software. 

 

2.8 Statistical analysis 

 Demographic and medical history were compared between the PBMC treated group and the 

control group using Mann-Whitney tests. Clinical pregnancy and implantation rates were 

compared between the two groups using chi-squared test. CD4 T cell subsets and cytokines 

were compared between RIF group and two others groups using Mann-Whitney tests. 

Statistically significant differences P < 0.05 were considered statistically significant for all tests.  

CD4 T cell subsets and cytokines were also analysis using PCA model for determining 

correlations and groups difference for all parameters together. All statistical analysis were 

.CC-BY-NC-ND 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted January 8, 2021. ; https://doi.org/10.1101/2021.01.06.425452doi: bioRxiv preprint 

https://doi.org/10.1101/2021.01.06.425452
http://creativecommons.org/licenses/by-nc-nd/4.0/


9 
 

performed using GraphPad Prism version 8 (GraphPad Software, San Diego, CA)  and RStudio 

(Open Source Software). 
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3. Results 

 

3.1 Stimulation of PHA/hCG of PBMC increases both inflammatory and anti-inflammatory T 

CD4+ subpopulation. 

 

In our study, the IUI group, FIV group and RIF group were composed of 66, 61 and 30 women 

with no significant difference in their age (Table 1). In isolated PBMC, distribution of Th1, 

Th2, Th17, Th22 and Treg cells populations were evaluated by flow cytometry after 48-h of 

PHA/hCG stimulation. Analysis of PBMC before in vitro stimulation showed that the most 

abundant CD4+ T cells subpopulations were Th1 (11.59%) and Th2 cells (4.49%) (Fig1A and 

Fig 1B). Following PHA/hCG activation, Th1 cells were slightly, but significantly decreased (-

1.04% p = 0.041) (Fig. 1A). On the other hand, the proportion of Th2 cells were significantly 

increased by three times (+10.88%, p<0.0001) following the PHA/hCG exposure (Fig.1B). 

Th17 cells were also slightly significantly decreased (-0.18%, p < 0.0001) in the same condition 

(Fig.1C). Quite interestingly, the proportion of Th22 cells was significantly increased by 3 

times (+2.42%, p < 0.0001) (Fig. 1D) and Treg cells, reach a rise of 4 times (+4.07%, p < 

0.0001) after stimulation (Fig.1E). Thus, PHA/hCG stimulation appears to increased both 

inflammatory cells (Th22) and anti-inflammatory cells (Th2 and Treg). 

 

3.2 Decrease of Th2 cells and natural Treg cells in resting PBMC from RIF patients  

 

In resting PBMC, no significant difference was observed in the distribution of Th1 (Fig. 2A), 

Th17 (Fig. 2C) and Th22 (Fig. 2D) cells populations between the IUI, IVF and RIF groups of 

women. In contrast,  in RIF population,  a decrease of Th2 cells (Fig. 2B, p < 0.0001) and Treg 
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cells (Fig. 2E, p < 0.001) by around 2,5 and 10 fold respectively, were found when compared 

to the IUI and IVF group of women.  

  

3.3 PBMC stimulation by PHA/hCG in RIF patients cause a decrease in Th2 cells and an 

increase in Th17 cells after treatment 

 

After PHA/hCG activation, no significant difference was observed in the distribution of Th1 

(Fig. 3A), Th22 (Fig. 3D), and Treg (Fig. 3E) cells populations between the IUI, IVF and RIF 

groups of women. In the RIF group, Th2 cells were significantly decreased (p < 0.0001) 

compared to IUI and IVF groups (Fig. 3B). On the other hand, Th17 cells were increased 

considerably in the RIF group (p < 0.01) compared to IUI and IVF groups (Fig. 3C).  

 

3.4 PBMC stimulation by PHA/hCG increases different cytokines productions between RIF, 

IVF and IUI groups.  

 

We analyzed the supernatant of each culture of PHA/hCG stimulated PBMC just before 

intrauterine administration to determined cytokine profile.  For IUI, IVF and RIF groups,  

PHA/hCG activation led, as expected, to an increase of T cells associated cytokines as 

compared to unstimulated cells (Fig. 4). PBMC stimulation by PHA/hCG does not affect the 

production of pro-inflammatory cytokines between the three groups of the patient for  IL-2 (Fig. 

4A),  IFNγ (Fig. 4C), IL17f (Fig. 4E) and IL-22 (Fig. 4K). On the other hand, IL-6 production  

(Fig. 4B) was increased in the IUI group when compared to IVF (p < 0.001) and RIF (p < 0.001)   

groups.  For other inflammatory cytokines, IL-17a (Fig. 4D, p < 0.05) was increased in the RIF 

group compared to the IVF group.  Interestingly, IL-9 was increased significantly in the RIF 

group as compared with the other groups (Fig. 4H, p < 0.01 for IVF and p< 0.01 for IUI) as 
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was IL-21 in the IVF group compared to IUI and RIF groups (Fig. 4F,  p < 0.05 for IVF and p< 

0.05 for IUI ). Regarding anti-inflammatory cytokines, we found only a small decrease of IL-

10 in the IVF group compared to the RIF group (Fig. 4K,  p < 0.05). All other anti-

inflammatories cytokines, IL-4 (Fig. 4J), IL-5 (Fig. 4I) and   IL-13 (Fig. 4L) were not affected. 

Thus, globally only IL-6 for the IUI group and IL-9 for the RIF group were significantly 

increased compared to the other groups. 

 

3.5 Differences between RIF patients and other patients shown by PCA on all the data. 

 

To obtain a better analysis of our results, we used principal component analysis (PCA) on all 

of our data. The PCA method allows treating several potentially linked variables into a new 

variable defined as the linear component of the original variables.  When we integrated our cell 

subpopulations data for unstimulated cells recovery at day 0, we see that the patient groups IUI 

and IVF were similar, their point clouds were located in the same regions of the model (Fig 

5A). In contrast, the RIF group of women has a different representation of their variables. By 

using the data of the CD4+ T cell subpopulations after PHA/hCG stimulation, as well as the 

cytokines produced by the cells in the PCA model, we obtained a reduction in the differences 

observed between our patients (Fig 5B). When we performed a spearman correlation on all the 

data of T-cell subpopulations and cytokines analyzed, we observed several strong positive 

correlations among the anti-inflammatory cytokines of the Th2 phenotype (IL-4, IL-5, IL-9 and 

IL-13) (Fig 5C and 5D). Moreover, there was a positive correlation between the cytokines IL-

17a, IL-17f and IL-22, associated with the Th17 phenotype (Fig 5C and 5D). We do not 

observed correlations between the T cell subpopulations after PHA/hCG stimulation Fig 5D. 
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3.6 Administration of activated PBMC by PHA/hCG does not affect IUI and IVF groups 

 

To evaluate the impact of activated PBMC by PHA/hCG in improving embryo implantation, 

we have compared IUI and IVF groups.  Age, number of previous embryo transfer(s), number 

of embryos transferred, and previous IUI were not statistically different between the PBMC-

treated and control groups (Table 1S and Table 2S). Implantation and clinical pregnancy rates 

were not statistically significant either between the PBMC treated vs non-treated in IUI and 

IVF patients’ groups. 
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4. Discussion   

 

In this study, we showed in PBMC a decrease of anti-inflammatory cells (Th2, Treg) in the RIF 

group. Stimulation of PBMC with PHA/hCG in the RIF group causes a slight rise of Th2 and 

normalization of Treg cells.  Associated with later change, % Th17 were also predominant in 

the RIF group.   Concerning cytokine produce by PBMC stimulated by PHA/hCG, only IL-9 

was different between RIF patients and IUI/IVF patients.  The embryo implantation is one of 

the significant steps in the success of a pregnancy. Although, with the progress made in embryo 

selection methods and the detection of possible mutations, which may disadvantage the 

implantation process, the endometrial receptivity remains a problematic element to assess 

(Katzorke, Vilella, Ruiz, Krussel, & Simon, 2016). To explain the role of PBMCs in the 

implantation process, several possible mechanisms have been suggested. Progesterone is 

secreted during the luteal phase to prepare the endometrium for implantation of the embryo 

(Mesen & Young, 2015). It has been suggested that PBMCs administered into the uterine cavity 

move to the endometrial stromal tissue, promoting attachment and embryo invasion (Hiroshi 

Fujiwara et al., 2009). PBMCs have been shown to stimulate the production of progesterone, 

in particular, via the action of Th2 cells (Hashii et al., 1998). Our results show that the 

hCG/PHA treatment promotes Th2 and Treg cells, associated with an anti-inflammatory 

response. The presence of anti-inflammatory cells is necessary to reduce inflammation after 

embryo implantation (Sykes, MacIntyre, Yap, Teoh, & Bennett, 2012; Tsuda, Nakashima, 

Shima, & Saito, 2019). The production of leukemia inhibitory factor and endometrial vascular 

endothelial growth factor is increased by PBMC used for immunomodulation (Yu et al., 2014). 

It also appears that PBMC treatment increases the invasion capacity of the trophoblast cells and 

the differentiation of corpus luteum and endometrium (Campesato et al., 2020).   
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The diagnosis of endometrial receptivity represents a significant challenge. Several tests 

have been suggested to overcome this challenge. MicroArray technology has been proposed to 

evaluate the transcriptomic signature of the window of implantation (WOI) (Herington, Guo, 

Reese, & Paria, 2016; Schmidt et al., 2005). It was initially developed as a diagnostic tool for 

endoplasmic reticulum stress (Hamamura, Liu, & Yokota, 2008). This technology has made it 

possible to demonstrate that the WOI was displaced in 25% of RIF patients (Ruiz-Alonso et al., 

2013). A personalized embryo transfer to improve reproductive performance can be obtained 

with this method (Campesato et al., 2020). Although this technology increases the implantation 

rate in some patients due to a better understanding of the WOI, other factors have a considerable 

impact on the success of the embryo implantation and its clinical usefulness remains to be 

proven. 

 

The data in the literature indicates that a pro-inflammatory environment is often found 

in women who have had RIF (Liang et al., 2015). This pro-inflammatory state present in the 

endometrium may cause a decline in endometrium receptivity and thus explain the inability of 

the embryo to implant. Besides, a study showed that the presence of Treg cells increases 

pregnancy rates in RIF patients (Ahmadi et al., 2017). Our results showed that Treg cells were 

significantly reduced in the RIF group. In addition, Th2 cells, also anti-inflammatory, are 

strongly reduced in the RIF group. An anti-inflammatory state is essential for the maintenance 

of the embryo after implantation (Sykes et al., 2012; Tsuda et al., 2019), and a decrease in these 

cells may explain the reduction in receptivity in the RIF group (Ahmadi et al., 2017). 

 

Moreover, hCG/PHA treatment increases induced Treg cells differentiation to make it 

similar to patients in IUI and IVF groups. Induced Tregs have a regulatory capacity similar to 

natural Treg cells (Shevach & Thornton, 2014). The treatment therefore promotes anti-
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inflammatory cell differentiation, helping to reduce post-implantation inflammation and 

maintain embryo growth. 

 

Pro-inflammatory and anti-inflammatory responses both play a role in the success of 

pregnancy. A study has shown that in the plasma of RIF patients, a large quantity of pro-

inflammatory cytokines (IFN-, IL-6, IL-1), as well as a decrease in TGf1 can be found 

(Campesato et al., 2020). In our study we did not observe differences between RIF patients and 

IUI and IVF groups in the differentiation of Th17 cells, whose cytokines IL-6 and IL-1 

promote differentiation and Th1 cells, wich produce IFN- . On the other hand, we observed a 

substantial decrease in Treg cells in RIF patients than the other groups. This decrease could be 

explained by the TGF levels found in RIF patients.  

 

In most immunomodulation protocols for RIF patients' treatment, PBMC cells used are 

either unstimulated or stimulated with hCG (Okitsu et al., 2011; Yoshioka et al., 2006). The 

quantity of cells used ranges from 1 to 2 x107 cells (Yoshioka et al., 2006). Our approach was 

to use PBMC cells activated by PHA and hCG treatment with a lower number of cells, of the 

order of 1x106 cells. We observed that activating PBMC by this protocol not only induced the 

T cell subpopulation associated with an anti-inflammatory ativity but without effect on pro-

inflammatory cells.   

 

Immunomodulation using PBMCs has been shown to increase the live birth rate in RIF 

patients (Yoshioka et al., 2006)(Yang et al., 2020). On the other hand, in patients considered 

non-RIF, this treatment does not seem to increase the pregnancy success rate (Li et al., 2017; 

Okitsu et al., 2011). In the present study, we observed that there was also no increase in clinical 
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pregnancy rate in IUI and IVF groups with PBMC treatment (Table 1S and 2S). Sample sizes 

of our studied populations are too small to draw any conclusions in that regard. 

 

An increase of IL-9 in the supernatant of PHA/hCG-stimulated PBMC in the RIF group 

suggests a potential role of this interleukin in successful implantation. The primary source of 

IL-9 is Th9 lymphocytes, which is differentiated in the presence of TGF and IL-4 (Goswami 

& Kaplan, 2011). Although the Th9 subpopulation was not analyzed in our study, their increase 

seems logical since we observe a rise in TGF (Treg) and IL-4 (Th2) producing cells after 

PHA/hCG stimulation.  Moreover, Th9 and Th2 cells have a similar requirement for several 

transcription factors, including STAT6, GATA3 and IRF4 (Jabeen et al., 2013).  IL-9 is a major 

cytokine at the mouse fetal-maternal interface (Habbeddine, Verbeke, Karaz, Bobe, & 

Kanellopoulos-Langevin, 2014) and plays a vital role in regulating local inflammatory immune 

responses and promoting allograft tolerance (Wan et al., 2020; Wang, Sung, Gilman-Sachs, & 

Kwak-Kim, 2020).  Another possible function of IL-9 in the implantation process can be 

associated with their capacity to induce the stimulation of CCL20 production (Habbeddine et 

al., 2014).  In pig model, it was demonstrated that activation of CCL20 and its receptor CCR6 

promotes endometrium preparation for implantation (Park, Bae, Bazer, Song, & Lim, 2019).  

Another important role of  CCL20 is their involvement in the recruitment of decidual immune 

cell subtypes such as dendritic cells and Treg from peripheral tissues (Du, Wang, & Li, 2014).   

 

Depending on the studied populations (IUI, IVF or RIF), this study have demonstrated 

significant differences in PBMC profiles , before and after in vitro activation, both at the levels 

of cell differentiation and cytokine production, that could help to understand how endometrium 

immunomodulation by hCG-activated PBMC helps patients with unexplained RIF to reach 

implantation.  The immunomodulation of the endometrium by PBMCs can be used as an 
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immunological therapeutic approach in addition to the other therapies already used. (H. 

Fujiwara et al., 2016). Also, the use of PBMC in these treatments should not lead to an over 

activation of the uterine immune profile at the risk of becoming harmful for the success of 

pregnancy. (Ledee et al., 2017). This is why the use of a cell stimulation protocol promoting an 

anti-inflammatory profile is necessary when the patient has a pro-inflammatory profile. 

Determining the uterine inflammatory profile would make it possible to apply treatments that 

are appropriate to the needs of each patient.  
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Table 1: Characteristics of IUI, IVF and RIF patients. Values are mean ± SD. One-way 
ANOVA, ns: no significance.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 IUI IVF 

 

RIF  

I. Characteristics of the patients     

   N 66 61 30  

   Age 33.1 ± 4.3 32.6 ± 4.4 33.8± 4.2 n.s. 
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Legends 

 

Figure 1: Proportions of lymphocyte subpopulations a) Th1, b) Th2, c) Th17, d) Th22, e) Treg 

before and after 48h of hCG/PHA activation in our groups of women with reproductive 

difficulties. Mann-Whitney: p <0.05 (*), p <0.0001 (****), n =157. 

 

Figure 2: Proportions of lymphocyte subpopulations (A) Th1, (B) Th2, (C) Th17, (D) Th22, 

(E) Treg circulant in our patients groups of women with reproductive difficulties. Mann-

Whitney: p <0.05 (*), p <0.0001 (****), n = 66 of intrauterine insemination (IUI); n = 61: In 

vitro fertilization (IVF); n=30: Recurrent implant failure (RIF). 

 

Figure 3: Proportions of lymphocyte subpopulations (A) Th1, (B) Th2, (C) Th17, (D) Th22, 

(E) Treg after hCG and PHA treatment in our groups of women with reproductive difficulties. 

Mann-Whitney: p <0.05 (*), p <0.0001 (****), n = 66 of intrauterine insemination (IUI); n = 

61: In vitro fertilization (IVF); n=30: Recurrent implant failure (RIF). 

 

 

Figure 4: PHA / hCG-treated PBMC induces an increase of CD4 T cells cytokines. The amount 

of (A) IL-2 secreted, (B) IL-6 secreted, (C) IFN- γ secreted, (D) IL-17a secreted, (E) IL-17f 

secreted, (F) IL-21 secreted, (G) IL-22 secreted, (H) IL-9 secreted (I) IL-5secreted, (J) IL-4 

secreted, (K) IL-10 secreted (L) IL-13 secreted by PBMC treated with PHA / hCG for 48 hours 

in IUI group, IVF group and RIF group. Mann-Whitney: p <0.05 (*), p <0.0001 (****), n = 66 

for Intrauterine Insemination (IUI); n = 61 for In vitro Fertilization (IVF); n=30 for Recurrent 

Implantation Failure (RIF), n=17 for Control group. 

 

Figure 5: Plot of individuals of the multiple factor analysis (MFA) applied on T cells subsets 

at (A) before hCG/PHA treatment and (B) after hCG/PHA treatment. IUI patients, RIF patients 

and IVF patients are represented respectively by the circle, triangle and square. (C) Spearman 

correlation coefficients of T cells subsets and T cells cytokines at J2. Representation of 

correlation clusters of T cells subsets and T cells cytokines at day 2. 
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Figure 2 
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Figure 3 
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