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Abstract: The aim of this study was to investigate the association of circulating miRNAs profile with the risk of
knee osteoarthritis (OA), and evaluate their correlation with clinical characteristics. This study was divided into
two parts: exploration stage and validation stage. In exploration stage, 8 knee OA patients and 8 age and gender
highly matched health controls (HCs) were recruited, and plasma sample were collected for microarray examination.
Differentially expressed miRNAs and enrichment analysis were subsequently performed. In validation stage, 100
knee OA patients and 100 age and gender matched HCs were enrolled, and Top 8 differentially expressed miRNAs
in microarray were selected for further validation by qPCR. In exploration stage, 41 up-regulated miRNAs and 29
down-regulated miRNAs were identified by microarray, and enrichment analysis disclosed these miRNAs were in-
volved in inflammation- and immunity- related process. Top 8 differentially expressed miRNAs in microarray were
determined in the validation stage, and miR-19b-3p, miR-92a-3p, miR-122-5p, miR-486-5p and miR-320b expres-
sion were increased in knee OA. Univariate and multivariate logistic analysis showed only miR-19b-3p, miR-122-5p
and miR-486-5p were independent factors for knee OA risk, and ROC curve showed combination of miR-19b-3p,
miR-122-5p and miR-486-5p has a great diagnostic value for knee OA. Besides, miR-19b-3p and miR-486-5p posi-
tively correlates with disease severity. This study revealed that circulating miRNA profiles played a key role in knee
OA diagnosis, and combined measurement of miR-19b-3p, miR-122-5p and miR-486-5p could be served as a novel
and promising biomarker for diagnosis and disease severity of knee OA.
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Introduction able biomarkers of knee OA are deadly needed.
A number of investigators have proposed bio-
chemical markers based on cartilage, synovium
or bone for evaluating diagnosis and prognosis
of OA [5], but limited convincing biomarkers for
early diagnosis of knee OA were discovered to

facilitate timely treatment.

Osteoarthritis (OA) is common progressive joint
disease characterized by degenerative chang-
es in articular cartilage and subchondral bone
with synovial inflammation and bone remodel-
ing [1]. It is estimated that approximately 26
million adults were affected by OA during 2010-

2012 [2], and 67 million people will be suffered
by OA in 2030 in the US [3]. As a dominant type
of OA, knee OA is characterized by degenera-
tion of knee joint, pain, swelling as well as snap-
ping joints, especially in elderly patients [4].
Unfortunately, Knee OA is usually only detected
in late stage of disease progression by insensi-
tive clinical symptom and radiographic findings.
Obviously, there is a huge challenge of identify-
ing patients with early-stage knee OA damages.
To timely diagnose and treat, effective and reli-

MicroRNA (miRNAs), endogenous RNAs with
about 23 nucleotides, can regulate protein ex-
pression by pairing to the mRNAs of protein-
coding genes and guiding their post-transcrip-
tional repression [6], and play critical roles in
regulating cell differentiation, progression and
apoptosis [7]. MicroRNAs have been reported
to play a serious of roles in the development
and progression OA, and more than 30 miRNAs
are abnormally expressed in OA samples [8].
Cartilage degradation has been reported to as-
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Figure 1. Study flow. This study was divided into two parts: exploration stage
and validation stage. In the exploration stage, plasma sample from 8 knee
OA patients and 8 HCs were obtained, and microarray were performed (Left).
Top 8 differentially expressed miRNAs in microarray was subsequently deter-
mined in 100 knee OA patients and 100 HCs for further validation (Right).

nostic criteria of the American
Rheumatism Association [18],
from May 2016 to Nov 2016,
at the department of Rheu-
matology & Immunology in
Changhai Hospital were re-
cruited in this study. In the
meanwhile, 100 age and gen-
der matched health volun-
teers at the department of
Physical Examination were
also enrolled as health con-
trols (HCs). All the participants
provided written informed
consents. This study was ap-
proved by Ethics Committee
of Changhai Hospital.

Study design
This study was divided into

two parts: exploration stage
and validation stage (Figure

sociate with deregulation of miR-25, miR-145,
MiR-455-3p, miR-483-5p and miR-675; while
inflammation was correlated with miR-203 and
miR-483 [9]. Several deregulated miRNAs have
also been proposed as biomarkers of impor-
tant pathological inflammation or skeletal dam-
age to evaluate disease progression or treat-
ment response [10-13]. In addition to studies
on miRNAs expressions from tissues, miRNAs
have been investigated in some other patholo-
gy in circulation, which demonstrated the asso-
ciations of their circulating level and tissue
expression in different disease states [14-17].
However, limited studies have revealed associ-
ation between knee OA and aberrant-expressed
plasma miRNAs, which might be developed to
be a reliable and sensitive biomarker for knee
OA.

The aim of this study was to investigate the
association of circulating miRNAs profile with
the risk of knee OA, and evaluate their corre-
lation with clinical characteristics, subsequent-
ly identify convincing biomarkers for diagnosis
and disease severity in knee OA patients.

Materials and methods
Participants

100 patients with knee OA according to 1986
classification of osteoarthritis of knee in diag-
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1). In exploration stage, 8

knee OA patients and 8 age
as well as gender highly matched HCs were se-
lected from the total participants, and miRNA
profiles were detected by microarray. Differen-
tially expressed miRNAs were determined sub-
sequently and enrichment analysis on the dis-
ease (HMDD2), GO BP, KEGG Pathway, Organ,
miRNA family and clusterwas performed. In
validation stage, top 8 differentially expressed
miRNAs were selected to further validate in
total participants (100 knee OA patients and
100 HCs) by gPCR. And the association of
candidate circulating miRNAs with OA risk and
clinical features of OA was determined.

Sample acquisition and handling

8 mL aliquot of blood was obtained from all
participants directly into sodium citrate tubes.
The whole blood was allowed to stand for ~3 h
at -4°C before centrifuging at 1,500 g for 10
min at room temperature. The resultant plas-
ma was aliquoted into Eppendorf tubes and
stored at-70°C.

RNA isolation

Total RNA was isolated with LeukoLOCK kit
(Ambion) according to the specific protocol to
capture small RNAs. Quality, quantity and in-
tegrity of RNA were measured by a NanoDrop
spectrophotometer (ND-1000, Nanodrop Tech-
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Table 1. Demographic characteristic of Knee OA
patients and HCs in exploration stage

Parameters Knee OA HC P value
Number 8 8
Age (Years) 51.13+2.03 50.75+1.67 0.6930

Gender (Female) 5 (62.5%) 5 (62.5%)

Data distribution was described by mean + standard deviation
for continues variables and count (percentage) for categorical

variables. Significance of the comparison was determined by
t test for continues variables or Chi-squared test for categori-
cal variables. P valve <0.05 was considered significant. OA,
osteoarthritis; HC, health control.

nologies) and Ry gel electrophoresis, respec-
tively.

Microarray hybridization

Total RNAs (500 ng) from 8 Knee OA patients
and 8 HCs were labeled using the FlashTag
Biotin labeling kit (Genisphere) and hybridized
to the GeneChip miRNA 4.0 Array (Affymetrix)
respectively, which covered 2578 human ma-
ture miRNA, 2025 pre-miRNA and 1996 snoR-
NA. In brief, RNA molecules were first polyade-
nylated and followed by a ligation step with
a biotin-labeled DNA molecule attached, and
then labeled RNA was hybridized to the array,
finally washed and stained in a GeneChip Flui-
dics Station 450 and scanned in a GeneChip
Scanner 7G (Affymetrix).

Data preprocessing and differentially ex-
pressed miRNAs screening in microarray

Considering the intrinsic background of differ-
ent chips might have impact on the calculating
the expression values, the raw data of each
chip were normalized via the Geoquery pack-
age (version 2.34.0) in R language [19]. When
data have been transformed to log, expression,
the Limma package in R language was used to
identify the differentially expressed miRNAs in
knee OA and HC samples. P values were adjust-
ed by method of Benjamini and Hochberg pro-
cedure to control false discovery rate [20]. The
statistical significance was defined as P<0.05,
and the clinical significance was defined as a
difference of at least 1.5 folds, abs (log, (fold
change)) >1.5.

For illustrate the pattern of differentially expre-
ssed miRNAs, Principal Components Analysis
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(PCA) plot and hierarchical clustering analysis
were performed by R and heatmap package
(version 1.0.2, available at http://cran.r-project.
org/web/packages/pheatmap/index.html).

Enrichment analysis of differentially expressed
miRNAs

miEAA database was annotated to differentially
expressed miRNAs [21], which including miR-
NA-related disease (HMDD), KEGG pathway, GO
BP and Organ. The enrichment analysis of dif-
ferentially expressed miRNAs and its precursor
were completed by the Fisher’s exact test to
identify overrepresented miRNA-related items.

gPCR validation

Eight miRNAs showing highest fold changes in
keen OA in the microarray experiment were se-
lected for further validation: miR-19b-3p, miR-
92a-3p, miR-122-5p, miR-486-5p, miR-663a,
miR-320b, miR-887-5p and miR-1180-3p.

Samples of 100 knee OA patients and 100
HCs were used for qPCR validation by TagMan
miRNA assays. After RNA (100 ng) reserve tran-
scribed to cDNA with the TagMan microRNA
Reverse Transcription kit (Lif Technologies)
under the instruction of manufacturer’s proto-
col, cNDA (15 ng) was amplified in thermal
cycler (7900 HT) according to the manufactur-
er’s protocol. U6 was employed as endogenous
controls due to its wide usage and limited vari-
ance. The 24T method was used to express
the levels of miRNAs.

Statistics

Data were analyzed using the SPSS (version
20.0, SPSS, Inc., Chicago, lllinois). The Kolmo-
gorov-Smirnov test was used to assess the nor-
mality of continuous data. To compare the ex-
pression of miRNAs between groups, a Mann-
Whitney U test was performed. Categorical vari-
ables were presented as counts and propor-
tions and were compared using Chi-square test
or Fisher’s exact test. To determine the corre-
lation of the miRNA expression and diagnostic
value, univariate and multivariate logistic re-
gression analysis were used. Receiver operat-
ing characteristic (ROC) curve was used to as-
sess the diagnostic value of miRNAs for OA.
Spearman’s correlation coefficient was used to
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Figure 2. Principal Components Analysis (PCA) of microarray. The result of
first component vs. second component (A) and first component vs. the third
component (B) revealed that the miRNA profiles of knee OA and HC samples
clustered irrespectively and relatively independent, which implied knee OA
patients and HCs could be differentiated by the miRNA patterns.

Results

Characteristics of partici-
pants in exploration stage

8 knee OA patients and 8
HCs were included in the ex-
ploration stage, and miRNA
profiles were detected in plas-
ma by microarray (Figure 1).
The characteristics were pre-
sented in Table 1. There were
62.5% female in knee OA
group with age 51.13+2.03
years, 62.5% female in HC
group with age 50.75+1.67
years, which showed no dif-
ference between groups.

Differentially expressed miR-
NAs in microarray

The Principal Components
Analysis (PCA) plot of the
eight pairs of samples in
microarray was shown in
Figure 2, demonstrating the
first component vs. the sec-
ond component (Figure 2A)
and the first component vs.
the third component (Figure
2B). This revealed that the
miRNA profiles of knee OA
and HC samples clustered
irrespectively and relatively
independent, which indicated
the similarity of these eight
pairs of samples and feasi-
bility to differentiate disease
and healthy based on miRNA
patterns.

Comparing the miRNA profiles
between knee OA and HC by
limma package, 70 differen-
tially expressed miRNAs were
identified according to the
standard in method section.
The volcano plot of the dif-
ferentially expressing miRNAs
demonstrated 41 up-regulat-
ed miRNAs and 29 down-reg-
ulated miRNAs (Figure 3A).

test the correlation between the expression of The heatmap disclosed differentially express-
miRNAs and clinical index. P<0.05 was consid- ed miRNAs were aggregated in blocks (Figure
ered significant. 3B) (Row: upregulation in red, downregulation
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Figure 3. Differentially expressing miRNAs analysis of microarray. A. 41 up-regulated miRNAs and 29 down-regulated miRNAs were observed in microarray. B. Heat-
map. Upregulation was presented in red, while downregulationshown in blue. Heat map disclosed that differentially expressed miRNAs were aggregated in blocks.
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Figure 4. The enrichment analysis of differentially expressing miRNAs. HMDD2 analysis (A) presented that dif-
ferentially expressing miRNAs correlated with arthritis; Biology process (GO) and pathway (KEGG) analysis showed
differentially expressing miRNAs were involved in inflammation- and immunity-related process (B) and pathways (C).
Besides, they were prone to express in blood or joints (D).

Table 2. Enrichment analysis in miRNA clusters and families of the differential expressing miRNAs by
Fisher’'s exact test

ltems
chr13_91351314_91351391
chr3_160404745_160404825
chrX_134169378_134169452

Nset?
6
2
6

P value Hit®

1.18E-08 mir-17; mir-20a; mir-19b-1; mir-92a-1
5.62E-06 mir-15b; mir-16-2
9.22E-06 mir-92a-2; mir-19b-2; mir-106a
mir-17 Family 8 17.85 2.59E-07 mir-17; mir-20a; mir-93; mir-106a
mir-15 Family 5 21.42 2.28E-06 mir-16-1; mir-15b; mir-16-2
Data was presented by Items, Group, Nset, Fold Change, P-value and hit. The enrichment analysis in miRNA clusters and

families of the differential expressing miRNA was determined by Fisher’s exact test. P value <0.05 was considered significant.
a: Nset, the size of given miRNA cluster or family; b: hit, differential expressing miRNAs in given cluster or family.

Group
Cluster
Cluster
Cluster

Fold change
23.79
35.69
17.85
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Table 3. Demographic and clinical characteristic of Knee
OA patients and HC in validation stage

Parameters Knee OA HC P value

Number 100 100

Age (Years) 51.69+8.78 51.09+9.23 0.6384
Gender (Female) 69 (69%) 61(61%) 0.2356
Disease duration (months) 33.19+14.08

VAS pain rest 3.28+1.83
VAS pain walking 3.5+1.67
WOMAC pain 10.74+3.49
WOMAC stiffness 5.11+1.29
WOMAC function 38.02+12.14
WOMAC total 53.87+14.12

Data distribution was described by mean + standard deviation for
continues variables and count (percentage) for categorical variables.
Significance of the comparison was determined by t test for continues
variables or Chi-squared test for categorical variables. P valve<0.05 was
considered significant. OA, osteoarthritis; HC, health control; VAS, visual
analogue scale; WOMAC, Western Ontario and McMaster Universities

miRNAs, 78 corresponding precursors
were identified, among which miR-17
(17.85 folds) and miR-15 (21.42 folds)
clusters and families of the differential
expressing miRNAs were identified
(Table 2).

Characteristics of participants in vali-
dation stage

100 knee OA patients and 100 HCs
were included in the validation stage
(Figure 1). The demographic and clini-
cal characteristics of knee OA pa-
tients and HCs were listed in Table 3.
There were no significant differences
between groups in age (51.69+8.78
vs. 51.09+9.23, P=0.6384) or gender
(69% vs. 61% female, P=0.2356).

Expressions of candidate miRNAs in

Osteoarthritis Index.

Table 4. Top 8 differentially expressing miR-
NAs in microarray

MiRNA LogFC AveExpr Pvalue Sig
miR-122-5p 2.08 4.59 0.0456 uP
miR-92a-3p 2.03 3.84 0.0007 (0]
miR-19b-3p 2.00 2.54 0.0008 uP
miR-486-5p 1.80 414 0.0003 upP
miR-877-5p -1.53  2.40 0.0004 DOWN
miR-1180-3p -1.52  2.20 0.0001 DOWN
miR-320b -1.42  3.96 0.0110 DOWN
miR-663a -1.41 2.72 0.0004 DOWN

Top 8 differentially expressing miRNAs (according to abs
(logFC)) were presented by the logFC, AveExpr, P-value
and Sig. Significance of the comparison was completed
by limma package in R. P value <0.05 was considered
significant. LogFC, log, (fold change); AveExpr, average
of expression level; UP, Up-regulated; Down, Down-
regulated.

in blue; column: disease in red, control in blue),
then disease and control could be distinguished
with the exception of knee OA.

Enrichment analysis

The enrichment analysis of 70 differentially
expressed miRNAs was performed including
disease (HMDD2), biology process (GO), path-
way (KEGG) and organ (Figure 4). The result
indicated these differentially expressed miR-
NAs were prone to express in blood or joints
and were involved in inflammation- and immu-
nity-related process. Based on these 70 mature
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qPCR

Top 8 differentially expressing miRNAs in micro-
array were selected as candidate for gPCR vali-
dation which listed in Table 4. As presented in
Figure 5, the expression of miR-19b-3p, miR-
92a-3p, miR-122-5p, miR-486-5p were up-reg-
ulated in knee OA patients compared with HCs,
which was consistent with the results from
microarray. And miR-320b level was increased
as well in opposite to the result of microarray.
Besides, no difference in miR-663a, miR-887-
5p and miR-1180-3p was observed between
two groups which disagreed with data from
microarray.

Diagnostic value of candidate miRNAs for
knee OA

In order to investigate the diagnostic value of
the candidate miRNAs for OA, logistic regres-
sion analysis was performed. The univariate
logistic regression found that miR-19b-3p (P=
0.001), miR-92a-3p (P<0.001), miR-486-5p
(P<0.001) and miR-320b (P=0.019) expres-
sions increases the risk of OA (Table 5). All fac-
tors with a P value <0.1 were subsequently
included in the multivariate logistic regression
(stepwise) analysis, which demonstrated that
only miR-19b-3p (P<0.001), miR-122-5p (P=
0.037) and miR-486-5p (P<0.001) levels were
independent factors for OA risk. The indepen-
dent predicting miRNAs were further analyzed
by ROC curve to build a model of circulating
miRNAs for OA diagnosis. As presented in Fig-
ure 6, combination of miR-19b-3p, miR-122-5p

Am J Transl Res 2017;9(6):2852-2864



Circulating miR-19b-3p, miR-122-5p and miR-486-5p in knee osteoarthritis

Boxplot of RT-PCR

10.00- .
* %k

1.00- '

* 3k .

. e ee

Relative Expression Level
.e

0.10+

0.01+

* % *

group
=
B3 oA

miR-19b-3p miR-92a-3p mMiR-122-5p miR-486-5p  mMiR-663a  miR-320b
miRNA

miR-877-5p miR-1180-3p

Figure 5. Expressions of candidate eight miRNAs by qPCR. Five miRNAs were observed to be dysregulated in knee
OA patients compared to HCs by gPCR, among which miR-19b-3p, miR-92a-3p, miR-122-5p, miR-486-5p and miR-
320b were all up-regulated. No difference was discovered in miR-663a, miR-877-5p, miR-1180-3p between knee

OA patients and HCs.

Table 5. Univariate and multivariate logistic regression analysis of
miRNAs for predicting OA states

Univariate logistic Multivariate logistic (stepwise)
miRNA 95% CI 95% Cl
OR ——————— Pvalue OR —————— Pvalue
Lower Higher Lower Higher

miR-19b-3p 3.91 261 5.86 0.001 3.83 216 6.78 <0.001
miR-92a-3p 2.73 195 3.82 <0.001 - - - -
miR-122-5p 1.24 1.08 1.42 0.069 124 1.01 153 0.037
miR-486-5p 6.56 3.79 11.38 <0.001 712 3.59 14.09 <0.001
miR-663a 1.06 0.75 1.48 0.055 - - - -
miR-320b 2.35 154 3.59 0.019 - - - -
miR-877-5p 0.90 0.65 1.25 0.016 - - - -
miR-1180-3p 0.46 0.29 0.73 0.151 - - - -

Data was presented by P value, OR and 95% CI. The value of miRNAs to predict OA
states were tested by univariate and multivariate logistic regression model. P valve
<0.05 was considered significant. OA, osteoarthritis; OR, odds ratio; 95% Cl, 95%
confidence interval.

and miR-486-5p expres-
sions could diagnose knee
OA with dramatically high
area under curve (AUC):
0.926, 95% Cl 0.885-0.967,
with sensitivity 80.0% and
specificity 88.0% at the
best cut-off point.

Correlation of candidate
miRNAs with clinical fea-
tures of knee OA

Further correlation analysis
between the expression le-
vel of candidate miRNAs
and clinical features of OA
patients were performed. As
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NAs and 29 down-regulated

miRNAs were detected by

r microarray, which were prone
to express in blood or joints,
and were involved in inflam-
mation- and immunity- related
process in enrichment analy-
sis; (2) In validation stage,
miR-19b-3p, MiR-122-5p and
miR-486-5p were observed to
be independent factors for
risk of knee OA, and their
combination has a high diag-
nostic value with AUC 0.926
for knee OA; (3) miR-19b-3p
and miR-486-5p were found

to be positively correlated
with comprehensive disease
severity such as pain VAS
scores and WOMAC scores,
while miR-122-5p was only
negatively correlated with

pain VAS walking score.
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Figure 6. ROC curve analysis of candidate miRNAs for knee OA diagnosis.
Seven models were constructed to investigate the diagnostic value of miR-
19b, miR-122 and miR-486 for knee OA. miR-19b, miR-122 and miR486
were firstly analyzed alone by ROC curve for knee OA risk (Model A-C), and
then combined each other for the ROC curve analysis (Model D-F). And at
last, all the three miRNAs were combined to analyze the comprehensive pre-
dictive value for knee OA risk (Model G), which illuminated a great diagnostic

value with AUC 0.926.

shown in Table 6, miR-19b-3p was positively
correlated with disease duration (P<0.001),
pain VAS walking (P=0.010), WOMAC pain
(P=0.002) and WOMAC stiffness (P=0.017)
scores, while miR-122-5p was only negatively
correlated with pain VAS walking score (P=
0.018). As to miR-486-5p, it was positively as-
sociated with age (P<0.001), disease duration
(P=0.022), pain VAS rest (P=0.004), pain VAS
walking (P=0.001), WOMAC pain (P=0.002),
WOMAC function (P=0.002) and WOMAC total
scores (P<0.001). Other detailed correlation
information was presented in Table 6.

Discussion

In the present study, we screened plasma
miRNAs with aberrant expressions in patients
with keen OA compared with healthy controls
by microarray and verified by quantitative PCR.
Our results revealed: (1) 41 up-regulated miR-
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Circulating miRNAs in various
biofluids, such as plasma,
sera, urine, extracellular fluid
and others, have been obser-
ved in these years, and in-
vestigators speculated some
of them might play an impor-
tant role in mediating the en-
docrine or paracrine signal-
ing between cells. Previous
reports demonstrated the main sources of cir-
culating miRNAs in plasma included inactive
release from damaged tissue [22], active re-
lease from cells [23], and these miRNAs could
be highly stabilized via formation of microvesi-
cles or protein compounds [23, 24]. Although
the exact role of these circulating miRNAs re-
mains to be fully understood, they have already
incited great interests to employ these circu-
lating miRNAs as biomarkers for various dis-
eases. Given current protein biomarkers are
suffered numerous technical problems, includ-
ing challenges of high-affinity capture reagent
and high-protein abundancy development, miR-
NAs are expected to overcome these limita-
tions with their advantages: firstly, better un-
derstanding of their possible function; second-
ly, their stability in extracellular environment;
thirdly, noninvasive detection could be used in
patients refuse invasive practice; fourthly, it's
sensitive enough to make early screen practi-
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Table 6. The correlation analysis between the expression level of miRNAs and characteristic of knee

OA patients (n=100)

Parameters miR-19b-3p miR-92a-3p mMiR-122-5p miR-486-5p miR-663a mMiR-320b mMiR-877-5p miR-1180-3p
Age r 0.128 0.254* -0.086 0.423%* 0.186 0.036 -0.038 0.040
P_value 0.204 0.011 0.397 <0.001 0.304 0.721 0.706 0.692
Gender r 0.186 0.086 -0.056 0.034 0.040 -0.154 0.075 -0.004
P_value 0.063 0.396 0.581 0.740 0.693 0.127 0.456 0.970
Disease duration r 0.354** 0.150 -0.045 0.222* 0.154 0.069 0.051 0.085
P_value <0.001 0.137 0.654 0.026 0.127 0.495 0.615 0.403
VAS pain rest r 0.142 0.201 0.085 0.285** 0.103 0.224* -0.093 0.110
P_value 0.159 0.076 0.403 0.004 0.309 0.025 0.357 0.274
VAS pain walking r 0.258** 0.195 -0.236* 0.336** 0.352** 0.078 0.026 0.044
P_value 0.010 0.115 0.018 0.001 <0.001 0.438 0.800 0.666
WOMAC pain r 0.302** 0.184 0.103 0.301** 0.135 0.146 0.005 0.067
P_value 0.002 0.159 0.306 0.002 0.182 0.147 0.964 0.505
WOMAC stiffness r 0.239* -0.032 0.080 0.116 0.185 0.079 0.261%* 0.115
P_value 0.017 0.754 0.427 0.250 0.066 0.434 0.009 0.256
WOMAC function r 0.122 0.202 0.137 0.310** 0.037 -0.064 -0.095 -0.076
P_value 0.226 0.104 0.174 0.002 0.717 0.525 0.349 0.454
WOMAC total r 0.191 0.198 0.141 0.352** 0.088 0.008 -0.022 -0.030
P_value 0.057 0.184 0.162 <0.001 0.383 0.938 0.829 0.771

Data was presented as r and P value. Correlation was determined by Spearman test. *P value <0.05 was considered significant, and **P value <0.01 was considered
extremely significant. OA, osteoarthritis; VAS, visual analogue scale; WOMAC, Western Ontarioand McMaster Universities Osteoarthritis Index.

cable. Therefore, further efforts to develop ap-
propriate miRNA biomarkers for various diseas-
es including knee OA is critical and necessary.

Cellular components and extracellular matrix
are critical for normal function of articular car-
tilage, by maintaining mechanical structure of
articular and homeostasis of the extracellular
environment [25]. Meanwhile, articular carti-
lage could be affected by the following inflam-
matory pathways, including cytokine interleu-
kin-1pB via synthesis stimulation of extracellular
matrix-degrading enzymes, inhibiting gene ex-
pression for collagen type Il and synthesis of
aggrecan via downregulating Sox9 [26, 27].
MiR-101 and miR-145 were reported to sup-
press Sox9 expression by binding to its mRNA,
then effected IL-1B-induced chondrocyte extra-
cellular matrix-degrading and increased the hy-
pertrophicmarkers, respectively [28, 29]. Silen-
cing of miR-34a reduces IL-1B-induced down-
regulation of collagen gene Col2a and upre-
gulation of inducible nitric oxide synthase,
apoptosis, and leading to chondrolytic effects
in chondrocytes [30]. Downregulation of miR-
148a was found in OA cartilage, while its over-
expression led to increased production of type
Il collagen [31]. On the other hand, matrix me-
talloproteinase-13 (MMP-13) is produced in
OA joints and could degrade extracellular ma-
trix, which regulates tissue modeling and repair
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[32]. MiR-27b, miR-488, miR-33a, miR-127-5p
and miR-181b have been reported to have im-
pact on MMP-13 expression and play a role in
the pathology of knee OA [33-37].

Meanwhile, miR-9 and miR-140 play important
roles in the normal cartilage development, and
their aberrant expressions are involved in the
pathology of knee OA [38-40]. Although these
aberrant miRNAs from tissues provide some
information for OA pathology, most of them
need invasive detection. Noninvasive detection
of circulating miRNAs might provide a practical
strategy for effective diagnosis and disease
severity evaluation of knee OA.

Several circulating miRNAs have been report-
ed related to OA, including miR-155, miR-16,
miR-223 and miR-146a at synovial level were
lower in patients with OA compared with RA
[41]; increased expression of miR-155, miR-
146a, miR-223 and miR-181a at peripheral
blood mononuclear cells level in patients with
OA compared with control [42]; and negative-
ly correlated let-7e expression at serum level
in symptomatic OA patients with arthroplasty
[13]. As for the plasma level, overexpression of
a panel of 12 miRNAs (miR-20b, miR-30b, miR-
16, miR-29¢, miR-93, miR-146a, miR-126, miR-
186, miR-234, miR-184, miR-195, and miR-
885-5p) was determined in patients with OA
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compared with healthy controls [43]. Interes-
tingly, the expression of miR-223 and miR-16
were decreased in both synovial fluid and plas-
ma but without correlation of miRNA concen-
trations, which indicating their different origins
[41]. Plasma miRNAs are promising biomarker
candidates for clinical use based on its great
advantage of great stability and are not degrad-
ed from the endogenous RNase. Plasma miR-
NAs have been reported to be stable for up to
24 h at room temperature [14]. Thus further
efforts might be put on better understand-
ing function and origin of plasma miRNAs and
interpret aberrant expression of miRNAs, and
finally, facilitate the development of miRNA
biomarkers with clear clinical suggestions.

To our knowledge, this study is the first time to
systematically explore the aberrant expression
of plasma miRNAs in knee OA by microarray,
and further, validate in qPCR as well as investi-
gate their association with clinical feature of
knee OA patients. We found upregulation of
mMiR-19b-3p, miR-122-5p and miR-486-5p were
independent predictors of OA, with miR-486-
5p as the most valuable one. And the combina-
tion of the three miRNAs appeared a great diag-
nostic value in knee OA with high AUC. Aberrant
expression of miR-486 have been reported to
be associated with various disease: increased
circulating miR-486 is associated with acute
myocardial infarction. Meanwhile, downregula-
tion of miR-486-5p expression is related to
human cancers, including hepatocellular carci-
noma, gastric carcinoma, and breast tumors
[44-46]. Especially plasma miR-486 has been
recognized as an effective non-invasive bio-
marker of recurrence of early-stage non-small-
cell lung cancer [47], and serum miR-486-5p
is expected to be used in clinical diagnosis of
lung cancer [48]. Furthermore, our univariate
and multivariate Cox regression analysis betw-
een the expressions level of miRNAs and char-
acteristics of OA patients identified a significant
relationship between miR-486-5p expression
and VAS rest, WOMAC pain, and WOMAC func-
tion. This suggested circulating miR-486-5p
could provide useful information for both early
diagnostic and prognostic evaluation in OA pa-
tients. In addition to that, we demonstrated in-
creased has-miR-19b-3p expression were as-
sociated with OA duration, VAS walking, WOMAC
pain and stiffness and has-miR-122-5p was
correlated with WAS rest. Philippe L and col-
leagues demonstrated miR-19a/b regulate IL.-6
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and matrix metalloproteinase 3 release by con-
trolling TLR2 expression, and could act as neg-
ative regulators of inflammation [49]; mean-
while targeting miR-19 was reported to regu-
late the activity of NF-kB signaling inflamma-
tion [50]. On the other hand, previous reports
demonstrated the critical role of miR-122 in
liver diseases, and chronic inflammation leads
to decreased expression of miR-122 which
might contribute to the development of hepato-
cellular carcinoma [51]. These association be-
tween plasma miRNAs and clinical characteris-
tics provide the possibility to develop not only
diagnostic but also progressive biomarkers for
knee OA patients.

In conclusion, this study revealed that circulat-
ing miRNA profiles played a key role in knee OA
diagnosis, and combined measurement of miR-
19b-3p, miR-122-5p and miR-486-5p could be
served as a novel and promising biomarker for
diagnosis and disease severity of knee OA.
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