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Background: This study aims to explore the effect of Sinomenine (SIN) on pregnancy outcomes of recurrent spontaneous
abortion (RSA) in a mouse model.

Material/Methods: Thirty female CBA/J mice were allocated into 3 groups randomly, then mated with BALB/c mice (CBA/JxBALB/c) as
normal-pregnancy group (n=10), or mated with DBA/2 mice (CBA/JxDBA/2) as RSA model (n=10), or CBA/JxDBA/2
mice treated with SIN as RSA+SIN group (n=10). The number of surviving and reabsorbed embryos in each
group were counted on day 13.5 of gestation. The mouse serum was collected to determine the levels of in-
terferon-y (IFN)-y and IL-4 by ELISA. Immunohistochemistry, gRT-PCR and immunoblotting were used to deter-
mine the location, mRNA and protein expressions of IFN-y, IL-4, T-bet and GATA3 in the decidual and placental
tissue.

Results: In the RSA group, the amount of reabsorbed embryo was significantly higher than that in the normal-pregnan-
cy group. However, SIN treatment showed a rescue effect on spontaneous abortion in RSA mice. IFN-y, IL-4,
T-bet, and GATA3 were all expressed in placental tissues and mainly located in the cytoplasm. The RSA group
demonstrated higher expression levels of IFN-y and T-bet than in the RSA+SIN and normal-pregnancy groups.
Although RSA and RSA+SIN groups showed lower expression levels of IL-4 and GATA3 than in the normal-preg-
nancy group, there was no significant difference between RSA and RSA+SIN groups regarding IL-4 and GATA
expression levels.
Conclusions: SIN treatment demonstrates a therapeutic effect on spontaneous abortion in RSA mice, possibly through reg-
ulating the balance of Th1/Th2 in maternal circulation and decidual tissues.
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Background

In humans, recurrent spontaneous abortion (RSA) is defined as
the occurrence of 2 or more consecutive spontaneous losses
of a clinical pregnancy before 20 weeks of gestation or before
the embryo/fetus reaches 400 grams [1]. An estimated 5% of
conceived women are affected by RSA worldwide [2]. Several
mechanisms have been described for the pathogenesis of RSA,
including anatomic abnormalities, couples or embryonic chro-
mosomal abnormalities, endocrine problems, hormonal causes,
and infections [3]. Notably, Th1/Th2 cytokines imbalance has
been proposed to contribute to the pathogenesis of RSA [4].

In the early stage of pregnancy, fetal tolerance by maternal
immune cells is vital to the maintenance of pregnancy [2]. The
embryo expresses paternal antigens foreign to the mother and
therefore may be viewed as an allograft, but in normal preg-
nancy, the embryo does not undergo maternal immune rejec-
tion. T lymphocytes, especially CD4+T helper (Th) cells, are
mainly responsible for secreting cytokines that direct the im-
mune cells to attack abnormal or infected cells. Based on their
profiles of cytokine production and functions, Th cells can be
classified into 2 major subsets: Th1 and Th2 cells. Both Th1
and Th2 cells have a critical role in immune allograft rejection
or tolerance. The elevation of Th2-type cytokines like interleu-
kin-4 (IL-4), localized at the feto-maternal interface, favors the
maintenance of mammalian pregnancy, while Th1-type cyto-
kines such as interferon-gamma (IFN-y) mediate fetal rejection.
It is suggested that activated Th1-type response is associat-
ed with RSA [5,6]. Several immune therapeutic methods have
been used in clinical practice to prevent or treat women with
unexplained RSA. However, the therapeutic effect and under-
lying mechanisms need to be further determined.

Many factors have been described to regulate the balance be-
tween Th1 and Th2 cytokines [7]. T-bet, a transcription factor
specifically expressed in Th1 cells, is thought to induce IFN-y
production and initiate Th1 development [8]. Overexpression
of T-bet gene by retroviral transfection induces IFN-y and re-
presses IL-4 and IL-5 production in Thp, Th1, and Th2 cells [9]. In
contrast, GATA-3, a zinc finger protein, is selectively expressed
in Th2 cells and is essential for the transcriptional regulation
of all Th2 cytokines. Overexpression of GATA3 by retroviral
transfection stimulates IL-4 and IL-5 and suppresses IFN-y pro-
duction in Th1 cells [10]. It has been shown that the upregu-
lation of T-bet and downregulation of GATA-3 are involved in
RSA [11]. T-bet is known to activate Th1 development, while
GATA-3 is essential for Th2 development. Therefore, the ratio
of T-bet/GATA-3 theoretically can be used as a marker to eval-
uate the Th1/Th2 immune balance in RSA.

Sinomenine (SIN) is an alkaloid purified from the root of the
Chinese medicinal plant Sinomenium acutum, of which the
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main component is 7, 8-didehydro-4-hydroxy-3, 7-dimethoxy-
17-methylmorphinan-6-one. Previous investigations have found
that SIN has immunosuppressive, anti-inflammatory, anti-anti-
tumor, and anti-angiogenesis properties [12-16]. In China, SIN
has long been used in the treatment of several kinds of im-
munological diseases, including systemic lupus erythematosus
(SLE) and rheumatoid arthritis. Most importantly, it has been
reported that SIN can inhibit Th1 cell differentiation and abro-
gate the Th1/Th2 imbalance [17-19]. Therefore, we hypothe-
sized that SIN has a therapeutic effect on RSA. In the present
study, the CBA/) mice were mated with DBA/2 mice to create
an RSA model, and then were orally treated with SIN to deter-
mine the efficacy of SIN in preventing spontaneous abortion.

Material and Methods

Antibodies and reagents

SIN was purchased from Shanghai Winherb Medical S&T
Development Co., Ltd. (Shanghai, China). ELISA kits for IFN-y and
IL-4 were obtained from R&D Systems (Minneapolis, MN, USA).
Anti-IFN-y, anti- IL-4, anti-Tet and, anti-GATA-3, and GAPDH an-
tibodies were obtained from Santa Cruz Biotechnology (Santa
Cruz, CA, USA). Horseradish peroxidase-conjugated goat anti-
mouse 1gG and goat anti-rabbit IgG were obtained from Bio-
Rad Laboratories, Inc. (Hercules, CA, USA).

RSA mouse model establishment and drug treatment

Male BALB/c mice aged 8-10 weeks were purchased from Hubei
Center for Disease Control and Prevention (Wuhan, China).
Female CBA/) mice and male DBA/2 mice were provided by
Beijing HFK Bioscience Co., Ltd. (Beijing, China). Animals were
maintained under regular laboratory conditions (12 h light:
12 h darkness cycle at 25°C to 27°C). All the processes and
experiments were authorized by the Ethics Review Committee
of Wuhan University Medical College.

Thirty female CBA/) mice were randomly allocated into 3 groups
(n=10/group). Ten female CBA/) mice were mated with 5 male
BALB/c mice to create a normal-pregnancy group (control
group); 10 female CBA/) mice were mated with 5 male DBA/2
males to create an RSA group; and 10 female CBA/J mice were
mated with 5 male DBA/2 males then orally administered with
100 mg/kg SIN from the 0.5 days after pregnancy to create an
RSA+SIN group. The Control group and RSA group were ad-
ministered the same volume of saline for 13 days. The initia-
tion of pregnancy was marked by the presence of a postcoital
vaginal plug (Day 0.5 of pregnancy).
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Sample collection

Blood samples were collected from female CBA/J mice in each
group via ophthalmic venous plexus on day 13.5 of pregnan-
cy. The serum was extracted by centrifugation at 1500xg at
4°C for 30 min and stored at —80°C. After blood was collected,
the female mice were sacrificed by cervical dislocation and the
numbers of surviving and reabsorbed embryos were counted.
The abortion embryos were manifested as a smaller size of
implantation sites and the appearance of necrosis and hem-
orrhage. The embryo resorption rate (R)=reabsorbed embry-
os/(surviving embryos+reabsorbed embryos)x100%. The sin-
gle placental unit, together with the deciduas, were washed in
0.9% saline to remove the blood, and then some of the sam-
ples were immediately immersed in liquid nitrogen and stored
at -70°C for western blot and quantitative real-time PCR (qRT-
PCR) analysis, while the rest of the tissues were fixed by 4%
paraformaldehyde, dehydrated, and embedded in paraffin.

Enzyme-linked immunosorbent assay (ELISA)

ELISA was performed by using mouse IFN-y and IL-4 kits (R&D
Systems) following the manufacturer’s instructions.

Immunohistochemistry

After being deparaffinized and rehydrated, the sections of pla-
cental tissues were incubated with specific antibodies to IFN-y,
IL-4, Tet, and GATA-3 overnight at 4°C. After washing 3 times,
sections were incubated with biotin-conjugated secondary
antibody for 30 min, followed by 3,3-diaminobenzidine (DAB,
Wuhan Google Biosynthesis Biotechnology, Wuhan, China)
staining and hematoxylin counterstaining. Five random fields
were observed and photographed. Image J software was used
to analyze the histochemistry score (H-score) and the aver-
age value of 5 high-power fields was used as the representa-
tive value in each group.

qRT-PCR analysis

Cellular mRNA was extracted from decidual and placental tis-
sues using Trizol extraction reagents (Invitrogen, Carlsbad,
CA, USA). RNA (5 pg) in each group was reverse-transcribed
to cDNA using the RevertAid™ First-Strand cDNA Synthesis
kit (Fermentas, USA). For PCR reactions, specific primers were
designed by computer assistance according to the gene bank
as follows:

IFN-y, 5’-~ACTGGCAAAAGGATGGTGAC-3’ and
5’-GACCTGTGGGTTGTTGACCT-3’;

IL-4, 5’-TCAACCCCCAGCTAGTTGTC-3’ and
5’-AAATATGCGAAGCACCTTGG-3’;

T-bet, 5-CCTGGACCCAACTGTCAACT-3’ and
5-AACTGTGTTCCCGAGGTGTC-3%;
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GATA-3, 5-CTGGAGGAGGAACGCTAATG-3’ and
5‘-AGATGTGGCTCAGGGATGAC-3’ and

B-actin, 5’-CACGATGGAGGGGCCGGACTCATC-3" and
5’-TAAAGACCTCTATGCCAACACAGT-3'.

Real-time PCR was performed using the universal PCR mas-
ter mix reagent (TaKaRa, Japan) according to the manufactur-
er’s instructions on a qRT-PCR instrument (ABI7500; Applied
Biosystems, USA). A total of 20 pL reaction contained 10 pL
2xSYBR Premix Ex TapTM, 2 pL 2.5 mM primer, 0.4 pL 50xROX
Reference Dye, 1 pL DNA templates, and 6.6 uL ddH,0. All the
experiments were repeated 3 times. The 22T method was used
to compare the mRNA expression level between the 2 groups.

Western blot analysis

Decidual and placental tissues were lysed for total protein ex-
traction and quantified by the BCA protein assay kit (Beyotime,
Jiangsu, China). We separated 60 ug of total protein from each
sample on SDS-PAGE gel electrophoresis, followed by transfer
onto a nitrocellulose membrane (Bio-Rad; Hercules, CA, USA).
After blocking, the membranes were incubated overnight with
the indicated primary antibodies at 4°C. Then, the membranes
were washed 3 times and incubated with horseradish perox-
idase-labeled secondary antibody (Boster Biotechnology Co.,
Ltd., Wuhan, China). The immunoreactive bands were detect-
ed by using enhanced chemiluminescence (ECL; Beyotime,
Jiangsu, China) reagent. BandScan was used for gray-value
analysis and the desired protein expression was normalized
with house-keeping gene expression.

Statistical analysis
Experimental data are expressed as mean+S.E.M. The differ-
ences among groups were analyzed by ANOVA or Fisher’s exact

test using the SPSS 19.0 software package. A value of P<0.05
was identified as statistically significant.

Results

Effect of SIN on Embryo Abortion

The embryo resorption rates were calculated on day 13.5 of
pregnancy in the control, RSA, and RSA+SIN groups. The re-
sults showed that the embryo resorption rate in the RSA mod-
el group was substantially higher compared to that in the con-
trol group (17.21% vs. 4.92%), suggesting that the RSA mouse
model was successfully established. However, the RSA+SIN
group showed a similar embryo resorption rate as the control
group, and had a significantly lower embryo resorption rate
than in the RSA group (4.65% vs. 17.21%) (Figure 1).
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Figure 1. Effect of SIN on embryo abortion in RSA mice. (A) Embryo abortion sites of pregnant mice on Day 13.5 of pregnancy in each
group. a: control group, 0 embryos resorbed; b: RSA group, 2 embryos lost; c: SIN-treated group, 0 embryo resorbed. Arrows
indicate resorbed embryos. (B) Comparison of embryo resorption rates in each group. * P<0.05, compared with the control

group; * P<0.05, compared with the RSA group.

Table 1. Effect of SIN on serum IFN-y and IL- 4 levels in RSA mice.

Group IFN-y (ng/L)

Control 158.34+11.87

RSA+SIN 245.30+£16.07**

IL-4 (ng/L) IFN-y/IL-4

156.1945.14 1.02+0.77
"""""""" 96.70+401* 3564015
"""""""" 9221+4.42*  26810.17%

* Statistically significantly different from the Control group (P<0.05); * Statistically significantly different from the RSA group (P<0.05).

Effect of SIN on serum levels of specific antigen IFN-y and
IL-4

IFN-yand IL-4 are inflammatory cytokines of Th1 and Th2, respec-
tively [20]. Compared with the control group, the RSA and RSA +
SIN groups showed higher serum IFN-y level and lower serum IL-4
level. The serum IFN-y level was significantly lower in the RSA+SIN
group than in the RSA group. However, no difference was ob-
served between the 2 groups in the serum level of IL-4 (Table 1).

Effect of SIN on expressions of IFN-y and IL-4 in decidual
and placental tissues

To observe the effect of SIN on the expression of IFN-y and
IL-4 in the placenta, immunohistochemistry was performed to

analyze the location of IFN-y and IL-4 in placental tissue. Both
IFN-y and IL-4 were expressed in the placenta tissues of the
control and RSA mice, which were mainly located in the cyto-
plasm (Figure 2A). The positive expression intensities of IFN-y
and IL4 in each group were analyzed using H-score. The results
indicated that the H-score of IFN-yin the RSA group was clear-
ly higher, while the H-score of IL-4 was dramatically lower than
in the control group. SIN treatment did not alter the H-score
of IL-4 compared to the RSA group, but significantly reduced
the IFN-y expression and IFN-y/IL-4 ratio (Figure 2B). The ex-
pression of IFN-y and IL-4 mRNA and protein in decidual and
placental tissues were determined by using qRT-PCR and im-
munoblotting (Figure 3). Compared to the control group, the
mRNA and protein expression levels of IFN-y were substantially
lower, and the expression of IL-4 was considerably lower in the
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Figure 2. Effect of SIN on IFN-y and IL-4 location in placental tissues of RSA mice. (A) Immunohistochemical staining for the expression
of IFN-y (a—c) and IL- 4 (d-f) in the placenta of the control (a, d), RSA (b, €) and SIN-treated (c, f) mice. Magnification:
400x. (B) H-score for the immunohistochemical staining intensity of IFN-y, IL-4, and IFN-y/IL-4 ratio. Data are expressed as
mean+S.E.M.* P<0.05, compared with the control group; # P<0.05, compared with the RSA group.

RSA group. However, mRNA and protein levels of IFN-y were
drastically lower in the RSA+SIN group compared to the RSA
group, but there was no significant change in the expression
of IL-4. We also calculated the ratio of IFN-y/IL-4 among the
3 groups, showing that the IFN-y/IL-4 ratio in the RSA group
was notably higher than in the control and RSA+SIN groups.

Effect of SIN on expressions of T-bet and GATA-3 in
decidual and placental tissues

Previous studies have identified that T-box expressed in T
cells (T-bet) and GATA-binding protein 3 (GATA-3) are impor-
tant transcription factors for Th1 and Th2 cell differentiation
[8,21]. Immunohistochemistry results showed that the protein
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localization of T-bet and GATA-3 were mainly in the cytoplasm of
placental tissue (Figure 4A). Compared with the normal group,
the H-score of T-bet was significantly higher and GATA-3 was
lower in the RSA group. Notably, the H-score of T-bet was re-
markably lower in the RSA+SIN group than in the RSA group,
but GATA-3 showed no clear difference between the 2 groups,
leading to a significant decrease in the ratio of T-bet/GATA-3 in
the RSA+SIN group (Figure 4B). Similarly, the mRNA and pro-
tein level of T-bet in RSA mice was higher in the RSA group
than in the control group. The results show that SIN treat-
ment can significantly reduce T-bet expression and the ratio
of T-bet/GATA-3 (Figure 5).
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Figure 3. Effect of SIN on expressions of IFN-y and IL- 4 in decidual and placental tissues of RSA mice. (A) The mRNA levels of IFN-y
and IL- 4 in the control, RSA, and SIN-treated mice were examined using RT-qPCR, and the IFN-y/IL-4 ratio was calculated.
(B) The protein expression levels of IFN-y and IL-4 were detected by western blot analysis. Experiments were performed in
3 independent replicates with essentially identical results, and representative results are shown. (C) Densitometer analysis
results for IFN-vy, IL-4, and IFN-Y/IL4 ratio. Data are presented as mean+SEM. * P<0.05, compared with the control group;

#P<0.05, compared with the RSA group.

Discussion

In this study, we mated female CBA/) mice with male DBA/2
mice to establish an RSA mouse model. Compared to the nor-
mal-pregnancy mice, RSA mice had more resorbed embryos
on day 13.5 of pregnancy, possibly due to the imbalance be-
tween Th1 and Th2 cytokines. More specifically, Th1 factors
of IFN-y and T-bet were increased, while Th2 factors of IL-4
and GATA3 were decreased in RSA mice. SIN treatment can re-
duce embryo absorption rate, IFN-y level, IFN-y/IL-4 ratio, T-bet
level, and T-bet/GATA3 ratio in RSA mice, suggesting that SIN
might be an effective therapeutic method for RSA by correct-
ing Th1/Th2 balance.

A successful pregnancy requires complex mechanisms to main-
tain the balance between immune tolerance and effector immu-
nity. The imbalance of this regulation system will lead to poor
reproductive outcomes. A deleterious role has been attributed
to Th1 cells in pregnancy because some Th1-dependent effec-
tor mechanisms play a central role in acute allograft rejection.

In addition, a predominantly Th2-type immunity seems to be
critical for the induction of maternal tolerance toward fetal al-
loantigens during pregnancy. The Th1/Th2 balance in circula-
tion has been reported to shift to Th2 dominance during nor-
mal pregnancy, whereas Thl dominance is associated with
RSA [17,18]. However, adjusting the Th1/Th2 balance can sig-
nificantly improve pregnancy outcomes in RSA patients [20,22].

In the present study, the RSA model is established by using fe-
male CBA/) mice mated with male DBA/2 mice, which shares
many common features with human RSA [23]. The higher spon-
taneous abortion rate in these RSA mice has provided a valu-
able model for exploring mechanisms that have been validat-
ed by studying patients with recurrent miscarriage [24,25]. Our
results demonstrate that the RSA group had a higher rate of
embryo resorption than in the control group. A higher concen-
tration of Th1 cytokine (IFN-y) corresponds with higher levels of
transcription factor T-bet expression, while lower Th2 cytokine
(IL-4) expression corresponds with the lower levels of GATA-3
expression observed in RSA mice. Our results showed that an
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Figure 4. Effect of SIN on T-bet and GATA-3 location in placental tissues of RSA mice. (A) Immunohistochemical staining for the
expression of T-bet (a—c) and GATA-3 (d-f) in the placenta of the control (a, d), RSA (b, e) and SIN-treated (c, f) mice.
Magpnification: 400x. (B) H-score for the immunohistochemical staining intensity of T-bet, GATA-3, and T-bet/GATA-3 ratio.
Data are expressed as mean+S.E.M. * P<0.05, compared with the control group; # P<0.05, compared with the RSA group.

RSA mouse model was successfully established, and this fur-
ther confirmed that the high rates of embryo reabsorbed in the
RSA mice were associated with Th1/Th2 imbalance.

SIN has a wide range of pharmacological profiles; therefore,
several molecular mechanisms may be involved in its beneficial
therapeutic effects. Studies have shown that SIN suppresses
the activities of lymphocytes by mainly inhibiting their prolif-
eration, inducing the apoptosis of T lymphocytes, and attenu-
ating the Th1/Th2 imbalance [17-19]. Based on its potent an-
ti-inflammatory properties, SIN was used for the treatment of
RSA in this study. At the beginning of the study, we first used
different doses (50, 100, and 150 mg/kg) of SIN to treat RSA
mice for preliminary experiments and found that when the
dose of SIN was 100 mg/Kg and 150 mg/kg, the embryo loss

rates of RSA mice were significantly lower (data not shown).
Therefore, the lowest effective dose, 100 mg/Kg, was cho-
sen for further experiments. Our results have shown that SIN
can practically inhibit T-bet expression as well as IFN-y pro-
duction in deciduas and serum of RSA mice, while it does not
affect the expression levels of GATA-3 and IL-4. Since T-bet
is a Th1 transcription factor and GATA-3 is a Th2 transcrip-
tion factor, the results suggest that SIN can regulate Th1 im-
mune response, but has no significant effect on the regula-
tion of Th2 activation, which is in agreement with a previous
study by Cheng et al. [18]. Taken together, the evidence sug-
gests that SIN may be an effective immunosuppressive agent
for the treatment of RSA.
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Figure 5. Effect of SIN on expressions of T-bet and GATA-3 in decidual and placental tissues of RSA mice. (A) The mRNA levels of T-bet
and GATA-3 were examined using RT-qPCR and the T-bet/GATA-3 ratio was calculated. (B) The protein expression levels of
T-bet and GATA-3 were detected by western blot analysis. Experiments were performed in 3 independent replicates with
essentially identical results, and representative results are shown. (C) Densitometer analysis results for T-bet, GATA-3, and
T-bet/GATA-3 ratio. Data are presented as mean+SEM. * P<0.05, compared with Control group; * P<0.05, compared with RSA

group.

However, there are still several limitations in this study. First,
in addition to IFN-y and IL-4, there are many other Th1 and Th2
cytokines, such as TNF-o, IL-5, and IL-10. Due to insufficient
budget, in this study, only IFN-y and IL-4, which are closely re-
lated to SIN, were selected as observation indicators according
to previous reports. Second, the efficacy of different admin-
istration methods was not compared. In the next step of our
research, we will expand the sample size, improve the detec-
tion indicators, explore the best way of administration, and use
in vitro cell models to further clarify the mechanism of SIN in
the treatment of RSA to provide a more detailed basis for the
clinical application of SIN in preventing recurrent miscarriage.

Conclusions

This study demonstrated that SIN has a significant therapeutic
effect on spontaneous abortion in RSA mice, possibly through
regulating the balance of Th1/Th2 in maternal circulation and
decidual tissues, which might provide a new therapeutic meth-
od for RSA treatment.
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