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ABSTRACT
Objectives: This study aims to evaluate the biomarkers of bone formation and resorption to determine the mechanism of bone deformities in 
patients with rheumatoid arthritis (RA).
Patients and methods: Thirty patients (9 males, 21 females; mean age, 51.5 years; range 23 to 73 years) with RA and 19 healthy individuals (7 males, 
12 females; mean age 51 years; range 24 to 61 years) were included in this study. Patients with RA were subgrouped according to disease activity 
(active, n=21, mean age 53.0; range 37 to 73 years; inactive, n=9, mean age 46.0; range 23 to 62 years). Levels of receptor activator of nuclear factor 
kappa B ligand (RANKL), osteoprotegerin (OPG), tartrate-resistant acid phosphatase-5b, tumor necrosis factor-alpha (TNF-α), cathepsin-K, and 
activity of matrix metalloproteinase-3 (MMP-3) were measured in patient and control groups with enzyme-linked immunosorbent assay method.
Results: Levels of RANKL, OPG, cathepsin-K, TNF-α and MMP-3 activities of the patients were significantly higher when compared with the controls 
(p<0.05). A comparison of the active and inactive patients with RA revealed that OPG levels and MMP-3 activities were significantly higher in active 
group than inactives (p<0.05), while there was no significant difference in TNF-α, RANKL levels, and tartrate-resistant acid phosphatase-5b and 
cathepsin-K activities between two groups (p>0.05).
Conclusion: Increased RANKL, OPG, TNF-α, cathepsin-K levels and MMP-3 activities in RA patients demonstrated that these parameters are related 
to bone deformities which occur in the process of RA. Widespread use of these parameters may be beneficial for the early diagnosis and effective 
treatment of RA and similar diseases resulting in bone deformities in the future.
Keywords: Cathepsin-K; matrix metalloproteinase-3; receptor activator of nuclear factor kappa B ligand; rheumatoid arthritis; tumor necrosis factor alpha.

Rheumatoid arthritis (RA) is a common chronic 
autoimmune disorder characterized by synovial 
inflammation. Bone loss in the inflamed joints 
occurs in the early stage of the disease, followed by 
the destruction of articular cartilage and bones.1,2 
The pathogenesis of this disabling disease is not 
well understood, various genetic, epigenetic and 
environmental factors are thought to play a role 
in the establishment of RA.3

An abnormal proliferation of T cells which 
causes differentiation and maturation of 
osteoclasts is an important characteristic of RA. 

T cells secrete soluble cytokines such as receptor 
activator of nuclear factor kappa B ligand 
(RANKL), tumor necrosis factor alpha (TNF-a) 
and thereby directly induce the formation and 
differentiation of osteoclasts.4 RANKL is critical 
for the bone resorption process. It interacts with 
its receptor activator of nuclear factor kappa B 
(RANK) and so stimulates osteoclast migration, 
fusion, activation and survival.5,6 Osteoprotegerin 
(OPG) is a soluble glycoprotein which blocks 
the RANKL/RANK interaction and inhibits the 
activation of osteoclast.7 It is a protein with 
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homology to members of the TNF receptor family 
and secreted by many cell types in addition to 
osteoblasts.8

Cathepsin K is a tissue specific protease. 
Since cathepsin K plays an essential role in 
osteoclast function and in the degradation of 
protein components of the bone matrix, it has an 
important role in bone remodeling and resorption 
in diseases such as osteoporosis and inflammatory 
arthritis.9,10

Matrix metalloproteinases (MMPs) are critically 
involved in extracellular matrix breakdown and 
production, act as key mediators of the resorption 
of cartilage, bone and synovial fluid.11 MMP-3 can 
degrade many components of the extracellular 
matrix, and plays a key role in cartilage and joint 
destruction.12

Tartrate-resistant acid phosphatase (TRAP) 
belongs to a family of acid phosphatase isoenzymes 
found in bone, and is an iron-containing enzyme 
expressed in bone resorbing osteoclasts.13,14 
Human TRAP exists as two distinct isoforms, 
5a and 5b. TRAP-5b is derived from osteoclasts, 
and has been used as a potential marker to assess 
the bone resorption rate.14

Tumor necrosis factor is one of the more potent 
osteoclastogenic cytokines produced in the setting 
of inflammation that plays an important role in 
the pathogenesis of autoimmune inflammatory 
diseases. TNF-a is an activating factor for the 
osteoclast and key mediator of inflammation 
process in patients with inflammatory arthritis.15,16

Various studies have aimed to clarify the 
mechanisms of bone deformities in RA. To 
the best of our knowledge, the levels of OPG, 
RANKL, TRAP-5b, TNF-a, cathepsin K and 
MMP-3 activity in RA have not been studied 
together. Therefore, in this study, we aimed to 
evaluate the biomarkers of bone formation and 
resorption to determine the mechanism of bone 
deformities in patients with RA.

PATIENTS AND METHODS

Thirty patients (9 males, 21 females; mean 
age, 51.5 years; range 23 to 73 years) with RA 
from the Physical Medicine and Rehabilitation 
Department of Erciyes University Medical Faculty 
were included after they had given informed 

consent. The local ethics committee approved the 
study protocol (No: 2011/439), and the study was 
performed in accordance with the Declaration 
of Helsinki. Nineteen healthy subjects (7 males, 
12 females; mean age 51 years; range 24 to 61 
years) were also included as the control group.

Patients were selected according to the 
American College of Rheumatology criteria.17 
Before the study, a complete blood count, routine 
biochemical analyses, C-reactive protein (CRP) 
level and erythrocyte sedimentation rate (ESR) 
testing were performed in all patients. None 
of the patients had any other systemic disease. 
Other exclusion criteria were systemic steroid 
usage, menopause, cigarette smoking or excessive 
alcohol usage.

All patients were subgrouped as active (n=21, 
mean age 53.0 years; range 37 to 73 years) and 
inactive (n=9, mean age 46.0 years; range 23 to 
62 years) according to their CRP and ESR levels. 
A CRP level >8 mg/L and ESR >20 mm/h 
were accepted as indicating the active stage of 
the disease. The Rheumatoid Arthritis Disease 
Activity Index (RADAI) was used for patient and 
physician assessment of disease activity.18

All blood samples were collected in the morning 
after an overnight fast and serum samples were 
stored at -70 °C until assay for analysis. Serum 
levels of OPG (Adipo Bioscience, Santa Clara, 
CA, USA), RANKL (Biovendor, Candler, NC, 
USA), TNF-a (Avi Bion, Helsinki, Finland), 
cathepsin-K (Cusabio, Biotech CO., Ltd., Wuhan, 
Hubei, China), TRAP-5b (Quidel, Los Angeles, 
CA, USA) and MMP-3 activity (eBioscience, 
Vienna, Austria) were measured using commercial 
enzyme-linked immunosorbent assay, according 
to the manufacturer’s instructions and carried out 
in duplicate.

Routine biochemical parameters were 
measured by an autoanalyzer (Architect c16000, 
Abbott Laboratories, Abbott Park, IL, USA) with 
original kits.

Statistical analysis

Statistical evaluation was carried out with the 
SPSS version 15.0 software program (SPSS Inc., 
Chicago, Illinois, USA). For comparison of all the 
variables between patient and control groups, 
Student’s t-test was used. Mann Whitney U test 
was used for non-normally distributed parameters. 
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Spearman correlation analysis was used to explore 
correlations between the variables. Data were 
presented as mean ± standard deviation. P value 
less than 0.05 was considered as statistically 
significant.

RESULTS

There was no statistical difference in age and sex 
distribution between controls and patients, and 
also among RA subgroups (p>0.05). Serum OPG, 
RANKL, TNF-a levels and MMP-3, cathepsin K 
activities were significantly higher in patients with 
RA than in the controls (p<0.001, p<0.035, 
p<0.002, p<0.001, p<0.001, respectively). No 
difference in TRAP-5b activities was observed 
between the patient and the control groups 
(p>0.05) (Table 1).

When subgroups were compared, OPG level 
and MMP-3 activities were significantly higher 
in active group than inactive group (Table 2). 
No differences in serum levels of RANKL, 
TRAP-5b, TNF-a and cathepsin K activities 
were observed between subgroups.

According to the results of correlation analyses 
in patient group, there was no correlation 
between inflammatory parameters of CRP and 

ESR, and OPG, RANKL, TNF-a, MMP-3, and 
cathepsin K.

DISCUSSION

Rheumatoid arthritis is a common systemic 
autoimmune disease characterized by the 
destruction of articular cartilage and bone. It has 
been shown that osteoclasts were responsible for 
bone destruction in RA patients,19 and for osteoclast 
differentiation, an increase in RANKL secretion is 
necessary.4 OPG acts as an effective inhibitor 
of osteoclast activation and bone resorption by 
binding with high affinity to RANKL.6 Our data 
demonstrated that the serum levels of RANKL 
and OPG were significantly higher in patients 
with RA than the controls, indicating that the 
RANKL-OPG system plays a critical role in the 
pathogenesis of RA. Elevated serum levels of 
RANKL and OPG have been reported in patients 
with RA previously.20,21 We also found significantly 
elevated OPG level in active group than inactives. 
Based on the results of our study, it is possible 
that a higher amount of sRANKL requires more 
OPG to block its biologic activity. To compensate 
the RANKL-mediated bone degradation, OPG 
overproduction occurs due to its protective role. 

Table 1. Clinical and laboratory characteristics of rheumatoid arthritis patients and controls

Age (year)   51.67±10.84   49.58±10.19 0.505

Weight (kg)   72.00±14.95   67.72±11.13 0.299

Height (cm)   164.00±0.10   162.58±0.07 0.584

BMI (kg/m2) 25.90 22.94-27.99  24.46 22.86-29.40  0.805

ESR (mm/h) 31.50 19.00-63.00  3.00 2.00-8.00  0.001

CRP (mg/L) 10.78 3.34-26.00  3.34 3.34-3.34  0.002

ALP (IU/L) 95.50 80.25-119.75  57.00 48.00-97.00  0.004

BUN (mg/dL) 15.00 10.75-17.00  12.00 9.00-15.00  0.066

Creatinine (mg/dL) 0.66 0.60-0.84  0.69 0.66-0.80  0.472

OPG (pg/mL) 1716.88 1372.60-2277.81  765.83 529.38-868.44  0.001

RANKL (pmol/L) 2.78 1.42-6.30  1.83 0.77-2.63  0.035

MMP-3 (ng/mL) 45.64 19.36-52.15  8.95 3.71-14.56  0.001

TRAP-5b (U/L)   2.23±0.97   2.80±1.01 0.065

TNF-a (pg/mL) 154.67 106.92-220.75  103.33 70.00-140.33  0.002

Cathepsin K 228.77 136.81-331.05  80.95 70.63-118.65  0.001

RA: Rheumatoid arthritis; SD: Standard deviation; BMI: Body mass index; ESR: Erythrocyte sedimentation rate; CRP: C-reactive protein; ALP: Alkaline 
phosphatase; BUN: Blood urea nitrogen; OPG: Osteoprotegerin; RANKL: Receptor activator of nuclear factor kappa B ligand; MMP-3: Matrix metalloproteinase-3; 
TRAP5b: Tartrate-resistant acid phosphatase-5b; TNF-a: Tumor necrosis factor-alpha.

 Patients with RA (n=30) Controls (n=19)

 Median Range Mean±SD Median Range Mean±SD p
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In contrast to our study, Xue et al.22 reported 
decreased levels of OPG in RA patients.

We evaluated TNF-a levels, a proinflammatory 
cytokine, and its correlation with other parameters, 
because TNF-a has an important role in RA. 
The authors23,24 reported that TNF-a aggravates 
the inflammation response, and leads to the 
acceleration of joint cartilage destruction. 
Moreover, particularly interleukin 17 and TNF-a 
together show a synergistic effect during the early 
phase of RA, and the levels of these two cytokines 
are closely associated with joint deterioration.23 
In accordance with these findings, we observed 
higher levels of TNF-a in RA patients than 
the controls. Therefore, this cytokine is involved 
in bone damage in RA patients. Since TNF-a 
stimulates the expression of RANKL on the cell 
surface of mature osteoclasts,24 the increased 
serum level of this cytokine accompanying with 
RANKL is a significant finding of the present study.

Matrixmetalloproteinases contribute to joint 
damage and are considered the most important 
matrix-degrading enzymes in RA.25 MMP-3 
(also known as human fibroblaststromelysin) is 
a secreted metalloprotease which plays role in 
the destruction of cartilage and bone in RA.26 
MMP-3 activity, which originates directly from 

the inflamed joints, was significantly higher in RA 
patients in this study. This result was similar with 
the data reported on Nah et al.’s study.25 Since 
MMPs are produced by fibroblasts, macrophages, 
synovial cells and chondrocytes in response to 
proinflammatory cytokines such as TNF-a,27,28 
we thought that increased MMP-3 activity may be 
secondary to elevated TNF-a level in RA. In this 
study, MMP-3 activity was much higher in active 
group than inactive group. Consequently, we 
suggest that MMP-3 activity provides information 
about the activity of RA.

Circulating TRAP-5b activity is derived 
exclusively from osteoclasts and is a specific 
marker of bone resorption rate.29 We observed no 
significant difference for TRAP-5b activities both 
between patient and control groups and between 
active and inactive patient groups. A possible 
mechanism is that, increased osteoprotegerin levels 
may downregulate the TRAP-5b activity. Also, the 
small size of patient group may be another cause of 
lower TRAP-5b activities in RA group.

Our results demonstrate that cathepsin K 
is elevated in the serum of patients with RA 
compared with that of a healthy control group. 
It is well accepted that cathepsin K is the major 
osteoclastic proteolytic enzyme responsible for 
bulk collagen degradation during bone remodeling. 

Table 2. Comparison of rheumatoid arthritis patients with respect to disease activity

Age (year)   54.29±9.98   45.56±10.80 0.041

Weight (kg)   73.05±15.69   69.56±13.62 0.567

Height (cm)   163.38±9.79   165.44±10.29 0.606

BMI (kg/m2) 25.39 22.85-31.05  26.81 23.26-27.14  0.790

ESR (mm/h) 53.00 29.50-81.00  13.00 11.00-19.00  0.001

CRP (mg/L) 20.60 6.1933.15  3.34 3.30-4.46  0.001

ALP (U/L) 104.00 87.00-122.00  82.00 65.00-106.00  0.050

BUN (mg/dL) 16.00 12.50-20.50  11.00 8.00-15.50  0.050

Creatinine (mg/dL) 0.68 0.61-0.94  0.66 0.55-0.78  0.326

OPG (pg/mL) 1833 1555.42-2462.71  1358.54 872.08-1742.92  0.032

RANKL (pmol/L) 2.76 1.41-4.75  2.84 1.02-7.25  0.962

MMP-3 (ng/mL)   43.37±17.92   27.07±18.37 0.031

TRAP-5b (U/L)   2.10±1.01   2.56±0.82 0.263

TNF-a (pg/mL) 152.00 108.17-210.00  184.33 92.00-316.83  0.965

Cathepsin K 235.71 154.96-354.76  132.94 94.84-292.66  0.056

SD: Standard deviation; BMI: Body mass index; ESR: Erythrocyte sedimentation rate; CRP: C-reactive protein; ALP: Alkaline phosphatase; BUN: Blood urea 
nitrogen; OPG: Osteoprotegerin; RANKL: Receptor activator of nuclear factor kappa B ligand; MMP-3: Matrix metalloproteinase-3; TRAP5b: Tartrate-resistant 
acid phosphatase-5b; TNF-a: Tumor necrosis factor-alpha.

 Active patients (n=21) Inactive patients (n=9)

 Median Range Mean±SD Median Range Mean±SD p
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Wittrant et al.30 demonstrated OPG to be an 
inhibitor of cathepsin K. Human OPG inhibits 
cathepsin K and TRAP, both osteoclast markers. 
Whereas proinflammatory cytokines such as 
TNF-a induce the expression of cathepsin K.31 
Consequently, increased cathepsin K activity in 
the sera of patients with RA may be related to 
increased TNF-a in this study. Our results were in 
accordance with the literature.32

Our study has some limitations. Firstly, the 
parameters analyzed were bone destruction 
markers, thus this study would be more useful and 
valuable if we had assessed patients radiologically. 
However, we were unable to evaluate association 
of these parameters with radiographic erosion 
due to the limited study time. Secondly, although 
RADAI, which was used for the assessment 
of disease activity, is an index correlating with 
Disease Activity Score in 28 joints, its association 
with bone destruction is controversial.33 For this 
reason, we did not evaluate the relationship of 
RADAI and bone destruction markers.

Based on the results of our study, increased 
levels of OPG, RANKL, TNF-a, and MMP-3 
and cathepsin K activities in RA patients suggest 
that these biomarkers play an important role 
in the disease process of RA. Therefore, we 
believe these parameters may be beneficial for 
clarification of the etiology, early diagnosis, and 
effective treatment of RA in the future. However, 
further studies are required to verify the presence 
of these parameters in patients with early RA, 
and their value as a prognostic factor for bone 
destruction in RA.
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