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Circular RNA FOXP1 relieves trophoblastic cell dysfunction in recurrent 
pregnancy loss via the miR-143-3p/S100A11 cascade
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ABSTRACT
Recurrent pregnancy loss (RPL) is closely associated with insufficient functions of trophoblastic 
cells. Circular RNA forkhead box P1 (circFOXP1) can regulate cell activities in different types of 
diseases. However, its effects on trophoblastic cells and its role in RPL development remain 
unknown. In this study, gene expressions were detected by RT-qPCR. Protein levels were detected 
by Western blotting. Trophoblastic cell viability, apoptosis, invasion, and migration were respec-
tively analyzed via CCK-8, flow cytometry, wound healing, and transwell assays. The association 
between miR–143–3p and circFOXP1 or S100A11 (S100 calcium binding protein A11) was 
explored and confirmed by bioinformatics prediction and luciferase reporter assay. Herein, miR– 
143–3p was upregulated in RPL. Furthermore, miR–143–3p upregulation induced apoptosis and 
suppressed proliferation, epithelial-to-mesenchymal transition (EMT) process, and metastatic cap-
abilities of trophoblastic cells; whereas, miR–143–3p inhibition exert opposite effects. MiR–143–3p 
targeted S100A11 and was adversely regulated by circFOXP1 expression. S100A11 inhibition 
partially offset the effect of miR–143–3p knockdown on trophoblastic cell viability, apoptosis, 
EMT, invasion, and migration. In addition, circFOXP1 competitively combined with miR–143–3p, 
thus regulating S100A11 expression. Moreover, circFOXP1 regulated trophoblastic cell functions 
through the miR–143–3p/S100A11 cascade. To sum up, our study, for the first time, demonstrated 
that circFOXP1 could improve dysfunction of trophoblastic cells through the miR–143–3p/ 
S100A11 axis, providing novel biomarkers and diagnostic targets for RPL.
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Introduction

As a common pregnancy complication, recurrent 
pregnancy loss (RPL) refers to two or more con-
secutive miscarriages before 24 gestational weeks 
and affects almost 5% of women at reproductive 
age worldwide [1,2]. After several decades of 
research, anatomical, genetic, hormonal, environ-
mental, psychological, and immune factors are 
broadly recognized as major identifiable causes 
for RPL [3]. Given the complex pathogenesis of 
RPL, almost 50% of RPL cases remain unresolved 
or even unexplained in pathophysiology [4]. 
Hence, it is imperative to unearth novel biomar-
kers for RPL diagnosis and therapy.

Trophoblast cells exert various biological func-
tions during pregnancy [5]. Deficiency in func-
tions, ectopic differentiation, proliferation, 

migration, invasion, and apoptosis of trophoblastic 
cells could provide a cytological basis for preg-
nancy-associated complications, including RPL 
[5,6]. Besides, epithelial-to-mesenchymal transi-
tion (EMT), a process featured with loss of epithe-
lial polarity and adhesiveness and acquisition of 
mesenchymal features, plays a vital part in regulat-
ing the biological behaviors of trophoblastic cells 
in human placental development [7]. Therefore, 
inhibited trophoblastic cell activities and EMT 
process are closely correlative to RPL pathogenesis.

MicroRNAs (miRNAs) are small non-coding 
RNAs (with about 20–24 nucleotides) that bind 
to 3ʹ-untranslated regions (UTR) of target messen-
ger RNAs (mRNAs) and post-transcriptionally 
regulate their gene expressions by either promot-
ing transcript or inhibiting translation [8–11]. It
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has been disclosed by previous studies that aber-
rant miRNA expression is closely relative to repro-
ductive system diseases, including gestational 
diabetes mellitus (GDM) [12], preeclampsia [13], 
and endometriosis [14]. Also, a variety of miRNAs 
were found to be upregulated and inhibit tropho-
blastic cell activities in RPL. For instance, Wang 
et al. uncovered that miR–149 inhibited tropho-
blastic cell activity and promoted trophoblastic cell 
apoptosis in RPL through the PTEN/Akt pathway 
via targeting RUNX2 [15]. Ding et al. revealed that 
miR–27a–3p-induced USP25 suppression inhib-
ited EMT, migration, and invasion of trophoblastic 
cells in RPL [16]. Dong et al. demonstrated that 
miRNA–520 promoted DNA-damage-caused 
apoptosis in trophoblastic cells via regulating 
PARP1 in RPL [17]. In a former report from 
Bahia et al., miR–143–3p was identified as an 
upregulated miRNA in RPL patients, in compar-
ison with healthy controls [18]. Therefore, it was 
assumed that miR–143–3p might participate in 
RPL pathogenesis.

Circular RNAs (CircRNAs) are characterized by 
their covalently closed-loop structure and lack of 
free 3′ and 5′ ends [19]. CircRNAs could modulate 
gene expression via absorbing miRNAs and play 
essential roles in various physiological and patho-
physiological processes [20,21]. Also, circRNAs 
have been demonstrated to exert important roles 
in regulating biological processes in multiple dis-
eases, including RPL. For example, Li et al. 
revealed that circZUFSP regulated trophoblastic 
cell migration and invasion via the miR-203/ 
STOX1 pathway in RPL [22]. Wu et al. disclosed 
that high circ_0054633 expression was observed in 
GDM and correlative to glycosylation index [23]. 
Besides, Ou et al. found that circ_0111277 aggra-
vated attenuates human trophoblast cell dysfunc-
tion via the miR–494/HTRA1/Notch-1 pathway in 
preeclampsia [24]. Moreover, in a former study by 
Wang et al., circRNA forkhead box P1 
(circFOXP1) was determined down-regulated in 
GDM by Wang et al. [25], suggesting its potential 
regulatory function in RPL.

In this work, we aimed to inquire about the 
functions and the underlying mechanism of 
circFOXP1 and miR–143–3p in RPL. Through 
in vitro assays, it was demonstrated that 
circFOXP1 upregulated S100A11 expression via

targeting miR–143–3p, thus regulating viability, 
apoptosis, migration, invasion, and EMT process 
of trophoblastic cells. The current study would 
provide novel biomarkers for RPL diagnosis and 
prognosis.

Material and methods

Patients and clinical samples

28 RPL patients and 28 age-matched healthy preg-
nant women (without histories of pregnancy loss, 
spontaneous abortion, preterm labor, or PE and 
with at least one live birth) were enrolled in this 
work. The detailed clinicopathological data of the 
participants were as shown in Table 1. Every par-
ticipant provided informed consent. The Ethics 
Committee of The First People’s Hospital of 
Lianyungang permitted this study. Normal placen-
tal tissues were collected from healthy pregnant 
women accepting induced abortion to terminate 
unplanned pregnancy within 6 to 12 gestational 
weeks. RPL placental tissues were collected from 
RPL patients requiring termination. All placental 
tissue samples collected were frozen and kept in 
liquid nitrogen immediately for the following 
experiments.

Cell culture and transfection

HTR8/SVneo, a human extravillous trophoblastic 
cell line, was obtained from BeNa Culture 
Collection (Beijing, China) and cultivated in 
DMEM/F12 containing 10% FBS (5% CO2; 37°C).

MiR-143-3p mimics (5′- 
UGAGAUGAAGCACUGUAGCUC-3′), miR-143- 
3p inhibitor (5′- 
GAGCUACAGUGCUUCAUCUCA-3′), and cor-
responding negative controls (NC mimics: 5′- 
UCACAACCUCCUAGAAAGAGUAGA-3′; and 
NC inhibitor: 5′- 
UACUCUUUCUAGGAGGUUGUGAUU-3′), 
pcDNA3.1/circFOXP1 (oe-circFOXP1), pcDNA3.1 

Table 1. Clinicopathological features of subjects.

Subject
RPL 

(n = 28)
Control 

(n = 28) P value

Maternal Age (years) 33.99 ± 0.85 33.42 ± 1.01 0.66
Number of pregnancy loss 3.46 ± 0.12 0 <0.0001
Gestational period (weeks) 8.45 ± 0.34 8.75 ± 0.20 0.35
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empty vector (Vector), small interfering RNA 
(siRNA) targeting S100A11 (si-S100A11: 5′- 
GACAGAGUUCCUAAGCUUCUU-3′), 
circFOXP1 (si-circFOXP1: 5′- 
UGAAGUCUGCCGGCUUGAG-3′), and corre-
sponding negative control (si-NC: 5′- 
UUCUCCGAACGUGUCACGUUU-3′) were 
bought from GenePharma (Shanghai, China). 
HTR8/SVneo cells were transfected with the 
above plasmids via Lipofectamine 2000 reagent 
(Invitrogen), cultivated for 24 h, and then col-
lected for subsequent experiments.

RT-qPCR

Total RNA was obtained with RNA Extracting 
Kit (Takara) from tissues or cells. Then, 
TaqMan microRNA Reverse Transcription Kit 
(Applied Biosystems) was utilized to synthesize 
cDNA for miRNA; PrimeScript RT Master Mix 
(Takara) was applied for reverse transcription 
of circRNA and mRNA. Thereafter, qPCR was 
performed with SYBR Green PCR Master Mix 
(Takara) on Light Cycler 480 II Real-Time PCR 
System (Roche, Switzerland). The relative gene 
levels were calculated by 2−ΔΔCt method, with 
miRNA expression normalized to U6, and 
circRNA and mRNA expressions normalized 
to GAPDH. The primers used were also listed: 
circFOXP1 Forward (F): 5′- 
CTCCTCTGCACCTTCCAAGA-3′, Reverse (R): 
5′-ATCATAGCCACTGACACGGG-3′; miR- 
143-3p (F): 5′-CTGGCGTTGAGATGAAGCAC 
-3′, (R): 5′-CAGAGCAGGGTCCGAGGTA-3′; 
U6 F: 5′-CCTGCGCAAGGATGAC-3′, R: 5′- 
GTGCAGGGTCCGAGGT-3′; S100A11 F: 5ʹ- 
ACCGCATGATGAAGAAACTGG-3ʹ, R: 5ʹ- 
TGATGACAGAAAGGCTGGAAG-3ʹ; 
E-cadherin F: 5ʹ- 
ATTTTTCCCTCGACACCCGAT-3ʹ, R: 5ʹ- 
TCCCAGGCGTAGACCAAGA-3ʹ; Vimentin F: 
5ʹ-AGTCCACTGAGTACCGGAGAC-3ʹ, R: 5ʹ- 
TCCAGCAGCTTCCTGTAGGT-3ʹ; N-cadherin 
F: 5ʹ-TGCGGTACAGTGTAACTGGG-3ʹ, R: 5ʹ- 
GAAACCGGGCTATCTGCTCG-3ʹ; GAPDH F: 
5′-CCAGCCGAGCCACATCGCTC-3′, R: 5′- 
ATGAGCCCCAGCCTTCTCCAT-3ʹ.

Western blotting

Total protein was obtained from cells via RIPA 
buffer. Afterward, protein samples of equivalent 
amount (20 μg) were subject to 10% SDS-PAGE 
and transferred onto a PVDF membrane. Then, 
PVDF membrane was blocked with 5% skimmed 
milk for 2 h, cultivated with the primary antibo-
dies against S100A11 (ab169530, Abcam), 
E-cadherin (ab40772, Abcam), N-cadherin 
(ab76057, Abcam), vimentin (ab20346, Abcam), 
or GAPDH (ab181602, Abcam), and then culti-
vated with secondary antibody (ab6721, Abcam). 
The protein expression was analyzed by Image J.

CCK-8

The transfected HTR8/SVneo cells were cultivated 
in 96-well plates (3 × 103 cells/well). 10 μL CCK-8 
reagent was supplemented into each well at the 
indicated time points. The absorbance was 
observed with a microplate reader (Bio-Rad, 
USA) at 450 nm [26].

Flow cytometry

Flow cytometry assay performed with Annexin 
V-FITC Apoptosis Assay Kit was applied for 
apoptosis analysis. Firstly, the transfected cells 
were digested by trypsin, centrifuged at 
1000 rpm, and then resuspended and dispersed 
to the density of 1 × 106 cells/mL. Thereafter, 
the cells were labeled with Annexin-V-FITC as 
well as PI reagents in darkness. Finally, the cell 
apoptosis was analyzed with a flow cytometer 
(BD Biosciences, USA) [27].

Wound healing assay

Cell migrative capability was detected by Wound 
healing. Briefly, HTR8/SVneo cells were plated to 
12-well plates and cultivated till the bottom of 
each well was fully covered by cells. Then, 
a 200 μL pipette tip was adopted to make a vertical 
wound in each well. The scratched cells were 
removed with PBS. Thereafter, the plates were 
incubated for another 24 h. The wounds were 
photographed with an optical microscope at 0
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and 24 h to analyze the wound closure condition 
of each group [28].

Transwell assay

Cell invasion was analyzed via transwell chambers 
equipped with Matrigel-precoated transwell inserts 
(BD Biosciences). Firstly, cells (2 × 104 cells/well) 
were seeded into the upper compartment contain-
ing 200 μl FBS-free medium; meanwhile, 600 μL 
medium containing 10% FBS was supplemented to 
the lower compartment. Thereafter, cells were cul-
tivated at 37°C for 24 h. The invaded cells were 
fixed and stained in 4% paraformaldehyde and 
0.1% crystal violet. The invaded cells were counted 
with a microscope (Olympus) [29].

Dual-luciferase reporter assay

CircFOXP1 or S100A11 fragments containing 
latent binding sites or corresponding mutant bind-
ing regions for miR–143–3p were cloned into 
pmirGLO luciferase reporter vectors (Promega) 
to form wild-type (circFOXP1-WT; S100A11- 
WT) or mutant (circFOXP1-MUT; S100A11- 
MUT) plasmids. Then, miR–143–3p mimics or 
NC mimics, and these reporter plasmids were co- 
transfected into HTR8/SVneo cells, respectively. 
Afterward, luciferase activity was tested by Dual- 
luciferase reporter assay system (Promega); mean-
while, Renilla luciferase activity was applied to 
normalize firefly luciferase activity.

Statistical analysis

GraphPad Prism 6.0 was adopted for all statistical 
analyses. Data in the work (exhibited as mean ± 
SD) were acquired from three independent experi-
ments. Student’s t-test or one-way ANOVA was 
performed to analyze the significance of differ-
ences. Differences were regarded as significant in 
statistics when P-value <0.05.

Results

Here, we intended to investigate the role of miR– 
143–3p and circFOXP1 in RPL and their specific 
mechanism in regulating trophoblastic cell dys-
function. A series of in vitro assays demonstrated 

that circFOXP1 relieved trophoblastic cell dys-
function via targeting the miR–143–3p/S100A11 
pathway, providing novel targets for RPL.

MiR–143–3p is lifted in RPL and impairs the 
biological functions of trophoblastic cells

According to Table 1, the subjects showed no 
remarkable difference in maternal age or gesta-
tional period. To explore the functions of miR– 
143–3p in RPL progression, RT-qPCR was applied 
to assess miR–143–3p levels in 28 placental tissue 
specimens from RPL patients and 28 placental 
tissue specimens from healthy pregnant women. 
The miR–143–3p level was prominently upregu-
lated in placental tissues collected from RPL 
patients, compared with patients in the control 
group (Figure 1(a)), indicating miR–143–3p may 
be a new factor associated with RPL pathogenesis.

To probe the role of miR–143–3p in tropho-
blastic cell functions, miR–143–3p was firstly 
knocked down or overexpressed in HTR8/SVneo 
cells via transfection with miR-143-3p mimics or 
miR–143–3p inhibitor. The efficiencies of miR– 
143–3p overexpression or miR–143–3p interfer-
ence were evaluated by RT-qPCR (Figure 1(b)). 
CCK-8 results revealed that miR-143-3p upregula-
tion inhibited HTR8/SVneo cell viability, while 
miR–143–3p inhibition promoted HTR8/SVneo 
cell proliferation (Figure 1(c)). Besides, flow cyto-
metry assay showed that miR–143–3p addition 
induced apoptosis in HTR8/SVneo cells; contra-
rily, miR–143–3p silencing reduced the apoptotic 
rate of HTR8/SVneo cells (Figure 1(d)). As indi-
cated by wound healing assay, the number of 
migrated HTR8/SVneo cells was apparently 
decreased after miR–143–3p overexpression, 
while miR–143–3p inhibition significantly 
enhanced the migrative capability of HTR8/ 
SVneo cells (Figure 1(e)). It was also revealed by 
transwell assay that miR–143–3p overexpression 
remarkably increased the number of invaded 
HTR8/SVneo cells; however, miR–143–3p inter-
ference significantly boosted the invasive ability 
(Figure 1(f)).

Considering the influence of miR–143–3p on 
EMT process of trophoblastic cells, the mRNA 
and protein levels of EMT markers (E-cadherin, 
vimentin, and N-cadherin) were determined by
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Figure 1. MiR–143–3p is lifted in RPL and impairs the biological functions of trophoblastic cells. (a) Relative miR–143–3p expression 
in placental tissues from RPL patients (n = 28) and normal pregnant women (n = 28) was detected by RT-qPCR. (b) miR–143–3p 
expression in HTR8/SVneo cells transfected with NC mimics, NC inhibitor, or miR–143–3p inhibitor was detected by RT-qPCR. (c) The 
cell viability of transfected HTR8/SVneo cells was analyzed by CCK-8 assay at different time points. (d) The apoptosis condition of 
transfected HTR8/SVneo cells was analyzed by flow cytometry assay. (e) The migration capability of transfected HTR8/SVneo cells 
was analyzed by wound healing assay. (f) The invasion capability of transfected HTR8/SVneo cells was analyzed by transwell assay. (g 
and h) The mRNA or protein expression level of EMT markers (E-cadherin, vimentin, and N-cadherin) in transfected HTR8/SVneo cells 
was determined by RT-qPCR or western blotting. Data are shown as the mean ± SD (n = 3). *P < 0.05; **P < 0.01.
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RT-qPCR and Western blot assays in trophoblastic 
cells. As indicated in (Figure 1(g,h)), miR–143–3p 
amplification down-regulated N-cadherin and 
vimentin levels but up-regulated E-cadherin level 
in HTR8/SVneo cells, whereas miR–143–3p inter-
ference showed the opposite effects. To sum up, 
these results demonstrated that miR–143–3p 
inhibited trophoblastic cell viability, induced tro-
phoblastic cell apoptosis, and impaired trophoblas-
tic cell invasion and migration by repressing EMT 
process.

S100A11 is directly targeted by miR–143–3p in 
trophoblastic cells

To expound the underlying molecular mechanisms 
involved in the suppressive effects on HTR8/ 
SVneo cell viability, migration, and invasion 
mediated by miR–143–3p, three databases 
(miRanda, miRmap, and PITA) were applied to 
predict target genes of miR–143–3p under the 

following conditions: CLIP Data: high stringency 
(≥3), Degradome Data: high stringency (≥3). As 
indicated in (Figure 2(a)), 8 candidate genes 
(NXF1, SRSF11, COL5A1, S100A11, ARL15, 
PTGES3, PDIA6) were screened out. According 
to a previous study, the protein level of S100A11 
was distinctly downregulated in placental tissues 
obtained from patients with early pregnancy loss 
[30], indicating S100A11 may be an important 
regulator implicated in the pathogenesis of preg-
nancy loss. Besides, RT-qPCR revealed that 
S100A11 mRNA expression was significantly 
decreased in placental tissues from RPL group, 
relative to the control group (Figure 2(b)). 
Hence, S100A11 was selected for subsequent 
experiments. StarBase website provided the poten-
tial binding region between miR–143–3p and 
S100A11 3′-UTR (Figure 2(c)). Dual-luciferase 
reporter assay results exhibited that miR–143–3p 
amplification attenuated the reporter activity of 
S100A11-WT; however, S100A11-MUT showed 

Figure 2. S100A11 is directly targeted by miR–143–3p in trophoblastic cells. (a) 8 candidate target mRNAs for miR–143–3p were 
predicted by using three miRNA databases (miRanda, miRmap, and PITA). (b) Relative S100A11 expression in placental tissues from 
RPL patients (n = 28) and normal pregnant women (n = 28) was detected by RT-qPCR. (c) The putative binding sites between miR– 
143–3p and S100A11. (d) The HTR8/SVneo cells were co-transfected with either S100A11-WT or S100A11-MUT, and miR–143–3p 
mimics/inhibitor or corresponding NC. Then, the relative luciferase activity was measured. (e) Pearson’s correlation analysis indicated 
a negative correlation between the expression of miR–143–3p and S100A11 in placental tissues from RPL patients (n = 28). (f and g) 
S100A11 mRNA or protein level in HTR8/SVneo cells transfected with NC mimics, miR–143–3p mimics, NC inhibitor or miR–143–3p 
inhibitor was detected by RT-qPCR or western blotting. Data are shown as the mean ± SD (n = 3). *P < 0.05; **P < 0.01.
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no apparent response to the variation of miR–143– 
3p expression (Figure 2(d)). S100A11 mRNA 
expression was adversely relative to miR-143-3p 
abundance in placental tissues collected from 
RPL patients, as indicated by Pearson’s correlation 
analysis (Figure 2(e)). Furthermore, both mRNA 
and protein levels of S100A11 were declined in 
HTR8/SVneo cells after miR–143–3p overexpres-
sion; conversely, miR–143–3p blocking unregu-
lated S100A11 mRNA and protein levels 
(Figure 2(f,g)). Therefore, the results indicated 
that miR–143–3p could oppositely regulate 
S100A11 expression in trophoblastic cells.

MiR–143–3p weakens trophoblastic cell 
functions via S100A11

To further probe into the role of the miR–143–3p/ 
S100A11 axis in modulating trophoblastic cell 
functions, HTR8/SVneo cells were transfected 
with NC inhibitor, miR–143–3p inhibitor, miR– 
143–3p inhibitor+si-NC, or miR–143–3p inhibitor 
+si-S100A11. Firstly, the efficiency of S100A11 
knockdown was assessed by RT–qPCR and 
Western blotting (Figure 3(a,b)). The findings 
manifested that the impacts of miR–143–3p inhi-
bition on the proliferation, apoptosis, invasion, 
and migration of HTR8/SVneo cells were partly 
reversed by S100A11 blocking (Figure 3(c–f)). 
Moreover, the alterations on S100A11 mRNA 
and protein levels, as well as EMT markers 
induced by miR–143–3p interference were par-
tially abrogated by S100A11 silencing (Figure 3(g, 
h)). To sum up, the above data indicated that 
miR–143–3p impaired trophoblastic cell functions 
through regulating S100A11.

CircFOXP1 acts as a miR–143–3p ceRNA in 
trophoblastic cells

With the StarBase website, a binding sequence 
between circFOXP1 and miR–143–3p was pre-
dicted (Figure 4(a)). The results of luciferase 
reporter assay exhibited that the luciferase activity 
of circFOXP1-WT was decreased after miR–143– 
3p overexpression; nevertheless, the luciferase 
activity of FOXD3–AS1–MT was almost 
unchanged (Figure 4(b)). RT-qPCR verified that 
circFOXP1 abundance was markedly decreased in 

placental tissues from RPL group, relative to the 
control group (Figure 4(c)). Then, RT–qPCR was 
applied for assessment of circFOXP1 knockdown 
or overexpression efficiency (Figure 4(d,e)). The 
miR–143–3p level was negatively related to 
circFOXP1 level in RPL tissues (Figure 4(f)); 
moreover, miR–143–3p level was reduced after 
circFOXP1 overexpression and upregulated after 
circFOXP1 knockdown (Figure 4(g)), indicating 
circFOXP1 could negatively regulate miR–143–3p 
expression. Besides, S100A11 mRNA expression 
was positively correlative to circFOXP1 level in 
placental tissues collected from RPL patients 
(Figure 4(h)). Furthermore, RT-qPCR and western 
blotting manifested that circFOXP1 overexpres-
sion elevated S100A11 mRNA and protein expres-
sions, while circFOXP1 silencing reduced S100A11 
mRNA and protein levels (Figure 4(i,j)). These 
data revealed that circFOXP1 functioned as 
a miR–143–3p ceRNA to modulate S100A11 level 
in trophoblastic cells.

CircFOXP1/miR–143–3p/S100A11 axis regulates 
trophoblastic cell functions

To further determine the influence of circFOXP1/ 
miR–143–3p/S100A11 axis on trophoblastic cell 
functions, the proliferation, apoptosis, migration, 
invasion, and EMT of trophoblastic cells in each 
group. As shown in (Figure 5(a–d)), circFOXP1 
overexpression increased viability, reduced apop-
tosis, and promoted migration and invasion of 
HTR8/SVneo cells; whereas, miR–143–3p upregu-
lation partly offset such impact. Furthermore, the 
influence of circFOXP1 upregulation on mRNA 
and protein expression levels of S100A11, as well 
as EMT markers was partially neutralized by miR– 
143–3p overexpression (Figure 5(e,f)). Overall, 
these data indicated that circFOXP1 regulated 
S100A11 via miR–143–3p expression, thus 
improving trophoblastic cell dysfunction.

Discussion

Multitudinous miRNAs were anomalously 
expressed in the placental tissues or plasma of 
RPL patients, in contrast with normal pregnancies 
[31]. In this work, we proved that miR–143–3p 
was manifestly upregulated in the placental tissues
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Figure 3. MiR–143–3p weakens trophoblastic cell functions via S100A11. (a and b) S100A11 mRNA or protein level in HTR8/SVneo 
cells transfected with si-NC or si-S100A11 was detected by RT-qPCR or western blotting. (c) HTR8/SVneo cells transfected with NC 
inhibitor, miR–143–3p inhibitor, miR–143–3p inhibitor+si-NC, or miR–143–3p inhibitor+si-S100A11, respectively. the cell viability of 
transfected HTR8/SVneo cells was analyzed by CCK-8 assay at different time points. (d) The apoptosis condition of transfected HTR8/ 
SVneo cells was analyzed by flow cytometry assay. (e) The migration capability of transfected HTR8/SVneo cells was analyzed by 
wound healing assay. (f) The invasion capability of transfected HTR8/SVneo cells was analyzed by transwell assay. (g and h) The 
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from RPL patients, in comparison with healthy 
controls. The results implied that elevated miR– 
143–3p level may be correlative to RPL 
pathogenesis.

It has been demonstrated that miR–143–3p 
increased cell apoptosis but suppressed cell viabi-
lity, EMT process, cell migration, and invasion in 
multiple diseases. For example, Sun et al. elabo-
rated that miR–143–3p increased apoptotic rate 

and attenuated cell viability in an in vitro model 
of Alzheimer’s disease via interaction with NRG1 
[32]. Peng et al. found that miR–143–3p induced 
cell apoptosis, and suppressed cell proliferation, 
EMT, migration, and invasion in hepatocellular 
carcinoma [33]. MiR–143–3p upregulation is also 
related to other pregnancy-associated complica-
tions, including gestational diabetes mellitus [34] 
and gestational hypertension [35]. Consistent with

Figure 4. CircFOXP1 binds to miR–143–3p in trophoblastic cells. (a) The putative binding sites between miR–143–3p and circFOXP1. 
(b) The HTR8/SVneo cells were co-transfected with either circFOXP1-WT or circFOXP1-MUT, and miR–143–3p mimics or NC mimics. 
then, the relative luciferase activity was measured. (c) Relative S100A11 expression in placental tissues from RPL patients (n = 28) 
and normal pregnant women (n = 28) was detected by RT-qPCR. (d) CircFOXP1 expression in HTR8/SVneo cells transfected with si- 
NC or si-circFOXP1 was detected by RT-qPCR. (e) CircFOXP1 expression in HTR8/SVneo cells transfected with vector or oe- 
circFOXP1was detected by RT-qPCR. (f) Pearson’s correlation analysis indicated a negative correlation between the expression of 
miR–143–3p and circFOXP1 in placental tissues from RPL patients (n = 28). (g) miR–143–3p expression in HTR8/SVneo cells 
transfected with si-NC, si-circFOXP1, Vector, or oe-circFOXP1 was detected by RT-qPCR. (h) Pearson’s correlation analysis indicated 
a positive correlation between S100A11 mRNA expression and circFOXP1 expression in placental tissues from RPL patients (n = 28). (i 
and j) S100A11 mRNA or protein level in HTR8/SVneo cells transfected with si-NC, si-circFOXP1, Vector, or oe-circFOXP1 was detected 
by RT-qPCR or western blotting. data are shown as the mean ± SD (n = 3). *P < 0.05; **P < 0.01.

mRNA or protein expression level of S100A11 and EMT markers (E-cadherin, vimentin, and N-cadherin) in transfected HTR8/SVneo 
cells were determined by RT-qPCR or western blotting. data are shown as the mean ± SD (n = 3). *P < 0.05; **P < 0.01.
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the above studies, the functional experiments 
further manifested that miR–143–3p suppressed 
proliferative capability but accelerated apoptosis 
in trophoblastic cells; contrarily, miR–143–3p 
inhibition reduced apoptosis but enhanced prolif-
eration of trophoblastic cells. EMT is deeply 

involved in the pathological and physiological pro-
cesses of various cells [36]. Besides, a previous 
study demonstrated that inhibition of EMT pro-
cess would impair the migrative and invasive cap-
ability of trophoblastic cells and finally result in 
RPL [37]. Herein, the results indicated that miR–

Figure 5. CircFOXP1/miR–143–3p/S100A11 axis regulates trophoblastic cell functions. (a) HTR8/SVneo cells transfected with vector, 
oe-circFOXP1, oe-circFOXP1+NC mimics, or oe-circFOXP1+ miR–143–3p mimics, respectively. The cell viability of transfected HTR8/ 
SVneo cells was analyzed by CCK-8 assay at different time points. (b) The apoptosis condition of transfected HTR8/SVneo cells was 
analyzed by flow cytometry assay. (c) The migration capability of transfected HTR8/SVneo cells was analyzed by wound healing 
assay. (d) The invasion capability of transfected HTR8/SVneo cells was analyzed by transwell assay. (e and f) The mRNA or protein 
expression level of S100A11 and EMT markers (E-cadherin, vimentin, and N-cadherin) in transfected HTR8/SVneo cells were 
determined by RT-qPCR or western blotting. data are shown as the mean ± SD (n = 3). *P < 0.05; **P < 0.01.
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143–3p addition restrained trophoblastic cell inva-
sion and migration via inhibiting EMT. Therefore, 
miR–143–3p promoted trophoblastic cell dysfunc-
tion via regulating proliferation, invasion, migra-
tion and EMT process in trophoblastic cells.

S100A11, belonging to the S100 family, is 
closely related to cell viability, apoptosis, migra-
tion, invasion, and EMT in many diseases 
[38,39]. For instance, Xia et al. revealed 
S100A11 reduced neuronal cell apoptosis caused 
by cerebral ischemia [40]. Tu et al. elucidated 
that S100A11 facilitated stem cell growth, EMT, 
migration, invasion, and generation in glioma 
[41]. In our study, S100A11 was lowly expressed 
in RPL. S100A11 was directly targeted by miR– 
143–3p. Moreover, S100A11 level was lowly 
expressed and negatively correlative to miR– 
143–3p abundance in RPL. Also, S100A11 
enrichment was adversely modulated by miR– 
143–3p in trophoblastic cells. More importantly, 
rescue assays further unearthed that S100A11 
knockdown partly reversed the impacts of 
miR–143–3p suppression on proliferation, apop-
tosis, invasion, migration, and EMT process of 
trophoblastic cells. Mechanistically, miR–143–3p 
impaired trophoblastic cell functions by nega-
tively regulating S100A11 in RPL.

CircRNAs functioned as competitive endogen-
ous RNAs (ceRNAs) to modulate gene levels via 
miRNAs [42]. CircFOXP1 is involved in the 
progression of multiple diseases, including 
osteoporosis [43]. Moreover, Wang et al. dis-
closed that circFOXP1 promoted gallbladder 
cancer cell proliferation, migration, and invasion 
[44]. Li et al. found circFOXP1 facilitated cell 
proliferation and reduced apoptosis in lung car-
cinoma [45]. Herein, we confirmed that 
circFOXP1 expression was downregulated in 
RPL. In addition, circFOXP1 expression was 
negatively correlative to miR–143–3p abundance 
and positively related to S100A11 enrichment in 
RPL. Also, circFOXP1 promoted S100A11 
expression as a ceRNA for miR–143–3p in tro-
phoblastic cells. CircFOXP1 overexpression 
facilitated trophoblastic cell functions and pro-
moted EMT process, which was partly offset by 
miR–143–3p upregulation. Therefore, circFOXP1 
improved trophoblastic cell functions via inter-
action with miR–143–3p.

Conclusion

In summary, this study disclosed that circFOXP1 
could enhance proliferation, restrain apoptosis, 
and facilitate EMT-associated migration and inva-
sion of trophoblastic cells via modulating the miR– 
143–3p/S100A11 axis, providing potential biomar-
kers for RPL diagnosis. Nevertheless, our study is 
still limited as functional assays were only per-
formed in vitro. In the future, further investigation 
would be conducted in vivo.
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