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Epigallocatechin-3-O-gallate promotes extracellular matrix and inhibits
inflammation in IL-1b stimulated chondrocytes by the PTEN/miRNA-29b pathway
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ABSTRACT
Context: Epigallocatechin-3-O-gallate (EGCG) exhibits anti-arthritic activity. MiR-29b-3p provokes chondro-
cyte apoptosis and promotes the initiation and development of osteoarthritis (OA).
Objective: To explore the roles of EGCG and miR-29b-3p in interleukin-1b (IL-1b)-stimulated
chondrocytes.
Materials and methods: HE and Safranin O staining were used to detect the pathological changes of
cartilage tissue in OA patients and healthy people. OA-like chondrocyte injury was mimicked by 5 ng/mL
IL-1b stimulation for 24 h in vitro, and after transfection with miR-29b-3p mimics and pcDNA-PTEN, IL-1b-
stimulated chondrocytes were pre-treated with EGCG (20 and 50lM) for 2 h. Cell viability, colony num-
bers, apoptosis rate, the levels of IL-6 and matrix metalloproteinase-13 (MMP-13), miR-19b-3p, PTEN and
apoptosis-associated proteins in chondrocytes were evaluated.
Results: MiR-29b-3p level was upregulated in cartilage tissues of OA patients (3.5-fold change, p< 0.001)
and IL-1b stimulated chondrocytes (two fold change, p< 0.001). The matrix staining was weakened and
unevenly distributed, and the chondrocytes were arranged disorderly in the tissues of patients with OA.
EGCG (20 and 50lM) increases viability and decreases the levels of miR-29b-3p and MMP-13 and IL-6 in
IL-1b stimulated chondrocytes (p< 0.05). MiR-29b-3p mimics reversed the effects above 50lM EGCG
(p< 0.05). Furthermore, PTEN overexpression abrogated the effects of miR-29b-3p mimics on viability, col-
ony numbers, apoptosis rate and the levels of Bcl-2, MMP-13, IL-6, Bax and cleaved caspase 3 in IL-1b-
stimulated chondrocytes (p< 0.01).
Discussion and conclusions: EGCG is a potential candidate for the treatment of OA, which also can be
explored in a novel therapeutic method for other degenerative or inflammatory disorders.
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Introduction

Osteoarthritis (OA), a disease of joint degeneration characterized
by articular cartilage (AC) loss, often causes pain, joint stiffness
and disability (Liao et al. 2020). In the world, more than 15% of
the population suffers from OA (Wu et al. 2019). In addition to
various treatment guidelines that have been proposed
(McAlindon et al. 2014; Murphy et al. 2016; Ondr�esik et al.
2017), no effective strategy exists for the prevention and
combat of primary OA, while joint replacement is the most
effective therapeutic avenue for end-stage OA (Chen et al. 2017).
However, the recovery of impaired AC is a challenge for
researchers by virtue of its poor intrinsic healing potential.

Plant-originated agents have attracted increasing attention as
a promising therapeutic alternative for their slight side effects
and low costs (Zeng et al. 2014). Polyphenols in green tea con-
tain many catechins, the most potent of which is epigallocate-
chin-3-O-gallate (EGCG) (Yoshimura et al. 2019). EGCG has
been reported to possess an array of pharmacological potentials,
such as antioxidative (Kaya et al. 2019), anti-inflammatory (Kaya
et al. 2019) and anti-arthritic activities (Zheng et al. 2019). In
the past decade, Haqqi et al. (1999) as well as Ahmed et al.
(2002, 2004), Rasheed et al. (2009), Singh et al. (2010), and

Akhtar and Haqqi (2011), verified that EGCG has cartilage-pre-
serving and chondro-protective activities by extensive researches.

MicroRNAs (miRNAs) are small, noncoding RNAs playing
multiple roles in modulation of gene expression at the post-tran-
scriptional level (Pasquinelli 2012). In OA, it has been verified
that expression of miRNAs is altered in cartilage pathophysiology
and homeostasis (Mirzamohammadi et al. 2014). MiR-29b-3p
level is highly up-regulated in cartilage tissue of advanced OA
patients (Bobinac et al. 2003). Additionally, miR-29b-3p level in
the synovial fluid of OA patients is higher than that in healthy
people (Chen and Chen 2019), and such level is elevated in OA
tissues and models (Zhi et al. 2021). Chen et al. (2017) proposed
that miR-29b-3p provokes apoptosis of chondrocytes and pro-
motes the initiation and progression of OA. Importantly,
Rasheed et al. (2018) put forward that the underlying function of
EGCG on OA chondrocytes is possibly associated with its cap-
acity to globally repress inflammatory reaction by regulation of
miRNAs. EGCG or EGCG-derived compounds could repress car-
tilage destruction or pain via up-regulating miRNAs in human
chondrocytes (Rasheed et al. 2016). Nevertheless, the actions of
EGCG on miR-29b-3p expression and the regulatory mechanism
involved with EGCG and miR-29b-3p in chondrocytes are
still unknown.
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Our work formulates a goal to reveal the function of EGCG
on miR-29b-3p level in interleukin-1b (IL-1b)-stimulated chon-
drocytes, especially its underlying mechanism in modulating pro-
liferation, apoptosis, inflammation and extracellular matrix
(ECM) production. The current study will be conducive to figur-
ing out the specific role and potential mechanism of EGCG in
OA-like chondrocytes and offering a promising therapeutic
method for OA treatment.

Materials and methods

Ethics statement

Our study was ratified by the Ethics Committee of Liyang
People’s Hospital (approval number: LY20190416). All experi-
ments conform to the principles outlined in the Declaration of
Helsinki (World Medical Association 2013). All subjects volun-
tarily participated in this study and signed written
informed consents.

Clinical information

In this study, five patients with OA who were admitted to our
hospital for total knee arthroplasty and five healthy people (trau-
matic patients without OA and obvious clinical and imaging fea-
tures) from July 2019 to July 2020 were selected as the research
subjects. Among them, OA patients ranged in age from 46 to 68,
with an average age of 56.6 years and Kellgren–Lawrence grade
III or IV. Healthy people ranged in age from 41 to 67, with an
average age of 55.5 years and Kellgren–Lawrence grade 0 or I.
The age comparison between OA patients and healthy people
was not statistically significant. The joint tissues of each research
subject were obtained and stored in �80 �C for subsequent
experiments.

Haematoxylin–eosin staining (HE)

The tissue was cut into about 0.5 cm thick and fixed in 4% for-
maldehyde for 24 h. After that, the tissue sections were placed in
xylene for transparency, dehydrated with 70–100% gradient alco-
hol, and then immersed in paraffin to make embedded blocks.
The paraffin embedded tissue was cut into sections about 5lm
thick. Then, the tissue sections were dewaxed by xylene and
rehydrated with 100–70% alcohol. The tissue sections were
stained with haematoxylin for 10min, followed by acidification
of salt solution for 2min and then eosin staining for 2min. The
stained sections were dehydrated with alcohol and transparent
with xylene, which were then sealed and placed under a micro-
scope (DM2500, Leica, Wetzlar, Germany) to observe the tis-
sue changes.

Safranin O staining

Safranin O staining reagent (TMS-009-C, Sigma-Aldrich, St.
Louis, MO) was used to observe the staining of the tissue. The
procedure for making tissue sections was the same as that for
HE staining. The tissue sections were stained with 0.1% serine
for 4min, washed with water for three times, stained with solid
green for 4min and then washed with glacial acetic acid for
1min. Then, the tissues were dehydrated with 95% alcohol and
100% alcohol for 10 s. Finally, the tissues were sealed with neu-
tral gum and observed under a microscope.

Cell culture

CHON-001 cells, human OA chondrocyte line (from American
Type Culture Collection (ATCC), Manassas, VA), were main-
tained in complete DMEM medium (11995, Solarbio, Beijing,
China) at 37 �C with 5% CO2.

Treatment of CHON-001 cells

To reveal the role of EGCG in OA-like chondrocyte, CHON-001
cells were divided into control, IL-1b, IL-1bþE20, IL-1bþ E50
and E50 groups. Control group: CHON-001 cells were incubated
in the absence of IL-1b (SRP6169; Sigma-Aldrich, Shanghai,
China) or EGCG (E4143; purity �95%; Sigma-Aldrich, Shanghai,
China); IL-1b group: CHON-001 cells were incubated in com-
plete DMEM medium and serum-starved for 12 h or overnight
and then induced by 5 ng/mL IL-1b for 24 h (Rasheed et al.
2016); IL-1bþ E20 group: starved CHON-001 cells were pre-
treated with 20 lM EGCG for 2 h prior to stimulation with 5 ng/
mL IL-1b for 24 h; IL-1bþ E50 group: starved CHON-001 cells
were pre-treated with 50 lM EGCG for 2 h prior to stimulation
with 5 ng/mL IL-1b for 24 h; E50 group: starved CHON-001 cells
were treated with 50 lM EGCG for 2 h. Selection of the EGCG
dose was based upon a previous study (Rasheed et al.
2016, 2018).

Next, to determine the effect of EGCG on miR-29b-3p
expression in chondrocyte, CHON-001 cells were divided into
control, mimics control (MC), miR-29b-3p mimics (M),
MCþE50 and MþE50 groups. Control group: CHON-001 cells
were incubated without both transfection and EGCG treatment.
MC group: CHON-001 cells were only transfected with mimic
control. M group: CHON-001 cells were only transfected with
M. MCþE50 group: after transfection of mimic control,
CHON-001 cells were treated with 50 lM EGCG for 2 h.
MþE50 group: after transfection of miR-29b-3p mimic, CHON-
001 cells were treated with 50 lM EGCG for 2 h.

To determine the roles of EGCG and miR-29b-3p in OA-like
chondrocyte, CHON-001 cells were divided into control, IL-1b,
MC, M, MCþ IL-1b, MCþ IL-1bþ E50 and Mþ IL-1bþ E50
groups. Control group: CHON-001 cells were incubated without
both transfection and EGCG treatment. IL-1b group: CHON-001
cells were starved overnight and then stimulated with 5 ng/mL
IL-1b for 24 h. MC group: CHON-001 cells were only transfected
with mimic control. M group: CHON-001 cells were only trans-
fected with miR-29b-3p mimic. MCþ IL-1b group: after trans-
fection of MC, starved CHON-001 cells were stimulated with
5 ng/mL IL-1b for 24 h. MCþ IL-1bþ E50 group: after transfec-
tion of mimic control, starved CHON-001 cells were pre-treated
with 50lM EGCG for 2 h prior to stimulation with 5 ng/mL IL-
1b for 24 h. Mþ IL-1bþE50 group: after transfection of miR-
29b-3p mimic, starved CHON-001 cells were pre-treated with
50 lM EGCG for 2 h prior to stimulation with 5 ng/mL IL-1b
for 24 h.

To examine the effect of EGCG and miR-29b-3p on PTEN
expression in OA-like chondrocyte, CHON-001 cells were div-
ided into MC, M, Mþ IL-1b, MCþ IL-1bþ E50, MCþ IL-
1bþ E50 and Mþ IL-1bþE50 groups.

Furthermore, to identify the roles of miR-29b-3p and PTEN
in CHON-001 cells, CHON-001 cells were divided into negative
control (NC), phosphatase and tensin homolog (PTEN), M,
Mþ IL-1b, MþPTEN and Mþ IL-1bþPTEN groups. NC
group: CHON-001 cells were only transfected with empty vector.
PTEN group: CHON-001 cells were only transfected with PTEN
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plasmid. M group: CHON-001 cells were only transfected with
miR-29b-3p mimic. Mþ IL-1b group: after transfection of mimic
control, starved CHON-001 cells were stimulated with 5 ng/mL
IL-1b for 24 h. Mþ PTEN group: CHON-001 cells were co-
transfected with miR-29b-3p mimic and PTEN plasmid. Mþ IL-
1bþPTEN group: after transfection of miR-29b-3p mimic and
PTEN plasmid, starved CHON-001 cells were stimulated with
5 ng/mL IL-1b for 24 h.

Transfection

CHON-001 cells were transfected with 50 nM miR-29b-3p
mimics (miR10000100-1-5) or 50 nM miRNA MC
(miR1N0000001-1-5) which were purchased from RiboBio
(Guangzhou, China). The target gene fragments of PTEN were
amplified and cloned into pcDNA3.1 vector (V79020,
ThermoFisher, Waltham, MA) by RiboBio (Guangzhou, China)
to construct overexpression plasmid containing the PTEN
sequence (pcDNA-PTEN). Empty pcDNA3.1 vector was denoted
as NC for pcDNA-PTEN. CHON-001 cells were transfected with
constructs for 24 h using riboFECT CP Transfection Kit
(C10511-05, RiboBio, Guangzhou, China).

Bioinformatics prediction and dual-luciferase reporter assay

The binding correlation between miR-29b-3p and PTEN was
predicted by TargetScan V7.2 (http://www.targetscan.org/vert_72/).
Both wild type (WT) and the mutants (MUT) of the 30-UTRs of
PTEN were cloned into pmirGLO vector (E1330, Promega,
Madison, WI). The full length of PTEN 30UTR-WT was 50-
TTTTTTAAAGCATATTGGTGCTA-30, while that of PTEN
30UTR-MUT was 50-TTTTTTAAAGCATATCAAGTAGA-30. All
constructs were transfected into 293T cells (ATCC) with miR-29b-
3p mimics using riboFECT CP Transfection Kit for 6 h. The luci-
ferase activity was determined by a microplate reader (Bio-rad
550, Bio-Rad, Hercules, CA).

Cell viability

Viability of CHON-001 cells was evaluated by cell counting kit-8
(CCK-8) (CK04, Dojindo Molecular Technologies, Tokyo,
Japan). Treated or untreated CHON-001 cells were grown for
48 h in a 96-well plate. After that, each well was added with
CCK-8 solution (10 lL). Four hours later, absorbance was
detected using a microplate reader (Bio-rad 550, Bio-Rad,
Hercules, CA) at 450 nm.

ELISA

Human matrix metalloproteinase-13 (MMP-13) (EK0468) and
interleukin-6 (IL-6) (EK0410) specific ELISA kits were obtained
from Wuhan Boshide Bioengineering Co., Ltd. (Wuhan, China).
MMP-13 and IL-6 produced in the culture medium were quanti-
fied with commercially corresponding ELISA kits. Absorbance

was measured using a microplate reader (Bio-rad 550, Bio-Rad,
Hercules, CA) at 450 nm.

Colony formation assay

After treatment, 1� 103 CHON-001 cells were re-plated in a 35-
mm dish in duplicate and incubated at 37 �C with 5% CO2.
When colonies became visible to the naked eye, the plates were
fixed by adding 200lL 4% paraformaldehyde (P0099, Beyotime,
Shanghai, China) for 15min and stained with 200 lL 0.5% crystal
violet (C8470, Solarbio, Beijing, China) for 15min at 37 �C. The
colony numbers were counted under microscope (IX71 inverted
microscope; Olympus, Shinjuku, China).

Flow cytometry analysis

The apoptosis of cells was determined with Annexin V-FITC
Apoptosis Detection Kit (CA1020, Solarbio, Beijing, China). One
millilitre of cells suspension (a density of 1� 106 cells/mL) was
centrifuged at 1000�g for 5min at 4 �C. Following discarding
the supernatant, a total of 1mL precooled PBS buffer was added.
Then, the mixture was centrifuged again and supernatant was
discarded. These procedures were repeated twice. Subsequently,
cells were resuspended with 200lL binding buffer, and then
stained with 10 mL Annexin V-FITC and 10 mL propidium iod-
ide (PI) in the dark for 15min at 37 �C. After that, 300 mL bind-
ing buffer solution was added and the apoptosis of cells was
determined by flow cytometer CytoFLEX (Beckman Coulter Life
Science, Milan, Italy).

Real-time reverse transcription polymerase chain reaction
(qRT-PCR)

Total RNA was isolated from tissues and CHON-001 cells with
the Trizol reagent (15596-026, Invitrogen, Carlsbad, CA).
Reverse transcription (RT) reactions for mRNAs were performed
using GoScript RT System (A5000, Promega, Madison, WI), with
random primers and oligo dT. RT reaction for miR-29b-3p was
carried out by PrimeScript RT reagent Kit (RR047A, TaKaRa,
Dalian, China), with a stem-loop primer (Table 1). Then, the lev-
els of gene expression was quantified by standard real-time PCR
protocol with GoTaq qPCR Master Mix (A6002, Promega,
Madison, WI) in Applied Biosystems 7500 Real-time PCR
System (Applied Biosystems, Waltham, MA) as per the manufac-
turer’s protocol. GAPDH or U6 was used as a reference gene for
mRNA or miRNA, respectively. Gene expression levels were cal-
culated using the 2–DDCt method (Livak and Schmittgen 2001).
Table 1 includes primer sequences.

Western blot

The proteins were lysed from cells by RIPA buffer (P0013E,
Beyotime, Shanghai, China), isolated by 12% SDS-PAGE, and
then electrotransferred onto PVDF membranes (YA1701,
Solarbio, Beijing, China). Membranes were incubated in 5% (v/v)

Table 1. Primers used in qRT-PCR.

Gene RT (50 ! 30) Forward (50 ! 30) Reverse (50 ! 30)
miR-29b-3p GTCGTATCCAGTGCGTGTCGTGGAGTCGGCAATTGCACTGGATACGACTAACCGAT AGCACCATCTGAAATCGGTT TGTCGTGGAGTCGGCAATTG
U6 CGCTTCACGAATTTGCGTGTCAT CGCTTCACGATTTGCGTGTCAT GCTTCGGCAGCACATATACTAAAAT
hsa-PTEN Random hexamer CCGAAAGGTTTTGCTACCATTCT AAAATTATTTCCTTTCTGAGCATTCC
hsa-GAPDH Random hexamer CACCACACTGAATCTCCCCT TGGTTGAGCACAGGGTACTT
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skimmed milk and then probed with primary antibodies
(Table 2) overnight at 4 �C. After probing with Goat Anti-Rabbit
IgG H&L (HRP) (ab205718, 1:2000, Abcam, Waltham, MA), pro-
tein blots were visualized by ECL Western Blotting Substrate
(32209, Thermo Fisher Scientific, Waltham, MA) and digitized
by NIH Image (National Institutes of Health, Bethesda, MD).
GAPDH was used as a loading control.

Statistical analysis

All measurements were performed at least three times. Data were
expressed as the means ± standard deviation (SD). Statistical anal-
yses were performed by Prism 8.0.2 (GraphPad Inc., La Jolla,
CA) and p< 0.05 was considered as statistically significant.
Student’s t-test was employed for measuring the difference
between two groups, whereas one-way ANOVA analysis followed
by Tukey’s post hoc analysis was conducted to analyse compari-
sons between three or more groups.

Results

EGCG inhibited the levels of miR-29b-3p, MMP-13 and IL-6
but promoted cell viability in IL-1b-stimulated CHON-
001 cells

First of all, the miR-29b-3p expression in OA tissues and normal
tissue was detected by qRT-PCR, the results of which indicated
that miR-29b-3p expression was markedly up-regulated in OA
tissues compared to normal tissue (Figure 1(A), p< 0.001). HE
and Safranin O staining were used to detect the pathological
changes of cartilage tissue in OA patients and healthy people.
The results demonstrated that the AC structure of the normal
group was intact and the matrix components were evenly distrib-
uted. In the tissues of patients with OA, the matrix staining was
weakened and unevenly distributed, with disordered arrangement
of chondrocytes (Figure 1(B), p< 0.001). After stimulating with
IL-1b, the level of miR-29b-3p was strikingly increased in
CHON-001 cells (Figure 1(C), p< 0.001). By contrast, this effect

Table 2. List of primary antibodies used for Western blots.

Protein Antibody Catalogue number Company Antibody dilution

Bcl-2 Rabbit anti-Bcl-2 antibody ab59348 Abcam 1:1000
Bax Rabbit anti-Bax antibody ab32503 Abcam 1:1000
Cleaved (C)-caspase-3 Rabbit anti-cleaved caspase-3 antibody ab2302 Abcam 1:500
PTEN Rabbit anti-PTEN antibody ab32199 Abcam 1:10,000
GAPDH Rabbit anti-GAPDH antibody ab181602 Abcam 1:10,000

Figure 1. EGCG inhibited the levels of miR-29b-3p, MMP-13 and IL-6b but promoted cell viability on IL-1b-stimulated CHON-001 cells. (A) MiR-29b-3p expression in
OA tissues and normal tissue was detected by qRT-PCR. (B) HE and Safranin O staining were used to detect the pathological changes of cartilage tissue in OA patients
and healthy people. (C) The level of miR-29b-3p was determined by qRT-PCR in CHON-001 cells. (D) Cell counting kit-8 (CCK-8) indicated cell viability in CHON-001
cells. (E, F) The levels of MMP-13 and IL-6 were determined by ELISA in CHON-001 cells. U6 was used as a reference gene for miRNA. EGCG: epigallocatechin-3-O-gall-
ate; EGCG20: 20lM EGCG; EGCG50: 50lM EGCG; qRT-PCR: real-time reverse transcription polymerase chain reaction; ELISA: enzyme-linked immunosorbent assay; con-
trol: CHON-001 cells cultured without IL-1b or EGCG. DDDp< 0.001 vs. control; �p< 0.05 or ��p< 0.01 or ���p< 0.001 vs. IL-1b. All measurements were performed at
least three times. Data were presented as the means± standard deviation (SD).
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was partially offset by EGCG (Figure 1(C), p< 0.001). IL-1b not-
ably decreased viability of CHON-001 cells (Figure 1(D),
p< 0.001), whereas such inhibition of IL-1b was obviously allevi-
ated by EGCG (Figure 1(D), p< 0.05). MMP-13 and IL-6 expres-
sion was up-regulated in CHON-001 cells following IL-1b
treatment (Figure 1(E,F), p< 0.001), which was partially elimi-
nated by EGCG (Figure 1(E,F), p< 0.01).

EGCG inhibited the levels of miR-29b-3p, MMP-13 and IL-6b
but promoted viability in IL-1b-stimulated CHON-001 cells
by the down-regulation of miR-29b-3p

MiR-29b-3p mimics as well as IL-1b and miR-29b-3p mimics
strikingly promoted the level of miR-29b-3p in CHON-001 cells
(Figure 2(A), p< 0.001; Figure 2(B), p< 0.001), which was par-
tially reversed by EGCG (Figure 2(A), p< 0.001). Specifically,
EGCG significantly attenuated IL-1b or miR-29b-3p mimics-
induced increase in miR-29b-3p level related to MCþ IL-1b
group (Figure 2(B), p< 0.001) or Mþ IL-1b group (Figure 2(B),
p< 0.001), respectively. Moreover, both IL-1b and miR-29b-3p

mimics (Figure 2(C), p< 0.001) remarkably decreased viability in
CHON-001 cells, which were obviously attenuated by EGCG as
compared to MCþ IL-1b group (Figure 2(C), p< 0.001) or
Mþ IL-1b group (Figure 2(C), p< 0.001). Moreover, both IL-1b
(Figure 2(D,E), p< 0.001) and miR-29b-3p mimics (Figure
2(D,E), p< 0.01) dramatically promoted the levels of MMP-13
and IL-6 in CHON-001 cells. In contrast, EGCG significantly
attenuated IL-1b or miR-29b-3p mimics-induced increase in the
levels of MMP-13 and IL-6 compared to MCþ IL-1b group or
Mþ IL-1b group (Figure 2(D,E), p< 0.001), respectively.

EGCG indirectly increased PTEN expression via decreasing
miR-29b-3p in IL-1b-stimulated CHON-001 cells

The binding correlation between miR-29b-3p and PTEN was
predicted by TargetScan (Figure 3(A)) and verified by dual-luci-
ferase reporter assay (Figure 3(B), p< 0.001). IL-1b obviously
inhibited the mRNA and protein expression levels of PTEN in
CHON-001 cells (Figure 3(C–E), p< 0.001), which was partially
abrogated by EGCG in a concentration-dependent manner

Figure 2. EGCG inhibited the levels of miR-29b-3p, MMP-13 and IL-6b but promoted cell viability in IL-1b-stimulated CHON-001 cells by the down-regulation of miR-
29b-3p. (A) CHON-001 cells were divided into control, MC, M, MCþ E50 and Mþ E50 groups. (B–E) CHON-001 cells were divided into control, IL-1b, MC, M, MCþ IL-
1b, Mþ IL-1b, MCþ IL-1bþ E50 and Mþ IL-1bþ E50 groups. (A, B) The level of miR-29b-3p was determined by qRT-PCR in CHON-001 cells. (C) Cell counting kit-8
(CCK-8) indicated cell viability in CHON-001 cells. (D, E) The levels of MMP-13 and IL-6 were determined by ELISA in CHON-001 cells. U6 was used as a reference gene
for miRNA. EGCG: epigallocatechin-3-O-gallate; E50: 50lM EGCG; MC: mimics control; M: miR-29b-3p mimics; qRT-PCR: real-time reverse transcription polymerase chain
reaction; control: CHON-001 cells cultured without IL-1b or EGCG. DDDp< 0.001 vs. control; ��p< 0.01 or ���p< 0.001 vs. MC; †††p< 0.001 vs. M; ��p< 0.001 vs.
Mþ IL-1b. All measurements were performed at least three times. Data were presented as the means± standard deviation (SD).
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Figure 3. EGCG indirectly increased phosphatase and tensin homolog (PTEN) expression via decreasing miR-29b-3p in IL-1b-stimulated CHON-001 cells. (A, B) The
binding relationship between miR-29b-3p and PTEN was predicted by TargetScan V7.2 (A) and verified by dual-luciferase reporter assay (B). (C–E) CHON-001 cells
were divided into control, IL-1b, IL-1bþ E20, IL-1bþ E50 and E50 groups. The protein (C, D) and mRNA (E) levels of PTEN in CHON-001 cells were determined by
qRT-PCR and Western blot, respectively. (F–H) CHON-001 cells were divided into MC, M, MCþ IL-1b, Mþ IL-1b, MCþ IL-1bþ E50 and Mþ IL-1bþ E50 groups. The
protein (F, G) and mRNA (H) levels of PTEN in CHON-001 cells were determined by qRT-PCR and Western blot, respectively. GAPDH was used as the internal reference
control for PTEN. EGCG: epigallocatechin-3-O-gallate; E50: 50lM EGCG; MC: mimics control; M: miR-29b-3p mimics; qRT-PCR: real-time reverse transcription polymerase
chain reaction; control: CHON-001 cells cultured without IL-1b or EGCG. †††p< 0.001 vs. blank; DDDp< 0.001 vs. control; nnnp< 0.001 vs. IL-1b; ��p< 0.01 or���p< 0.001 vs. MC; ���p< 0.001 vs. Mþ IL-1b. All measurements were performed at least three times. Data were presented as the means± standard deviation (SD).
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(Figure 3(C–E), p< 0.001). In CHON-001 cells, PTEN expression
was strikingly downregulated by overexpressed miR-29b-3p
(Figure 3(F–H), p< 0.001), but was significantly up-regulated in
Mþ IL-1bþE50 group as compared to that in Mþ IL-1b group
(Figure 3(F–H), p< 0.001). It can be concluded from the results
that EGCG indirectly elevated PTEN expression via decreasing
miR-29b-3p in IL-1b-stimulated CHON-001 cells.

The effect of overexpressed miR-29b-3p on viability, and the
levels of MMP-13 and IL-6 in IL-1b-stimulated CHON-001
cells via down-regulating PTEN

In IL-1b-stimulated CHON-001 cells, overexpressed miR-29b-3p
strikingly inhibited PTEN expression (Figure 4(A–C), p< 0.001)
and viability (Figure 4(D), p< 0.001) but promoted the levels of
MMP-13 and IL-6 (Figure 4(E,F), p< 0.01), which was partially
abrogated by overexpressed PTEN (Figure 4(A–C), p< 0.001;
Figure 4(D), p< 0.001; Figure 4(E,F), p< 0.001).

Overexpressed miR-29b-3p repressed proliferation and
promoted apoptosis in IL-1b-stimulated CHON-001 cells via
down-regulating PTEN

In IL-1b-stimulated CHON-001 cells, the proliferation was sig-
nificantly inhibited (Figure 5(A), p< 0.05) while the apoptosis
was obviously promoted (Figure 5(B), p< 0.001) by up-regula-
tion of miR-29b-3p, which were partially offset by overexpressed
PTEN (Figure 5(A), p< 0.01; Figure 5(B), p< 0.001).

Overexpressed MiR-29b-3p regulated the expression of
apoptosis-related proteins in IL-1b-stimulated CHON-001
cells by down-regulating PTEN

Overexpressed miR-29b-3p obviously promoted the protein
expressions of Bax and cleaved (C) caspase 3 (Figure 6(A,B),
p< 0.01), but inhibited the protein expression of Bcl-2 in IL-1b-
stimulated CHON-001 cells (Figure 6(A,B), p< 0.001). On the
contrary, these effects were partially offset by overexpressed
PTEN (Figure 6(A,B), p< 0.001).

Figure 4. Overexpressed miR-29b-3p affected viability and the levels of MMP-13 and IL-6 of IL-1b-stimulated CHON-001 cells via down-regulating PTEN. (A–F) CHON-
001 cells were divided into NC, PTEN, M, Mþ IL-1b, Mþ PTEN and Mþ IL-1bþ PTEN groups. The protein (A, B) and mRNA (C) levels of PTEN in CHON-001 cells were
determined by Western blot and qRT-PCR, respectively. (D) Cell counting kit-8 (CCK-8) assay indicated viability of CHON-001 cells. (E, F) The levels of MMP-13 and IL-6
were determined by ELISA in CHON-001 cells. GAPDH was used as the internal reference control for PTEN. MC: mimics control; M: miR-29b-3p mimics; qRT-PCR: real-
time reverse transcription polymerase chain reaction; ELISA: enzyme-linked immunosorbent assay. �p< 0.05 or ��p< 0.01 or ���p< 0.001 vs. NC; ���p< 0.001 vs.
Mþ IL-1b; DDDp< 0.001 vs. Mþ PTEN. All measurements were performed at least three times. Data were presented as the means± standard deviation (SD).
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Discussion

AC is primarily composed of chondrocytes and ECM.
Chondrocytes promote ECM synthesis or degradation through
generating anabolic or catabolic factors (Goldring et al. 2011).
Chondrocytes play a critical role in AC deterioration and the
pathological progression of OA (Findlay and Atkins 2014). OA
severity is associated with increased expression of certain pro-
inflammatory factors, like IL-6 (Geurts et al. 2018).
Inflammatory factors exhibit a damaging effect on cartilage by
suppressing anabolic activities of chondrocytes (Saklatvala 1986;
Guerne et al. 1990), and activate chondrocytes to synthetize
matrix metalloproteinase (MMPs), particularly MMP-13, a

critical regulator of cartilage deterioration (Mengshol et al.
2000). Fibrillar collagens I, II (Col II) and III are the main com-
ponents of the ECM (Manka et al. 2019). ECM was actively
remodelled and degraded by secreting extracellular MMPs.
Cleavage of Col II is believed as a key event in the early stages
of OA, with the initial Col II cleavage being preferentially carried
out by MMP-13 (Xiao et al. 2019).

By performing in vivo research, diets containing naturally
sourced agents in animals were observed to modulate the expres-
sions of miRNAs (Sethi et al. 2013). In breast cancer cells,
EGCG down-regulated the level of miR-25 (Zan et al. 2019).
EGCG might function as an anti-hepatitis C virus agent that
reduces cellular infectivity by up-regulating miR-548m (Mekky

Figure 5. Overexpressed miR-29b-3p inhibited proliferation and promoted apoptosis in IL-1b-stimulated CHON-001 cells via down-regulating PTEN. (A, B) CHON-001
cells were divided into NC, PTEN, M, Mþ IL-1b, Mþ PTEN and Mþ IL-1bþ PTEN groups. Colony numbers (A) and apoptosis rate (B) of CHON-001 cells were deter-
mined by colony formation and flow cytometry assays, respectively. MC: mimics control; M: miR-29b-3p mimics; NC: negative control. ���p< 0.001 vs. NC; #p< 0.05
or ###p< 0.001 vs. M; ���p< 0.001 vs. Mþ IL-1b; DDp< 0.01 or DDDp< 0.001 vs. Mþ PTEN. All measurements were performed at least three times. Data are pre-
sented as the means± standard deviation (SD).
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et al. 2019). In the present study, OA-like chondrocyte injury
was mimicked by IL-1b stimulation in vitro and IL-1b-stimulated
chondrocytes were treated with EGCG or/and transfected with
miR-29b-3p mimics. The current study proved that miR-29b-3p
was highly expressed in IL-1b-stimulated chondrocytes, which is
consistent with a recent report that miR-29b-3p is overexpressed
in cartilage tissue from OA patients (Chen et al. 2017).
Additionally, EGCG strikingly attenuated IL-1b or/and miR-29b-
3p up-regulation-induced decrease in cell viability, and IL-1b or/
and miR-29b-3p overexpression-mediated increase in the levels
of miR-29b-3p, MMP-13 and IL-6. The findings suggested that
EGCG can inhibit ECM degradation and inflammatory response
in IL-1b-stimulated chondrocytes via increasing cell viability, and
decreasing MMP-13 and IL-6 levels by down-regulating miR-
29b-3p.

Further mechanism exploration in our work revealed that
PTEN was a direct target of miR-29b-3p. Consistent with previ-
ous work (Hou et al. 2020; Xia et al. 2020), our findings con-
firmed that overexpressed miR-29b-3p could inhibit PTEN
expression. Moreover, EGCG increased PTEN expression
through inhibiting miR-29b-3p expression in IL-1b-induced
chondrocytes. Here, we demonstrated that overexpressed miR-
29b-3p further promoted IL-1b-induced decrease in viability and
increase in miR-29b-3p, MMP-13 and IL-6 levels, which, how-
ever, were partially offset by overexpressed PTEN. The data sug-
gested that up-regulated miR-29b-3p significantly reduced cell
viability and augmented the levels of miR-29b-3p, MMP-13 and
IL-6 through down-regulating PTEN in IL-1b-stimulated
chondrocytes.

Promoting proliferation and inhibiting apoptosis in chondro-
cytes have been the critical methods to halt and control the pro-
gression of OA (Jin et al. 2014; Yan et al. 2016). Inflammatory
cytokines tend to provoke apoptosis of chondrocytes (H�eraud
et al. 2000; L�opez-Armada et al. 2006). Some researchers
reported that apoptosis of chondrocyte occurred in late stages of
OA (Zamli et al. 2013), while others reported that it occurred in
early stages of OA (Loening et al. 2000). In spite of that, the
positive relationship between apoptosis of chondrocyte and the
severity of OA has been reported. Thus, elevated chondrocyte
apoptosis is a primary characteristic of OA, and preventing
chondrocyte apoptosis is regarded to be a potent way to attenu-
ate OA (Shi et al. 2017; Cao et al. 2018). We observed that up-

regulated miR-29b-3p notably repressed proliferation and pro-
voked apoptosis through down-regulating PTEN in IL-1b-stimu-
lated chondrocytes. Furthermore, overexpressed miR-29b-3p
strikingly promoted Bax expression but inhibited C caspase 3
and Bcl-2 expressions through down-regulating PTEN in IL-1b-
stimulated chondrocytes. Apoptosis is modulated by activation of
apoptotic cascade by caspase-3 whose cleaved protein is believed
as an executioner of apoptotic signal and an essential for promo-
tion of apoptosis (Dolka et al. 2016). Bcl-2 and Bax, the mem-
bers of the Bcl-2 family of proteins, can regulate apoptosis and
attenuate caspase-3 activation (Liu et al. 2017). Thus, overex-
pressed miR-29b-3p inducted apoptosis in chondrocytes through
regulating apoptosis-related proteins.

This study demonstrates that EGCG inhibited inflammatory
response, degradation of ECM and decrease of cell numbers in
OA-like chondrocytes by up-regulating PTEN via down-regulat-
ing miR-29b-3p. These findings support the potential of EGCG
as an anti-arthritic agent for prevention or control of OA or
other degenerative disorders. MiR-29b-3p and PTEN may serve
as potential targets for OA treatment. It has been reported that
the inhibitory effects of EGCG on inflammatory response in
human chondrocytes could be mediated by inhibiting the activa-
tion of NF-jB and c-Jun N-terminal Kinase (JNK)-MAPK
(Akhtar and Haqqi 2011). Other results identify new promising
targets of EGCG in the treatment of OA chondrocytes, including
miR-140-3p and ADAMTS5 (Rasheed et al. 2018), miR-199a-3p
and cyclooxygenase (COX)-2 (Rasheed et al. 2016). Thus, it is
also possible that other regulatory pathways are involved in the
regulation of PTEN/miRNA-29b pathway by EGCG. These possi-
bilities require future study. Besides, there are several limitations
to the study. The main limitation of this study was the small
sample size of clinical cases. Another limitation in this study is
the lack of animal experiments and human studies. Further
exploration about the role and toxicity of EGCG with an appro-
priate animal model should be performed in the future.

Conclusions

The present study suggested that EGCG may contribute to the
repair and regeneration of damaged AC through increasing num-
bers of chondrocytes and decreasing ECM degradation and
inflammatory response. The effects of EGCG on OA depended

Figure 6. Overexpressed miR-29b-3p regulated the expression of apoptosis-related proteins in IL-1b-stimulated CHON-001 cells via down-regulating PTEN. (A, B)
CHON-001 cells was divided into NC, PTEN, M, Mþ IL-1b, Mþ PTEN and Mþ IL-1bþ PTEN groups. The expression of apoptosis-related proteins (Bax, cleaved (C) cas-
pase 3 and Bcl-2) were determined by Western blot. GAPDH was used as the internal reference control for PTEN. MC: mimics control; M: miR-29b-3p mimics; NC:
negative control. ��p< 0.01 or ���p< 0.001 vs. NC; ###p< 0.001 vs. M; ��p< 0.01 or ���p< 0.001 vs. Mþ IL-1b; DDDp< 0.001 vs. Mþ PTEN. All measurements were
performed at least three times. Data are presented as the means± standard deviation (SD).
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on the mechanism that EGCG may promote proliferation and
inhibit apoptosis, followed by the decreases of MMP-13, IL-6,
Bax and C caspase 3 levels and the increase of Bcl-2 level,
through up-regulating PTEN via down-regulating miR-29b-3p in
IL-1b-stimulated chrondrocytes. This can be explored as a newer
therapeutic method for the prevention or control of OA and
other degenerative or inflammatory disorders.
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Bacelar AH, Correia C, Gonçalves C, Radhouani H, Amandi Sousa R,
Oliveira JM, et al. 2017. Management of knee osteoarthritis. Current status
and future trends. Biotechnol Bioeng. 114(4):717–739.

Pasquinelli AE. 2012. MicroRNAs and their targets: recognition, regulation
and an emerging reciprocal relationship. Nat Rev Genet. 13(4):271–282.

Rasheed Z, Anbazhagan AN, Akhtar N, Ramamurthy S, Voss FR, Haqqi TM.
2009. Green tea polyphenol epigallocatechin-3-gallate inhibits advanced
glycation end product-induced expression of tumor necrosis factor-alpha
and matrix metalloproteinase-13 in human chondrocytes. Arthritis Res
Ther. 11(3):R71.

Rasheed Z, Rasheed N, Al-Shaya O. 2018. Epigallocatechin-3-O-gallate modu-
lates global microRNA expression in interleukin-1b-stimulated human
osteoarthritis chondrocytes: potential role of EGCG on negative co-regula-
tion of microRNA-140-3p and ADAMTS5. Eur J Nutr. 57(3):917–928.

Rasheed Z, Rasheed N, Al-Shobaili HA. 2016. Epigallocatechin-3-O-gallate
up-regulates microRNA-199a-3p expression by down-regulating the
expression of cyclooxygenase-2 in stimulated human osteoarthritis chon-
drocytes. J Cell Mol Med. 20(12):2241–2248.

Saklatvala J. 1986. Tumour necrosis factor alpha stimulates resorption and
inhibits synthesis of proteoglycan in cartilage. Nature. 322(6079):547–549.

Sethi S, Li Y, Sarkar FH. 2013. Regulating miRNA by natural agents as a new
strategy for cancer treatment. Curr Drug Targets. 14(10):1167–1174.

Shi X, Ye H, Yao X, Gao Y. 2017. The involvement and possible mechanism
of NR4A1 in chondrocyte apoptosis during osteoarthritis. Am J Transl
Res. 9:746–754.

Singh R, Akhtar N, Haqqi TM. 2010. Green tea polyphenol epigallocatechin-
3-gallate: inflammation and arthritis. [corrected]. Life Sci. 86(25–26):
907–918.

598 D. YANG ET AL.



World Medical Association. 2013. World Medical Association Declaration of
Helsinki: ethical principles for medical research involving human subjects.
JAMA. 310:2191–2194.

Wu Z, Luan Z, Zhang X, Zou K, Ma S, Yang Z, Feng W, He M, Jiang L, Li
J, et al. 2019. Chondro-protective effects of polydatin in osteoarthritis
through its effect on restoring dysregulated autophagy via modulating
MAPK, and PI3K/Akt signaling pathways. Sci Rep. 9(1):13906.

Xia T, Dong S, Tian J. 2020. miR-29b promotes the osteogenic differentiation
of mesenchymal stem cells derived from human adipose tissue via the
PTEN/AKT/b-catenin signaling pathway. Int J Mol Med. 46(2):709–717.

Xiao D, Bi R, Liu X, Mei J, Jiang N, Zhu S. 2019. Notch signaling regulates
MMP-13 expression via Runx2 in chondrocytes. Sci Rep. 9(1):15596.

Yan S, Wang M, Zhao J, Zhang H, Zhou C, Jin L, Zhang Y, Qiu X, Ma B,
Fan Q. 2016. MicroRNA-34a affects chondrocyte apoptosis and prolifer-
ation by targeting the SIRT1/p53 signaling pathway during the pathogen-
esis of osteoarthritis. Int J Mol Med. 38(1):201–209.

Yoshimura H, Yoshida H, Matsuda S, Ryoke T, Ohta K, Ohmori M,
Yamamoto S, Kiyoshima T, Kobayashi M, Sano K. 2019. The therapeutic
potential of epigallocatechin-3-gallate against human oral squamous cell

carcinoma through inhibition of cell proliferation and induction of apop-
tosis: in vitro and in vivo murine xenograft study. Mol Med Rep. 20(2):
1139–1148.

Zamli Z, Adams MA, Tarlton JF, Sharif M. 2013. Increased chondrocyte
apoptosis is associated with progression of osteoarthritis in spontaneous
Guinea pig models of the disease. Int J Mol Sci. 14(9):17729–17743.

Zan L, Chen Q, Zhang L, Li X. 2019. Epigallocatechin gallate (EGCG) sup-
presses growth and tumorigenicity in breast cancer cells by downregula-
tion of miR-25. Bioengineered. 10(1):374–382.

Zeng L, Wang W, Rong XF, Zhong Y, Jia P, Zhou GQ, Li RH. 2014.
Chondroprotective effects and multi-target mechanisms of icariin in IL-1
beta-induced human SW 1353 chondrosarcoma cells and a rat osteoarth-
ritis model. Int Immunopharmacol. 18(1):175–181.

Zheng Y, Xiao L, Yu C, Jin P, Qin D, Xu Y, Yin J, Liu Z, Du Q. 2019.
Enhanced antiarthritic efficacy by nanoparticles of (–)-epigallocatechin
gallate-glucosamine-casein. J Agric Food Chem. 67(23):6476–6486.

Zhi L, Zhao J, Zhao H, Qing Z, Liu H, Ma J. 2021. Downregulation of
LncRNA OIP5-AS1 induced by IL-1b aggravates osteoarthritis via regulat-
ing miR-29b-3p/PGRN. Cartilage. 13(2 Suppl.):1345S–1355S.

PHARMACEUTICAL BIOLOGY 599


	Abstract
	Introduction
	Materials and methods
	Ethics statement
	Clinical information
	Haematoxylin–eosin staining (HE)
	Safranin O staining
	Cell culture
	Treatment of CHON-001 cells
	Transfection
	Bioinformatics prediction and dual-luciferase reporter assay
	Cell viability
	ELISA
	Colony formation assay
	Flow cytometry analysis
	Real-time reverse transcription polymerase chain reaction (qRT-PCR)
	Western blot
	Statistical analysis

	Results
	EGCG inhibited the levels of miR-29b-3p, MMP-13 and IL-6 but promoted cell viability in IL-1β-stimulated CHON-001 cells
	EGCG inhibited the levels of miR-29b-3p, MMP-13 and IL-6β but promoted viability in IL-1β-stimulated CHON-001 cells by the down-regulation of miR-29b-3p
	EGCG indirectly increased PTEN expression via decreasing miR-29b-3p in IL-1β-stimulated CHON-001 cells
	The effect of overexpressed miR-29b-3p on viability, and the levels of MMP-13 and IL-6 in IL-1β-stimulated CHON-001 cells via down-regulating PTEN
	Overexpressed miR-29b-3p repressed proliferation and promoted apoptosis in IL-1β-stimulated CHON-001 cells via down-regulating PTEN
	Overexpressed MiR-29b-3p regulated the expression of apoptosis-related proteins in IL-1β-stimulated CHON-001 cells by down-regulating PTEN

	Discussion
	Conclusions
	Disclosure statement
	Funding
	References


