
Research Article
T Cell Subsets and the Expression of Related MicroRNAs in
Patients with Recurrent Early Pregnancy Loss

Ya-ni Yan ,1 Jian Zhang,2 Na Yang,1 Chaochao Chen,1 and Weiwei Li1

1Department of Reproductive Medicine, Qinhuangdao Maternal and Child Health Care Hospital, Qinhuangdao,
Hebei 066000, China
2Jiulongshan Hospital of Qinhuangdao, Qinhuangdao, Hebei 066000, China

Correspondence should be addressed to Ya-ni Yan; 18732780@qq.com

Received 28 June 2022; Revised 30 September 2022; Accepted 5 October 2022; Published 29 March 2023

Academic Editor: Hongmei Jiang

Copyright © 2023 Ya-ni Yan et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

This study explored the role of T cell subsets and the expression of related microRNAs in patients with recurrent early pregnancy
loss (EPL). Fifty patients with EPL loss between May 2018 and May 2021 were randomly selected as the EPL group, and 50
pregnant women with normal pregnancies or normal delivery outcomes were randomly selected as the control group. The
expression levels of T cell subset-related markers and T cell subset-related miRNAs, in addition to the frequencies of T cell
subsets, in peripheral blood of the two groups were analyzed. In terms of T cell-related markers, the results showed that the
expression levels of the transcriptional regulator TBX-21 (T-bet) and interferon regulatory factor 4 (IRF4) were significantly
upregulated in peripheral blood of the patients in the EPL group (P < 0:05), whereas the expression levels of GATA binding
protein 3 (GATA3) and glucocorticoid-induced tumor necrosis factor receptor (GITR) were significantly downregulated
(P < 0:05). In the EPL group, the expression of mir-106b, mir-93, and mir-25 was upregulated (1:51 ± 0:129, 1:43 ± 0:132, and
1:73 ± 0:156, respectively) in regulatory T (Treg) cell-related T cell subsets, whereas the expression of miR-146a and miR-155
was downregulated (P < 0:05). The frequencies of Treg and exhausted T cells in the EPL group were significantly lower than
those in the control group (P < 0:05). The cell frequencies of T helper 17 (Th17) cells and exhausted Treg cells in the EPL
group were significantly higher than those in the control group (P < 0:05). In conclusion, immune cells and associated miRNA
profiles can be used as prognostic biomarkers for the treatment of human reproductive disorders, such as EPL.

1. Introduction

Early pregnancy loss (EPL) is defined as pregnancy loss
within 12 weeks of gestation and includes miscarriages and
biochemical pregnancy loss [1]. EPL, which includes sponta-
neous miscarriages, the most common type of EPL, embry-
onic abortion, and intrauterine fetal death, accounts for
approximately 80% of pregnancy losses [2]. Recurrent EPL
is a major concern in human reproduction and the focus
of much research due to its complex etiology, poor progno-
sis, and adverse effects on the physical and mental health of
pregnant women [3]. Immune abnormalities, mainly T cell
subsets and related miRNA abnormalities, are known to play
a vital role in the occurrence of EPL [4, 5].

Studies have shown that regulatory T (Treg) cells play an
important role in the process of immune regulation and the

survival of the fetus in the uterus [6, 7]. T helper 17 (Th17)
cells, a newly recognized subpopulation of effector helper T
cells, have the ability to promote host defense against extra-
cellular pathogens and modulate inflammatory, chronic, and
autoimmune diseases [6, 7]. A recent study showed that
Th17 and Treg cells are strongly associated not only with
successful pregnancies but also with pregnancy disorders,
such as preeclampsia (PE) and recurrent spontaneous abor-
tion (RSA), in which the frequency of Treg cells is decreased
and the frequency of Th17 cells is increased [8]. Hadfield
et al. and McCracken et al. showed that in the third trimester
of pregnancy, the inability to mount a sufficient Th1
response resulted in diminished expression of the Th1 tran-
scriptional regulator TBX-21 (T-bet) [9, 10]. They also
showed that reconstitution of T-bet expression restored
cytokine synthesis in T cells.
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Some studies in recent years have shown that com-
pared with normal pregnancies, miRNAs in exosomes
and plasma of patients with RSA show significant changes
[11, 12], in which miR-559, miR-146b-5p, miR-320b, and
miR-221-3p were significantly upregulated, while miR-
101-3p was significantly downregulated. This finding indi-
cates that miRNAs can regulate RSA through a variety of
potential mechanisms involving different target genes and
binding sites. However, the specific mechanism is unclear
and needs to be further explored. Liu et al. found that
the expression of miR-93 and target B cell lymphoma-2-
like 2 (BCL2L2) was increased in chorionic villi of RSA
patients compared to that in women with normal preg-
nancies and that BCL2L2 expression adversely affected
the balance of apoptosis, cell proliferation, migration, and
invasion, promoting the development of RSA [13]. Other
research demonstrated that miR-155-5p regulated RSA by
activating the nuclear factor kappa-light-chain-enhancer
of activated B cells signaling pathway [14]. And the over-
expression of miR-155-5p was followed by a decrease in
the release of inflammatory cytokines, including interleu-
kin- (IL-) 6, interferon-γ (IFN-γ), tumor necrosis factor-
α, and IL-10 from decidual stromal cells, thereby inhibit-
ing the apoptosis of decidual stromal cells [14].

In this study, we explored the role of T cell subsets in the
pathogenesis of RPL by evaluating the number of T cells,
associated transcription factors, and miRNAs targeting these
transcription factors. The results provide data that may aid
the treatment and prevention of RPL.

2. Materials and Methods

2.1. Ethic Approval. The participants were informed about
the study and voluntarily agreed to take part. This study
complies with the ethical requirements of the Declaration
of Helsinki and was approved by the Medical Ethics Com-
mittee of Qinhuangdao Maternal and Child Health Care
Hospital. Written consent was obtained before conducting
the study.

2.2. Inclusion Criteria. Pregnant women aged 18–41 years
with a clinical diagnosis of recurrent EPL and no abnormal-
ities in spousal semen quality testing were enrolled in the
study. Recurrent EPL referred to two or more abortions
before the 12th week of pregnancy [15].

2.3. Exclusion Criteria. Pregnant women with severe chro-
mosomal abnormalities, acquired immune deficiency syn-
drome, hepatitis C, hepatitis B, and chronic diseases were
excluded, in addition to those with a history of long-term
continuous medication control, asthma, drug allergies, cervi-
cal dysfunction and uterine malformations, smoking and
alcohol abuse, tumors, and other malignant diseases. Those
younger than 18 years or older than 41 years were also
excluded.

2.4. General Data. Fifty patients with recurrent EPL who
presented to our hospital between May 2018 and May
2021 and met the inclusion criteria were randomly selected
as the EPL group, and another 50 pregnant women with

normal pregnancies or normal deliveries were randomly
selected as the control group. There was no significant differ-
ence (P > 0:05) between the two groups in terms of age,
nationality, parity, body mass index, or other general data
(Table 1).

2.5. Assessment and Detection of Natural Killer (NK) Cell
Expression Frequency. The cytotoxicity of NK cells was
assessed by flow cytometry using K562 target cells. First,
peripheral blood mononuclear cells (PBMCs) were iso-
lated and incubated with prestained K562 target cells
and propidium iodide at 37°C and 5% CO2 for 2 hours.
As effector cells, PBMCs were used to kill the target cells,
and the dead cells were then permeabilized to propidium
iodide.

The PBMCs were first isolated and then washed twice
with phosphate-buffered saline. For PBMC staining, tri-
chromatic immunofluorescence analysis was performed
on lymphocyte markers using an antibody immunofluo-
rescence assay. The fluorescent dyes used for trichromatic
immunofluorescence analysis were isothiocyanate, phyco-
erythrin, and allophycocyanin, which are anti-CD3
(Abcam, US, cat. no. ab237453), anti-CD16 (Abcam, US,
cat. no. ab117117), and anti-CD56 (Abcam, US, cat. no.
ab237383) antibodies labeled with fluorescein isothiocya-
nate. NK cells in peripheral blood were represented by
CD3, CD56, and CD16 cells. PBMCs were used in this
study when the cellular value and cytotoxicity of NK cells
were greater than 14% and 15%, respectively. The fre-
quencies of Th1 and Th2 cells were assessed using flow
cytometry fluorescein isothiocyanate- (FITC-) labeled
anti-IFN-γ (BioLegend, US, cat. no. 308703) and anti-IL-
4-PE (BioLegend, US, cat. no. 355005) and were included
in the analysis when the Th1/Th2 ratio was greater than
10.7% [16, 17].

2.6. Measurement of miRNA Expression Levels of T Cell-
Related Markers. Total RNA was isolated from PBMCs
using RNX-PLUS, and cDNA was synthesized using a
reverse transcriptase kit. T cell-associated factors, T-bet,
transcription factor GATA-binding protein 3 (GATA3),
interferon regulatory factor 4 (IRF4), glucocorticoid-
induced tumor necrosis factor (GITR), and tumor necrosis
factor receptor superfamily 18 were evaluated using RT-
PCR. The primers and reference genes are shown in
Table 2. β-Actin was used as the reference gene, and the
miRNA level was calculated as the ratio of the target
miRNA genes to the reference gene. Relative expression
was normalized and presented as the ratio to the relative
gene in the control group.

2.7. Evaluation of miRNAs Associated with T Cell Subsets.
The miRNAs associated with Treg (miR-106b-93-25,
miR-146a, and miR-155) and Th17 (miR-326) cells in
PBMCs were evaluated by RT-PCR on a LightCycler 2.0
RT-PCR system. The primers and the reference gene are
shown in Table 3. RNU6B was used as the reference gene,
and the miRNA level was calculated as the ratio of the tar-
get miRNA genes to the reference gene. Relative
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expression was normalized and presented as the ratio to
the relative gene in the control group.

2.8. Assessment of T Cell Subpopulation Frequencies. Count-
ing of Th17, Treg, exhausted T, and exhausted Treg cell
was performed using flow cytometry. The monoclonal

antibodies of surface and intracellular antigens used for
counting Th17 cells were CD4-FITC (BioLegend, US,
cat. no. 357405) and IL-17A-PE (BioLegend, US, cat. no.
506903), and CD4-FITC (BioLegend, US, cat. no.
357405), CD25-PE (BioLegend, US, cat. no. 985802), and
CD127-PerCP-Cy5.5 (BioLegend, US, cat. no. 351321)
were used for Treg cells; CD8-FITC (BioLegend, US, cat.
no. 980908), PD-1-PerCP-Cy5.5 (BioLegend, US, cat. no.
329913), and Tim-3-PE (BioLegend, US, cat. no. 345006)
for exhausted T cells; and CD4-FITC (BioLegend, US,
cat. no. 357405), CD25-PE (BioLegend, US, cat. no.
985802), and PD1-PerCP-Cy5.5 (BioLegend, US, cat. no.
329913) for exhausted Treg cells [18].

2.9. Statistical Methods. SPSS 22.0 statistical software was
used for statistical analysis. Data were expressed as
mean ± standard deviation, and Student’s t-test or chi-
square test were used for between-group comparisons.
Count data were expressed as ratios, and the data were
processed by a chi-square test. P < 0:05 was considered
a significant difference.

3. Results

3.1. Expression Levels of T Cell-Related Markers in the Two
Groups. The expression levels of T cell subset-related genes
in PBMCs in the two groups were compared. The results
revealed significant differences in the mRNA expression
levels of T-bet, GATA3, IRF4, and GITR (P < 0:05)
(Figure 1). Compared with the control group, the mRNA
expression levels of T-bet and IRF-4 in the PBMCs in the
EPL group were significantly upregulated (P < 0:05),
whereas those of GATA3 and GITR were significantly
downregulated (P < 0:05).

3.2. Expression Levels of T Cell Subpopulation-Associated
miRNAs in the Two Groups. The analysis of Treg cell-
related miRNA revealed a significant increase in miR-25,
miR-106b, and miR-93 expressions in the EPL group as
compared with that in the control group (P < 0:05). In
addition, the expression of miR-146a and miR-155 in
PBMCs in the EPL group was significantly downregulated
as compared with than that in the control group

Table 1: Comparison of general data in the two groups.

EPL group (n = 50) Control group (n = 50) t/χ2 P

Age 27:28 ± 3:10 28:35 ± 3:56 1.10 0.75

Body mass index (kg/m2) 19:87 ± 2:38 20:0 ± 2:58 2.08 0.54

Gravidity 4.04 0.23

2 13 (26) 23 (46)

3 26 (52) 20 (40)

≥4 11 (22) 7 (14)

Parity 3.56 0.28

0 7 (14) 9 (18)

1 22 (44) 26 (52)

≥2 21 (42) 15 (30)

Table 2: Primer sequences of target and reference genes.

Genes Primer Sequence (5′→3′)

TBX-21 (T-bet)
Forward GGTGAACGACGGAGAGC

Reverse TCGGCATTCTGGTAGGC

GATA-3
Forward GCCTCAGCCACTCCTAC

Reverse CCTGACCGAGTTTCCGTAG

IRF-4
Forward CGTTCATTGCTCTCCAGTCAC

Reverse GCCTTCACGCACCATTCAG

TNFRSF18 (GITR)
Forward TGGGTCGGGATTCTCAGGTC

Reverse TTTCAAGAGCCCACAGCCAG

β-Actin
Forward

GCATGGGTCAGAAGGATTC
CT

Reverse TCGTCCCAGTTGGTGACG

Table 3: Primer sequences of the miRNAs and reference gene.

Genes Primer Sequence (5′→3′)

miR-106b
Forward GGGGCTAAAGTGCTGACAGT

Reverse GGAGCAGCAAGTACCCACAG

miR-93
Forward CTCCAAAGTGCTGTTCGTGC

Reverse GGGGCTCGGGAAGTGCTA

miR-25
Forward GTGTTGAGAGGCGGAGACTT

Reverse TGTCAGACCGAGACAAGTGC

miR-146a
Forward ACTGAATTCCATGGGTTGTGTC

Reverse TGACAGAGATATCCCAGCTGAAG

miR-155
Forward TGCGCTTAATGCTAATTGTGATA

Reverse CCAGTGCAGGGTCCGAGGTATT

miR-326
Forward CATCTGTCTGTTGGGCTGGA

Reverse TGGAGGAAGGGCCCAGAG

RNU6B
Forward CTCGCTTCGGCAGCACA

Reverse AAGGCTTCACGAATTTGCGT
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(P < 0:05). However, the expression of miR-326, which
regulates the differentiation towards Th17 cells [19], in
PBMCs in the EPL group was not significantly different
from that in the control group (Figure 2).

3.3. Flow Cytometry Analysis of T Cell Subpopulation
Frequencies in the Two Groups. The results of flow cytome-
try showed that the frequency of peripheral blood Treg
cells and exhausted T cells in the EPL group was signifi-
cantly lower than that in the control group (P < 0:05).
And the frequency of Th17 cells and exhausted Treg cells
in peripheral blood in the EPL group was significantly
increased as compared with than that in the control group
(P < 0:05) (Figure 3).

4. Discussion

The incidence of EPL in women of normal childbearing
age is approximately 1–3%, with the causes primarily
linked to chromosomal, endocrine, anatomical, infectious,
and immunological abnormalities [6, 7]. However, in most
cases, the cause of EPL remains unexplained. In recent
years, some studies have investigated various aspects of
recurrent EPL, including genes associated with folate
metabolism [20], oxidative stress levels, sperm DNA dam-
age [6], congenital uterine malformations in pregnant
women, and acquired coagulation dysfunction, all of which
have made breakthroughs.

Recurrent EPL may be related to T cell subsets and
their associated miRNAs. To shed light on this issue, the
present study investigated the expression of T cell subsets
and their associated miRNAs in patients with recurrent
EPL. Previous studies reported that CD4+, CD25+, and
Treg cells were downregulated in peripheral lymphocytes
and metaphase lymphocytes of women who had a miscar-
riage [21, 22]. Research also showed that the frequency of
Th17 cells in peripheral blood lymphocytes and metaphase
lymphocytes was increased in women with recurrent mis-
carriages as compared with that in women who had nor-
mal pregnancies [23]. In addition, a negative correlation
between Th17 and Treg lymphocytes was found in the
peripheral blood of these patients [23]. The ratio of
Th17/Treg is increased in women with EPL, signifying a
proinflammatory response, which may be accompanied
by a decrease in the regulatory response, potentially lead-
ing to the development of RPL [24]. In this study, the
expression frequency of Th17 in the EPL group was higher
than that in the control group, whereas the expression of
Treg cells showed a decreasing trend compared with the
control group, which is consistent with the previous
research [24]. As reported previously, miR-155 induces
the differentiation of Treg and Th17, as well as IL-17A
secretion by Th17 cells, whereas it has no significant effect
on the secretion of Treg-related cytokines [25]. In addi-
tion, miR-146a has been shown to be essential for the sup-
pressive function of Treg cells, with regulation of the Th1
response controlled by miR-146a expression in Treg cells
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Figure 1: Expression of T cell-related markers in PBMCs in the EPL and control groups. (a) T-bet, (b) IRF 4, (c) GATA3, and (d) GITR. ∗

indicates P value was less than 0.05.
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[26]. Furthermore, miR-146a may be able to inhibit the
transformation of Treg cells to Th1-like cells. In PBMCs
cocultured with colorectal cancer cells, miR-146a increased
the number of Treg cells and associated suppressor cyto-
kines, such as transforming growth factor-β (TGF-β) and
IL-10 [26, 27]. According to our results, the expression
of both miR-155 and miR-146a seems to be reduced in
patients with recurrent EPL, which may be related to the
reduced number of Treg cells in the patients. Studies have
shown that the number of Treg cells decreased in both
mouse pregnancy loss model and patients with unex-
plained recurrent pregnancy loss [28, 29].

The miR-106b-93-25 cluster plays a crucial role in the
regulation of the TGF-β signaling pathway, and it is an
essential cytokine in the induction of Foxp3 production
by Treg cells. Foxp3 is a transcription factor which has

been found to play a critical role in the control of inflam-
mation [30]. Increased expression of miR-106b-25 may
disrupt the TGF-β signaling pathway, which plays an
important role in maintaining the function and inducing
the generation of Treg cells. Our results revealed a
decrease in the number of Treg cells and an increase in
the transcript level of the miR-106b-93-25 cluster in the
peripheral blood of patients in the EPL group. We specu-
late that there is a definite link between them and that
miR-106b-93-25 controls the mechanobiology of Treg cells
in women with EPL [31–33].

The results of this study revealed an uncontrolled
inflammatory microenvironment in the EPL group, as
demonstrated by the increased frequency of Th17 and
exhausted Treg cells and increased mRNA expression of
T-bet and IRF-4 in peripheral blood. In this study, failure
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Figure 2: Expression of T cell subset-related miRNAs in the two groups. (a) miR-106b, (b) miR-93, (c) miR-25, (d) miR-146a, (e) miR-155,
and (f) miR-326. ∗ indicates P value was less than 0.05.
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to suppress inflammation was followed by a decrease in
the frequencies of Treg and exhausted T cells, as well as
a decrease in mRNA expression of GATA3 and GITR.
The negative expression of above factors adversely affect
the gestational process and may lead to miscarriages.
Thus, immunological parameters and their associated epi-
genetic factors, such as the frequency of Th17 and
exhausted Treg cells and expression of T cell-associated
factors, may be used as prognostic biomarkers to prevent
immune miscarriage in women at high risk.

In conclusion, during pregnancy, regulatory and inhib-
itory mechanisms control the immune system, possibly via
miRNAs. Dysregulation of the immune system may lead
to rejection of the embryo and EPL. In this study, we
compared T cell-related markers in peripheral blood of
patients with recurrent EPL and women with normal
pregnancies. The results showed that the expression of
T-bet and IRF4 was significantly upregulated, whereas
the expression of GATA3 and GITR was significantly
downregulated. Among the T cell subpopulation of Treg
cell-associated miRNAs, in the EPL group, the expression
of miR-106b, miR-93, and miR-25 was upregulated,
whereas the expression of miR-146a and miR-155 was
downregulated. Compared with the control group, the fre-
quencies of Treg and exhausted T cells were decreased,
whereas those of Th17 and exhausted Treg cells were
increased in the EPL group. There were significant differ-
ences in the expression and frequency of T cell subsets
and their related miRNAs in the two groups. Therefore,

immune cells and their associated miRNA can be used
as prognostic biomarkers for the treatment of human
reproductive disorders in clinical studies.
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