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ORIGINAL ARTICLE

Evaluation of CD4þCD25þFOXP3þ regulatory T cells and FOXP3 mRNA in
premature ovarian insufficiency

J. Xiong, R. Tan, W. Wang, H. Wang, D. Pu and J. Wu

State Key Laboratory of Reproductive Medicine, Department of Obstetrics and Gynecology, The First Affiliated Hospital of Nanjing Medical
University, Nanjing, China

ABSTRACT
Objective: T cell-mediated injury plays an important role in the pathogenesis of autoimmune prema-
ture ovarian insufficiency (POI). The purpose of this study was to assess the percentage of
CD4þCD25þFOXP3þ regulatory T (Treg) cells and the level of forkhead box protein 3 (FOXP3) mRNA
expression in POI patients.
Methods: The case–control study compared 30 POI patients with 30 healthy subjects. Peripheral blood
mononuclear cells were collected. The percentage of CD4þCD25þFOXP3þ Treg cells was measured by
flow cytometry using specific monoclonal antibodies recognizing the CD4þ, CD25þ, and FOXP3þ

markers. FOXP3 gene expression was evaluated by real-time polymerase chain reaction. In addition,
the levels of transforming growth factor-b1 (TGF-b1), interferon-c (IFN-c), and adrenal cortex autoanti-
body (AAA) were determined by enzyme-linked immunosorbent assay.
Results: The percentage of CD4þCD25þFOXP3þ Treg cells and the level of FOXP3 mRNA expression
were significantly decreased in the POI patients compared with the control subjects. Moreover, the
women with POI showed significantly increased levels of IFN-c and AAA but reduced levels of TGF-b1.
Conclusions: Our study suggested that POI may be associated with an abrogated function of circulat-
ing CD4þCD25þFOXP3þ Treg cells and a decreased level of FOXP3 gene expression. However, these
results require further investigation.
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Introduction

Premature ovarian insufficiency (POI) is clinically defined as
4–6months of amenorrhea with elevated gonadotropins and
low estrogen levels, and POI affects approximately 1% of
women before the age of 40 years. It presents a highly het-
erogeneous clinical phenotype and etiology. Genetic, iatro-
genic, and autoimmune factors are potential causes of POI1.
Autoimmunity is responsible for approximately 4–30% of POI
cases. Accumulative evidence indicates that POI is associated
with alterations in cellular immunity and humoral immunity.
These alterations may include abnormal T and B lymphocyte
activation2, disruptions in cytokines3, and the production of
various autoantibodies, such as adrenal cortex autoantibody
(AAA)4. The prevalence of associated clinical autoimmune
diseases in POI patients varies between 10 and 55%, with
thyroid disorders representing the most common of these
diseases, being detected in 12–40% of patients5. The histo-
pathological analysis of ovaries from women with POI reveals
the infiltration of CD4þ and CD8þ T lymphocytes and plasma
cells into the theca interna and externa layers of the follicle
and within the corpus luteum, and, occasionally, the granu-
losa cell layer is also involved6. However, the contribution of
autoimmune deregulation to the pathogenesis of ovarian fol-
licle depletion and dysfunction remains elusive.

Studies have elucidated the role of the regulatory T (Treg)
cell and transcription factor forkhead box protein 3 (FOXP3)
in countless autoimmune diseases, such as autoimmune thy-
roiditis, type I diabetes mellitus, multiple sclerosis, myasthe-
nia gravis, systemic lupus erythematosus, and X-linked (IPEX)
syndrome7–9. FOXP3 is an essential molecular marker of Treg
cells10 and is functionally important for Treg cell function
because transgenic FOXP3 expression endows T cells with
immune suppressive activity11,12. In addition, FOXP3 deletion
leads to the aberrant activation of immune function and sys-
temic autoimmunity13.

Little is known about the possible role of Treg cells in
POI. Experimental studies in animals have shown that day-3
thymectomized mice develop autoimmune oophoritis charac-
terized by the rapid loss of oocytes with the infiltration of
lymphocytes and circulating anti-oocyte antibodies14, and
that polyclonal Treg cells from antigen-positive donors sup-
press ovarian autoimmune disease15. Recently, Kobayashi
et al.16 found that the number of CD4þ T cells or
CD4þCD69þ T cells was significantly higher and that the
number of effector Treg cells was significantly lower in POI
patients. However, the association between Treg cell subpo-
pulations and POI has not been well studied. Moreover,
FOXP3 gene expression in POI patients has not been deter-
mined. Therefore, the aim of our present study was to
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examine the levels of CD4þCD25þFOXP3þ Treg cells and
FOXP3 mRNA in the peripheral blood of patients with POI.

Methods

Subjects

A total of 30 Chinese POI patients and 30 age-matched
healthy women were recruited from the First Affiliated
Hospital of Nanjing Medical University. Inclusion criteria were
the cessation of secondary menses for at least 4months
before the age of 40 years, together with follicle stimulating
hormone (FSH) plasma levels >25 IU/ml on two occasions at
least 1month apart. Control individuals were younger than
40 years of age with normal menstrual cycles, proven fertility,
and normal FSH levels and without a history of subfertility
treatment or autoimmune disease. Women with chromo-
somal abnormalities or a clinical record of pelvic surgery,
radiotherapy, or chemotherapy were excluded. All POI
patients were prescribed with hormone replacement therapy
(HRT) (2mg 17b-estradiol daily, sequentially combined in one
tablet with 10mg dydrogesterone for 14 days per 28-day
cycle). After 3 months of treatment, the peripheral blood of
POI patients was collected on the 2nd to 5th day of bleed-
ing. This study was approved by the Ethics Committee of the
First Affiliated Hospital of Nanjing Medical University. All par-
ticipants signed informed written consent forms.

Flow cytometry analysis of Treg cells

To determine the percentage of CD4þCD25þFOXP3þ Treg
cell populations in the peripheral blood, flow cytometry was
performed using anti-human CD4, CD25, and FOXP3 mono-
clonal antibodies. Erythrocytes were lysed in ammonium
chloride buffer, and the remaining living cells were washed
three times and resuspended in phosphate-buffered saline.
Cells were incubated with normal rat serum for 30min at
room temperature and then in a mixture of anti-human CD4
fluorescein isothiocyanate and anti-human CD25 allophyco-
cyanin (eBioscience, Thermo Fisher Scientific, USA) at 4 �C for
30min in the dark. After the cells were permeabilized, anti-
human FOXP3 phycoerythrin (eBioscience, Thermo Fisher
Scientific, USA) was added to the cell suspension, and the
cells were analyzed using BD FACSVerse (BD Biosciences).

Quantitative RT-PCR analysis of FOXP3 mRNA

Total RNA was extracted from cultured cells using TRIzol
reagent (Takara, Shiga, Japan) according to the manufac-
turer’s instructions. Complementary DNA was synthesized
from 2mg of total RNA using random primers and
Superscript II Reverse Transcriptase (Takara) in 20-ml reaction
volumes. Quantitative real-time polymerase chain reaction
(PCR) was performed with an Applied Biosystems Step One
real-time PCR system using QuantiTect SYBR Green PCR kits
(Takara). Expression levels were normalized against U6 or
glyceraldehyde 3-phosphate dehydrogenase expression. The
2–DDCt method was used to analyze relative mRNA

expression. RNA samples were prepared in three independ-
ent experiments.

Evaluation of TGF-b1, IFN-c, and AAA

Cytokines transforming growth factor-b1 (TGF-b1), interferon-
c (IFN-c), and AAA in the serum were evaluated using spe-
cific enzyme-linked immunosorbent assay kits (Proteintech
Group, Inc., USA) according to the manufacturer’s instruc-
tions. Briefly, sera were diluted properly with the provided
sample buffer, and 100-ll aliquots were assayed in a 96-well
plate format. After incubation with diluted goat anti-human
IgG (heavy and light chain)–horseradish peroxidase conju-
gate (1�), the antibodies were detected by the addition of
chromogenic substrate (3,30,5,50-tetramentylbenzidine). The
absorbance at 450 nm was measured using an automatic
microplate reader (BioTek Synergy2, BioTek, USA). The meas-
urement of each sample was repeated two times to obtain
an average value. The intra-assay and inter-assay coefficients
of variation were less than 10%.

Statistical analysis

Statistical analysis was performed using SPSS version 22.0
(IBM Corp., USA). The mean± standard error and the median
(interquartile range) were used to describe normal and non-
normal distribution, respectively. The Shapiro–Wilk test was
used to check the normal distribution of quantitative varia-
bles. The differences between the groups were determined
by Student’s t test or the Mann–Whitney test, where applic-
able. All results were considered statistically significant
at p< 0.05.

Results

Clinical characteristics

Clinical characteristics of POI patients and control women are
presented in Table 1. There were no statistical differences in
age and body mass index between the two groups. The lev-
els of serum FSH and luteinizing hormone in POI patients
were significantly elevated (both p< 0.01). On the other
hand, the level of 17b-estradiol did not significantly differ
between POI patients and controls. In the present study,
20% of POI patients were positive for anti-thyroperoxidase
antibodies (anti-TPO) and/or anti-thyroglobulin antibodies

Table 1. Baseline characteristics of POI patients and control subjects.

Variable POI (N¼ 30) Control (N¼ 30) p-Value

Age (years) 26.50 ± 1.02 27.07 ± 1.04 0.70
BMI (kg/m2) 21.17 ± 0.29 21.60 ± 0.26 0.28
FSH (IU/l) 71.26 ± 5.40 7.08 ± 0.10 0.00
LH (IU/l) 23.75 ± 1.80 4.71 ± 0.08 0.00
E2 (pmol/l) 195.48 ± 6.71 206.01 ± 6.62 0.27
TPOAb and/or TgAb 6 (20%) 0 (0%) NA

Data are given as mean ± standard error or n (%). BMI, body mass index; E2,
17b-estradiol; FSH, follicle stimulating hormone; LH, luteinizing hormone; NA,
not applicable; POI, premature ovarian insufficiency; TPOAb, anti-thyroperoxi-
dase antibody; TgAb, anti-thyroglobulin antibody.
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(anti-TG), while none of the controls were with positive anti-
TPO and/or anti-TG.

Analysis of CD41CD251FOXP31 Treg cells

The gating strategies for the Treg cell subsets are shown in
Figure 1(A–C). The positive staining of the CD4, CD25, and
FOXP3 Treg cell subpopulations corresponded to the effector
Treg levels. The median percentage (interquartile range) of
effector Treg cells in CD4þ cells in the peripheral blood of
the POI patients and control women was 1.52 (0.96–2.06)
and 3.91 (2.85–4.40), respectively, and this difference was
statistically significant (p< 0.001, Figure 1(D)).

Analysis of the FOXP3 mRNA level

FOXP3 gene expression is closely related to the development
and function of most Treg cells. Figure 2 shows that the
expression of FOXP3 mRNA was significantly decreased in
the POI patients compared with the controls (p< 0.001). The
median percentage (interquartile range) was 0.45 (0.31–0.72)
and 0.99 (0.66–1.32), respectively.

Evaluations of cytokines TGF-b1, IFN-c, and AAA

The level of TGF-b1 was significantly decreased (15.03 ± 1.13
vs. 18.49 ± 1.00, p< 0.05), and the values for IFN-c (23.41
[17.97–32.79] vs. 16.39 [9.85–23.71], p< 0.001) and AAA
(62.68 ± 1.44 vs. 45.69 ± 1.93, p< 0.001) were significantly
increased in the serum of the POI patients compared to the
serum of the control subjects (Figure 3).

Discussion

The results of the present study showed a significant
decrease in the frequency of CD4þCD25þFOXP3þ Treg cells
in the POI patients as well as reduced expression of FOXP3
mRNA, which may be associated with the insufficiency of the
CD4þCD25þ Treg cell immune suppressive function in
women with POI. These findings strongly suggest that POI is
associated with the disruption of circulating Treg cells.

POI is a complex disorder that is associated with a highly
heterogeneous clinical phenotype and etiology.
Autoimmunity may be the pathogenic mechanism in 4–30%
of POI cases, as evidenced by the presence of anti-ovarian
autoantibodies, autoimmune lymphocytic oophoritis, or any
other associated autoimmune disorders17–19.

Figure 1. Gating strategies for T cell and regulatory T (Treg) cell subsets: (A) lymphocytes in the peripheral blood were gated according to forward-scatter (FSC)
and side-scatter (SSC) parameters; (B) the CD4þ cell subpopulation among the lymphocyte population was chosen; and (C) CD4þCD25þFOXP3þ Treg cells were
gated. APC, allophycocyanin; FITC, fluorescein isothiocyanate; PE, phycoerythrin. (D) Analysis of the proportion of CD4þCD25þFOXP3þ Treg cells in the peripheral
blood of premature ovarian insufficiency (POI) patients and control subjects. Compared to that of the controls, the percentage of CD25þFOXP3þ Treg cells in the
CD4þ cell subpopulation was significantly decreased in the POI patients. The horizontal bars represent medians. ��p< 0.001.

CLIMACTERIC 3



Bats et al.2 reported the observation of a dense infiltration
of activated T lymphocytes in POI patients, which was very
similar to findings in murine models of autoimmune oophor-
itis14. Some studies have been shown that POI patients have
a low number of CD8þCD57þ T cells (cytotoxic T lympho-
cytes), an increased CD4þ T cell count, and an increased
CD4þ/CD8þ ratio20,21. However, other studies have reported
that the CD4þ/CD8þ ratio in POI patients is unchanged22 or
decreased23. Although these findings are contradictory, the
data support the important role of T cell-mediated injury in
the pathogenesis of autoimmune POI. Treg cells are a speci-
alized subset of T cells that induce the suppression of the
immune response to pathogenic agents as well as non-infec-
tious targets. In patients with IPEX syndrome, Treg dysfunc-
tion causes several autoimmune disorders, including POI24.
The high expression of CD25 and CD4 surface markers has
classically been used for the identification of Treg cells. A
reduced number of CD4þCD25þhigh Treg cells in the periph-
eral blood of POI patients has been revealed25. A recent
study showed that the frequency of effector Treg cells
among CD4þFOXP3þ T cells, but not the frequencies of naive
Treg cells or FOXP3þ effector T cells, was significantly lower
in POI patients than in control subjects16. In agreement with

the aforementioned studies, the present study confirmed a
significant decrease in the percentage of CD4þCD25þ

FOXP3þ Treg cells in POI patients.
The FOXP3 gene is primarily expressed in CD4þCD25þ

Treg cells in normal physiological conditions; FOXP3 regu-
lates the activation of Treg cells and is an analytical bio-
marker of autoimmune activity. The double role of FOXP3 as
a transcriptional repressor and activator has been demon-
strated10. The literature indicates that polymorphisms in the
FOXP3 gene may change FOXP3 functionally or quantita-
tively, therefore leading to the lack of functional CD4þCD25þ

Treg cells, resulting in various autoimmune diseases9, includ-
ing recurrent idiopathic abortion26 and endometriosis27. The
results of the present study showed for the first time that
the mRNA levels of the FOXP3 transcriptional factor are sig-
nificantly decreased in the peripheral blood of POI patients,
which may result in the insufficiency of the CD4þCD25þ Treg
cell immune suppressive function.

The anti-inflammatory cytokine TGF-b induces the prolifer-
ation of Treg cells and the differentiation of initial T cells
into Treg cells and maintains the expression level and
immunosuppressive activity of FOXP3. TGF-b sustains regula-
tory networks through the modulation of FOXP3 expression
and development of ectopic Treg cells28. In the case of an
immunological abnormality, more pro-inflammatory cytokine
IFN-c molecules are secreted by type 1 T helper cells; how-
ever, Treg cells inhibit the proliferation of type 1 T helper
cells, thereby inhibiting the production of IFN-c and main-
taining immune tolerance29. In the present study, the POI
patients had lower levels of TGF-b1 than the controls and
increased IFN-c levels compared to those of the controls,
which may be attributable to the decreased frequency of
CD4þCD25þFOXP3þ Treg cells and FOXP3 gene expression in
the peripheral blood of women with POI. Thyroid auto-
immunity is the most commonly associated endocrine auto-
immune abnormality reported in POI patients (25–60%)30.
Moreover, 20% of women with POI were positive for anti-
TPO and/or anti-TG in the present study. The ovary is a com-
mon target of autoimmune attack in organ-specific and sys-
temic autoimmune diseases, and positivity for circulating
autoantibodies against ovarian tissue has been demonstrated

Figure 2. Analysis of FOXP3 mRNA levels in the peripheral blood of premature
ovarian insufficiency (POI) patients and control subjects. The expression of
FOXP3 mRNA significantly decreased in the POI patients compared with the
controls. The horizontal bars represent medians. ��p< 0.001.

Figure 3. Evaluations of cytokines transforming growth factor-b1 (TGF-b1), interferon-c (IFN-c), and adrenal cortex autoantibody (AAA). The levels of (A) TGF-b1,
(B) IFN-c, and (C) AAA in the peripheral blood of the premature ovarian insufficiency (POI) patients and controls. The level of TGF-b1 was significantly decreased,
whereas the values of IFN-c and AAA were significantly increased in the serum of POI patients compared to the serum of the control subjects. The horizontal bars
represent means (A and C) and medians (B), respectively. �p< 0.05, ��p< 0.001.
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in women with POI, at an incidence of 30–67% of patients17.
Moreover, it has been reported that all women identified
with histological evidence of autoimmune oophoritis by
ovarian biopsy are positive for AAA31. Therefore, AAA is con-
sidered the best marker of POI associated with steroid cell
autoimmunity4. Consistent with the findings of previous
reports, the levels of AAA were significantly increased in the
POI patients compared with the controls. Thus, while a spe-
cific non-invasive reliable diagnostic test for ovarian auto-
immunity is still unavailable, patients should be tested for
thyroid, adrenal, and ovarian autoantibodies.

The function and frequency of Treg cells may be regu-
lated by progesterone and 17b-estradiol32, and these cells
may be influenced by hormonal changes during the course
of the menstrual cycle33. In the present study, all POI
patients were treated with the same HRT to keep their hor-
monal levels steady, and peripheral blood was collected
exclusively on the 2nd to 5th day of bleeding. Therefore, the
hormonal effects on Treg cells, the expression of FOXP3, and
the levels of cytokines were minimized in the two groups.

The small sample size was the primary limitation in our
study. Kobayashi et al.16 revealed that more than half of the
POI patients were positive for thyroglobulin antibody, and
the frequency of effector Treg cells negatively correlated
with the thyroglobulin antibody titer. However, the percent-
age of Treg cells and the expression of FOXP3 mRNA were
not significantly different between POI patients with and
without positive anti-TPO and/or anti-TG in the present study
(data not shown), possibly because only six POI patients with
positive anti-TPO and/or anti-TG were recruited in our study.
Additionally, studies have demonstrated that HRT partially
reverses the deleterious effects of aging on the immune sys-
tem34, and HRT increased the percentage of Treg cells com-
pared to non-HRT users35. However, little is known about the
immune status of POI women receiving HRT. We will perform
some work to study the mechanisms of Treg cells, including
FOXP3, and POI pathogenesis. Importantly, the presented
results require further studies on a larger sample size
for validation.

Conclusions

Our results revealed decreases in the proportions of
CD4þCD25þFOXP3þ Treg cells in the peripheral blood of POI
patients, as well as the reduced expression of FOXP3 mRNA.
These observations suggested that POI is associated with
activated cellular immune responses. Further studies are war-
ranted to elucidate changes during the progression of POI
and the underlying mechanisms of autoimmune POI.
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