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Abstract
Background: Despite of long-lasting efforts, in more than 50% of cases, the etiology of recurrent spontaneous
abortion (RSA) remains unknown. Leukemia inhibitory factor (LIF) has an essential role in the reproductive pro-
cess, such as modulating inflammatory responses. This study aimed to evaluate the relationship between the LIF
gene expression as well as serum levels of inflammatory cytokines and occurrence of RSA in infertile women with
a history of RSA.

Materials and Methods: In this case-control study, the relative gene expression levels of LIF, concentrations of tu-
mor necrosis factor-alpha (TNF-a), and interleukin (IL)-17 were measured in peripheral blood and serum of women
with a history of RSA (N=40) compared with non-pregnant and fertile women as the control group (N=40) using
quantitative real-time polymerase chain reaction and the enzyme-linked immunosorbent assay, respectively.

Results: The mean age of patients and controls was 30.1 =4.28 and 30.03 + 4.23, respectively. Patients had a history of at
least 2 and at most 6 abortions. The mRNA levels of LIF were significantly lower in the women with RSA in comparison
with the healthy participant (P=0.003). Regarding cytokine levels, no significant difference was seen between the two
groups (P>0.05). There was no correlation - between the LIFF mRNA levels and TNF-o and IL-17 serum concentrations.
The U-Mann-Whitney test and the Pearson correlation coefficient were applied to comparison variables between groups
as well as a correlation between L/F mRNA and cytokine levels in serum.

Conclusion: Despite a significant reduction in the LIF gene mRNA level in patients with RSA, it was not associated with
increases in inflammatory cytokines. Dysfunction in the production of LIF protein may be involved in the onset of RSA

disorder.
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Introduction

The failure of two or more clinically known pregnancies
before 20-24 weeks of gestation is called recurrent
spontaneous abortion (RSA). The average prevalence
of RSA is 1 to 4% of women of childbearing age. The
main risk factors defined in RSA are parental genetics
aberrations, uterine abnormalities, thrombophilia,
infectious, endocrine, immunological, and unexplained
causes (1-3).

Changes in the mother’s immune system are needed for
implantation, the continuation of pregnancy, and delivery.
During a normal pregnancy, the mother’s immune system

responses have deviated to T helper (Th) 2 cells (4). The
inability to shift responses from the T helper type 1 (Th1)
cells to the Th2 cells during pregnancy is associated with
the predominance of the Thl cell response, that leads to
complications such as preeclampsia, implantation failure,
RSA, and preterm delivery (5).

Many women with RSA suffer from immune cell
disorders, including an increase in the Th1/Th2 cell ratio,
an increase in the number or cytotoxicity of natural killer
(NK) cells, and a change in the Treg/Th17 ratio (6).

One of the pro-inflammatory cytokines generated by
immune cells, such as Th1 cells, is tumor necrosis factor-
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alpha (TNF-a). It is involved in the pathogenesis of some
autoimmune and inflammatory diseases. The TNF-a is
also thought to be a risk factor for RSA (7, 8).

LIF is a pleiotropic glycoprotein associated with
cytokines in the interleukin (IL)-6 family (9). This
cytokine plays an important role in the implantation,
maintenance of pregnancy, and continuation of fetal
growth (10). Based on a recent primary report, there
were low levels of LIF protein in the blood and
endometrial tissue of women with recurrent pregnancy
loss (11).

The current study aimed to assess TNF-a.and IL-17 serum
levels, as well as LIF gene expression, in the peripheral
blood of Iranian women with RSA. The findings on the
relationships between these variables can provide a better
understanding of the RSA etiology.

Materials and Methods
Sample collection and study population

This case-control study was performed on the peripheral
blood mononuclear cells (PBMC) and serum samples
of women who were referred to the Obstetrics and
Gynecology clinic, Shahid Sadoughi Hospital, Yazd, Iran.
The study was approved by the Ethical Committee of the
Science and Arts University, Mashhad, Iran (IR.ACECR.
JDM.REC.1400.022). Informed consent was obtained
from all the participants.

The control group included 40 non-pregnant women
who had no history of abortion, and underlying diseases,
or at least one successful pregnancy. Women with a
history of two or more RSAs were recruited as the case
group. The sample size in each group was considered 40
(0=0.05, p=0.2).

Two groups were matched in terms of age. A
gynecologist examined all of the women in the case
group. The presence of male factor etiologies (determined
via sperm analysis and andrological examinations),
anatomical and endocrine problems, and the abnormal
chromosomal karyotype, positive antiphospholipid
antibodies (APA), presence of anticardiolipin antibodies
(ACA), thrombophilia, and TORCH syndrome were
considered as exclusion criteria for the case group.
Peripheral blood was taken from all the participants to
evaluate the L/F gene expression and IL-17 and TNF-a
concentrations.
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Enzyme-linked immunosorbent assay (ELISA)

Using ELISA Kits, serum concentrations of IL-17
and TNF-a (Karmania Pars Gen Co., Kerman, Iran) of
participants were detected according to the manufacturer’s
instructions. The minimum detectable concentrations for
IL-17 and TNF-a was 1.2 ng/ml.

RNA extraction and ¢cDNA synthesis

Total RNA was extracted from the PBMC samples using
an RNX-Pluskit(SinaclonBioscience,Cat.No.:RN7713C,
IRAN) according to the manufacturer’s instructions.
The purity and concentrations of each extracted RNA
were measured by using a spectrophotometer (2000C,
Thermo Scientific, Waltham, MA, USA) in the optical
density of 260/280 and 260 nm, respectively. The RNA
values between 1.8 and 2.0 was applied for normalization
before cDNA synthesis (12). All cDNA was synthesized
according to the protocol guidance of RevertAid First
Strand cDNA Synthesis Kit (Cat. No: A101161, Parstous
biotechnology, Iran). The ¢cDNA product was kept at
-20°C until it was used.

Relative gene expression

A quantitative real-time polymerase chain reaction
(qRT-PCR) technique was used to assess the mRNA
levels of LIF in all samples. To evaluate the LIF
expression levels, the primer sequences were
summarized in Table 1. Glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) gene was used as a reference
gene. Briefly, PCR reaction was done according to
standard protocol (2). The 2-22““method was applied to
determine the relative gene expression level.

Statistical analysis

Different software, GraphPad Prism 8 (San Diego,
CA) and SPSS 20 (Chicago, IL, USA), were used for the
statistical analysis in this study. The Shapiro-Wilk and
Kolmogorov-Smirnov tests were used to ensure that the
data distribution was normal. Then, the U-Mann-Whitney
test was applied to compare variables between cases and
controls. Moreover, the Pearson correlation coefficient
was used to investigate any possible correlation between
the z RNA expression level and serum level of TNF-a and
IL-17 cytokines in each group. The data were presented as
mean + standard deviation, and P<0.05 was considered a
significant value.

Table 1: Primer sequences used for the real-time polymerase chain reaction

Gene Primer sequence (5°-3") Accession No. PCR product (bp)
LIF F: CCAACGTGACGGACTTCCC NM_001257135.2 82

R: TACACGACTATGCGGTACAGC
GAPDH F: AAATCAAGTGGGGCGATGCTG NM_001357943.2 118

R: GCAGAGATGATGACCCTTTTG

PCR; Polymerase chain reaction, LIF; Leukemia inhibitory factor, and GAPDH; Glyceraldehyde-3-phosphate dehydrogenase.
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Results

The mean age of the participants in the case and
control groups was 30.1 + 4.28 (22-39) and 30.03 +
4.23 (20-38) years, respectively. The participants had
at least two and at most six abortions. The number of
successful pregnancies in the control group ranged
from one to four. The L/FF RNA expression level was
significantly reduced in the case group in comparison
with the control group (P=0.003, Fig.1). Despite the
insignificant difference, serum level of IL-17 was
lower in the case group than in the control group.
Concerning the serum level of TNF-q, no statistically
significant change was seen between both groups
(Fig.2). Furthermore, no statistical relationship was
found between LIF RNA expression level and serum
TNF-a and IL-17 cytokine levels (Table 2).
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Fig.1: Comparison of leukemia inhibitory factor (LIF) RNA expression
in blood samples of the study groups. Case: patient with recurrent
spontaneous abortion, control: healthy fertile women. There was a
significant increase in the Leukemia inhibitory factor (LIF) mRNA level
in the case and control groups (P=0.003, mean + SEM: 0.49 + 0.16 and
1.81 + 0.41, respectively). Non-parametric Mann-Whitney test was
used for comparing cases and controls.

Table 2: Correlation between serum level of TNF-a, IL-17A, and LIF RNA

expression level in our groups
Variable Groups
TNF-a Case

LIF gene expression
=-0.02

P=0.91
CI=-0.35-0.31)
r=-0.11

P=0.55
CI=-0.43-0.241

r=0.09
P=0.58
CI=-0.25-0.41

=0.68

P=0.9

CI=0.45-0.83

r; Pearson correlation coefficient, P; P value, Cl; Confidence interval, LIF; Leukemia

inhibitory factor gene, TNF-a; Tumor necrosis factor-alpha, and IL-17A; Interleukin-17A.
The Pearson correlation test was used.
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Fig.2: Comparison of concentrations of IL-17A and TNF-a in serum
samples of case and control groups. There was no significant change in
the levels of TNF-a (P=0.41, mean + SEM: 26.04 + 1.08 and 25.64 + 1.09,
respectively) and IL-17A (P=0.14, mean + SEM: 7.873 + 1.974 and 11.37
+ 3.074, respectively) in serum samples of the case group in comparison
with the controls. Non-parametric Mann-Whitney test was used for
comparing cases and controls. Case; Patient with recurrent spontaneous
abortion, Control; Healthy fertile women, TNF-a; Tumor necrosis factor-
alpha, and IL-17A; Interleukin-17A.

Discussion

The RSA is considered a major problem for women
of reproductive age. Though various causes have been
reported for RSA, the cause of this disorder is still
unknown for 50% of affected women (13, 14). A successful
pregnancy requires a balance between the components of
the immune system, and any deviation in this balance that
can lead to RSA (15).

The biological involvement of the L/F’ gene in various
features, including reproduction, bone remodeling,
hypothalamus-pituitary-adrenal axis stress response,
neuromuscular system, heart muscle regeneration,
and cancer has been described previously (16). LIF
has been shown to play an essential role in facilitating
implantation, blastocyst development, and trophoblast
invasion since the L/F' gene mutation is associated with
infertility and implantation failure (17). Ismail et al. (18)
observed that a high RNA expression level of L/F also
associates with a successful pregnancy. Considering that
LIF and its receptor are required for early pregnancy
and we also considered a control group for comparison,
while the sampling time was a non-abortion time. In the
present study, the RNA expression level of the LIF gene
was significantly lower in the RSA affected while, Xu et
al. (19) reported that the expression of endometrial LIF
was not significantly different between RSA affected and
control (healthy women). This difference may be due to
the difference in samples or lower RNA expression level
of LIF in the endometrium. A study by Piccinni et al.
(20) on the decidual T cells of RSA patients showed that
defective production of L/F and/or Th2 cytokines may be
involved in the progression of abortion. Detecting protein
levels of LIF as the complementary test could highlight
the role of LIF protein in the occurrence of this disorder.

Previous research has also found a significant increase
in embryo-toxic cytokines, such as TNF-a, in women



with RSA in comparison with controls (women who had
a normal early pregnancy but voluntarily decided to have
an abortion) (18, 21). Li et al. (21) assessed the TNF-a
level in peripheral blood and decidua. They observed
that the level of TNF-a in both types of samples was
significantly higher in the RSA group in comparison with
the control group. They concluded that the concentration
of this cytokine is much higher in the decidua tissue than
the blood of RSA affected. TNF-a also causes abortion
via placental thrombosis, and its production increases
with RSA and the onset of labor (18). In our study, the
serum levels of TNF-a showed a slight increase in
the RSA group in comparison with the control group.
The high inflammatory cytokine level in some studies
suggests that TNF-a may play a remarkable role in the
development of RSA (22-24). On the other hand, TNF-a
inhibitors, increase the rate of live births, that may imply
the potential role of TNF-a in the RSA pathogenesis (25).
While some studies reported an increase in the serum
IL-17 level in the RSA patients (26), there are studies
that observed a decrease in in the serum IL-17 level
in the same patients RSA affected (27, 28). Kaminski
et al. (27) directed a study of the 16 healthy pregnant
women and 13 women with RSA. They observed only
an increase of the serum IL-17 level in the peripheral
blood of healthy pregnant women. They also, observed
no difference between groups regarding other cytokines.
IL-17 is a proinflammatory cytokine that has a wide
range of effects, including neovascularization and
proangiogenic molecules generation. It has been shown
to increase the production of the biologically active
matrix metalloproteinase (MMP)-9, which is important
for trophoblast invasion (29, 30). In addition, we found
an increase in serum IL-17 levels in the control group in
comparison with our case group, which is in line with
findings of other studies (27, 28). The increase of this
inflammatory cytokine in the physiological process of
pregnancy may be due to its role in the neovascularization
and trophoblast invasion (31, 32).

Conclusion

In the present study, it was shown that the expression of
the LIF gene in the peripheral blood of women with RSA
was significantly reduced compared to the control group,
which was not associated with the serum concentration of
inflammatory cytokines IL-17 and TNF-a. Thus, it seems
that a defect in the production of LIF protein, as one of
the measurable deficiencies in the blood of women with
RSA, can contribute to unexplained recurrent abortions.
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