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Background: Osteoarthritis (OA) affects about 40% of people older than 40 years of age, and the mechanism is not well un-
derstood. Long non-coding RNA (IncRNA) CAIF is a recently identified critical player in myocardial infarction,
while its role in other human diseases is unclear. The present study aimed to investigate the role of CAIF in OA.

Material/Methods: Levels of CAIF in synovial fluid of OA patients (n=60) and healthy controls (n=60) were measuring by performing
quantitative real-time polymerase chain reaction (qRT-PCR). MiR-1246 and interleukin (IL)-6 levels in synovial
fluid were measured by performing gRT-PCR and enzyme-linked immunosorbent assay (ELISA), respectively. Cell
apoptosis analysis was performed after CHON-001 cells were treated with 500 mg/mL lipopolysaccharide (LPS)
for 24 hours.

Results: We found that CAIF in synovial fluid was downregulated in OA patients and inversely correlated with miR-1246
and IL-6. Downregulated CAIF distinguished OA patients from healthy controls. In cells of chondrogenic cell line
CHON-001, CAIF overexpression mediated the inhibited expression of miR-1246 and secretion of IL-6, while
miR-1246 overexpression reduced the effects of CAIF overexpression on IL-6 secretion. In addition, CAIF over-
expression inhibited the apoptosis of CHON-001 cells under LPS treatment, while miR-1246 overexpression at-
tenuated the effects of CAIF overexpression.

Conclusions: Therefore, CAIF may downregulate miR-1246 to improve OA.
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Background

Osteoarthritis (OA) is a common chronic joint disorder in clin-
ical practices. Synovitis, local inflammation, and cartilage pro-
teolytic degradation are the main characteristics of OA [1]. OA
affects about 40% of people older than 40 years of age, and
the incidence rate shows an increasing trend in recent years.
With the progression of OA, joint stiffness and severe pain will
develop [1,2]. Incidence of OA varies across different subtypes.
It has been reported that symptomatic hip OA affects about
25% of people during their lifetime, and this percentage for
symptomatic knee OA is as high as 44.7% [3,4]. At present,
symptom control and pain reduction are the main therapeutic
options for OA, while effective therapeutic strategies are lack-
ing [5]. Therefore, a better understanding of the pathogene-
sis of OA is needed to improve the conditions of OA patients.

Inflammatory responses play pivotal roles in the development
of OA[6]. Certain pro-inflammatory chemokines and cytokines,
such as interleukin (IL)-6, promote the progression of OA by
mediating a series of pathological changes, such as knee car-
tilage loss [7]. Therefore, inhibition of the production and se-
cretion of those pro-inflammatory factors may contribute to
the treatment of OA [8]. In a recent study, Wu et al. report-
ed that miR-1246 can mediate the secretion of IL-6 after li-
popolysaccharide (LPS)-induced inflammation [9]. It has been
well established that IL-6 has pivotal functions in OA [10]. It is
also known that miR-1246 can mediate the function of p53
signaling [11], which can be inactivated by IncRNA CAIF [12].
Previous studies suggest the potential interactions among
CAIF, p53, and miR-1246. Based on these studies, we spec-
ulated that CAIF and miR-1246 might also participate in OA.
This study was therefore carried out to verify this hypothesis.

Material and Methods

Research participants

This study enrolled 60 OA patients (38 males and 22 females,
age range 30 to 65 years, 46.8+6.0 years) and 60 healthy vol-
unteers (38 males and 22 females, age range 30 to 66 years,
46.4 + 6.2 years). All patients and healthy volunteers were se-
lected in Changhai Hospital from June 2016 to December 2018.
The OA patients were selected from the 188 cases of OA cas-
es admitted to the aforementioned hospital. Inclusion crite-
ria of OA patients: 1) newly diagnosed OA cases; and 2) no
therapies for any clinical disorders were performed during
3 months before admission. Exclusion criteria of OA patients:
1) patients complicated with other clinical disorders; 2) histo-
ry of malignancies; 3) therapies have initiated. The 60 healthy
volunteers were enrolled in the physiological healthy center
of the aforementioned hospital to match the distributions of
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gender and age of OA patients. All participants were informed
about the study details. They all provided written informed
consent. The Ethics Committee of the aforementioned hospi-
tal approved this study.

Synovial fluid and cells

Before the initiation of any therapies, synovial fluid (1.5 mL)
was extracted from the joint of patients and healthy volun-
teers. Synovial fluid was kept in liquid nitrogen before subse-
quent experiments.

Human chondrocyte cell line CHON-001 (ATCC, USA) was used.
Cells were cultivated under conditions of 5% CO, and 37°C.
Cell culture medium was Dulbecco’s Modified Eagle’s Medium
(10% fetal bovine serum (FBS) and 0.1 mg/mL G-418).

Transient transfections

CAIF expression pcDNA3 vector and empty pcDNA3 vector
were from GenePharma (Shanghai, China). Negative control
miRNA and miR-1246 mimic were from Sigma-Aldrich (USA).
Following the manufacturers’ instructions, 10° CHON-001 cells
were transfected with 10 nM CAIF expression pcDNA3 vector,
10 nM empty pcDNA3 vector (negative control, NC), 30 nM neg-
ative control miRNA (NC), or 30 nM miR-1246 mimic. Control (C)
group included cells with no transfections. Transfected cells
were collected at 24 hours post-transfections to performed
subsequent assays.

Quantitative real-time polymerase chain reaction
(qQRT-PCR)

TRIzol reagent (Invitrogen, USA) was mixed with synovial flu-
id (1 ml TRIzol per 0.2 mL synovial fluid) and CHON-001 cells
(1 mL TRIzol per 10° cells) to extract total RNAs. Following
DNase | digestion, MMLV Reverse Transcriptase (Lucigen) and
QuantiTect SYBR Green RT-PCR Kit (QIAGEN, Shanghai, China)
were used to prepare cDNA through reverse transcriptions and
make qPCR mixtures, respectively.

Extractions of miRNAs from synovial fluid and CHON-001 cells
were performed using miRNeasy Mini Kit (QIAGEN). MiScript II
RT Kit (QIANGEN) and miScript SYBR Green PCR Kit (QIANGEN)
were used to perform reverse transcriptions and prepare qPCR
mixtures, respectively.

Expression of CAIF and miR-1246 was detected using 18S rRNA
and U6 as endogenous control, respectively. Three replicate
wells were set for each experiment, and 2" method was
used to process all data.
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Table 1. Basic information of two groups of participants.

OA Control
Age (years) 46.8+6.0 46.4+6.2
CGender
"""" Males 38 38
"""" Females 2 22
 Affected area and/or source
of synovial fluid
Knee 37 37
"""" W 2323

OA - osteoarthritis.
Enzyme-linked immunosorbent assay (ELISA)

IL-6 in synovial fluid and cell culture medium was detected
by performing ELISA. Human IL-6 Quantikine ELISA Kit (Cat.
No. D6050, R&D Systems) was used. Levels of IL-6 in synovial
fluid and cell culture medium were both expressed as pg/mL.

Cell apoptosis assay

CHON-001 cells were harvested at 24 hours after transfections.
CHON-001 cells were dissolved in the aforementioned cell cul-
ture medium supplemented with LPS (500 ng/mL, Sigma-Aldrich,
USA), followed by incubation at 37°C for 24 hours. After that,
cells were collected and were subjected to digestion using
0.25% trypsin. Following staining with propidium iodide (PI)
and Annexin V-FITC (Dojindo, Japan), apoptotic cells were

CLINICAL RESEARCH

detected by performing flow cytometry (NovoCyte Quanteon™
Flow Cytometer, ACEA Biosciences).

Statistical analysis

All experiments were performed in 3 biological replicates. The data
were used to calculate mean values. GraphPad Prism 6 was used
for all statistical analysis. In all cases, 0.85-0.95 statistical pow-
er was reached. Differences between the patient group and
control group were explored using unpaired t-test. Differences
among different cell groups were analyzed using ANOVA (one-
way) and Tukey test. Correlations were analyzed by linear regres-
sion. Diagnostic analysis was performed using receiver operating
characteristic (ROC) curve. P<0.05 was statistically significant.

Results

CAIF was downregulated in synovial fluid of OA patients
and showed diagnostic potentials

See Table 1 for basic information of patient and control groups.
Levels of CAIF in synovial fluid of OA patients (n=60) and healthy
controls (n=60) were measuring by performing RT-qPCR. Levels
of CAIF were compared between two groups by performing
unpaired t test. It was observed that levels of CAIF in synovial
fluid were significantly lower in OA patients than in healthy
controls (Figure 1A, P<0.05). Diagnostic values of CAIF in sy-
novial fluid for OA were analyzed by performing ROC curve.
In the ROC curve analysis, OA patients were used as true pos-
itive cases and healthy volunteers were true negative cases.
As shown in Figure 1B, the area under the curve (AUC) was 0.89
(95% confidence interval: 0.83-0.94; standard error: 0.028).
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Figure 1. CAIF was downregulated in synovial fluid of OA patients and showed diagnostic potentials. (A) Levels of CAIF in synovial fluid

measured by RT-qPCR and compared by unpaired t-test showed that levels of CAIF in synovial fluid were significantly lower
in OA patients than in healthy controls (* P<0.05). (B) ROC curve analysis showed that decreased levels of CAIF distinguished
OA patients from healthy controls. OA — osteoarthritis; gRT-PCR — quantitative real-time polymerase chain reaction;

ROC - receiver operating characteristic.

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)




CLINICAL RESEARCH

QiK. etal:
LncRNA CAIF is downregulated in osteoarthritis...
© Med Sci Monit, 2019; 25: 8019-8024

Relative miR-1246 level
T

0 T T
0A (n=60) Control (n=60)
C
81 R square= 0.6666
P value<0.0001
o 00 Y=-1.678*X+7.9498

Relative miR-1246 level
5

Relative CAIF level

B 2000-
*
_ 1500
£
g
= 10004
E
= 5004
0 T T
0A (n=60) Control (n=60)
D
2000 4 Rsquare=0.6572
P value<0.0001
Y=-325.1*X+1614
. 15001
£
2
=< 10004
2
g
— 500+
0 T T T 1
0 1 2 3 4
Relative CAIF level

Figure 2. MiR-1246 and IL-6 were upregulated in OA and were inversely correlated with CAIF. Levels of miR-1246 and IL-6 in synovial
fluid were measuring by qRT-gPCR and ELISA, respectively. Unpaired t-test showed that levels of (A) miR-1246 and (B) IL-6 in
synovial fluid were significantly higher in OA patients than in healthy controls (* P<0.05). Linear regression showed that CAIF
was inversely and significantly correlated with (C) miR-1246 and (D) IL-6 in OA patients. IL — interleukin; OA — osteoarthritis;
gRT-PCR — quantitative real-time polymerase chain reaction; ELISA — enzyme-linked immunosorbent assay; ROC — receiver

operating characteristic.

MiR-1246 and IL-6 were upregulated in OA and were
inversely correlated with CAIF

MiR-1246 and IL-6 levels in synovial fluid of OA patients (n=60)
and healthy controls (n = 60) were measuring by performing
gRT-PCR and ELISA, respectively. Experimental data were com-
pared by performing unpaired t-test. It was found that levels
of miR-1246 (Figure 2A, P<0.05) and IL-6 (Figure 2B, P<0.05)
in synovial fluid were significantly higher in OA patients than
in healthy controls. Correlations between miR-1246/CAIF and
IL-6/CAIF were analyzed by performing linear regression. It was
found that CAIF was inversely and significantly correlated with
miR-1246 (Figure 2C) and IL-6 (Figure 2D) in OA patients.

CAIF inhibited the secretion of IL-6 from CHON-001 cells
by downregulating miR-1246

CAIF expression vector and miR-1246 mimic were transfect-
ed into CHON-001 cells. Compared to the two controls, C and
NG, expression levels of CAIF and miR-1246 were significantly

increased at 24 hours post-transfections (Figure 3A, P<0.05).
Moreover, gRT-PCR results showed that, compared to the 2 con-
trols, CAIF overexpression mediated the inhibited expression
of miR-1246, while CAIF expression was not significantly af-
fected by miR-1246 overexpression (Figure 3B, P<0.05). In ad-
dition, ELISA was performed to detect the levels of IL-6 in cell
culture medium. Compared to the 2 controls, CAIF overexpres-
sion mediated suppressed the secretion of IL-6, while miR-1246
overexpression played an opposite role and reduced the effects
of CAIF overexpression on IL-6 secretion (Figure 3C, P<0.05).

CAIF suppressed CHON-001 cell apoptosis through
miR-1246

Cell apoptosis analysis was performed after CHON-001 cells
were treated with 500 mg/mL LPS for 24 hours. Compared to
the 2 controls, NC and C, CAIF overexpression led to reduced
apoptotic rate of CHON-001 cells, while miR-1246 overexpres-
sion played an opposite role and attenuated the effects of CAIF
overexpression (Figure 4, P<0.05).
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Figure 3. CAIF inhibited the secretion of IL-6 from CHON-001 cells by downregulating miR-1246. (A) Compared to the 2 controls C
and NC, the expression levels of CAIF and miR-1246 were significantly increased at 24 hours after the transfection of CAIF
expression vector and miR-1246 mimic. (B) gRT-PCR results analyzed by ANOVA (one-way) and Tukey test showed that,
compared to the 2 controls, CAIF overexpression mediated the inhibited expression of miR-1246, while CAIF expression was
not significantly affected by miR-1246 overexpression. (C) In addition, ELISA was performed to detect the levels of IL-6 in
cell culture medium and experimental data were compared by performing ANOVA (one-way) and Tukey test. Compared to
the 2 controls, CAIF overexpression mediated suppressed the secretion of IL-6, while miR-1246 overexpression played an
opposite role and reduced the effects of CAIF overexpression on IL-6 secretion (* P<0.05). IL — interleukin; C — no transfection
control; NC — transfection negative control; OA — osteoarthritis; qRT-PCR — quantitative real-time polymerase chain reaction;
ELISA — enzyme-linked immunosorbent assay.

Figure 4. CAIF suppressed CHON-001 cell apoptosis through
miR-1246. Cell apoptosis analysis data compared
by ANOVA (one-way) and Tukey test showed
that, comparing to the 2 controls NC and C, CAIF
overexpression led to reduced apoptotic rate of
CHON-001 cells, while miR-1246 overexpression played
an opposite role and attenuated the effects of CAIF
overexpression (* P<0.05). C — no transfection control;
NC - transfection negative control.
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C NC NC2 CAIF - miR-1246  CAIF+
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Discussion

This study mainly investigated the expression pattern and
functionality of CAIF in OA. We found that CAIF was downreg-
ulated in OA and might inhibit the apoptosis of chondrocyte
cell by inhibiting miR-1246.

A recent study reported CAIF as a novel critical inhibitor of myo-
cardial infarction and the actions of CAIF in this pathological
process were mediated by the inactivation of p53 [12]. The ac-
tivation of p53 is involved in the pathogenesis of OA by induc-
ing cell apoptosis [13]. Therefore, inhibition of p53 signaling
contributes to the recovery of OA [14]. We therefore hypothe-
size that CAIF is likely involved in OA. In this study we showed
that CAIF is downregulated in OA patients. We also observed
the inhibited chondrocyte cell apoptosis under LPS treatment
after CAIF overexpression. Our data suggest that CAIF is like-
ly an inhibitor of OA.

It is worth noting that in this study we used LPS-treated chon-
drocyte cell as the cell model of OA. Chondrocyte cells are the
only components identified in healthy cartilage. The main func-
tion of chondrocyte is to maintain and produce new cartilag-
inous matrix [15]. Chondrocyte apoptosis promotes the pro-
gression of osteoarthritis [16]. In a recent study it is reported
that LPS was upregulated in OA and contributes to disease
progression [11]. Therefore, the cell model used in this study
was appropriate and data were solid.
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