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Inflammatory cytokines commonly initiate extreme changes in the syn-

ovium and cartilage microenvironment of osteoarthritis (OA) patients,

which subsequently cause cellular dysfunction, especially in chondrocytes.

It has been reported that induction of the purinergic P2X7 receptor

(P2X7R) can regulate the expression of a variety of inflammatory factors,

including interleukin (IL)-6 and -8, leading to OA pathogenesis. However,

knowledge of the mechanism of upregulation of P2X7R in OA is still

incomplete, and its role in chondrocyte proliferation is also not clear. It

was reported previously that the expression of P2X7R was controlled by

certain microRNAs, and so we tested the expression of several microRNAs

and found that microRNA-373 (miR-373) was downregulated in the chon-

drocytes from OA patients. Regarding the mechanism of action, miR-373

inhibited chondrocyte proliferation by suppressing the expression of

P2X7R, as well as inflammatory factors such as IL-6 and IL-8. Further-

more, the proliferative and pro-inflammatory effects of miR-373 on the

chondrocytes could be suppressed by a P2X7R antagonist, further suggest-

ing that miR-373 mediates chondrocyte proliferation and inflammation by

targeting P2X7R. Generally, our results suggest a novel method for OA

treatment by targeting the miR-373–P2X7R pathway.

As a kind of chronic degenerative disease, osteoarthri-

tis (OA) is manifested clinically by a significant

decrease in physical ability and an increase in morbid-

ity with a high utilization of healthcare resources [1].

The occurrence of OA involves many processes,

including aging, proliferation and inflammation, which

usually lead to an increased stress on some joints or

cartilage, thereby resulting in cartilage damage [2,3]. It

was generally thought that aging of chondrocytes,

referred to chondrosenescence, is one of major risk

factors for OA [4,5]. Other than chondrosenscence, the

abnormal proliferation of chondrocytes, the resident

cells of cartilage, also contributes to the progression of

OA [6]. Affected by a variety of inflammatory factors,

including interleukin (IL)-6 and IL-8, the chondrocyte

and cartilage microenvironment undergoes alterations

in OA patients that subsequently contributes to cell

dysfunction [7]. Therefore, the chondrocytes’ status is

considered as a key factor in determining cartilage

degeneration.

The purinergic P2X7 receptor (P2X7R) acts as an

important regulator in inflammation- and pain-asso-

ciated diseases, including OA [8]. Recent evidence

showed that P2X7R is involved in skeletal remodeling

and mechanotransduction. In P2X7R-knockout mice,

not only was periosteal bone formation decreased in

long bones without a difference in length, but also

osteogenesis caused by mechanical loading was
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ameliorated [9,10]. Nevertheless, the mechanisms of

action of P2X7R and its role in OA remain unclear.

Recently, the MiRDB database predicted that miR-

373 would bind with the P2X7R 30UTR and suppress

the inflammation in OA [8], but further studies are

required to discover their association and function in

chondrocyte proliferation and inflammation.

To further study the relationship between miR-373

and P2X7R, and their role in OA progression, we

firstly examined the expression of several miRNAs in

plasma and chondrocytes from 12 OA patients and 11

normal participants. Our results indicated that only

miR-373 was downregulated in the OA patients. The

suppression of miR-373 led to induction of P2X7R,

which modulated chondrocyte proliferation and

inflammatory cytokine expression. Furthermore, inhi-

bition of P2X7R by its inhibitor abrogates the chon-

drocyte proliferation and cytokine expression

modulated by a miR-373 inhibitor (miRNAi), which

might provide a novel strategy for OA treatment.

Materials and methods

Reagents

The oligonucleotides of miR-373 precursor, inhibitor and

miRNAs for negative control were purchased from BGI

Tech (Shenzhen, China). P2X7R, control siRNAs and the

hairpin-it-miRNA qPCR quantification kit were from Gen-

epharma (Shanghai, China). The P2X7R antagonist

(A438079), recombinant IL-6 and IL-8 were purchased

from Abcam (Cambridge, MA, USA).

Isolation of human chondrocytes and plasma

collection

A total of 11 OA patients and 12 healthy participants

for control were enrolled at Shanghai Jiao Tong Univer-

sity Affiliated Sixth People’s Hospital for collection of

chondrocytes and plasma. The clinical information for

the participants is shown in Table 1, including the Kell-

gren–Lawrence (KL) score, the Osteoarthritis Research

Society International (OARSI) grade and Kraus’ modified

Mankin score. Samples from knee cartilage and blood of

all participants were collected. The knee cartilage was

placed in 0.25% trypsin–EDTA for digestion followed by

centrifugation for isolating the chondrocytes. Serum

plasma was isolated from blood by centrifugation at

1000 g for 10 min. Before study, all participants signed a

written informed consent, and the study was approved

by the Ethics Committee of Shanghai Jiao Tong Univer-

sity Affiliated Sixth People’s Hospital (Ethics number:

2015-79). After isolation, chondrocytes were cultured in

Dulbecco’s modified Eagle’s medium (Shanghai Weike

Biotechnology, Shanghai, China) containing glucose at a

specific concentration, 1% penicillin and 10% fetal

bovine serum (37 °C, 5% CO2 and an appropriate

humidity).

BrdU assay

After 16 h of culture, chondrocytes were stained with

5-bromo-2-deoxyuridine (BrdU) for 8 h. We performed the

BrdU incorporation assay to determine cell proliferation,

and all operations were in accordance with the manufac-

turer’s instructions (Roche Diagnostics GmbH, Mannheim,

Germany). The absorbance at 450 nm was measured.

MTT assay

To determine the viability of chondrocytes in wells, we

added 10 lL 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetra-

zolium bromide (MTT; Promega, Madison, WI, USA) at a

concentration of 5 mg�mL�1 into medium for 2–4 h of

incubation. After the purple precipitate was visible, the

remaining culture medium in each well was replaced by

75 lL DMSO, and cells were incubated at room tempera-

ture in a dark place for 2 h. Thereafter, absorbance at a

wavelength of 490 nm was measured.

Real-time PCR

Following the manufacturer’s instructions, we isolated total

RNA from samples using a TRIzol kit (Invitrogen, Carls-

bad, CA, USA). One microliter of RNA was used for

reverse transcription by a reverse transcription kit (Takara,

Mountain View, CA, USA). PCR amplification was initi-

ated in an ABI 7900HT Fast real-time PCR (RT-PCR) sys-

tem (Thermo Fisher Scientific, Waltham, MA, USA) for

measuring the mRNA expression of IL-6, IL-8, miR-373

and P2X7R. Synthesis of all primers by RT-PCR was

completed by BGI Tech.

Western blotting assay

In this experiment, proteins were isolated from chondro-

cytes. In short, cells were firstly rinsed in PBS, then placed

Table 1. Clinical information of healthy participants and OA

patients, including age, KL score, the OARSI grade and Kraus’

modified Mankin score.

Average

age

KL

score

OARSI

grade

Kraus’ modified

Mankin score

Healthy

participants

42 0–1 1.8 � 0.9 2.3 � 0.5

Patients 49 2–4 17.9 � 1.8 10.3 � 1.2

326 FEBS Open Bio 8 (2018) 325–331 ª 2017 The Authors. Published by FEBS Press and John Wiley & Sons Ltd.

Role of miR-373 in osteoarthritis W. Zhang et al.



in RIPA buffer for lysis, and centrifuged for collection of

protein. Prior to SDS/PAGE, quantification of protein was

performed using the BCA Protein Assay Kit (Thermo

Fisher Scientific). Subsequently, a mixture of proteins was

isolated via SDS/PAGE, and protein bands were trans-

ferred on a polyvinylidene fluoride membrane. Primary

antibody of P2X7R (1 : 1000; Abcam), which was diluted

in accordance with the experimental requirements, was

added on the membrane for incubation at 4 °C for 24 h.

Afterwards, the membrane was EDTA incubated with sec-

ondary antibody for 2 h. Finally, with an ECL kit, the

bands on the membrane were visualized. In this procedure,

protein expression of b-actin (1 : 1000; Abcam) was used

as the internal control.

Cell transfection

After isolation of chondrocytes and culture in 96-well

plates, they were transfected with miR-373 precursor, miR-

NAi and miRNA-NC (negative control) using the Lipofec-

tamine 2000 reagent (Invitrogen). The efficiency of

transfection was detected by RT-PCR.

Statistical analysis

In this study, all data were expressed as the mean � stan-

dard deviation, and SPSS 18.0 (SPSS Inc., Chicago, IL,

USA) was used for data analysis. Statistical difference was

determined by one-way ANOVA, in which a t test was per-

formed for intergroup comparison. *P < 0.05 was taken as

the level of significance.

Results

miR-373 decreases in patients with OA

To investigate the role of miRNA in OA, six miRNAs

were randomly selected for investigation, namely miR-

373, miR-132, miR-200, miR-15, miR-125 and miR-

324. RT-PCR was used to identify the expression

levels of these six miRNAs with error distribution

analyzed by their standard deviation. We found miR-

373 was significantly decreased in the circulating

plasma of patients with OA compared with normal

patients (Fig. 1A). To further confirm the regulation

of miR-373, we also analyzed its mRNA level in chon-

drocytes from OA patients and healthy participants,

and found that chondrocytes from OA patient had

lower miR-373 expression (Fig. 1B). Further, chondro-

cytes derived from OA patients had a higher prolifera-

tion rate than those from healthy participants

(Fig. 1C,D). The results demonstrated that inhibition

of miR-373 might stimulate chondrocyte proliferation

and lead to OA.

Fig. 1. Expression of miR-373 is

suppressed in OA patients. (A) Analysis of

error distribution in scatter plot of

normalized DCt values of miRNAs in

plasma of healthy participants (n = 12) and

OA patients (n = 11). (B) Analysis of miR-

373 expression in chondrocytes from

healthy participants and OA patients by

RT-PCR. (C) Proliferation of chondrocytes

in healthy participants and OA patients

was determined by MTT assay at

indicated time points. (D) Proliferation of

chondrocytes from healthy participants

and OA patients was determined by Brdu

assay at indicated time points. Data are

presented as mean � SD from three

independent experiments. *P < 0.05,

**P < 0.01 compared with the control

group.
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miR-373 regulates chondrocyte proliferation

As miR-373 was downregulated in the plasma and

chondrocytes of OA patients, we further assessed the

functional role of miR-373. To investigate how

miR-373 affects cell proliferation and cytokine secre-

tion of chondrocytes, a specific oligonucleotides of

inhibitor or precursor of miR-373 was used for treat-

ment, and we found that miR-373 expression was

altered. The RT-PCR verified that the miRNAi actu-

ally repressed the expression of miR-373 (Fig. 2A).

As predicted, cell proliferation was promoted after

miR-373 expression was inhibited, as indicated by the

results of MTT and Brdu assays (Fig. 2B,C). In con-

trast, the proliferation of chondrocytes treated by the

miR-373 precursor was significantly suppressed when

compared with control chondrocytes (Fig. 2B,C).

Accordingly, IL-6 and IL-8 were highly expressed in

the presence of the miRNAi, whereas they were sig-

nificantly suppressed by the miR-373 precursor

(Fig. 2D). The essential role of P2X7R in OA pro-

gression has been identified in previous studies [8].

We also found that P2X7R mRNA and protein

levels were reduced by the miR-373 precursor,

whereas they were increased by miR-373 inhibition

(Fig. 2E,F), which suggested that miR-373 might

reduce the P2X7R protein level to further affect chon-

drocyte proliferation and the concentrations of inflam-

matory factors.

The expression of P2X7R is negatively correlated

with miR-373

To confirm the effect of P2X7R on progression of OA,

we detected the mRNA expression of P2X7R in chondro-

cytes from OA patients and healthy participants, and the

results showed a significant elevation in expression of

P2X7R in chondrocytes of OA patients when compared

with the control group (Fig. 3A). Moreover, miR-373

was inversely correlated with P2X7R mRNA in OA

tissues (Fig. 3B). These data suggested that miR-373

suppressed OA by targeting P2X7R.

P2X7R knockdown negatively regulates OA

progression

As miR-373 inversely regulated P2X7R expression, we

tested whether P2X7R was involved in the prolifera-

tion and inflammation of chondrocytes. After P2X7R

knockdown by siRNA, the cell proliferation and via-

bility of chondrocytes were suppressed as exhibited by

MTT and Brdu assays (Fig. 4A–C). Moreover, signifi-

cant downregulation was identified in mRNA expres-

sion and secretion of IL-6 and IL-8 in chondrocytes

(Fig. 4D,E). However, addition of IL-6 or IL-8 had

no effect on cell proliferation, which was suppressed

by P2X7R siRNA (Fig. 4F). These results indicated

that P2X7R modulates chondrocyte proliferation, as

well as controlling chondrocyte inflammation.

Fig. 2. miR-373 negatively regulates chondrocyte proliferation. (A) The suppression effect of miRNAi on its mRNA expression was

determined by RT-PCR. (B) Chondrocytes in OA patients were treated with inhibitor or precursor of miR-373. The proliferation rate was

determined by MTT assay at indicated time points. (C) Chondrocytes were treated as in (B) and the proliferation rate was determined by

Brdu assay at indicated time points. (D) Chondrocytes were treated as in (B) and IL-6 and IL-8 expression was determined by RT-PCR. (E)

Chondrocytes were treated as in (B) and the expression of P2X7R was determined by RT-PCR. (F) Chondrocytes were treated as in (B) and

the expression of P2X7R was determined by western blot. Data are presented as mean � SD from three independent experiments.

*P < 0.05, **P < 0.01 compared with the control group.
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P2X7R antagonist combats the effect of miR-373

on chondrocytes

In this study, we determined whether P2X7R is involved

in the inflammatory responses of chondrocytes mediated

by miR-373. Chondrocytes of healthy participants were

pretreated with a P2X7R antagonist (A438079, 10 lM)

for 1 h and then transfected with a miRNAi. The results

showed that in chondrocytes, the effect of miR-373 was

counteracted by the P2X7R antagonist (Fig. 5A,B).

Besides, the P2X7R antagonist also inhibited the upreg-

ulation of IL-6 and IL-8 caused by the miR373 inhibitor

(Fig. 5C). The results revealed that the P2X7R antago-

nist protected chondrocytes against inflammation and

proliferation mediated by miR-373.

Discussion

As a general type of arthritis, OA is affected by age,

gender, history of joint injury, obesity, heredity and

abnormal joint shape [2,11]. It is frequently described

with clinical manifestations of cartilage destruction,

subchondral bone sclerosis and osteophyte formation,

which are caused by chronic and low-grade inflamma-

tion [12,13]. In the development process of the skele-

ton, chondrocytes, originating from mesenchymal

progenitors, are involved in synthesis of the templates

or cartilage anlagen for bone development [14]. Carti-

lage degradation can be promoted by chondrocytes

through proliferation and secretion of inflammatory

factors [6,15]. IL-6 and IL-8 are two important pro-

inflammatory cytokines that are potent regulators of

chondrocyte functions [16]. It was reported that

increased concentrations of inflammatory factors,

including IL-6 and IL-8, promote OA progression by

increasing cartilage degradation [17]. The overexpres-

sion of these two cytokines causes severe damage to

chondrocyte function, resulting in an imbalance of car-

tilage homeostasis and finally articular degeneration

[18]. In our study, we also found that chondrocytes in

OA patient have a higher proliferation rate, as well as

expression of inflammatory cytokines, including IL-6

and IL-8. These results further suggest that suppress-

ing the over-proliferation of chondrocytes and specifi-

cally blocking the inflammation pathways could be a

promising therapeutic treatment for OA.

As to the mechanism of chondrocyte proliferation,

we found that the expression of miR-373 is downregu-

lated in OA patients, and this has a negative effect on

Fig. 3. Expression level of P2X7R is negatively correlated with

miR-373. (A) P2X7R expression in chondrocytes of OA patients

was determined by RT-PCR, and normalized with that from healthy

participants. (B) Correlation between P2X7R and miR-373 was

analyzed by Spearman’s rank correlation analysis. Data are

presented as mean � SD from three independent experiments.

*P < 0.05 compared with the control group.

Fig. 4. Knockdown of P2X7R inhibits the proliferation of

chondrocytes. (A) Knockdown effect of P2X7R siRNA was verified

by western blot. (B) Chondrocytes from OA patient were

transfected with P2X7R siRNA. The proliferation rate was

determined with an MTT assay at indicated time points. (C)

Chondrocytes were treated as in (B), and the proliferation rate was

determined by Brdu assay at indicated time points. (D)

Chondrocytes were treated as in (B) and IL-6 and IL-8 expression

as mRNA level was determined by RT-PCR. (E) Chondrocytes were

treated as in (B) and the secretion of IL-6 and IL-8 was determined

by ELISA. (F) Chondrocytes from OA patient were transfected with

P2X7R siRNA and treated with 100 ng�mL�1 IL-6 or 100 ng�mL�1

IL-8. The proliferation rate was determined by MTT assay at

indicated time points. Data are presented as mean � SD from

three independent experiments. *P < 0.05 compared with the

control group.
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regulation of chondrocyte proliferation. According to

previous microarray and database analyses, a large

number of miRNAs have been discovered in OA, in

which some miRNAs (miR-16, miR-483, etc.) are

upregulated in expression, while some (miR-26a,

miR-337, etc.) are downregulated [19]. Besides, miR-

373 can mediate the inflammation, thereby being

involved in disease regulation. Coincident with the pre-

vious study, downregulation of miR-373 expression

was also found in OA chondrocytes in this study [8].

In addition, the results of this study also revealed that

the inhibition of miR-373 promotes chondrocyte pro-

liferation and secretion of inflammatory cytokines IL-6

and IL-8. However, enhanced miR-373 has the reverse

effects. These results indicated that miR-373, as an OA

inhibitor, is involved in the inflammation and func-

tional variations. Additionally, miR-373 can inhibit

OA chondrocyte inflammation by targeting P2X7R,

which is also consistent with previous reports [8].

The activity of P2X7R, an ionotropic receptor, is

affected by ATP [20]. P2X7R is widely expressed in a

variety of tissues [21], including the musculoskeletal

system; it has been postulated that the release of ATP

in these tissues in response to mechanical loading can

regulate their homeostasis [22]. Expression of P2X7R

also occurs in chondrocytes, and excessive mechanical

stress on chondrocytes in OA may facilitate the

release of ATP, which, in turn, activates the expres-

sion of P2X7R, thereby triggering the secretion of

transglutaminase 2 [23]. In this study, the expression

of P2X7R, as a potential target gene, was investigated

to discover the effect of miR-373 on OA chondro-

cytes, and we found that it was elevated in OA chon-

drocytes, which was modulated by miR-373. The

effects of P2X7R antagonists on inflammatory arthri-

tis were assayed in some rodent models, with some

success [24]. Blocking the expression of P2X7R, par-

ticularly prior to the onset of disease, can significantly

suppress synovial inflammation and alleviate damage

to local tissues as well as mechanical hyperalgesia but

without any effect on the systemic acute phase

response. There are various ongoing confirmatory

clinical studies, but no satisfactory results have been

reported so far [25,26]. Moreover, the P2X7R antago-

nist could abolish the inflammatory effect of miR-373,

which provides a new therapeutic strategy for OA

treatment.

Conclusion

In summary, our study confirmed that suppression of

miR-373 results in chondrocyte proliferation and

inflammation by inducing P2X7R expression. Inhibi-

tion or depletion of P2X7R could compromise the

effects of miR-373 on chondrocyte proliferation and

inflammation. These results suggested that P2X7R and

miR-373 might be important targets for OA therapy.

The upregulation of P2X7R or downregulation of

miR-373 has the potential to be a biomarker for OA

detection. However, further work might be needed to

figure out how P2X7R modulates the secretion of

IL-6, IL-8 and other cytokines.
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