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MicroRNA-128-3p suppresses interleukin-1B-stimulated cartilage degradation
and chondrocyte apoptosis via targeting zinc finger E-box binding homeobox 1

in osteoarthritis
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ABSTRACT

Accumulating studies have suggested that microRNAs (miRNAs) play vital roles in the pathogen-
esis of osteoarthritis (OA). Nevertheless, the specific function of miR-128-3p in OA remains
unknown. In this study, we demonstrated that miR-128-3p was decreased and ZEB1 was increased
in OA. Additionally, miR-128-3p expression was negatively correlated with ZEB1. miR-128-3p
overexpression or ZEB1 silencing attenuated extracellular matrix degradation and cell apoptosis,
and increased the proliferation of IL-1B-activated CHON-001 cells. Furthermore, ZEB1 was directly
targeted by miR-128-3p. In addition, ZEB1 upregulation restored the effects of miR-128-3p over-
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expression on OA progression. Overall, our findings suggested that miR-128-3p might regulate the

development of OA via targeting ZEB1.

Introduction

Osteoarthritis (OA) is considered as the most
common age-related chronic joint disease, which
is associated with severe inflammation, cartilage
destruction and joint degeneration [1-3]. OA
may cause pain or even disability in some severe
cases. Despite the efforts made to improve the
therapeutic approaches to OA, the treatment out-
comes remain unsatisfactory due to the complex
pathogenesis of the disease [4-6]. Therefore, it is
important to investigate the molecular mechan-
isms underlying OA.

MicroRNAs (miRNAs) are a kind of non-
coding RNAs with about 22 nt in length, that
modulate gene expression at the post-
transcriptional level [7]. Extensive researches
have indicated that miRNAs are associated with
the pathogenesis of multiple diseases, including
OA [8]. For example, miR-448 accelerated inter-
leukin-13 (IL-1P)-treated cartilage degradation in
OA via targeting matrilin-3 [9]. Additionally,
silencing of miRNA-449a may inhibit IL-1f3-
treated cartilage destruction in OA via modulating
sirtuin 1 (SIRT1) [10]. miR-145 contributed to
impaired extracellular matrix (ECM) degradation

in OA cartilage via targeting Smad3 [11].
Interestingly, miR-128-3p was identified to be
downregulated and play a suppressive role in OA
[12]. However, the specific effects of miR-128-3p
in the pathogenesis of OA remain unknown.

It has been reported that ZEB1 is implicated in
inflammatory response. For example, miR-708 inhib-
ited liver inflammation and lipid accumulation via
targeting ZEB1 [13]. In addition, ZEB1 promoted
inflammation via suppressing the DNA repair glyco-
sylase MPG in epithelial cells [14]. Lai et al demon-
strated that the expression levels of ZEBI in synovial
fluid and chondrocytes were higher in knee OA com-
pared to the control group, and ZEB1 was inversely
correlated with miR-100-5p [15], suggesting that
ZEBI1 might act as a potential diagnostic biomarker
in OA. Nevertheless, the effect of ZEB1 in OA remains
elusive.

The present study was undertaken to determine
the levels of miR-128-3p and ZEB1 in OA and
explore the role of miR-128-3p in modulating
cartilage ECM degradation, cell viability and apop-
tosis of IL-1p3-stimulated chondrocytes. The aim of
this study was to provide new insights into the
treatment of OA.
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Materials and methods
Samples

OA samples were collected from 32 patients (18
males and 14 females; age, 64.3 + 4.1 years) who
underwent total knee arthroplasty at the First
People’s Hospital of Changzhou between
January 2017 and August 2019. Normal cartilage
samples were isolated from 32 traumatic amputees
(20 males and 12 females; age, 65.1 + 4.8 years).
The cartilage tissues were frozen in liquid nitrogen
immediately and stored at —80°C. Patients’ inclu-
sion criteria: (1) patients were diagnosed with OA.
(2) patients provided informed consent. Patients’
exclusion criteria: patients complicated with other
diseases, such as chronic inflammatory diseases
other than OA. Written informed consent was
obtained from all participants. This research was
approved by the Ethics Committee of the First
People’s Hospital of Changzhou.

Cell culture and treatment

The chondrogenic cell line (CHON-001) was pur-
chased from ATCC and grown in DMEM with
10% FBS at 37°C with 5% CO,. Then, CHON-
001 cells were stimulated with 10 ng/ml IL-1P
(Sigma-Aldrich) for 24 h to generate an in vitro
OA model as previously described [16,17].

Cell transfection

The miR-128-3p mimics (10 nM; 5-GAGCUUAUU
CAUAAAAUGCAG-3'), negative control (NC)
mimics (10 nM; 5-CGCCAAUAUCAUUAUACC
UC-3'), miR-128-3p inhibitor (10 nM; 5-AAAUA
UGCUGUAUGUCAUGUGUU-3"), NC inhibitor
(10 nM; 5-GUCCAGUGAAUUCCCAG-3'), as well
as the short hairpin RNAs (shRNAs) targeting ZEB1
(10 nM; shZEBL; 5-GGAGGUGGAUGUGAA
AGAU-3') and its negative control (10 nM; shNGC; 5'-
GGCCUUGCGAUAGCGUAGC-3'),  pcDNA3.1/
ZEB1 vectors and pcDNA3.1 empty vectors were
obtained from Shanghai GenePhama Co., Ltd. The
plasmids were then transfected into cells (1x10°) using
Lipofectamine 2000° (Invitrogen) at room tempera-
ture for about 30 min.
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RT-qPCR

Total RNA was extracted from tissues and cells
using a  TRIzol reagent (Invitrogen).
Subsequently, 1 ug of total RNA was reverse-
transcribed to cDNA using the PrimeScript RT
reagent kit (Takara). RT-qPCR was carried out
using the SYBR Premix Ex Taq II (Takara) on
the LightCycler 480 II Real-Time PCR System
(Roche). The relative expression of miRNA or
mRNA was normalized to U6 or GAPDH. The
primer sequences used were as follows: For miR-
128-3p, forward, 5'-GACTGCCGAGCGAGCG-3'
and reverse, 5-GACGCCGAGGCACTCTCTC
CT-3'; for ZEBI1, forward, 5-AAGTGGCGGTA
GATGGTA-3" and reverse, 5-TTGTAGCGACT
GGATTTT-3'; for U6, forward, 5'-CCATCGGAA
GCTCGTATACGAAATT-3" and reverse, 5-GG
CCTCTCGAACTTGCGTGTCAG-3'; and for
GAPDH, forward, 5-CCCCTTCATTGACCTCA
ACT-3" and reverse, 5'-ATGAGTCCTTCCACG
ATACC-3.

Western blot analysis

CHON-001 cells were lysed with RIPA buffer
(Thermo Fisher Scientific) to isolate proteins.
Subsequently, total proteins were separated by
10% SDS-PAGE (Solarbio), and then transferred
onto PVDF membranes. Then, membranes were
incubated with the primary antibodies against
aggrecan (ab36861; Abcam), collagen II (ab12268;
Abcam), matrix metalloproteinase 13 (MMP-13)
(ab39012; Abcam) or GAPDH (ab181602;
Abcam). The protein bands were visualized using
the ECL system (Bio-Rad). For MMP-13 in cell
culture supernatants, cultured media were col-
lected from the supernatant by centrifugation, fol-
lowed by concentrated with trichloroacetic acid
(TCA) and acetone as described previously [18].

CCK-8 assay

CHON-001 cells (5x10°) were seeded into 96-well
plates and incubated for 24, 48 and 72 h. Then,
10 pl of CCK-8 solution was added to each well,
and the cells were incubated for an another 2 h.
The absorbance was measured using a microplate
reader (Bio-Rad Laboratories, Inc.) at 450 nm [19].



1738 Y. SUN ET AL

TUNEL assay

The One Step TUNEL Apoptosis Assay Kit
(Beyotime) was utilized to determine CHON-001
cell apoptosis [20]. Following dehydration in etha-
nol, cells were dyed and cultured with a TUNEL
reaction mixture (Roche Diagnostics). Nuclear
staining was performed with DAPI. TUNEL-
positive cells were observed under a fluorescence
microscope (Nikon Corporation).

Luciferase reporter assay

The plasmids containing the wild-type (WT) and
mutant (MUT) ZEB1 3'UTR were synthesized by
GenePharma Co., Ltd (Shanghai). Subsequently,
these plasmids were co-transfected with miR-128-3p
or NC mimics into cells. After 48 h, the luciferase
activity was detected using the Dual-Luciferase
Reporter Assay system (Promega Corporation) [21].

Immunoprecipitation (RIP) assay

RIP assay was conducted by Magna RNA-binding
protein RIP kit (EMD Millipore) [22]. CHON-001
cells were lysed with RIP lysis buffer and incubated
with magnetic beads conjugated with Ago2 or IgG.
The RNAs in the immunoprecipitates were extracted
with Trizol reagent and detected by RT-qPCR.

Statistical analysis

The data are expressed as the mean + SD. Statistical
analysis was performed using the SPSS software
(IBM.). Comparisons between two groups were car-
ried out by Student's t-test, while those among multi-
ple groups with one-way ANOVA. P < 0.05 was
considered to indicate a statistically significant
difference.

Results

The aim of this study was to investigate the role of
miR-128-3p in modulating cartilage ECM degrada-
tion, cell viability and apoptosis of IL-1p-stimulated
chondrocytes. Through a series of functional experi-
ments, we demonstrated that miR-128-3p suppresses
IL-1p-stimulated cartilage degradation and chondro-
cyte apoptosis via targeting ZEBI in osteoarthritis.

miR-128-3p is downregulated and ZEB1 is
upregulated in OA

To determine whether miR-128-3p and ZEB1 were
dysregulated in OA patients, the expressions of miR-
128-3p and ZEB1 were measured in OA cartilage
tissues. The results demonstrated that the expression
of miR-128-3p was reduced and that of ZEB1 was
enhanced in OA cartilage tissues (Figure 1(a,b)). In
addition, a negative correlation was observed between
miR-128-3p and ZEB1 expression in OA tissues
(Figure 1(c)). Furthermore, CHON-001 cells were
treated with IL-1p to establish in vitro OA model. As
shown in Figure 1(d), RT-qPCR revealed that miR-
128-3p expression was notably reduced in IL-1pB-
treated cells. In addition, ZEB1 expression was
strongly upregulated following cell treatment with
IL-1p (Figure 1(e)). Overall, the aforementioned find-
ings suggested that the abnormal levels of miR-128-3p
and ZEB1 might be involved in the progression of OA.

miR-128-3p inhibits the apoptosis and facilitates
the viability of IL-1B-treated CHON-001 cells

To evaluate the function of miR-128-3p in OA,
CHON-001 cells were treated with IL-1f, IL-1B +
NC mimics or IL-1p + miR-128-3p. Firstly, trans-
fection with miR-128-3p mimics increased the
expression of miR-128-3p (Figure 2(a)). Moreover,
RT-qPCR analysis showed that the expression of
miR-128-3p was decreased in CHON-001 cells trea-
ted with IL-1f, while miR-128-3p overexpression
reversed this effect (Figure 2(b)), suggesting that
miR-128-3p overexpression partially abrogated the
inhibitory effect of IL-1P treatment on miR-128-3p
expression in CHON-001 cells. Additionally,
Western blot analysis revealed that cell treatment
with IL-1p increased the protein levels of MMP-13
and reduced those of collagen II and aggrecan
(Figure 2(c)). CHON-001 cell transfected with
miR-128-3p mimics downregulated MMP-13 and
upregulated collagen II and aggrecan expression
(Figure 2(c)). Furthermore, CCK-8 showed that
miR-128-3p overexpression rescued the repressive
effect of IL-1p on CHON-001 cell viability
(Figure 2(d)). On the contrary, TUNEL assay
demonstrated that the treatment of IL-1p promoted
CHON-001 cell apoptosis, but miR-128-3p upregu-
lation abrogated this effect (Figure 2(e)). These
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Figure 1. MiR-128-3p expression was reduced and ZEB1 was enhanced in OA tissues and IL-1B-activated chondrocytes. (a and b) RT-
gPCR assay was applied to detect the expression of miR-128-3p and ZEB1 in OA cartilage tissues (n = 32) and normal cartilage
tissues (n = 32). (c) Pearson’s correlation analysis showed the correlation between miR-128-3p and ZEB1 in OA cartilage tissues
(n = 32). (d) RT-gPCR assay showed the expression of miR-128-3p in IL-1B-induced CHON-001 cells. (e) RT-qPCR assay showed ZEB1
expression in IL-1B-induced CHON-001 cells. Data are expressed as the mean+ SD (n = 3) *P < 0.05.

results suggested that miR-128-3p modulated ECM
degradation and the IL-1B-induced CHON-001 cell

proliferation and apoptosis.

ZEB1 silencing ameliorates the effect of IL-13 on
chondrocytes

Next, the effects of ZEB1 on OA development were
evaluated. RT-qPCR assay showed that ZEB1 expres-
sion was reduced by ZEB1 silence (Figure 3(a)).
Meanwhile, ZEB1 knockdown restored the IL-1pB-
mediated upregulation of ZEB1 in CHON-001 cells
(Figure 3(b)). Western blot indicated that IL-1{ upre-
gulated MMP-13 and downregulated collagen II and
aggrecan in CHON-001 cells. However, these effects
were reversed by ZEBL silencing (Figure 3(c)). CCK-8
uncovered that ZEB1 knockdown rescued the sup-
pressive impact of IL-1p on CHON-001 cell prolifera-
tion (Figure 3(d)). Additionally, TUNEL assay

demonstrated that treatment of CHON-001 cells
with IL-1p accelerated cell apoptosis, which was abol-
ished by ZEB1 knockdown (Figure 3(e)). These find-
ings revealed that silencing of ZEB1 accelerated cell
viability and inhibited ECM degradation and apopto-
sis of IL-1P-stimulated chondrocytes.

miR-128-3p directly targeted ZEB1

Subsequently, using the StarBase database, ZEB1 was
predicted as a target of miR-128-3p. The potential
binding sequences between miR-128-3p and ZEBI1
are shown in Figure 4(a). Then, a luciferase reporter
assay was performed to verify that miR-128-3p
mimics markedly suppressed the luciferase activity
of ZEB1-WT. However, the luciferase activity was
not affected in cells transfected with ZEB1-MUT
(Figure 4(b)). The direct binding between miR-128-
3p and ZEB1 was further confirmed by RIP assay. The
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Figure 2. MiR-128-3p inhibited the apoptosis and facilitated the proliferation of CHON-001 cells treated with IL-1B. (a) RT-qPCR
analysis showed miR-128-3p expression in CHON-001 cells transfected with NC mimics or miR-128-3p mimics. (b) RT-gPCR analysis
showed miR-128-3p expression in CHON-001 cells treated with IL-1(, IL-1B+NC mimics or IL-1+miR-128-3p mimics. (c) Western blot
assay measured the levels of MMP-13, collagen Il and aggrecan in CHON-001 cells treated with IL-1B, IL-13+NC mimics or IL-1f+miR-
128-3p mimics. (d) CCK-8 was used to test the proliferation in CHON-001 cells transfected with IL-1p, IL-1f+NC mimics or IL-1B+miR-
128-3p mimics. (e) TUNEL assay showed the apoptosis in CHON-001 cells transfected with IL-1(, IL-18+NC mimics or IL-13+miR-128-
3p mimics. Data are expressed as the meanx SD (n = 3). *P < 0.05.

results uncovered that the enrichment of ZEB1 and
miR-128-3p was higher in the Ago2 group compared
to IgG group (Figure 4(c)). miR-128-3p expression
was decreased in CHON-001 cells transfected with
miR-128-3p inhibitor (Figure 4(d)). Additionally, the
mRNA and protein levels of ZEB1 was down- and up-
regulated in cells by miR-128-3p upregulation and
downregulation, respectively (Figure 4(e,f)). ZEBI
was also significantly downregulated following miR-
128-3p overexpression in IL-1pB-activated CHON-001
cells (Figure 4(g)). Collectively, the data confirmed
miR-128-3p could directly target ZEB1 and negatively
regulate its expression.

ZEB1 overexpression reverses the effect of
miR-128-3p overexpression on OA progression

RT-qPCR showed that ZEB1 expression was increased
in CHON-001 cells transfected with ZEB1 overexpres-
sion plasmid (Figure 5(a)). To verify whether miR-
128-3p could regulate OA progression via ZEBI,

rescue assays were conducted. RT-qPCR demon-
strated that the expression of ZEB1 was reduced fol-
lowing transfection of IL-1B-treated CHON-001 cells
with miR-128-3p mimics, while ZEB1 overexpression
neutralized this effect (Figure 5(b)). Besides, miR-128-
3p overexpression decreased MMP-13, and increased
collagen II and aggrecan expression levels, while ZEB1
overexpression had the opposite effect (Figure 5(b)).
Furthermore, CCK-8 and TUNEL experiments
revealed that miR-128-3p mimics promoted cell via-
bility and attenuated apoptosis, while ZEB1 overex-
pression had the opposite effect (Figure 5(d.e)). In
sum, the aforementioned results demonstrated that
miR-128-3p may be associated with OA development
via targeting ZEB1.

Discussion

OA is a highly prevalent chronic joint disease [23].
This study confirmed that miR-128-3p level was
reduced and that of ZEB1 was enhanced in OA.
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Figure 4. ZEB1 was directly targeted by miR-128-3p. (a) Binding sequences between miR-128-3p and ZEB1 were predicted by
starBase website. (b) Luciferase reporter assay was adopted to verify the binding ability between miR-128-3p and ZEB1 in CHON-001
cells. (c) RIP assay was used to analyze the enrichment of miR-128-3p and ZEB1 in CHON-001 cells of anti-Ago2 group compared
with anti-lgG group. (d) RT-gPCR analysis showed miR-128-3p expression in CHON-001 cells transfected with miR-128-3p inhibitor. (e
and f) RT-gPCR and Western blot analysis was applied to detect ZEB1 expression in CHON-001 cells transfected with miR-128-3p
mimics and miR-128-3p inhibitor. (g) RT-gPCR analysis showed ZEB1 expression in CHON-001 cells treated with IL-1(, IL-18+NC
mimics or IL-13+miR-128-3p mimics. Data are expressed as the meanz SD (n = 3). *P < 0.05.

Furthermore, miR-128-3p modulated cartilage
ECM degradation, cell viability and apoptosis via
ZEBL1 in IL-1B-treated chondrocytes.

Several miRNAs have been reported to be involved
in the pathogenesis of OA [24,25]. miR-128-3p was
found to be associated with inflammatory response
and ECM degradation. For example, miR-128-3p
could directly target SIRT1 to mediate the TNF-a-
induced inflammatory response in bone marrow
mesenchymal stem cells [26]. miR-128-3p also attenu-
ated chondrocyte apoptosis, ECM degradation and
inflammation via targeting Wnt-induced secreted
protein 1 in OA [12]. Herein, we demonstrated that
miR-128-3p was downregulated in chondrocytes and
OA tissues. IL-1f is a cytokine that can induce a series
of pathogenic responses in chondrocytes, thus playing
a crucial role in the progression of OA [27].
Consistently, miR-128-3p expression was also sup-
pressed in IL-1B-treated CHON-001 cells in the pre-
sent study. Furthermore, miR-128-3p overexpression
reduced the expression levels of MMP-13 and

improved those of collagen II and aggrecan levels in
IL-1P-activated CHON-001 cells. It was verified that
MMP-13 was implicated in ECM degradation in OA.
Cartilage ECM mainly consist of collagen II and
aggrecan [28]. These findings indicated that upregu-
lated miR-128-3p could attenuate cartilage ECM
degradation in OA. Besides, miR-128-3p overexpres-
sion overturned the suppression on CHON-001 cell
viability and the increased cell apoptosis caused by
IL-1B.

ZEB1, a member of the ZEB family, is a known
transcriptional regulator that plays critical roles in
the induction of epithelial-to-mesenchymal transi-
tion and other biological processes [29,30]. It has
been reported that ZEB1 is involved in the exces-
sive production of ECM proteins via the trans-
forming growth factor Pl signaling pathway in
corneal endothelial cells [31]. Furthermore,
NEAT1 promoted ECM progression via regulating
the miR-27b-3p/ZEB1 axis in diabetic nephropa-
thy [32]. Another study demonstrated that miR-
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Figure 5. ZEB1 addition reversed the effects of miR-128-3p overexpression on OA progression in IL-1f3-treated chondrocytes. (a) RT-
gPCR assay showed ZEB1 expression was upregulated in CHON-001 cells transfected with pcDNA3.1/ZEB1. (b) RT-gPCR assay showed
ZEB1 expression in CHON-001 cells treated with IL-13+miR-128-3p mimics, IL-1B+miR-128-3p mimics+pcDNA3.1/ZEB1. (c) Western
blot assay measured the levels of MMP-13, collagen Il and aggrecan in CHON-001 cells treated with IL-1B+miR-128-3p mimics, IL-1(
+miR-128-3p mimics+pcDNA3.1/ZEB1. (d and e) CCK-8 and TUNEL assays were used to test the proliferation and apoptosis in CHON-
001 cells treated with IL-13+miR-128-3p mimics, IL-1f+miR-128-3p mimics+pcDNA3.1/ZEB1. Data are expressed as the mean+ SD

(n = 3). *P < 0.05.

200b attenuated inflammatory responses via ZEB1
in gingival fibroblasts [33]. In the present study,
ZEBI1 was predicted as a downstream gene of miR-
128-3p in IL-1P-induced chondrocytes. Silencing
of ZEB1 suppressed ECM degradation and cell
apoptosis and increased the viability of IL-1pB-
treated CHON-001 cells. In addition, ZEB1 was
downregulated following miR-128-3p overexpres-
sion. Functional assays revealed that miR-128-3p
mimics attenuated ECM degradation and cell
apoptosis and increased the proliferation of IL-1f-
activated CHON-001 cells, while ZEB1 overex-
pression restored these effects.

Conclusion

Our data demonstrated that miR-128-3p is over-
expressed in patients with OA and can regulate
OA cartilage ECM degradation, cell apoptosis
and proliferation via targeting ZEBI1 in chondro-
cytes. These findings indicated that miR-128-3p
might be of value as a potential target for OA
treatment.
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