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Unlike T cells in other tissues, uterine T cells must balance strong immune defense against pathogens with tolerance to semi-
allogeneic fetus. Our previous study fully elucidated the characteristics of γδT cells in nonpregnant uterus and the mechanism
modulated by estrogen. However, comprehensive knowledge of the immunological properties of αβT (including CD4+T cells and
CD8+T) cells in nonpregnancy uterus has not been acquired. In this study, we fully compared the immunological properties of αβT
cells between uterus and blood using mouse and human sample. It showed that most of CD4+T cells and CD8+T cells in murine
uterus and human endometrium were tissue resident memory T cells which highly expressed tissue residence markers CD69
and/or CD103. In addition, both CD4+T cells and CD8+T cells in uterus highly expressed inhibitory molecular PD-1 and cytokine
IFN-γ. Uterine CD4+T cells highly expressed IL-17 and modulated by transcription factor pSTAT3. Moreover, we compared the
similarities and differences between human and murine uterine T cell phenotype. Together, uterine CD4+T cells and CD8+ cells
exhibited a unique mixed signature of T cell dysfunction, activation, and effector function which enabled them to balance strong
immune defense against pathogens with tolerance to fetus. Our study fully elucidated the unique immunologic properties of uterine
CD4+T and CD8+T cells and provided a base for further investigation of functions.

1. Introduction

According to the constitution of T cell receptor (TCR), T cells
can be divided into αβT cells and γδT cells. αβT cells are the
major T cell subsets of immune system and most mature αβT
cells were CD4+ or CD8+ single positive cells [1, 2]. When
encounter the pathogen, antigen-specific T cells are activated,
proliferate, and expand extensively. Most effector T cells
undergo apoptosis in the contraction phase of the response.
However, a minor fraction will eventually differentiate into
memory T cells which could be parsed into effector memory
T cells (TEM), central memory T cells (TCM) or tissue resident
memory T (TRM) cells according to their homing characteris-
tics and effector functions. Different from circulating T cells
which survey the blood and lymph for pathogens, TRM cells do
not recirculate and persist in peripheral tissues in the long term.

TRM population have been detected in many tissues such as
reproductive tract, skin, and small intestine and play critical
roles in local immunity [3–6].

Compared with other mucosal surfaces, uterine mucosal
immune system is quite unique because it must balance strong
immune defense against pathogens with tolerance to semiallo-
geneic fetus. The nonpregnant endometrium contains a well-
marked number of lymphocytes, mainly T cells (6%–60%) and
NK cells (25%–85%), which constantly change during the men-
strual cycle. Immune cells in endometrium appear as lymphoid
aggregates surrounded by a core of B cells and lined by CD8+T
cells and macrophages. Dysfunctions of endometrial or decidual
immune cells are reported to be closely related with infertility,
miscarriage, and other pregnant complications [7–9].

Our previous study [10, 11] fully elucidated the pheno-
typic and functional properties of uterine γδT cells and found
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that γδT cells were greatly enriched in human and murine
uterus which abundantly expressed IL-17 and were the main
source of IL-17 in uterus. Furthermore, estrogen could fur-
ther stimulate the production of IL-17 through promoting
the expression of transcription factor IRF-4 and migration to
uterus of γδT cells. Following previous studies, here, we fully
elucidated the immunology characteristics of uterine CD4+T
and CD8+T cells. Our study provided a base for further
investigation on the role of uterine T cells in the development
of autoimmune diseases in women.

2. Materials and Methods

2.1. Subjects and Samples. Peripheral blood and endometrium
tissues were collected from 20 patients (age 32–49 years old)
with uterine prolapse who underwent hysterectomy at Third
Affiliated Hospital of Sun Yat-sen University. Patients who
had been previously diagnosed with HIV, hepatitis B, or hep-
atitis C, cancer, endometritis, endometrial polyps, uterine
fibroids or who had a history of autoimmune diseases or
immune deficiency were ruled out of the study. The experi-
mental protocol was approved by the ethics committee of
Changsha Medical University. Informed consents were
obtained from all patients before sample collection.

2.2. Animals. Aged 6–8 weeks female C57BL/6 mice were pur-
chased from the Laboratory Animal Center of Sun Yat-sen
University and reared under specific pathogen-free conditions.
Mice were matched for age and weight in each experiment. All
animal studies approved and supervised by the ethics commit-
tee of Changsha Medical University.

2.3. Cell Isolation. As previously described [10], cardiac per-
fusion was used to remove blood in uterus. Murine uterus
and human endometrium were cut into 1–2mm3 pieces and
then transferred to 5–10mL digestion medium which con-
tained 2mg/mL collagenase I (Sigma–Aldrich, USA) and
10mg/mL DNase I (Sigma–Aldrich, USA) in RPMI-1640
for 1 hr at 37°C in a shaker. The digested samples were filtered
through a 100-μm cell strainer (BD Bioscience, USA). Percoll
(GE Healthcare, USA) density gradient centrifugation were
used to further isolate lymphocytes in uterus and washed
twice with complete RPMI-1640 medium. Finally, cells were
counted and suspended at 1 × 106 cells/mL in complete
RPMI-1640 medium.

Blood was obtained through eye socket bleeding. Diluted
blood was loaded onto Ficoll–Hypaque (Tianjin HaoYang
Biological Manufacture, China) and isolated by density gra-
dient centrifugation according to manufacture protocol. The
cells were counted and suspended at 1× 106 cells/mL in com-
plete RPMI-1640 medium.

2.4. Cell Culture. For cytokines and transcription factors
staining, isolated cells above were stimulated for 6 hr with
20 ng/mL PMA (Sigma–Aldrich) plus 1 μg/mL Ionomycin
(Sigma–Aldrich) in the existence of 10 μg/mL brefeldin A
(Sigma–Aldrich) at 37°C with 5% CO2.

2.5. mAbs. The following antimouse mAbs were purchased
from BD Bioscience: PE-CF594-labeled anti-CD3 (clone:

145-2C11), anti-PD-1(clone: J43); FITC-labeled anti-CD3
(clone: 145-2C11), anti-γδT (clone: GL3), anti-CD107a (clone:
1D4B), anti-CD4 (clone: H129.19); APC labeled anti-CD8
(clone: 53-6.7), anti-IFN-γ (clone: XMG1.2), anti-CD4 (clone:
RM4-5), anti-CD25 (clone: PC61), anti-TNF-α (clone: MP6-
XT22), anti-LAG-3 (clone: C9B7W); PE-labeled anti-IL-17
(clone: TC11-18H10), anti-CD103 (clone: M290), anti-TIM-3
(clone: RMT3-23), anti-CTLA-4 (clone:UC10-4F10-11), anti-
CXCR3 (clone: CXCR3-173), anti-CCR5 (clone:C34-3448),
anti-RORγt (clone: Q31-378), anti-pSTAT3 (clone: 4/P-
STAT3); Percp-cy5.5-labeled anti-CD8 (clone: 53-6.7), anti-
CD27 (clone: LG.3A10), anti- CD44 (clone: IM7); PE-cy7
labeled anti-CD69 (clone: H1.2F3), anti-IFN-γ (clone:
XMG1.2); and Apc-cy7-labeled anti-IL-17 (clone: TC11-
18H10). The following antimouse mAbs were purchased from
biolegend: PE-labeled anti-GranzymeB (clone: QA16A02), anti-
CX3CR1 (clone: QA16A03); PE-cy7-labeled anti-CD103 (clo-
ne:2E7), anti-CCR2 (clone: SA203G11), anti-CCR4 (clone:
2G12), and anti-CCR6 (clone: 29-2L17).

The following antihuman mAbs were purchased from BD
Bioscience: PE-CF594-labeled anti-CD3 (clone: UCHT1); FITC-
labeled anti-CD4 (clone: M-T47), anti-IFN-γ (clone: B27); PE-
labeled anti-CD103 (clone: Ber-ACT8), anti-IL-17 (clone:
SCPL1362); Percp-cy5.5-labeled anti-CD8 (clone: SK1); Alexa
Fluor 700-labeled anti-CD45RO (clone: UCHL1); and PE-cy7-
labeled anti-CD69 (clone: FN50).

2.6. Flow Cytometry. As previously described [12], cells were
washed with PBS buffer containing 0.1% BSA and 0.05%
sodium azide, and finally suspended in 100 μL staining buffer.
For phenotyping, cells were stained with respective mAbs in the
dark for 30min at 4°C. For staining of intracellular cytokines,
cells after staining for the phenotypes described above were fixed
with 4% paraformaldehyde for 8min and then permeabilized
with PBS buffer which contained 0.1% saponin, 0.1% BSA and
0.05% NaN3 overnight at 4°C or room temperature for 2hr.
Cells were washed twice and stained with corresponding
mAbs in dark for 30min. For the staining of transcription fac-
tors, cells after staining for the phenotypes described above were
fixed and permeabilized with permeabilization/fixation buffer
(BD Bioscience, USA) according to manufacture protocol, and
then stained with indicated cytokines and transcription factors
mAbs. Cells were assayed by FACS Aria II (BD Bioscience,
USA). The flow cytometry data were analyzed with FlowJo10
(Tree Star, USA).

2.7. Statistical Analysis. All statistical analysis was performed
with GraphPad Prism6 (USA). Unpaired Student’s t-test was
used to compare two groups. Data were presented as the
meanÆ standard error of mean (SEM). NS, no significance;
∗P<0:05; ∗∗P<0:01; ∗∗∗P<0:001; ∗∗∗∗P<0:0001.

3. Results

3.1. There Were Striking Differences in the Subsets of T Cells
in Uterus and Blood. Cells isolated from uterus and blood were
stained with anti-CD3, anti-CD4, anti-CD8, and detected by
flow cytometry to investigate the percentages of T cell subsets.
The gating strategy showed that live and single-celled CD3+T
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cells were gated (Figure 1(a)). The results showed that the pro-
portion of CD3+T cells was significantly lower in uterus than
that in blood. Further analysis of the percentages of three subsets
of T cells, namely γδT cells, CD4+ T cells, and CD8+ T cells,
found that the percentages of γδT cells (35.2%) was markedly
higher than that in blood (3.03%, P<0:0001). By contrast, the
proportion of CD4+T cells in uterus (27.4%) was much lower
than in blood (69.2%, P<0:0001). No difference was observed
in the proportion of CD8+T cells from uterus and blood
(Figures 1(a) and 1(b)).

3.2. Most of CD4+T Cells and CD8+T Cells in Uterus Were
Tissue Resident Memory T Cells. T cells may have a unique
phenotype, chemokine receptors, and cytokine expressions,
representing the diversity of its function. To identify the phe-
notype of CD4+T cells and CD8+T cells in uterus, we ana-
lyzed the expression of molecules associated with memory
differentiation (CD44), tissue residency (CD69 and CD103),
activation (CD25), and costimulation (CD27) by FACS. The
results showed that about half of the CD4+T cells and CD8+T
cells were memory T cells which highly expressed CD44.
Uterine CD4+T cells and CD8+T cells expressed obviously
higher levels of CD69 and CD103 than that of blood. By
contrast, the expression of CD27 on CD4+T cells and
CD8+T cells from uterus was clearly lower than that from
blood, and the levels of CD25 on CD4+T cells and CD8+T
cells had no statistical significance between uterus and blood
(Figure 2(a)–2(d)). Numerous experiments have confirmed
and characterized TRM phenotype cells expressing CD69
and/or CD103 using both mouse and human samples.
CD69 is expressed by most of CD4+ and CD8+ TRM cells,
whereas CD103 is only expressed by certain subsets of CD8+

TRM cells [5]. Here, we used putative TRM markers CD69 and
CD103 to define them. Gated on uterine CD44+ memory T
cells, 61.3% CD4+T and 77.4% CD8+T cells in uterus were
TRM cells and could be classified into three groups according
to the expression of CD69 and CD103: CD69+CD103+,
CD69+CD103−, or CD69−CD103+. Taken together, these
data suggested that a significant portion of CD4+T cells and
CD8+T cells in uterus were TRM cells.

3.3. CD4+T Cells and CD8+T Cells in Uterus Had a Distinct
Profile of Chemokine Receptors Expressions. T cells in differ-
ent tissues have a distinct profile of chemokine receptors
expressions, indicating different migration patterns of lym-
phocytes to lymphoid and nonlymphoid tissues. We further
investigated the profile of chemokine receptors expression in
uterine CD4+T cells and CD8+T. It found that uterine CD4+T
cells expressed slightly higher levels of CCR2, CCR4, CCR6,
CX3CR1, and CXCR2, whereas expressed lower levels of
CXCR3 than of blood. The expression of CCR5 and CCR8
was not statistically different (Figures 3(a) and 3(b)). Further
analysis found that the expression of CCR2, CCR4, CCR5,
CCR6, and CXCR2 on uterine CD8+T cells was a little higher
than that of blood, whereas the expression level of CXCR3was
lower than of blood. The levels of CCR8 and CX3CR1 on
CD8+T cells had no statistical significance between uterus
and blood (Figures 3(c) and 3(d)).

3.4. Uterine CD4+T Cells and CD8+T Cells Expressed
Markedly Higher Levels of PD-1 than in Blood, but Not
Other Inhibitory Receptors. T cell dysfunction has been con-
firmed in various cancers and chronic infections. Dysfunctional
T cells lose the ability to robustly response to pathogens, and
often express multiple and high levels of inhibitory receptors
(such as, PD-1, LAG-3, CTLA-4, and TIM-3) [13]. Here, we
found that 34.3% uterine CD4+T cells expressed PD-1,markedly
higher than that in blood (0.83%, P<0:0001) (Figures 4(a), and
4(b)). Meanwhile, uterine CD8+T cells (39.2%) expressed greatly
higher PD-1 than that of blood (1.00%, P<0:001) (Figures 4(c)
and 4(d)). Both uterine CD4+T cells and CD8+T cells and blood
expressed minimal levels of CTLA-4, LAG-3, and TIM-3
(Figure 4(a)–4(d)).

3.5. Uterine CD4+T and CD8+T Cells Had the Capacity to
Produce Effector Molecules. The expression of cytotoxic mole-
cules Granzyme B and CD107a were assessed by FACS to
determine the killing ability of CD4+T and CD8+T cells
from uterus and blood. The results indicated that uterine
CD4+T cells (13.8%) expressed higher levels of Granzyme B
than blood (1.45%, P<0:01), and there was no statistically
significant difference in CD107a expression (Figure 5(a).
Moreover, uterine CD8+T cells expressed higher levels of
Granzyme B and CD107a than in blood (Figure 5(b)). To
further confirm the ability to produce cytokines, isolated cells
were stimulated with or without PMA and Ionomycin in the
existence of BFA for 6 hr and then checked for the expression
of IFN-γ by flow cytometry. The results demonstrated that
compared with blood, uterine CD4+T cells and CD8+T cells
expressed higher levels of IFN-γ (Figures 5(c) and 5(d)). Over-
all, compared with blood, CD4+T cells and CD8+T cells in
uterus had greater cytotoxic activity and IFN-γ expression.

3.6. Uterine CD4+T Cells Highly Expressed IL-17 and
Modulated by Transcription Factor pSTAT3. To evaluate
the expression of IL-17, cells isolated from uterus and blood
were stimulated with or without PMA and Ionomycin for 6hr
in the existence of BFA. It showed that the frequencies of uterine
CD4+T cells expressing IL-17 were significantly higher (12.9%)
than that of blood (2.10%, P<0:01) (Figure 6(a)). To explore the
mechanism modulating the expression of IL-17 by uterine
CD4+T cells, we evaluated the expression of RORγt and pSTAT3
which were key transcription factor modulating IL-17 produc-
tion. The data showed that uterine CD4+T cells expressed higher
levels of transcription factor RORγt and pSTAT3, especially
pSTAT3, than in blood (Figures 6(b) and 6(c)). Different from
uterine γδT cells which stable expressed RORγt (88.6%), CD4+T
cells in uterus showed much less expression of it (37.4%,
P<0:0001) (Figure 6(d)). Conversely, uterine CD4+T cells
expressed pSTAT3 abundantly (Figure 6(e)).

3.7. The Similarities and Differences between Human and
Murine Uterine T Cell Phenotype. Numerous study points
to TRM cells play a critical role in local tissue immunity.
However, much of this knowledge comes from murine
researches. Little is known about TRM cells in human endo-
metrium due to a variety of biological variables such as hor-
monal changes, sexual activity, and age which can influence
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FIGURE 1: The proportion of different subsets of T cells in uterus and blood. Cells isolated from uterus and blood were stained with anti-CD3,
anti-CD4, anti-CD8, and anti-γδT mAb and detected the percentages of three subsets of T cells using flow cytometry. Live and single-celled
CD3+T cells were gated and subsequently analyzed the percentages of CD4+T, CD8+T, and γδT cells from uterus and blood. (a) Statistical
graph for the percentages of three T cells subsets were shown. (b) Data were presented as meanÆ SEM and compared with the Student’s
t-test. NS, no significance; ∗∗∗∗P<0:0001.
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FIGURE 2: Continued.
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FIGURE 2: Continued.
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their abundance and function [14]. To further determine simi-
larities and discrepancies in immunological characteristics of
human and mouse CD4+T and CD8+T cells, we recruited
20 individuals in the luteal phase and collected endometrium
samples. It showed that 57.3% of T cells were CD8+T cells
which were the major subset in human endometrium. In con-
trast, the frequencies of CD4+T cells in endometrium (31.2%)
was clearly lower than in blood (58.7%) (Figures 7(a) and 7(b)).
Consistent with results in murine uterus, CD4+T cells and
CD8+T cells highly expressed memory marker CD45RO and
residence markers CD69 and CD103 (Figures 7(c) and 7(d)).
To assess the expression of IL-17 and IFN-γ, cells isolated from
human endometrium and blood were stimulated with or with-
out PMA and Ionomycin for 6 hr in the existence of BFA. It
showed that the expression of IL-17 on CD4+T cells from endo-
metrium and blood had no significant difference (Figure 7(e)).

By contrast, compared with blood, both CD4+T cells and
CD8+T cells from endometrium highly expressed IFN-γ
(Figures 7(e) and 7(f)). In short, there were some differences
in immunological characteristics of CD4+T cells and CD8+T
cells between human and mouse uterus.

4. Discussion

To establish a successful pregnancy, immune cells at the
maternal–fetal interface must combine the competitive
requirements for immune tolerance to semiallogeneic fetus
and immune defense against pathogens. As yet, the function
of decidual T cells in pregnancy has become evident [15–18].
However, few literature on T cells of nonpregnant uterine
has been published. In this study, we found that uterine
CD4+T and CD8+T cells exhibited a mixed signature of
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FIGURE 2: Expression of memory and residence markers on CD4+T cells and CD8+T cells from uterus and blood. Cells from uterus and blood
were isolated and stained with anti-CD44, CD69, CD103, CD25, and CD27 mAbs. Gated on CD3+CD4+T (a, b) and CD3+CD8+T cells (c, d),
and then compare the expression of CD44, CD69, CD103, CD25, and CD27 in uterus and blood. Representative dot plots and pie chart
(n= 6) showed that gated on uterine CD3+CD4+CD44+ memory T cells (e) and CD3+CD8+T CD44+ memory T cells (f ), and then detected
the proportion of non-TRM (CD69−CD103−) and TRM (CD69+CD103+, CD69+CD103−, and CD69−CD103+) cells. Data were shown as
meanÆ SEM and compared with the Student’s t-test. NS, no significance; ∗P<0:05; ∗∗P<0:01; ∗∗∗P<0:001; ∗∗∗∗P<0:0001.
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T cell dysfunction, activation, and effector function. Uterine
CD4+T and CD8+T cells highly expressed residence markers
CD69 and CD103, inhibitory molecular PD-1 and cytokine
IFN-γ. Uterine CD4+T cells highly expressed IL-17 and
modulated by transcription factor pSTAT3. Moreover, we
found that there were some differences in immunological
characteristics of CD4+T and CD8+T cells between human
and murine uterus.

Different from peripheral blood, the frequencies of γδT
cells, CD4+T cells, and CD8+T cells were roughly equal in

murine uterus, about 30% each. However, in human endome-
trium, CD8+T cells were the richest T cell subsets, accounting
for 57.3%. In human endometrium, a mass of CD8+T cells
surrounded a core B cells to form lymphoid aggregates [9].
Despite the classic cytotoxic nature of CD8+T cells in infec-
tion immunity, uterine CD8+T cells are key mechanism of
fetus immune tolerance, which alter in pathological process
[19–21]. TRM is a newly discovered effector memory cell
which act as sentinels in peripheral tissues. Once established,
TRM cells provide rapid and robust immune responses to
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pathogens entering through local tissues due to their unique
properties, such as the ability to colonize barrier tissues, survive
for a long time, and deploy ready effector functions. CD69 and
CD103 are two key markers expressed by most of TRM cells
which contribute to their residency [5, 22]. Our study indicated
that both CD4+T cells and CD8+T cells in murine uterus and
human endometrium expressed markedly high levels of CD69
and CD103 which was indicative of the resident character of

these cells. We used putative TRMmarkers CD69 and CD103 to
define them and found that 61.3% CD4+T cells and 77.4%
CD8+T cells were TRM cells in murine uterus. The periodic
remodeling of the functional layer of the endometrium during
menstrual cycle seems to conflict with the definition of tissue
retention. However, some investigations have revealed the stable
persistence of TRM as well as ILC1 andNK cells in endometrium
during interpregnancy intervals [3, 23–25].
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Intriguingly, most uterine γδT cells expressed activation
marker CD25, about 70% [10] but not CD4+T and CD8+T
cells. CD4+T and CD8+T cells in uterus expressed much lower
levels of costimulatory receptors CD27 which is involved in the
regulation of T cell activation, especially in T cell memory
[26, 27]. These may indicate uterine γδT cells and αβT cells
play different roles in intrauterine immune microenvironment

with the latter favoring maternal–fetal tolerance. T cell dys-
function has been confirmed in various cancers and chronic
infections which is usually related to the low control efficiency
of continuous antigens. Dysfunctional T cells lose the ability to
robustly response to pathogens, and often express multiple and
high levels of inhibitory receptors, and cannot produce suffi-
cient effector cytokines or cytotoxic molecules [13, 28, 29].
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Here, the increased expression of PD-1 together with low
expression of activation markers may suggest that uterine
CD4+T and CD8+T cells have reduced the effector capacity
to maintain immune tolerance to fetal. Meanwhile, the ability
of them to upregulate Granzyme B andCD107a expression and
produce proinflammatory cytokines (IFN-γ, IL-17) upon acti-
vation suggested these cells were not permanently inhibited
and retained the ability to confront incoming pathogens.
Together, these results indicated that the selective dysfunction
of uterine CD4+T and CD8+T cells could balance immune
defense and maternal–fetal immune tolerance.

IL-17 has attracted wide attention for its protective effect
to eliminate extracellular bacteria and fungi and pathogenic
role in autoimmune disease [30, 31]. However, different
studies showed conflicting results as to whether IL-17 is
good or bad for successful pregnancy. An elevated Treg/
Th17 ratio is considered to be a key cause of successful
pregnancy, which is blunted in recurrent pregnancy loss
and pre-eclampsia [18]. Some studies have reported that
IL-17 could enhance the proliferation and invasion of tro-
phoblast cells, and prevent apoptosis of trophoblast cells
during the first trimester of pregnancy [10, 32]. In a previous
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study, we found that γδT cells were the major source of IL-17
in uterus and produced IL-17 three times more frequently
than CD4+T cells [10]. RORγt and STAT3 were the most
critical transcription factors regulating the formation of IL-
17 [33–36]. Uterine CD4+T cells abundantly expressed
pSTAT3, but expressed low levels of RORγt. Conversely,
nearly 90% of uterine γδT cells expressed RORγt but a lower
proportion expressed pSTAT3. The production of IL-17 of
uterine CD4+T cells and γδT cells might be modulated by
pSTAT3 and RORγt, respectively. Finally, it has to be noted
that there were some differences in proportion and cytokine
production of CD4+T cell and CD8+T cells between human
and murine uterus.

Numerous investigations focused on how decidual T cells
are involved in maternal–fetal tolerance. T cells in nonpreg-
nancy uterus have not received much attention in the past.
Here, we systematically evaluated the immunological proper-
ties of uterine CD4+T and CD8+T cells, which exhibited a
unique mixed signature of T cell dysfunction, activation, and
effector function that enable them to balance strong immune
defense against pathogens with tolerance to a fetus. This study
together with our previous study in uterine γδT cells provided
important information related to function of uterine T cells
which may influence various areas of clinical immunology,
especially in pregnancy and autoimmune disease.
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