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Abstract:  
Background: OA (Osteoarthritis) is a common form of degenerative arthritis. Biomarkers for osteoarthritis are 
scarcely studied. Osteopontin and hyaluronic acid are important biomolecules in the pathogenesis of 
osteoarthritis. Osteopontin has varied roles, including cancer pathogenesis and vascular smooth muscle 
contraction. The identification and estimation of biomarkers in osteoarthritis have important implications for 
degenerative arthritis therapy. 
Aims: To assess the potential of plasma osteopontin as a biomarker for tracking the severity of knee 
osteoarthritis, as well as its involvement in the pathogenesis of osteoarthritis through its stimulation of MMP13, 
which in turn raises the levels of hyaluronic acid in the serum. 
Methods: A total of 60 cases of osteoarthritis and 30 disease-free controls were recruited and plasma levels of 
osteopontin, hyaluronic acid, calcium and phosphorus were estimated. Osteopontin estimation was made by 
quantitative ELISA and hyaluronic acid by sandwich ELISA methods. 
Results: There was a significant difference in the levels of otseopontin (p = 0.014) and hyaluronic acid 
(p<0.001) among cases and controls and a significant correlation between different grades of OA in the KL 
classification and osteopontin levels (p = 0.022) and hyaluronic acid levels (p = 0.006). Osteopontin and 
hyaluronic acid could therefore be useful biomarkers for OA knee. 
Keywords: Osteoarthritis, Biomarker, Osteopontin, Hyaluronic Acid, Radiological Grading. 
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Introduction 

Osteoarthritis is a “universal disorder” character-
ised by focal lesions of the articular cartilage with 
chronic, nonspecific synovial inflammation. “Oste-
opontin” is one of the major noncollageneous bone 
matrix proteins produced by various cells like acti-
vated T cells, macrophages, osteoblasts and chon-
drocytes. Osteopontin may be involved in the path-
ogenesis of osteoarthritis, at the molecular level, 
contributing to the progressive degeneration of 
articular cartilage.[1] 

In early OA, there was a significant increase in the 
water content of articular cartilage with changes in 
the collagen matrix.[2] 

Biomarkers of OA Knee 

The National Institute of Health funded the OA 
Biomarkers Network, which established "BIPED" 
(burden of disease, investigative, prognostic, effi-
cacy of intervention, and diagnostic).[3] 

The burden of disease and prognosis for hip and 
knee OA biomarkers are serum COMP, serum hya-
luronic acid and urinary CTXII.[4] 

The slow progression of primary OA is causing the 
researchers to refocus the search for OA bi-
omarkers on secondary OA, which is more rapidly 
progressing after acute injury.[5] 

Osteopontin is a ubiquitous glycoprotein, secreted 
by various cells of the body and was identified by 
Oldberg et al.[5] in 1986 in the osteoblast cell. Its 
altered expression may be associated with patho-
logical conditions such as inflammatory disease, 
autoimmune disease, osteoporosis, joint diseases, 
and cancer metastasis.[6,7,8] 

OPN influences cell mediated immunity and en-
hances B-cell immunoglobulin production and pro-
liferation.[9,10] 

Yumoto et al.[11] found that OPN deficiency pre-
vents the model mice from losing  proteoglycan in 
the articular cartilage, swelling and destruction of 
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joints via promotion of angiogenesis and induction 
of apoptosis in chondrocytes. 

In their analysis of synovial fluid OPN in OA pa-
tients, Qin et al. discovered increased OPN mRNA 
and protein expression, which they linked to the 
progression of OA.[12] 

Gao et al.[13] found higher OPN concentrations in 
articular cartilage and synovial fluid when com-
pared to healthy subjects. 

Singh et al.[14] in a recent study proposed stem 
cells as a therapeutic choice for cartilage repair in 
OA patients. It has been identified that extracellular 
inorganic phosphate is one other modulator of OPN 
expression.[15]

 

 

Figure 1 
 

Hyaluronic Acid: Hyaluronic acid is a type of 
disaccharide polymer. It was believed that HA 
played a significant role in the synovial fluid.[16] 
The proteoglycan reflects cartilage turnover, 
whereas HA reflects synovial activity.[17] It is 
believed that the localized inflammation in the syn-
ovial lining and cartilage degradation are responsi-
ble for the increased production and release of HA. 

Aims and Objectives: To determine whether 
plasma osteopontin serves as a biomarker for track-
ing the severity of knee osteoarthritis, and to evalu-
ate how osteopontin contributes to the pathogenesis 
of osteoarthritis by triggering MMP13, which in 
turn raises the levels of hyaluronic acid in the se-
rum. We also wanted to examine the relationship 
between plasma osteopontin level, radiological 
grade, and serum hyaluronic acid in individuals 
suffering from knee osteoarthritis. 

 

Materials and Methods 

This case control study was carried out during the 
period between January 2015 and June 2015 at 
Madras Medical College and Rajiv Gandhi Gov-
ernment General Hospital. This study was conduct-
ed after obtaining Institutional Ethics Committee 
clearance. 

Study Population 

Cases: The study group included 60 osteoarthritis 
patients, consisting of 48 adult females and 12 
adult males. We selected patients who exhibited 
signs and symptoms, as well as radiologic evidence 
of OA. Patients were treated with NSAIDs and 
calcium supplements. The inclusion criteria for the 
cases included unilateral or bilateral knee osteoar-
thritis with a duration of knee pain of more than 
three months, age between 40 and 70 years, and 
radiological evidence of osteoarthritis. 
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Control: The control group consisted of 30 adults, 
age- and gender-matched individuals, with 23 fe-
males and 7 males. They had no symptoms or signs 
of OA, and their x-ray knee joint was normal—no 
evidence of OA. 

Exclusion Criteria: Patients with secondary osteo-
arthritis (post-traumatic or post inflammatory), 
renal failure, hepatic failure and generalised osteo-
arthritis. The study excluded patients with both hip 
and knee osteoarthritis and those with malignan-
cies. 

Osteopontin Estimation: Plasma osteopontin level 
was estimated using the Sandwich Enzyme Linked 
Immuno Sorbent Assay (ELISA) method (Ray Bio-
tech). The kit was stored at 2-8oC in a refrigerator. 

Quantitative ELISA using the sandwich technique 
was performed to analyse the OPN concentration in 
the plasma of both cases and controls.  

Hyaluronic Acid Estimation: The serum hyalu-
ronic acid level was estimated using the Sandwich 
Enzyme Linked Immuno Sorbent Assay (ELISA) 
method (Cusabio). The kit was stored at 2-8 °C in a 
refrigerator.  

A standard curve was constructed by plotting the 
absorbance for each standard on the y-axis against 
the concentration on the x-axis and a best fit curve 
through the points on the graph was drawn. The 
data may be linearized by plotting the log of the 
HA concentrations versus the log of the O.D., and 
the best fit line can be determined by regression 
analysis. 

Specificity: This assay has high sensitivity and 
excellent specificity for the detection of human 
HA. No significant cross-reactivity or interference 
between human HA and analogues was observed. 

Serum calcium was estimated in the samples using 
the Accucare Calcium Arsenazo III method in 
MERCK semi autoanalyzer. 

Serum phosphorus was estimated in the samples 
using pathozyme phosphorus molybdate U.V. 
method in MERCK semi autoanalyzer. 

Radiological diagnosis and staging of osteoarthritis 
are done by KL classification. 

Kellgren and Lawrence Classification 

Grade 1: Doubtful narrowing of joint space and 
possible osteophytic lipping 

Grade 2: Definite osteophytes and possible nar-
rowing of joint space 

Grade 3: Definite narrowing of joint space, mod-
erate multiple osteophytes, some sclerosis and pos-
sible deformity of the bone contour 

Grade 4: Marked narrowing of joint space, large 
osteophytes, severe sclerosis and definite deformity 
of bone contour-joint displacement.[18] 

Statistical Analysis: Statistical analysis was per-
formed for the present study using the SPSS soft-
ware (Statistical Package for Social Sciences). Stu-
dent's t-test was performed for comparison between 
groups. Pearson's correlation coefficient was em-
ployed to determine the correlation between the 
concentrations of plasma osteopontin and serum 
hyaluronic acid and the Kellgren-Lawrence (K/L) 
grades. P-values <0.05 were considered statistically 
significant. 

Results 

In the present study, 60 patients with varying 
grades of OA, confirmed by x-rays of the knee joint 
and 30 controls were enrolled. The mean and 
standard deviation of OA patients and controls 
were 56.60+/-7.907 and 56.67+/-8.683 respective-
ly. There was no statistical difference in the age 
between OA patients and controls (p = 0.971). 

In both cases and controls, the gender distribution 
among patients with OA knees shows that females 
constitute a higher percentage than males. There is 
no significant difference in gender between cases 
and controls (p = 0.715). 

There is a highly statistically significant difference 
with respect to weight and BMI (p=<0.001**) 
among cases and controls, while there is no signifi-
cant difference among cases and controls with re-
spect to height, systolic and diastolic BP. 

 

 

Table 1: Sociodemographic Details Including Age, Sex, Height, Weight and BM 
 Group N Mean Std. Deviation P-Value 

Age distribution Control 30 56.67 8.683 0.971 Cases 60 56.60 7.907 

Sex distribution 
 Controls Cases P-Value 

Males 7 (36.8%) 12 (63.2%) 0.715 Females 23(32.4%) 48(67.6%) 

Anthropometry 

 Group N Mean Std. Deviation P-Value 

Height Control 30 161.73 4.571 0.123 Cases 60 155.28 6.325 
Weight Control 30 59.43 4.305 <0.001** 
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Cases 60 62.87 9.675 

BMI Control 30 22.7543 1.51611 <0.001** Cases 60 26.0972 3.77687 
** Highly Significant 

Distribution of 
patients according 
to blood pressure 

 Group N Mean Std. Deviation P-Value 

SBP Control 30 118.00 11.861 0.234 Cases 60 121.17 11.802 

DBP Control 30 73.93 4.346 0.458 Cases 60 74.80 5.575 
** Highly significant, weight and BMI among cases and controls. 

Table 2: Comparison of Concentration of Calcium, Phosphorus, OPN and HA in Patients with OA Knee 
Cases and controls 

 Group N Mean Std. Deviation P-Value 

Calcium Control 30 9.540 0.2328 0.105 Cases 60 9.460 0.2109 

Phosphorus Control 30 3.967 0.2881 0.365 Cases 60 4.035 0.3569 

OPN Control 30 611.050 207.5941 0.014* Cases 60 984.912 804.0174 

HA Control 30 1.87573 0.480887 <0.001** Cases 60 2.58292 0.908696 
 

Table 2 shows the mean, standard deviation and p-
value of the analytes- calcium and phosphorus. The 
mean and standard deviation of calcium and phos-
phorus in patients with OA knee and controls are 
9.46+/-.21, 9.54+/-.23 and 4.03+/-.35, 3.97+/-.28 
respectively. There is no statistically significant 
difference between cases and controls with respect 
to calcium and phosphorus (p-values of 0.105 and 
0.365 respectively). 

The mean and standard deviation of the OPN val-
ues in patients with OA knees and controls are tab 

 

 

 

ulated. The mean OPN concentration in patients 
with OA knee was 984.91+/−804pg/mL while in 
controls it was 611.05+/−207.59 pg/mL. The dif-
ference in OPN values between OA knee patients 
and controls was statistically significant (p = 
0.014). 

The mean and standard deviation for the values of 
HA among the cases and controls. The mean HA in 
OA knee patients was 2.58+/−0.90ng/mL while in 
controls it was 1.87+/−0.48 ng/mL. There was a 
highly significant difference in the value of HA 
between cases and controls, with a p-value of 
<0.001**. 

 
Table 3: 

K/L- 
Grade N Osteopontin (pg/mL) P-Value 95% Confidence Interval for Mean 

Mean Std. Deviation 

0.022* 

Lower Bound Upper Bound 
2 9 558.489 107.1066 476.159 640.818 
3 37 915.238 693.5673 683.991 1146.485 
4 14 1443.179 1108.5290 803.133 2083.224 

Comparison of OPN Levels with Various K/L Grades of OA among Cases 
*Significant 

K/L Grade- 2, 3, 4 & OPN level 
K/L- 

Grade N Hyaluronic Acid 
(ng/mL) Mean Std. Deviation P-Value 95% Confidence Interval for Mean 

Lower Bound Upper Bound 
2 9 1.74178 0.530247 

0.006** 
1.33419 2.14936 

3 37 2.67124 0.998217 2.33842 3.00407 
4 14 2.89021 0.448811 2.63108 3.14935 

Comparison of HA Levels with Various K/L Grades of OA among Cases 
K/L Grade- 2,3,4 & HA level, 

** Highly significant 
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Table 3 shows the comparison of plasma osteopon-
tin levels in relation to radiological K/L grading of 
OA in the present study and it was found that the 
mean plasma OPN levels in K/L grades 2, 3 and 4 
were 558.48+/−107.10pg/mL, 
915.238+/−693.56pg/mL and 
1443.179+/−1108.52pg/mL. This implies that the 
plasma OPN levels were significantly higher in 
K/L grades 2, 3 and 4 (p = 0.022). 

 

 

Table 3 shows the comparison of serum HA levels 
in relation to radiological K/L grading of OA in the 
present study and it was found that the mean serum 
HA levels in K/L grades 2, 3 and 4 were 
1.74+/−0.53 ng/mL, 2.67+/−0.99ng/mL and 
2.89+/−0.44ng/mL .This implies that the serum HA 
levels were significantly higher in K/L grades 2, 3 
and 4 (p = 0.006). 

Table 4: Pearson Correlation Coefficient between OPN, HA and K/L Grade in the Study Population 
  K/L Grade 

OPN 
Pearson Correlation 0.349(**) 

Sig. (2-tailed) 0.006** 
N 60 

HA 
Pearson Correlation 0.358(**) 

Sig. (2-tailed) 0.005** 
N 60 

** Correlation is significant at the 0.01 level (2-tailed) 
 

The Pearson correlation coefficient on the variables 
OPN and K/L grade is shown in Table 5. In order 
to measure the strength of the linear relationship 
between OPN and K/L grade, Pearson correlation 
was done and it was observed that there was a posi-
tive linear relationship between OPN and K/L 
grade with r = 0.349, p-value = 0.006. 

The Pearson correlation coefficient was calculated 
for variables HA and K/L grade in order to measure 
the strength of linear relationship between the two 
variables as tabulated. It was observed that as K/L 
grade increases the concentration of HA also in-
creases, as indicated by a positive linear relation-
ship with r = 0.358, and a p-value of 0.005. 

We determined the Pearson coefficient between the 
variables OPN and HA. We conducted this study to 
determine the existence of a linear relationship be-
tween these variables. In the present study, it was 
found that there was no statistical significance (p-
value = 0.256). 

According to the data of 60 patients with varying 
grades of OA knee and 30 normal subjects as con-
trols, the ROC curve was plotted. When 617.95 
pg/mL was set as the cut-off level of plasma OPN, 
the sensitivity to predict the susceptibility of pa-
tients to developing OA knees was 67%, and the 
specificity was 63%. For OPN, the area under the 
curve was 0.683. Therefore, we can use OPN as a 
biomarker to evaluate the severity of OA knee. 

When 2.06 ng/mL was set as the cut-off level of 
serum HA, the sensitivity to predict patients with 
OA knees was 75% and the specificity was 70%. 
The area under the curve (AUC) was 0.761 for HA. 
This implies that HA can be used as a biomarker to 
assess the cartilage damage in OA knees. 

Discussion 

OA knee is a chronic degenerative disease with 
multiple pathogenic pathways of chondrocyte trig-
gering and downstream transcription factors, which 
leads to the final common pathway of activation of 
MMP-13 mediated type-II collagen breakdown, 
which ultimately causes cartilage erosion. OPN 
also has a crucial role in MMP-13 activation, lead-
ing to cartilage destruction and the release of HA 
from the cartilage. Finally, impairment of the re-
generative capacity of the cartilage occurs due to 
cell death caused by deranged autophagy.[19] To 
date, only plain x-rays are available to assess the 
severity of OA in the knee joint. Recently, newer 
biomarkers on detecting cartilage matrix synthesis 
and degradation are gaining clinical importance in 
the diagnosis of the severity of OA knee and recent 
advances in the proteomics and microRNA have 
enabled the detection of newer OA biomarkers. 

In the present study, the plasma concentration of 
OPN was evaluated to assess its utility as a biologi-
cal marker in patients with OA knee, to correlate 
with radiological grade and to assess if osteopontin 
contributes to the pathogenesis of the degenerative 
process of osteoarthritis by stimulating MMP13 
and thereby increasing hyaluronic acid levels in the 
serum in patients with OA knee. 

Insignificant p-values were obtained for variables 
viz., age, gender, height, systolic and diastolic BP 
while comparing the cases and controls. This im-
plies that the cases and controls were perfectly 
matched with respect to the confounding variables. 
There was a statistically significant difference be-
tween cases and controls with respect to weight and 
BMI. This indicates that obesity has a significant 
role in pathogenesis of OA knee. 
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ROC Curve of OPN for Analysis of the Diagnostic Values of Plasma OPN in OA Patients 

 
Area Std. Error(a) Asymptotic Sig.(b) Asymptotic 95% Confidence Interval 
0.683 0.056 0.005 0.572 0.793 

ROC Curve and Area under the Curve–OPN 

 
Area Std. Error(a) Asymptotic Sig.(b) Asymptotic 95% Confidence Inter-

val 
0.761 0.051 0.000 0.662 0.860 

ROC Curve and Area under the Curve for HA 
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The common secondary causes of OA knee-post 
traumatic were ruled out by history and the other 
most common cause was CPPD (Calcium Pyro-
phosphate Deposition) disease in the elderly by 
estimation of calcium and phosphorus. In this 
study, the levels of serum calcium and phosphorus 
were normal in both cases and controls, implying 
that the secondary causes of OA in the study 
groups have been excluded. 

In this study, plasma OPN concentrations were 
significantly higher in patients with OA knees 
when compared to controls. Significant differences 
in OPN concentrations were observed among the 
cases when they were classified into three groups 
(K/L grade 2, 3 and 4) based on their radiological 
findings. The patients with OA knees showed an 
increase in plasma OPN concentration as their ra-
diological grade advanced. In this study, the OPN 
levels did not differ significantly by gender in both 
study groups. This study also observed a positive 
correlation between OPN and K/L grade, suggest-
ing that an advancement in K/L grade also leads to 
an increase in OPN concentration. Hence, plasma 
OPN levels significantly correlate with the severity 
of the disease. Honsawek et al. obtained similar 
results.[20] An increase in OPN level among cases 
when compared to controls and an increase in oste-
opontin levels with radiological grades 3 and 4 
when compared to K/L grade 2 were also observed 
by Honsawek et al.[20] 

In the present study, serum HA concentrations were 
significantly higher in patients with OA knees than 
controls. Significant differences in HA concentra-
tions were observed among the cases when they 
were classified into three groups (K/L grade 2, 3 
and 4) based on their radiological findings. The 
patients with OA knee showed an increase in serum 
HA concentration as their radiological grade ad-
vanced. This increase in HA level with radiological 
grade was statistically significant.  

In this study, the HA levels did not differ signifi-
cantly by gender in both study groups. Also, a posi-
tive correlation was observed between HA and K/L 
grade in this study, indicating that as K/L grade 
advances, the HA concentration also increases. 
Hence, HA levels significantly correlate with the 
severity of the disease and the amount of cartilage 
damage. Sharif et al.,[21] observed increased serum 
HA levels in patients with late stages of OA than in 
patients with early stages of OA. A positive corre-
lation was demonstrated between serum HA level 
and the amount of involved cartilage by another 
study.[22] 

Conclusion 

In the present study, a statistically significant in-
crease in concentration of both OPN and HA with 
respect to radiological grade and a positive correla-
tion between OPN and K/L grade and HA and K/L 

grade implies that OPN has a significant role in 
activating MMP-13, causing degradation of articu-
lar cartilage and release of HA into the circulation 
in osteoarthritis. 

The correlation between OPN and HA did not show 
any statistical significance, implying that the HA 
level increase is contributed by many factors other 
than OPN. 

The diagnostic value of plasma OPN and serum 
HA was determined by plotting the ROC (Receiver 
Operator Characteristic) curve. Hence, both the 
increase in plasma OPN (cut-off value of 
617.95pg/mL) and the increase in serum HA (cut-
off value of 2.06ng/mL) can be used as biomarkers 
to assess the severity of the disease and cartilage 
damage in patients with OA knee. 
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