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Abstract: Background: Osteoarthritis (OA) is the most common degenerative articular disease caused by joint
degeneration, weight-bearing joints, and the knee is most frequently involved. Since the mechanical factors can’t
explain incidence of osteoarthritis (OA), attention had been shifted to an obesity-related systemic factor as a link
between obesity and OA. Adipokines (ADK) were proposed as a predictor markers and potential systemic factor,
which links obesity to OA. Objective: to investigate the association of ADK with OA and their potential to be used
as biomarkers for OA activity and its relation with radiological grading. Subjects and Methods: Serum levels of
adipokines (adiponectin (ADP), leptin (LEP), visfatin and resistin) were determined in 40 patients with primary knee
OA who had evidence of radiological changes in the knee by plain x-ray. Results: serum ADP, LEP, visfatin and
resistin were significantly higher in the patients KOA compared to the controls (P=0.008, 0.002, <0.001, and
<0.001, respectively) BMI is significantly correlated with serum ADP, LEP, visfatin and resistin. In addition, serum
levels of the ADP, LEP, resistin and visfatin were significantly correlated with clinical and radiological markers
indicating the severity of the KOA as well as with OA activity. Conclusion: Serum ADP, LEP, visfatin and resistin
can be used as a marker for KOA activity and severity. These findings strongly suggest that ADK is involved in the
pathogenesis of joint inflammation and cartilage damage in OA and may form the link between obesity and
development of OA and therefore, may be a target for disease-modifying drug development.
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1. Introduction the elderly and an ageing population, the prevalence of
Osteoarthritis (OA) is the most common OA is expected to increase’. Obesity was found to
degenerative articular disease and is a major cause of contribute to joint tissues degeneration by producing
pain and disability in adult population. OA is and releasing a plethora of factors called adipokines
considered a disease of the whole joint, which is (ADK)®.  Adipokines are necessary for cell
characterized by articular cartilage degradation, differentiation and hematopoiesis, among other
subchondral bone sclerosis, osteophyte formation, functions. However, such functions depend on their
synovial inflammation, ligaments degeneration, as concentration in the bloodstream. The increase of
well as bone and muscle alterations'. Idiopathic OA is adipokines beyond the optimal concentration has been
the most common form of arthritis and is a debilitating found to be already capable of beginning the low-
progressive disease that affects 60% of men and 70% grade inflammatory process” '°, and could affect joint
of women over the age of 65%°. OA pathogenesis is tissues homeostasis *.
complex since several factors including genetic, ADK are currently considered as key players of
systemic, and local factors interact and initiate a the complex network of soluble mediators involved in
process of cartilage deterioration, with a proliferative the pathophysiology of OA'"'*. Joint cell populations
reaction of subchondral bone and synovial such as chondrocytes and/or synovial fibroblasts may
inflammation *. also produce ADK' ™. This is may explain the
Obesity has been recognized as an important risk association between excess fat mass and the
factor for the incidence and the progression of knee development of OA in non-weight bearing joints in the
OA™ ¢ With obesity set to rise in future years, obese patients' '®. Adipokines are produced in knee
combined with OA being a frequent condition among OA joints by infrapatellar fat pads, synovium,
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chondrocytes, osteoblasts, as well as osteoclasts ' 7.

It was proposed that plasma and synovial fluid
adipokine levels would be related with cartilage
degeneration and synovial inflammation'®.
Adiponectin

ADP is very abundant in plasma and circulates in
high concentrations at about 5-30 ug/mL accounting
for 0.01% of all plasma proteins'. Its expression are
decreased in obese patients’™'. Plasma ADP
concentrations were found to be significantly higher in
OA patients in comparison to healthy controls®.
Serum ADP levels and ADP production from OA
cartilage are higher in patients who had the
radiologically most severe OA*. In addition, serum
ADP concentration is significantly associated with OA
biomarkers and local synovial inflammation'®*,

Some clinical data also support the fact that ADP
could be a protective molecule against development of
OA. An inverse correlation between ADP and disease
severity was reported**. Moreover, it was reported that
OA patients with high ADP concentrations had a
reduced risk for hand OA progression, indicating that
ADP can be a protective molecule against cartilage
damage®. So, adiponectin has controversial role in
OA since it has been exert both protective and adverse
effects in joints.

Leptin

LEP is mainly produced by adipocytes, its levels
correlated with WAT mass and its synthesis regulated
by inflammatory mediators®®. Serum and synovial
fluid LEP concentrations are elevated in obese
individuals' ?’. Synovial fluid LEP levels was
significantly correlated with the radiological severity
of OA, proposing that LEP can be a useful marker for
OA®. LEP is a pro-inflammatory factor and exert a
catabolic effect on OA joints. Higher plasma leptin
concentration was associated with higher odds ratio of
having knee OA, after age, ethnicity and BMI
adjustments®.

Visfatin

Visfatin, also known as pre-B cell colony-
enhancing factor, is a highly conserved, 52-kDa
protein, consists of 491 amino acids in human®> *'.
Visceral adipose tissue is regarded to be more
important source of visfatin than subcutaneous adipose
tissue®. Levels of visfatin in plasma and synovial fluid
are associated with inflammation and clinical disease
activity. Plasma visfatin levels are correlated with C-
reactive protein indicating that it may be related to the
inflammatory process'>*. Visfatin level in synovial
fluid is increased in OA patients with more
radiographic damage compared with patients with less
severe damage. Synovial visfatin levels in grade 4 KL-
scores were significantly higher than those of grade 3
KL-scores™.
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Resistin

Resistin is a cysteine-rich adipose-derived
peptide hormone that in humans is encoded by the
RETN gene™®. Its expression was greater in WAT than
in brown adipose tissue®®. Plasma resistin
concentrations were positively associated with the
prevalence of radiographic KOA. The association
between resistin and the presence of radiographic
KOA was more obvious in OA patients with higher
ADP levels”. In addition, a positive correlation has
been found between synovial resistin levels and
systemic markers of inflammation®®. Moreover,
resistin can stimulate inflammatory cytokines, such as
IL-6 and TNF-a, as well as prostaglandin E2
synthesis.

In general, radiographic examination is used to
confirm the diagnosis of OA. However, the onset of
OA is before radiological diagnosis which seen after
considerable cartilage loss has already occurred.
Therefore, early diagnosis of OA may allow
preventive treatments without the destruction of
joints*. Biomarkers offer a potential alternative mean
for earlier diagnosis of OA even in non-symptomatic
stages. Therefore, the present study aims to clarify the
association of ADK with KOA and their potential to
be used as biomarkers for OA activity. In addition,
assessed its relation with radiological grading and
other variables.

2. Subjects and methods:
Participants

A consecutive 40 patients with symptomatic
primary KOA were participate in this study. All
patients met the FEuropean League Against
Rheumatism (EULAR) 2010 diagnosticcriteria for OA
of the knee joint'’. The study also included 40
apparently healthy subjects as a control group.
Clinical assessment

BMI and parameters of KOA activity and
functional disabilitywereassessed. In addition, the
evidence of radiological changes in patients knees
were detected by plain x-ray. Whereas, xclusion
Criteria were: a)- Inflammatory arthritis b)- Patients
with history of knee trauma, fractures or previous knee
surgery c)- Patients with systemic glucocorticoid
intake in the last 6 months, or intra-articular
glucocorticoid or HA injection in the last 3 or
6 month.
Biochemical assays

After 12 hours fasting, five milliliters venous
blood samples were withdrawn from the antecubital
vein from all subjects (patients and control). Blood
samples were collected on the same day of history
taking and clinical examination. Samples were
immediately ~ centrifuged at 4°C  for mass
measurements of serum concentrations of ADP
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(Quantikine ELISA Human Total ADP/Acrp30), LEP
(DRG International, Inc., USA), resistin (Ray Biotech,
Norcross, GA, USA), andvisfatin (Ray Biotech,
Norcross, GA, USA) using ELISA assay.
Statistical Analysis

All statistical analyses were performed using
SPSS for windows version 20.0 (SPSS, Chicago, IL).
Continuous data were expressed as mean +SD, while
categorical data were expressed in number and
percentage. The differences between two groups or
more were determined using independent samples
Student’s t test or ANOVA test respectively for
variables with continuous data or chi-square test for
variables containing categorical data. The correlation

between two variables determine by Pearson
correlation test. Statistical significance was set at
p<0.05.

3. Results

Demographic and biochemical characteristics of
patients:

The current study consisted of 40 KOA patients
(29 females and 11 males) and 40 healthy volunteers
as control group. Tablel deals with characteristics of
this population, the average age of the patients and
control was 54.8 +6.7 years and 55.3 +6.6 years
respectively. Whereas, the average BMI in the OA
patients was 27.3 +2.8 kg/m” and the average BMI in
the controls was 25.1 £2.2 kg/m®. For all patients
included in the study, the average level of serm
adiponectin, leptin, visfatin, and resistin were
significantly higher in the serum of the KOA patients
group in comparison to the controls group (P=0.008,
0.002, and p<0.001 for the last two wvariables
respectively), Figl.
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Effect of age, BMI, the parameters of KOA activity
and functional disability and other variables on
adipokines.

The present study reveals that the BMI is
significantly correlated with serum ADP, LEP,
visfatin, and with resistin (P =0.008, 0.024, 0.010, and
0.013 respectively). Whereas, the age of the patients
did not show a correlation with adipokines, table 2.
When the analysis was restricted to gender, the female
patients showed significantly higher serum level of
ADP, and LEP than in the males (P = 0.016 and
0.011). Whereas, serum level of the resistin in male
KOA patients was significantly higher than in the
female, P =0.021), and the serum level of visfatin did
not differ significantly between the female and male
KOA patients, P = 0.062. On the contrary, no
correlation was found between duration of KOA and
serum adipokines levels, table3.

Regards the parameters of KOA activity and
functional disability our results estimated that the
serum ADP level was significantly correlated with
knee tenderness (P =0.003), VAS pain (P =0.006),
activity score (P =0.013) and Womac score (P
=0.007), Fig.2. Morever, the serum LEP level was
significantly correlated with knee tenderness (P
=0.003), VAS pain (P=0.005), activity score
(P=0.012) and Womac score (P=0.006) (table4, Fig.3).

On the other hand, serum visfatin and resistin
levels were significantly correlated with activity score
(P=0.032 and P=0.019, respectively) and with Womac
score (P=0.018 and P=0.011) but did not show
significant correlation with the tenderness score nor
VAS-pain, Fig4,5. In addition, there were significant
correlations had been found between the serum
adipokines (ADP, LEP, visfatin, and resistin) with
KL-grade of x-ray and with the US osteophyte grade.
The correlation or association between all variables
and adipokines were summarized in table 4.

m KOA patients
m Confrols

Resistin (ng/mi)

Fig.1. Serum ADP, LEP, visfatin, and resistin levels in the KOA patients and the controls
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Table 1. Demographic and biochemical characteristics of the OA patients and controls

KOA patients Controls Student’s t test

Mean =SD Mean £SD T P
Age (years) 54.8 £6.7 55.3+6.5 0.356 0.723
Sex (n, %)
Females 29, 72.5% 25, 62.5% 0.912* 0.340
Males 11,27.5% 15,37.5%
BMI (kg/m?) 273428 251422 0.402 0.689
ADP (png/ml) 16.5+£8.6 12.1+5.7 2.715 0.008
LEP (ng/ml) 47.5+23.9 33.5+14.4 3.158 0.002
Visfatin (ng/ml) 29.6 +5.9 27.4+3.6 4.377 <0.001
Resistin (ng/ml) 14.1 +4.2 10.8 £2.9 4.111 <0.001

* X?, Chi square test

Table 2. Correlation of serum adipokines levels with age and BMI

Age BMI

R p r P
ADP 0.023 0.840 0.416 0.008
LEP 0.033 0.771 0.356 0.024
Visfatin 0.051 0.655 0.402 0.010
Resistin 0.102 0.366 0.389 0.013

Table 3. Correlation of adipokines with knee osteoarthritis

Serum levels
between
genders

Duration of

Adipokines BMI

KOA

Tenderness

UsS
osteophyte
grade

Activity
score

=) (ghnl) ] Positive | female > male | Unclear | Unclear Positive Positive | Positive | Positive | Positive Positive
0 00 ATV Positive | female > male | Unclear | Unclear Positive Positive | Positive | Positive | Positive Positive
X:;f::;)n Positive | Unclear Unclear | Unclear Unclear Unclear |Positive | Positive | Positive Positive
glegs/l;ltll)n Positive | male > female |Unclear | Unclear Unclear Unclear | Positive Positive | Positive Positive

Table 4. Correlation of ADP, LEP, visfatin and resistin serum levels with the parameters of KOA activity and

functional disability

Tenderness | VAS-pain Activity score | Womac score i gk GiUs  GEepl
X-ray grade

r P r P r P R P r p r P
ADP 0.461 10.003 10.426 |0.006 [0.390 |0.013 |0.422 |0.007 |0.348 |0.028 |0.334 0.035
LEP 0.455 10.003 |0.439 [0.005 {0.395 |0.012 |0.425 |0.006 {0.339 |0.032 |0.335 0.034
Visfatin |0.114 |0.485 |0.265 |0.098 [0.339 |0.032 |0.373 |0.018 |0.366 |0.020 |0.349 0.027
Resistin [0.304 |0.056 |0.267 [0.096 [0.369 |0.019 {0.399 |0.011 |0.347 |0.028 |0.322 0.043
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