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Abstract 

Introduction: rheumatoid arthritis (ra) is the most widespread chronic inflammatory rheumatic 
disease over the world. It is characterized by chronic proliferation of synovium, cartilage destruction, 
and periarticular erosion/bone loss. we investigated the serum levels of the C-telopeptide of type II 
collagen (CTX-II), dickkopf-1 (dKK1), and cartilage oligomeric matrix protein (CoMP) in relationship 
to the disease activity. 

Material and methods: serum CoMP, CTX-II, and dKK1 levels were measured in 63 ra patients 
and 50 person age and gender matched as a healthy controls by elIsa test. disease activity score 
(das) were calculated. 

Results: The mean level of and CoMP and CTX-II were significantly higher in patients with ra than 
in healthy controls (5.71 ±7.04 vs. 2.70 ±1.31 ng/ml, and 0.45 ±0.27 vs. 0.23 ±0.16 ng/ml, respective-
ly; p < 0.001). also, dKK1 serum levels were significantly higher in patients with ra than in healthy 
controls (6970.68 ±7566.68 vs. 3276.96 ±1306.77 pg/m; p < 0.001). There was a positive significant 
correlation between dKK1 and swollen joint (r = 0.42, p < 0.001). There were no significant differences 
in the number of patients, gender, the duration of ra disease, das, and rF. sensitivity was 58.7% and 
specificity was 85.7% at a cut-off point (> 3.6 ng/ml) for serum CoMP in ra patients, while, sensitivity 
was 100% and specificity was 52.4% at a cut-off point (> 0.15 ng/ml) for serum CTX-II and sensitivity 
was 68.3% and specificity was 95.2 % at a cut-off point (> 4876 pg/ml) for serum dKK1. 

Conclusions: Measurement of some serological biomarkers such as CTX-II, CoMP, and dKK1 
that reflect bone and cartilage destruction in ra patients could be used to indicate disease activity and 
early joint affection. 

Key words: rheumatoid arthritis (ra), C-telopeptide of type II collagen (CTX-II), dickkopf-1 
(dKK1), cartilage oligomeric matrix protein (CoMP), disease activity. 
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Introduction 
Rheumatoid arthritis (RA) is characterized by chron-

ic proliferation of synovium, cartilage destruction, and 
periarticular erosion/bone loss [1]. This strong interface 
between subchondral bone, cartilage, and synovial mem-
brane of the inflamed joint induce a release of particular 
protein fragments into the serum and urine, which may 
be used as specific biomarkers [2]. The articular ligament 
predominantly comprises of two essential lattice proteins 
sort II collagen and proteoglycans including aggrecan. Sort 
II collagen is framed by the relationship of three indistin-

guishable α1 chains, in a triple helix aside from the two 
finishes, in the C- and N-telopeptides. They are integrated 
by synovial cells and chondrocytes because of the impact 
of development of components and cytokines [3-5] with 
the arrangement of neoepitopes, which are discharged into 
the dissemination and discharged in urine. In scientific in-
vestigations, a relationship between urinary sort II collagen 
C-telopeptide (u) CTX-II and radiographic hip joint space 
narrowing and hip torment was discovered [6, 7]. 

Cartilage oligomeric matrix protein (COMP) is a 435-kDa 
homopentameric non-collagenous extracellular matrix pro-



Central European Journal of Immunology 2020; 45(1)

Naglaa K. Idriss et al.

74

tein of the thrombospondin family with calcium binding 
proteins [8]. COPM is essentially situated in the hyaline lig-
ament on a very basic level to hold on the integrity of colla-
gen arrange; it is additionally present in ligaments, skin, and 
synovial fibroblasts [9, 10]. COMP has been broadly consid-
ered in RA, with a few reviews presuming that COMP can 
possibly be an analytic and prognostic pointer, a marker of 
ailment seriousness, and a marker of the impact of treatment 
[11-17]. Though, different analysts indicated contradicting 
sees for the utilization of COMP as a natural marker for 
RA [18-20]. This shows the need for a more noteworthy 
comprehension of the biochemical ramifications of COMP 
in RA finding, forecast, and treatment observing. 

While most conditions of arthritis include joint remodel-
ing, a unique feature of RA is the existence of bone erosion 
only without signs of repair (osteophytes). It has been sug-
gested that suppression of signaling in the Wingless (Wnt) 
signaling pathway is the key master in the imbalance be-
tween bone resorption and replacement signals in RA joints 
[21]. Activation of the “canonical Wnt signaling pathway” 
(involving Wnt and β-catenin) upregulates osteoprotegerin 
(OPG), which blocks RANKL-induced osteoclastogenesis 
and results in the inhibition of bone resorption [22-24]. 

Dickkopf-1 (DKK1), an endogenous inhibitory factor in 
the canonical Wnt signaling, could augment the expression 
of the osteoclast differentiation factors and RANKL together 
with the decrease in the expression of OPG. In addition, 
a results of a study have shown a vital part of DKK1 in the 
advancement of synovial angiogenesis [23]. Moreover, other 
researches have demonstrated that upregulation of DKK1 
may actuate tumor corruption figure receptor-1 tumor necro-
sis factor (TNF receptor-1) in developing particular mesen-
chymal cells [25, 26], and TNF-α inhibitor could downreg-
ulate DKK1 in ankylosing spondylitis [27]. 

The objective of this study was to evaluate differences 
in serum levels of CTX-II, COMP, and DKK1 in patients 
with RA compared to healthy controls, and to investigate 
the correlation between these markers and disease activity. 

Material and methods 
Sixty-three patients fulfilling the 2010 ACR-EULAR 

classification criteria for RA [28] were recruited from the 
in-patients and out-patients’ clinic of the Rheumatology, 
Rehabilitation, and Physical Medicine Department of As-
siut University hospitals. Full history recording with thor-
ough general and musculoskeletal examination (age, sex, 
disease duration, age of onset, duration of morning stiff-
ness, presence of extra-articular manifestations, and their 
current treatment) were completed. 

The disease activity in RA patients was assessed by 
the 28 joint count disease activity score (DAS28), using 
the number of swollen and tender joints, erythrocyte sedi-
mentation rate (ESR), and patient’s global status and pain 

evaluated by the visual analogue scale (VAS), ranging 
from 0 to 100 mm [29]. 

Fifty persons age and sex matched apparently healthy 
individuals from the hospital personnel; undergraduates, 
medical, and nursing staffs were also included as a control 
group. The local ethics committee approved the study and 
all participants gave a written informed consent before being 
enrolled into the study. 

Serum samples and laboratory measures 

Five milliliters of peripheral blood were collected after 
an overnight fasting from each patient and control partici-
pant in two EDTA tubes. One set of the tubes were used for 
complete blood count (CBC), first-hour erythrocyte sedi-
mentation rate (ESR) by Westergren’s method in mm/hour, 
and rheumatoid factor (RF) tests in the same day of blood 
collection. The other samples were allowed to clot and cen-
trifuged at 3,000 rpm for 20 min, after which, a serum were 
collected, aliquoted, and kept frozen at −20°C until analysis 
in the biochemistry lab. Assays were carried out to deter-
mine serum levels of CTX-II, COMP, DKK1,TNF-α, and 
interleukin 17 (IL-17) by a sandwich enzyme-linked immu-
nosorbent assay (ELISA). 

Assays were carried out to determine serum levels of 
COMP, CTX-II, DKK1,TNF-α, and interleukin 17 (IL-17) 
utilizing monoclonal antibodies directed against separate 
antigens of human serum COMP, CTX-II, and DKK1. The 
kits for COMP and CTX-II assay were provided by Elab-
science Biotechnology Co., while DKK1 was provided by 
Thermo-Fisher Scientific. These sandwich ELISAs were 
carried out according to the supplier’s protocols, and op-
tical densities were determined using an automated reader 
(BioRad Co., USA). 

Statistical analysis of data 

The clinical and laboratory data were collected, catego-
rized, and processed by Statistical Package for Social Scienc-
es (SPSS), version 20. Continuous data were expressed as 
mean ±standard deviation (SD), while the categorical data 
were expressed as numbers and percentages. For statistical 
evaluation, unpaired Student’s t-test was used for comparison 
of continuous variables between the two groups. Mann-Whit-
ney u test was used to compare non-parametric variables. 
Categorical data were analyzed by the χ2 test. Spearman rank 
correlation coefficient was used to evaluate the correlation 
between different parameters in each group and also with 
studied risk factors. Multivariate logistic regression analysis 
of variables was additionally used. A probability (p-value) of 
< 0.05 was considered statistically significant. 

The threshold value for optimal sensitivity and specifici-
ty of our markers were determined by the receiver operating 
characteristics (ROC) curve, which was plotted by calculat-
ing sensitivity and specificity at several cut-off points. The 
ROC curve can be used to select the best cut-off for identify-
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ing the sensitivity and specificity of the diagnostic test. The 
area under the curve (AUC) of the ROC plots ranged from 
1.0 (perfect separation of test values into two groups) to 0.5 
(no distributional differences). An AUC > 0.7 indicated a dis-
criminating strength of statistical significance and AUC > 0.8 
indicated excellent discriminating power of the test [30]. 

Results 
Sixty-three patients were enrolled into this study, with 

57 females and 6 males. Healthy control (n = 50) consisted 

of 38 females and 12 males (p = 0.170), with a mean age 
of 45.89 ±11.39 years and 44.92 ±9.65 years, respectively  
(p = 0.632). All the patients were diagnosed with rheu-
matoid arthritis, and the mean duration of disease was  
8.3 ±6.05 in years, morning stiffness was 0.36 ±0.55 in hours, 

Table 1. Demographic data for both rheumatoid arthritis 
(RA) patients and controls, and clinical data for RA pa-
tients 

Parameter RA patients
(n = 63)

Controls
(n = 50)

p-value

n % n %

Age, years 45.89 ±11.39 44.92 ±9.65 0.632

Gender

Male 6 9.5 12 24.0 0.170

Female 57 90.5 38 76.0

Disease duration, years 8.3 ±6.05

Morning stiffness, hours 0.36 ±0.55

Number of swollen joints 2.49 ±2.55

Number of tender joints 6.69 ±5.81

Patient global score 16.69 ±16.15

DAS28 4.41 ±1.17

Grads of DAS28

Remission 4 6.3

Low 6 9.5

Moderate 35 55.6

High 18 28.6

Rheumatoid factor

Positive 57 90.5

Negative 6 9.5

Medications (dose range) 

DMARDs 

MTX (12.5-20 mg) 47 74.6

Leflunomide (20 mg) 30 47.6

HCQ (200-400 mg) 53 84.1

SSZ (500-2000 mg) 8 12.6

NSAIDs 24 38

Steroids prednisolone  
(2.5-15 mg) 

19 30.1

HCQ – hydroxychloroquine, MTX – methotrexate, SSZ – sulfasalazine, 
DMARDs – disease-modifying anti-rheumatic drug, DAS – disease activity 
score, NSAIDS – non-steroidal anti-inflammatory drugs 

Table 2. Comparison between rheumatoid arthritis (RA) 
patients and controls regarding markers 

Parameter RA patients 
(n = 63)

Controls 
(n = 50)

p-value

COMP ng/ml 5.71 ±7.04 2.70 ±1.31 < 0.001**

CTX-II ng/ml 0.45 ±0.27 0.23 ±0.16 < 0.001**

DKK1 pg/ml 5619.1 ±1731.4 3276.96 
±1306.77

< 0.001**

TNF-α pg/ml 6.4 ±2.25 1.55 ±0.61 < 0.001**

IL-17 pg/ml 14.3 ±3.88 5.86 ±1.09 < 0.001**

TNF-α – tumor necrosis factor α, IL-17 – interleukin 17, * statistically 
significant difference (p < 0.05), ** statistically significant difference (p < 0.01)

COMP ng/ml CTX-II ng/ml DDK1 pg/ml 
AUC: 0.65 AUC: 0.79 AUC: 0.87
Cut-off: > 3.6 Cut-off: > 0.15 Cut-off: > 4876
Sensitivity: 58.7% Sensitivity: 100% Sensitivity: 68.3%
Specificity: 85.7% Specificity: 52.4% Specificity: 95.2%
PPV: 92.5% PPV: 86.3% PPV: 97.7%
NPV: 40.9% NPV: 100% NPV: 50%
Accuracy: 72.2% Accuracy: 76.2 Accuracy: 81.8%

AUC – area under the curve, PPV – positive predictive value, NPV – negative 
predictive value 

Fig. 1. ROC curve of COMP, CTX-II, and DKK1 between 
RA patients and control group
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and the mean of DAS28 score was 4.41 ±1.17. Fifty-seven 
patients were rheumatoid factor (RF) positive (90.5%). All 
this data are presented in Table 1. 

Table 2 shows the comparison between RA patients 
and control regarding markers. The mean levels of se-
rum COMP in ng/ml, CTX-II in ng/ml, DKK1in pg/ml, 
TNF-α pg/ml, and IL-17 pg/ml were 5.71 ±7.04, 0.45 
±0.27, 5619.1 ±1731.4: 2.70 ±1.31, 0.23 ±0.16, 3276.96 
±1306.77, 6.4 ±2.25: 1.55 ±0.61, and 14.3 ±3.88: 5.86 
±1.09, respectively, with highly significant difference 
(p = 0.001, for five biomarkers). 

COMP showed sensitivity of 58.7 % and specificity of 
85.7%, with cut-off value > 3.6 ng/ml, CTX-II demonstrated 
sensitivity of 100% and specificity of 52.4%, with cut-off val-
ue > 0.15 ng/ml, and also DKK1 showed sensitivity of 68.3% 
and specificity of 95.2%, with cut-off value 4876 pg/ml 
(Fig. 1). 

Table 3 shows a correlation of serum levels of COMP, 
CTX-II, and DKK1 with the age, disease duration, morning 
stiffness, number of swollen joint, number of tender joint, 
patient global assessment, DAS28, WBCs, ESR, HB, plate-
let count, TNF-α, and IL-17. COMP were significantly 

correlated with number of swollen joint, No of tender joint, 
patient global assessment, DAS28, ESR, HB, TNF-α, and 
IL-17 (r = –0.28, p < 0.026; r = –0.33, p < 0.007; r = –0.4, 
p < 0.001; r = –0.52, p < 0.001; r = –0.39, p < 0.002;  
r = 0.25, p < 0.04; r = –485, p = 0.000; and r = –0.425,  
p = 0.001), respectively. CTX-II was significantly correlat-
ed only with patient age (r = 0.28, p < 0.026). DKK1 serum 
levels were significantly correlated with number of swol-
len joint, number of tender joint, patient global assessment, 
DAS28, ESR, HB, and platelet count (r = 0.5, p < 0.001;  
r = 0.67, p < 0.001; r = 0.42, p < 0.001; r = 0.8, p < 0.001;  
r = 0.43, p < 0.001; r = –0.49, p < 0.001; r = 0.3, 
p < 0.001), respectively. 

To investigate the correlation between the CTX-II con-
centration and the histopathological aging of articular car-
tilage, degeneration was detected as a significant correla-
tion between CTX-II and age, with p < 0.05. Furthermore, 
there was a highly significant correlation between COMP 
and DKK1 levels and grades of disease activity (DAS28) 
activity, with p < 0.001 (Table 4). Linear regression for the 
three markers are presented in Table 5. 

Table 3. Correlation between COMP, CTX-II, and DKK1 with clinical and laboratory data of the rheumatoid arthritis 
patients 

Parameter COMP ng/ml CTX-II ng/ml DKK1 pg/ml

R p R p R p

Age, years 0.03 0.838 0.28 0.026* 0.004 0.975

Disease duration, years –0.13 0.324 0.002 0.988 0.09 0.458

Morning stiffness in hours 0.04 0.819 0.07 0.714 0.37 0.053

Number of swollen joints –0.28 0.026* –0.19 0.141 0.5 < 0.001**

Number of tender joints –0.33 0.007** –0.16 0.218 0.67 < 0.001**

Patient global score –0.4 0.001** –0.18 0.166 0.42 0.001**

DAS28 –0.52 0.001** –0.18 0.161 0.78 < 0.001**

WBCs –0.13 0.304 0.17 0.192 0.11 0.393

HB level 0.25 0.044* 0.14 0.264 –0.49 < 0.001**

Platelet count –0.23 0.069 –0.09 0.452 0.3 0.017*

ESR –0.39 0.002** –0.04 0.749 0.43 0.001**

TNF-α pg/ml –485 0.000** –0.190 0.136 0.242 0.057

IL-17 pg/ml –0.425 0.001** –0.168 0.187 0.213 0.094

DAS – disease activity score, WBCs – white blood cells, HB – hemoglobin, ESR – erythrocytes sedimentation rate, TNF-α – tumor necrosis factor α,  
IL-17 – interleukin 17; * statistically significant correlation (p < 0.05), ** statistically significant correlation (p < 0.01)

Table 4. Correlation between COMP, CTX-II, and DKK1 with grades of DAS28 

Parameter Remission Low Moderate High p-value

COMP ng/ml 13.56 ±12.26 13.67 ±13.26 4.71 ±3.22 2.4 ±2.41 < 0.001**

CTX-II ng/ml 0.52 ±0.22 0.45 ±0.18 0.49 ±0.29 0.37 ±0.28 0.093

DKK1 pg/ml 3201.2 ±512.57 3485.57 ±456.63 5128.4 ±616.5 7867.95 ±618.87 < 0.001**

DAS – disease activity score
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Discussion 
In spite of the fact that the determination of RA trans-

fers on an accumulation of signs and manifestations bol-
stered by serology radiograph, there is a difficulty in build-
ing an early finding method for RA [31]. Besides, already 
established clinical example, RA has a tendency to rise 
after some time, and deficient example is frequently in-
troduced in the early months or even years of the disease. 

The prognostic significance of CTX-II debasement 
markers for ligament harm has been built up in various 
models of degenerative joint pain, for example, osteoarthri-
tis (OA) [32-34]. Additionally, Mazieres et al. [35] recog-
nized that patients with difficult hip OA in whom urinary 
CTX-II qualities were in the upper quartile of the disper-
sion had a more serious danger of movement than patients 
in the lower two quartiles of the circulation. Moreover, 
patients with excruciating hip OA in whom urinary CTX-
II qualities were in the upper quartile of the dispersal had 
a predominant danger of development than patients in the 
lower two quartiles of the dispersal. In our study, we found 
that CTX-II serum levels were altogether superior in RA 
patients contrasted with the solid gathering, which concurs 
that these ligament digestion variables might be tangled in 
the pathogenesis of RA. Furthermore, our study revealed 
that there was a strong correlation between serum levels 
of CTX-II and age, and thus it was related to the severity 
of articular cartilage degeneration and histopathological 
changes in the articular cartilage. This was in agreement 
with other studies who reported that CTX-II and RA were 
proposed as feasible biomarkers for early detection and 
monitoring of arthritic diseases, and their concentrations 
imitated the processes that was unswervingly implicated in 
the synthesis or degradation of articular cartilage and bone 

mineralization, which permitted a valuation over smaller 
periods of time compared to conservative radiography 
[23]. Good correlation of the levels of CTX-II to the stern-
ness of knee cartilage blemishes on MRI in subjects with 
principally normal outcomes on radiographs has also been 
reported [13]. In humans, high concentrations of CTX-II 
levels in children to young adults (20 to 25 years) were de-
fined, and steady levels were perceived in adults between 
30 and 50 years [36]. However, high CTX-II levels and 
cartilage turnover were observed in young rats from 5 to 7 
months of age [36]. 

The results of Mazieres et al. indicated an agreement 
with our review, there were a critical raises of C-receptive 
protein (CRP) before the start of clinical sickness [35]. In 
this manner, demonstrating the symptomatic estimation of 
serum CTX-II in the early motioning of joint aggravation is 
comparable to the benefit of measuring a systemic marker 
of irritation (CRP). Gradually, these discoveries will assign 
that CTX-II is an early pointer of joint aggravation as well 
as an impression of dynamic ligament harm. In our study, 
we found that serum CTX-II demonstrated affectability of 
100% and specificity of 52.4%, with cut-off > 0.15 ng/ml, 
However, Jung et al. perceived that an uCTX-II exhibited 
a specificity of 87.5% and affectability of 75.5% for antici-
pating X-beam characterized knee OA [37]. 

A couple of years back, serum COMP test was pro-
pelled as the new marker for determination of RA. Our 
review uncovered that patients with RA had factually ex-
panded serum COMP levels contrasted with the controls, 
and that the levels were contrarily associated with ESR, 
inflammatory cytokines (TNF-α, IL-17), the quantity of 
swollen joints, delicate joints, quiet worldwide score, and 
the DAS28 score. Furthermore, serum COMP level of 3.6 

Table 5. Linear regression for COMP, CTX-II, and DKK1 

Parameter COMP CTX-II DKK1

Age, years β t Sig. β t Sig. β t Sig.

Disease duration, years 0.095 0.558 0.584 0.479 1.777 0.095 0.234 1.329 0.202

Morning stiffness in hours 0.121 0.795 0.438 –0.160 –0.664 0.516 0.330 2.101 0.052

Number of swollen joints 0.094 0.570 0.577 0.107 0.415 0.684 –0.042 –0.246 0.809

Number of tender joints 0.458 2.040 0.058 –0.298 –0.840 0.413 1.126 4.860 0.000**

Patient global score 1.310 2.669 0.017* –0.965 –1.247 0.230 1.314 2.596 0.019*

DAS28 0.155 0.571 0.576 –0.527 –1.229 0.237 0.588 2.098 0.052

ESR –1.874 –2.785 0.013* 1.454 1.370 0.190 –2.052 –2.958 0.009**

WBCs 0.294 0.987 0.339 –0.584 –1.245 0.231 0.901 2.938 0.010*

HB level 0.040 0.226 0.824 0.258 0.927 0.368 0.077 0.425 0.677

Platelet count 0.126 0.740 0.470 0.051 0.191 0.851 –0.132 –0.754 0.462

TNF-α, pg/ml –0.416 –2.101 0.040* –0.341 –1.555 0.125 0.205 0.932 0.355

IL-17, pg/ml –0.084 –0.422 0.675 0.112 0.509 0.613 0.045 0.203 0.840

DAS – disease activity score, WBCs – white blood cells, HB – hemoglobin, ESR – erythrocytes sedimentation rate, TNF-α – tumor necrosis factor α ,  
IL-17 – interleukin 17, * statistically significant predictor (p < 0.05)
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ng/ml was the ideal cut-off, an incentive for perceiving 
between RA patients and sound subjects, where the rate 
of effectively grouped patients was 58.7% (i.e. affectabil-
ity) and the rate accurately delegated not having RA was 
85.7% (i.e. specificity). These discoveries were in con-
currence with a study of El Defrawy et al., who revealed 
a fundamentally higher serum COMP in patients with RA 
contrasted to healthy subjects; nonetheless, serum levels 
were emphatically related to joint degradation [38]. 

Moreover, the negative relationship between serum 
COMP levels and both ESR and RF, presented predictable 
theory that aggravation and tissue demolition were not spe-
cifically connected in RA [39]. Additionally, Wisłowska’s 
and Jabłońska’s reviewed obviously maintained part for 
serum COMP as a marker, reflecting that the procedures 
were not specifically connected to the irritation in RA [40]. 
Thus, it was reported that expanded COMP levels in RA 
could be a potential marker of articular ligament harm [11] 
or it may reflect ligament turnover [41]. In view of this, we 
can state that serum COMP levels can possibly be utilized 
as an organic biomarker of inflammation and ligament di-
gestion before radiographic discoveries in RA, which is by 
all accounts not connected with the fiery occasions. Never-
theless, it is still not clear whether the pattern level or the 
transient change in serum COMP levels is a superior indi-
cator of joint devastation. The serum COMP levels in RA 
patients might be influenced by changing of medications 
during the course of disease, which may reflect ligaments 
harm. Along these lines, an estimations of this marker 
should be perceived that require additional clinical and 
longitudinal investigations of different varieties in COMP 
serum and its relationship with joint pain manifestations. 

We additionally discovered expanded serum DKK1 
levels in RA patients comparing to sound controls. Prom-
inently, these abnormal states were decidedly connected 
with ESR, the quantity of swollen joints, delicate joints, 
quiet worldwide score, and the DAS28 score. 

Our assessment agrees with the past review by Diarra 
et al. who evaluated DKK1 level both in serum and in the 
synovium of RA patients [42]. They concluded that DKK1 
level was hoisted inside the synovium of RA patients than 
osteoarthritis patients, while serum DKK1 level was higher 
in RA patients than in healthy subjects. Furthermore, DKK1 
level emphatically corresponded with infection movement 
[42] and the blockage of DKK1 terminated bone disintegra-
tion in an incendiary mouse model. In addition, Daoussis 
et al. revealed that serum levels of DKK1 were altogether 
expanded in patients with RA, which related with increased 
danger of bone disintegrations and osteoporosis [43]. Be-
sides, a noteworthy reduction in the serum levels of DKK1 
was seen with TNF-adversary treatment in those patients 
[42]. Moreover, in our study, we found that DKK1 level 
is a critical marker of disease progress, as it is altogether 
directly raised in high action RA patients as compared with 

patients with low action or those excluded. Thus, DKK1 
may fill in as another clinical biomarker for RA patients. 

Conclusions 
Measurement of some serological biomarkers such as 

COMP, CTX-II, and DKK1 that reflect bone and ligament 
demolition in RA patients could be utilized to demonstrate 
early joint affection and disease progression, however, 
with low affectability and specificity. The COMP serum 
is a potential biomarker in RA, which indicates disease 
activity and damage to the articular cartilage as well as to 
monitor treatment efficacy. 
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