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Circular RNA triple functional domain promotes osteoarthritis’ development by
modulating the microRNA-136-5p/Nicotinamide phosphoribosyltransferase axis
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ABSTRACT

Numerous studies have affirmed the participation of circular RNA (circRNA) in osteoarthritis (OA)’
development. Previous studies have exposed the elevation of the circRNA triple functional domain
(TRIO) in OA, while the molecular mechanism of its effect on OA remains ambiguous. During the
study, it was discovered the up-regulation of circTRIO in OA rats and interleukin-1{3-treated
chondrocytes. Knockdown circTRIO facilitates chondrocyte viability, but suppresses the inflamma-
tion, the apoptosis, and matrix metalloproteinases (MMP)-3 and MMP-13 expression, whereas up-
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regulation aggravates OA. The effect of up-regulation or under-expression of circTRIO on chon-
drocytes was reversed via the knockdown of Nicotinamide phosphoribosyltransferase (NAMPT) or
microRNA (miR)-136-5p separately. Mechanically speaking, circTRIO competitively adsorbing miR-
136-5p to target NAMPT influences OA. Briefly, the results of this study inform that the circTRIO/
miR-136-5p/NAMPT axis is momentous in OA progression and is supposed to be a promising

therapeutic target for some time.

1. Introduction

Osteoarthritis (OA) is a long-term joint illness
induced by various factors, characterized by degen-
eration of articular cartilage, intermittent pain, and
loss of mobility, seriously reducing the patient’s
quality of life [1,2]. The onset of OA is mainly
implicated in age. Currently, OA treatments are
mainly focused on ameliorating pain while among
which the loss of articular cartilage could not be
altered [3,4]. In the present study, it was manifested
that the extracellular matrix secreted by chondro-
cytes is degraded by matrix metalloproteinases
(MMP), inducing inflammation [5] and chondrocyte
apoptosis. Nevertheless, there is an obscure OA
pathogenesis. Therefore, in-depth exploring of
OA’s pathogenesis is vital for exploration of novel
therapeutic targets and therapies.

Circular RNA (circRNA), a non-coding RNA
molecule stably expressed in the body, can covalently
bind to form a circular structure owing to the lack of
a 3’-end poly (A) tail and 5’-end cap [6]. The role of
circRNAs is gaining rapid attention in a great deal of
illnesses, such as cancer [7], neurodegenerative illness
[8], diabetes [9], obesity [10,11], etc. Recently, plenty

of studies have affirmed the participation of circRNAs
in the occurrence and development of OAs. For
example, Zhu H et al. found that depletion of
circ_0136474 and recovery of microRNA (miR)-
766-3p alleviate oxidative damage to chondrocytes
in interleukin (IL)-1P-induced osteoarthritis with
interaction of DNA  methyltransferase 3A
(DNMT3A) [12]. Besides, Guo Z et al. found that
exosomal-derived circBRWDD1 accelerates the
development of osteoarthritis with the miR-1277/
TNF receptor-associated factor 6 (TRAF6) axis [13].
CircRNA triple functional domain (TRIO), a newly
discovered circRNA, is elevated in facet osteoarthritis,
which was manifested in a previous study [14].
However, the potential role of circTRIO in OA is
still uncertain.

The purpose of this study was to explore
whether circTRIO influences the occurrence and
development of OA. The knockdown of circTRIO
was affirmed by depressed OA inflammation and
chondrocyte apoptosis. Mechanically, circTrio,
a sponge of miR-136-5p, mediates Nicotinamide
phosphoribosyltransferase (NAMPT) expression,
thereby facilitating OA progression.
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2 Methods
2.1 Clinical samples

From April 2018 to June 2020, OA cartilage tissue
was collected from 46 OA patients and 12 knee
trauma patients (no history of OA or rheumatoid
arthritis) from Affiliated hospital of Shaanxi
University of Chinese medicine. The clinical infor-
mation of the subjects is shown in Table 1.
Written informed consent was signed via all of
the patients. The approvement of this study was
implemented by the Ethics Committee of the
Affiliated Hospital of Shaanxi University of
Chinese medicine according to the Helsinki
Declaration.

2.2 Animal experiments

Forty, 8 weeks-old Sprague-Dawley adult male rats
(Beijing  Wita River Laboratory  Animal
Technology Co., Ltd.) were raised at (24 + 2) °C,
with 50-60% humidity and 12-h light circle. After
1-week adaptive feeding, the rats were casually
assigned into 4 groups: the Control, the OA, the
OA+ sh-NC, and the OA + sh-circTRIO. As pre-
viously described, OA was simulated via an
unstable medial meniscus (DMM) model [15]
and the anesthesia in the rats was through intra-
peritoneally injected sodium pentobarbital (40 mg/
kg) during surgery. The injection of Lentivirus
(1 x 10° PFU, 20 pL) was implemented into reci-
pient rats’ knee joint 1 week behind operation in
the OA + si-NC and the OA + si-circTRIO groups.
The same dose of saline was received in the OA
and the control groups, but in the Control group
the surgery was not received. Eight weeks later, the
rats were euthanized by inhaling excessive CO,,
and the knee joints were obtained and fixed with
4% paraformaldehyde. The clone of sh-NC and sh-
circTRIO (Genechem, Shanghai, China) was con-
ducted into recombinant lentiviral vectors.

Table 1. The clinical information of the subjects.
OA group (n = 46)

Characteristics Normal group (n = 12)

Age 66.54 + 11.92 68.33 + 13.27
Gender Male 7 Male 30
Female 5 Female 16
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2.3 Hematoxylin and eosin (H&E) staining

The decalcification for rat knee joint fixation was
implemented with 10% ethylene diamine tetraacetic
acid-2Na until the sample became soft, followed by
routine dehydration and paraffin embedding. The
sample was cut into sections with 4 um thickness
with periodical dewax and wash of xylene. The stain-
ing with hematoxylin and 0.5% eosin solution
(Beyotime Institute of Biotechnology, Inc.), dehydra-
tion in alcohol (ascending concentrations), and seal
with a neutral resin were carried out in the sections
[16]. The observation of morphology of cartilage
tissues was conducted under a general microscope
(Nikon Corporation).

2.4 Safranine O staining

Safranine O staining was performed as described
before [17]. The samples were stained with fresh
Wegert solution, differentiated with acidic ethanol,
implemented with a staining of solid green solution
(Beijing Sunshine Biotechnology Co., Ltd.) and
added with the saffron O stain. Dehydration (95%
ethanol, anhydrous ethanol separately), clearance
(xylene), and seal (optical-resin, Ni-E; Nikon
Corporation) were conducted in the samples.

2.5 Terminal deoxynucleotide transferase DUTP
notched end labeling (TUNEL) staining

With the manufacturer’s instructions accordingly,
the labeling of apoptotic cells in rat cartilage with
the TUNEL assay kit (Beyotime Institute of
Biotechnology, Inc.) was conducted [18]. TUNEL
positive cells were counted using a microscope
(Nikon). The number of apoptotic cells was calcu-
lated from 5 random fields on each slide.

2.6 Cell culture

The culture of the human chondrocyte-line
CHON-001  (#CRL-2846) (American Type
Culture Collection; Manassas, VA, US) were
required in Dulbecco’s Modified Eagle’s medium
(HyClone, USA) comprising 1% penicillin/strepto-
mycin (Hyclone, USA) and 10% fetal bovine
serum (Gibco, USA).
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2.7 Cell transfection

The design and synthesis of small interfering RNA
targeting circTRIO and NAMPT (si-circTRIO and
si-NAMPT) and negative control (si-NC), circTRIO
overexpression vector (pcDNA3.1 circTRIO) and
NC (pcDNA3.1), miR-136-5p mimic/inhibitor, and
its NC were via Genechem (Shanghai, China). The
reagents were transiently transfected into CHON-
001 cells with Lipofectamine 2000 (Invitrogen,
Carlsbad, CA, US) as required by the manufacturer.
The collection of the cells was then implemented for
subsequent experiments.

2.8 OA induction via IL-1f3

The stimulation of an OA in vitro model was con-
ducted via the reaction of CHON-001 in each well
with 10 ng/mL IL-1B (Peprotech, Rocky Hill, NJ,
USA). In addition, the treatment of CHON-001 with
the same dose of PBS was obtained by the control

group.

2.9 Cell counting kit (CCK)-8 detection of
proliferation

The seeding of human chondrocytes was con-
ducted on 96-well plates at 1 x 10> cells/mL and
the preculture was implemented. After 24-, 48-,
72- and 96-h treatment, the incubation of each
well was via 10 pL. CCK-8 solution [19], with the
measurement of absorbance at 450 nm with
a microplate meter (Thermo Fisher, USA).

2.10 Flow cytometry for apoptosis detection

Cell apoptosis was detected using the fluorescein
isothiocyanate (FITC) Annexin V apoptosis Assay
Kit (BD Biosciences, San Jose, CA, US) [20]. The
resuspension of 1 x 10> cells in 1 x Annexin
V Binding Buffer with 5 pL FITC Annexin V and
5 uL propidium iodide (PI) solution and the stain-
ing without light and dilution in 400 pL 1
X Annexin V binding buffer and analysis on
Flow Cytometer (BD Biosciences) were done.

2.11 Enzyme-linked immunosorbent assay
(ELISA)

The determination of IL-6, IL-1p, and Tumor necro-
sis factor-a (TNF-a) in rat serum and CHON-001
was applied with an ELISA kit (R&D Systems, Inc.)
and according manufacturer’s requirements.

2.12 Reverse transcription quantitative
polymerase chain reaction (RT-qPCR) for
expression detection

The harvesting of tissue and cells with TRIZOL
reagent (Invitrogen; Thermo Fisher Scientific, Inc.)
and measurement of RNA concentration via
NanoDrop 2000 were obtained. The cRNAs of
circTRIO and NAMPT were synthesized via
PrimeScript RT Master Mix (Takara Bio, Inc.), and
that of miR-136-5p via the Revertaid First Strand
Complementary DNA Synthesis Kit (Thermo
Fisher Sciences, Inc.). The performance of RT-
qPCR was via the miScript SYBR °-Green PCR kit
(Thermo Fisher Scientific, Inc.). U6 and glyceralde-
hyde-3-phosphate dehydrogenase (GAPDH) were
regarded as miRNA and mRNA’s endogenous con-
trols separately. The results were analyzed using
2742 method. Primer sequences are manifested in
Table 2.

2.13 Western blot

The cells and tissues were lysed on ice with Radio-
Immunoprecipitation assay lysis buffer (MAO0151,
MeilunBio, China) and a mixture of protease inhibi-
tors (FD1001, FDBio, Hang, China). Protein expres-
sion was detected in sulfate polyacrylamide gel
electrophoresis. Electroblot of the protein was onto
a polyvinylidene fluoride membrane (Amersham

Table 2. RT-gPCR primer sequences.
Primer sequence (5" - 3')

Forward: 5'- GCTCTCTGCTCCTCCTGTTC-3'
Reverse: 5- AAATGAGCCCCAGCCCTTCTC-3’
ué Forward: 5'- GCTTCGGCAGCACATATACTAAAAT-3’

Reverse: 5'- CGCTTCAGAATTTGCGTGTCAT-3’

GAPDH

CircTRIO Forward: 5- CAAGCACAGTCTTCGGAAGT -3’
Reverse: 5'- TTCTGGTGCCTGCTTCATCT -3’
MiR-136-5p Forward: 5'- GCCGAGACTCCATTTG GAT -3’

Reverse: 5'- CAGTGCGTGTCGTGGAGT -3’




Bioscience, NJ). The sealing of the membrane was
required with Tris buffered saline and 5% skim milk
powder, with incubation of primary antibodies and
Horseradish peroxidase-conjugated secondary anti-
bodies (FDM007 and FDR007, FDBIO). To this end,
protein measurements were implemented with an
enhanced chemiluminescence kit (FD8030, FDBIO).
The primary antibodies were as follows: cleaved cas-
pase-3 (9664, Cell Signaling Technology), Bax (2772,
Cell Signaling Technology), Bcl-2 (12789-1-AP,
ProteinTech), NAMPT (11776-1-AP, Proteintech).

2.14 Luciferase report experiment

The amplification and subclone of circTRIO and
NAMPT 3’untranslated region (UTR) with wild-
(WT) or mutant-type (MUT) miR-136-5p binding
site were conducted into pMIR-GLO reporter plas-
mid (Promega Corporation), causing the plasmid
vectors named WT/MUT-circTRIO and WT/
MUT-NAMPT. There was a culture of chondro-
cytes (1 x 10%) in a 96-well plate, and introduction
with the plasmid vectors and NC mimic and miR-
136-5p mimic via Lipofectamine 2000 (Life
Technologies; Thermo Fisher Scientific, Inc.).
Finally, the measurement of luciferase activity
was applied with the dual-luciferase reporter
assay system (Promega Corporation).

2.15 Statistical analysis

The data were expressed as mean * standard devia-
tion (SD). GraphPad Prism 9.0 (GraphPad Software,
Inc.) was applied for statistical analysis, and Student’s
t-test for analysis of the differences between the two
groups. A one-way analysis of variance was applied
for comparisons of three or more groups. P < 0.05
was considered statistically significant. All data were
biologically replicated at least three times.

3 Results

3.1 Knockdown circTRIO suppresses OA’s
development

To explore the potential role of circTRIO in OA,
circTRIO expression was first examined in OA
(Figure 1(a,)b)), affirming that circTRIO in OA
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patients and rats was elevated. Next, plenty of experi-
ments have exposed that in the OA group versus the
control group, for the pathological changes, articular
chondrocytes in rats were disordered, and there were
obvious cracks and injuries in the joints, and present
severe cartilage destruction; for apoptosis in cartilage,
apoptosis rate in rats, cleaved caspase-3, and Bax in
cartilage tissues were up-regulated, while Bcl-2 was
reduced; Inflammatory cytokines IL-1f, IL-6, and
TNF-a were elevated. After knockout of circTRIO
(Figure 1(c)), the joint injuries were effectively recov-
ered (Figure 1(d)); the degree of cartilage destruction
and the number of apoptotic cells in cartilage were
clearly reduced (Figure 1(e(f)); Apoptotic protein
expression was effectively restored (Figure 1g);
Inflammatory cytokines were apparently reduced
(Figure 1(h)).

3.2 Up-regulated circTRIO accelerates OA’s
development

Next, the mechanism of circTRIO in OA was further
explored through in vitro experiments. With the OA
model established via chondrocytes CHON-001 trea-
ted with IL-1f, and circTRIO in the OA cell model
was up-regulated by transfection. In Figure 2(a),
circTRIO was clearly elevated in CHON-001 after
IL-1B treatment, while up-regulation of circTRIO
further enhanced circTRIO expression in CHON-
001. Cell viability was then examined. As manifested
in Figure 2(b), the cell viability was reduced via IL-1§
treatment for 24 h to 54%, which was further declined
to 32% via circTRIO up-regulation. For apoptosis
detection, as affirmed in Figure 2(c), the apoptotic
rate of CHON-001 was elevated via IL-1p treatment,
which was further enhanced via circTRIO up-
regulation. Meanwhile, examination of apoptosis-
related protein expression in CHON-001 was mani-
fested (Figure 2(d)), clarifying elevation of cleaved
caspase-3 and Bax, and reduction of Bcl-2 via IL-1§
treatment in CHON-001 cells. Moreover, the changes
in apoptosis-related proteins were enhanced via reac-
tion with circTRIO. MMP-3 and MMP-13 are crucial
in OA’s development due to their ability to degrade
matrix collagen. It was revealed that MMP-3 and
MMP-13 were elevated via IL-1B treatment, which
was further enhanced via up-regulation of circTRIO
(Figure 2(e)). In addition, ELISA results manifested
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Figure 1. Repressed circTRIO curbs OA’s development a, b. CircTRIO in patients with OA and knee injury, and rats in the Control and
the OA groups detected via RT-qPCR; c. CircTRIO in cartilage tissue of rats in the sh-NC and sh-circTRIO groups tested via RT-qPCR;
d. Representative images of HE staining of rat cartilage tissue; e. Representational image of rat cartilage tissue in Safranine
O staining; f. The effect of circTRIO knockdown on the apoptosis rate of rat cartilage tissue cells examined via TUNEL staining;
g. The effect of circTRIO knockdown on cleaved caspase-3, Bax, and Bcl-2 in rat cartilage tested by Western blot; h. The effect of
CircTRIO knockdown on IL-1B, IL-6 and TNF-a in rat cartilage examined by ELISA. The values were manifested as mean + SD (n = 10);
vs the Control, *P < 0.05; vs the sh-NC, AP < 0.05.
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Figure 2. Elevated circTRIO accelerates OA’s progression a. circTRIO in CHON-001 cells after transfection of pcDNA 3.1-circTRIO
detected via RT-qPCR; b. The effect of pcDNA 3.1-circTRIO transfection on CHON-001 cell viability via CCK-8; c. The effect of pcDNA
3.1-circTRIO transfection on CHON-001 apoptosis rate via Flow cytometry; d. The effect of pcDNA 3.1-circTRIO transfection on cleaved
caspase-3, Bax, and Bcl-2 in CHON-001 by Western blot; e. pcDNA 3.1-circTRIO transfection’s influence on MMP-3 and MMP-13 in
CHON-001 via Western blot; f. pcDNA 3.1-circTRIO transfection’s influence on IL-1f, IL-6 and TNF-a in CHON-001 by ELISA. The values
were manifested as mean £ SD (n = 3); vs the Blank, *P < 0.05; vs the pcDNA 3.1, AP < 0.05.



that IL-1B, IL-6, and TNF-a were augmented via IL-
1B treatment (Figure 2(f)). Briefly, up-regulated
circTRIO aggravates OA.

3.3 CircTRIO acts as a competitive endogenous
(ce) RNA of miR-136-5p

Next, the microRNA (miRNA) targeted via circTRIO
was explored. A recent study revealed that miR-136-
5p represses chondrocytic degeneration in traumatic
OA [21]. Through bioinformatics website (https://
starbase.sysu.edu.cn) forecasted potential-binding
sites of circTRIO with miR-136-5p (Figure 3(a)).
Therefore, it has been speculated that miR-136-5p
might be downstream miRNA controlled by
circTRIO. Subsequently, miR-136-5p was examined
in OA. When exposed in Figure 3(b-d), miR-136-5p
in OA patients, rats, or cells was reduced. In addition,
it was conveyed that miR-136-5p could be elevated via
under-expression of circTRIO, while constrained via
up-regulation of circTRIO  (Figure 3(e)f)).
Subsequently, the targeting of circTRIO with miR-
136-5p was further examined, exposing that the luci-
ferase activity in miR-136-5p mimics introduction
was repressed via WT-circTRIO, while not affected
via MUT-circTRIO (Figure 3(g)). In short, circTRIO
is a ceRNA for miR-136-5p.
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3.4 circTRIO aggrandizes OA via crosstalk of
miR-136-5p

Next, whether there was the involvement of miR-
136-5p in OA modulated by circTRIO was inves-
tigated. The co-transfection of chondrocytes with
si-circTRIO and miR-136-5p inhibitor was
affirmed. It is notified that in Figure 4(a), miR-
136-5p was augmented via si-circTRIO transfec-
tion. In functional assay it was clarified that
CHON-001 cell viability was accelerated, whereas
the apoptosis rate and cleaved caspase-3, Bax,
MMP-3, MMP-13, IL-1B, IL-6, and TNF-a were
restrained via si-circTRIO, which was reversed via
miR-136-5p inhibitor (Figure 4(b-f)). In a word,
circTRIO accelerates OA’s progression by cross-
interference with miR-136-5p.

3.5 NAMPT is targeted through miR-136-5p

MiRNAs usually bind to the 3’UTR of proteins to
participate in post-transcriptional gene regulation
[22]. Next, the study of target genes of miR-136-5p
was manifested. NAMPT is exposed to be elevated
in OA [23,24]. It was conveyed that NAMPT was
up-regulated in OA (Figure 5(a-c)). Through
bioinformatics website (https://starbase.sysu.edu.
cn) forecasted potential-binding sites of NAMPT
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Figure 3. CircTRIO performs as a sponge of miR-136-5p a. The potential binding sites between circTRIO and miR-136-5p forecasted
via bioinformatics website http:/starbase.sysu.edu.cn; b-d. MiR-136-5p in OA patients, rats or cells detected by RT-qPCR; e, f. The
effect of knockdown or up-regulation of circTRIO on miR-136-5p detected by RT-qPCR; g. The targeting relationship between
CircTRIO and miR-136-5p examined via the luciferase reporter assay. The values were manifested as mean = SD (n = 3); vs the
Control, *P < 0.05; vs the Blank, AP < 0.05; vs the sh-NC, P < 0.05; vs the pcDNA 3.1, °P < 0.05; vs the mimic, *P < 0.05.
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Figure 4. circTRIO facilitates OA via cross-interference with miR-136-5p a. Co-transfection of si-circTRIO and miR-136-5p inhibitor's
influence on miR-136-5p in CHON-001 examined via RT-qPCR; b. Co-transfection of si-circTRIO and miR-136-5p inhibitor’s influence
on CHON-001 cell viability via CCK-8; c. The effect of co-transfection of si-circTRIO and miR-136-5p inhibitor on CHON-001 apoptosis
rate detected by Flow cytometry; d. The effect of co-transfection of si-circTRIO and miR-136-5p inhibitor on cleaved caspase-3, Bax
and Bcl-2 protein in CHON-001 by Western blot; e. Co-transfection of si-circTRIO and miR-136-5p inhibitor’s influence on MMP-3 and
MMP-13 in CHON-001 via Western blot; f. Co-transfection of si-circTRIO and miR-136-5p inhibitor’s influence on IL-1pB, IL-6 and TNF-a
in CHON-001 via ELISA. The values were manifested as mean £ SD (n = 3); vs the si-NC, *P < 0.05; vs the si-circTRIO + inhibitor NC,
AP < 0.05.
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with miR-136-5p (Figure 5(d)). Besides, NAMPT 3.6 The repression of circTRIO up-regulation on
was repressed via up-regulated miR-136-5p in  OA is weakened by downregulation of NAMPT
CHON-001 cells (Figure 5(e)). For further verifi-
cation of the targeting of NAMPT with miR-136-
5p, conduction of the luciferase reporting assay
was exposed to the fact that the luciferase activity
of miR-136-5p mimic group was restrained via
WT-NAMPT, while not changed via MUT-
NAMPT (Figure 5(f)). All in all NAMPT is tar-
geted via miR-136-5p.

Subsequently, whether there was the association of
NAMPT in OA controlled via circTRIO was
examined. It was found that NAMPT was reduced
and elevated, separately, after circTRIO knock-
down or increase (Figure 6(a)). Then, the function
verification test was carried out. Consistent with
result 2, OA’s progression was facilitated via
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circTRIO transfection. Meanwhile, the CHON-001
cell viability was enhanced, while the apoptosis
rates of CHON-001 cells and cleaved caspase-3
and Bax, as well as MMP-3, MMP-13, IL-1p, IL-
6, and TNF-a were suppressed via co-transfection
of si-NAMPT (Figure 6(b-f)). In short, NAMPT is
implicated in OA controlled by circTRIO.

4 Discussion

Chondrocyte apoptosis and articular tissue inflam-
mation are the underlying reasons of OA [25]. In the
meantime, circRNA control is crucial in the patho-
genesis of OA [26]. This study manifested that
circTRIO is a pathogenic gene leading to cartilage
inflammation and apoptosis. In rat or chondrocyte
OA models with circTRIO knockdown the inflam-
mation and chondrocyte apoptosis were clearly
reduced. Mechanically, circTRIO acts as a ce RNA
of miR-136-5p in chondrocytes and targets NAMPT,
thereby influencing inflammation and apoptosis of
chondrocytes.

Previous studies have exposed the implications of
circRNA in OA’s progression. For example,
circHYBID controls acetylhyaluronic acid metabo-
lism in OA chondrocytes through miR-29b-3p/TGEF-
B1 [27]. In addition, Chen S et al. discovered that
circPDE4B prevents articular cartilage degeneration

and facilitates repair as a scaffold for RIC8A and
MID1 [28]. It was manifested that IL-1p treatment
can influence the circRNA in chondrocytes [29,30].
Some of the new findings in the study, clarifying that
circTRIO in chondrocytes was strengthened, while
severe inflammation and apoptosis were induced via
IL-1PB. Meanwhile, the knockout of circTRIO pro-
tected chondrocyte injury by IL-1B. Notably,
circTRIO, a non-coding RNA, owing to the stability
in the blood, might be a circulating diagnostic factor
for OA by detecting its expression.

The breakdown of the extracellular matrix
homeostasis is a vital factor in OA [31]. In this
study, circTRIO was associated with MMP-3 and
MMP-13. Knock-downing circTRIO repressed
MMP-3 and MMP-13 in chondrocytes stimulated
via IL-1B while elevating circTRIO further accel-
erated them, thereby influencing OA progression.

To further understand the mechanism of
circTRIO affecting OA, the target gene was pre-
dicted. It was exposed that circTRIO adsorbing
miR-136-5p to affect NAMPT accelerated OA.
Although studies have informed that miR-136-5p is
vital in various diseases, the performance of miR-
136-5p on OA’s development is limited [32-35].
Previous studies have reported that miR-136-5p
from mesenchymal stem cell exosomes restrains the
disruption of extracellular matrix homeostasis in
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chondrocytes by targeting ELF3 [21]. This study was
informed that miR-136-5p also suppressed inflamma-
tion and apoptosis of chondrocytes and targeted
NAMPT in OA. Additionally, miR-136-5p was com-
petitively bound by circTRIO in OA and reversed the
protective effect of knockdown circTRIO on chon-
drocytes, serving as new evidence supporting miR-
136-5p as a key gene in OA’s development.

However, it is worth noting that, although this
study found that circTRIO knockdown improved
OA in vivo and in vitro, the circTRIO/miR-136-
5p/NAMPT axis needs to be further verified
in vivo. In addition, the results of this study only
apply to DMM-induced rat models and lipopoly-
saccharide-induced chondrocyte models, and it is
not clear whether targeting circTRIO has a similar
impact in OA patients. It is worth noting that
there is a great difference in the degree of disease
and the possibility of reversal between the early
and late developmental stages of OA. The results
of this study are only applicable to the early tar-
geted treatment of OA. Moreover, the downstream
targets of NAMPT need to be further explored in
subsequent studies. The results of this study sug-
gest that the abnormal expression of NAMPT is
expected to affect the expression of inflammatory
signaling pathway-related proteins and apoptotic
factors and further impact the development of OA,
which requires to be explored in subsequent
studies.

5 Conclusion

Taken together, the circTRIO/miR-136-5p/
NAMPT axis is vital for cellular function and
pathological damage in OA, and is supposed to
be an underlying molecular target for OA’s allevia-
tion or diagnosis. However, the role of miRNA or
circRNA networks in diseases is extremely com-
plex, so more molecular targets need to be
explored in the future. Moreover, it is ambiguous
whether the clinical effect of modulating
circTRIO/miR-136-5p/NAMPT is consistent with
animal or cell experiments, which is the limitation
of this study.
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