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miR-199a-3p suppresses cervical epithelial cell inflammation by
inhibiting the HMGB1/TLR4/NF-kB pathway in preterm birth
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Abstract. Preterm birth (PTB) is the primary cause of neonatal
mortality worldwide. Infection and inflammation are consid-
ered to be the primary causes of PTB. Cervical remodeling
is an important step in the process of preterm delivery, and
the destruction of the cervical epithelial barrier and inflam-
mation are important triggers of cervical remodeling. The aim
of the present study was to determine the effect and under-
lying mechanism of microRNA (miR)-199a-3p/high-mobility
group box 1 protein (HMGBI) signaling in cervical epithelial
inflammation in PTB. The results of this study revealed that
miR-199a-3p was significantly decreased in cervical epithelial
tissue samples from patients in both the preterm labor and
preterm premature rupture of membrane groups. This decrease
was also observed in tissue samples from a lipopolysaccha-
ride (LPS)-induced PTB mouse model and in LPS-induced
ectocervical and endocervical cells. Whereas, the expression
of HMGBI and toll-like receptor 4 (TLR4) was significantly
increased, which was associated with the upregulation of inter-
leukin (IL)-1p and tumor necrosis factor (TNF)-a expression.
Furthermore, overexpression of miR-199a-3p significantly
suppressed the expression and activation of HMGBI1 and
TLR4/NF-xB signaling, and decreased the levels of IL-1p
and TNF-a in vitro and in vivo. Additionally, overexpression
of HMGBI and/or TLR4 reversed the anti-inflammatory
effects of miR-199a-3p mimics in vitro and in vivo. These
results indicate that miR-199a-3p acts as a negative inflam-
matory regulator in PTB by targeting HMGBI to regulate the
TLR4/NF-kB pathway.
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Introduction

Preterm birth (PTB) refers to delivery at <37 weeks of gesta-
tion, it is a global issue and a leading cause of infant morbidity
and mortality worldwide (1). Spontaneous preterm labor is a
syndrome involving a number of pathophysiological processes
that is primarily caused by intra-amniotic infection/inflamma-
tion (2). Compared with the normal population, pregnant women
have increased susceptibility to pathogens in the environment,
thus increasing the risk of adverse pregnancy outcomes (3).
Inflammation, or more specifically inflammatory activation
caused by infection or other factors, plays key roles in uterine
activation and delivery (4), including promoting inflammatory
factor responses and destroying the cervical epithelial barrier,
thus inducing cervical remodeling (5). Cervical remodeling
is a natural, continually occurring process over the course of
gestation, but the mechanism of its occurrence and progression
remains largely unknown.

The production of inflammatory cytokines caused by
inflammatory activation is closely related to the maintenance
of uterine quiescence and the induction of uterine activation
during pregnancy (6,7). The increased production of proin-
flammatory cytokines is related to uterine activation and the
occurrence of PTB, whereas anti-inflammatory cytokines play
an essential role in uterine quiescence during gestation (8,9).
High-mobility group box 1 protein (HMGBI) is a member of
the highly conserved non-histone DNA binding protein family,
and a potent mediator of inflammation in multiple patho-
logical processes, such as endotoxemia and sepsis induced
by bacterial infection, gastrointestinal inflammation, pancre-
atitis, ischemia-reperfusion injury and transplantation, and
intra-amniotic inflammation-determined preterm birth (10,11).
HMGBI is secreted by innate immune cells in response to
pathogens and is released by injured or dying cells, thus it plays
a central role in the pathogenesis of both sterile and infectious
inflammation (12). It has been reported that HMGBI levels
are significantly increased in PTB (11,13-15). Toll-like recep-
tors (TLRs) are a family of evolutionarily conserved innate
immune receptors that act as sensors of invading pathogens
and link innate and acquired immunity (11,16). HMGBI is
a ligand that promotes TLR4 activity. TLR4 is the primary
receptor of endogenous extracellular HMGBI, which can
activate NF-xB and mediate its nuclear translocation, thus
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upregulating the expression of cytokines and other inflam-
matory mediators (17-20). A previous study has revealed that
the TLR4/NF-kB signaling pathway is involved in advancing
gestational age, exposure to chorioamnionitis and preterm
premature rupture of membranes (PPROM) (21). However, the
regulatory mechanism of HMGBI1 and TLR4/NF-«B signaling
in inflammatory activation in PTB remains unknown.

MicroRNAs (miRNAs/miRs) are a class of small
non-coding single-stranded RNAs that are 18-22 nucleo-
tides in length. They negatively regulate gene expression
via degradation or posttranscriptional regulation of target
mRNAs. Numerous studies have suggested that miRNAs
are involved in PTB (22-25). Previous studies have reported
that miR-199a and miR-214 are significantly decreased in
the laboring myometrium of pregnant mice and humans, and
in an inflammatory mouse model of preterm labor (26), and
they are important regulators of myometrial contractility. It
has also been reported that miR-199a-3p plays a crucial role
in regulating the process of inflammation in multiple diseases,
including cystic fibrosis airways (27) and acute lung injury (28).
However, it is unclear whether miR-199a-3p is involved in the
regulation of uterine activation and quiescence by regulating
inflammatory activation.

Based on previous studies, it was hypothesized that
miR-199a-3p may play an important role in PTB-related
inflammatory activation. Notably, it has been suggested that
miR-199a-3p may regulate HMGBI1 expression by targeting the
HMGBI mRNA 3'untranslated region (UTR) through a bioin-
formatic prediction (http:/www.targetscan.org/vert_72/). The
present study aimed to investigate the mechanism by which
miR-199a-3p regulates the TLR4/NF-kB-mediated inflamma-
tory response by targeting HMGBI in preterm delivery. This
study will provide more evidence related to the pathogenesis
of inflammatory-related PTB and provide new insights into
the targets and strategies for PTB prevention.

Materials and methods

Human tissue preparations. All human studies were approved by
the Hospital Ethical Committee of The First People's Hospital of
Yunnan Province and Affiliated Hospital of Kunming University
of Science and Technology located in Kunming, China (approval
no: 2016LLH087), and written informed consent was obtained
from each patient before surgery. A total of 182 females partici-
pated in this study, these patients had been admitted to The First
People's Hospital of Yunnan Province between January and
September 2019. The details and baseline characteristics of the
participants are shown in Table S1. Of these 182 participants,
52 were in the PTB group, 60 were in the PPROM group and
70 were in the full-term birth (TB) group. The peripheral blood
and cervical epithelial tissues were collected from participants
within 30 min of delivery, immediately frozen and stored at
-80°C for subsequent study.

Cell culture and transfection. The ectocervical (Ecto) cell line
Ectl/E6E7 (cat. no. CRL-2614) and endocervical (Endo) cell line
End1/E6E7 (cat. no. CRL-2615) were purchased from American
Type Culture Collection (ATCC) and cultured in keratinocyte
serum medium (KSM; Gibco; Thermo Fisher Scientific, Inc.)
supplemented with 0.1 ng/ml epidermal growth factor, 50 pg/ml
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bovine pituitary extract (ScienCell Research Laboratories, Inc.)
and 0.1% penicillin-streptomycin solution at 37°C in a humidi-
fied incubator with 5% CO,. 293T cells were purchased from
ATCC and cultured in Dulbecco's modified Eagle's medium
(DMEM; Gibco; Thermo Fisher Scientific, Inc.) supplemented
with 10% fetal bovine serum (FBS, Gibco; Thermo Fisher
Scientific, Inc.) and 0.1% penicillin-streptomycin solution at
37°C in a 5% CO, humidified incubator.

For the transfection experiment, Ecto and Endo
cells were seeded into 6-well plates (Coning, Inc.) at
1.5x10° cells/well for 24 h. Then, cells were transfected
with 100 nM miR-199a-3p mimics (5'-ACAGUAGUC
UGCACAUUGGUUA-3") and negative miRNA mimics (5'-UAA
CCAAUGUGCAGACUACUGU-3") using Lipofectamine®
2000 (Invitrogen; Thermo Fisher Scientific, Inc.), according to
the manufacturer's protocols. The transfection efficiency was
verified by reverse transcription-quantitative (RT-q)PCR 4 h
later. miR-199a-3p mimics and negative control mimics were
obtained from Shanghai GenePharma Co., Ltd.

For HMGBI1 and TLR4 overexpression experiments,
293T cells were seeded into 24-well plates (Coning, Inc.)
at 1x10° cells/well for 24 h. Clone vectors of HMGBI and
TLR4 were purchased from Shanghai GenePharma Co., Ltd.
Subsequently, the linearized DNA, shuttle vector and pacAd
vector were co-transfected into 293T cells using Lipofectamine
2000 (Invitrogen; Thermo Fisher Scientific, Inc.). Viral lysates
were harvested and purified before infecting Ecto and Endo
cells. One day before the experiment, Ecto and Endo cells were
seeded into 6-well plates (Coning, Inc.) at 1.5x10° cells/well.
Then, 50 nM adenoviruses were added to the medium to infect
the Ecto and Endo cells, the transfection efficiency was verified
by western blotting 24 h later.

LPS-induced inflammation in Ecto and Endo cells. Ecto
and Endo cells were seeded into 24-well plates at a concen-
tration of 1x10° cells/well for 24 h in KSM supplemented
with 0.1 ng/ml epidermal growth factor, 50 pg/ml bovine
pituitary extract (ScienCell Research Laboratories, Inc.) and
0.1% penicillin-streptomycin solution at 37°C with 5% CO,.
Then, the medium was changed to keratinocyte serum-free
medium supplemented with 0.1% penicillin-streptomycin solu-
tion for 24 h. Then, the cells were treated with 25 pyg/ml LPS
(Sigma-Aldrich; Merck KGaA), and the control group was
treated with an equivalent of saline. The cell culture supernatant
was collected at 6 and 24 h, and the cytokines were assayed at
both time points using an enzyme-linked immunosorbent assay
(ELISA) kit.

RT-qPCR. Total RNA was extracted from cervical tissues and
cells using TRIzol reagent (Invitrogen; Thermo Fisher Scientific,
Inc.) and then reverse transcribed using a PrimeScript RT regent
kit (Takara Biotechnology Co., Ltd.), following the manufac-
turer's instructions (with the temperature protocol of 37°C for
15 min, and 85°C for 5 sec). RT-qPCR was carried out using
SYBR Real-Time PCR Master Mix (Takara Biotechnology
Co., Ltd.) on an ABI 7500 Real-Time PCR System (Applied
Biosystems; Thermo Fisher Scientific, Inc.). The thermocycling
conditions were as follows: Initial denaturation at 95°C for 10 sec,
followed by 40 cycles of 95°C for 10 sec and 60°C for 30 sec.
The mRNA level was normalized to GAPDH and miRNA level
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was normalized to U6. The relative levels were calculated by the
248 method (29). The primer sequences used were as follows:
Human GAPDH, forward: 5"TTCCGTGTTCCTACCC-3' and
reverse: 5'-GTCGCAGGAGACAACC-3"; human U6, forward:
5'-CTCGCTTCGGCAGCACATATACT-3" and reverse:
5'-ACGCTTCACGAATTTGCGTGTC-3"; human HMGBI,
forward: 5'-CAAACCTGCCGGGAGCAGCA-3' and reverse:
5" TCTTTCATAACGAGCCTTGTCAGCC-3'; human TLR4,
forward: 5"TATCCAGAGCCGTTGGTGTA-3' and reverse:
5'-CCCACTCGAGGTAGGTGTTT-3"; human interleukin
(IL)-1p, forward: 5-TGAGCTCGCCAGTGAAATGA-3'
and reverse: 5'-AACACGCAGGACAGGTACAG-3";
and human tumor necrosis factor (TNF)-a, forward:
5'-CCAGACCCTCACACTCAGATCA-3' and reverse:
5-CACTTGGTGGTTTGCTACGAC-3'. In addition, miRNA
gPCR was carried out using a TagMan™ Reverse Transcription
kit (Applied Biosystems; Thermo Fisher Scientific, Inc.) and
a TagMan Universal PCR Master Mix (Applied Biosystems;
Thermo Fisher Scientific, Inc.).

Luciferase reporter assays. The binding sites between
miR-199a-3p and HMGBI was predicted with TargetScan
(http://www.targetscan.org/vert_72/). Luciferase vectors
containing the 3'UTR of human HMGBI with the miR-199a-3p
binding sites and mutant miR-199a-3p binding sites, were
purchased from Shanghai GenePharma Co., Ltd. A total of
1x10* 293T cells were cultured for 24 h and then transfected
with the plasmid (wt-luc-HMGBI1 or mut-luc-HMGBI1) by
Lipofectamine™ 2000 Transfection Reagent (Invitrogen;
Thermo Fisher Scientific, Inc.). The pRL-CMV vector
containing the CMV enhancer and early promoter elements
of Renilla luciferase (Promega Corporation) was used as an
internal control. The luciferase activity was measured using
the Dual-Luciferase® Reporter Assay System (Promega
Corporation) 24 h post transfection.

Peripheral blood specimens. Peripheral blood specimens were
collected, incubated for 15 min at room temperature and then
centrifuged at 1,000 x g at 4°C for 15 min. The serum samples
were stored at -20°C.

ELISA. The concentration of cytokines IL-1f (cat. no. DLB50),
IL-6 (cat. no. D6050) and TNF-a (cat. no. DTAOOD; all
purchased from R&D Systems, Inc.) in serum from participants
were measured using ELISA kits following the manufacturer's
instructions.

Western blotting. The Ecto and Endo cells were harvested
and lysed in RIPA buffer with protease inhibitors (Invitrogen;
Thermo Fisher Scientific, Inc.). Protein concentrations were
determined using the Pierce BCA assay (Invitrogen; Thermo
Fisher Scientific, Inc.), according to the manufacturer's proto-
cols. 40 ng of proteins were loaded on a 12.5% SDS-PAGE and
subsequently transferred to PVDF membranes. The membranes
were blocked with 5% non-fat milk for 1 h at room temperature.
Then, the cells were incubated with primary antibodies at 4°C
overnight. Expression levels of the proteins of interest were
analyzed using primary antibodies against inhibitor of NF-xB
(IxB; 1:1,000; cat. no. ab32518; Abcam), IkB kinase (IKK;
1:1,000; cat. no. ab32041; Abcam), HMGBI1 (1:12,000; cat.
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no. ab79823; Abcam), TLR4 (1:100; cat. no. ab22048; Abcam),
cAMP response element-binding protein (CREB; 1:500; cat.
no. ab32515; Abcam), phosphorylated (p)-CREB (1:5,000; cat.
no. ab32096; Abcam), p65 (1:1,000; cat. no. ab16502; Abcam)
and p-p65 (1:16,000; cat. no. ab6503; Abcam). Membranes
were rinsed three times with 1X Tris-buffered saline with
0.5% Tween-20 (TBST), and then incubated with anti-rabbit
IgG (1:2,000; cat. no. ab205718; Abcam) horseradish peroxi-
dase-conjugated secondary antibody for 1 h at room temperature.
Membranes were rinsed three times with TBST and visualized
using an ECL kit (Bio-Rad Laboratories, Inc.). The protein
bands were quantified using ImageJ software (v1.52a; National
Institutes of Health), and GAPDH was used as a loading control.
Each experiment was performed in triplicate.

Mouse model of LPS-induced preterm labor. A total of
25 eight-week-old timed pregnant Institute of Cancer Research
(ICR) mice (28-32 g) were obtained from Guangdong Medical
Laboratory Animal Center. The mice were housed individu-
ally with a 12-h light/dark cycle at 22°C with 50% humidity
and received ad libitum food and water. All experiments were
approved by the Animal Ethics Committee of the hospital.
The LPS-induced preterm mouse model was described in a
previous study (30). Briefly, pregnant ICR mice (15.5 days
post conception) were anesthetized by intraperitoneal injection
with 1% sodium pentobarbital (50 mg/kg) before performing
laparotomy to expose the uterus. LPS (Sigma-Aldrich; Merck
KGaA) at a dose of 1.5 ug in 50 ul or an equal volume of sterile
PBS was injected into each amniotic sac. The uterus was then
carefully reinserted into the abdominal cavity, the abdominal
muscle wall and skin were sutured, and the mouse was allowed
to recuperate. The LPS-induced mice (n=5) were sacrificed upon
the PTB of one pup, and the control mice (n=5) were sacrificed
immediately afterwards. Then, to determine the miR-199a-3p
and HMGBI in cervical epithelial inflammation in vivo,
miR-199a-3p mimics and pcDNA-HMGBI1 were transfected
into LPS-induced PTB mice together or alone [the mice were
divided into 3 groups: LPS only (n=5); miR-199a-3p mimics
only (n=5); and miR-199a-3p mimics and pcDNA-HMGBI1
(n=5)], and the transfection efficiency was verified by RT-qPCR
or western blotting. Subsequently, the expression of HMGBI,
TLR4, p65, p-p65 and the proinflammatory cytokines, IL-13
and TNF-a, were measured.

Statistical analysis. All data are presented as the mean + SEM.
Differences between two or multiple groups were evaluated
using a two-tailed Student's t-test or one-way ANOVA followed
by Bonferroni post hoc test. The baseline characteristics of
participants were tested by Kruskal-Wallis test and Fisher's
Exact test. Statistical analyses were performed using SPSS
v20.0 IBM Corp.) and GraphPad Prism 7.0 software (GraphPad
Software, Inc.). P<0.05 was considered to indicate a statistically
significant difference.

Results

Expression of miR-199a-3p and HMGBI in the PTB group.
A total of 182 females participated in the present study, which
included 52 patients in the PTB group, 60 in the PPROM group
and 70 in the TB group. mRNA expression of miR-199a-3p
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Figure 1. Expression of miR-199a-3p and HMGBI in cervical tissue samples from patients. The expression of (A) miR-199a-3p, (B) HMGB1 mRNA and
(C) TLR4 mRNA in cervical tissue samples from patients in the term birth, preterm birth and PPROM groups measured by reverse transcription-quantitative
PCR. The serum levels of (D) IL-1p and (E) TNF-a in cervical tissue samples from patients in the term birth, preterm birth and PPROM groups, measured
using an ELISA assay. Data represents the mean + SEM. ““P<0.001 vs. term birth. miR, microRNA; HMGBI, high-mobility group box 1 protein; TLR4,
toll-like receptor 4; PPROM, preterm premature rupture of membranes; IL, interleukin; TNF, tumor necrosis factor.
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Figure 2. Expression of miR-199a-3p and HMGBI in LPS-induced preterm mouse model. LPS (1.5 pg in 50 ul) was used to induce preterm birth in mice. The
expression of (A) miR-199a-3p, (B) HMGB1 mRNA and (C) TLR4 mRNA in cervical samples from preterm mice compared with control mice, as determined
by reverse transcription-quantitative PCR. The serum levels of (D) IL-1f3 and (E) TNF-a in preterm mice compared with control mice, as measured by
an ELISA assay. Data represents the mean + SEM. ““P<0.001 vs. control. miR, microRNA; HMGBI, high-mobility group box 1 protein; TLR4, toll-like
receptor 4; IL, interleukin; TNF, tumor necrosis factor; LPS, lipopolysaccharide.
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Figure 3. Expression of miR-199a-3p and HMGBI in LPS-induced cervical epithelial cells. The expression of (A) miR-199a-3p, (B) HMGB1 mRNA and
(C) TLR4 mRNA in Ecto and Endo cells at 6 and 24 h after LPS (25 pg/ml) treatment, as determined by reverse transcription-quantitative PCR. The levels of
(D) IL-1p and (E) TNF-a in the cell culture medium of Ecto and Endo cells at 6 and 24 h after LPS (25 pg/ml) treatment, as detected using an ELISA assay.
Data represents the mean + SEM. “P<0.01, ““P<0.001 vs. control. miR, microRNA; HMGBI, high-mobility group box 1 protein; TLR4, toll-like receptor 4;
IL, interleukin; TNF, tumor necrosis factor; LPS, lipopolysaccharide; Ecto, ectocervical; Endo, endocervical.

and HMGBI in the cervical tissues of patients in the PTB,
PPROM and TB groups were determined by RT-qPCR.
The results showed that the expression of miR-199a-3p was
significantly decreased in the cervical tissue of patients in
the PTB and PPROM groups compared with patients in
the TB group (Fig. 1A). In contrast, the mRNA levels of
HMGBI and TLR4 were significantly increased in patients
in the PTB and PPROM groups compared with in the TB
group (Fig. 1B and C). Furthermore, serum levels of proin-
flammatory cytokines (IL-1p and TNF-a) were significantly
increased in the PTB and PPROM groups compared with in
the TB group (Fig. 1D and E). In addition, there were no
significant differences between the PTB and PPROM groups.
These results suggested that there is a significant inflamma-
tory response in PTB and PPROM conditions, which may be
related to the abnormal expression of miR-129-3p, HMGBI1
and TLR4.

Expression of miR-199a-3p and HMGBI in an LPS-induced
preterm mouse model. The expression levels of miR-199a-3p,
HMGBI and TLR4 in cervical tissue from PTB mice and
the level of inflammation in PTB mice were found to be
similar to those observed in patients in the PTB group. As
shown in Fig. 2, the LPS-induced preterm mouse model
resulted in significant downregulation of miR-199a-3p and
upregulation of the mRNA expression levels of HMGBI1
and TLR4 compared with those in control mice (Fig. 2A-C).
Furthermore, serum IL-1f and TNF-a showed significant
increases in LPS-induced PTB mice (Fig. 2D and E). These
results indicated that LPS-induced inflammatory preterm
delivery in pregnant mice might be achieved by regulating the
expression of miR-199a-3p, HMGBI and TLR4.

Expression of miR-199a-3p and HMGBI in LPS-induced
cervical epithelial cells. Ecto and Endo cells were exposed
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Figure 4. Overexpression of miR-199a-3p inhibits inflammatory phenotype in vitro. The mRNA expression of (A) HMGBI and (B) TLR4 in Ecto and
Endo cells after miR-199a-3p overexpression, as determined by reverse transcription-quantitative PCR. The levels of (C) IL-1f and (D) TNF-a in the cell
culture medium of Ecto and Endo cells after miR-199a-3p overexpression, as measured by ELISA assay. Data represents the mean = SEM. "P<0.05, “P<0.01,
""P<0.001 vs. NC. miR, microRNA; HMGBI1, high-mobility group box 1 protein; TLR4, toll-like receptor 4; IL, interleukin; TNF, tumor necrosis factor; LPS,
lipopolysaccharide; Ecto, ectocervical; Endo, endocervical; NC, negative control.

to LPS, and the expression of genes was measured at 6 and
24 h after exposure in both cell lines. The results showed that
the expression of miR-199a-3p significantly decreased in both
cell lines in a time-dependent manner (Fig. 3A). Similar to
patients in the PTB group and LPS-induced preterm mice,
the mRNA expression of HMGBI1 and TLR4 were signifi-
cantly increased in Ecto and Endo cells in a time-dependent
manner (Fig. 3B and C). In addition, the L-1 and TNF-a
levels were also significantly increased in Ecto and Endo
cells in a time--dependent manner (Fig. 3D and E). These
data suggested that miR-199a-3p and HMGBI play important
roles in LPS-induced inflammation of cervical epithelial cells
in vitro.

Overexpression of miR-199a-3p inhibits the inflammatory
phenotype in vitro. To investigate the effect of miR-199a-3p
on cervical epithelial cell inflammation, Ecto and Endo cells
were transfected with miR-199a-3p mimics (transfection effi-
ciency presented in Fig. S1A), which significantly decreased
the mRNA expression of HMGBI and TLR4 (Fig. 4A and B).
Concurrently, transfection of miR-129-3p mimics inhibited
the proinflammatory cytokine production in both Ecto and
Endo cells. As shown in Fig. 4C and D, the levels of IL-1p
and TNF-a were significantly decreased after miR-129-3p
overexpression. These results suggested that upregulation of
the expression of miR-199a-3p could inhibit the expression of
HMGBI and TLR4, and contribute to anti-inflammation in
cervical epithelial cells in vitro.

Overexpression of miR-199a-3p suppresses the NF-xB
pathway in cervical epithelial cells. To explore whether
miR-199a-3p influences inflammatory responses by regulating

the NF-kB pathway, Ecto and Endo cells were transfected with
miR-199a-3p mimics, and the proteins involved in the NF-xB
pathway were detected by western blotting. As shown in Fig. 5,
there was a significant increase in the protein expression of
IxB and activated p-CREB (Fig. 5A, B and D). In contrast, the
protein expression levels of IKK and p-p65 were significantly
decreased (Fig. 5A, C and E). Notably, the expression of total
CREB and p65 showed no obvious change (Fig. 5A). These
data demonstrated that overexpression of miR-129-3p could
inhibit the activation of NF-xB signaling, which indicated
that the NF-«B pathway participates in the regulation of the
inflammatory response by miR-129-3p.

miR-199a-3p targets HMGBI. To explore the underlying
targets of miR-199a-3p in Ecto and Endo cells, the targets of
miR-129-3p were predicted by the bioinformatics software
TargetScan. As shown in Fig. 6A, HMGBI1 was found to
be one of the targets of miR-129-3p, and a binding site for
miR-199a-3p was found on the HMGB1 mRNA 3'UTR. To
verify the targeting relationship between miR-129-3p and
HMGBI, a luciferase reporter assay was performed. The results
showed that luciferase activity was significantly suppressed in
Ecto and Endo cells co-transfected with miR-199a-3p mimics
and the luciferase reporter vector of wild-type HMGBI1
containing the miR-199a-3p binding site sequence, but there
was no significant difference in luciferase activity between
the negative control- and miR-129-3p mimic-transfected
group when the cells were co-transfected with the binding site
mutant HMGBI luciferase reporter vector (Fig. 6B and C).
Moreover, Ecto and Endo cells transfected with miR-199a-3p
mimics significantly suppressed both the mRNA and protein
expression of HMGBI (Fig. 6D-F). These results suggested
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that miR-199a-3p could suppress the expression of HMGBI
at both the mRNA and protein levels by directly targeting the
3'UTR of HMGB1 mRNA.

miR-199a-3p regulates inflammation via the
HMGBI/TLR4/NF-kB pathway. To investigate the mechanism
by which miR-199a-3p regulates inflammation, adenovirus
vectors containing HMGBI1 and TLR4 were transfected
into both Ecto and Endo cells (the transfection efficiency
of pcDNA-HMGBI1 and pcDNA-TLR4 in Ecto and Endo
cells is presented in Fig. S1B and D), and then the levels of
inflammatory cytokines and expression levels of proteins in
the NF-xB pathway were analyzed. The results showed that
overexpression of HMGBI1 and TLR4 significantly reversed

the proinflammatory effects of miR-199a-3p in Ecto and Endo
cells. The expression levels of TNF-a and IL-1p were upregu-
lated when miR-129-3p was co-transfected with HMGBI or
TLR4 adenovirus vectors compared with those in cells trans-
fected with miR-129-3p mimics alone (Fig. 7A-D). In addition,
overexpression of miR-199a-3p significantly suppressed the
activation of the proteins in the NF-kB pathway, but this effect
was reversed by overexpression of HMGBI1 and TLR4. As
shown in Fig. 7E-J, overexpression of miR-129-3p upregulated
the expression of IKK and p-CREB, but this effect was reversed
by HMGBI and/or TLR4 overexpression, and the downregula-
tion of IkB and p-p65 was also reversed upon co-transfection
with HMGBI and/or TLR4 adenovirus vectors. These results
indicated that the inhibition of NF-«xB signaling by miR-129-3p
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element-binding protein.

occurred through targeting HMGBI1 and partly depended on
the participation of TLR4. Specifically, miR-129-3p could
regulate TLR4/NF-kB signaling by targeting HMGBI, thus
influencing the production of NF-kB-dependent proinflamma-
tory cytokines.

miR-199a-3p regulates inflammation during PTB in vivo
by targeting HMGBI. To determine the role of miR-199a-3p
and HMGBI in inflammation during preterm labor in vivo,
miR-199a-3p mimics and/or pcDNA-HMGBI were transfected
into the LPS-induced mouse PTB model (the transfection
efficiency of miR-199a-3p mimics and pcDNA-HMGBI are
presented in Fig. S1C and E, respectively). The overexpres-
sion of miR-129-3p significantly attenuated the expression of
HMGBI and TLR4 (Fig. 8A-C), and the release of IL-1f and

TNF-o was inhibited in the cervical tissues of LPS-induced
PTB mice (Fig. 8D and E). However, the effects of overex-
pressing miR-129-3p were significantly reversed by the
HMGBI adenovirus vector. After upregulating HMGBI, the
expression of TLR4 was also upregulated, and the levels of
proinflammatory cytokines IL-1f and TNF-a were concur-
rently increased in cervical tissues (Fig. 8A-E). Furthermore,
NF-«B signaling participated in this process. Overexpression
of miR-129-3p inhibited the activation of p65, and the level
of p-p65 in cervical tissues was decreased compared with
that in LPS-induced PTB mice. However, when miR-129-3p
mimics and pcDNA-HMGBI1 were co-transfected into
LPS-induced PTB mice, the expression of p-p65 was upregu-
lated compared with that in the miR-129-3p-overexpression
group (Fig. 8A and F). These data showed that miR-129-3p
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suppressed cervical inflammation in vivo by targeting HMGB1
in order to regulate the TLR4/NF-xB pathway.

Discussion

The present study explored a novel pathway that regulates the
molecular mechanism contributing to cervical inflammation
activation, which induces cervical epithelial barrier injury
and cervical remodeling. In the present study, the function
of miR-199a-3p and its target gene HMGBI1 were investi-
gated in inflammatory-related PTB. The results showed that
miR-199a-3p was significantly downregulated in patients in
the PTB and PPROM groups, as well as in an LPS-induced
preterm mouse model and LPS-treated Ecto and Endo cells. In
contrast, the expression of HMGBI and its primary membrane
receptor TLR4 were both significantly increased, which was

accompanied by the increased release of the proinflammatory
factors IL-1p and TNF-a. Moreover, the results demonstrated
that miR-199a-3p participated in the inflammatory activation
of cervical remodeling during pregnancy by inhibiting the
activation of the TLR4/NF-xB proinflammatory signal by
targeting the 3'UTR of HMGBI (Fig. 9).

PTB is defined as delivery before 37 completed weeks
of gestation by the World Health Organization and can be
subdivided into extremely preterm (<28 weeks), very preterm
(28-32 weeks) and moderate to late PTB (32-36 weeks) (31).
Currently, PTB is the primary cause of perinatal morbidity
and mortality (32), and the second cause of childhood death
below the age of 5 years (33). Spontaneous preterm labor is
a syndrome caused by multiple pathological processes and
causes 70% of PTBs (34). The increase in uterine contractility,
cervical dilatation and rupture of chorioamniotic membranes
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are the ‘common pathways’ of delivery, both in full term
delivery and premature delivery (35). More specifically, the
common pathway is activated physiologically in the case of
full-term labor, whereas several disease processes activate
one or more of the components of the common pathway in
the case of preterm labor. Accumulating evidence suggests
that preterm labor is a syndrome attributable to multiple
pathologic processes (35), including infection (36), vascular
disorders (37), decidual senescence, uterine overdisten-
sion (38-40), cervical disease (41), breakdown of maternal-fetal
tolerance and stress (42). Of these, only intra-amniotic infec-
tion/inflammation has been causally linked to spontaneous
preterm delivery (43-45). The innate immune system acti-
vated by endogenous danger signals causes an inflammatory
process in sterile inflammation (46), followed by the release
of proinflammatory cytokines, including IL-1f3, IL-18, IFN-y
and TNF-a (4, 47). In the present study, it was determined that
the levels of IL-1p and TNF-a were significantly increased
in PTB, which suggested that the differential regulation of
molecules during inflammation in PTB may be novel markers
for the diagnosis of PTB.

Stimulating uterine contraction is the first step of preterm
delivery, followed by cervical remodeling and early delivery,
and studies have shown that premature cervical remodeling
may be the main step of spontaneous preterm delivery (48-51).
Previous studies have suggested that infection- or inflamma-
tory-mediated destruction of the cervical epithelial barrier
promotes cervical remodeling and plays an important role in
the pathogenesis of preterm delivery (52-54). However, the
pathogenesis of cervical epithelial inflammation needs further
study. It is known that miR-199a-3p plays an important role
in inflammatory responses (55), and it also plays a negative

regulatory role in the NF-xB signaling pathway to modu-
late inflammatory processes in cystic fibrosis airways (27).
Moreover, miR-199a-3p is a crucial regulator of myometrial
contractility and prevention of PTB (26). The present study
focused on the role of miR-199a-3p in cervical epithelial
inflammation. First, it was found that the expression of
miR-199a-3p was significantly reduced in the cervical epithe-
lial tissues of patients in the PTB group, in an LPS-induced
preterm mouse model and LPS-induced Ecto and Endo cells.
Furthermore, overexpression of miR-199a-3p significantly
suppressed the expression of HMGBI1, TLR4, p-p65, IL-1p
and TNF-a in vitro and in vivo. These results indicated that
miR-199a-3p plays an important role in the inflammation of
cervical epithelial cells during the process of preterm labor
and may regulate HMGBI1 and TLR4/NF-kB signaling.
HMGBI is a highly evolutionarily conserved protein that
promotes gene transcription when it is localized to the nucleus
and acts as an alarmin when released extracellularly (56).
HMGBI is a late mediator of several inflammatory diseases
that signal through several receptors, including advanced
glycation end products (RAGE), TLR2 and TLR4 (57,58).
Furthermore, HMGBI1 binds to receptors that stimu-
late immune cells to produce various proinflammatory
cytokines such as TNF-a, IL-1f, IL-1a and IL-8 (59,60).
Proinflammatory cytokines can induce excessive cellular or
tissue damage to inflammatory lesions (61,62). As the major
receptor of endogenous extracellular HMGBI1, TLR4 can
activate the proinflammatory signaling of the NF-kB pathway
and thus promote the expression of proinflammatory media-
tors (17-20). Previous reports have revealed that HMGBI is
involved in the occurrence of PTB and plays an important
role in the pathogenesis of the inflammatory process in spon-
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taneous PTB (63). The TLR4/NF-xB pathway also plays a
critical role in inflammation, and reports have confirmed that
the expression and activation of TLR4/NF-kB signaling are
involved in gestational inflammation (64). In the present study,
the role of HMGBI, its downstream TLR4/NF-«xB signaling
in preterm cervical epithelial inflammation and its upstream
regulatory mechanism were explored. The results showed
that HMGBI1 was increased in the cervical epithelial tissues
from the patients in the PTB group and the LPS-induced
preterm mouse model, and also in LPS-induced Ecto and
Endo cells. Notably, the expression of HMGBI1 was negatively
regulated by miR-199a-3p, which directly targeted the 3'UTR
of HMGB1 mRNA. Overexpression of HMGBI significantly
reversed the anti-inflammatory effects of miR-199a-3p
mimics in vitro and in vivo. Concurrently, the expression of
the TLR4/NF-xB pathway and proinflammatory cytokines
were also upregulated after HMGB1 was overexpressed in
LPS-induced preterm labor mice. These results indicated that
HMGBI promotes cervical epithelial inflammation in preterm
delivery via the TLR4/NF-xB pathway, and this molecular
axis can be negatively regulated by miR-199a-3p.

Overall, this study suggested that miR-199a-3p plays a
negative regulatory role in the cervical epithelial inflam-
matory process during PTB. Furthermore, miR-199a-3p
regulates the inflammatory process by targeting HMGBI in
order to modulate the TLR4/NF-xB pathway (Fig. 9). This
study provides new insights into the mechanism of cervical
remodeling in spontaneous preterm delivery and suggests that
cervical epithelial inflammation is involved in the occurrence
of cervical remodeling to promote the development of preterm
labor. In addition, the present study provides a new approach
and potential biological target molecules for the prevention of
inflammatory-induced spontaneous PTB.
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