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Introduction: Forkhead box P3 (Foxp3) is necessary for induction of the immunosuppressive functions in reg-
ulatory T cells. Recent data indicate that some non-lymphoid cells, such as certain tumor cells, also express
Foxp3, which participates in tumorigenesis and is related to the invasive and proliferative behavior of the tumor.
However, the expression of Foxp3 in trophoblasts has not been studied previously.
Methods: Localization of Foxp3 in the villi and decidua in the first trimester was determined using im-
munohistochemistry. Foxp3 expression was detected by flow cytometry, and the expression levels in the first
trimester placenta were compared with those in the term placenta. Additionally, the Foxp3 expression in tro-
phoblasts in recurrent pregnancy loss (RPL) was analyzed by real-time polymerase chain reaction (RT-PCR),
immunohistochemistry and Western blot.
Results: Foxp3 is expressed by trophoblasts in early pregnancy in the villi and decidua. Foxp3 is expressed in the
nuclei of both trophoblast cell columns and cytotrophoblasts. However, low Foxp3 expression was observed in
syncytiotrophoblasts. Foxp3 was also expressed by the extravillous trophoblasts in early pregnancy in decidua.
The Foxp3 expression in trophoblasts in the term placenta was significantly decreased compared with that in the
normal early pregnancy. Moreover, decreased levels of Foxp3 mRNA and protein were observed in women with
RPL.
Discussion: The selective expression of Foxp3 in human trophoblasts suggest that Foxp3 expression may be
associated with the proliferation and invasion behavior of trophoblasts. The decreased Foxp3 expression in the
trophoblasts in RPL may contribute to better understanding of the pathological characteristics of RPL.

1. Introduction

Forkhead box protein 3 (Foxp3) is a nuclear transcription factor
which is necessary for the induction of the immunosuppressive func-
tions in regulatory T (Treg) cells [1].

It is well known that Treg cells play an important role in regulation
of immune responses to self-antigens, allergens, and commensal mi-
crobiota as well as immune responses to infectious agents and tumors
[1]. Transcriptional factor Foxp3 has been considered restricted to Treg
cells and some populations of activated T cells [2]. However, recent
studies indicate that Foxp3 is also expressed in some non-lymphoid cells
including normal epithelial cells and cancer cells of multiple lineages
and of various tissue origins [3,4]. It should be noted that the biological
functions of Foxp3 in the tumor cells and their significance remain a
matter of debate because of the contradictory research results. An

association between increased Foxp3 expression levels in the tumor
cells and poor prognosis has been reported [5–7]. However, Foxp3 was
demonstrated to be a tumor suppressor gene acting as a transcriptional
repressor of the breast cancer oncogenes including the S-phase kinase
protein 2 (Skp2) [8] and human epidermal growth factor receptor 2
(HER2) [9]. The role of Foxp3 in tumorigenesis is conflicting and both
tumor-promoting and tumor-suppressive functions were described;
however, the studies suggest that the expression of Foxp3 in the tumor
cells plays a significant role in tumorigenesis.

The formation of a tumor is a pathological process characterized by
uncontrolled growth of malignant cells. However, placenta develop-
ment is a highly modulated physiologic process that involves growth,
proliferation and invasion of the trophoblasts. Tumorigenesis and pla-
centation are different although they share similar processes including
cell growth and invasion, neovascularization, and immunotolerance.
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Trophoblasts participate in the early formation and development of
placenta including implantation in the uterine wall under extremely
harsh conditions, such as extreme hypoxia (∼1–2% oxygen), lack of a
vasculature supply, and potential immune attacks from the maternal
immune system. Similar to the trophoblasts, the tumor cells can invade
the normal tissue by establishing their own vasculature and defending
against the host immune response. Both cell types are able to success-
fully survive and grow [10–12].

Considering the role of Foxp3 expression in the tumor cells and in
tumorigenesis, it is tempting to speculate that Foxp3 may play a similar
role in trophoblasts. To the best of our knowledge, the expression of
Foxp3 by trophoblasts at the human maternal-fetal interface has not
been studied previously. Therefore, we investigated the localization and
expression of Foxp3 and its potential function to evaluate a possible
role of Foxp3 expressed by trophoblasts in human pregnancy.

2. Material and methods

2.1. Human tissues

The collection and use of the samples was approved by Huazhong
University of Science and Technology Clinical Trial Ethics Committee
[IEC (S035)]. Every participant signed a written informed consent form.
First-trimester (between 6 and 9 weeks of gestation) placentae were
obtained from voluntary pregnancy termination (terminated for non-
medical reasons) and recurrent miscarriage (diagnosed as recurrent
spontaneous abortion excluding the cases resulting from endocrine,
anatomic, and genetic abnormalities, infection, etc.); the third-trimester
placentae (between 37 and 41 weeks of gestation) were obtained from
the natural delivery. A total of 64 women with NP (elective termination
or natural delivery) and 24 women with RPL who had two or more
miscarriages. All sample information and application are presented in
Tables I and II (supplementary material).

2.2. RNA extraction and RT-PCR analysis

Total RNA was isolated from the frozen tissues of normal preganncy
and recurrent pregnancy loss by TRIzol extraction (Invitrogen,
Carlsbad, CA, USA). Quantified RNA (1 μg) was reverse transcribed to
cDNA with Prime Script RT master mix (Takara Bio, Shiga, Japan).
Relative mRNA levels of Foxp3 and β-actin determined by quantitative
RT-PCR (qRT-PCR) with SYBR Premix Ex TaqII (Takara Bio). For PCR
analysis, the following primers were used (5′-3′): β-actin forward,
CTACCTCATGAAGATCCTCACCGA; β-actin reverse, TTCTCCTTAATGT
CACGCACGATT; Foxp3 forward, ACCTGGAAGAACGCCATC; and Foxp3
reverse, TGTTCGTCCATCCTCCTTTC.

2.3. Western blot analysis

Frozen villi from normal pregnancy and recurrent pregnancy loss
were ground and lysed for 1 h on ice by incubation in the lysis buffer
containing protease inhibitors (1:100) (Thermo Fisher Scientific, MA,
USA). Cell lysate was centrifuged for 15min at 15,000 g. Protein was
quantified and 40 μg was loaded on and separated through 10%
Tris–glycine gels. The protein was transferred to the polyvinylidene
difluoride membranes. The membranes were incubated in the blocking
solution (5% nonfat milk in 20mM Tris–HCl, 150mM NaCl, and 0.1%
Tween-20) (TBS-T) followed by the incubation with the antibodies
(Foxp3 rabbit mAb at 1:1000 dilution) (Abcam, MA, USA) at 4 °C
overnight. The membranes were washed in TBS-T and incubated with a
peroxidase -conjugated secondary antibody (diluted 1:10000) for 2 h at
room temperature. Antibody detection was performed by enhanced
chemiluminescence reaction.

2.4. Immunohistochemistry (IHC)

The placental tissue was fixed in 4% paraformaldehyde, embedded
in paraffin and sectioned at a thickness of 5 μm. The sections were
deparaffinized in xylene and rehydrated in graded alcohol solutions.
After antigen retrieval, the slides were treated with 3% hydrogen per-
oxide for 15min to suppress endogenous peroxidase activity and
blocked with 5% Bovine Serum Albumin (BSA) (Thermo Fisher
Scientific, MA, USA) for 30min, as previously described [13]. Samples
were incubated with a Foxp3 antibody (rabbit monoclonal; diluted
1:100) (Abcam, MA, USA) at 4 °C overnight followed by incubation
with a secondary antibody (Abcam, MA, USA) (diluted 1:200) at room
temperature for 2 h. Images were acquired and analyzed with a mi-
croscope (Leica AF CTR6500HS).

2.5. Isolation of trophoblasts from the early pregnancy villi

Villus tissue (between 6 and 8 weeks of gestation) was washed in
cold phosphate-buffered saline (PBS) to clarify the solution and to re-
move excess blood. Then, the tissue was digested with 2.5% trypsin
(Gibco, Grand Island, NY, USA) for 10min at 37 °C. After the digestion,
pre-warmed fetal bovine serum was added to stop the trypsinization
process. Then adding culture media to the tissue until the final volume
is between 30ml and 40ml depending on the amount of tissue.
Vortexing the mixture for 20 s and then allow the tissue to sediment.
After sedimenting, the supernatant will be centrifuged to collect pellet.
The pellet digested cells were carefully layered over the lymphocyte
separation medium (GE Healthcare Life Sciences, Marlborough, MA,
USA) and centrifuged at 800 g for 30min with the centrifuge brake
turned off. The white band of the cells was collected with a transfer
pipet and placed into a conical tube.

2.6. Preparation of placental cells

Placental tissue was sliced and digested in RPMI 1640 medium
(Sigma, Oakville, ON, Canada) supplemented with collagenase type IV
(1.0 mg/ml) (Gibco) for 1 h at 37 °C with gentle agitation. The suspen-
sion was filtered through an 80-mm mesh strainer into a fresh medium.

2.7. Flow cytometry analysis

The cell surface of isolated trophoblasts or placental cells was
stained with an appropriate fluorescently labeled conjugated mAb for
20min away from light. Cells were washed three times with cold PBS.
Then, the cells were fixed and labeled according to the manufacturer's
protocol for intracellular Foxp3 and CK7 staining. For intracellular
staining, the cells were fixed and permeabilized using a Fix/Perm kit
(eBioscience, San Diego, CA, USA). The antibodies used in this study
included FITC-conjugated mAbs against CK7 (Merck, Temecula, CA,
USA), PE-conjugated mAbs against HLA-G and Foxp3 (BioLegend, San
Diego, CA, USA), APC-conjugated mAbs against CD45 (BioLegend), and
PE-CY7-conjugated mAbs against Foxp3 (eBioscience). Flow cytometry
was performed using a FACScalibur flow cytometer (BD Biosciences,
San Jose, CA) and analyzed with the CellQuest program (Becton
Dickinson, Franklin Lakes, NJ).

2.8. Statistical analysis

GraphPad Prism software version 6.0 (GraphPad, San Diego, CA,
USA) was used for data analysis. Initial normality tests were used to
determine if all data sets fit to the normal Gaussian distribution.
Statistical analysis was performed using Mann-Whitney U test. Values
of P＜0.05 were considered statistically significant. Data are presented
as the mean ± SEM.
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3. Results

3.1. Foxp3 expression in trophoblasts in the early pregnancy villus tissue

We investigated the Foxp3 gene expression in the villus tissue using
RT-PCR. Foxp3 mRNA was detected in the early pregnancy villi
(Fig. 1A). Treg cells are absent in the floating villi and thus, we hy-
pothesized that all detected Foxp3 mRNA comes from trophoblasts
[14]. To confirm that trophoblasts express Foxp3, we isolated tropho-
blasts from the early pregnancy floating villi. Cells prepared from
human first-trimester floating villi were directly stained for cytokeratin-
7 (CK7, the trophoblast marker expressed by extravillous trophoblasts
and villous trophoblasts) [15] and Foxp3 expression was determined by
flow cytometry (FCM). FCM analysis demonstrated that 99% of the cells
isolated from the floating villi were CK7-positive (Fig. 1B). Nearly 90%
of the CK7-positive cells were Foxp3-positive. Thus, these data con-
firmed that Foxp3 is expressed in trophoblasts in early pregnancy.

To investigate the localization of Foxp3 in the villi, Foxp3 expres-
sion was analyzed by immunohistochemistry. Floating placental villi
are composed of an inner layer of the cytotrophoblasts and an outer

layer of the syncytiotrophoblasts that are continuously generated by the
asymmetrical cell division, differentiation and fusion of the inner layer
cytotrophoblasts within the developing syncytium. As shown in Fig. 1C
and D, immunohistochemical analysis revealed significant Foxp3 ex-
pression in the villi in early pregnancy. Foxp3 was mainly expressed in
the nuclei of both trophoblast cell columns and cytotrophoblasts while
most syncytiotrophoblasts remain negative. However, it is somewhat of
a puzzle that some positive staining is present in the villous connective
tissue.

3.2. Foxp3 expression in trophoblasts in the decidua in early pregnancy

Villi connected to the decidua give rise to the proliferative cell
columns which generate differentiated extravillous trophoblasts (EVT).
These EVTs gradually replace the vascular epithelial cells thus re-
modeling the spiral artery into the larger conduits to deliver the low-
pressure, high blood flow to the growing fetus. We detected a large
amount of fusiform-shaped Foxp3-positive trophoblasts present in the
decidua in early pregnancy. These Foxp3-expressing trophoblasts were
replacing the endothelial cells of the spiral artery (Fig. 2C–E) and vein

Fig. 1. Gene and protein expression of Foxp3
in the first trimester villi. RNA extracted from
the villi was subjected to quantitative real-time
RT-PCR using primers specific for Foxp3 and β-
actin. In (A), fluorescence intensity was plotted
versus cycle number. (B) Representative flow
cytometry analysis of freshly isolated first tri-
mester villus trophoblasts stained with mAbs to
CK7 and Foxp3. Dot plots for CK7-FITC and
Foxp3-PE staining of the trophoblasts. In (C), the
Foxp3 protein was analyzed by im-
munohistochemical staining of the normal first
trimester tissues from voluntary pregnancy ter-
mination using rabbit anti-Foxp3 monoclonal
antibody. In (D), a higher magnification of the
zone delimited by the frame in C is shown. Note
that while cytotrophoblasts and trophoblast cell
columns are strongly positive for Foxp3, most
syncytiotrophoblasts remain negative as shown
by the arrow. vCTB, villous cytotrophoblast; sy,
syncytiotrophoblast; CCT, cell column tropho-
blast. Magnification:× 40 in C;× 100 in D.
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(Fig. 2D–F). Foxp3 is also detected in the giant cells which are the end
stage of invasive differentiation of interstitial cytotrophoblasts (Fig. 2C)
[16].

3.3. Decreased Foxp3 expression in trophoblasts in the third trimester

To explore the possible clinical significance of the Foxp3 expression
in trophoblasts, we analyzed the samples of placentae of the first tri-
mester (between 6 and 9 weeks of gestation) and third trimester (be-
tween 37 and 41 weeks of gestation) donors.

Expression of CK7 (the trophoblast marker), human leukocyte an-
tigen-G (HLA-G, the EVT maker), CD45 (the common leukocyte antigen
marker) and Foxp3 was simultaneously examined by flow cytometry.
CD45−CK7+ cells were defined as villus trophoblasts and CD45−HLA-
G+ cells were defined as EVT [17]. Flow cytometric analysis revealed
significantly lower Foxp3 expression in CD45−CK7+ trophoblasts from
the third trimester compared with that in the cells from the first tri-
mester (P < 0.01, Fig. 3). Moreover, a slight decrease in Foxp3 ex-
pression in CD45−HLA-G+ cells, albeit not statistically significant, was
observed in the third trimester (P > 0.05, Fig. 4).

3.4. Foxp3 expression in trophoblasts is impaired in the recurrent pregnancy
loss

To further investigate the potential role of Foxp3 in placental de-
velopment and successful pregnancy, we analyzed the Foxp3 expression
in placentae from the normal pregnant subjects and the patients who
suffered from recurrent pregnancy loss (RPL). As shown in Fig. 5A, the
levels of Foxp3 mRNA in the RPL patients were lower than that in the
normal pregnant women (P < 0.05). Furthermore, reduced Foxp3
protein levels were found in the RPL villi (Fig. 5B and C). Consistently,
immunohistochemical staining showed lower Foxp3 expression in the
cytotrophoblasts and the cell columns in RPL (Fig. 5D and E). These
data suggest that the reduced expression levels of Foxp3 in trophoblasts
may be associated with abnormal early pregnancy.

4. Discussion

In the current study, we demonstrated that the transcription factor
Foxp3 is expressed in human villi and decidua. The profile of Foxp3
expression in trophoblasts is schematically represented in Fig. 6. The

Fig. 2. Foxp3-expressing trophoblasts in-
vading decidua and vessels. Sections from the
first trimester decidua were analyzed by im-
munohistochemistry with control rabbit Abs (A)
and rabbit polyclonal anti-Foxp3 Abs (B, C, D, E,
F). In (C) and (D), a higher magnification of the
zone delimited by the red frame and blue frame
in B is shown, respectively; In (E) and (F) are
higher magnification captures of regions from
(C) and (D), respectively. The Foxp3-expressing
trophoblast cells (brown) are replacing the en-
dothelial cells of the spiral artery and vein.
Foxp3 is also expressed in the multinuclear giant
cells as shown by the arrow.
Magnification:× 100 in A and B;× 200 in C
and D; and× 400 in E and F.
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villus is composed of various types of trophoblasts with specialized
functions. The cytotrophoblast cells, which are located in the inner
layer of the villi, proliferate and cover the mesenchyme and fetal vessels
that form the placental villous tree. The syncytiotrophoblasts covering
the surface of the floating villus are continuously generated by the fu-
sion of the inner layer cytotrophoblasts. These syncytiotrophoblasts
secrete numerous hormones, such as human chorionic gonadotropin,

into maternal circulation and this secretion is required for maintenance
and immunological adaptation of pregnancy. At the tip of villus, the
cytotrophoblasts proliferate to form the cell columns which give rise to
various invasive EVTs. These EVTs do not proliferate but invade the
uterine wall and the uterine spiral arteries thus remodeling the pla-
cental vasculature to enable sufficient placental perfusion [18,19].
Abnormalities of EVT invasion, remodeling and cytotrophoblast gene

Fig. 3. The Foxp3 expression in the
CK7+CD45− trophoblasts from the first
trimester and third trimester placenta.
Representative flow cytometry analysis of
isolated placental cells from the first tri-
mester (n= 18) and term placentae
(n=18) stained with mAbs to CD45, CK7
and Foxp3. (A) A live gate (P1) was set in
the forward-side scatter plot and the re-
presentative density plots showing the
analysis of Foxp3 expression in
CD45−CK7+ trophoblasts (P2) were deli-
neated. (B) The percentages of
Foxp3+CK7+ trophoblasts from the first
trimester placenta were compared with that
from the term placenta. (C) Summary of the
data showing the frequency of Foxp3 ex-
pression in the CD45−CK7+ trophoblasts.
Data are presented as the mean ± SEM.
**P＜0.01.

Fig. 4. The Foxp3 expression in the HLA-
G+CD45− trophoblasts from the first
trimester and third trimester placentae.
Representative flow cytometry analysis of
isolated placenta cells from the first trime-
ster placenta (n= 18) and term placenta
(n=18) stained with mAbs to CD45, HLA-
G and Foxp3. (A) A live gate (P1) was set in
the forward-side scatter plot and the re-
presentative density plots showing the
analysis of Foxp3 expression in CD45−HLA-
G+ trophoblasts (P3) were delineated. (B)
The percentages of Foxp3+HLA-G+ tro-
phoblasts from the first trimester placenta
and that from the term placenta were
compared. (C) Summary of the data
showing the frequency of Foxp3 expression
in the CD45−HLA-G+ extravillous tropho-
blasts. Data are presented as the
mean ± SEM.
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expression were observed in various pregnancy complications including
RPL, preeclampsia and intrauterine growth restriction [20–22].

The data of immunohistochemistry revealed significant Foxp3 ex-
pression mainly in the nuclei of both trophoblast cell columns and cy-
totrophoblasts in the villi. Lower Foxp3 expression was observed in the
syncytiotrophoblasts. Moreover, in the decidua in early pregnancy,
Foxp3 is expressed by the fusiform-shaped interstitial EVTs, multi-
nuclear giant cells and EVTs which are replacing the endothelial cells of
the spiral artery and vein. In fact, Foxp3 expression has been reported
in the mouse giant cells and the Rcho-1 cell line derived from rat pla-
centa [23,24]. As mentioned above, columnar EVT detach from the cell
columns, adhere to the extracellular matrix proteins, and migrate
through decidua. The specific and selective Foxp3 expression in the
cytotrophoblasts, the cell columns and the invasive EVTs suggested that
Foxp3 expression may be associated with the proliferation and invasion
behavior of trophoblasts.

Additionally, we found significantly lower Foxp3 expression in the
CD45−CK7+ trophoblasts from the term placenta compared with that
in the cells from the first trimester placenta. Current view is that pro-
liferation and invasion of trophoblasts are very strong in the first tri-
mester and are gradually decreasing as the gestation progresses [25].
Lower Foxp3 expression may partially explain the reduced proliferation
and invasion of trophoblasts in the term placenta. Moreover, at the end

of pregnancy there is a change in the immunological profile of the
pregnant woman. The pro-inflammatory profile characterizes the third
trimester, promoting delivery. Therefore, the decreased Foxp3 expres-
sion might promote the immunological profile shifting to pro-in-
flamatory at the end stage of pregnancy.

Zuo et al. [9] were the first to report that Foxp3 expressed by breast
cancer cells is an important suppressor of human breast cancer; this
finding initiated numerous studies about the association between Foxp3
expression and cancer prognosis. Studies of the Foxp3 expression in
tumor cells indicate that Foxp3 plays an important role in proliferation,
apoptosis and invasion of the tumor cells. Although the role of Foxp3 in
tumorigenesis is conflicting and may involve tumor-promoting and
tumor-suppressive functions, these studies led to the recognition that
the expression of Foxp3 in the tumor cells is important in tumorigen-
esis. Considering the similarities in the proliferative, invasive, and im-
mune tolerance mechanisms between the tumor cells and trophoblasts,
Foxp3 expressed by trophoblasts may have a unique biological function
in normal human pregnancy.

Shallow trophoblast invasion and incomplete spiral artery re-
modeling have been described in patients with RPL and preeclampsia.
Our data of RT-PCR and Western blot analysis indicate that in RPL
patients, Foxp3 expression is reduced in the villi indicating a possible
clinical significance of Foxp3. Moreover, Foxp3 is expressed selectively

Fig. 5. Abnormal Foxp3 expression in tro-
phoblasts from women with NP and RPL.
Foxp3 gene and protein expression was sig-
nificantly lower in the villi from patients who
suffered from recurrent pregnancy loss (RPL)
versus that in the normal pregnant (NP) sub-
jects. (A) The mRNA levels of Foxp3 were de-
creased in the RPL group (n = 16) compared
with that in the NP group (n = 28). β-Actin was
used as an internal reference. Data are presented
as the mean ± SEM. *P＜0.05. (B, C) Foxp3
protein expression was detected by Western blot
and GAPDH was used as a loading control. Data
are presented as the mean ± SEM. *P < 0.05.
(D, E) Lower Foxp3 expression in the cyto-
trophoblasts and the cell columns in RPL com-
pared with that in NP according to the data of
immunohistochemistry. Magnification:× 100 in
D;× 200 in E.

X. Hu, et al. Placenta 81 (2019) 1–8

6



in the cytotrophoblasts and cell columns. These findings suggest that
Foxp3 expression in trophoblasts may participate in trophoblast inva-
sion and placental development. Besides, the abnormal Foxp3 expres-
sion might be associated with the dysregulated immune homeostasis in
RPL patients. These issues need further investigation.

Foxp3 has been identified as a marker of CD4+CD25+ regulatory T
(Treg) cells and is the key determinant of their immunomodulation
functions. In normal pregnancy, Treg cells play the key role in the in-
duction of tolerance to fetal antigens [26]. Considering the potent im-
munosuppressive function of Foxp3 in Treg cells, Foxp3 expressed in
trophoblasts may have immunosuppressive effects similar to Treg cells
and mimicking the functions of Treg cells may represent a novel me-
chanism of maternal-fetal tolerance. Mia Kim and colleagues have ob-
served that the expression of Foxp3 in the colorectal cancer cells was
significantly correlated with that of IL-10 and TGF-β, which are the key
cytokines that help tumor cells to evade immune response [27]. Inter-
estingly, IL-10 is also expressed in trophoblast cells that prevent ma-
ternal immunity attack [28,29]. However, it is not clear whether Foxp3
expression is directly attributed to the IL-10 secretion by trophoblasts.
Moreover, a successful pregnancy involves a complex cross-talk be-
tween the fetal trophoblasts and maternal decidual immune cells that
enable in utero development of the embryo and fetus. Trophoblasts act
as a conductor that can educate the decidual immune cells that de-
termine specialized composition and function of the maternal immune
cells. Thus, the uterine environment is modulated to sustain a successful
pregnancy [30]. It is not known whether the Foxp3 expression is as-
sociated with the “education” ability of trophoblasts. In fact, the pro-
liferation of anti-CD3/anti-CD28-stimulated T cells can be strongly in-
hibited by the Foxp3-expressing pancreatic cancer cells [31]. Moreover,
coculture of Foxp3-expressing melanoma cells with CD4+CD25− T cells
led to strong Foxp3-dependent inhibition of T-cell proliferation [32].
Therefore, Foxp3 expressed in trophoblasts may participate in the de-
velopment and maintenance of maternal immune tolerance.

Further studies are needed to define the exact function of Foxp3 in
normal and aberrant proliferation, invasion and differentiation of tro-
phoblasts and to delineate the role of Foxp3 expressed in trophoblasts
in the placental development and successful pregnancy. Moreover,
Foxp3 cannot be considered a direct therapeutic target because of its
crucial role in regulation of autoimmunity. Therefore, the molecules

that regulate Foxp3 expression in trophoblasts rather than that in the
Treg cells should be identified. The molecules regulating Foxp3 ex-
pression may provide a strategy for development of potential ther-
apeutic targets other than Foxp3 itself.

In summary, we demonstrate for the first time that in addition to the
Treg cells, Foxp3 is also expressed in human trophoblasts. Moreover,
abnormal Foxp3 expression in trophoblasts may be associated with
occurrence of RPL.
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