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Abstract. We previously reported that cystatin B (CSTB) is a 
progression marker of human ovarian cancer (OC); however, 
the regulatory mechanism of CSTB and its function in OC 
remain unclear. The present study aimed to explore the 
mechanism underlying transforming growth factor-β (TGF‑β) 
1‑mediated CSTB regulation, and to examine the function of 
CSTB on OC cell proliferation and apoptosis. Using the online 
program, miRWalk, a microRNA (miR)‑143‑3p was detected, 
which contains a homologous sequence of the potential 
binding site to the 3'‑untranslated region (3'‑UTR) of CSTB. 
A dual‑luciferase reporter assay confirmed the interaction 
between miR‑143‑3p and CSTB 3'‑UTR. Treating OC cells 
with miR‑143‑3p mimics or inhibitors resulted in a decrease 
or an increase of CSTB expression at mRNA and protein 
levels, respectively. Additionally, CSTB was significantly 
overexpressed, whereas miR‑143‑3p was downregulated in 
human OC tissues compared with normal ovarian tissues. A 
negative correlation between miR‑143‑3p and CSTB mRNA 
expression was observed in ovarian malignant tumors. The 
levels of primary and mature miR‑143‑3p expression were 
upregulated in OC cells after TGF‑β1 treatment; the action 
of TGF‑β1 was abolished in the presence of an inhibitor of 
TGF‑β type I receptor. These results indicated an axis between 
TGF‑β, miR‑143‑3p and CSTB in OC cells. Furthermore, high 
levels of CSTB expression were associated with the poor 
overall survival of patients with OC. Knockdown of CSTB 

resulted in a decrease in OC cell proliferation and arrested 
cells in G2/M phase. In addition, suppression of CSTB induced 
cell apoptosis. In conclusion, CSTB was overexpressed and 
miR‑143‑3p was downregulated in ovarian malignant tumors. 
Mature miR‑143‑3p directly bound CSTB 3'‑UTR, leading to a 
decrease in CSTB expression in OC cells, which was regulated 
by TGF‑β1. Our findings suggest the potential therapeutic 
application of targeting the TGF‑β/miR‑143‑3p/CSTB axis for 
treating patients with OC.

Introduction

Cystatin B (CSTB, stefin B) is an endogenous inhibitor of 
intracellular cysteine proteases (1,2). Previously, we reported 
that CSTB is a progression marker of human epithelial ovarian 
cancer (OC) (3), a disease ranked as the eight most common 
cancer worldwide in females (4) and gynecological cancer 
with the highest rate of mortality in the United States of 
America (5). CSTB has been implicated in inflammation (6), 
autosomal recessive disorders (7), and cancer (3,8‑11); however, 
the regulatory mechanism and the function of CSTB on cell 
proliferation in epithelial OC (EOC) remains unknown.

MicroRNAs (miRNAs/miRs) are a class of small noncoding 
RNA of ~22 nucleotides in length that can regulate a gene by 
binding to its 3'‑untranslated region (3'‑UTR), triggering the 
degradation of mRNA or the suppression of protein transla-
tion (12,13). Accumulating evidence suggests that numerous 
miRNAs of multi‑gene regulatory capacity are dysregulated 
in cancer  (14,15), and have been associated the regulation 
of biological processes, such as carcinogenesis, metastasis, 
epithelial‑mesenchymal transition (EMT) and chemoresis-
tance in EOC (16,17), and are regulated by cytokines (18,19).

Transforming growth factor (TGF)‑β belongs to a 
superfamily of secreted cytokines and serves a key role in 
many cellular processes. Members of the TGF‑β superfamily 
transmit signals via the Smad‑dependent and ‑independent 
pathways (20,21). The canonical pathway of TGF‑β signaling 
occurs through the activation of its corresponding membrane 
serine/threonine kinase receptors (type I and type II receptors) to 
activate the intracellular signaling transducer Smad2/3 proteins, 
which form a complex with Smad4 (22). After the Smad‑complex 
translocates into the nucleus, it acts as a transcription factor to 
regulate the expression of a target gene (21). Smad‑independent 
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pathways, such as the MAPK and PI3K signaling pathways, can 
also be induced by TGF‑β to initiate signal transduction and 
gene regulation (23). The Smad‑dependent and ‑independent 
pathways have been demonstrated to contribute to the 
pathogenesis of OC (24,25). Our previous study has revealed 
that CSTB is mediated by the TGF‑β signaling pathway (3); 
however, the regulatory mechanism by which TGF‑β1 regulates 
CSTB and its function in OC remain unclear.

The present study aimed to explore the mechanism 
underlying TGF‑β1‑mediated CSTB regulation via miR‑143‑3p, 
and examine the function of CSTB on OC cell proliferation and 
apoptosis.

Materials and methods

Bioinformatics analyses. To predict the miRNAs targeting 
CSTB, miRWalk (version 1.0; http://zmf.mm.uni‑heidelberg.
de/apps/zmf/mirwalk/predictedmirnagene.html) was applied. 
To analyze the expression of CSTB mRNA and miR‑143‑3p 
between normal ovarian tissues and ovarian malignant tumors, 
three gene expression datasets (GSE36668, GSE40595, 
GSE63885) for CSTB and one microRNA expression dataset 
(GSE47841) for miR‑143‑3p were downloaded from the public 
Gene Expression Omnibus (GEO) database (http://www.
ncbi.nlm.nih.gov/geo/). All three CSTB mRNA expression 
profiles from 12 normal ovary samples and 108 ovarian 
serous carcinoma samples were generated by the Affymetrix 
Human Genome U133 Plus  2.0 Array and a miR‑143‑3p 
expression profile from 9 normal ovary samples and 12 ovarian 
serous carcinoma samples was generated by the Affymetrix 
Multispecies miRNA‑2 Array. These transcriptome microarray 
datasets were integrated and analyzed by R  software 
version  3.4.2 (https://www.r‑project.org/). Additionally, to 
analyze the differential expression of CSTB between ovarian 
surface epithelium and ovarian serous carcinoma, the online 
Oncomine tool (www.oncomine.org) was used. In this analysis, 
the median levels of CSTB mRNA expression were calculated 
from two datasets: Lu (26) and Bonome (27). To analyze the 
overall survival (OS) of patients with OC, the Kaplan‑Meier 
Plotter database (www.kmplot.com) was employed. Patients 
with OC selected for OS analysis were divided into two groups 
according to the cutoff value set as the median expression levels 
of CSTB. The OS data were presented as a survival plot, and 
analyzed with a log rank test.

Patients and ovarian tissue samples. A total of 35  fresh 
ovarian tissues samples were obtained from patients (age 
range: 24‑87 years) who underwent surgery at Jinshan Hospital 
from January 2012 to December 2015 (11 normal ovarian 
samples from patients with non‑ovarian tumor and 24 ovarian 
serous tumor samples, including 10 benign, 3 borderline, and 
11 malignant tumors). All tissue samples were immediately 
snapped frozen in liquid nitrogen and stored at ‑80˚C until use. 
None of the patients had received chemotherapy or radiotherapy 
prior to surgery. The present study was approved by the Ethics 
Committee of Jinshan Hospital, Fudan University.

Cell culture and TGF‑β treatment. The human OC cell 
lines OVCAR‑3 and SK‑OV‑3 cells were obtained from 
American Type Culture Collection (ATCC) and maintained 

in RPMI‑1640 and Dulbecco's modified Eagle's media 
(Corning Inc.), respectively, with 10% (v/v) fetal bovine serum 
(Invitrogen; Thermo Fisher Scientific, Inc.). Cells were cultured 
as described previously  (24). For TGF‑β1 treatment, after 
seeding cells for 24 h, 10 ng/ml recombinant human TGF‑β1 
(cat. no. 240‑B, R&D Systems, Inc.) was added and incubated 
at 37˚C for 3 h. Cells without any treatment were used as a 
blank control. For blocking of the TGF‑β1 signaling pathway, 
cells were pre‑treated with 10 µM SB431542, a TGF‑β type I 
receptor inhibitor (Sigma‑Aldrich; Merck KGaA) for 30 min, 
followed by 10 ng/ml TGF‑β1 treatment at 37˚C for 3 h.

Total RNA extraction and reverse transcription‑quantitative 
PCR (RT‑qPCR). Total RNA was extracted from cells or tissue 
samples using TRIzol reagent (Thermo Fisher Scientific, Inc.) 
according to the manufacturer's protocols. Primary miRNA, 
mature miRNA and mRNA were reversely transcribed using 
a Transcriptor First Strand cDNA Synthesis Kit (Roche 
Applied Science) according to the manufacturer's instructions. 
The primer sequences were listed in Table S1. RT‑qPCR was 
performed at 95˚C for 10 min, followed by 40 cycles of 95˚C 
for 10 sec and 60˚C for 30 sec using the FastStart Universal 
SYBR-Green Master (Roche Applied Science) on an ABI 
PRISM 7300 Real Time PCR System (Applied Biosystems; 
Thermo Fisher Scientific, Inc.). The relative expression of 
mRNA, primary miRNA or mature miRNA was evaluated 
using the 2‑∆∆Cq method  (28) and all experiments were 
conducted in triplicate. 18S and U6 was used as an internal 
control for mRNA and miRNA, respectively.

Lentivirus‑delivered short hairpin RNA (shRNA) infection, 
siRNA and miRNA mimics/inhibitors transfection. Lentiviral 
vectors containing shRNA for CSTB (CSTB‑shRNA, 
sh‑CSTB) and negative control (NC‑shRNA, sh‑NC) were 
obtained from Shanghai GenePharma Co., Ltd. Three specific 
CSTB‑siRNAs (5'‑GUCCCAGCUUGAAGAGAAATT‑3' for 
si‑CSTB‑1, 5'‑GGACAAACUACUUCAUCAATT‑3' for 
si‑CSTB‑2, and 5'‑CCCUUGACCUUAUCUAACUTT‑3' for 
si‑CSTB‑3) and a negative control (NC‑siRNA, si‑NC) were 
synthesized by Shanghai GenePharma Co., Ltd. The 
miR‑143‑3p mimics, miR‑negative control  (miR‑NC), 
miR‑143‑3p inhibitor (anti‑miR‑143), and the negative control 
of inhibitor (anti‑miR‑NC) was obtained from Guangzhou 
RiboBio Co., Ltd. (Table S1). After seeding at 2x105 cells/well 
in 6‑well plates and incubating for 24 h, cells were transfected 
with 50 nM si‑CSTB or si‑NC, miR‑143‑3p mimics or miR‑NC, 
200 nM miR‑143‑3p inhibitors or miR‑NC using X‑tremeGENE 
siRNA Transfection Reagent (Roche Applied Science). 
Cyanine 3 (Cy3) dye‑labeled miR‑NC was used to evaluate the 
transfection efficiency detected by fluorescence microscopy. 
The sequence of si‑CSTB‑2 was used for subsequent 
experimentation. Knockdown of CSTB was performed in OC 
cells by infecting cells with CSTB‑shRNA lentivirus according 
to the manufacturer's protocols. Briefly, after cells were plated 
in 6‑well plates and incubated at 37˚C for 24 h, the amount of 
lentiviral particle solution (multiplicity of infection=20) was 
added into the culture media containing 8  µg/ml/well 
Polybrene for 24 h. The media was replaced with fresh media 
containing 2 µg/ml puromycin for selection every few days. 
Following puromycin selection for several passages, the 
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detection of protein knockdown or the phenotypic assay were 
performed.

Western blotting. Cells were lysed in radioimmunoprecipita-
tion assay lysis buffer (Thermo Fisher Scientific, Inc.) with 
1%  phenylmethanesulfonyl fluoride (Beyotime Institute 
of Biotechnology) and 1% phosphatase inhibitor (Nanjing 
KeyGen Biotech Co., Ltd.), followed by sonication. The 
protein was extracted from the supernatant after 20 min of 
18,000 x g centrifugation at 4˚C. Proteins were quantified 
via a BCA assay. Equal amount proteins were separated on 
15% SDS‑PAGE and transferred to a polyvinylidene difluoride 
membrane (EMD Millipore). After blocking with 5% non‑fat 
milk in Tris‑buffered saline with Tween 20 at room temperature 
for 1 h, the membrane was incubated with a primary antibody 
at 4˚C overnight and subsequently incubated with horseradish 
peroxidase‑conjugated goat anti‑rabbit or anti‑mouse IgG 
(cat. nos. 7074 and 7076, respectively; 1:5,000 dilution; Cell 
Signaling Technology, Inc.) for 1 h at room temperature. The 
following primary antibodies were used: Rabbit anti‑CSTB 
(1:5,000 dilution; Abcam) and mouse anti‑β‑actin (1:5,000 
dilution; ProteinTech Group., Inc.). Signals were detected 
using Immobilon™ Western Chemiluminescent HRP 
Substrate (EMD Millipore) and quantified using Tanon‑4500 
Gel Imaging System with GIS ID Analysis Software v4.1.5 
(Tanon Science and Technology Co., Ltd.).

Plasmid construction and dual‑luciferase reporter assay. 
The whole 3'‑UTR of CSTB that contains the binding 
site of miR‑143‑3p predicted by the miRWalk program 
(http://mirwalk.umm.uni‑heidelberg.de/) was amplified 
from genomic DNA using the Pfu Ultra II Fusion HS DNA 
Polymerase (Stratagene; Agilent Technologies, Inc.) with 
well‑designed primers (Table S1). After the dual‑luciferase 
reporter vector pEZX‑FR2 (GeneCopoeia, Inc.) was linearized 
by EcoRI and XhoI restriction enzymes, the PCR product 
was inserted into pEZX‑FR2 using the EasyGeno Assembly 
Cloning Kit (Tiangen Biotech Co., Ltd.) to construct a wild‑type 
clone named as CSTB‑3UTR‑wt. A mutation was induced 
in the consensus sequence of the miR‑143‑3p binding site in 
the 3'‑UTR of CSTB using the QuikChange II Site‑Directed 
Mutagenesis Kit (Stratagene; Agilent Technologies, Inc.) 
to construct a mutated clone named as CSTB‑3UTR‑mut. 
All clones were verified by restriction enzymes EcoRI 
and XhoI digestion and DNA sequencing with primer 
(5'‑GATCCG CGAGATCCTGAT‑3') by GENEWIZ, Inc. For 
the dual‑luciferase reporter assay, 293T cells (ATCC) were 
cultured in 24‑well plates. Once subconfluent, the cells were 
transfected with CSTB‑3UTR‑wt or CSTB‑3UTR‑mut plasmid 
(0.5 µg), plus miR‑143‑3p mimics, inhibitors or their negative 
controls using Roche X‑tremeGENE siRNA Transfection 
Reagent (2 µl). After transfection for 24 h, the cells were lysed 
and luciferase activities were determined using the Luc‑Pair™ 
Duo‑Luciferase Assay Kit (GeneCopoeia, Inc.) according to 
the manufacturer's instructions. Renilla luciferase activity was 
used for the normalization of Firefly luciferase activity.

Cell proliferation assay and cell cycle detection. For the cell 
proliferation assay, NC‑shRNA‑ or CSTB‑shRNA‑infected 
OVCAR‑3 cells were plated in 96‑well plates at a density of 

3x103 cells/well. Cell proliferation was measured at 24, 48, 
and 72 h post‑infection by the Cell Proliferation Reagent 
(Cell Counting Kit‑8; Dojindo Molecular Technologies, Inc.) 
according to the manufacturer's protocols. The signal in optical 
density was read by a microplate reader (BioTek Instruments, 
Inc.) at 450 nm.

The cell cycle was detected by flow cytometry. Briefly, 
CSTB‑shRNA‑infected OVCAR‑3 cells were cultured in 
6‑well plates for 48 h. The cells were harvested, washed twice 
with PBS, and fixed in cold 70% ethanol for 2 h at ‑20˚C. 
After washing with PBS twice, the cells were resuspended 
in 500 µl of propidium iodide (PI)/RNase Staining Buffer 
(BD Pharmingen) and incubated in the dark for 15 min at 
room temperature. Cells (15,000) were then detected by flow 
cytometry (Beckman Coulter, Inc.). The data were analyzed 
using ModFit LT software v4.1.7 (Verity Software House, 
Inc.), and presented as the percentage of the cell population 
at the G0/G1, S and G2/M phases. Scramble‑shRNA‑infected 
OVCAR‑3 cells were used as a control.

Detection of apoptotic cells. Flow cytometry and western 
blotting were conducted to detect apoptotic cells. Briefly, cells 
were cultured in 6‑well plates for 48 h. After washing with 
PBS, the cells were collected and stained with 1 µl Annexin V 
conjugated with allophycocyanin (BD Pharmingen) and 5 µl 
PI for 15  min at room temperature. Apoptotic cells were 
detected by flow cytometry with FlowJo X software v10.0.7r2 
(BD Biosciences). The expression of pro‑apoptotic protein 
Bcl‑2‑associated X protein (Bax) was analyzed by western 
blotting as aforementioned using an antibody against Bax 
(1:2,000 dilution; Cell Signaling Technology, Inc.).

Statistical analyses. All experiments were repeated at least 
three times and all analyses were performed with SPSS 21 for 
Windows (IBM Corp.). For comparisons between two groups 
in an experiment, a Student's t‑test was applied. For multiple 
comparisons, one‑way analysis of variance was used, followed 
by a Tukey's post‑hoc test. For the correlation analysis 
between CSTB and miR‑143‑3p, nonparametric Spearman 
rank correlation was used. The results were presented as the 
mean ± the standard error of the mean. P<0.05 was considered 
to indicate a statistically significant difference.

Results

CSTB is negatively correlated with miR‑143‑3p in human OC. 
miRNAs which can bind to the CSTB 3'‑UTR were screened 
using web‑based programs in the miRWalk database. For 
targeting CSTB, miR‑143‑3p was proposed as a potential 
candidate by 5 out of 10 available prediction programs (Fig. 1A). 
Additionally, the expression data of transcripts were extracted 
from GSE36668, GSE40595 and GSE63885 datasets to obtain 
the mRNA expression profile of CSTB, and GSE47841 dataset 
for miR‑143‑3p in an online GEO database using integrated 
bioinformatics analyses. Upregulated expression of CSTB 
mRNA was detected in ovarian serous carcinoma (n=108) 
compared with normal ovary controls (n=12) (Fig. 1B), while 
miR‑143‑3p expression was lower in ovarian serous carcinoma 
(n=12) than normal ovary controls (n=9)  (Fig. 1C). As the 
patients with CSTB mRNA data available in the online datasets 
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differed from patients with miR‑143‑3p information, the 
expression of CSTB mRNA and miR‑143‑3p was validated in 
the same freshly isolated ovarian tissue from the same patient; 
correlation analysis of these transcripts was performed.

CSTB mRNA expression levels were significantly increased 
in malignant tumors than in normal ovarian tissue, and benign 
and borderline tumors (P<0.01; Fig. 1D), which supported the 
findings of our previous study (3). On the contrary, miR‑143‑3p 
was downregulated in malignant tumors compared with 
normal ovarian tissues and benign tumors (P<0.05; Fig. 1E). 
Spearman correlation analysis revealed a significant negative 
correlation between the expression levels of miR‑143‑3p and 
CSTB mRNA (r=‑0.362, P<0.05; Fig. 1F).

miR‑143‑3p directly binds to the 3'‑UTR of CSTB. To 
determine whether miR‑143‑3p directly binds to the 3'‑UTR 
of CSTB (Fig. 2A), we cloned two CSTB 3'‑UTR plasmids: 
CSTB‑3UTR‑wt and CSTB‑3UTR‑mut. The predicted binding 
site and mutant site of 3'‑UTR (Fig. 2B) were confirmed by 
sequencing analysis. The luciferase activity in 293T cells was 
measured after co‑transfection of CSTB‑3'UTR‑containing 
plasmids with miR‑143‑3p mimics or miR‑NC by a 
dual‑luciferase reporter assay. Transfection of cells with CSTB 

3'‑UTR‑wt and miR‑143‑3p revealed a significant reduction 
in the luciferase activity compared with the corresponding 
control (P<0.01). However, the cells expressing the mutated 
CSTB 3'‑UTR‑mut demonstrated no marked alterations in 
luciferase activity, suggesting that mutations in the 3'UTR 
of CSTB abrogated the binding to the miR‑143‑3p (Fig. 2C). 
These findings indicate that miR‑143‑3p can directly target 
CSTB.

CSTB is regulated by miR‑143‑3p in OC cells. To further 
confirm that CSTB is a target of miR‑143‑3p, gain‑of‑function 
and loss‑of‑function approaches were applied. The transfection 
efficiency of miR‑143‑3p mimics and inhibitors in OVCAR‑3 
cells was evaluated. A significant increase and decrease in 
miR‑143‑3p expression were detected by RT‑qPCR after cells were 
transfected with miR‑143‑3p mimics of inhibitors (anti‑miR‑143) 
for 12  h, respectively, compared with the corresponding 
NC group  (Fig. S1A and B). The transfection efficiency of 
mimics was further detected by fluorescence microscopy at 
24 h post‑transfection and ~90% of cells were Cy3‑mimic 
positive (Fig. S1C). Additionally, the expression of CSTB mRNA 
and protein were examined by RT‑qPCR and western blot 
analyses of OVCAR‑3 cells transfected with miR‑143‑3p mimics 

Figure 1. Detection of CSTB mRNA and miR‑143‑3p expression in human ovarian tissues, and their correlation. (A) Prediction of miR‑143‑3p binding to 
CSTB. miR‑143‑3p was proposed to be a candidate from 5 out of 10 programs in the miRWalk database. (B) Comparison of CSTB mRNA expression between 
normal ovary controls and ovarian serous carcinoma. Data were obtained from three gene expression datasets (GSE36668, GSE40595, GSE63885) in the GEO 
database. (C) Comparison of miR‑143‑3p expression between normal ovary controls and ovarian serous carcinoma. Data were obtained from a miRNA expres-
sion dataset (GSE47841) in the GEO database. (D and E) The expression of CSTB mRNA and miR‑143‑3p was detected by reverse transcription‑quantitative 
PCR in freshly isolated ovarian tissues, including normal ovarian tissues (n=11), Bn (n=10), Bd (n=3) and Mg (n=11). (F) The correlation between CSTB mRNA 
and miR‑143‑3p in human ovarian tissues (total n=35). Data are presented as the mean ± standard error of the mean. *P<0.05; **P<0.01. Bn, benign tumor; Bd, 
borderline tumor; CSTB, cystatin B; GEO, Gene Expression Omnibus; hsa, homo sapiens; Mg, malignant tumor; miR, microRNA.
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or inhibitors. CSTB expression was significantly downregulated 
at the mRNA (Fig. 3A) and protein (Fig. 3B and C) levels after 
miR‑143‑3p mimics transfection. Silencing of miR‑143‑3p 
by anti‑miR‑143 resulted in a significant increase in CSTB 
expression at the mRNA (Fig. 3D) and protein (Fig. 3C and D) 
levels in OVCAR‑3 cells. These results indicated that miR‑143‑3p 
may negatively regulate CSTB expression in OC cells.

miR‑143‑3p expression is regulated by the TGF‑β signaling 
pathway. As our previous findings indicated that CSTB is 
mediated by the TGF‑β signaling pathway in epithelial OC 
cells (3) and the present study revealed that miR‑143‑3p can 
negatively regulate CSTB expression, whether the TGF‑β 
signaling pathway affects miR‑143‑3p expression was 
investigated. RT‑qPCR revealed that primary miR‑143‑3p 

Figure 2. Interaction between CSTB and miR‑143‑3p transcripts. (A) Illustration of the structure of CSTB with the predicted binding site of miR‑143‑3p 
to the 3’‑UTR at the position of nucleotide (nt) 494‑500 as indicated by a reverse triangle. (B) The partial sequence of CSTB 3’‑UTR‑wt and the sequence 
of hsa‑miR‑143‑3p. Nucleotides in red in CSTB‑3UTR‑wt indicated complimentarity to miR‑143‑3p, and was mutated in CSTB‑3’‑UTR‑mut plasmid. 
(C) Dual‑luciferase reporter assay. 293T cells were cultured in 24‑well plates and cotransfected with CSTB‑3UTR‑wt or CSTB‑3UTR‑mut plasmid, and 
miR‑143‑3p mimics or miR‑NC. Experiments were repeated three times. Data are presented as the mean ± standard error of the mean. **P<0.01 vs. miR‑NC. 
3’‑UTR, 3’‑untranslated region; CSTB, cystatin B; hsa, homo sapiens; miR, microRNA; NC, negative control.

Figure 3. Effects of miR‑143‑3p on CSTB expression in ovarian cancer cells. OVCAR‑3 cells were transfected with miR‑143‑3p mimics, anti‑miR‑143 or their 
corresponding NC. CSTB mRNA was detected by reverse transcription‑quantitative PCR at 48 h post‑transfection and protein was detected by western blot 
at 72 h. (A) CSTB mRNA detection after transfection with miR‑143‑3p mimics. (B) CSTB protein expression after transfection with miR‑143‑3p mimics. 
(C) Densitometry analysis of CSTB expression in cells transfected with miR‑143‑3p mimics compared with miR‑NC. (D) CSTB mRNA detection after trans-
fection with anti‑miR‑143. (E) CSTB protein expression after transfection with anti‑miR‑143. (F) Densitometry analysis of CSTB expression in cells transfected 
with anti‑miR‑143 compared with anti‑miR‑NC. n=3; *P<0.05 vs. miR‑NC or anti‑miR‑NC. CSTB, cystatin B; miR, microRNA; NC, negative control.
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expression was significantly increased after treatment with 
10  ng/ml TGF‑β1 in OVCAR‑3 cells compared with the 
control (P<0.01; Fig. 4A). The effects of TGF‑β1 were partially 
abolished by the blocking of the TGF‑β type I receptor using 
its inhibitor SB431542. In addition, an increase in the levels of 
mature miR‑143‑3p was observed following TGF‑β1 treatment, 
which was significantly abolished in the presence of SB431542 
(P<0.05; Fig. 4B).

High levels of CSTB expression are associated with poor OS 
in patients with ovarian malignant tumors. Overexpression 
of CSTB in OC was detected in two microarray datasets 
from the Oncomine database. The median value of CSTB 
mRNA expression was calculated from two datasets. CSTB 
mRNA levels were higher in ovarian serous carcinoma 
than normal ovarian surface epithelium in the Lu dataset 
(Reporter ID: 35816_at; Fig. 5A) and in the Bonome dataset 
(Reporter ID: 201201_at; Fig. 5B). Furthermore, OS analysis 
was performed using the Kaplan‑Meier Plotter dataset. 
Increased CSTB mRNA expression levels were associated 
with poor OS in patients with OC (Fig. 5C).

Knockdown of CSTB inhibits OC cell proliferation. To 
determine the functional effects of CSTB on the biological 
behaviors of OC cells, loss‑of‑function experiments were 
applied. A total of three siRNAs specific to human CSTB 
(CSTB‑siRNA) were synthesized; transfection efficiency was 
determined prior to subsequent experiments. Knockdown 
of CSTB expression at the mRNA  (Fig.  S2A  and  B) and 
protein (Fig. S2C and D) levels was confirmed by RT‑qPCR and 
western blotting in OVCAR‑3 (Fig. S2A and C) and SK‑OV‑3 
(Fig. S2B and D) cells, respectively. Increased transfection 
efficiency was determined in cells transfected with the second 
CSTB‑siRNA (si‑CSTB‑2), which was then used for the 
subsequent experiments and to generate shRNAs. Additionally, 
a cell viability assay was performed after OVCAR‑3 cells 
were transfected with si‑CSTB‑2. The results revealed that 
knockdown of CSTB expression by CSTB‑siRNA significantly 
decreased cell proliferation at 48 and 72 h compared with the NC 
group (Fig. S3A). The suppression of CSTB by CSTB‑siRNA 
appeared to have arrested the cell cycle in OVCAR‑3 cells at 
G2/M phase as detected by flow cytometry (Fig. S3B and C). 

Similar results were observed in OVCAR‑3 cells infected with 
CSTB‑shRNA lentivirus. Knockdown of CSTB protein was 
confirmed by western blotting (Fig. 6A and B). Cell proliferation 
was significantly reduced following lentiviral transduction of 
CSTB‑shRNA compared with the NC group at 72 h (Fig. 6C). 
In addition, the suppression of CSTB notably increased the 
number of OVCAR‑3 cells at G2/M phase compared with 
negative controls (Fig. 6D‑F).

Knockdown of CSTB induces OC cell apoptosis. Apoptotic 
cells were detected by f low cytometry after infecting 
OVCAR‑3 cells with CSTB‑shRNA or sh‑NC via lentivirus 
for 48 h (Fig. 7A and B). The cell population in the bottom 
right of quadrant graphs represented the early apoptotic cells 
which were significantly increased in the CSTB‑shRNA 
group compared with the NC group (Fig. 7C). Additionally, 
an increase in the expression of pro‑apoptotic protein Bax was 
observed by western blotting in OVCAR‑3 cells infected with 
CSTB‑shRNA lentivirus (Fig. 7D).

Discussion

CSTB is one of the endogenous inhibitors of lysosomal 
cysteine proteases, and was reported to be dysregulated in 
several types of cancer (3,8‑11). Our previous study showed 
that CSTB is overexpressed in human EOC and is mediated by 
the TGF‑β signaling pathway (3). To the best of our knowledge, 
the present study is the first to demonstrate that CSTB could 
be downregulated by miR‑143‑3p, whereas miR‑143‑3p 
was upregulated by TGF‑β1. Our findings suggested the 
existence of the TGF‑β/miR‑143‑3p/CSTB axis in OC cells. 
Furthermore, CSTB was proposed to function as an oncogene, 
which affected OC cell proliferation; the expression levels of 
CSTB were associated with the OS of patients with OC.

Upregulated CSTB expression has also been detected in 
ovarian clear cell carcinoma (29). Similarly, overexpression of 
CSTB has been observed in other malignant tumors, such as 
hepatocellular, bladder and colorectal cancers (9,30,31). CSTB 
ablation was determined to retard breast tumor growth in a mouse 
model (32). Our previous study revealed that overexpression of 
CSTB is associated with the clinicopathological features of 
EOC (3). In the present study, upregulated CSTB expression 

Figure 4. Effects of TGF‑β1 on pri‑miR‑143‑3p and mature miR‑143‑3p expression in ovarian cancer cells. OVCAR‑3 cells were treated with 10 ng/ml 
TGF‑β1 along for 3 h or pre‑treated with the inhibitor (SB431542) of the TGF‑β1 type I receptor for 30 min, followed by 10 ng/ml TGF‑β1 treatment for 
3 h. (A) Detection of pri‑miR‑143‑3p expression by RT‑qPCR. (B) Detection of mature miR‑143‑3p expression by RT‑qPCR. n=3; *P<0.05, **P<0.01. miR, 
microRNA; pri, primary; RT‑qPCR, reverse transcription‑quantitative polymerase chain reaction; TGF‑β1, transforming growth factor‑β1.
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was proposed to be associated with the OS of OC patients. It has 
been shown that CSTB is a prognostic factor, while high serum 
levels of CSTB were linkted to increased risk of mortality in 
patients with colorectal cancer (31).

As serous carcinoma, arising from the ovarian surface 
epithelium and/or fallopian tube epithelium, is the most 
common type of OC  (33), the current study analyzed the 
expression of CSTB mRNA and miR‑143‑3p between normal 
ovary controls and ovarian serous carcinoma from the public 
GEO database. Our findings were verified in freshly isolated 
human ovarian serous tumors from our hospital; functional 
assays using the serous type of human OC cell lines, such 
as OVCAR‑3 and SK‑OV‑3, were also conducted. Using a 
loss‑of‑function approach to knockdown CSTB expression 
in EOC cells, we found that downregulated CSTB expression 
significantly inhibited cell proliferation. CSTB‑shRNA 

significantly increased the number of cells in early apoptosis. 
Elevated pro‑apoptotic protein Bax expression was also 
observed in OVCAR‑3 cells after CSTB downregulation. The 
effects of CSTB downregulation on OC cell proliferation the 
cell cycle appeared to be more pronounced than the effects 
of cell apoptosis. These data indicated that CSTB serves a 
role in the behavior of OC cells and suggest a potential role of 
CSTB in targeting OC. Furthermore, a regulatory mechanism 
has been investigated; in the majority of mammalian cells, 
miRNAs are major regulators of gene expression, and can 
affect the expression of numerous oncogenes and tumor 
suppressor genes (16,34,35). Alterations in miRNA expression 
contributes to a substantial cell re‑organization, and thus, is 
involved in the pathogenesis of many diseases (13,15).

Using the miRWalk database, miR‑143‑3p was determined 
to be a candidate by 5 of 10 prediction programs. The present 

Figure 5. Expression of CSTB mRNA in the ovary and the plot of OS. (A) The data of CSTB mRNA expression in human ovarian tissue were obtained from 
the microarray dataset (Reporter ID: 35816_at) in the Oncomine database. (B) The data of CSTB mRNA expression in human ovarian tissue were obtained 
from the microarray dataset (Reporter ID: 201201_at) in the Oncomine database. (C) OS plot. The OS data of patients with ovarian cancer in the low and high 
CSTB expression groups were obtained from the Kaplan‑Meier Plotter datasets. Case number at risk was indicated. CSTB, cystatin B; HR, hazard ratio; OS, 
overall survival.



GUAN et al:  TGF-β/miR-143-3p/CSTB AXIS IN OVARIAN CANCER274

study reported a low level of miR‑143‑3p expression in 
OC patients; miR‑143‑3p negatively correlated with CSTB 
expression. Treating OC cells with miR‑143‑3p mimics or 
inhibitors resulted in a respective decrease and increase in CSTB 

expression within OC cells. Our findings suggest that CSTB is 
a target of miR‑143‑3p. miRNAs can function as suppressors 
of target mRNA expression by the binding base pairing with a 
complementary sequence, leading to the degradation of target 

Figure 7. Measurement of OVCAR‑3 cell apoptosis. (A) Detection of apoptotic OVCAR‑3 cells after sh‑NC infection via lentivirus by flow cytometry. 
(B) Detection of apoptotic OVCAR‑3 cells after sh‑CSTB via lentivirus by flow cytometry. (C) Fold change of early apoptotic cells between the sh‑NC and 
sh‑CSTB groups (n=3; *P<0.05). (D) Detection of the expression of CSTB and Bax proteins by western blotting in OVCAR‑3 cells infected with sh‑NC or 
sh‑CSTB. APC, allophycocyanin; Bax, Bcl‑2‑associated X protein; CSTB, cystatin B; NC, negative control; sh, short hairpin RNA.

Figure 6. Measurement of OVCAR‑3 cell proliferation. (A) Detection of CSTB protein expression by western blotting in OVCAR‑3 cells infected with sh‑NC 
or sh‑CSTB lentivirus. (B) Densitometry analysis of protein expression (n=3; **P<0.01 vs. sh‑NC). (C) Determination of cell proliferation in OVCAR‑3 cells 
infected with sh‑NC or sh‑CSTB by a Cell Counting Kit‑8 assay (n=3; **P<0.01 vs. sh‑NC). (D) Detection of the sh‑NC‑infected OVCAR‑3 cell cycle by flow 
cytometry. (E) Detection of the sh‑CSTB‑infected OVCAR‑3 cell cycle by flow cytometry. (F) Cell population in each phase (n=3). CSTB, cystatin B; NC, 
negative control; sh, short hairpin RNA.
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mRNA or the suppression of mRNA translation, resulting in 
reduced protein expression. An inhibitor of miRNA such as 
anti‑miR‑143‑3p has the opposite function of miR‑143‑3p mimics. 
As it is an antisense RNA and complementary to sense miRNA, 
the anti‑miRNA can inhibit the endogenous miRNA, leading to 
reduced inhibition of mRNAs mediated by miRs. Upregulation 
of CSTB protein was detected after anti‑miR143‑3p treatment, 
indicating that the suppression of miRNAs can lead to the 
overexpression of their target transcripts.

Several studies have suggested that miR‑143‑3p functions 
as a tumor suppressor. For instance, miR‑143‑3p inhibits cell 
proliferation and induces cell apoptosis in esophageal squamous 
cell carcinoma (36), and suppresses EMT in breast cancer (37). 
In prostate and bladder cancers, miR‑143‑3p inhibits cell 
proliferation and migration (38,39). High‑throughput miRNA 
profiling demonstrated that miR‑143‑3p is significantly 
downregulated in OC tissues compared with normal ovarian 
tissues, while elevated miR‑143‑3p expression in the OC cell 
lines OVCAR‑3, SK‑OV‑3 and ES2 significantly reduced 
their proliferation, migration and invasion (40). Consistently 
with these studies, our findings indicate that miR‑143‑3p is 
dysregulated in OC. Low levels of miR‑143‑3p may lead to an 
increase in the expression of CSTB. The present study provides 
notable evidence that CSTB could be regulated by miR143‑3p 
as suggested by gain‑of‑function and loss‑of‑function 
approaches, indicating the association between miR‑143‑3p 
and CSTB in OC.

Our previous study has shown that CSTB expression is 
mediated by the TGF‑β1 signaling pathway in OC cells (3); 
however, the molecular mechanism underlying TGF‑β‑mediated 
CSTB expression remains unknown. The current study 
demonstrated that TGF‑β1 increased the expression of primary 
and mature miR‑143‑3p. SB431542 (an inhibitor of TGF‑β 
type I receptor) markedly increased pri‑miR‑143‑3p expression 
and partially abolished the effects of TGF‑β, whereas the 
TGF‑β1‑induced upregulation of mature miR‑143‑3p was 
significantly abolished following SB431542 exposure. A single 
primary miRNA may contain one to six miRNA hairpin loop 
structures comprising ~70 nucleotides each, which can be cleaved 
by Drosha (ribonuclease III enzyme) together with DiGeorge 
Syndrome Critical Region 8 to form precursor miRNAs in the 
nucleus. Subsequently, precursor miRNAs are transported from 
the nucleus into the cytoplasm by Exportin‑5 and cleaved by 
Dicer to generate double‑stranded mature miRNA (12,14,16); 
TGF‑β may influence the processing of miRNAs (19). There is 
a CArG box and a Smad binding element located in the 580‑bp 
enhancer region of miR‑143‑3p, which fully respond to TGF‑β1 
stimulation upon the binding of the Smad3/Smad4 to the 
enhancer region (41). Similarly, in vascular smooth muscle cells, 
TGF‑β binds to miR‑143 via the CArG box (42). These findings 
suggest the existence of a TGF‑β/miR‑143‑3p/CSTB axis in 
which the levels of miR‑143‑3p are upregulated after TGF‑β1 
stimulation, and interacts with the 3'‑UTR of CSTB mRNA, 
leading to the downregulation of CSTB expression.

In conclusion, CSTB is overexpressed and negatively 
correlated with miR‑143‑3p expression in human EOC. High 
levels of CSTB expression were associated with the poor OS 
of patients with OC. Suppression of CSTB was demonstrated 
to inhibit OC cell proliferation and induce apoptosis. Mature 
miR‑143‑3p directly bound the 3'UTR of CSTB, leading to a 

decrease in CSTB expression in OC cells, which is regulated 
by TGF‑β1. Our findings suggested the therapeutic potential 
of targeting the TGF‑β/miR‑143‑3p/CSTB axis for treating 
patients with OC.
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