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ABSTRACT

Osteoarthritis (OA) is a chronic disease characterized by progressive loss of cartilage and failure of the
diarthrodial joint. Circular RNAs (circRNAs) are known to participate in the pathogenesis of multiple diseases,
including OA. We investigated the functions of hsa_circ_0032131, a circRNA upregulated in OA, using CHON-001
cells and an in vivo OA rat model. CHON-001 cells were treated with interleukin (IL)-1B to mimic OA in vitro. IL-
1B-induced inhibition of CHON-001 growth was reversed by silencing hsa_circ_0032131. In addition,
hsa_circ_0032131 knockdown reversed IL-1B-induced activation of Trx1l, Cyclin D and PRDX3, whereas
overexpression of PRDX3, a direct target of miR-502-5p, reversed this effect. Hsa_circ_0032131 served as a
competing endogenous RNA for miR-502-5p. Moreover, knockdown of hsa_circ_0032131 attenuated OA
symptoms in vivo by inactivating the STAT3 signaling pathway. Thus, silencing of hsa_circ_0032131 inhibited
the progression of OA by inactivating the miR-502-5p/PRDX3/Trx1/STAT3 axis, which highlights its potential as

a therapeutic target for OA.

INTRODUCTION

Osteoarthritis (OA) results from progressive loss of
joint cartilage that causes chronic pain and disability. It
is known to affect approximately 50,000,000 adults in
China [1-3]. Although the mainstay of OA treatment
includes drugs to relieve the pain and surgery in
advanced cases, the associated increase in annual
hospitalization and ambulatory care visits results in a
high socioeconomic burden [4].

Circular RNAs (circRNAs) are endogenous
non-coding RNAs with a stable closed-loop structure
that regulate several functions (protein synthesis,
post-transcriptional modifications and others) [5, 6].
In addition, circRNAs have been implicated
in chondrocyte growth and inflammation in OA
[7, 8]. For example, Shen et al. indicated that
overexpression of circSERPINE2 could alleviate the
apoptosis in the OA cartilage tissues via sponging
miR-1271 [9]. Zhou et al. found that circRNA.33186

could aggravate OA symptoms by sponging miR-127-
5p [10]. In addition, hsa_circ_0032131 has been
reported to be upregulated in OA [11]. Nevertheless,
the role of hsa_circ_0032131 in OA remains largely
unknown.

MiRNAs are small RNAs of approximately 20 to 25
nucleotides in length that regulate various biological
processes by inhibiting the target mRNAs [12].
CircRNAs participate in development of OA in
chondrocytes by directly binding to miRNAs to
inhibit the translation of target mMRNAs—a process
known as sponging [9, 13]. For example, circRNA
CDR1 promoted OA progression by serving as a
sponge for miR-641 [14]. Furthermore, miR-502-5p
protected chondrocyte injury against IL-1B by
inhibiting TRAF2, a critical signaling molecule of the
NF-kB signaling [15]. This study investigated the
function of hsa_circ_0032131 in OA pathogenesis and
the correlation between hsa_circ_0032131 and miR-
502-5p.
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RESULTS
In vitro model of OA was successfully established

IL-1B plays a crucial role during the pathogenesis of
OA [16]. Jiang et al. found that IL-1f significantly
induced the apoptosis, inflammatory response and
cartilage matrix destruction of chondrocytes [17]. Thus,
to construct in vitro model of OA, CHON-001 cells
were treated with IL-1B [18]. Western blotting was
applied to detect the expression of protein biomarkers in
OA [19, 20]. As indicated in Figure 1A, 1C, IL-1p
induced the level of MMP-1 and MMP-13, whereas it
inactivated Aggrecan in cells (Figure 1A, 1D). These
data confirmed that the in vitro model of OA was
successfully constructed.

Hsa_circ_0032131silencing rescued the anti-
proliferative effect of IL-1f

CHON-001 cells were transfected with ShRNAs
against hsa_circ_0032131. CHON-001 cells were
more susceptible to hsa_circ_0032131 shRNA1
than hsa_circ_0032131 shRNA2 (Figure 2A).
Therefore, hsa_circ_0032131 shRNA1 was selected
for subsequent experiments. The expression of
hsa_circ_0032131 in CHON-001 cells was up-
regulated by IL-1B, whereas this effect was partially
reversed after hsa_circ_0032131 knockdown (Figure
2B). In addition, IL-1p decreased CHON-001 cell
viability, whereas this effect was partially rescued by
hsa_circ_0032131 shRNA1 (Figure 2C). Ki67
cell proliferation assay further confirmed that
hsa_circ_0032131 silencing restored IL-1B-induced
suppression of cell proliferation (Figure 2D, 2E). To
sum up, the knockdown of hsa_circ_0032131 reversed
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the anti-proliferative effect of IL-1f on CHON-001
cells.

IL-1B-induced CHON-001 cell apoptosis was
reversed by hsa_cire_0032131 knockdown

Flow cytometry data, shown in Figure 3A, 3B, revealed
that IL-1B-induced CHON-001 cell apoptosis was
rescued by hsa_circ_0032131 silencing. The expression
of MMP-13, Bax, and active caspase 3 was upregulated
by IL-1p in CHON-001 cells; this effect was partially
rescued by hsa_circ_0032131 shRNA1 (Figure 3C-3F).
In contrast, IL-1p-induced decrease in Aggrecan
expression was partially reversed by knockdown of
hsa_circ_0032131 (Figure 3C, 3G). Altogether, IL-1pB-
induced CHON-001 cell apoptosis was rescued by
knockdown of hsa_circ_0032131.

Hsa_circ_0032131 sponged miR-502-5p in CHON-
001 cells

To find the miRNAs targeted by hsa_circ_0032131,
StarBase and miRDB bio tools were used to study the
miRNA—target interactions. Figure 4A reveals a
putative target site of miR-502-5p in hsa_circ_0032131.
MiR-502-5p level in CHON-001 cells was elevated by
miR-502-5p agomir but was reduced by miR-502-5p
antagomir (Figure 4B). The luciferase activity of
CHON-001 cells transfected with WT-hsa_circ_
0032131 and miR-502-5p agomir decreased as
compared with the activity of cells transfected with
MT-hsa_circ_0032131 (Figure 4C). Furthermore,
fluorescence in situ hybridization (FISH) showed that
miR-502-5p co-localized with hsa_circ_0032131
(Figure 4D). To summarize, hsa_circ_0032131 sponged
miR-502-5p in CHON-001 cells.
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Figure 1. In vitro model of OA was successfully established. (A) CHON-001 cells were treated with 10 ng/mL IL-1p for 48 h. Next,
the expression of MMP-1, MMP-13, and Aggrecan in CHON-001 cells was detected by western blotting. (B) The relative expression of
MMP-1 was quantified by normalizing it to that of B-actin. (C) The relative expression of MMP-13 was quantified by normalizing it to that
of B-actin. (D) The relative expression of Aggrecan was quantified by normalizing it to that of B-actin. *"p < 0.01 compared with the

control.
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Hsa_circ_0032131 shRNAI1 inhibited OA
progression via the miR-502-5p/PRDX3/Trx1/
STATS3 axis

TargetScan and miRDB revealed PRDX3 as a potential
downstream target gene of miR-502-5p (Figure 5A).
The decreased luciferase activity of CHON-001 cells
following transfection with WT-PRDX3 and miR-502-
5p agomir confirmed this finding (Figure 5B). PRDX3
level in was inhibited by miR-502-5p agomir (Figure
5C). Furthermore, hsa_circ_0032131 silencing reduced
the expressions of PRDX3, p-STAT3 and cyclin D1,
and enhanced Trx-1 level in IL-1p-stimulated cells,
while these phenomena were partially reversed by

hsa_circ_0032131 silencing significantly inactivated
MMP13, Bax and active caspase 3, and upregulated the
level of aggrecan in IL-1B-induced cells; however, these
changes were partially reversed by PRDX3 over-
expression (Figure 5I-5M). Altogether, hsa_circ_
0032131 shRNAL alleviated the development of OA by
inhibiting the miR-502-5p/PRDX3/Trx1/STAT3 axis.

PRDX3 overexpression rescued the function of
hsa_circ_0032131 shRNA1 in IL-1p-treated CHON-
001 cells

The mechanism by which hsa_circ_0032131
participated in the progression of OA was explored. As

PRDX3 upregulation (Figure 5D-5H). Moreover, indicated by the flow cytometry data shown in
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Figure 2. Knockdown of hsa_circ_0032131 reversed the anti-proliferative effect of IL-18 on CHON-001 cells. (A) CHON-001 cells
were transfected with hsa_circ_0032131 shRNA1 or hsa_circ_0032131 shRNA2 for 48 h. Afterward, the expression of hsa_circ_0032131 in

CHON-001 cells was detected by RT-qPCR.

(B) CHON-001 cells were treated with IL-1B, hsa_circ_0032131 shRNA1, or IL-1f +

hsa_circ_0032131 shRNA1. Next, the expression of hsa_circ_0032131 in CHON-001 cells was detected by RT-qPCR. (C) Cell viability was
tested by CCK-8 assay. (D) The proliferation of CHON-001 cells was measured by Ki67 staining (red fluorescence). Blue fluorescence indicates
DAPI. (E) The number of Ki67-positive cells was calculated. **p < 0.01 compared with the control. #p < 0.01 compared with IL-1B.
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Figure 6A, 6B, the anti-apoptotic effect of hsa circ_
0032131 downregulation on IL-1p-stimulated CHON-
001 cells was rescued by PRDX3 overexpression.
Moreover, IL-1B-induced G1 arrest of CHON-001 cells
was rescued by hsa_circ_0032131 silencing, whereas
this effect was partially reversed by PRDX3
overexpression (Figure 6C, 6D). In summary, the
overexpression of PRDX3 rescued the impacts of
hsa_circ_0032131 shRNA1 on the growth of IL-1p-
stimulated cells.

Hsa_circ_0032131 knockdown attenuated OA
symptoms in vivo

To further study the effects of hsa_circ_0032131 on OA,
an in vivo model of OA was established in rats. As
revealed in Figure 7A, cartilage destruction and articular
chondrocyte cellularity loss in OA rats were reversed
by hsa_circ_0032131 knockdown. The upregulated
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subchondral bone thickness was observed in OA
rats, while hsa circ_ 0032131 shRNAL rescued this
phenomenon (Figure 7B). Additionally, hsa_ circ_
0032131 silencing reduced OARSI scores in OA rats
(Figure 7C, 7D). Moreover, the levels of TNF-o and IL-
18 in the plasma of OA rats decreased following
shRNAZ-induced hsa_circ_0032131 silencing (Figure 7E,
7F). Meanwhile, the level of hsa circ_ 0032131 was
notably increased in OA rats, whereas this effect was
reversed following hsa_circ_0032131 knockdown (Figure
7G). Altogether, the knockdown of hsa_circ_0032131
attenuated OA symptoms in vivo.

Hsa circ_0032131 silencing alleviated OA
progression in vivo by inhibiting the Trx1/STAT3
signaling

We next studied the expression of Trx1 and STAT3 in
the tissues of rats by western blotting. The results
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Figure 3. IL-1B-induced CHON-001 growth inhibition was reversed by hsa_circ_0032131 knockdown. (A, B) Apoptosis of CHON-
001 cells was measured by flow cytometry. (C) The expression of Aggrecan, MMP-13, Bax, and active caspase 3 in CHON-001 cells was
detected by western blotting. (D) The relative expression of MMP-13 was quantified by normalizing it to that of B-actin. (E) The relative
expression of Bax was quantified by normalizing it to that of B-actin. (F) The relative expression of active caspase 3 was quantified by
normalizing it to that of B-actin. (G) The relative expression of Aggrecan was quantified by normalizing it to that of B-actin. **p < 0.01

compared with the control. #p < 0.01 compared with IL-1B.
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indicated that protein levels of PRDX3 and p-STAT3
were upregulated in OA rats, whereas this effect was
rescued following hsa_circ_0032131 knockdown
(Figure 8A-8C). In contrast, Trx1 level in OA rats
increased following hsa_circ_0032131 (Figure 8A, 8D).
In summary, the silencing of hsa_circ_0032131
alleviated the progression of OA in vivo by inhibiting
Trx1/STAT3 signaling.

DISCUSSION

CircRNAs have been implicated in the progression of
OA [7, 21]. For instance, circRNA HIPK3 serves as a
sponge of miR-124 and contributes to OA pathogenesis
[22]. In addition, dysregulation of miRNAs is related
with the occurrence of OA [23, 24]. We found
that hsa_circ_0032131 functioned as an endogenous
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Figure 4. Hsa_circ_0032131 sponged miR-502-5p in CHON-001 cells. (A) Gene structure of hsa_circ_0032131 at position 69 to 75
indicated the predicted target site of miR-502-5p in its 3'UTR. (B) CHON-001 cells were transfected with miR-502-5p agomir/antagomir. Next,
the expression of miR-502-5p in CHON-001 cells was measured by RT-qPCR. (C) The luciferase activity was measured in CHON-001 cells using
the dual-luciferase reporter assay following co-transfection with WT/MT hsa_circ_0032131 3'-UTR plasmid and miR-502-5p. (D) The co-
localization of hsa_circ_0032131 and miR-502-5p was detected by FISH. *“p < 0.01 compared with the control.
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competing RNA for miR-502-5p in OA. Moreover, found that miR-502-5p inhibited IL-1p-induced

miR-502-5p directly targeted PRDX3, a downstream chondrocyte injury by targeting TRAF2 [15].
molecule of miR-502-5p, in CHON-001 cells, a Nevertheless, because PRDX3 and TRAF2 are
finding contrary to that reported by Zhang et al. who intricately associated with OA progression [25, 26],
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(A) Gene structure of PRDX3 indicated the predicted target site of miR-502-5p in its 3'UTR. (B) The luciferase activity was measured in CHON-
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expression of PRDX3 mRNA in CHON-001 cells was detected by RT-qPCR. (D) The expression of PRDX3, p-STAT3, STAT3, Cyclin D1, and Trx1 in
CHON-001 cells was detected by western blotting. (E) The relative expression of PRDX3 was quantified by normalizing it to that of B-actin.
(F) The relative expression of p-STAT3 was quantified by normalizing it to that of B-actin. (G) The relative expression of cyclin D1 was
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the difference in the results could be attributed to
similar functions of these two proteins.

Oxidative stress plays a crucial role in OA development
[27, 28]. PRDX3, an antioxidative protein, can regulate
cellular redox state [29]. Evidence has shown that
antioxidant enzymes, such as dismutase 3 (SOD3),

glutathione (GSH), were markedly decreased after OA
development [30-32]. However, in this study, PRDX3
expression was significantly increased in IL-1p-treated
CHON-001 cells as well as in OA rats, which was
inconsistent with previous studies. The reason might be
that PRDX3 expression in CHON-001 cells was
compensatively elevated by IL-1p. These data indicated
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Figure 6. Overexpression of PRDX3 reversed the effect of hsa_circ_0032131 shRNA1 on the growth of IL-1B-treated CHON-
001 cells. (A, B) CHON-001 cells were treated with IL-1B, IL-1B + hsa_circ_0032131 shRNA1, or IL-1B + hsa_circ_0032131 shRNA1 + PRDX3
overexpression vector. Next, cell apoptosis was studied by flow cytometry. (C, D) Cell cycle distribution was studied by flow cytometry. *"p <
0.01 compared with the control. #p < 0.01 compared with IL-1B. "p < 0.05, *"p < 0.01 compared with IL-1B + hsa_circ_0032131 shRNA1.
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Figure 7. Knockdown of hsa_circ_0032131 attenuated OA symptoms in vivo. (A) Rats were sacrificed and cartilage tissues were
collected. Next, OA symptoms in the cartilage tissues were observed by hematoxylin and eosin (H&E) and representative safranin O
staining, and by examining the cartilage subchondral bone. (B) Subchondral bone thickness was calculated. (C) Synovitis scores of
cartilage tissues in rats were evaluated. (D) The Osteoarthritis Research Society International (OARSI) scores of cartilage tissues were
evaluated. The levels of (E) IL-1B and (F) TNF-a in the plasma of rats were detected by enzyme-linked immunosorbent assay (ELISA).
(G) The level of hsa_circ_0032131 in rat tissues was measured by RT-gPCR. "*p < 0.01 compared with the control. #p < 0.01 compared
with OA.
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(D) The relative expression of Trx1 was quantified by normalizing it to that of B-actin. **p < 0.01 compared with the control. #*p < 0.01
compared with OA.
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that the antioxidant capacity of CHON-001 cells was
upregulated during IL-1p, and PRDX3 might play a
protective role in IL-1B-treated CHON-001 cells.

Trx1 functions in the tumorigenesis of various cancers
and inflammation [33, 34]. We found that the
knockdown of hsa_circ_0032131 markedly inactivated
PRDX3 and activated Trx1 in IL-1p-induced CHON-
001 cells. Jin et al. reported Trx1 as the downstream
protein of PRDX3 and found that the expression of
PRDX3 was upregulated and Trx-1 level was
downregulated in CKl-treated AML cells [35]. In
addition, Trx-1 has been shown to exhibit anti-
inflammatory and antiapoptotic effects [36]. These data
indicated that knockdown of hsa circ 0032131
attenuated the development of OA by inhibiting the
miR-502-5p/PRDX3/Trx1 axis.

The STAT3 pathway participates in the regulation of
inflammatory response and progression of OA [37, 38].
Yao et al. indicated that IL-1p significantly upregulated
the expression of p-STAT3 as well as induced the
apoptosis of chondrocytes [39]. We found that silencing
of hsa_circ_0032131 inactivated STAT3 signaling in
IL-1p-treated CHON-001 cells. Furthermore, hsa_circ_
0032131 shRNA inhibited the expression of Trx1.
Lopez-Grueso et al. reported that Trx1 negatively
regulated STATS3 signaling [40]. These data indicated
that the knockdown of hsa_circ_0032131 alleviated OA
symptoms via PRDX3/Trx1/STATS3 signaling.

The present study had certain limitations. First, it
focused only on STATS3 signaling. Second, we failed to
detect anti-apoptotic proteins. Because other pathways
such as the PI3K/AKkt signaling are also involved in the
development of OA [41], future studies should focus on
the effect of hsa_circ_0032131 on these pathways.

In summary, silencing of hsa circ_0032131 inhibited
the progression of OA by suppressing the miR-502-
5p/PRDX3/Trx1/STAT3 axis. Thus, hsa_circ_0032131
could act as a new target for OA treatment.

MATERIALS AND METHODS
Cell culture

Human chondrocyte cell line (CHON-001) and 293T
cells were purchased from ATCC (Manassas, VA,
USA) and cultured in RPMI-1640 medium (Thermo
Fisher Scientific, Waltham, MA, USA) containing 10%
FBS (Thermo Fisher Scientific) and 2 mM glutamine
(Sigma-Aldrich, St. Louis, MO, USA) at 37° C. CHON-
001 cells were treated with IL-1B (10 ng/mL, Sigma-
Aldrich) for 48 h to mimic OA in vitro as previously
described [42, 43].

Cell transfection

293T cells (5 x 10° cells/well) were transfected
with hsa circ_0032131 shRNAL, hsa circ 0032131
shRNA2, PRDX3 overexpression vector (GenePharma,
Shanghai, China), or pLVX-IRES-Puro (GenePharma)
using the Lipofectamine 3000 reagent. After 48 h of
incubation, the lentiviral supernatant was harvested and
filtered to obtain viral particles, which were
subsequently added to CHON-001 cell suspension (5 x
10° cells/well) and spun at 956xg for 15 min.

In addition, CHON-001 cells were transfected with
miR-502-5p agomir, miR-502-5p antagomir, or
negative control (NC) RNAs (GenePharma) using
Lipofectamine 2000, as previously described 17 [44].

Reverse transcription-quantitative polymerase chain
reaction

TRIzol reagent (Takara, Tokyo, Japan) was applied to
isolate total RNA from tissues or cell lines. PrimeScript
RT reagent kit (Takara) was applied to reverse
transcribe total RNA into cDNA. Then, gPCR was
performed using the SYBR Premix Ex Taq Il kit
(Takara) as follows: 2 min at 94° C, followed by 35
cycles (30 s at 94° C and 45 s at 55° C). The primer
sequences used were as follows: hsa_circ_0032131
forward, 5’-GAGATGCTCTGTGGTCACGC-3’ and
reverse, 5’-GTCTGCCAGTTTACAGTGACCC-3’;
miR-502-5p forward 5’-CACCTGGGCAAGGATTCA-
3’ and reverse, 5’-CTCAACTGGTGTCGTGGAGTC-
3’; PRDX3 forward, 5’-TCGCAGTCTCAGTGGATTC
C-3’ and reverse, 5’>-~ACAGCACACCGTAGTCTCGG-
3’; B-actin forward, 5’-GTCCACCGCAAATGCTTCT
A-3’ and reverse, 5>-TGCTGTCACCTTCACCGTTC-
3’; and U6: forward, 5’-CTCGCTTCGGCAGCACAT-
3’ and reverse 5’-AACGCTTCACGAATTTGCGT-3.
The 2722t method was applied for quantification. p-actin
or U6 was considered as an internal control.

Cell counting kit-8 assay

CHON-001 cells (5 x 102 cells/well) were treated with
hsa_circ_0032131 shRNAL, IL-1p (10 ng/mL) or IL-1p
(10 ng/mL) + hsa_circ_0032131 shRNA1 at 37° C.
After that, CHON-001 cells were treated with CCK-8
reagent (10 uL) for 2 h. The absorbance (450 nm) was
assessed by a microplate reader.

Western blotting

RIPA (Beyotime, Shanghai, China) was applied to
isolate total protein. BCA (Thermo Fisher Scientific)
was used to quantify the total protein. SDS-PAGE
(10%) was used to separate proteins (40 ug per lane),
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and then proteins were transferred onto PVDF
membranes  (Thermo  Fisher  Scientific). The
membranes were incubated with primary antibodies
against aggrecan (Abcam; ab3778, 1:1,000), MMP-1
(Abcam; ab118973, 1:1,000), MMP13 (Abcam;
ab219620, 1:1,000), PRDX3 (Abcam; ab136668,
1:1,000), Cyclin D1 (Abcam; ab16502, 1:1,000),
STAT3 (Abcam; ab109330, 1:1,000), p-STAT3
(Abcam; ab6503, 1:1,000), and p-actin (Abcam;
ab179467, 1:1,000) after blocked with 5% skimmed
milk for 1 h. After that, the membranes were incubated
with secondary antibodies (HRP-conjugated, Abcam;
1:5,000) for 1 h at room temperature. Protein bands
were visualized using the enhanced chemiluminescent
(ECL) kit (Thermo Fisher Scientific). f-actin was used
for normalization. Image-Pro Plus 6.0 was applied for
densitometric analysis.

Immunofluorescence

CHON-001 cells (5 x 10* cells per well) were seeded
overnight. Cells were fixed for 20 min. Then, cells were
incubated overnight with anti-Ki67 antibody (1:1,000;
Abcam), followed with a goat anti-rabbit 1gG secondary
antibody (1:5,000; Abcam). The result was observed
using a microscope (Olympus, Tokyo, Japan).

Apoptosis analysis

CHON-001 cells were centrifuged and resuspended in
binding buffer. After that, 5 uL Annexin V-fluorescein
isothiocyanate (FITC) and PI were added to the cells at
4° C for 15 min. The cell apoptosis was analyzed by
flow cytometry (Becton, Dickinson and Company,
Franklin Lake, NJ, USA).

Prediction of downstream targets

The target gene of hsa_circ_0032131 was predicted
using a publicly available program (StarBase, http:/
starbase.sysu.edu.cn/). TargetScan and miRDB were
used to predict the target of miR-502-5p.

Dual-luciferase reporter assay

The partial sequences of hsa circ_ 0032131 and the
PRDX3 3’- UTR containing the sites of miR-502-5p
were synthesized by GenePharma. The aforementioned
sequences were cloned into the pmirGLO vectors
(Promega, Madison, WI, USA) for establishment of
wild-type (WT) or mutant (WT) reporter hsa_circ_
0032131 and PRDX3 vectors. The WT or MUT
miR4435-2HG vector was transfected into cells along
with miR-502-5p agomir using Lipofectamine 2000
reagent. The data were quantified and normalized to
Renilla luciferase activity.

Fluorescence in situ hybridization

The co-localization of miR-502-5p and hsa_circ_
0032131 in the cytoplasm was detected using FISH, as
described previously [45].

In vivo model of OA

Fifteen Wistar rats (12-week-old) were obtained from
the Chinese Academy of Sciences (Shanghai, China).
Rats were injected with saline (control and OA group,
200 pL) or hsa_circ_0032131 shRNAl (OA +
hsa_circ_0032131 shRNA1; 2 x 107 plaque-forming
units (PFUs), 200 uL, twice a week) via joint cavity.
To induce OA in vivo, Rats in OA or OA +
hsa_circ_0032131 shRNAL1 group were treated with
medial meniscus (DMM) surgery [46]. To mimic OA
in vivo, rats were intraperitoneally injected with 40
mg/kg pentobarbital (2%), and then the joint capsule
of the right knee was incised medially, as described
previously [46]. Afterward, microsurgical scissors
were used to transect the medial meniscotibial
ligament [46]. Rats were sacrificed at the end of the
study for collection of plasma and knee joint tissues.
The protocols for animal care and use of laboratory
animals were approved by Tianjin Hospital (No.
20200221).

Histopathological analysis

Safranin O and Fast Green was used to stain tissue
specimens. The morphology of the subchondral bone
and cartilage was observed under a microscope.
The tibial plateau and medial femoral condyle
were evaluated by OARSI scoring system [47]. In
addition, hematoxylin and eosin (H&E) staining was
performed to investigate the status of cartilage
destruction.

Enzyme-linked immunosorbent assay

The levels of IL-1p and TNF-a in the plasma of rats
were assessed using an ELISA kit (MultiSciences
Lianke Biotech Co., Ltd, Hangzhou, China).

Statistical analysis

Data are presented as the mean + SD. One-way
analysis of variance and Tukey’s post hoc tests were
used for comparisons between >3 groups. Student’s t-
test was used for comparisons between tumor tissues
and adjacent normal tissues of the same patients,
while an unpaired Student’s t-test was used for
comparisons between unpaired groups. P<0.05 was
considered to indicate a statistically significant
difference.

WWWw.aging-us.com 15109

AGING


http://starbase.sysu.edu.cn/
http://starbase.sysu.edu.cn/

Ethics approval statement

This study was approved by the Ethics Committee of
Tianjin Hospital (No. 20200221).

AUTHOR CONTRIBUTIONS

Xinlong Ma conceived and supervised the study. Jin Xu
designed and performed the experiments. Both authors
collected the data, reviewed the results, and approved
the final version of the manuscript.

CONFLICTS OF INTEREST
The authors declare that they have no conflicts of interest.
FUNDING

Our experiments were funded by Science and
Technology project of Tianjin Health Committee (No.
#2C20068).

REFERENCES

1. Siviero P, Limongi F, Gesmundo A, Zambon S, Cooper C,
Dennison EM, Edwards MH, van der Pas S,
Timmermans EJ, van Schoor NM, Schaap LA, Dallmeier
D, Denkinger MD, et al, and EPOSA Research Group.
Factors associated with functional decline in hand and
hip/knee osteoarthritis after a year’s time: Data from
the eposa study. Arthritis Care Res (Hoboken). 2020.
[Epub ahead of print].
https://doi.org/10.1002/acr.24404 PMID:32770733

2. Chow R, Liebert A, Tilley S, Bennett G, Gabel CP, Laakso
L. Guidelines versus evidence: what we can learn from
the Australian guideline for low-level laser therapy in
knee osteoarthritis? A narrative review. Lasers Med
Sci. 2021; 36:249-58.
https://doi.org/10.1007/s10103-020-03112-0
PMID:32770424

3. Bin Sheeha B, Williams A, Johnson DS, Granat M, Bin
Nasser A, Jones R. Responsiveness, Reliability, and
Validity of Arabic Version of Oxford Knee Score for
Total Knee Arthroplasty. J Bone Joint Surg Am. 2020;
102:e89.
https://doi.org/10.2106/JBJS.19.00949
PMID:32769604

4. Jul, Hu P, Chen P, Xue X, Li Z, He F, Qiu Z, Cheng J,
Huang F. Huoxuezhitong capsule ameliorates MIA-
induced osteoarthritis of rats through suppressing
PI3K/ Akt/ NF-kB pathway. Biomed Pharmacother.
2020; 129:110471.
https://doi.org/10.1016/j.biopha.2020.110471
PMID:32768958

10.

11.

12.

13.

Zhao M, Ma W, Ma C. Circ_0067934 promotes non-
small cell lung cancer development by regulating miR-
1182/KLF8 axis and activating Wnt/B-catenin pathway.
Biomed Pharmacother. 2020; 129:110461.
https://doi.org/10.1016/j.biopha.2020.110461
PMID:32768951

Huang Y, Xiao D, Huang S, Zhuang J, Zheng X, Chang Y,
Yin D. Circular RNA YAP1 attenuates osteoporosis
through up-regulation of YAP1 and activation of
Wnt/B-catenin pathway. Biomed Pharmacother. 2020;
129:110365.
https://doi.org/10.1016/j.biopha.2020.110365
PMID:32768931

Wang T, Hao Z, Liu C, Yuan L, Li L, Yin M, Li Q, Qi Z,
Wang Z. Correction: LEF1 mediates osteoarthritis
progression through circRNF121/miR-665/MYDS88 axis
via NF-kB signaling pathway. Cell Death Dis. 2020;
11:689.

https://doi.org/10.1038/s41419-020-02852-9
PMID:32826869

Ma GP, Yang BZ, Zhang YS, Wang B, Wei XH, Zhang RF,
Jia KH, Gao JP. Protective effects of miRNA-589 on
cerebral ischemia-reperfusion injury. J Biol Regul
Homeost Agents. 2020; 34:1269-75.
https://doi.org/10.23812/20-52-A PMID:32896113

Shen S, Wu Y, Chen J, Xie Z, Huang K, Wang G, Yang Y,
Ni W, Chen Z, Shi P, Ma Y, Fan S. CircSERPINE2 protects
against osteoarthritis by targeting miR-1271 and ETS-
related gene. Ann Rheum Dis. 2019; 78:826-36.
https://doi.org/10.1136/annrheumdis-2018-214786
PMID:30923232

Zhou ZB, Huang GX, Fu Q, Han B, Lu JJ, Chen AM, Zhu L.
circRNA.33186 Contributes to the Pathogenesis of
Osteoarthritis by Sponging miR-127-5p. Mol Ther.
2019; 27:531-41.
https://doi.org/10.1016/j.ymthe.2019.01.006
PMID:30692016

Wang Y, Wu C, Yang Y, Ren Z, Lammi MJ, Guo X.
Preliminary Exploration of hsa_circ_0032131 Levels in
Peripheral Blood as a Potential Diagnostic Biomarker of
Osteoarthritis. Genet Test Mol Biomarkers. 2019;
23:717-21.

https://doi.org/10.1089/gtmb.2019.0036
PMID:31526191

Bernardo BC, Ooi JY, Lin RC, McMullen JR. miRNA
therapeutics: a new class of drugs with potential
therapeutic applications in the heart. Future Med
Chem. 2015; 7:1771-92.
https://doi.org/10.4155/fmc.15.107 PMID:26399457

Wu Y, Lu X, Shen B, Zeng Y. The Therapeutic Potential
and Role of miRNA, IncRNA, and circRNA in
Osteoarthritis. Curr Gene Ther. 2019; 19:255-63.

WWWw.aging-us.com

15110

AGING


https://doi.org/10.1002/acr.24404
https://pubmed.ncbi.nlm.nih.gov/32770733
https://doi.org/10.1007/s10103-020-03112-0
https://pubmed.ncbi.nlm.nih.gov/32770424
https://doi.org/10.2106/JBJS.19.00949
https://pubmed.ncbi.nlm.nih.gov/32769604
https://doi.org/10.1016/j.biopha.2020.110471
https://pubmed.ncbi.nlm.nih.gov/32768958
https://doi.org/10.1016/j.biopha.2020.110461
https://pubmed.ncbi.nlm.nih.gov/32768951
https://doi.org/10.1016/j.biopha.2020.110365
https://pubmed.ncbi.nlm.nih.gov/32768931
https://doi.org/10.1038/s41419-020-02852-9
https://pubmed.ncbi.nlm.nih.gov/32826869
https://doi.org/10.23812/20-52-A
https://pubmed.ncbi.nlm.nih.gov/32896113
https://doi.org/10.1136/annrheumdis-2018-214786
https://pubmed.ncbi.nlm.nih.gov/30923232
https://doi.org/10.1016/j.ymthe.2019.01.006
https://pubmed.ncbi.nlm.nih.gov/30692016
https://doi.org/10.1089/gtmb.2019.0036
https://pubmed.ncbi.nlm.nih.gov/31526191
https://doi.org/10.4155/fmc.15.107
https://pubmed.ncbi.nlm.nih.gov/26399457

14.

15.

16.

17.

18.

19.

20.

21.

https://doi.org/10.2174/156652321966619071609220
3 PMID:31333128

Zhang W, Zhang C, Hu C, Luo C, Zhong B, Yu X. Circular
RNA-CDR1as acts as the sponge of microRNA-641 to
promote osteoarthritis progression. J Inflamm (Lond).
2020; 17:8.
https://doi.org/10.1186/s12950-020-0234-y
PMID:32099534

Zhang G, Sun Y, Wang Y, Liu R, Bao Y, Li Q. MiR-502-5p
inhibits IL-1B-induced chondrocyte injury by targeting
TRAF2. Cell Immunol. 2016; 302:50-57.
https://doi.org/10.1016/j.cellimm.2016.01.007
PMID:26861148

Jenei-Lanzl Z, Meurer A, Zaucke F. Interleukin-1B
signaling in osteoarthritis - chondrocytes in focus. Cell
Signal. 2019; 53:212-23.
https://doi.org/10.1016/j.cellsig.2018.10.005
PMID:30312659

Jiang L, Xu K, Li J, Zhou X, Xu L, Wu Z, Ma C, Ran J, Hu P,
Bao J, Wu L, Xiong Y. Nesfatin-1 suppresses interleukin-
1B-induced inflammation, apoptosis, and cartilage
matrix destruction in chondrocytes and ameliorates
osteoarthritis in rats. Aging (Albany NY). 2020;
12:1760-77.

https://doi.org/10.18632/aging.102711
PMID:32003758

He L, He T, Xing J, Zhou Q, Fan L, Liu C, Chen Y, Wu D,
Tian Z, Liu B, Rong L. Bone marrow mesenchymal stem
cell-derived exosomes protect cartilage damage and
relieve knee osteoarthritis pain in a rat model of
osteoarthritis. Stem Cell Res Ther. 2020; 11:276.
https://doi.org/10.1186/s13287-020-01781-w
PMID:32650828

Nummenmaa E, Hamaldinen M, Moilanen T,
Vuolteenaho K, Moilanen E. Effects of FGF-2 and FGF
receptor antagonists on MMP enzymes, aggrecan, and
type Il collagen in primary human OA chondrocytes.
Scand J Rheumatol. 2015; 44:321-30.
https://doi.org/10.3109/03009742.2014.1000372
PMID:25743336

Hu N, Gong X, Yin S, Li Q, Chen H, Li Y, Li F, Qing L, Yang
J, Zhu S, Wang J, Li J. Saxagliptin suppresses
degradation of type Il collagen and aggrecan in primary
human chondrocytes: a therapeutic implication in
osteoarthritis. Artif Cells Nanomed Biotechnol. 2019;
47:3239-45.
https://doi.org/10.1080/21691401.2019.1647223
PMID:31364869

Lv MQ, Zhou L, Ge P, Li YX, Zhang J, Zhou DX. Over-
expression of hsa_circ_0000116 in patients with non-
obstructive azoospermia and its predictive value in
testicular sperm retrieval. Andrology. 2020; 8:1834—43.

22.

23.

24.

25.

26.

27.

28.

29.

https://doi.org/10.1111/andr.12874
PMID:32735753

Wu Q, Yuan ZH, Ma XB, Tang XH. Low expression of
CircRNA HIPK3 promotes osteoarthritis chondrocyte
apoptosis by serving as a sponge of miR-124 to
regulate SOX8. Eur Rev Med Pharmacol Sci. 2020;
24:7937-45.

https://doi.org/10.26355/eurrev_202008 22476
PMID:32767319

Ross AK, Coutinho de Almeida R, Ramos YF, Li J,
Meulenbelt I, Guilak F. The miRNA-mRNA interactome
of murine induced pluripotent stem cell-derived
chondrocytes in response to inflammatory cytokines.
FASEB J. 2020; 34:11546-61.
https://doi.org/10.1096/fj.202000889R
PMID:32767602

Li WJ, Song YJ, Han HL, Xu HQ, Wei D, Smagghe G,
Wang JJ. Genome-wide analysis of long non-coding
RNAs in adult tissues of the melon fly, Zeugodacus
cucurbitae (Coquillett). BMC Genomics. 2020;
21:600.

https://doi.org/10.1186/s12864-020-07014-x
PMID:32867696

Liang S, Wang ZG, Zhang ZZ, Chen K, Lv ZT, Wang YT,
Cheng P, Sun K, Yang Q, Chen AM. Decreased RIPK1
expression in chondrocytes alleviates osteoarthritis via
the TRIF/MyD88-RIPK1-TRAF2 negative feedback loop.
Aging (Albany NY). 2019; 11:8664-80.
https://doi.org/10.18632/aging.102354
PMID:31606726

Guo D, Tan W, Wang F, Lv Z, Hu J, Lv T, Chen Q, Gu X,
Wan B, Zhang Z. Proteomic analysis of human articular
cartilage: identification of differentially expressed
proteins in knee osteoarthritis. Joint Bone Spine. 2008;
75:439-44,
https://doi.org/10.1016/j.jbspin.2007.12.003
PMID:18468937

Lepetsos P, Papavassiliou AG. ROS/oxidative stress
signaling in osteoarthritis. Biochim Biophys Acta. 2016;
1862:576-91.
https://doi.org/10.1016/j.bbadis.2016.01.003
PMID:26769361

Ansari MY, Ahmad N, Haqqgi TM. Oxidative stress
and inflammation in osteoarthritis pathogenesis:
Role of polyphenols. Biomed Pharmacother. 2020;
129:110452.
https://doi.org/10.1016/j.biopha.2020.110452
PMID:32768946

Liu Z, Hu Y, Liang H, Sun Z, Feng S, Deng H. Silencing
PRDX3 Inhibits Growth and Promotes Invasion and
Extracellular Matrix Degradation in Hepatocellular
Carcinoma Cells. J Proteome Res. 2016; 15:1506-14.

WWWw.aging-us.com

15111

AGING


https://doi.org/10.2174/1566523219666190716092203
https://doi.org/10.2174/1566523219666190716092203
https://pubmed.ncbi.nlm.nih.gov/31333128
https://doi.org/10.1186/s12950-020-0234-y
https://pubmed.ncbi.nlm.nih.gov/32099534
https://doi.org/10.1016/j.cellimm.2016.01.007
https://pubmed.ncbi.nlm.nih.gov/26861148
https://doi.org/10.1016/j.cellsig.2018.10.005
https://pubmed.ncbi.nlm.nih.gov/30312659
https://doi.org/10.18632/aging.102711
https://pubmed.ncbi.nlm.nih.gov/32003758
https://doi.org/10.1186/s13287-020-01781-w
https://pubmed.ncbi.nlm.nih.gov/32650828
https://doi.org/10.3109/03009742.2014.1000372
https://pubmed.ncbi.nlm.nih.gov/25743336
https://doi.org/10.1080/21691401.2019.1647223
https://pubmed.ncbi.nlm.nih.gov/31364869
https://doi.org/10.1111/andr.12874
https://pubmed.ncbi.nlm.nih.gov/32735753
https://doi.org/10.26355/eurrev_202008_22476
https://pubmed.ncbi.nlm.nih.gov/32767319
https://doi.org/10.1096/fj.202000889R
https://pubmed.ncbi.nlm.nih.gov/32767602
https://doi.org/10.1186/s12864-020-07014-x
https://pubmed.ncbi.nlm.nih.gov/32867696
https://doi.org/10.18632/aging.102354
https://pubmed.ncbi.nlm.nih.gov/31606726
https://doi.org/10.1016/j.jbspin.2007.12.003
https://pubmed.ncbi.nlm.nih.gov/18468937
https://doi.org/10.1016/j.bbadis.2016.01.003
https://pubmed.ncbi.nlm.nih.gov/26769361
https://doi.org/10.1016/j.biopha.2020.110452
https://pubmed.ncbi.nlm.nih.gov/32768946

30.

31

32.

33.

34,

35.

36.

37.

https://doi.org/10.1021/acs.jproteome.5b01125
PMID:26983019

Shi Y, Hu X, Cheng J, Zhang X, Zhao F, Shi W, Ren B, Yu
H, Yang P, Li Z, Liu Q, Liu Z, Duan X, et al. A small
molecule promotes cartilage extracellular matrix
generation and inhibits osteoarthritis development.
Nat Commun. 2019; 10:1914.
https://doi.org/10.1038/s41467-019-09839-x
PMID:31015473

Pei Y, Cui F, Du X, Shang G, Xiao W, Yang X, Cui Q.
Antioxidative  nanofullerol inhibits macrophage
activation and development of osteoarthritis in rats.
Int J Nanomedicine. 2019; 14:4145-55.
https://doi.org/10.2147/1JN.5202466

PMID:31239673

Bulmus FG, Gursu MF, Muz MH, Yaman |, Bulmus O,
Sakin F. Protective effects of alpha-lipoic Acid on oleic
Acid-induced acute lung injury in rats. Balkan Med J.
2013; 30:309-14.
https://doi.org/10.5152/balkanmed|.2013.8426
PMID:25207126

Zhang Y, Zhou J, Ye Q, Zeng K, Pan J, Chen L, Wang Y,
Yang B, He Q, Gao J, Zeng S, Yu L. 6-Dithio-2'-
deoxyguanosine analogs induce reactive oxygen
species-mediated tumor cell apoptosis via bi-targeting
thioredoxin 1 and telomerase. Toxicol Appl Pharmacol.
2020; 401:115079.
https://doi.org/10.1016/j.taap.2020.115079
PMID:32497534

LuT, Zong M, Fan S, Lu Y, Yu S, Fan L. Thioredoxin 1 is
associated with the proliferation and apoptosis of
rheumatoid arthritis fibroblast-like synoviocytes. Clin
Rheumatol. 2018; 37:117-25.
https://doi.org/10.1007/s10067-017-3832-1
PMID:28914370

Jin'Y, Yang Q, Liang L, Ding L, Liang Y, Zhang D, Wu B,
Yang T, Liu H, Huang T, Shen H, Tu H, Pan Y, et al.
Compound kushen injection suppresses human acute
myeloid leukaemia by regulating the Prdxs/ROS/Trx1
signalling pathway. J Exp Clin Cancer Res. 2018; 37:277.
https://doi.org/10.1186/s13046-018-0948-3
PMID:30454068

Sato A, Hoshino Y, Hara T, Muro S, Nakamura H,
Mishima M, Yodoi J. Thioredoxin-1 ameliorates
cigarette smoke-induced Ilung inflammation and
emphysema in mice. J Pharmacol Exp Ther. 2008;
325:380-88.

https://doi.org/10.1124/jpet.107.134007
PMID:18256171

Wang W, Han X, Zhao T, Zhang X, Qu P, Zhao H.
AGT, targeted by miR-149-5p, promotes IL-6-
induced inflammatory responses of chondrocytes in

38.

39.

40.

41.

42.

43.

44,

osteoarthritis via activating JAK2/STAT3 pathway. Clin
Exp Rheumatol. 2020; 38:1088-95.
PMID:32141427

Teng Y, Ni G, Zhang W, Hua J, Sun L, Zheng M, Dong Q,
Huang W. TRIM59 attenuates IL-1B-driven cartilage
matrix degradation in osteoarthritis via direct
suppression of NF-kB and JAK2/STAT3 signaling
pathway. Biochem Biophys Res Commun. 2020;
529:28-34.
https://doi.org/10.1016/j.bbrc.2020.05.130
PMID:32560815

Yao ZZ, Hu AX, Liu XS. DUSP19 regulates IL-1B-induced
apoptosis and MMPs expression in rat chondrocytes
through JAK2/STAT3 signaling pathway. Biomed
Pharmacother. 2017; 96:1209-15.
https://doi.org/10.1016/j.biopha.2017.11.097
PMID:29174854

Lépez-Grueso MJ, Gonzalez R, Muntané J, Barcena JA,
Padilla CA. Thioredoxin Downregulation Enhances
Sorafenib  Effects in  Hepatocarcinoma  Cells.

Antioxidants (Basel). 2019; 8:501.
https://doi.org/10.3390/antiox8100501
PMID:31652503

Wang C, Gao Y, Zhang Z, Chen C, Chi Q, Xu K, Yang L.
Ursolic acid protects chondrocytes, exhibits anti-
inflammatory properties via regulation of the NF-
kKB/NLRP3 inflammasome pathway and ameliorates
osteoarthritis. Biomed Pharmacother. 2020;
130:110568.
https://doi.org/10.1016/j.biopha.2020.110568
PMID:32745911

Cheleschi S, Fioravanti A, De Palma A, Corallo C, Franci
D, Volpi N, Bedogni G, Giannotti S, Giordano N.
Methylsulfonylmethane and mobilee prevent negative
effect of IL-1B in human chondrocyte cultures via NF-
KB signaling pathway. Int Immunopharmacol. 2018;
65:129-39.
https://doi.org/10.1016/j.intimp.2018.10.004
PMID:30316071

Wang X, Fan J, Ding X, Sun Y, Cui Z, Liu W. Tanshinone |
Inhibits IL-1B-Induced Apoptosis, Inflammation And
Extracellular Matrix Degradation In Chondrocytes
CHON-001 Cells And Attenuates Murine Osteoarthritis.
Drug Des Devel Ther. 2019; 13:3559-68.
https://doi.org/10.2147/DDDT.5216596
PMID:31686786

Zhong G, Long H, Ma S, Shunhan Y, Li J, Yao J. miRNA-
335-5p relieves chondrocyte inflammation by
activating autophagy in osteoarthritis. Life Sci. 2019;
226:164-72.

https://doi.org/10.1016/j.1fs.2019.03.071
PMID:30970265

WWWw.aging-us.com

15112

AGING


https://doi.org/10.1021/acs.jproteome.5b01125
https://pubmed.ncbi.nlm.nih.gov/26983019
https://doi.org/10.1038/s41467-019-09839-x
https://pubmed.ncbi.nlm.nih.gov/31015473
https://doi.org/10.2147/IJN.S202466
https://pubmed.ncbi.nlm.nih.gov/31239673
https://doi.org/10.5152/balkanmedj.2013.8426
https://pubmed.ncbi.nlm.nih.gov/25207126
https://doi.org/10.1016/j.taap.2020.115079
https://pubmed.ncbi.nlm.nih.gov/32497534
https://doi.org/10.1007/s10067-017-3832-1
https://pubmed.ncbi.nlm.nih.gov/28914370
https://doi.org/10.1186/s13046-018-0948-3
https://pubmed.ncbi.nlm.nih.gov/30454068
https://doi.org/10.1124/jpet.107.134007
https://pubmed.ncbi.nlm.nih.gov/18256171
https://pubmed.ncbi.nlm.nih.gov/32141427
https://doi.org/10.1016/j.bbrc.2020.05.130
https://pubmed.ncbi.nlm.nih.gov/32560815
https://doi.org/10.1016/j.biopha.2017.11.097
https://pubmed.ncbi.nlm.nih.gov/29174854
https://doi.org/10.3390/antiox8100501
https://pubmed.ncbi.nlm.nih.gov/31652503
https://doi.org/10.1016/j.biopha.2020.110568
https://pubmed.ncbi.nlm.nih.gov/32745911
https://doi.org/10.1016/j.intimp.2018.10.004
https://pubmed.ncbi.nlm.nih.gov/30316071
https://doi.org/10.2147/DDDT.S216596
https://pubmed.ncbi.nlm.nih.gov/31686786
https://doi.org/10.1016/j.lfs.2019.03.071
https://pubmed.ncbi.nlm.nih.gov/30970265

45.

46.

Chen D, Ma W, Ke Z, Xie F. CircRNA hsa_circ_100395
regulates miR-1228/TCF21 pathway to inhibit lung
cancer progression. Cell Cycle. 2018; 17:2080-90.
https://doi.org/10.1080/15384101.2018.1515553
PMID:30176158

Liu Y, Liu K, Tang C, Shi Z, Jing K, Zheng J. Long non-
coding RNA XIST contributes to osteoarthritis
progression via miR-149-5p/DNMT3A axis. Biomed
Pharmacother. 2020; 128:110349.
https://doi.org/10.1016/j.biopha.2020.110349

PMID:32521454

47. Bannuru RR, Osani MC, Vaysbrot EE, Arden NK,

Bennell K, Bierma-Zeinstra SM, Kraus VB,
Lohmander LS, Abbott JH, Bhandari M, Blanco FJ,
Espinosa R, Haugen IK, et al. OARSI guidelines for
the non-surgical management of knee, hip, and
polyarticular osteoarthritis. Osteoarthritis Cartilage.
2019; 27:1578-89.
https://doi.org/10.1016/j.joca.2019.06.011

PMID:31278997

WWWw.aging-us.com

15113

AGING


https://doi.org/10.1080/15384101.2018.1515553
https://pubmed.ncbi.nlm.nih.gov/30176158
https://doi.org/10.1016/j.biopha.2020.110349
https://pubmed.ncbi.nlm.nih.gov/32521454
https://doi.org/10.1016/j.joca.2019.06.011
https://pubmed.ncbi.nlm.nih.gov/31278997

