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Abstract
Indoleamine 2, 3-dioxygenase (IDO), an immunosuppressive enzyme that mediates the conversion of tryptophan to kynurenine,
was shown to play a key role in placental development during normal pregnancy. However, little is known about the pattern of
IDO expression in the endometrium and its attendant functional significance in pregnancies complicated with recurrent mis-
carriage (RM). Immunohistochemical studies of IDO, Foxp3, CD56, and CD163 expression were performed in endometrial
samples from women with RM and healthy fertile controls. Our study found that IDO was localized in glandular epithelial cells,
surface epithelial cells, and a small number of cells within the stromal compartment (including stromal cells and leukocytes) in
endometrium. Indoleamine 2, 3-dioxygenase expression in the RM group was significantly lower than control group. The Foxp3
and CD56 expression were significantly increased with the elevated IDO expression in controls but not in RM. The percentage of
Foxp3þ Tregs was significantly correlated with the level of IDO expression in the control group. Comparatively, no correlation
was found between the percentage of CD56þ cells, CD163þ cells, and the level of IDO expression, no matter in controls and RM
patients. This study demonstrated that the downregulation of IDO expression and noncoordinated association between IDO and
other endometrial immune cells were associated with RM. Our findings provide insights into the contribution of IDO in immune
regulation to maintain normal pregnancy, which could be used to develop potential therapeutic methods for RM.
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Introduction

Recurrent miscarriage (RM) refers to at least 2 consecutive

losses of pregnancy no more than 20 weeks with the

same partner, which affects approximately 1% to 5% of

reproductive-age women.1 Although infection, endocrine,

metabolic, chromosomal abnormality, anatomic deformation,

and autoimmune diseases can result in losses of pregnancy, the

exact causes of RM cannot be determined in almost 50% of

cases.2 The human endometrium is a highly dynamic tissue that

is cyclically shed, repaired, regenerated, and remodeled.

A large number of previous studies have shown that endome-

trium during peri-implantation period plays a pivotal role in

embryo implantation and maintenance of normal pregnancy,

while its dysfunction may lead to a wide range of reproductive

complications such as RM.3,4 It has been postulated that the

occurrence of RM might be related to immunological dys-

function,5 but the precise mechanisms for the disturbance of

immune tolerance at the maternal–fetal interface are still

poorly understood.

Indoleamine 2, 3-dioxygenase (IDO), a cytoplasmic enzyme

that degrades the essential amino acid tryptophan into kynur-

enine and kynurenic acid, is a key immunomodulatory enzyme

that functions to promote immune tolerance by inhibiting

T-cell activation and proliferation through tryptophan catabo-

lism.6 Initial evidence for IDO-mediated immunosuppression

was demonstrated at the maternal–fetal interface.7 Inhibition of

IDO with 1-methyl-tryptophan could result in rejection of
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allogeneic fetuses, suggesting that IDO expression at the mater-

nal–fetal interface is necessary to prevent rejection of the fetal

allograft.7 Subsequent studies have shown that IDO could med-

iate immunosuppression in autoimmunity, transplantation, and

cancer.8,9 Various cell types can potentially express IDO at the

maternal–fetal interface, including trophoblast cells, decidual

immune cells, decidual stromal cells, vascular endothelial cells

of chorion and decidua, and epithelial cells.4 Ban et al found

that the IDO expression level at maternal–fetal interface of

RM is significantly lower than that of normal pregnancy.10

Accumulating evidences indicated that reduced activity or

expression levels of IDO may contribute to pathological

pregnancies.11,12 However, the pattern of IDO expression and

its attendant functional significance in RM women remain

important unknowns.

Regulatory T cells (Tregs) play an important role in temper-

ing immune responses and immune homeostasis. The Tregs

levels are significantly decreased in the peripheral blood and

decidual tissues of RM patients.13 Reduced Tregs counts were

closely associated with the onset of unexplained RM.14

Previous studies have shown that IDO pathway contributes to

regulation of Foxp3þ Tregs commitment and function. In vitro,

tryptophan deprivation acts synergistically with kynurenine

metabolites to promote de novo Foxp3þ Treg differentiation

and activation of suppressor activity in Tregs.15-18 In vivo, IDO

inhibitors or genetic ablation of IDO1 genes prevents

antigen-specific Tregs differentiation in response to mucosal

antigen challenge.19,20 However, it has not been reported the

relationship between endometrial IDO expression and Tregs

in RM patients.

Natural killer (NK) cells play a role in inhibiting the growth

of several types of tumors.21 Tryptophan-derived catabolic

kynurenine can reduce NK cell number and inhibit the activa-

tion of NK cells by downregulating surface recognition recep-

tors NKp46 and NKG2D.22 Natural killer cells are the most

abundant leukocyte population in decidua and likely play an

important role in the establishment and maintenance of normal

pregnancy.23,24 Although inhibited effects of IDO on NK cell

accumulation and cytotoxic activity have been reported in

tumor progression,22,25,26 little is known about the relationship

between human endometrial IDO expression and NK cells in

pregnancies complicated with RM.

Macrophages, which can be divided into classically acti-

vated (M1) and alternatively activated (M2) phenotype, play

a vital role in immune response. Generally, M1-type macro-

phages can defend the body against the pathogens and tumor

cells, while M2-type macrophages are considered to suppress

inflammatory responses and adaptive immunity and stimulate

angiogenesis and tissue remodeling,27,28 The CD163, a scaven-

ger receptor, is expressed exclusively on the surface of

monocytes and macrophages29 and is a marker of M2 macro-

phages.30,31 Previous studies showed that IDO induce the dif-

ferentiation of macrophages into M2-type rather than M1-type

macrophages.32 However, it is still unclear about the relation-

ship between IDO and M2-type macrophages at the maternal–

fetal interface.

Taking into account the particular immunological situation

of the endometrium, it was considered worthwhile to investi-

gate levels of IDO expression and the percentages of Foxp3þ

Tregs, CD56þ NK cells, and CD163þM2-type macrophages in

the endometrium during peri-implantation period. The current

study aimed to localize IDO in the endometrium, investigate

IDO expression between patients associated with RM and

healthy fertile controls, and undertake a correlation study on

IDO and other immune cells to determine the role of IDO in the

immune regulation at the maternal–fetal interface.

Materials and Methods

Study Population

Women who visited Shenzhen Zhongshan Urology Hospital

from January 2017 to December 2017 were consecutively

enrolled. Of those 49 normal fertile controls and 58 patients

with RM were recruited. All patients aged younger than 40 and

have a regular menstrual cycle from 26 days to 35 days and

were in mid-luteal phase confirmed by hematoxylin and eosin

(H&E) staining. Recurrent miscarriage was defined as at least 2

consecutive clinically spontaneous abortions that occurred in

no more than 20 weeks of gestation. Patients who previously or

currently had autoimmune or thyroid-related disease, hydrosal-

pinx, uterine malformation confirmed by ultrasonographic and

abnormal karyotypes, and chronic endometritis confirmed by

CD138 staining were excluded from RM. Women who had a

live-birth baby after their first in-vitro fertilization-embryo

transfer cycle due to male factors were defined as the control

group. None of the included patients had received any medical

treatment before endometrial biopsy. Written informed consent

was obtained from individual patients for the use of the endo-

metrial specimens. This study was approved by the ethics com-

mittee of Shenzhen Zhongshan Urology Hospital.

Immunohistochemical and Imaging Analyses

Endometrial tissues were collected during the mid-luteal phase

using an endometrial curette. The endometrial samples were

fixed with 4% paraformaldehyde 6 to 12 hours at room tem-

perature after removing blood and washed with phosphate-

buffered saline (PBS). Then, all samples were processed into

paraffin within 48 hours. Paraffin-embedded endometrial tis-

sues were cut into 4-mm sections followed by deparaffinization

and dehydration for immunohistochemistry. One section was

selected for H&E staining to confirm the histologic phase. The

endogenous peroxidase activity was blocked by 3% hydrogen

peroxide and the nonspecific binding was blocked by 5%
bovine serum albumin for 20 minutes. Then, the sections

were incubated with primary antibodies targeted to IDO (Cell

Signaling Technology, Danvers, Massachusetts), Foxp3

(eBioscience, San Diego, California), CD56 (Gene Tech Com-

pany, Shanghai, China), and CD163 (Novocastra, Tokyo,

Japan) at 37 �C for 1 hour followed by washing with PBS 3

times and PBSþ0.1% Tween 20 (PBST) for 3 minutes. Details
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of all antibodies used in the study were listed in Table 1. The

sections were then incubated with secondary antibodies (Dako

Cytomation, Glostrup, Denmark) for 30 minutes, followed by

washing with PBS 3 times. Antibodies binding were detected

with a brown precipitate after stained with peroxidase substrate

3, 3-diaminobenzidine (DAB; Dako Cytomation, Glostrup,

Denmark) and counterstained with hematoxylin to allow visua-

lization of the nuclei and dehydrated. Finally, quantification of

immunohistochemistry data was analyzed by the Vectra auto-

mated quantitative pathology imaging system (Perkin Elmer,

Waltham, Massachusetts). Only the images filled with over

80% of tissues were included in the analysis. The percentages

of Foxp3þ Tregs, CD56þ NK cells, CD163þ M2-type macro-

phages were calculated as the number of DAB-positive cells to

the total number of endometrial cells at a magnification of

200� field (0.95 mm2) by 2 independent observers. Thirty

fields were captured totally for one sample. For IDO, the stain-

ing was graded by 2 observers independently based on both the

staining intensity and positivity. Grade 1, no cells were stained

or stained weakly and scarcely positive; grade 2, the cells were

stained moderately and focally positive; grade 3, the cells were

stained strongly and diffusely positive.10,33

Statistical Analysis

Statistical analysis was performed using SPSS version 20.0

(SPSS Inc, Chicago, Illinois). The distribution of the data was

examined prior to analysis. The data were presented as mean

(SD; normal distributed data). Statistical comparisons

between the groups were made by Student t test (normal dis-

tributed data) or Mann-Whitney U test (abnormally distribu-

ted data). One-way ANOVA test was used for multiple group

comparisons (normal distributed data). The correlations

between the variables in the endometrium were performed

by Pearson correlation. Differences were considered to be

significant at P < .05.

Results

Clinical Characteristics of the Study Population

The characteristics of the study population are shown in

Table 2. There were no significant differences in maternal age,

prepregnancy body mass index, and baseline endocrine data

including follicle-stimulating hormone, luteinizing hormone,

estrodiol, prolactin, free triiodothyronine, free thyroxine, and

thyroid-stimulating hormone, between control group and RM

group.

Immunohistochemical Grading of the Expression of IDO
in Endometrium and Comparison of IDO Between
Control and RM

First, we examined the localization of IDO in the

endometrium by immunohistochemical staining. Indoleamine

2, 3-dioxygenase was mainly localized in glandular epithelial

cells, surface epithelial cells and a small number of cells within

the stromal compartment (including stromal cells and leuko-

cytes) in endometrium (Figure 1A-C), which is consistent with

previous studies.34,35 We used the immunostaining grading

scale (Figure 1A-C) to evaluate the expression levels of IDO

in control and RM group. The grading was performed based on

staining intensity and positivity, as described in materials and

methods. Using this grading scale, we compared IDO expres-

sion between the control women and the RM patients. Indolea-

mine 2, 3-dioxygenase expression in the RM patients was

significantly lower than in the control women (P ¼ .001;

Figure 1D). Our results demonstrated that the downregulation

of IDO expression in the endometrium was associated with

RM, suggesting that IDO might be involved in the pathophy-

siology of RM.

Immunohistochemical Examination of Foxp3
in Endometrium and the Relationship Analysis
Between IDO and Foxp3þ Tregs

To clarify the pathophysiological function of IDO expression

in endometrium, we investigated the expression of Foxp3,

CD56, and CD163 in endometrium by immunohistochemical

staining. We found that Foxp3 localized in endometrial stromal

cells with nuclear patterns in both control women and RM

patients (Figure 2A and B), which is different from IDO. Then,

Table 1. Antibodies Table.a

Antibody Manufacturer Catalog Number Dilution

Anti-IDO Cell Signaling Technology 86630 1:300
Anti-Foxp3 eBioscience 14-4777 1:100
Anti-CD56 Gene Tech GT200529 1:400
Anti-CD163 Novocastra NCL-L-CD163 1:200

Abbreviation: IDO, indoleamine 2, 3-dioxygenase.
aDetails of sources and concentrations of antibodies used for
immunohistochemistry staining.

Table 2. Baseline and Cycle Characteristics of Control Women and
RM Patients.a

Characteristics Control (n ¼ 49) RM (n ¼ 58) P Value

Maternal age (year) 31.10 (3.56) 32.36 (3.05) .054
Prepregnancy BMI (kg/m2) 20.79 (2.29) 21.44 (3.44) .626
Basal FSH (mIU/mL) 7.15 (1.94) 6.39 (2.12) .133
Basal LH (mIU/mL) 4.93 (1.90) 4.62 (1.94) .510
Basal E2 (pg/mL) 33.57 (9.13) 28.96 (10.61) .079
Basal PRL (ng/mL) 17.67 (9.46) 16.18 (8.06) .451
Basal P (ng/mL) 0.53 (0.19) 0.44 (0.19) .073
FT3 (pg/mL) 3.01 (0.33) 2.86 (0.66) .403
FT4 (ng/mL) 1.30 (0.66) 1.24 (0.16) .197
TSH (mIU/mL) 2.06 (0.98) 2.23 (1.18) .563

Abbreviations: BMI, body mass index; E2, estrodiol; FSH, follicle-stimulating
hormone; FT3, free triiodothyronine; FT4, free thyroxine; LH, luteinizing
hormone; P, progesterone; PRL, prolactin; RM, recurrent miscarriage; TSH,
thyroid-stimulating hormone.
aStudent t test, data are shown as mean (SD).
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we divided both control women and RM patients into 3 sub-

groups according to the level of IDO expression. We observed

a significant elevation of Foxp3þ Tregs with the increased IDO

expression in the control women (0.06+ 0.02%, n ¼ 9 vs 0.08

+ 0.04%, n ¼ 16 vs 0.09 + 0.05%, n ¼ 24, P ¼ .028;

Figure 2C), but not in RM (0.09 + 0.04%, n ¼ 28 vs 0.11 +
0.05%, n ¼ 16 vs 0.10+ 0.04%, n ¼ 14, P ¼ .219; Figure 2D).

The percentage of Foxp3þ Tregs was significantly correlated

with the level of IDO expression in the control group (r ¼
0.379,P¼ .007; Figure 2E). In contrast, no correlationwas found

between the percentage of Foxp3þ Tregs and the level of IDO

expression in the RM group (r ¼ .188, P ¼ .176; Figure 2F).

Immunohistochemical Examination of CD56
in Endometrium and the Relationship Analysis
Between IDO and CD56þ NK Cells

To investigate the association between IDO and NK cells in the

endometrium, the expression of CD56 in control group and RM

group was also examined by immunohistochemical staining.

The CD56þ NK cells were membrane stained and found

distributed in the endometrium of both control group and RM

group (Figure 3A and B). The expression of CD56 in subgroup

of grade 3 (scaling IDO expression level) was significantly

higher than that in subgroup of grade 2 under control group

(6.97 + 4.13%, n ¼ 16 vs 11.91 + 6.79%, n ¼ 24, P ¼ .029;

Figure 3C). In contrast, there was no significant difference of

CD56 expression among 3 subgroups in the RM group (8.58+
5.35%, n ¼ 28 vs 7.57 + 6.49%, n ¼ 16 vs 11.92 + 7.20%, n

¼ 14, P ¼ .497; Figure 3D). The comparable expression of

CD56 in subgroups of grade 1 and grade 2 in control women

may be due to insufficient specimens. However, the percentage

of CD56þ NK cells was not correlated with the level of IDO

expression in both control group (r ¼ 0.246, P ¼ .088; Figure

3E) and RM group (r ¼ 0.162, P ¼ .225; Figure 3F).

Immunohistochemical Examination of CD163
in Endometrium and the Relationship Analysis
Between IDO and CD163þ M2-type Macrophages

We also examined CD163 expression in endometrium by

immunohistochemical staining. Similar to CD56, CD163þ

Figure 1. Immunohistochemical grading of the expression of IDO in endometrium and comparison of IDO between control and RM. The
grading was performed based on staining intensity and positivity, as described in the materials and methods, grade 1: no or weak staining and
scarcely positive (A); grade 2: moderately stained and focally positive, IDO localized in surface epithelial cells and the stromal compartment (B);
grade 3: strongly stained and diffusely positive, IDO localized in glandular epithelial cells (C); the statistical chart showing the expression level of
IDO in endometrium between the control group (n¼ 49) and the RM group (n¼ 58) (D). **P < .01, Mann-Whitney U test; scale bars¼ 100 mm,
with insets ¼ 10 mm. IDO indicates indoleamine 2, 3-dioxygenase; RM, recurrent miscarriage.
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cells were membrane stained and found distributed in the endo-

metrium of both control group and RM group (Figure 4A and

B). There were no significant differences of the percentage of

CD163þ cell in the endometrium among 3 subgroups of both

control group (2.00 + 1.41%, n ¼ 9 vs 1.82 + 0.76%, n ¼ 16

vs 1.82 + 0.69%, n ¼ 24, P ¼ .854) and RM group (2.09 +
0.89%, n ¼ 28 vs 2.11 + 1.06%, n ¼ 16 vs 2.28 + 1.26%,

n ¼ 14, P ¼ .849; Figure 4C and D). No correlation was found

between the percentage of CD163þ cell and the level of

IDO expression in both control group (r ¼ �0.066, P ¼ .650;

Figure 4E) and RM group (r ¼ 0.070, P ¼ .604; Figure 4F).

Discussion

Endometrium, serving as an immunologically privileged tissue,

plays an essential role as sensor of embryo quality and driver of

pregnancy success.4,36 Indoleamine 2, 3-dioxygenase is widely

distributed at the maternal–fetal interface and plays a vital role

in inducing immune tolerance by providing a low tryptophan

environment.34,37,38 There have been accumulating evidences

showed decreased levels of IDO in the placenta and decidua

from RM, suggesting an important role for IDO in the mainte-

nance of normal pregnancy.10,33 Our current study described

the precise distribution of IDO in endometrium. Indoleamine 2,

3-dioxygenase was localized in glandular epithelial cells,

surface epithelial cells, and a small number of cells within the

stromal compartment (including stromal cells and leukocytes)

of endometrium. In consistent with previous studies,10 our data

showed that the expression level of IDO was downregulated in

RM patients compared to controls. The interferon (IFN)-g is an
important and potent stimulator of IDO expression.39 The pro-

duction of IFN-g by decidual and peripheral blood mononuc-

lear cells is found to be decreased in RM, which may lead to

reduced IDO expression and activity.39 It is possible that

reduced levels of IDO protein may contribute to disorders of

pregnancy such as RM.

There are many immune cells in endometrium playing pos-

itive roles in maintaining maternal immune tolerance. The

Tregs have been suggested to be necessary for the maintenance

of maternal–fetal tolerance, and there are compelling evidences

showing that Foxp3 serves as a lineage specification factor

for Tregs.40,41

In this study, the expression of Foxp3 in endometrium

increased significantly with the increasing IDO expression in

control women, but not in RM patients. There was a statisti-

cally significant correlation between Foxp3 and IDO expres-

sion in control women. Previous studies revealed that IDO

could modify immune responses in 2 ways: by consuming

tryptophan to trigger amino-acid-sensing signal transduction

pathways; and by producing kynurenine, a natural ligand for

Figure 2. Immunohistochemical examination of Foxp3 in endometrium and the relationship analysis between IDO and Foxp3þ Tregs.
Representative images taken at a magnification of 200� field of endometrial Foxp3þ Tregs in control women (A) and RM patients (B). Scale
bars¼ 100 mm, with insets¼ 10 mm. Summary graph of statistical dot plot (mean [SD]) showing the percentages of endometrial Foxp3 among 3
subgroups in control women (grade 1, n ¼ 9; grade 2, n ¼ 16; grade 3, n ¼ 24; C) and RM patients (grade 1, n ¼ 34; grade 2, n ¼ 18; grade 3,
n ¼ 16; D). *P < .05, one-way analysis of variance test. Numerical correlation between the percentage of Foxp3þ Tregs and the level of IDO
expression in healthy fertile controls (E) and patients with RM (F). Pearson correlation, r and P values as indicated. IDO indicates indoleamine 2,
3-dioxygenase; RM, recurrent miscarriage.
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the aryl hydrocarbon receptor (AhR).42 Insufficiency of tryp-

tophan can activate GCN2 kinase activity, which could block T

helper 17 differentiation43,44 and promote Treg cell differentia-

tion and activation of suppressor activity in mature Tregs.15,16

In the case of kynurenine-pathway metabolites, the effect on

AhR appears to be immunosuppressive and also promotes dif-

ferentiation of Foxp3þ Tregs.45,46 Taken together with our

data, we postulate that IDO expressed at the maternal–fetal

interface may generate a low tryptophan environment, which

subsequently inhibit T-cell proliferation or induce Tregs,15,47

but the interaction between IDO and Treg cells was impaired in

patients with RM.

Natural killer cells are mainly identified by the surface

expression levels of CD56 and CD16, and uterine NK cells

show a prevalence of the CD56þ NK cell compartment, which

have a different phenotype from peripheral blood NK cells.48 In

vitro, IDO could prevent NK cell accumulation through indu-

cing cell death25,26 and prevent NK cell activation by down-

regulating surface recognition receptors NKp46 and NKG2D.22

However, there are few studies on the immunoregulatory effect

of IDO on NK cells in the endometrium. In this study, CD56

expression was found significantly increased with the elevated

IDO expression in control women but not in RM patients.

However, there was no correlation between CD56 and IDO

expression in both control women and RM patients. Actually,

NK cells are not a homogeneous cell population and the diver-

sity of NK cell receptors and functions have been demon-

strated. The cellular interactions and local microenvironment

could provide important signals to shape NK cell properties.49

Thus, further studies are necessary to clarify the phenotype of

the increasing endometrial NK cells corresponding with the

elevated IDO expression in normal controls. Taken together,

although we cannot conclude the immunoregulatory role of

IDO on the endometrial NK cells, the results imply the non-

coordinated expression of CD56 and IDO may lead to RM.

Macrophages can be divided into the M1 macrophages and

the M2 macrophages.50 Alternatively activated macrophages

are distinguished from M1 macrophages by the expression of

CD163 and production of immunosuppressive cytokines.51

Macrophages can switch from an activated M1 state to M2,

and vice versa, depending on the environmental cytokines they

are exposed.52 In our study, the expression of CD163 in the

endometrium was not affected by IDO expression, no matter

from normal fertile controls or RM patients. No correlation was

found between CD163 and IDO expression in both normal

controls and RM patients. Previous studies showed contradic-

tory conclusions on the role of IDO in macrophage differentia-

tion. There are evidences showing that IFN-g could upregulate

IDO expression in the murine and human dendritic cells39 and

monocytes/macrophages.52,53 Accompanied by a certain

Figure 3. Immunohistochemical examination of CD56 in endometrium and the relationship analysis between IDO and CD56þ NK cells.
Representative images taken at a magnification of 200� field of endometrial CD56þ NK cells in control women (A) and RM patients (B). Scale
bars¼ 100 mm, with insets¼ 10 mm. Summary graph of statistical dot plot (mean [SD]) showing the percentages of endometrial CD56 among 3
subgroups in control group (grade 1, n¼ 9; grade 2, n¼ 16; grade 3, n¼ 24; C) and RM group (grade 1, n¼ 28; grade 2, n¼ 16; grade 3, n¼ 14;
D). *P < .05, one-way analysis of variance test. Numerical correlation between the percentage of CD56þ NK cells and the level of IDO
expression in healthy fertile controls (E) and patients with RM (F). Pearson correlation, r and P values as indicated. IDO indicates indoleamine 2,
3-dioxygenase; NK, natural killer; RM, recurrent miscarriage.
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degree of IDO expression, IFN-g could upregulate the expres-

sion of M1 markers such as HLA-DR and CCR7 and induce

monocytes to M1-polarization.32,28 However, it has also been

revealed that the ectopic IDO could increase the expression of

M2-type markers such as IL-10 and CXCR-4, associated with

the decrease in M1-type markers.32 Our study demonstrated a

stable expression of endometrial CD163 with elevated IDO

expression from both controls and RM patients. Taken

together, the results recapitulated that IDO may coordinate

with the number of endometrial Tregs and NK cells, rather

than macrophages.

In conclusion, our study demonstrated the characteristic dis-

tribution of IDO protein in endometrium. Significantly

decreased level of IDO expression was observed in RM sam-

ples, suggesting IDO may contribute to maternal tolerance to

semiallogeneic fetus in normal pregnancy. Additionally, our

data showed that the percentage of Foxp3þ Tregs was signif-

icantly correlated with the level of IDO expression in the con-

trol group, suggesting that IDO may be involved in the

maintenance of maternal tolerance through the regulation of

Foxp3þ Treg. However, this correlation was impaired in

patients with RM. It should be taken into account that IDO

expression may not exactly reflect the enzyme activity. To

clarify the exact role of IDO in immune regulation, further

studies should be performed. Taken together, our findings may

provide a basis for further research into the role of IDO in

immunoregulation of human pregnancy and may open up an

attractive drug target for IDO-related RM therapy.
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