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Abstract. Thymic stromal lymphopoietin (TSLP), produced 
by cervical cancer (CC) cells, promotes angiogenesis, and 
the recruitment and functional regulation of eosinophils. 
It has been reported that microRNA (miR)‑132 is aber-
rantly decreased in CC tissues. However, the function and 
mechanism of TSLP on the biological behaviors of CC cells 
is largely unknown. The aim of the present study was to 
investigate the effect of TSLP on the expression of miR‑132 
and the proliferation and invasion in vitro of CC cell lines, 
namely, HeLa and SiHa cells. The transcrpitional level of 
miR‑132 was analyzed using reverse transcription‑quantitative 
polymerase chaon reaction. The proliferation, invasion, and 
the expression of proliferation and invasion‑related molecules 
in HeLa and SiHa cells in vitro were evaluated using bromo-
deoxyuridine cell proliferation, Matrigel invasion assays, flow 
cytometry and ELISA, respectively. Here, it was revealed 
that recombinant human TSLP (rhTSLP) downregulated the 
expression levels of miR‑132 in HeLa and SiHa cells, and 
by contrast, the neutralizing antibodies for TSLP or TSLP 
receptor (TSLPR) upregulated miR‑132 expression levels in 
HeLa and SiHa cells. The overexpression of miR‑132 resulted 
in a lowered proliferation and invasiveness, decreased levels 
of proliferation‑associated molecules marker of proliferation 
Ki‑67 and proliferating cell nuclear antigen, and the decreased 
production of matrix metalloproteinase (MMP)2 and MMP9 

in HeLa and SiHa cells. Compared with the control group, 
there was a higher level of proliferation and invasion in HeLa 
and SiHa cells following stimulation with rhTSLP. However, 
these effects induced by rhTSLP were significantly impaired 
in HeLa and SiHa cells with miR‑132 overexpression. The 
results of the present study indicated that TSLP produced by 
CC cells downregulated miR‑132 expression, and stimulated 
the proliferation and invasion of CC cells, thereby further 
promoting the development of CC.

Introduction

Cervical cancer (CC) is one of the most common gynecolog-
ical malignancies with high rates of morbidity (0.001‑0.05%) 
and mortality (0.0024‑0.0175%), endangering the health and 
quality of life of women globally (1). Although the decreased 
incidence of CC has primarily been attributed to the wide-
spread use of cytological screening, invasive CC remains an 
issue regarding the mortality rates of patients with CC. Thus, 
the elucidation of the molecular pathogenesis of CC is urgently 
required. The pathogenesis of CC remains enigmatic and may 
be connected with numerous factors, including infection with 
high‑risk human papillomaviruses (HPVs) (2).

Thymic stromal lymphopoietin (TSLP) is primarily 
produced by stromal cells, epithelial cells, fibroblasts, kera-
tinocytes, basophils and other types of cells, including mast 
cells, smooth muscle cells, fibroblasts, dendritic cells, tropho-
blasts, and cancer or cancer‑associated cells (3‑5). TSLP may 
trigger helper T‑cell 2 cytokines, and is associated with airway 
inflammatory disease, immunoglobulin E production, allergic 
responses and eosinophilia (3,4,6). The TSLP receptor (TSLPR) 
is a typical heterodimeric cytokine receptor, including a TSLP 
binding subunit (TSLPRα) and α‑subunit of the interleukin‑7 
receptor (7,8). A previous study reported that an aberrantly 
high level of TSLP present in cancer lesions, potentially medi-
ated by hypoxia, was a notable regulator of the progression of 
CC by recruiting and licensing tumor‑associated eosinophils 
(EOS) to CC lesions (9). In addition, TSLP produced by CC 
cells promotes angiogenesis in an EOS‑dependent and ‑inde-
pendent manner (10,11). Watanabe et al (12) reported that high 
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TSLP expression levels indicate a poor prognosis in patients 
with gastric cancer. However, whether and how TSLP regulates 
the proliferation and invasion of CC cells remains unknown.

Previously, an increasing number of studies have focused 
on the effect of microRNA (miRNA/miR) on CC  (13). 
Zhao et al (14) reported that miR‑132 expression was decreased 
in CC tissues compared with that in adjacent non‑cancerous 
tissues. Transforming growth factor (TGF)‑β is a multifunc-
tional cytokine and may induce numerous important signaling 
pathways in several types of cancer cells (15,16). Furthermore, 
TGF‑β may regulate the expression of TSLP in the interverte-
bral disc tissue (17) and regulate the expression of miR‑132 in 
glioma cells (18). However, it remains unknown whether TSLP 
regulates the biological behaviors by modulating the expres-
sion of miR‑132 in CC.

Therefore, the present study investigated the effect of 
TSLP on the expression of miR‑132, and the proliferation and 
invasion of the CC HeLa and SiHa cell lines in vitro.

Materials and methods

Cell culture. Cervical epidermal carcinoma HeLa and SiHa 
cells were obtained from the Institute of Biochemistry and 
Cell Biology of the Chinese Academy of Sciences (Shanghai, 
China), and grown in RPMI‑1640 medium (Gibco; Thermo 
Fisher Scientific, Inc., Waltham, MA, USA) supplemented 
with 5% fetal bovine serum (FBS; Hyclone; GE Healthcare 
Life Sciences, Logan, UT, USA) at 37˚C in a humidified atmo-
sphere containing 5% CO2.

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). Following treatment with a range of concentra-
tions of recombinant human TSLP (rhTSLP; 1, 10, 100 ng/ml; 
R&D Systems, Inc., Minneapolis, MN, USA), the anti‑human 
TSLP neutralizing antibodies (α‑TSLP) or anti‑human TSLPR 
neutralizing antibodies (α‑TSLPR) (5 µg/ml; R&D Systems, 
Inc.) at 37˚C in a humidified incubator containing 5% CO2 for 
48 h, with 1% PBS used as a control. RT‑qPCR was performed 
in order to determine the expression levels of miR‑132 in 
the HeLa and SiHa cells. Total RNA was extracted from 
these cells using TRIzol reagent (Invitrogen; Thermo Fisher 
Scientific, Inc.) following the manufacturer's protocol. The 
total miRNA of HeLa and SiHa cells were harvested using 
the PureLink™ miRNA Isolation kit (Invitrogen; Thermo 
Fisher Scientific, Inc.) according to the manufacturer's 
protocol. miR‑132 expression was detected using the TaqMan 
MicroRNA Assay kit (Applied Biosystems; Thermo Fisher 
Scientific, Inc.) according to the manufacturer's protocol. The 
parameters of the PCR reaction were as follows: 94˚C for 
2 min, 1 cycle; 94˚C for 20 sec, 60˚C for 34 sec for 40 cycles. 
The relative expression levels of miR‑132 were analyzed using 
the 2‑ΔΔCq relative quantification method with human U6 small 
nuclear RNA used as an internal control (19). The sequences 
of primers and TaqMan probes are presented in Table I. All 
assays were performed in triplicate.

Overexpression of miR‑132 in HeLa and SiHa cells. The 
miR‑132 mimic lentivirus (miR‑132‑mimic) and its corre-
sponding miRNA lentivirus negative control (miR‑NC) were 
constructed by Shanghai GenePharma Co., Ltd. (Shanghai, 

China). miR‑132 overexpression and corresponding control 
stable cell lines were then established. The recombinant 
virus was packaged using the Lentivector Expression system 
(GeneChem Co., Ltd.), and HeLa and SiHa cells were infected. 
For lentivirus infection, 3x105 HeLa or SiHa cells were cultured 
in 6‑well plates and incubated for 24 h prior to be infected. 
Next, miR‑132‑mimic lentivirus or miR‑NC lentivirus at a 
multiplicity of infection (MOI) of 20, was added to the cells. 
After three days, the efficiency of miR‑132 overexpression 
was verified using RT‑qPCR analysis. PCR cycling conditions 
were as follows: 94˚C for 2 min, 1 cycle; 94˚C for 20 sec, 60˚C 
for 34 sec for 40 cycles. The subsequent experiments were 
performed using viruses at the aforementioned MOIs.

Bromodeoxyuridine (BrdU) cell proliferation and Matrigel 
invasion assays. The miR‑NC and miR‑132‑mimic HeLa and 
SiHa cells were treated with rhTSLP (10 ng/ml) in a humidified 
incubator containing 5% CO2 at 37˚C for 48 or 72 h. In addi-
tion, the vehicle (1% PBS) for the negative control was added. 
Next, the proliferation ability of the HeLa and SiHa cells was 
detected using a BrdU cell proliferation assay kit (Merck 
KGaA, Darmstadt, Germany) according to the manufacturer's 
protocol. The experiments were performed in triplicate, and 
repeated 4 times.

In addition, the invasion ability of HeLa and SiHa cells was 
analyzed using a Matrigel invasion assay. Briefly, the cells inserts 
(8‑µm pore size, 6.5‑mm diameter; Corning Incorporated, 
Corning, NY, USA) coated with 25 µl Matrigel were placed 
in a 24‑well plate. The miR‑NC and miR‑132‑mimics HeLa 
and SiHa cells, at 2x104 cells per well, were plated in the upper 
chamber with 100 µl RPMI‑1640 medium (Gibco; Thermo 
Fisher Scientific, Inc.). RhTSLP (10 ng/ml) or the vehicle was 
added. The lower chamber was filled with 800 µl RPMI‑1640 
medium (Gibco; Thermo Fisher Scientific, Inc.) including 
5% FBS. The cells were then incubated at 37˚C for 48 h. The 

Table I. Sequences of the primers and TaqMan probes.

A, Primer sequence

Gene	 Sequence (5'‑3')

miR‑132
  Forward	 TGGATCCCCCCCAGTCCCCGTCCCTCAG
  Reverse	 TGAATTCGGATACCTTGGCCGGGAGGAC
U6
  Forward	 CTCGCTTCGGCAGCACA
  Reverse	 AACGCTTCACGAATTTGCGT

B, TaqMan probe sequence

Gene	 Sequence (5'‑3')

miR‑132	 FAM‑TGGATACGACCGACCAT‑BHQ1
U6	 FAM‑TGCGCAAGGATGACACGCA‑BHQ1

miR, microRNA.
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inserts were removed, washed in phosphate‑buffered saline, 
and the non‑invading cells together with the Matrigel were 
removed from the upper surface of the filter by wiping with 
a cotton bud. The inserts were then fixed in methanol for 
10 min at room temperature and stained with hematoxylin for 
30 min at room temperature. The result was observed under 
an Olympus BX51+P70 microscope (Olympus Corporation, 
Tokyo, Japan). The cells that migrated to the lower surfaces 
were counted in 5 predetermined fields using light microscopy 
at a magnification of x200. Each experiment was performed in 
triplicate, and repeated 3 times.

Flow cytometry (FCM). The expression of marker of prolifera-
tion Ki‑67 and proliferating cell nuclear antigen (PCNA) in 
HeLa and SiHa cells was analyzed using FCM. Specifically, 
these cells were fixed with 4% paraformaldehyde and permea-
bilized with 70% ethanol. After centrifugation at 150 x g 
for 10 min at room temperature, the precipitate was resus-
pended in 1 ml of 0.9% physiological saline and centrifuged 
at 150 x g for 10 min at room temperature. The precipitate 
was then resuspended in 150 µl 0.9% physiological saline 
and blocked with human AB serum (Sigma‑Aldrich; Merck 
KGaA) at 4˚C for 30 min. Samples were then stained with 
allophycocyanin‑conjugated anti‑human Ki‑67 antibody (1:30, 
cat. no. 350514; BioLegend, Inc., San Diego, CA, USA) and 
phycoerythrin‑conjugated anti‑human PCNA antibody (1:30, 
cat. no. 307908; BioLegend, Inc.) for 30 min at room tempera-
ture. Thereafter, the cells were washed twice, and resuspended 
in PBS for FCM analysis. In parallel, APC‑conjugated Mouse 
IgG1, κ  Isotype Control antibody (1:30, cat. no.  400119; 
BioLegend, Inc.) and PE‑conjugated Mouse IgG2a, κ Isotype 
Control antibody (1:30, cat. no. 400211; BioLegend, Inc.) were 
used as controls. Samples were analyzed in a FACS Calibur 
flow cytometer (Becton Dickinson, New York, NY, USA) 
using Becton Dickinson CellQuest software (version  7.1; 
Becton Dickinson). Statistical analysis was conducted by 
using isotype matched controls as references.

Enzyme‑linked immunosorbent assay (ELISA). miR‑NC 
and miR‑132‑mimic HeLa and SiHa cells were cultured in 
a humidified incubator containing 5% CO2 at 37˚C for 72 h. 
Next, the cell culture supernatant was harvested, centrifuged 
at 300 x g at 4˚C for 10 min to remove cellular debris, and 

stored at ‑80˚C until assayed using an ELISA. The secretion 
level of matrix metalloproteinase (MMP)2 and MMP9 using 
the supernatant was detected using human MMP2 and MMP9 
ELISA kits (Shanghai ExCell Biology, Inc., Shanghai, China) 
according to the manufacturer's protocols. The experiment 
was repeated three times.

Statistics. All data are presented as the mean ± the standard 
error of the mean. The data were analyzed using GraphPad 
Prism version 5 (GraphPad Software, Inc., La Jolla, CA, USA) 
using an unpaired Student's t‑test, or one‑way analysis of vari-
ance followed by Tukey's post hoc test. P<0.05 was considered 
to indicate a statistically significant difference.

Results

TSLP downregulates the expression of miR‑132 in HeLa 
and SiHa cells. In order to evaluate the effect of TSLP on 
the expression of miR‑132 in CC cells, HeLa and SiHa cells 
were treated with with rhTSLP, α‑TSLP or α‑TSLPR. rhTSLP 
was revealed to downregulate the expression of miR‑132 in 
HeLa and SiHa cells, with a signficant difference observed 
at concentrations of 10 and 100 ng/ml (P<0.05 or P<0.01; 
Fig. 1A and B). By contrast, blocking TSLP signaling using 
α‑TSLP or α‑TSLPR significantly upregulated the expression 
of miR‑132 in the HeLa and SiHa cells (P<0.05 or P<0.01; 
Fig. 1A and B). These results indicate that exogenous and 
endogenous TSLP decrease the expression of miR‑132 in CC 
cells, and may further regulate the biological behaviors of CC 
cells.

miR‑132 inhibits the proliferation and invasion of HeLa and 
SiHa cells. To investigate the potential function of miR‑132 
in CC cells, miR‑132 was first overexpressed in HeLa and 
SiHa cells by transfection, and miR‑132 overexpression was 
obtained in miR‑132‑mimic stable HeLa and SiHa cell lines, 
compared with the negative control (P<0.001; Fig. 2A). Next, 
it was revealed that there were lower levels of proliferation in 
the miR‑132‑overexpressed HeLa and SiHa cells compared 
with the control cells, with a greater signficant difference 
observed at 72  h (P<0.05, P<0.01 or P<0.001; Fig.  2B). 
Furthermore, miR‑132 overexpression resulted in a lower 
invasiveness of HeLa and SiHa cells compared with that of 

Figure 1. TSLP downregulates the expression levels of miR‑132 of HeLa and SiHa cells. Following treatment with differing concentrations of rhTSLP (1, 10 
and 100 ng/ml), α‑TSLP or α‑TSLPR (5 µg/ml), or no treatment for 48 h, the mRNA expression levels of miR‑132 in (A) HeLa and (B) SiHa cells were analyzed 
using reverse transcription‑quantitative polymerase chain reaction analysis. *P<0.05 or **P<0.01 vs. the control. TSLP, thymic stromal lymphopoietin; rhTSLP, 
recombinant human TSLP; α‑TSLP, anti‑human TSLP neutralizing antibody; α‑TSLPR, anti‑human TSLP receptor neutralizing antibody; miR, microRNA; 
Ctrl, control.

https://www.spandidos-publications.com/10.3892/ol.2017.7260
https://www.spandidos-publications.com/10.3892/ol.2017.7260
https://www.spandidos-publications.com/10.3892/ol.2017.7260
https://www.spandidos-publications.com/10.3892/ol.2017.7260


ZHOU et al:  EFFECT OF TSLP/miR-132 ON CC 7913

the control cells (P<0.001; Fig. 2C and D). This data suggest 
that miR‑132 may suppress the proliferation and invasion of 
CC cells in vitro.

miR‑132 downregulates the expression of Ki‑67, PCNA, 
MMP2 and MMP9 in HeLa and SiHa cells. To explore 
the potential mechanism of miR‑132 in regulating the 

Figure 2. miR‑132 inhibits the proliferation and invasion of HeLa and SiHa cells. (A) The overexpression of miR‑132 in HeLa and SiHa cells was successfully 
constructed by transfection, and verified using reverse transcription‑quantiative polymerase chain reaction. The (B) proliferation and (C and D) invasiveness 
of HeLa and SiHa cells was analyzed between miR‑132‑mimic and miR‑NC stable HeLa and SiHa cell lines using a bromodeoxyuridine cell proliferation 
assay for 48 and 72 h, and a Matrigel invasion assay for 48 h, respectively. Original magnification, x200. *P<0.05, **P<0.01 or ***P<0.001 vs. miR‑NC. miR, 
microRNA; NC, negative control; NS, not significant.

Figure 3. miR‑132 downregulates the expression of Ki‑67, PCNA, MMP2 and MMP9 of HeLa and SiHa cells. (A) The expression of Ki‑67 and PCNA in 
miR‑NC and miR‑132‑mimic HeLa and SiHa cells was detected using flow cytometry, (B) and quantified. (C) The secretion level of MMP2 and MMP9 of 
the supernatants of miR‑NC and miR‑132‑mimic HeLa and SiHa cells was analyzed using an ELISA. *P<0.05, **P<0.01 or ***P<0.001 vs. miR‑NC. miR, 
microRNA; Ki‑67, marker of proliferation Ki‑67; PCNA, proliferating cell nuclear antigen; MMP, matrix metalloproteinase; NC, negative control.
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proliferation and invasion of CC cells, the expression of 
proliferation‑associated molecules Ki‑67 and PCNA, and 
invasion‑associated molecules MMP2 and MMP9 were 
analyzed between miR‑132‑overexpressed HeLa and SiHa 
cells and control cells. As presented, the overexpression of 
miR‑132 resulted in the significantly lower expression of Ki‑67 
and PCNA (P<0.05, P<0.01 or P<0.001; Fig. 3A and B), and 
MMP2 and MMP9 (P<0.05 or P<0.01; Fig. 3C) in the HeLa 
and SiHa cells. Together, these data suggest that miR‑132 may 
inhibit the proliferation and invasion of CC cells, potentially 
via the downregulation of Ki‑67, PCNA, MMP2 and MMP9 
in vitro.

TSLP stimulates the proliferation and invasion of HeLa and 
SiHa cells by the downregulation of miR‑132. To further 
explore the function and mechanism of TSLP in CC cells, the 
miR‑132‑overexpressed HeLa and SiHa cells and the control 
cells were incubated with rhTSLP or were left untreated. As 
presented, rhTSLP markedly stimulated the proliferation and 
invasion of HeLa and SiHa cells (P<0.05 or P<0.01; Fig. 4A 
and B). However, the overexpression of miR‑132 could partly 
abrogate the effects of rhTSLP on the proliferation and inva-
sion ability of the HeLa and SiHa cells (Fig. 4A and B). The 
results of the present study suggest that TSLP promotes the 
proliferation and invasion of CC cells, and that these effects 
are partly dependent on the downregulation of miR‑132.

Discussion

As a class of small, highly‑conserved non‑coding RNAs, 
miRNAs are known to regulate gene expression at the 
post‑transcriptional level by complementarity with the biding 
sites in the 3'‑untranslated region of the target mRNA (20). It 
has been reported that miRNAs serve functions in numerous 
physiological and pathological processes, including cell 
development, differentiation, proliferation, apoptosis and 
metastasis. An accumulating body of evidence has indicated 
that miRNAs serve vital functions in the progression of CC 
and that they directly contribute to the growth and metastasis 
of CC cells via the targeting of a large number of critical 
protein‑coding genes. miR‑132 is located on human chromo-
some 17p13.3, which is associated with various types of human 
cancer including osteosarcoma, gastric cancer (21), colorectal 
cancer  (22), prostate cancer  (23), breast cancer  (24,25), 
hepatocellular carcinoma (26), pancreatic cancer (27,28) and 

glioma (29). Zhao et al (14) reported that the expression levels 
of miR‑132 in CC tissues were lower compared with those 
in adjacent non‑cancerous tissues, and it was revealed that 
miR‑132 downregulated SMAD family member (SMAD)2 
expression in order to suppress the G1/S phase transition of 
the cell cycle and the epithelial to mesenchymal transition 
(EMT) in CC cells. However, the mechanism resulting in the 
low expression of miR‑132 in CC remains largely unknown.

Previous research has established that TSLP is aberrantly 
highly expressed in CC cells, indirectly promoting their growth 
by recruiting and regulating tumor‑associated EOS, and stimu-
lating angiogenesis in CC lesions (9‑11). Additionally, hypoxia 
may contribute to the increase in the TSLP expression level 
in CC cells. In the present study, it was revealed that exog-
enous and endogenous TSLP decreased the level of miR‑132 
expression in HeLa and SiHa cells, and further stimulated the 
proliferation and invasion of CC cells in vitro. In addition, the 

Figure 4. TSLP stimulates the proliferation and invasion of HeLa and SiHa cells via the downregulation of miR‑132. The miR‑NC and miR‑132‑mimic HeLa 
and SiHa cells were treated with or without rhTSLP (10 ng/ml), and then the proliferation and invasion of these cells were analyzed using (A) a BrdU cell 
proliferation assay for 72 h and (B) a Matrigel invasion assay for 48 h. *P<0.05, **P<0.01 and ***P<0.001 vs. miR‑NC. NS, #P<0.05 or ##P<0.01 vs. the no rhTSLP 
group. TSLP, thymic stromal lymphopoietin; miR, microRNA; NC, negative control; rhTSLP, recombinant human TSLP; NS, not significant; ctrl, control.

Figure 5. Function of TSLP/miR‑132 signaling in CC cells. CC cells secrete 
high levels of TSLP. TSLP then downregulates the level of miR‑132 in CC 
cells. As a result, miR‑132 suppresses the expression of proliferation‑associ-
ated molecules Ki‑67 and PCNA, and invasion‑associated molecules MMP2 
and MMP9, and further inhibits the proliferation and invasion of CC cells. 
Therefore, TSLP/miR‑132 signaling contributes to the progression of CC. 
TSLP, thymic stromal lymphopoietin; miR, microRNA; CC, cervial cancer; 
Ki‑67, marker of proliferation Ki‑67; PCNA, proliferating cell nuclear 
antigen; MMP, matrix metalloproteinase.
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inhibitory effects of miR‑132 on the proliferation and inva-
sion of CC cells were associated with the regulation of Ki‑67, 
PCNA, MMP2 and MMP9.

TGF‑β may upregulate the miR‑132 expression level in 
dose‑ and time‑dependent manners, and may further enhance 
the activation of TGF‑β signaling by inhibiting SMAD7 expres-
sion in glioma cells (18). TGF‑β additionally serves important 
regulatory functions in CC, as for example, the oncoproteins 
of HPVs may stimulate TGF‑β1 expression in CC cells, which 
in turn suppresses the host immune surveillance towards CC, 
and triggers the EMT process, migration and metastasis of CC 
cells (30‑33). Endogenous TGF‑β activity has been reported to 
limit the expression in of TSLP in intervertebral disc tissue in 
a steady state by suppressing nuclear factor‑κB activation (17). 
Therefore, TGF‑β upregulates the expression of miR‑132, 
potentially by suppressing TSLP production, and the associa-
tion between TGF‑β, TSLP and miR‑132 in CC cells requires 
further research.

The high level of TSLP production is associated with local 
hypoxia (9). Notably, hypoxia also results in the upregulation 
of miR‑132 (34,35). Thus, hypoxia may regulate CC cells in a 
dual‑directional manner by upregulating TSLP and miR‑132. 
The precise association and mechanism of hypoxia with TSLP 
and miR‑132 in CC should be further studied for clarification.

Antigen Ki‑67 is a nuclear protein that is associated with, 
and may be necessary for, cellular proliferation. Ki‑67 and 
PCNA are considered to be prognostic markers in CC (36,37). 
A number of studies have demonstrated that miR‑132 inhibits 
the growth of tumor cells by suppressing the expression 
of Ki‑67 (26,38). Cancer cell migration from the tissue of 
origin to either the surrounding or distant organs is vital for 
the progression of tumors. An association has been found 
between MMP2 and MMP9 and the processes of tumor cell 
invasion and metastasis in multiple types of human cancer, 
including uterine neoplasms (39). Jasińska et al (40) reported 
that miR‑132 regulated the structural plasticity of dendritic 
spines through directly repressing the expression of MMP9. 
In the present study, miR‑132 significantly downregulated 
the expression of proliferation‑associated proteins Ki‑67 and 
PCNA, and invasion‑associated enzymes MMP2 and MMP9 
in CC cells, and further suppressed the proliferation and inva-
sion of CC cells in vitro.

Based on the results of the present study and other studies, 
as presented in Fig. 5, it may be concluded that the high level 
of TSLP may be attributed to hypoxia and/or TGF‑β. This 
high level increases EOS infiltration and tumor angiogenesis, 
and downregulates the expression level of miR‑132 in CC 
cells. miR‑132 may decrease the expression of Ki‑67, PCNA, 
MMP2 and MMP9, and limit the proliferation and invasion 
of CC cells. Therefore, these numerous effects of TSLP 
contribute to the development of CC. The results of the present 
study further contribute to the present understanding on the 
biological function and manner of TSLP/miR‑132 signaling in 
CC progression.
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