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Investigation into the effects of IL-10 on the
expression of indoleamine 2,3-dioxygenase and
SOCS3 in chorionic villi and decidua during early stage
of pregnancy

Minyan Yang?, Jun Wang®, Guanyou Huang®, Fei Xia®*

Abstract

The present study aimed to evaluate the expression of indoleamine 2,3-dioxygenase (IDO)
and cytokine signaling 3 (SOCS3) in chorionic villi and the decidua after interleukin-10 (IL-
10) in early pregnancy. IDO and SOCS3 were expressed in chorionic villi and decidua. IL-
10 at 0.1, 1 and 10 ng/ml concentration-dependently decreased the IDO expression in
chorionic villi and the decidua tissues; while decreased the expression of SOSC3 in
chorionic villi and the decidua tissues. IL-10 at 100 ng/ml transiently suppressed the IDO
expression in chorionic villi and the decidua tissues; but had no effect on the SOCS3
expression in the chorionic villi and the decidua tissues. In addition, IL-10 at 100 ng/ml
had effect on the IDO and SOCS3 expression at in the chorionic villi and the decidua
tissues. IDO expression levels was negatively correlated with SOCS3 levels in chorionic villi
and the decidua tissues. IDO expression was the weakest and SOCS3 expression was
strongest at 12 h after treating with 10 ng/ml IL-10 in chorionic villi and decidua tissues.
Our results indicated IL-10 may down-regulate IDO expression by up-regulating SOCS3 in
chorionic villi and decidua tissues, and IL-10 may help prevent allogeneic fetal rejection.
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Introduction

Pregnancy is a unique and well-choreographed
physiological process that involves intricate
interplay of inflammatory and anti-inflammatory
milieu, hormonal changes, and cellular and
molecular events at the maternal-fetal interface *.
Previous studies have suggested that the enzyme,
indoleamine 2,3-dioxygenase (IDO), is a key protein
in the maintenance of maternal-fetal tolerance?.
IDO catalyzes the initial and rate-limiting step of
tryptophan catabolism in a specific pathway,
resulting in a series of extracellular messengers
collectively known as kynurenines?. IDO has been
recognized as an authentic regulator of immunity
not only in mammalian pregnancy, but also in
infection, autoimmunity, inflammation, allergy,
transplantation and neoplasia. Accumulating
evidence indicated that reduced activity or
expression levels of IDO may contribute to
pathological pregnancies?.

Interleukin-10 (IL-10) is a multifunctional anti-
inflammatory cytokine that is produced by various
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cells including monocytes, macrophages, B cells, T
cells and mast cells . In pregnancy, IL-10 is
considered one of the major immunoregulatory
cytokines important for a successful outcome?®. A
decreased production of IL-10 is associated with
pregnancy loss and increase in preeclampsia®>.
Sytokine signaling 3 (SOCS3) is part of a protein
family that binds cytokine receptors, thereby
suppressing development since genetic deletion of
SOCS3 in murine models resulted in embryonic
lethality due to placental insufficiency®.

In the present study, the expression of IDO and
SOCS3 in chorionic villi and the decidua after IL-10
exposure in early pregnancy were evaluated, and
the correlation of these proteins were also
evaluated.

Materials and methods
Ethics statement

This study is based on the principles expressed
in the Declaration of Helsinki. The study was
approved by the Institutional Review Board of
Taizhou People's Hospital (Taizhou, China). All
patients provided written informed consent for the
collection of samples and subsequent analysis.

Samples collection

A total of 30 normal pregnant women (Age:
28.35 + 3.32 years; gestational age: 61.45 + 6.20
days) who underwent legal termination at Taizhou
People's Hospital between December 2019 and
March 2020 were included in this study. Normal
embryonic development was revealed by ultrasonic
examination and those with abnormal reproductive
and history of chronic diseases associated with
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chronic hypertension, kidney disease and diabetes
were excluded. Aseptic collection of chorionic villi
and decidua (around 100 mg each) was followed by
washing with phosphate-buffered saline (PBS) to
remove red blood cells. Tissue samples were either
preserved at -80°C prior or cut into small blocks
respectively (no more than 1 mg of wet weight) for
culture. Samples that were used for culture were
processed within 40 min of collection.

Tissue Culture

Decidua were confirmed by one-side smooth
surface and one-side fluff, chorionic villi tissues
were identified by two-side fluff surface. The
chorionic villi and decidua tissues were cut into
small blocks (no more than 1 mg of wet weight),
washed twice with F-12/DMEM (Invitrogen, USA),
centrifuged at 1500 rpm for 30 min, and cultured in
F-12/DMED (Invitrogen) containing 10% FBS (Gibco;
Australia) and 1%  penicillin—streptomycin
(Invitrogen). Tissue explants were then placed in a
CO:z incubator (Thermo, USA) at 37°C with 5% CO..
IL-10 was purchased from Sigma-Aldrich (USA).

Western blotting

Tissue stored at -80°C was placed in a mortar
containing liquid nitrogen and ground to powder,
after which radioimmunoprecipitation assay buffer
(Sigma-Aldrich; Merck & Co., Inc.,, Whitehouse
Station, NJ, USA) was added with protease
inhibitors (P8340; Sigma-Aldrich; USA Merck & Co.,
Inc.). The lysate was centrifuged twice at 4°C for 30
min at 18,514 x g and the supernatants were
collected. A bicinchoninic acid assay, protein assay
kit (Beyotime Institute of Biotechnology, Haimen,
China) was used to determine protein content
separately. Sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE) was performed
with 12.5% gels to separate the proteins, and gels
were subsequently transferred onto polyvinylidene
fluoride (PVDF) membranes (PerkinElmer, Inc.,
Waltham, MA, USA) by wet transfer method at 120
V(200 mA) for 2h. PVDF membranes were blocked
in blocking buffer (Beyotime Institute of
Biotechnology) overnight at 4°C. Blots were
incubated with primary antibody (rabbit anti-
human IDO and SOCS3 polyclonal antibody; 1:3000;
cat. nos. 12006, 2932 and 3711, respectively; Cell
Signaling Technology, Inc., Danvers, MA, USA) or
human glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) polyclonal antibody (1:
6,000; cat. no. GTX100118; GeneTex, Inc., Irvine,
CA, USA) for 4 h at room temperature, then rinsed
with tris-buffered saline with Tween-20 and
incubated with secondary horseradish peroxidase
(HRP)-labeled goat anti-rabbit immunoglobulin G
antibody (PerkinElmer, Inc.). Protein bands were
visualized by using the ECL kit (Thermo Fisher
Scientific).

Statistical analysis

All experiments were performed at least in
triplicate. All data are presented as the mean *
standard deviation of the mean (SD). All statistical
analyses were performed using the SPSS statistical
software package, version 13.0 (SPSS, Inc., Chicago,
IL, USA) and the GraphPad statistical software
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package, version 6.0 (GraphPad Software, San
Diego, CA, USA). Pearson’s correlation analysis and
the paired-samples t-test were used to analyze
protein expression data from western blot analysis.
For all analyses, P value < 0.05 was considered to
indicate a statistically significant difference.

Results
IDO and SOCS3 in chorionic villi and decidual
tissues of women in early pregnancy

The chorionic villi and decidual tissues were
ground under liquid nitrogen, and then lysed for
Western blot analysis. Western blot analysis
showed that both IDO and SOCS3 were expressed
in chorionic villi and decidua (Figure 1A and 1B). The
expression of IDO in decidua was stronger than that
in villi (Figure 1C). There was no significant
difference in SOCS3 expression between villi and
decidua (Figure 1D).

Effects of IL-10 with different concentrations on
IDO and SOCS3 expression in chorionic villi and the
decidua tissues

To study the effect of IL-10 on the expression of
IDO and SOCS3, the concentrations of IL-10 used to
treat chorionic and decidual tissues were 0.1, 1 and
10 ng/ml. Incubation duration was 12 h.
Subsequently, tissue explants were lysed for
Western blot analysis to evaluate the expression of
IDO and SOCS3. IL-10 at 0.1, 1 and 10 ng/ml
concentration-dependently decreased the IDO
expression in chorionic villi and the decidua tissues;
while decreased the expression of SOSC3 in
chorionic villi and the decidua tissues (Figure 2A-
2D). IDO expression levels was negatively
correlated with SOCS3 levels in chorionic villi and
the decidua tissues (Figure 2E and 2F).

In a further examination, IL-10 at 100 ng/ml
transiently suppressed the IDO expression in
chorionic villi and the decidua tissues (Figure 3A, 3C
and 3E); but had no effect on the SOCS3 expression
in the chorionic villi and the decidua tissues (Figure
3B, 3D and 3E). In addition, IL-10 at 100 ng/ml had
effect on the IDO and SOCS3 expression at in the
chorionic villi and the decidua tissues (Figure 3A-
3F). IDO expression levels was negatively correlated
with SOCS3 levels in chorionic villi and the decidua
tissues (Figure 3G and 3H)

Effects of 10 ng/ml IL-10 with treatment duration
on IDO and SOCS3 expression in chorionic villi and
the decidua tissues

To investigate the relationship of IDO expression
with the culture time, the chorionic villi and decidua
tissues were cultured in a medium containing IL-10
at concentrations of 10 ng/ml for 6 h,12 hand 24 h
respectively. The western blot results showed that,
compared with culture for 6 h ,12 h and 24 h, IDO
expression was the weakest and SOCS3 expression
was strongest at 12 h after treating with 10 ng/ml
IL-10 in chorionic villi (Figure 4A and 4C) and
decidua (Figure 4B and 4D).

Discussion

Pregnancy represents a unique process, and the
balance of locally produced pro-inflammatory and
anti-inflammatory effectors is essential to a
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successful pregnancy outcome””. It is now evident
that the protection of the fetus against a harmful
maternal immune response is based on a
complicated mechanism, and the communication
between the various steps in the cascade of events
is accomplished via cytokines. Indoleamine 2, 3-
dioxygenase (IDO) is a key immunomodulatory
enzyme that functions to promote immune
tolerance. Initial evidence for IDO-mediated
immunosuppression was demonstrated at the
maternal-fetal interface!®. It has been previously
reported that IDO is expressed in the chorionic villi
and decidua of normal human pregnancies 12, We
used Western blot analysis to confirm that the
expression of IDO in human decidua is stronger
than that in chorionic villi, and also found that
SOCS3 was present in the villi and decidua, and the
expression of this protein was not significantly
different in the villi and decidua. This is consistent
with the above previous studies®3.

IL-10 functions not only as a potent
immunosuppressive agent but also serves as a
vascular protector and modulator of ER stress and
autophagy at the maternal-fetal interface. IL-10 is a
pivotal player involved in the maternal immune
tolerance for survival of an allogeneic fetus!*. The
immunomodulatory effects of IL-10 were
considered a key factor in the regulation of the
Th1/Th2 balance required to maintain the immune
privilege®. In humans, IL-10 deficiency has been
found to be associated with many adverse
pregnancy outcomes, such as recurrent
spontaneous abortion (RSA), premature delivery
and preeclampsia’®!’. But its mechanism is not fully
understood. We preliminarily explored the relevant
signaling pathway mediating the effect of IL-10 for
IDO. STAT3 is the only obligate factor required for
IL-10-mediated anti-inflammatory signaling®®*°,
The signaling results in sustained STAT3 activation,
STAT3 has been described as a vital regulator for
placentation and therefore to reproduction?.

Some scholars have found that IL-10 has been
shown to reduce pro-inflammatory cytokine
expression through the induction of SOCS3 and IL10
may induce SOCS3 in a STAT3-dependent manner?’,
We found an inverse correlation between SOCS3
and IDO expression?>?3, and there is an inverse
correlation between SOCS3 and IDO expression in
chorionic villi and decidua from normal pregnant
women?3, It has been previously reported that IL-10
induces SOCS3 expression. SOCS3 protein acts as an
intracellular inhibitory regulator of cytokine
signaling through the STAT3 pathway, thereby
reducing the production of inflammatory
cytokines®*?*>, We also have found that IDO
expression is negatively correlated with SOCS3, in
chorionic villi and decidua, which suggests a
possible role for SOCS3 in maintaining
immunotolerance by regulating IDO expression at
the maternal-fetal interface. SOCS3 elicits different
intracellular effects including JAK1 inhibition that
leads to a negative feedback of the JAK1/Tyk2/
STAT3 pathway 2. SOCS3 is a major negative
feedback regulator of signal transducer and
activator of transcription (STAT)3-activating
cytokines?”. IL-10 induces the activation of
STAT3202829 Activated STATs not only drive
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transcription of many genes related to cell
proliferation, function, and survival, but also induce
the transcription of SOCS genes. It has been
reported that SOCS3 is a negative regulator of the
JAK-STAT signaling pathway of cytokine synthesis in
PBMCs and neutrophils?®3%31, We suppose that
SOCS3 protein may inhibit STAT3 phosphorylation
by binding to its corresponding IL-10 receptor,
acting as a feedback inhibitor of JAK / STAT3
pathway, and IL-10 may down regulate the
expression of IDO via increasing the expression of
SOCS3.

Conclusions

In conclusion, both IDO and SOCS3 are
immunomodulatory molecules expressed in
chorionic villi and decidual tissues. The large
amount of IL-10 produced during pregnancy can
increase the expression of SOCS3 to regulate the
IDO expression to induce maternal and infant
tolerance. This novel concept is worth to be
investigated in experimental models with the final
aim to create strategies for restoring the immune
balance in those patients with spontaneous
abortions owed to an incomplete immune
tolerance.
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Figure Legends
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Figure 1. Expression levels of IDO and SOCS3 in the chorionic villi and decidua. Expression levels of IDO and
SOCS3 in the chorionic villi (A) and decidua (B), as detected by Western blot analysis. (C) The expression of
IDO in villi was weaker than that in decidua. (D) The expression of SOCS3 in villi and decidua had no
significant difference. *P < 0.05 compared to Villi group.
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Figure 2. The expression and correlation between SOCS3 expression and the expression of IDO in cultured
tissues in the presence of IL-10 was analyzed. The expression of IDO and SOCS3 in tissues from chorionic villi
(A, C, D and G) and decidua (B, E, F and H) incubated in medium containing IL-10 were analyzed. The
concentrations of IL-10 were 0.1, 1 and 10 ng/ml, respectively. Data are the mean + SE and are
representative of three similar experiments. C: *¥P<0.01; *P <0.05 compared with the control group; D:
**p<0.01; *P <0.05 compared with the control group. Data are representative of three independent
experiments. Control: cultured tissues from chorionic villi or decidua without IL-10 added; Gray-scale ratio of
SOCS3(ID0), the expression level of SOCS3(IDO) was assessed based on the ratios of the gray scale of the
amplified SOCS3(IDO) band to that of the GAPDH band IDO, Indoleamine 2, 3-dioxygenase; SOCS3,
suppressors of cytokine signaling 3; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; IL-10, Interleukin-
10.
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Figure 3. The expression and correlation between SOCS3 expression and the expression of IDO in cultured
chorionic villi tissues in the presence of IL-10 was analyzed. The expression of IDO and SOCS3 in tissues from
chorionic villi (A, C, D and G) and decidua (B, E, F and H) incubated in medium containing IL-10 were
analyzed. The concentrations of IL-10 were 10, 100 and 1000 ng/ml, respectively. C: **P<0.01, compared
with the control group respectively; *P < 0.05, compared with the groups treated with10,100 and 1000
ng/ml, respectively. D: **P<0.01, compared with the control group; E: **P<0.01, compared with the control
group respectively; F: **P<0.01, compared with the control group. Data are representative of three
independent experiments. Control: cultured tissues from chorionic villi or decidua without IL-10 added;
Gray-scale ratio of SOCS3(IDO), the expression level of SOCS3(IDO) was assessed based on the ratios of the
gray scale of the amplified SOCS3(IDO) band to that of the GAPDH band IDO, Indoleamine 2, 3-dioxygenase;
SOCS3, suppressors of cytokine signaling 3; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; IL-10,
Interleukin-10.
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Figure 4. The culture time on the expression of IDO in chorionic villi and decidua tissues treated with IL-10.
The expression of IDO in chorionic villi (A and C) and decidua (B and D) incubated in medium containing IL-10
at concentrations of 10ng/ml for 6 h ,12 h and 24 h, respectively. *P<0.05 compared with chorionic villi
incubated for 6 h and 24 h, respectively. Data are representative of three independent experiments. Gray-
scale ratio of SOCS3(IDO), the expression level of SOCS3(IDO) was assessed based on the ratios of the gray
scale of the amplified SOCS3(IDO) band to that of the GAPDH band IDO, Indoleamine 2, 3-dioxygenase;
SOCS3, suppressors of cytokine signaling 3; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; IL-10,
Interleukin-10.
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