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Abstract: Objective: To investigate the expressions of interleukin-6 (IL-6), interleukin-12 (IL-12), and matrix metal-
loproteinase-13 (MMP-13) in the synovial fluid and synovium in hip osteoarthritis and their relationship with disease
progression. Methods: Seventy-two patients with hip osteoarthritis (study group, age 50-80 years) and 43 patients
with total hip replacement caused by trauma (control group, age 40-78 years) who were admitted to our hospital
from March 2012 to March 2014 were included in our survey. The levels of IL-6, IL-12, and MMP-13 were determined
by ELISA; the correlations between IL-6, IL-12, MMP-13 and the Kellgren-Lawrence (K-L) classification were tested
using a Spearman analysis; the correlations between IL-6, IL.-12, MMP-13 were tested using a Pearson analysis; the
critical levels and application values of IL-6, I.-12, and MMP-13 in the K-L classification were also determined using
an ROC curve. Results: The levels of IL-6, IL-12, and MMP-13 in the synovial fluid of the study group were higher
than those of the control group (all P<0.05). The results of the analysis among the patients with different K-L grades
showed that there were significant differences in the levels of IL-6, IL.-12, and MMP-13 in the study group. With the
increase in the K-L grades, the levels of IL-6, IL-12, and MMP-13 increased (all P<0.05). A Spearman correlation
analysis showed that IL-6 (r=0.771, P<0.001), IL-12 (r=0.463, P<0.001), and MMP-13 (r=0.625, P<0.001) were
positively correlated the with K-L classification. The Pearson correlation analysis showed that IL-6 was positively
correlated with 1L-12 (r=0.346, P=0.003), MMP-13 (r=0.518, P<0.001), and IL-12 was positively correlated with
MMP-13 (r=0.536, P<0.001). The critical values of IL-6, IL-12 and MMP-13 for the differentiating K-L classification |
from Il were 144.00 pg/mL, 143.00 pg/mL, 226.80 ng/mL, and the area under the curve (AUC) values were 0.995,
0.645, and 0.785 respectively; for the K-L classifications Il to Ill, the values were 184.70 pg/mL, 193.40 pg/mL and
264.60 ng/mL, and the AUC values were 0.555, 0.760, and 0.740, respectively. Conclusion: The expression levels
of IL-6, IL.-12, and MMP-13 in the synovial fluid of patients with hip osteoarthritis increased with the severity of the
osteoarthritis. In addition, IL-6, IL-12, and MMP-13 had a good correlation with the K-L classification and had a good
application value in evaluating the severity of osteoarthritis.
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Introduction [3]. In 2003, osteoarthritis was the sixth most
common cause of major disability in the world,

Osteoarthritis is a chronic degenerative dis- and it is expected to rise to become the fourth

ease characterized by the degeneration of most common major disability cause by 2020,

articular cartilage, subchondral sclerosis, and a having a serious impact on society and families

narrowing of joint space. It is caused by aging, [4, 5].

obesity, strain, trauma, and other factors and

mostly occurs in the hip and knee joints [1, 2]. An important feature of osteoarthritis is the

According to epidemiological data, osteoarthri- overproduction of inflammatory mediators.

tis affects nearly 4% of the world’s population Interleukin can enhance the production of
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matrix metalloproteinase (MMP) to change the
synthesis and metabolism of chondrocytes [6,
7]. For example, an elevated level of interleu-
kin-6 (IL-6) is closely related to the occurrence
and prognosis of osteoarthritis. IL-6 is nega-
tively correlated with the Kellgren-Lawrence
(K-L) classification, and for each elevated loga-
rithmic level, the risk of the poor prognosis of
osteoarthritis will increase by 1.34 times.
Blocking IL-6 may be a strategy for the treat-
ment of osteoarthritis [8]. MMP inhibitors can
improve the joint injury of osteoarthritic rats,
and inhibit cartilage degradation and osteo-
phyte formation, which are also potential tar-
gets for the treatment of osteoarthritis [9].
IL-12 can inhibit the proliferation of chondro-
cytes induced by transforming growth factor-
beta (TGF-B), promote the production of nitric
oxide, stimulate normal human articular chon-
drocyte to express a variety of genes, including
inducible nitric oxide synthase, inducible cyclo-
oxygenase, IL-6 and interstitial acid, regulate
chondrocyte response and promote cartilage
degradation [10, 11]. These studies have pro-
ved the important roles of interleukin and MMP
in osteoarthritis. However, there are few stud-
ies on IL-6, IL-12, and MMP-13 in hip osteoar-
thritis, especially IL-12 and MMP-13. The rela-
tionship between IL-12 and the progression of
hip osteoarthritis is not clear.

Therefore, this study examines the expression
of IL-6, IL-12, and MMP-13 in hip osteoarthritis,
so as to explore the relationship between IL-6,
IL-12, MMP-13 and the progression of hip
osteoarthritis, and to provide guidance for clini-
cal treatment.

Materials and methods
Research object

Seventy-two patients with hip osteoarthritis
(study group) aged 50-80 years were selected
from March 2012 to March 2014 in the Zhejiang
Provincial Hospital of Traditional Chinese
Medicine. Forty-three patients (the control
group) aged 40-78 years who underwent total
hip replacement due to trauma in the same
period were also selected. Inclusion criteria: All
patients in the study group met the 2007 guide-
lines for the diagnosis of osteoarthritis formu-
lated by the Scientific Association of the
Chinese Medical Association [12]. All patients
in the study group were diagnosed using X-ray
radiology and graded using K-L radiography [8].
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The patients in the control group had no history
of joint disease and were all patients with femo-
ral head ischemia caused by trauma who need-
ed total hip replacements. Exclusion criteria:
K-L grade IV for the study group, other systemic
inflammatory syndrome, serious endocrine dys-
function, pregnant women, cardiovascular,
liver, and kidney disease, neurological and psy-
chiatric history, chronic pain syndrome, lan-
guage communication difficulties, joint bone
tumors, various cancer bone metastases,
recent acute stroke, autoimmune diseases for
both two groups. The study was approved by
the Ethics Committee of Zhejiang Provincial
Hospital of Traditional Chinese Medicine, and
informed consents were signed by the patients
or their families.

Observation indicators

The levels of IL-6, IL-12 and MMP-13 were
determined by ELISA. The correlations between
IL-6, IL-12, MMP-13, and K-L grading, as well as
the correlation between IL-6, IL-12, and MMP-
13 expression levels were analyzed. The critical
levels and application values of IL-6, IL-12, and
MMP-13 in K-L grading were determined.

Detection method

The patients in the study group were tested by
the imaging staff who used an XR-500-1 medi-
cal X-ray machine produced by Dongguan
Momentum Positron Technology Co., Ltd. One
chief physician and two physicians who have
worked for more than 6 years were assigned to
determine the K-L classifications in the study
group. The synovial fluid was collected by clini-
cians during the operations. The supernatant
was collected using centrifugation and the
expression levels of IL-6, IL-12, and MMP-13
were detected by ELISA. The detection Kkits
were purchased from Shanghai Yubo Biote-
chnology Co., Ltd. and the product numbers
were [C-IL6-p, IC-IL18-p, and IC-MMP 13-p,
respectively, and we strictly followed the manu-
facturer’s instructions. A Berthold Microporous
Plate Multifunctional Analyser LB 942 was pur-
chased from Shanghai Flash Spectrum
Biotechnology Co., Ltd. the product number
SuPerMax 3000AL.

Statistical analysis

SPSS 22.0 software (Asia Analytics Formerly
SPSS, China) was used for the statistical analy-
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Table 1. Baseline characteristics (X £sd)

Control group (n=43) Study group (n=72) X2/t P

Gender (n, %) 0.047 0.828

Male 26 (60.47) 45 (62.50)

Female 17 (39.53) 27 (37.50)
Age (years) 58.60+12.20 58.40+£13.60 0.091 0.728
BMI (kg/m?) 22.17+2.95 23.47+3.68 1.968 0.052
Height (cm) 162.34+16.72 158.75+16.25 1.134 0.259
Weight (kg) 56.33+6.27 58.391+6.84 1.611 0.110
K-L classification (n, %)

Grade | 27

Grade Il 32

Grade llI 13
Femoral BMD (g/cm?) 0.78+0.15 0.82+0.19 1.178 0.241
RBC count (10°/L) 4.24+1.33 4.22+1.26 0.081 0.936
WBC count (10°/L) 7.15+2.14 7.23+2.08 0.197 0.844
Hemoglobin (g/L) 120.83+20.69 119.41+19.67 0.367 0.714
Creatinine (umol/L) 53.17+18.64 55.32+19.14 0.589 0.557
Uric acid (umol/L) 296.37+42.58 285.72+41.14 1.326 0.188
ALT (U/L) 17.22+11.35 18.15+10.17 0.454 0.651
AST (U/L) 25.15+14.68 24.83+14.48 0.114 0.909

Note: K-L: Kellgren-Lawrence; BMI: body mass index; BMD: bone mineral density; RBC: red blood cell; WBC: white blood cell;

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase.

sis. Measuring data were expressed as the
mean * deviation (X+sd). Counting data were
expressed as n (%). Counting data were com-
pared using an x? test. A variance analysis was
used for the comparison of measurement data
among groups. An LSD test was used as a post-
test. An independent sample t test was used
for the comparison of measurement data be-
tween two groups. We used a Spearman analy-
sis to determine the correlations between IL-6,
IL-12, MMP-13, and the K-L classification. We
used a Pearson analysis to determine the cor-
relations of IL-6, IL-12, and MMP-13. The critical
levels and application values of IL-6, IL-12, and
MMP-13 in the K-L classification were deter-
mined using an ROC curve. P<0.05 was consid-
ered statistically significant.

Results
Baseline characteristics

There were 43 patients in the control group,
including 26 males (60.47%) and 17 females
(39.53%) aged 58.6+12.2 years. There were 72
patients in the study group, including 45 males
(62.50%) and 27 females (37.50%) aged 58.4+
13.6. There were no significant differences in
the sex ratios or ages between the two groups
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(P>0.05). There were no significant differences
in the other data of the two groups, such as
body mass index (BMI), height, weight, femoral
bone density, or some indexes of liver and kid-
ney function (P>0.05) (Table 1).

Quantification results of IL-6, I-12 and MMP-
13

The expression levels of IL-6, IL-12, and MMP-
13 in the synovial fluid of the two groups were
significantly different, and the expression levels
of IL-6, IL-12, and MMP-13 in the study group
were higher than the levels in the control group
(P<0.05). The analysis results of the patients
with different K-L grades in the study group
showed that there were significant differences
in the expression levels of IL-6, IL-12, and MMP-
13 among the patients with different K-L
grades. With an increase of K-L grades, the
expression levels of IL-6, IL-12, and MMP-13
increased (P<0.05) (Tables 2, 3).

Analysis of the correlations among IL-6, IL-12,
MMP-13, and the K-L classification

A Spearman correlation analysis showed that
IL-6 (r=0.771, P<0.001), IL-12 (r=0.463, P<
0.001), and MMP-13 (r=0.625, P<0.001) were

Int J Clin Exp Med 2020;13(2):726-733



Expression levels of IL-6, ILl-12, MMP-13 and hip osteoarthritis

Table 2. The expression levels of IL-6, IL.-12, and MMP-13 in the two groups (X £sd)

Control group (n=43) Study group (n=72) t P
IL-6 (pg/mL) 78.46+14.74 163.56+16.85 27.429 <0.001
IL-12 (pg/mL) 17.37+6.15 157.71+29.35 30.901 <0.001
MMP-13 (ng/mL) 36.19+11.14 231.48+58.25 21.712 <0.001

Table 3. The expression levels of IL-6, I.-12, and MMP-13 among different K-L grades in the study

group (X +sd)

Grade | (n=27) Grade Il (n=32) Grade Il (n=13) F P
IL-6 (pg/mL) 125.31+12.18 173.75+13.42" 186.62+18.58™# 123.115 <0.001
IL-12 (pg/mL) 142.48+22.96 159.22+25.54" 171.43+28.65™# 18.195 <0.001
MMP-13 (ng/mL) 182.57+44.65 225.97+56.18" 285.90+58.44"# 17.270 <0.001
Note: Compared with grade |, "P<0.05; compared with grade II, P<0.05.
A B C
250+ 250- 400+
200+ I 200+ . 300 , |
1501 : . o 150 i 2 : i
b ! 5 - g 2001 i :
100 : = 1004 = .
=0.771 . 100+ ! r=0.625
507 P<0.001 . B ‘ P<0.001
0 0 0
1 1 n 1 m 1 1 "
K-L K-L K-L

Figure 1. Spearman correlation analysis of IL-6, IL-12, MMP-13, and K-L classification. A: Correlation analysis of IL.-6
and K-L classification. B: Correlation analysis of IL.-12 and K-L classification. C: Correlation analysis of MMP-13 and

K-L classification.
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Figure 2. Pearson correlation analysis of IL-6, IL-12 and MMP-13. A: Correlation analysis of IL-6 and IL-12. B: Correla-
tion analysis of IL.-6 and MMP-13. C: Correlation analysis of I-12 and MMP-13.

positively correlated with the K-L classification
(Figure 1).

Correlation analysis of IL-6, IL-12, and MMP-13

A Pearson correlation analysis showed that IL-6
was positively correlated with 1L-12 (r=0.346,
P=0.003), MMP-13 (r=0.518, P<0.001), and
IL-12 was positively correlated with MMP-13
(r=0.536, P<0.001) (Figure 2).
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ROC analysis results

The critical values of IL-6, IL-12 and MMP-13 to
classify grade | and grade Il were 144.00 pg/
mL, 143.00 pg/mL, and 226.80 ng/mL, and
the AUC values were 0.995, 0.645, and 0.785
respectively. To classify grade Il and grade lll,
the values were 184.70 pg/mL, 193.40 pg/mL,
and 264.60 ng/mL, and the AUC values were
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Table 4. ROC analysis results

also been verified in previous

IL-6 (pg/mL) IL-12 (pg/mL) MMP-13 (ng/mL)

studies [16-18]. Many scholars

K-l AUC 0.995 0.645
95%Cl 0.985-1.006 0.504-0.785
Critical values 144.00 143.00
Specificity 100% 78.13%
Sensitivity 96.3% 48.15%

K-L-1I-Ill AUC 0.555 0.760
95%Cl 0.334-0.777 0.586-0.933
Critical values 184.70 193.40
Specificity 43.75% 46.15%
Sensitivity 100.00% 100.00%

believe that inflammation is one

0.785 .
of the mechanisms of osteoar-
0.668-0.901 " . .
thritis. In some histological, ma-
226.80 gnetic resonance imaging and
68.75% ultrasonic imaging diagnostic
85.19%

studies of osteoarthritis, many
0.740 patients have synovial inflam-

0.588-0.892 mation changes [19, 20]. IL-6 is
264.60 one of the most representative
43.75% cytokines in the inflammatory
100.00% reaction. IL-6 can activate the

Note: AUC: Area under the curve; Cl: Confidence interval.

0.555, 0.760 and 0.740, respectively (Table 4,
Figure 3).

Discussion

The etiology of hip osteoarthritis is very com-
plex. It is a kind of nonspecific arthritis mainly
caused by the loss of hyaline cartilage and the
remodeling of subchondral bone. The patient’s
joint space is narrowed, and then osteophytes
and loose bodies form around the joints, result-
ing in an impairment or even loss of joint func-
tion [13, 14]. The K-L classification is the most
widely used method for the clinical diagnosis of
osteoarthritis, which has an important refer-
ence value that osteoarthritis surgeons use to
formulate strategies for osteoarthritis treat-
ment. Patients above grade Il often need surgi-
cal treatment, but the K-L classification needs
to be evaluated according to the results of
radiological diagnosis. The evaluation results
are influenced by clinical factors, which also
increases the cost of treatment [15]. In recent
years, many cytokines have been found to play
an important role in the study of osteoarthritis,
such as interleukin and MMPs [6, 7]. Therefore,
this study analyzed the relationship between
IL-6, IL-12, MMP-13, and the K-L classification
and determined the critical diagnostic level in
order to provide guidance for the clinical evalu-
ation of the severity of osteoarthritis.

We first analyzed the differences in IL-6, IL-12,
and MMP-13 expressions in synovial fluid be-
tween osteoarthritis patients and non-osteoar-
thritis patients. The levels of IL-6, IL-12, and
MMP-13 in the synovial fluid of osteoarthritis
patients were significantly higher than those of
the non-osteoarthritis patients. This result has
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STAT-3 signaling pathway to
induce chondrocyte catabolism,
which is closely related to the
degree of articular cartilage destruction [16].
After the expression of IL-6 is inhibited, the
severity of osteoarthritis in model mice is sig-
nificantly reduced [21]. IL-12 is produced by
activated macrophages, lymphocytes, and
other cells. Like IL-6, IL-12 can promote the
catabolism of chondrocytes [22]. IL-12 can also
induce an increase of inducible nitric oxide syn-
thase and cyclooxygenase Il to produce nitric
oxide and prostaglandin E2. Nitric oxide can
inhibit the migration of chondrocyte and the
synthesis of proteoglycan. The ability to repair
cartilage tissue in patients with osteoarthritis
is extremely low, which further affects the
repair of cartilage tissue in patients with osteo-
arthritis [23, 24]. Prostaglandin E2 is a metabo-
lite of arachidonic acid. An elevated level of
prostaglandin E2 is an important cause of pain
in patients with osteoarthritis. It can increase
blood circulation and vascular permeability,
which play a key role in the progress of carti-
lage destruction in osteoarthritis, and it also
participates in the remodeling of cartilage and
bone in osteoarthritis patients [25]. MPP-13 is
a collagenase that degrades the extracellular
matrix of cartilage. It belongs to the MPP family.
It can decompose collagen type |, collagen type
Il, and collagen type Illl. Among them, collagen
type Il is an important component of cartilage
tissue. It forms a network structure with proteo-
glycan to maintain the integrity of cartilage tis-
sue [26, 27].

We then analyzed the correlation between IL-6,
IL-12, MMP-13, and the K-L classification. A
Spearman correlation analysis showed that
IL-6, IL-12, MMP-13, and the K-L classification
were positively correlated, which provided a
possibility for IL-6, IL-12, MMP-13 to replace the
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Figure 3. ROC analysis of IL-6, IL-12 and MMP-13. A: Value of IL-6 in differentiating K-L grades |, Il, and Ill. B: Value of

ILl-12 in differentiating K-L grades |, Il, and Ill. C: Value of MMP-13 in differentiating K-L grades |, II, and Ill.

K-L classification. However, in previous studies,
IL-6 levels in the synovia of patients with knee
osteoarthritis were negatively correlated with
K-L grade [15], which was completely contrary
to our results. In another study, there was no
significant difference in the serum IL-6 levels
between early (K-L grade I-ll) and late (K-L
grade IlI-IV) [28]. There are also studies show-
ing that the level of IL-6 in peripheral blood
increases with the severity of knee osteoarthri-
tis [29]. These studies have not discussed this
contradiction. We speculate that this may be
related to the original source of the specimens
and the location of osteoarthritis, but there are
few studies on IL-6 in hip osteoarthritis. This
assumption will be verified in future studies.
The levels of IL-12 in the plasma, synovial fluid,
and articular cartilages of patients with primary
knee osteoarthritis were significantly increased,
and they were positively correlated with the
severity of imaging [30]. This is similar to our
results, but there are no reports on MMP-13
and the severity of hip osteoarthritis. Although
some of our results are controversial or not vali-
dated, the role of IL-6, IL-12 and MMP-13 in the
development of osteoarthritis is clear, which
supports our results but suggests that we need
a more rigorous experimental design.

Finally, we determined the critical levels of IL-6,
IL-12, and MMP-13 among the K-L grades. The
critical values of IL-6, IL-12, and MMP-13
between K-L grade | and Il were 144.00 pg/mL,
143.00 pg/mL and 226.80 ng/mL, respective-
ly. The critical values for distinguishing K-L
grades Il from Il were 184.70 pg/mL, 193.40
pg/mL and 264.60 ng/mL, respectively. The
AUC values all exceeded 0.5, which further
increased the possibility of IL-6, IL-12, and
MMP-13 replacing the K-L grade. It was found
that IL-6 was more valuable than IL-12 and
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MMP-13 in evaluating K-L grade | and Il
patients, but IL-12 and MMP-13 were more
advantageous in evaluating K-L grade Il and IlI
patients. However, this study did not analyze
the expression levels of IL-6, IL-12 and MMP-13
in the peripheral blood, so it is impossible to
judge whether IL-6, IL-12, and MMP-13 in the
serum have the same value in this experiment,
but this will be covered in our future research.

In summary, the expression levels of IL-6, IL-12,
and MMP-13 in the synovial fluid of patients
with hip osteoarthritis increased with the sever-
ity of osteoarthritis. In addition, IL-6, IL-12,
MMP-13, and the K-L classification have a good
correlation, which has a good application value
in evaluating the severity of osteoarthritis.
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