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A B S T R A C T

Background: RIF is clinically defined as the failure of good quality embryos to implant into the uterus following
at least three cycles of In Vitro Fertilization/Embryo Transfer (IVF/ET). During human pregnancy, a genetically
different fetus is allowed to survive within the uterus despite the maternal recognition of fetal alloantigens.
Compared with normal pregnant women, early loss of embryo is associated with systemic lower levels of Treg
cells in IVF. Moreover, several lines of evidence have indicated that differentiation of naive T cells into Th17 is
deleterious for normal pregnancy and may cause implantation failure. Sirolimus as the most common mTOR
(mammalian target of Rapamycin) inhibitor is able to effectively prevent allograft rejection. Here we aimed to
evaluate Sirolimus effects on Th17/Treg axis and subsequently on pregnancy outcome.
Methods and materials: 121 patients with a history of at least 3 implatation failures were selected and enrolled in
this clinical trial. Blood was drawn between days 5 and 10 of the cycle prior to the index IVF/ET cycle to assess
baseline value of Th17 cells and regulatory T cells ratios using flowcytometry. A Th17/Treg cell ratio equal
or> 0.74 was considered to be the elevated Th17/Treg cell ratio. In 76 patients with elevated Th17/Treg ratios,
43 individuals were treated with Sirolimus and 33 remained untreated.
Results: Our results demonstrated that Sirolimus treatment led to an increase in Treg cells number and function
in treated group and reduced the frequency and function of Th17 cells. Moreover Th17/Treg cell ratio, sig-
nificantly reduced from 1.18 ± 0.46% to 0.9 ± 0.45% following Sirolimus intervention (P=0.024). In con-
trast, no significant difference in Th17 and Treg cell frequencies and Th17/Treg cell ratio was observed in
untreated control subjects before and after ET. Finally our data showed a significantly higher clinical pregnancy
rate (55.81%) in Sirolimus-treated patients compared with control group (24.24%) (P < 0.0005). We also found
a significantly increased live birth rate (48.83%) in RIF women who received Sirolimus compared with control
group (21.21%) (P < 0.0001).
Conclusion: The findings of the current study revealed the fact that Sirolimus exhibit potent immunosuppressive
effects by blocking intracellular immune responses downstream of co-stimulatory signals, also is able to improve
reproductive outcome in RIF women with imbalanced Th17/Treg ratio by modulate of Th17 /Treg axis, thus
representing a new approach for the potential treatment of patients with embryo implantation failure.
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1. Introduction

Within the recent decades, there has been a dramatic increase in the
number of infertile couples who need to undergo In Vitro Fertilization
(IVF). Despite substantial progresses in Assisted Reproductive
Technology (ART), no obvious increase was observed in pregnancy rate
in IVF cycles [1]. Embryo implantation failure in patients with Re-
current Implantation Failure (RIF) is a major and critical barrier to
achieve success in IVF process [2]. RIF is clinically defined as the failure
to implant high or good-quality embryos into the uterus following at
least three cycles of IVF/ET [3]. Implantation, as a complex physiolo-
gical process that involves the blastocyst invasions into the en-
dometrium, is critical and essential for the continued embryonic de-
velopment [3], protection of the growing embryo, and establishment of
pregnancy. A successful implantation and pregnancy depends on the
activity of various factors including adhesion molecules, cytokines and
immune cells [4]. Cytokines and adhesion molecules are known as key
players in the embryonic attachment to the maternal endometrium [3].
In addition, various immune cells infiltrating the site of implantation
lead to different impacts on the fetal development and pregnancy [3].
Numerous studies supported the concept that normal pregnancy is
different state that requires dynamically changes in maternal immune
system especially in fetus implantation site [5]. Several immunological
mechanisms have been proposed for tolerance to the semiallogeneic
fetus. It is suggested that implantation failure and miscarriage occurs in
mice and humans when these mechanisms become dysregulated [5–7].

Sirolimus is a macrolide antibiotic and immune modulator that was
first discovered in the 1960s and eventually Food and Drug
Administration (FDA) approved for the prevention of solid organ
transplant rejection in 1999. Sirolimus as the most common mTOR
inhibitor is able to effectively prevent allograft rejection and possesses
significant antitumor properties [8]. These effects are mainly mediated
by the inhibition of the mTOR kinase pathway. Sirolimus was first
discovered to be an antifungal agent produced by the bacterium
Streptomyces hygroscopicus. Shortly afterward, this compound was
found to elicit antiproliferative and immunosuppressive effects on
mammalian cells [8]. Sirolimus exerts immunosuppressive function by
preventing the proliferation of interleukin-2-stimulated T cells [9], a
biological function which is highly desired for allograft survival. Fur-
thermore, this agent has been previously shown to attenuate in-
flammatory responses [10]. It has been reported that> 14,000 women
with organ transplants have had successful pregnancies worldwide
[11]. The occurrence of successful gestation in female transplant re-
cipients exposed to Sirolimus indicates that this agent does not seem to
represent an absolute contraindication for pregnancy. Also, recent
studies have revealed that the rate of congenital abnormalities in the
progeny of transplant recipients treated with Cyclosporine, Tacrolimus
and Sirolimus is similar to that of general population [11]. Pregnancy is
a state of immunosuppression and the dysregulated immune responses
has been observed in women with RIF. Accordingly, modulation of the
immune system by an immunosuppressant drug may present an ap-
proach to overcome implantation failure. This is important that sir-
olimus promoted generation of CD4+ CD25+ FoxP3+ Tregs while
strongly inhibiting the differentiation of Th17 cells in peripheral tissue
in humans, animal model and in vitro. Therefore sirolimus prevent
acute graft rejection in human and animal model [12–14]. Animal
model studies have demonstrated that adoptive transfer of Tregs after
depletion of FoxP3+ Tregs resulted in improved pregnancy outcomes in
abortion-prone mice [15–17]. Royster et al. have recently elucidated
that Sirolimus is able to induce the expansion of Treg cells and improve
pregnancy outcome back to normal state following knockdown of Treg
cells in a murine model of embryo implantation failure [18]. In this
context, utilization of Sirolimus might offer a promising approach to
achieve a better pregnancy outcome among women with implantation
failure who undergo IVF. Based on previous findings, we hypothesized
that Sirolimus may be efficient in improving pregnancy rate in women

with IVF failure. In the current study, we performed a phase II rando-
mized clinical trial to determine whether Sirolimus can be used as a
bona fide treatment to increase the success rate of IVF among women
with RIF of immune etiologies.

2. Materials & method

2.1. Study population

A total of 121 patients with a history of at least three implantation
failure after IVF/ET cycles referred to East Azerbaijan ACECR ART
center, infertility center of Al-Zahra Hospital of Tabriz University of
Medical Sciences (TUOMS); Iran and infertility treatment center of
ACER of city of Qom; Iran, were selected and enrolled in this multi-
center, randomized, double-blind, phase II study.

All subjects were assessed by transvaginal ultrasound, hysterosalpingo-
graphy, and hysteroscopy prior to the index ART cycle. None of the parti-
cipants had endometrial polyps, submucosal fibroids, intrauterine adhe-
sions, congenital anomalies of uterus or hydrosalpinges. Women with any of
infectious, endocrine, genetic abnormalities and acquired or inherited
thrombophilia were excluded. Women's partners were also evaluated for
semen parameters according to World Health Organization criteria (WHO,
2012). Randomization was done according to a computer-generated list.
Also, the randomization code and allocation group were blinded to the
participants and hospital staff until the last participant gave birth. A signed
informed consent was obtained from all participants before entering the
study. The study was approved by the Committee of Research Ethics of
TUOMS (IR.TBZMED.REC.1395.429). Moreover, the trial was registered in
ClinicalTrials.gov. (ClinicalTrials.gov Identifier: NCT03161340).

Blood samples was drawn between days 5 and 10 of a cycle prior to
the index IVF/ET cycle to assess the baseline value of CD4+IL-17+ T
cells and CD4+ CD25+ CD127− regulatory T cells ratios by flow cy-
tometry. Normal ranges for Th17/Treg cell ratios were established
using 50 normal fertile women who had a history of normal delivery by
natural conception. The Th17/Treg cell ratio equal to or> 0.74 was
classified to be an elevated Th17/Treg cell ratio, which was determined
by the mean plus SD of Th17/Treg cell ratio levels. 76 patients (62.8%)
had the elevated ratios Th17/Treg cell (≥0.74) and 45 subjects (38.2%)
had normal Th17/Treg cell ratio (< 0.74).

Those 76 patients with elevated ratios of Th17/Treg were divided in
two groups. 43 were treated with Sirolimus (Rapamune®; Pfizer, UK)
(treatment group) and 33 patients were not treated with the same drug
(control group). The patients in the treatment group began Sirolimus
2 days prior to ET and it continued until the pregnancy testing day
(15 days after ET). The procedure was lasted for a total of 17 days.
Sirolimus was administered at a dose of 2mg/day.

2.2. Separation of peripheral blood mononuclear cells

Blood sampling was performed to assess the immunologic para-
meters in RIF patients and normal fertile women before the treatment in
luteal phase. Blood samples were also taken from RIF patients (treated
and control groups) 15 days after ET. A sample of 10mL of peripheral
blood was harvested and collected in heparinized tubes. Peripheral
Blood Mononuclear Cells (PBMCs) were isolated using the Ficoll se-
paration technique. After adding Ficoll (lymphosep) (Biosera, UK) with
the density of 1.077 g/mL to the cells and centrifugation process
(25min, 450 g), Cells were washed twice with Phosphate Buffered
Saline (PBS) (Sigma, Germany). 5× 106 cells were cultured in 1mL of a
medium containing 10% heat-inactivated Fetal Calf Serum (FCS),
100 U/mL penicillin and 200mM L-glutamine. Subsequently, 10 ng/mL
Phorbol Myristate Acetate (PMA) (eBioscience, San Diego, CA, USA)
was added to the medium, and cells were incubated for 48 h at 37 °C
with 5% CO2. Finally, the cultured cells were used for RNA extraction
and the supernatant was exploited for cytokine assessment using
Enzyme Linked Immunosorbent Assay (ELISA).
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2.3. Analyss of Treg and Th17 cells

The frequency of CD4+IL-17+ T cells, CD4+CD25+CD127− T cells
and Th17/Treg ratio in RIF patients and normal fertile women were
demonstrated in the isolated PBMCs using flow cytometry technique
and different monoclonal antibodies against surface and intracellular
antigens. For Th17 enumaration 1×106 of PBMCs were incubated with
10 ng/mL PMA (Sigma) and 0.5 μM ionomycin (Sigma) for 5 h at 37 °C
in a humidified incubator of 5% CO2. Cells were washed with PBS and
0.09% w/v sodium azide (Sigma), and then stained with anti-CD4 APC
(BD Biosciences), (eBioscience) for 15min at 4 °C. Afterward, cells were
washed with PBS and get fixed using fixation buffer (eBioscience) fol-
lowed by washing twice with 1× permeabilization buffer (eBioscience)
and incubation with 0.25 μg conjugated anti-human IL-17A-PE anti-
body (eBioscience) for 20min at room temperature. For Treg cells,
surface stained with FITC-labeled anti-human CD4 (BD Biosciences, San
Jose, CA, USA), phycoerytrin (PE)-labeled anti-human CD25 (BD
Biosciences, San Jose, CA, USA) and PerCP-Cy5.5-conjugated anti-
human CD127 (BD Biosciences, San Jose, CA, USA) antibodies for
45min at 4 °C carried out.

FITC, PE, APC and PerCP-Cy5.5 rat IgG2a were used as isotype
controls. Viable lymphocytes were gated based on forward and side
scatter profiles.

2.4. Real-time PCR

Expression levels of the transcription factor of Treg (FoxP3) and
Th17 (RORγt) were evaluated by Real-time PCR using SYBR Green
method. Total RNA was isolated using RNX-PLUS solution (SinaClon,
Tehran, Iran), and complementary DNA (cDNA) was synthesized using
a RevertAid Reverse Transcriptase Kit (Thermo Fisher, Waltham, MA,
USA). Six standard solutions were prepared using 10-fold serial dilu-
tions of a concentrated sample of the reference gene (beta-actin) and
the genes of interest. The standard curves were generated for both
target and reference genes. The relative gene expression was normal-
ized to beta-actin (described as relative fold changes in gene expres-
sion).

The polymerase chain reaction conditions for SYBR Green method
were as follows: initial denaturation at 95 °C for 10 s, followed by
40 cycles of denaturation at 95 °C for 10 s, and annealing/extension at
60 °C for 30 s. Amplification was confirmed using electrophoresis ana-
lysis on 2% agarose gel followed by DNA sequencing performed by
Applied Biosystems (SEQLAB, Germany).

2.5. Enzyme linked immunosorbent assay (ELISA)

The secretion of Treg- and Th17-associated cytokines (IL-10, TGF-β,
IL-17, IL-23) was measured in the culture supernatant of PBMCs using
ELISA, according to the manufacturer's instructions (Biosource,
Nivelles, Belgium). This analysis was performed to compare the cyto-
kines profile of RIF patients to the normal fertile women. All mea-
surements were conducted in duplicate.

2.6. Ovarian stimulation, IVF-ET treatment, and embryo transfer

Mild stimulation of ovarian was started for 5 days from days 3 to 7,
and recombinant human follicle stimulating hormone (rFSH; Sereno,
Switzerland) was administrated on the third day of menstrual cycle.
The daily rFSH doses ranged from 150 to 300 IU, depending on body
mass index (BMI), age, and the anticipated ovarian response. Dose
adjustment was done according to follicular development and serum
estradiol levels. On day 10, when the average diameters of three pre-
ovulatory follicles reached 18-20mm and the dominant follicles
reached 17–20mm in diameter, 10,000 IU of human Chorionic
Gonadotropin (hCG) (1000 IU, Choriomon, Meizler, Brazil) was in-
jected.

Ovum Pickup (OPU) was done 36 h after hCG administration by
vaginal ultrasound-guided puncture of the ovarian follicles. The col-
lected oocytes were incubated in 37 °C with 6% CO2 for 3–4 h and then
were used for IVF and Intracytoplasmic Sperm Injection (ICSI) de-
pending on the semen parameters. For fresh embryo transfer, patients
received a transfer of one or two morphologically Good-quality
Embryos (MGEs) 5 days after oocyte retrieval. Then, 3 day-old frozen/
thawed embryos were transferred 3 days after ovulation in either of the
natural ovulatory cycle or 3 days after progesterone administration in
Hormonal Replacement Cycle (HRC). MGEs were defined to have more
than seven or more blastomeres and to possess< 10% of fragmentation
3 days after oocyte retrieval [19].

A pregnancy test was performed 15 days after ET, and a positive β-
hCG was defined as a pregnancy. Clinical pregnancy was recognized
when, 21 days after ET, the development of a gestational sac was de-
tected by transvaginal ultrasound. Ongoing pregnancy was recognized
when the normal fetus was detected by transvaginal ultrasound at the
12th gestational week. The primary and secondary endpoints of this
study were clinical pregnancy and giving birth to live infant, respec-
tively.

2.7. Statistical analysis

Results were expressed as mean ± SD. Statistical analysis was
performed using SPSS PC Statistics software (version 19.0; SPSS Inc.).
We applied unpaired t-test for multiple comparisons. Also, paired t-test
was used to compare the results of immunologic studies before and
after embryo transfer in control and Sirolimus treated groups. Linear-
by-linear association chi-square test was used to determine linear trend
among the groups of immune variables, response rate of variables and
pregnancy outcome. To plot the graphs, the GraphPad Prism for
Windows (version 7.00) (GraphPad Software, La Jolla, CA, USA, www.
graph pad.com) was used. P values< 0.05 were considered to be sta-
tistically significant.

3. Results

3.1. Study population

Among the 76 RIF patients with an elevated Th17/Treg cell ratio, 43
were treated with Sirolimus and 33 patients were remained untreated
with the same drug (control group). The age, obstetrical and infertility
histories of these two groups were compared and are summarized in
Table 1. Maternal age, BMI, pregnancy history, previous live birth, the
number of primary and secondary infertility, the numbers of previous
ET attempts, the numbers of previously transferred embryos, the
numbers of previous transferred MGEs in this study and endometrial
lining of the study RIF patients were homogenous between the two
groups.

3.2. Th17/Treg cell ratios in RIF and fertile women

Normal ranges for Th17/Treg cell ratios were demonstrated using
50 normal fertile women who had a history of normal delivery by
natural conception. The cellular proportion of CD4+ CD25+ CD127-
Treg cells and CD4+ IL-17A+ Th17 cells and Treg/Th17 ratio in RIF
patients were determined using flow cytometry, 2 days before embryo
transfer and the outcomes were compared to that of normal fertile
women to demonstrate the normal ranges for Th17/Treg cell ratios.
Moreover, the prevalence of Treg and Th17 cells in RIF patients were
measured in both treated and untreated groups 15 days after ET and
were compared with the pre- treatment phase. Our results showed de-
crease in the percentage of Treg cells in RIF patients (3.16 ± 1.6%)
when compared to the normal pregnant women (3.87 ± 1.48%) and
with a statistically significant difference (P=0.0079) (Table 1 and
Fig. 1A). An increased level of Th17 cells was also observed in RIF

M. Ahmadi, et al. International Immunopharmacology 74 (2019) 105730

3

http://www.graph
http://www.graph
http://pad.com


patients and the percentage of Th17 cells was notably higher in RIF
patients (4.57 ± 1.27%) when compared to the normal controls
(2.9 ± 1.29%) (P =0.0005) (Table 1 and Fig. 1B). In addition, Th17/
Treg ratio in RIF patients was 1.19 ± 0.45 that was significantly higher
than fertile women 0.74 ± 0.37 (P=0.0008) (Table 1 and Fig. 1C).

3.3. mRNA expression level of transcription factors in RIF and fertile
women

The mRNA expression levels of the transcription factors of Treg
(FoxP3) and Th17 (RORγt) were evaluated and compared between RIF
patients and normal fertile women. As shown in Fig. 1D, the mRNA
level of FoxP3 decreased in RIF patients (P =0.0001). By contrast, the
mRNA level of RORγt demonstrated an increase in RIF patients when
compared to the normal healthy controls (P=0.0015).

3.4. Cytokine secretion levels of Treg and Th17 cells in RIF and fertile
women

Measuring Treg- and Th17-associated cytokines by ELISA showed
that there was a significant difference in the cytokine secretion profile
of these cells between RIF patients and normal subjects. The results
indicated that the level of IL-10 secretion was significantly lower in RIF
patients when compared to the normal fertile women (P=0.019). It is
while, the level of cytokine secretion by Th17 cells, including IL-17 and
IL-23 increased significantly in RIF patients in comparison to the con-
trols (P=0.006 and P=0.015, respectively) (Fig. 2).

3.5. Th17/Treg cell ratio before and after Sirolimus treatment

Flow cytometric analysis was applied to enumerate the peripheral
Th17 and Treg cells among RIF women treated and untreated with
Sirolimus. The results revealed that the frequency of Treg and Th17
cells, and Th17/Treg cell ratio were significantly affected following
Sirolimus treatment in RIF patients.

Sirolimus treatment led to the increased Treg cell number from
2.96 ± 1.54% to 3.82 ± 1.54% in treated group (P=0.0001), as well
as remarkable reduction of Th17 cells frequencies from 4.54 ± 1.34%
to 3.28 ± 1.19% (P=0.0002) (Fig. 3A).

Th17/Treg cell ratio, was 1.18 ± 0.46% at the pre-treatment phase
while, it reduced significantly to 0.9 ± 0.45% following Sirolimus
treatment (P=0.024) (Fig. 3B). In contrast, no significant difference in
Th17 and Treg cell frequencies and Th17/Treg cell ratio was observed
in untreated control subjects pre and post ET (Fig. 3A and B).

3.6. mRNA expression level of transcription factors after sirolimus
treatment

The results of gene expression analysis demonstrated that the mRNA
level of FoxP3 increased significantly in Sirolimus group after 17 days
treatment (P=0.0021) while, the mRNA level of RORγt decreased in
treated group; however it was not significant. There was no significant
difference in the mRNA levels of FoxP3and RORγt in control group pre
and 15 day post ET (Fig. 3C).

3.7. Pregnancy outcome and live birth rate

The ART outcomes in both groups are summarized in Table 2. The
numbers of the morphologically good-quality embryos transfers per
cycle in treatment and control groups were 1.64 ± 0.26 and
1.78 ± 0.18, respectively. Pregnancy outcome, defined as a positive
serum β-hCG test, was assessed in participants 15 days post embryo
transfer and was followed up to 28–30weeks of gestation. Results re-
vealed that there was a significant difference in the success rate of
pregnancy and live birth between Sirolimus-treated and untreated
control groups. Clinical pregnancy of fresh ET and frozen-thawed ET
were (5/12) 41.66% and (19/31) 61.29% respectively in test groups,
while they were respectively (2/9) 22.2% and (6/24) 25% in control
groups. These findings indicated that the pregnancy rate was sig-
nificantly higher in Sirolimus-treated patients compared to the controls
in both fresh and frozen-thawed ETs (P < 0.0001). Furthermore, we
found that clinical pregnancy rate was (24/43) 55.81% in treated
group, while it was (8/33) 24.24% in control group. These results re-
vealed a remarkable increase in pregnancy rate in treated patients
compared to the controls (P < 0.0001). The same results were ob-
served for live birth rate in treated and control groups ((21/43) 48.83%
and (7/33) 21.21%, respectively), suggesting a considerable increase in
the live birth rate in RIF women who received Sirolimus in comparison
to the controls (P < 0.0001) (Fig. 3D and Table 2). Also, spontaneous
abortion rate was (3/24) 12.5% in treated group while it was (1/8)
12.5% in control group, (p=NS). The side effects reported in this study
were mild (such as diarrhea, constipation, nausea and headache) and
so, there was no need to stop medication. Nineteen of 21 babies were
normal, and only two babies showed a little low weight.

4. Discussion

To the best of our knowledge, this study is the first report describing
the positive effects of Sirolimus on pregnancy outcomes in women who

Table 1
.Demographic data of patients.

Variable Treated group (n=43) Untreated group (n= 33) p-value Fertile women

No. of patient 43 33 _ 50
Maternal age (years, range) 35.7 ± 3.7(23–41) 36.1 ± 2.8(23–40) NS 36.6 ± 2.4(22–40)
Body mass index (kg/m2) 27.3 ± 3.2 26.2 ± 3.1 NS 26.3 ± 1.9
No. of smoking patient 0 1 NS 1
No. of smoking partners 9 8 NS 13
No. of previous pregnancy history (percent) 12 (27.9%) 10 (30.3%) NS 50(100%)
No. of previous live birth (percent) 7 (16.27%) 6 (18.18%) NS 50(100%)
No. of primary infertility (percent) 29(67.44%) 22 (66.66%) NS _
No. of secondary infertility (percent) 14 (32.56%) 11 (33.33%) NS _
No. of previous ET attempts (range) 4.32 ± 2.2 (3−11) 4.45 ± 2.64 (3−10) NS _
Total No. of previous transferred embryos 8.4 ± 3.2 9.6 ± 2.8 NS _
No. of MGEs transfers in this study (range) 1.64 ± 0.26 (1–2) 1.78 ± 0.18 (1–2) NS _
No. of Frozen-thawed embryo transfer (percent) 31 (72.1%) 24(72.72%) NS _
No. of Fresh embryo transfer (percent) 12 (27.9%) 9(27.28%) NS _
Endometrial lining (mm) 10.6 ± 1.6 10.5 ± 1.4 NS _
Progesterone levels (ng/ml) 8.65 ± 7.92 7.17 ± 8.49 NS 13.24 ± 4.98
Treg cell levels (percent) 2.96 ± 1.6% 3.09 ± 1.6% NS 3.87 ± 1.48
Th17 cell levels (percent) 4.61 ± 1.31% 4.52 ± 1.23% NS 2.9 ± 1.29
T17/Treg cell ratio 1.18 ± o.46 1.22 ± 0.45 NS 0.74 ± 0.37

NS: not significant, ET: embryo transfer, MGEs: morphologically good-quality embryos.
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have experienced RIF after IVF and embryo transfer cycles. We de-
monstrated that women with RIF and imbalanced immune profiles can
benefit from Sirolimus-based immunosuppressive therapy.
Implantation failure accounts for 75% of unsuccessful pregnancies, and
is considered as a major limitation in IVF success [20]. Successful im-
plantation is the consequence of a well-orchestrated sequence of events
and it requires many factors related to either embryo or mother [21].
The adhesion of blastocyst to the maternal uterine mucosa is accom-
panied by the transition of endometrium to a receptive state in response
to ovarian hormones [22]. The local paracrine factors including cyto-
kines and growth factors are produced by decidual stromal cells, en-
dometrium and immune cells. All of these secreted factors contribute
into the physical interactions between the trophoblast and the en-
dometrial lining [23]. Uterine anomalies, non-receptive endometrium
and immune dysregulations are maternally originated disorders that
adversely affect the attachment of the embryo to the uterus [24]. Im-
munological or inflammatory disorders and metabolic dysfunctions
such as autoimmune thyroid disease, diabetes mellitus, and production
of antiphospholipid antibodies have been implicated in RIF [25].

In the present study, evaluating the proportion of Treg cells in
peripheral blood of non-pregnant women with a history of RIF and
normal fertile women revealed that a decreased number of Treg cells is

associated with implantation failure [26]. Women with RIF had sig-
nificantly higher Th17/Treg ratio than fertile controls. In addition, gene
expression analysis demonstrated that FoxP3 gene is highly expressed
in fertile women when compared to RIF patients. In contrast, high level
of RORγt expression was observed in RIF patients when compared to
the normal controls. We also observed that IL-10 and TGF-β secretion
was significantly lower in RIF patients while; IL-17 and IL-23 secretion
was considerably higher in these patients than the normal controls.
Several previous studies have reported the elevated level of Th17/Treg
ratio during implantation window in RPL patients [27–29]. These
findings imply that Th17/Treg imbalance is correlated with the pa-
thogenesis of RIF and can be considered as a predictive factor for
pregnancy outcome in women undergoing IVF. Evaluating the levels of
several cytokines in the maternal blood has demonstrated that patients
with high ratio of Th17/Treg-related cytokines yield higher risk of
negative pregnancy outcome and lower implantation rate in IVF
[30,31].

Despite substantial progress in our understanding of the role of
immune system in normal pregnancy and the contribution of im-
munologic factors in RIF etiology, it has remained as a serious unsolved
problem in IVF procedure. Heterogeneity in RIF patients with diverse
immunological and non-immunological factors highlights the need to

Fig. 2. Treg and Th17 associated cytokine secretion le-
vels. Evaluation of Treg and Th17 associated cytokine
secretion levels in RIF women (n=121). The evaluation
of Treg-associated cytokine secretion indicated sig-
nificantly lower levels of IL-10 in RIF patients than the
normal pregnant women (n= 50) (P=0.019). There
was no significant difference in the rate of TGF-β secre-
tion between the two groups. With regard to Th17-asso-
ciated cytokines, the secretion of IL-17 and IL-23 was
higher in RIF patients (P=0.006 and P=0.015, re-
spectively) when compared to the control. Obtained data
showed minimum, maximum and median of cytokine
secretion levels in participants.
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stratify patients to design treatment approaches and achieve better
outcomes. In the recent decade, given the progresses in elucidating and
understanding of immune etiologies of pregnancy complication, ad-
ministration of immunomodulatory and immunosuppressive drugs such
as IVIG, Prednisolone, and Tacrolimus are elevated [32].

In current study, we selected RIF patients with immunological
etiologies including increased levels of Th17 cells and decreased levels
of Treg cells in the peripheral blood. We also investigated the expres-
sion level of key transcription factors and associated cytokines in pa-
tients prior to entering the study. Several treatment approaches have
previously been reported for RIF patients with increased Th1/Th2 le-
vels. More recently, It has been suggested that tacrolimus is efficient in
modulation of immune reactivity and improvement of the pregnancy
rate in women with history of recurrent implantation failures after IVF/

ET cycles [33]. The administration of Intravenous immunoglobulin G
(IVIg) has been indicated to reduce Th1/Th2 ratio and effectively boost
reproductive outcome in women with RIF and enhance Th1/Th2 levels
[32]. In our previous study, we evaluated the effect of IVIG adminis-
tration on the cellular proportion of Th1 and Th2 in RPL women. We
observed that IVIG was an effective therapeutic option to treat re-
productive failures such as RPL particularly in patients with immune
cell abnormalities such as an elevated rate of NK cells. Moreover, IVIG
is able to improve pregnancy outcome and enhance live birth rate [34].
We demonstrated that the administration of IVIG during pregnancy in
RM women with cellular immune cells abnormalities, influenced the
Th17/Treg ratio in peripheral blood and enhanced the Treg as well as
decreased Th17 responses [35].

In current study, we investigated the use of Sirolimus (Rapamycin)

Fig. 3. The effects of Sirolimus therapy on the Th17/Treg cells ratio in RIF patients. A. The effects of Sirolimus therapy on the frequency of peripheral Treg and Th17
cells in RIF patients. Sirolimus treatment significantly increased the frequency of Treg cells in treated patients (n=43) (P=0.0001). Sirolimus treatment also
reduced Th17 cells in treated patients (P=0.0002). In contrast, no significant difference in Th17 and Treg cell frequencies was observed in untreated control subjects
(n=33) 2 day pre- ET and 15 days post- ET. B. Th17/Treg cell ratio, was 1.18 ± 0.46% in treated group before Sirolimus treatment and significantly reduced to
0.9 ± 0.45% following the intervention (P=0.024). In contrast, no significant difference in Th17/Treg cell ratio was observed in untreated control subjects pre and
post ET. C. The mRNA expression levels of FoxP3 and RORγt, 2 days before and 15 days after ET were quantitated by Real-time PCR. mRNA level of FoxP3 increased
significantly in Sirolimus treated group when compared to the untreated control group after 17 days Sirolimus treatment (P=0.0021). Also the mRNA level of RORγt
decreased in treated group after Sirolimus treatment though it was, not significant. There was no significant difference in the mRNA rate of FoxP3 and RORγt in
untreated group pre and 15 days post ET. D. The evaluation of pregnancy outcome and live birth rate in RIF women. As shown in the figure, there is a significant
difference in the success rate of pregnancy in Sirolimus-treated patients (n=43) (24/43; 55.81%) when compared to the control group (n= 33) (8/33; 24.24%)
(P < 0.0001). Live birth rate was also significantly higher in Sirolimus-treated RIF women (21/43; 48.83%) than the control group (7/33; 21.21%) (P < 0.0001).
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as a treatment modality in RIF patients with elevated Th17/Treg levels.
Our results demonstrated that the success rate of IVF was enhanced
(55.81%) in Sirolimus-treated patients when compared to the control
group (21.21%). The live birth rate was also increased from 18.18% in
control group to 48.83% in Sirolimus-treated group. The difference in
reproductive outcome and the live birth rate between two groups was
statistically significant (p < 0.0001), indicating the clinical efficacy of
Sirolimus treatment in these patients. Although Sirolimus is capable of
preventing embryo rejection and supporting implantation through hy-
pothetically immunomodulatory action, but the abortion rate came to
be same for both treated and control groups despite the treatment after
15 days. Our recent study [36] suggested that IVIG therapy can be an
appropriate strategy in treating implantation failure in RIF women
especially with an immunologic basis. IVIG can improve the im-
plantation and pregnancy rate by affecting immunoregulatory me-
chanisms specially Tregs whereas in current study, Sirolimus increases
the implantation and pregnancy rate by affecting both Tregs and Th17
cells. Our results showed that sirolimus promoted generation of Treg
cells while strongly inhibiting the differentiation of Th17 cells in per-
ipheral tissue in humans, Therefore prevent implantation failure in RIF
patients [12–14]. Sirolimus exerts its biological function via forming
toxic complex with FK506 binding proteins, (FKBPs) a family of in-
tracellular proteins [37]. The FKBP-Sirolimus complexes are indicated
to interfere with specific components of intracellular metabolic path-
ways. The molecular target of this inhibitory complex is mTOR, which
is the catalytic subunit of two multiprotein complexes participating in
some essential biological functions in eukaryotic cells [38,39]. In ad-
dition to inhibitory effects on mTOR-mediated signalling, Sirolimus
shows its potent immunosuppressive impacts by blocking intracellular
immune responses downstream of co-stimulatory signals as well as in-
hibiting signal transduction pathways by binding to cytokine receptors
during G1 phase. Moreover, Sirolimus is shown to suppress interleukin-
2- and interleukin-4-induced proliferation of B and T cells [40]. The IL-
2-mediated proliferation and survival of activated T cells requires a
coordinated effort between multiple signalling pathways downstream
of the IL-2R. After IL-2 binding, the transcription factor STAT5 (Signal
Transducer and Activator of Transcription 5) is activated and in turn,
the recruitment of PI3K (phosphoinositide 3-kinase) and Ras-MAPK
(Ras-Mitogen Activated Protein Kinase). This complex signalling system
finally results in the up-regulation of critical genes for cell cycle pro-
gression and cell survival. It is now clear that the IL-2-IL-2R signalling
pathway is essential in the development and peripheral activity of Treg
cells [41]. Therefore, it is unlikely that Sirolimus, which inhibits signal
transduction delivered by IL-2 allows expansion of functional Treg cells.
It has been shown that the engagement of the IL-2R on CD4+ CD25+
Treg cells fails to activate downstream targets of the PI3K signalling
pathway, that is functional in CD4+ CD25-T cells [42]. So, we can
assume that Sirolimus, through binding mammalian target of Rapa-
mycin and selectively blocking PI3K-mediated signalling, specifically
targets PI3K-sensitive CD4+ CD25- T effector cells while spare CD4+

CD25+ Tregs. A recent study also showed that the IL-2-mediated up-
regulation of FoxP3 in purified CD4+ CD25+ T cells involves STAT3/5
proteins binding to a highly conserved STAT binding site located in the
first intron of the FoxP3 gene [43]. It is therefore possible that Sir-
olimus, by sparing the JAK/STAT-IL-2 signalling pathway, conse-
quently maintains/induces high FoxP3 expression.

In this study, we have tried to explain that Sirolimus increase the
Treg frequency and decrease Th17 in RIF patient after 17-days ad-
ministration. Concerning the mechanism of action of Sirolimus in im-
mune regulation in RIF. Several studies have emphasize the further
profits of mTOR inhibition on the increase of Tregs in peripheral tissue,
thus linking the known profits of mTOR inhibition with upcoming
therapies related to dysregulation of Tregs and embryo implantation
[14,44–46]. Royster et al. [18] designed an animal model study, and
hypothesized that depletion of regulatory T cell (DEREG) with one dose
of diphtheria toxin (DT) reduces litter sizes and treatment with Rapa-
mycin will increase Tregs and return litter sizes back to normal levels,
results of above study showed that Rapamycin (sirolimus; Pfizer)
through the time of embryo implantation will increase Tregs and return
litter sizes almost to normal levels. These data provides us with the
mechanism by which Sirolimus affects implantation process and sub-
sequent gestation might potentially be the expansion of Treg cells that
are known to be key players in the development of maternal tolerance
to the fetus. It is explained that Sirolimus can stimulate anergy even in
the presence of costimulation [47]. It was initially thought that it was
due to the ability of Sirolimus to inhibit proliferation. More studies
strongly implicated mTOR in regulating activation versus anergy [48].
Thus, the induction of anergy and regulatory T cells were two addi-
tional explanations for the ability of Sirolimus to suppress immune
responses.

Furthermore, it is depicted that everolimus, a derivative of
Sirolimus that works similarly to Sirolimus, may increase the levels of
human leukocyte antigen-G (HLA-G). HLA-G is a protein generally ex-
pressed during pregnancy contributing in the maintenance of maternal
immune tolerance of the fetus [49].

According to our expectations the side effects reported in this study
were mild and did not necessitate discontinuation of treatment.
Fortunately, Sirolimus is previously approved by the United States Food
and Drug Administration (FDA) (pregnancy category C) and several
reports of successful pregnancies have been described in birth registries
for mothers exposed to sirolimus or its analogues throughout their
pregnancy because they received a solid organ transplant and needed
life-long immunosuppression [50,51]. Many of the benefits of Sirolimus
are related to mTORC1 inhibition, with many of the side effects related
to the lack of inhibition of mTORC2 by Rapamycin [52,53].

Despite promising results of the current study that showed Sirolimus
decreased Th17/Treg ratio, the other probable mechanisms by which
Sirolimus enables RIF patients with immune cell abnormalities to re-
spond better to IVF treatment have remained to be elucidated. Since We
were some limitation in this study further studies are needed to

Table 2
Pregnancy outcome in treated and control groups.

Variable Treated group (n= 43) Control group (n= 33) P-value

No. of transferred cycles 43 33 _
No. of MGEs transfers in this study (range) 1.64 ± 0.26 (1–2) 1.78 ± 0.18 (1–2) NS
No. of positive hCG (percent) 24 (55.81%) 8 (24.24%) < 0.0001
No. of biochemical pregnancy rate 0 0 NS
No. of clinical pregnancy (percent) 24 (55.81%) 8 (24.24%) < 0.0001
No. of clinical pregnancy of fresh ET (percent) 5 (41.66%) 2 (22.2%) < 0.0001
No. of clinical pregnancy of cryo-thaw ET (percent) 19 (61.29%) 6 (25%) < 0.0001
No. of spontaneous abortion rate (percent) 3 (12.5%) 1(12.5%) NS
No. of live birth rate of fresh ET (percent) 4 (33.3%) 2 (22.2%) 0.009
No. of live birth rate of thawed ET (percent) 17 (54.83%) 5 (20.83%) < 0.0001
No. of live birth rate (percent) 21 (48.83%) 7 (21.21%) < 0.0001

Values are mean _ standard deviation unless otherwise specified.
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investigate and validate the clinical value of Th17/Treg ratio as a
therapeutic approach to predict ART outcomes in women with RIF. One
of the potential limitation of this study was the lack of placebo use for
control group patient, also small sample size was another weakness of
our study.
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