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ARTICLE INFO ABSTRACT

Background: Cellular immune abnormalities such as the imbalance between T-helper (Th) 1 and Th2 cytokines
have been implicated as potentially modifiable causes of idiopathic repeated implantation failures (RIF). The
1L-10 purpose of this study was to investigate the effects of hydroxychloroquine on IL-10 and TNF-a secretion, ex-
Repeated implantation failure pression of T-bet and GATA-3 transcription factors and cellular localization of TNF-a, IFN-y, IL-10 and IL-4 in
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;FLN}:'O‘ endometrial cells in women with RIF.
IFN-y Materials and methods: A total of 17 women with a history of RIF and elevated TNFa/IL-10 ratio (TNFa/IL-

10 > = 30.6) were included in the study. The serum levels of TNFa and IL-10, the expression of transcription
factors related to Th1l and Th2 cells and the immune-reactivity of TNFa, IFN-y as Th1 related cytokines and IL-
10, IL-4 as Th2 related cytokines in endometrial tissues were evaluated by ELISA, real-time PCR, and fluorescent
immunohistochemistry respectively. All, evaluations were done both before and after treatment with hydro-
xychloroquine (400 mg/orally per day).

Results: Hydroxychloroquine treatment significantly decreased (p < 0.0001) serum level of TNF-a and sig-
nificantly increased serum level of IL-10 (p < 0.0001). T-bet, the Thl transcription factor, expression was
down-regulated and GATA-3, the Th2 transcription factor, expression was up-regulated. IL-10 and IL-4 fluor-
escent immunoreactivities significantly increased (p < 0.05 and p < 0.001 respectively) and TNFa and IFN-y
fluorescent immunoreactivities significantly decreased (p < 0.05) in endometrial tissue in women with RIF
after treatment in comparison with before treatment.

Conclusion: Hydroxychloroquine administration in women with RIF With a high TNF-a/IL-10 ratio during the
implantation window can decrease this ratio and seems to be an effective therapeutic strategy in RIF caused by
cellular immune abnormalities through a shift in Th2 responses.

1. Introduction transfer (FET) to the uterus [3]. In recent years, it has been suggested

that RIF is associated with Innate or Acquired Immunity disorders and

Despite the rapid development and widespread clinical application
of in vitro fertilization (IVF) for patients with infertility during the past
decades [1], the rate of successful implantation after embryo transfer
(ET) is low (10%-15%) and the repeated implantation failure (RIF) still
remains a major challenges in human reproduction [2]. RIF is defined
as lack of pregnancy after at least 3 times of fresh or frozen embryo

Immunological factors can cause failure in the implantation through
reducing endometrial receptivity [2,4,5]. In pregnancy, the im-
munological system plays an important role both in ensuring normal
pregnancy development and in the development of complications. A
pregnancy is successful when the balance among Thl, Th2, Th17 cy-
tokines and Tregulatory cells works properly [6]. During implantation
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and at the beginning of pregnancy, dynamic changes occur in the im-
mune responses of the female reproductive system, affect the im-
plantation of the fetus and the progression of pregnancy [7]. It has been
suggested that Thl cytokines such as TNF-a and IFN-y have adverse
effects on pregnancy, while Th2 cytokines such as IL-4 and IL-10 are
important in successful pregnancy. Therefore, the increase in Th1/Th2
ratios may increase cytotoxicity against embryo and lead to implanta-
tion failure. The balance of Thl and Th2 has a potential to become a
useful marker for detecting immunological rejection between the
uterine endometrium of the infertile women and transferred embryos in
Assisted reproductive technology (ART). Moreover, this ratio can be
used for choosing the treatment strategy for the patients for RIF [8,9].
Many studies have demonstrated that elevated anti-inflammatory cy-
tokines such as IL-10 and IL-4 and decreased pro-inflammatory cyto-
kines such as TNF-a and IFN-y lead to better pregnancy outcomes and
the precise balance between these cytokines in endometrial tissue is
necessary to achieve good reproductive results. According to the pre-
vious studies the increased level of TNF-a and decreased level of IL-10
have been reported in women with RIF after IVF/ET implantation and
the low levels of TNF-a cytokine in serum can be considered as a va-
luable predictive for an IVF with a successful pregnancy [2,5,10,11].

Therefore the suppression and regulation of the immune system by
using immunomodulator or immunosuppressive agents are one of the
key ways to reduce RIF [1,5,12,13]. Hydroxychloroquine, an anti-
malarial drug is widely used in patients with various autoimmune
diseases, particularly systemic lupus erythematosus (SLE). This drug
has anti-inflammatory and immune-regulatory properties: such as in-
hibiting phospholipase activity, stabilizing lysosomal membranes,
blocking the production of several pro-inflammatory cytokines such as
TNF-a, IL-17, IL-6, IFN-a, and IFN-y and, in addition, decreasing
complement-dependent antigen-antibody reactions and increased T-
regulatory cells (T-reg) [14-15]. Accordingly, in the current study, the
effects of hydroxychloroquine on immune abnormalities associated
with RIF were investigated and the pro-inflammatory and anti-in-
flammatory cytokines were evaluated. To our knowledge, this is the
first study to investigate the potentiality of hydroxychloroquine treat-
ment to create a shift toward Th2-type responses which are useful for a
successful implantation in patients with RIF.

2. Materials and methods
2.1. Study population

The study was performed at the Infertility and IVF division of
Shahid Motahari Hospital of Urmia University of Medical Sciences
during the 24-month period from March 2017 to February 2018, in
collaboration with the department of reproductive biology of Shahid
Beheshti University of Medical Sciences. The study was approved by the
Research Ethics Committee of Shahid Beheshti University of Medical
Sciences (IR.SBMU. MSP.REC.1396.160). an informed consent was
obtained from all of the subjects. Immunological disorders in women
with RIF were determined by detecting the TNF-a, IL-10 and TNF-a/IL-
10 ratio of 30.6 or above was classified as an elevated Th1/Th2 ratio
[9]. From 93 patients with a history of at least three repeated im-
plantation failure 76 women with normal TNF-a/IL-10 ratio were ex-
cluded from the study and only 17 Infertile patients with impaired
TNFa/IL-10 balance (TNFoa/IL-10 > = 30.6) Were included in the
study. Prior to inclusion, all women were examined for genetic, endo-
crine, anatomic and infectious abnormalities and confirmed as negative
for these parameters. Demographic data of patients are summarized in
Table 1.

2.2. Hydroxychloroquine treatment protocol

Patients with impaired TNF/IL-10 ratio were treated with 400 mg
hydroxychloroquine daily for 16 consecutive days. The treatment was
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Table 1
Age and clinical data of women with RIF which were included to study
m =17).

Number of patients 17

Age (y) 33.6 = 4.2
BMI (kg/m2) 24.7 = 3.8
Infertility duration (y) 53 = 2.6
Failed prior IVF cycles 4 £ 65
Number of embryo transferred 12.19 = 3.58
TNF-a/IL-10 ratio (mean * SD) 35.24 + 2.3

started from day 3 or 4 of the menstrual cycle and continued until the
day 20 of the menstrual cycle.

2.3. Blood sampling

Peripheral blood from selected women were collected into sodium
heparin VACUTAINER_ tubes (Becton Dickinson & Co, NewJersey USA),
three times, in two separate menstrual cycles. The first sample was
obtained in first Menstrual Cycle from all patients between days 5-10 in
order to select the patients with the elevated TNFa/IL-10 ratio (TNFa/
IL-10 > = 30.6). The second sample was obtained from selected
women in day 21 of the same menstrual cycle (before treatment with
hydroxychloroquine) and the third one was obtained at the same day in
the next cycle (hydroxychloroquine treatment cycle) for post-treatment
testing and for estimation of possible changes in the above parameters.
The flowchart of the experimental study design is shown in Fig. 1.

2.4. Endometrial biopsy

Endometrial biopsies were collected twice from all patients. The
First sampling was done before the treatment and the second was
conducted after the treatment with hydroxychloroquine at day 21 of
each menstrual cycle. Each endometrial sample was divided into two
parts to examine the intracellular cytokines involved in the implanta-
tion by immunohistochemistry and their related genes by Real Time
PCR.

2.5. Determination of TNF-a and IL-10 Cytokines release by enzyme linked
immunosorbent assay (ELISA)

Secretion of TNF-a and IL-10 cytokines was analyzed by enzyme-
linked immunosorbent assay (ELISA). Serum was prepared by cen-
trifugation of coagulated blood tubes at 2000g for 10 min at room
temperature and stored in —70 °C. Samples were tested for IL-10 and
TNF-a using a sandwich enzyme-linked immunosorbent assay ac-
cording to the manufacturer’s instructions (R&D Systems, USA). All
sample conditions were measured in duplicate.

2.6. Expression analysis of T-bet and GATA-3 transcription factors by
quantitative real-time polymerase chain reaction (qPCR)

The mRNA levels of T-bet and GATA-3 were determined by quan-
titative real-time polymerase chain reaction (QRT-PCR) analysis. To
evaluate the mRNA expression of transcription factors related to
Th1,Th2 cells(T-bet, GATA-3), total RNA was isolated from endometrial
tissue using RNX-PLUS Solution (SinaClon, Tehran, Iran) according to
the manufacturer’s procedure and Concentration of each RNA sample
was measured using the Nanodrop 1000Spectrophotometer (Thermo
Scientific). Complementary DNA (cDNA) was synthesized by using the
AccuPower CycleScript RT PreMix (dN 6) kit (Bioneer Inc., Seoul, South
Korea). SYBR Green method was employed for T-bet and GATA3 ana-
lyses. Quantitative PCR reactions were done in a 20 pL volume in-
cluding 10ul SYBR Green PCR master Mix 2X (Takara Bio, Otsu,
Japan), 1.5 pL of forward and reverse primers, 2 uL of cDNA and 5 pL
DEPC Treated Water following the manufacturer’s instructions. After a
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Fig. 1. The flowchart of the experimental study design.

Table 2
Primer sequences.
Sequence (5'- > 3') TM(°C) Primer Product
Size(bp) size(bp)
T-bet
Forward CCTATGCGGACTCTGCCCATG 62.90 21 104
Reverse ~ CGGATGGGGGCAATCTCAGTC 62.85 21
GATA-3
Forward CTTCGGATGCAAGTCCAGGCC 63.63 21 126
Reverse ~ CAGGCGTTGCACAGGTAGTGT 63.16 21
Beta-actin
Forward GCA TGG GTC AGA AGG ATTCCT 61.88 21 106
Reverse  TCG TCC CAG TTG GTG ACG 61.83 21

primary 10min at 95°C as activation step, 40 cycles comprising of
denaturation at 95 °C, 10s, annealing at 60- C, 15s, and extension at
72°C, 15s were performed by Mic Real-Time PCR (Bio. Molecular
Systems, Australia) detection system. Gene expression was analyzed by
comparing with the reference gene in each PCR run. Sequences of the
primers are summarized in Table 2. Amplification was confirmed by
using electrophoresis analysis on 2% agarose gel followed by DNA se-
quencing performed by Bioneer (Bioneer Corporation, Daejeon, South
Korea). Relative gene expression levels were obtained using the AACt
standard 2-AAct calculations and expressed as a fold change of a control
sample. Amplification specific transcripts were further confirmed by
obtaining melting curve profiles. All reactions were performed in tri-
plicate.

2.7. Tissue collection and immunohistochemistry

The endometrial biopsies were immediately placed into 10% neu-
tral-buffered formalin for overnight fixation and then embedded into
paraffin wax. TNF-a, I[FN-y, IL-4 and IL-10 expression were determined
with the use of fluorescent immunohistochemistry. The endometrium
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sections with 5 um thickness were fixed with 4% paraformaldehyde in
PBS (pH 7.4) for 20 min and permeabilized by 0.3% Triton X100 for
30 min and blocked in 10% normal goat serum in phosphate-buffered
saline (PBS) for 1 h at room temperature. The samples were incubated
at 4°C overnight with primary antibodies for TNF-a (Mouse mono-
clonal [2C8] to TNF-a; abcam), IFN-y(Rabbit polyclonal to IFN-
y[ab25101]; abcam), IL-4(Mouse monoclonal to IL-4 [ab2503]; abcam)
and IL-10(Rabbit polyclonal to IL10 [ab34843]; abcam) diluted in PBS.
The FITC-conjugated secondary antibodies were diluted with PBS and
the samples were incubated with the secondary antibody at room
temperature and kept in the dark for 1h. The sections were subse-
quently mounted with 4’6-diamidine-2’-phenylin-dole dihydrochloride
(DAPI) from Roche to stain nuclei and preserve fluorescence signals.
The fluorescent signals were analyzed by means of fluorescence mi-
croscopy (Olympus BX51). For each patient endometrial tissue samples
were analyzed in triplicate. The triplicate tissue were serial section from
the same paraffin tissue block. All samples were imaged with the use of
a X400 objective lens. For further quantitative analysis of the im-
munostaining results, an Image J (NIH) picture analysis software was
used to calculate mean pixel fluorescence intensity.

2.8. Statistical analysis
Statistical analysis was performed using SPSS PC Statistics (version
22; SPSS Inc., Chicago, IL, USA). Paired t-test was applied to compare

the results of immunologic studies before and after hydroxychloroquine
treatment. P-values < 0.05 were reported to be statistically significant.

3. Results

3.1. TNF-a and IL-10 cytokine secretions in RIF patients before and after
treatment with hydroxychloroquine

Hydroxychloroquine was given in an attempt to reduce the TNF-a /
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IL-10 ratio to a normal range. Measurement of TNF-a and IL-10 cyto-
kines secretion in the serum isolated from women with RIF indicated a
significant lower concentration of TNF-a (p < 0.001) as Thl-asso-
ciated inflammatory cytokine and a significant higher concentration of
IL-10 (p < 0.001) as Th2-associated anti-inflammatory cytokine
(p < 0.001) after treatment, in comparison with the menstrual cycle
before treatment. Moreover, TNF-a/IL-10 ratio was significantly de-
creased in women with RIF after treatment. (Fig. 2).

3.2. mRNA expression levels of transcription factors related to Th1 and Th2
cells in women with recurrent implantation failure, before and after
treatment

T-bet is selectively expressed in Thl clones whereas GATA-3 is se-
lectively expressed in Th2 clones. Expression of these genes is rapidly
induced in primary T-cells developing along the Th1 or Th2 pathway. T-
bet and GATA-3 mRNA levels in two consecutive cycles without
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* % %

iy
o o

Biomedicine & Pharmacotherapy 107 (2018) 1277-1285

Fig. 2. Cytokine concentrations were measured in serum of
women with recurrent implantation failure, before and after
treatment with hydroxychloroquine. The concentration of cyto-
kines was measured using specific cytokine ELISA detection kits (R
&D Systems). A) TNF-a level before and after treatment 1. B) IL-10
level before and after treatment. C) TNF-a/ IL-10 ratio before and
after treatment (**P-value < 0.001). (P < 0.05: statistically sig-
nificant).

Before treatment  After treatment

treatment and with treatment were evaluated and then compared with
each other. As shown in Fig. 3 the mRNA level of GATA-3 significantly
increased (p < 0.0001) and the mRNA level of T-bet and T-bet/
GATAS3 ratio significantly decreased (p < 0.0001) after treatment with
hydroxychloroquine in comparison with the menstrual cycle before
treatment. The change in T-bet expression was proportionally greater
than for GATA-3, and this was reflected in the T-bet/GATA-3 ratio. To
confirm the differentiation status of these Thl and Th2 cells, the ex-
pression of Th1-specific IFN-y, TNF-a and Th2-associated IL-4 and IL-10
mRNA was analyzed by RT-PCR. The variation of T-bet and GATA-3
expression and its correlation with Th1/Th2 status was reflected more
closely by the ratio of T-bet to GATA-3. Indeed, the T-bet/GATA-3 ratio
significantly increased under Th1 conditions and decreased under Th2
conditions. (Fig. 3B)

Fig. 3. mRNA expression of transcription factors in endometrial
tissue, pretreatment and after -treatment, in the time of im-
plantation window was measured by qRT-PCR. Gene expression

T-bet GATA-3 I I data were normalized to f-actin expression. A) The mRNA ex-
@ 44 % % % .9 pression level of T-bet before treatment was significantly higher in
g)o I_I Tg’ comparison with after treatment (P < 0.0001). Also, the mRNA
c ; 1.0- expression of GATA-3 significantly increased after treatment
_‘:“ = (***P-value < 0.0001). B) T-bet/ GATA3 ratios were significantly
; & g decreased after treatment (***P-value < 0.0001).
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3.3. Cellular localization of TNF-a, IFN-y, IL-10, IL-4

Cellular Localization of Thl (TNF-a, IFN-y) and Th2 (IL-10, IL-4)
related cytokines in endometrial tissues was determined before and
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Fig. 4. a) Cellular localization of TNF-a in en-
dometrial cells. Fluorescent im-
munohistochemistry staining of TNF-a before
treatment (A-C) and after treatment (D-F)
were performed on the endometrium (n = 17).
DAPI was used to stain the nuclei (A, D). Then
TNF-a - specific signal and DAPI could be
merged together, indicating that TNF-a protein
is localized in the Endometrial -cells(C).
Localization of TNF-a change after hydroxy-
chloroquine treatment was observed. (F)
Magnification = X 400. Scale bar = 20 ym. b)
Corresponding bar graphs represent the quan-
titative analysis of TNF-a expression in en-
dometrial tissue. For each patient endometrial
tissue samples were analyzed in triplicate. TNF-
o expression in endometrial tissue significantly
decreased after treatment (*P-value < 0.05).

Fig. 5. a) Cellular localization of IL-10 in en-
dometrial cells. Fluorescent im-
munohistochemistry staining of IL-10 before
treatment (A-C) and after treatment (D-F)
were performed on endometrium in women
with RIF (n = 17). DAPI was used to stain the
nuclei (A, D). Then the pictures were merged
together (C, F). For each patient endometrial
tissue samples were analyzed in triplicate.
Magnification = x 400. Scale bar = 20 ym. b)
Corresponding bar graphs represent quantita-
tive analysis of IL-10 expression in endometrial
tissue. IL-10 expression in endometrial tissue
significantly increased after treatment (*p
value < 0.05).

after treatment in women with RIF. Seventeen endometrial sections

taken in day 20 of the cycle were analyzed by immunohistochemistry.
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We observed only very weak reactivity for IL-10 and IL-4 in en-
dometrial cells before treatment (Figs. 5 and 7). The positive reactions
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(%) of IL-10 and IL-4 were significantly increased after treatment in
comparison with the menstrual cycle before treatment (P-value < 0.05
and P-value < 0.001 respectively). As shown in Figs. 4 and 6 TNF-a and
IFN-y proteins are localized in the endometrial tissue. The positive re-
actions (%) of TNFa and IFN-y were significantly decreased after
treatment with hydroxychloroquine (P-value < 0.05).

4. Discussion

Repeated implantation failure (RIF) is often determined when em-
bryos of good-quality fail to implant following at least three consecutive
IVF attempts [10]. The correct balance between Th1 cytokines and Th2
cytokines is necessary to achieve good reproductive outcome [5,10,12].
Therefore immunotherapy has been empirically used in couples with
recurrent implantation failure, based on the evidence that im-
munological factors may be responsible for lack of embryo implantation
[13]. In the present study, the immunomodulatory effects of hydroxy-
chloroquine in RIF patients with immunological abnormalities were
examined. The importance of the balance of T helper cells in pregnancy
has accumulated significant support over recent years and numerous
studies have demonstrated an association between significant increase
of TNF-a/IL-10 ratio and RIF [9,14].

one of the methods that is provided to diagnose infertility in people
with implantation failures includes determining the ratio of TNF-a/IL-
10 and the comparison of this ratio with those normal pregnancies to
determine whether a patient with RIF with immunological reasons re-
sponds to treatment with immunosuppressive drugs or not [6,15].

After treatment
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Fig. 6. a) Cellular localization of IFN-y in en-
dometrial cells.
munohistochemistry staining of IFN-y before
treatment (A-C) and after treatment (D-F)
were performed on the endometrium in
women with RIF (n = 17). DAPI was used to
stain the nuclei (A, D). Then IFN-y- specific
signal and DAPI could be merged together,
indicating that IFN-y protein is localized in the
Endometrial cells(C). Localization of IFN-y
changes after hydroxychloroquine treatment
was observed (F). For each patient endometrial
tissue samples were analyzed in triplicate.
Magnification = x 400. Scale bar = 20 ym. b)
Corresponding bar graphs represent the quan-
titative analysis of IFN-y expression in en-
dometrial tissue. IFN-y expression in en-
dometrial tissue significantly decreased after
treatment (*P-value < 0.05).

Fluorescent im-

Immunological causes may be among the most important factors that
adversely affect endometrial receptivity and embryo implantation. The
endometrium allows implantation mediated by several factors such as
immune cells growth factors, chemokins, cytokines and adhesion mo-
lecules at implantation window.

Hydroxychloroquine, originally antimalarial drugs, now have been
widely used in the treatment of autoimmune diseases because of its
anti-inflammatory and immunomodulatory effects [16-18]. The overall
safety of hydroxychloroquine use is well established with long-term
administration showing a favorable safety profile, thereby enhancing
the potential for clinical studies furthermore hydroxychloroquine does
not appear to be associated with any increased risk of congenital de-
fects, spontaneous abortions, fetal death, prematurity or decreased
numbers of live births in patients with autoimmune diseases and is safe
in pregnancy [17,19-21].

In this study, for the first time, we reported the successful inter-
vention with hydroxychloroquine in patients with RIF characterized by
high TNF-a/IL-10 ratio. These patients were treated with hydroxy-
chloroquine as an immunomodulatory drug, and then the immunologic
parameters which involved in the implantation were evaluated.
Interestingly, we observed that hydroxychloroquine decreased T-bet/
GATAS ratio by changing the T-bet and GATA-3 mRNA expression as
the transcription factors respectively related to Thl and Th2 cells,
furthermore hydroxychloroquine significantly decreased serum level of
TNF-a and increased serum level of IL-10 and reduced the TNF-a/IL-10
ratio in these patients in compared with their previous menstrual cycle
before treatment. Our results are inconsistent with previous studies
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Fig. 7. a) Cellular localization of IL-4 in endometrial cells. Fluorescent immunohistochemistry staining of IL-4 before treatment (A-C) and after treatment (D-F) were
performed on the endometrium in women with RIF (n = 17). DAPI was used to stain the nuclei (A, D). Then the pictures were merged together (C, F). For each
patient endometrial tissue samples were analyzed in triplicate. Magnification = x 400. Scale bar = 20 um. b) Corresponding bar graphs represent the quantitative
analysis of IL-4 expression in endometrial tissue. IL-4 expression in endometrial tissue significantly increased after treatment (**P-value < 0. 001).

which reported that hydroxychloroquine can be used in treatment of
reproductive failure in antiphospholipid syndrome by im-
munomodulatory functions, with complement pathway inactivation,
TNF-alpha blocking, Th1/Th2 shifting effect and the inhibition of TLR
[22]. Literature data suggests that hydroxychloroquine interfere with
TNF-a release from human and murine cells, although it’s exact mode
of action is not fully understood [23,24]. Previous studies suggested
that the immunoregulatory effects of hydroxychloroquine on the cyto-
kine network might be important in the therapeutic effects of hydro-
xychloroquine in immune-mediated disorders [25-30]. study of Gilman
et al demonstrated that hydroxychloroquine causes a dose-dependent
reduction of the cytotoxicity, proliferation, and TNF alpha production
resulting from allorecognition in mixed lymphocyte culture they stated
that it may be useful in the prevention and treatment of graft-versus-
host disease (GVHD) [31,32]. In another study by Koch et al pretreat-
ment with hydroxychloroquine reduced the production of TNF-a in
experimental autoimmune encephalitis. They suggested that the re-
duction of pro-inflammatory cytokines through hydroxychloroquine
treatment could be a therapeutic avenue in MS [16]. Several char-
acteristics make hydroxychloroquine an attractive agent to bring to
clinical trial. hydroxychloroquine is usually well tolerated and widely
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used as a chronic treatment in SLE and RA [33,34].

According to our results T-bet/ GATA3 mRNA ratio, TNF-a/IL-10
ratio and Cellular localization of TNF-a, IFN-y significantly decreased
after treatment by hydroxychloroquine in women with RIF. These re-
sults showed that administration of hydroxychloroquine significantly
increased the reactivity of IL-10 and IL-4 as anti-inflammatory cyto-
kines in endometrial tissue and shifted the immune response toward the
Th2 pattern and the shift to a Th2 pattern plays an important role in the
good pregnancy outcomes. Several immunomodulatory drugs such as
intravenous immunoglobulin G (IVIG), Etanercept (Enbrel), adali-
mumab (HumiraTM) and Tacrolimus have been previously reported to
be effective in women with RIF by reducing Th1/Th2 lymphocyte ratio
in peripheral blood. Increased successive rate of IVF by these medica-
tions in RIF patients who had an elevated peripheral blood Th1l/Th2
ratio indicates a significance of Th1l/Th2 immune regulation in im-
plantation and maintenance of pregnancy [5,10,35,36]. In accordance
with these studies, our results revealed that hydroxychloroquine
treatment can be an appropriate candidate for reducing endometrial
immune reaction occurring in implantation window, which is the time
when the endometrium must receive the embryo [37].

According to our analyses performed after treatment,

Downloaded for Anonymous User (n/a) at MOH Consortium -Shahid Beheshti University of Medical Sciences from ClinicalKey.com by Elsevier on September 08, 2018.
For personal use only. No other uses without permission. Copyright ©2018. Elsevier Inc. All rights reserved.



H. Ghasemnejad-berenyji et al.

hydroxychloroquine significantly reduced Thl-associated cytokine se-
cretion and the mRNA level of T-bet after treatment, furthermore, the
Th2 associated cytokine secretion and the mRNA level of GATA-3 in-
creased in compared with the previous cycle without treatment. As a
result, Th1/Th2 balance is affected by hydroxychloroquine, and a de-
crease in the ratio was observed through a shift toward Th2 responses.
An increase of IL-10 could be also due to an expansion of T regulatory
cells However, after treatment with hydroxychloroquine the increased
localization of IL- 4 in addition to IL-10 in the endometrial tissue, as
well as the increased GATA-3 mRNA expression as the transcription
factor related to Th2 cells, suggest that immune responses are likely to
shift to Th2 responses. We note the limitations of our study. The main
limitation was that in this study we did not evaluate success rate of IVF
after women’s received hydroxychloroquine treatment. Another lim-
itation was the reduced number of patients. In addition, the measure-
ment of additional cells and cytokines related with the Th1l and Th2
profile, such as IL-6, IL1B and IL-13, in addition to TNFa and IL-10,
would be of interest to have a more robust panorama of the in-
flammatory profile of these patients.

5. Conclusion

To our knowledge, this is the first study to show the ability of hy-
droxychloroquine to modulate the immune system in women with RIF
with a high Th1/Th2 ratio during the implantation window. Our results
demonstrated that hydroxychloroquine can shift toward Th2 type re-
sponses and decrease the Th1l/Th2 ratio. these findings suggest that
there is merit in further assessing hydroxychloroquine, a drug that has a
proven safety profile in pregnancy, as an adjuvant therapy for in-
creasing IVF success rates in women with the initial elevation Th1/Th2
ratio. These issues are fundamental and must be considered in future
investigations to produce more consistent results that can benefit the
field of obstetrics.

Conflict of interest
The authors declare that there is no conflict of interest.
Acknowledgements

This article has been extracted from the thesis written by Hojjat
Ghasemnejad-berenji in School of Medicine Shahid Beheshti University
of medical Sciences. (Registration No: 7).

References

[1] T. Zhang, C. Huang, Y. Du, R. Lian, M. Mo, Y. Zeng, G. Mor, Successful treatment
with intrauterine delivery of dexamethasone for repeated implantation failure, Am.
J. Reprod. Immunol. 78 (6) (2017).

M. Ahmadi, S. Abdolmohammadi-Vahid, M. Ghaebi, L. Aghebati-Maleki, S. Dolati,
L. Farzadi, A. Ghasemzadeh, K. Hamdi, V. Younesi, M. Nouri, Regulatory T cells
improve pregnancy rate in RIF patients after additional IVIG treatment, Syst. Biol.
Reprod. Med. 63 (6) (2017) 350-359.

C. Coughlan, W. Ledger, Q. Wang, F. Liu, A. Demirol, T. Gurgan, R. Cutting, K. Ong,
H. Sallam, T. Li, Recurrent implantation failure: definition and management,
Reprod. Biomed. Online 28 (1) (2014) 14-38.

S.K. Lee, J.Y. Kim, A.R. Han, S.E. Hur, C.J. Kim, T.H. Kim, B.R. Cho, J.W. Han,
S.G. Han, B.J. Na, Intravenous immunoglobulin G improves pregnancy outcome in
women with recurrent pregnancy losses with cellular immune abnormalities, Am. J.
Reprod. Immunol. 75 (1) (2016) 59-68.

K. Nakagawa, J. Kwak-Kim, K. Ota, K. Kuroda, M. Hisano, R. Sugiyama,

K. Yamaguchi, Immunosuppression with tacrolimus improved reproductive out-
come of women with repeated implantation failure and elevated peripheral blood
TH1/TH2 cell ratios, Am. J. Reprod. Immunol. 73 (4) (2015) 353-361.

J. Alijotas-Reig, E. Esteve-Valverde, R. Ferrer-Oliveras, E. Llurba, J.M. Gris, Tumor
necrosis factor-alpha and pregnancy: focus on biologics. An updated and compre-
hensive review, Clin. Rev. Allergy Immunol. 53 (1) (2017) 40-53.

M. PrabhuDas, E. Bonney, K. Caron, S. Dey, A. Erlebacher, A. Fazleabas, S. Fisher,
T. Golos, M. Matzuk, J.M. McCune, Immune mechanisms at the maternal-fetal in-
terface: perspectives and challenges, Nat. Immunol. 16 (4) (2015) 328.

J. Kwak-Kim, H. Chung-Bang, S. Ng, E. Ntrivalas, C. Mangubat, K. Beaman, A. Beer,

[2]

[3

=

[4]

[5]

[6]

71

[8]

1284

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

Biomedicine & Pharmacotherapy 107 (2018) 1277-1285

A. Gilman-Sachs, Increased T helper 1 cytokine responses by circulating T cells are
present in women with recurrent pregnancy losses and in infertile women with
multiple implantation failures after IVF, Hum. Reprod. 18 (4) (2003) 767-773.
P.-Y. Liang, L.-H. Diao, C.-Y. Huang, R.-C. Lian, X. Chen, G.-G. Li, J. Zhao, Y.-Y. Li,
X.-b. He, Y. Zeng, The pro-inflammatory and anti-inflammatory cytokine profile in
peripheral blood of women with recurrent implantation failure, Reprod. Biomed.
Online 31 (6) (2015) 823-826.

E.E. Winger, J.L. Reed, S. Ashoush, T. El-Toukhy, S. Ahuja, M. Taranissi, Degree of
TNF-a/IL-10 cytokine elevation correlates with IVF success rates in women un-
dergoing treatment with adalimumab (Humira) and IVIG, Am. J. Reprod. Immunol.
65 (6) (2011) 610-618.

M. Ahmadi, S. Abdolmohammadi-Vahid, M. Ghaebi, L. Aghebati-Maleki,

A. Afkham, S. Danaii, S. Abdollahi-Fard, L. Heidari, F. Jadidi-Niaragh, V. Younesi,
Effect of Intravenous immunoglobulin on Th1 and Th2 lymphocytes and improve-
ment of pregnancy outcome in recurrent pregnancy loss (RPL), Biomed.
Pharmacother. 92 (2017) 1095-1102.

J. Alijotas-Reig, E. Llurba, J.M. Gris, Potentiating maternal immune tolerance in
pregnancy: a new challenging role for regulatory T cells, Placenta 35 (4) (2014)
241-248.

S. Abdolmohammadi-Vahid, S. Danaii, K. Hamdi, F. Jadidi-Niaragh, M. Ahmadi,
M. Yousefi, Novel immunotherapeutic approaches for treatment of infertility,
Biomed. Pharmacother. 84 (2016) 1449-1459.

P.Y. Liang, B. Yin, J. Cai, X.D. Hu, C. Song, T.H. Wu, J. Zhao, G.G. Li, Y. Zeng,
Increased circulating Th1/Th2 ratios but not other lymphocyte subsets during
controlled ovarian stimulation are linked to subsequent implantation failure after
transfer of in vitro fertilized embryos, Am. J. Reprod. Immunol. 73 (1) (2015)
12-21.

A. Mekinian, J. Cohen, J. Alijotas-Reig, L. Carbillon, P. Nicaise-Roland, G. Kayem,
E. Darai, O. Fain, M. Bornes, Unexplained recurrent miscarriage and recurrent
implantation failure: is there a place for immunomodulation? Am. J. Reprod.
Immunol. 76 (1) (2016) 8-28.

M.W. Koch, R. Zabad, F. Giuliani, W. Hader, R. Lewkonia, L. Metz, V.W. Yong,
Hydroxychloroquine reduces microglial activity and attenuates experimental au-
toimmune encephalomyelitis, J. Neurol. Sci. 358 (1) (2015) 131-137.

A. Mekinian, N. Costedoat-Chalumeau, A. Masseau, A. Tincani, S. De Caroli,

J. Alijotas-Reig, A. Ruffatti, A. Ambrozic, A. Botta, V. Le Guern, Obstetrical APS: is
there a place for hydroxychloroquine to improve the pregnancy outcome?
Autoimmun. Rev. 14 (1) (2015) 23-29.

P.L. Meroni, Prevention & treatment of obstetrical complications in APS: is hy-
droxychloroquine the Holy Grail we are looking for? J. Autoimmun. 75 (2016) 1-5.
D. Friedman, L. Lovig, M. Halushka, R.M. Clancy, P.M. Izmirly, J.P. Buyon, No
histologic evidence of foetal cardiotoxicity following exposure to maternal hydro-
xychloroquine, Clin. Exp. Rheumatol. 35 (5) (2017) 857.

C. Ponticelli, G. Moroni, Hydroxychloroquine in systemic lupus erythematosus
(SLE), Expert Opin. Drug Saf. 16 (3) (2017) 411-419.

S. Sciascia, B. Hunt, E. Talavera-Garcia, G. Lliso, M. Khamashta, M. Cuadrado, The
impact of hydroxychloroquine treatment on pregnancy outcome in women with
antiphospholipid antibodies, Am. J. Obstet. Gynecol. 214 (2) (2016) 273 el-

273. e8.

C.R. Albert, W.J. Schlesinger, C.A. Viall, M.J. Mulla, J.J. Brosens, L.W. Chamley,
V.M. Abrahams, Effect of hydroxychloroquine on antiphospholipid anti-
body-induced changes in first trimester trophoblast function, Am. J. Reprod.
Immunol. 71 (2) (2014) 154-164.

R. Abd Rahman, P. DeKoninck, P. Murthi, E.M. Wallace, Treatment of preeclampsia
with hydroxychloroquine: a review, J. Maternal-Fetal Neonatal Med. 31 (4) (2018)
525-529.

T.-T. Tang, L.-L. Lv, M.-M. Pan, Y. Wen, B. Wang, Z.-L. Li, M. Wu, F.-M. Wang,
S.D. Crowley, B.-C. Liu, Hydroxychloroquine attenuates renal ischemia/reperfusion
injury by inhibiting cathepsin mediated NLRP3 inflammasome activation, Cell
Death Dis. 9 (3) (2018) 351.

C. Belizna, Hydroxychloroquine as an anti-thrombotic in antiphospholipid syn-
drome, Autoimmun. Rev. 14 (4) (2015) 358-362.

S. Monzavi, M. Mahmoudi, Z. Shariati-Sarabi, B. Dormanesh, E. Shirmast, SAT0027
Effect of Hydroxychloroquine on Disease Activity and Regulation of the Immune
System in Systemic Lupus Erythematosus, BMJ Publishing Group Ltd, 2015.

N.J. Olsen, C. McAloose, J. Carter, B.K. Han, I. Raman, Q.-Z. Li, D. Liao, Clinical and
immunologic profiles in incomplete lupus erythematosus and improvement with
hydroxychloroquine treatment, Autoimmun. Dis. 2016 (2016).

J.Cd. Silva, H.A. Mariz, R. Jtnior, P.S.Sd. Oliveira, A.T. Dantas, A.L.B.P. Duarte,
Id.R. Pitta, S.L. Galdino, M.Gd.R. Pitta, Hydroxychloroquine decreases Th17-related
cytokines in systemic lupus erythematosus and rheumatoid arthritis patients,
Clinics 68 (6) (2013) 766-771.

R. Willis, A. Seif, G. McGwin Jr, L. Martinez-Martinez, E. Gonzalez, N. Dang,

E. Papalardo, J. Liu, L. Vila, J. Reveille, Effect of hydroxychloroquine treatment on
pro-inflammatory cytokines and disease activity in SLE patients: data from LUMINA
(LXXV), a multiethnic US cohort, Lupus 21 (8) (2012) 830-835.

J. Yang, X. Yang, J. Yang, M. Li, Hydroxychloroquine inhibits the differentiation of
Th17 cells in systemic lupus erythematosus, J. Rheumatol. 45 (6) (2018) 818-826.
A.L. Gilman, K.-W. Chan, M. Mogul, C. Morris, F.D. Goldman, M. Boyer, E. Cirenza,
A. Mazumder, E. Gehan, R. Cahill, Hydroxychloroquine for the treatment of chronic
graft-versus-host disease, Biol. Blood Marrow Transplant. 6 (3) (2000) 327-334.
A.L. Gilman, K.R. Schultz, F.D. Goldman, G.E. Sale, M.D. Krailo, Z. Chen,

B. Langholz, D.A. Jacobsohn, K.-W. Chan, R.E. Ryan, Randomized trial of hydro-
xychloroquine for newly diagnosed chronic graft-versus-host disease in children: a
Children’s Oncology Group study, Biol. Blood Marrow Transplant. 18 (1) (2012)
84-91.

Downloaded for Anonymous User (n/a) at MOH Consortium -Shahid Beheshti University of Medical Sciences from ClinicalKey.com by Elsevier on September 08, 2018.
For personal use only. No other uses without permission. Copyright ©2018. Elsevier Inc. All rights reserved.


http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0005
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0005
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0005
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0010
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0010
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0010
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0010
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0015
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0015
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0015
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0020
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0020
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0020
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0020
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0025
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0025
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0025
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0025
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0030
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0030
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0030
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0035
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0035
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0035
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0040
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0040
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0040
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0040
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0045
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0045
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0045
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0045
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0050
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0050
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0050
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0050
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0055
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0055
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0055
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0055
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0055
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0060
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0060
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0060
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0065
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0065
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0065
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0070
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0070
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0070
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0070
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0070
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0075
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0075
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0075
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0075
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0080
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0080
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0080
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0085
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0085
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0085
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0085
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0090
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0090
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0095
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0095
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0095
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0100
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0100
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0105
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0105
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0105
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0105
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0110
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0110
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0110
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0110
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0115
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0115
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0115
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0120
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0120
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0120
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0120
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0125
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0125
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0130
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0130
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0130
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0135
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0135
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0135
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0140
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0140
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0140
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0140
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0145
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0145
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0145
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0145
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0150
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0150
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0155
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0155
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0155
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0160
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0160
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0160
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0160
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0160

H. Ghasemnejad-berenyji et al.

[33]

[34]

[35]

C. Abarientos, K. Sperber, D.L. Shapiro, W.S. Aronow, C.P. Chao, J.Y. Ash,
Hydroxychloroquine in systemic lupus erythematosus and rheumatoid arthritis and
its safety in pregnancy, Expert Opin. Drug Saf. 10 (5) (2011) 705-714.

N. Costedoat-Chalumeau, Z. Amoura, P. Lechat, J.-C. Piette, Safety of hydroxy-
chloroquine in pregnant patients with connective tissue diseases. Review of the
literature, Autoimmun. Rev. 4 (2) (2005) 111-115.

C. Mangubat, P. Thaker, M. Cavalcante, J. Kwak-Kim, A. Beer, Etanercept and
immune treatment in multiple IVF failures, Am. J. Reprod. Immunol. 45 (2001) 24.

1285

[36]

[37]

Biomedicine & Pharmacotherapy 107 (2018) 1277-1285

E.E. Winger, J.L. Reed, S. Ashoush, T. El-Toukhy, M. Taranissi, Die-off ratio cor-
relates with increased TNF-a: IL-10 ratio and decreased IVF success rates correct-
able with Humira, Am. J. Reprod. Immunol. 68 (5) (2012) 428-437.

C. Jouan, V. Emonard, P. Ruggeri, L. Debelle, N. Hincourt, S. Lorquet, V. Dechenne,
C. Giner, M. Dubois, S. Perrier d’Hauterive, Pregnancy outcome following frozen
embryo transfer after artificial cycle or treatment by clomiphene citrate, Gynecol.
Endocrinol. 32 (10) (2016) 807-810.

Downloaded for Anonymous User (n/a) at MOH Consortium -Shahid Beheshti University of Medical Sciences from ClinicalKey.com by Elsevier on September 08, 2018.
For personal use only. No other uses without permission. Copyright ©2018. Elsevier Inc. All rights reserved.


http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0165
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0165
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0165
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0170
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0170
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0170
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0175
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0175
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0180
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0180
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0180
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0185
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0185
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0185
http://refhub.elsevier.com/S0753-3322(18)34115-5/sbref0185

	Immunomodulatory effects of hydroxychloroquine on Th1/Th2 balance in women with repeated implantation failure
	Introduction
	Materials and methods
	Study population
	Hydroxychloroquine treatment protocol
	Blood sampling
	Endometrial biopsy
	Determination of TNF-α and IL-10 Cytokines release by enzyme linked immunosorbent assay (ELISA)
	Expression analysis of T-bet and GATA-3 transcription factors by quantitative real-time polymerase chain reaction (qPCR)
	Tissue collection and immunohistochemistry
	Statistical analysis

	Results
	TNF-α and IL-10 cytokine secretions in RIF patients before and after treatment with hydroxychloroquine
	mRNA expression levels of transcription factors related to Th1 and Th2 cells in women with recurrent implantation failure, before and after treatment
	Cellular localization of TNF-α, IFN-γ, IL-10, IL-4

	Discussion
	Conclusion
	Conflict of interest
	Acknowledgements
	References




