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ABSTRACT 

Background: Rheumatoid Arthritis (RA) is a chronic and systemic inflammatory disease 

characterized by synovial inflammation and the progressive destruction of joint ligaments and 

bones. CXCR3 is a seven-transmembrane G-protein-coupled chemokine receptor that has been 

appeared to play a vital role in a variety of inflammatory and immunological responses. We aimed 

to evaluate the utility of serum C-X-C chemokine receptor 3 (CXCR3) levels in the diagnosis, 

monitor, and follow-up of RA patients. Methods: Sixty RA patients were divided into 30 early RA 

patients with disease duration < 2 years and 30 longstanding RA patients with disease duration ≥ 2 

years. Thirty healthy subjects were recruited as a control group. Medical history and clinical data 

were taken. All the patients were assessed for erythrocyte sedimentation rate (ESR), C-reactive 

protein (CRP), rheumatoid factor (RF), anti-cyclic citrullinated peptide (anti-CCP), and CXCR3 

serum levels. Results: Serum CXCR3 level was significantly elevated in RA patients compared to 

healthy normal controls with a highly statistically significant difference (p<  0.001). The serum 

levels of CXCR3 were elevated in long-standing RA more than early RA. Serum level of CXCR3 

was only positively correlated with the duration of disease (r=  0.540, p= >0.001) and combined 

treatment (r=  0.296, p=  0.022). Receiver operating characteristic (ROC) curves were plotted for the 

prediction of serum CXCR3 in RA patients. The best cut-off value that indicates the presence of 

early RA disease is 4.026 ng/mL serum CXCR3 with 71.7% sensitivity and 70% specificity (p=  

0.005). Conclusion: Serum CXCR3 is an imperative predictive biomarker for the diagnosis of RA, 

an indicator for early RA disease, and endorses the established RA disease. 
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1. INTRODUCTION  

 
Rheumatoid arthritis (RA) is a chronic and systemic 

inflammatory disease characterized by synovial inflammation 

and the progressive destruction of joint ligaments and bones.1 

RA synovial tissue is regularly described by synovial 

hyperplasia, also called pannus, which is penetrated with 

inflammatory cells. The synovial pannus in RA produces 

proinflammatory cytokines, chemokines, and proteases, 

including monocytes and B and T lymphocytes, attacks and 

destroys cartilage and bone.2 In addition, fibroblast-like 

synoviocytes (FLS) have a central role in synovial pannus 

formation and joint destruction in RA.3 
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The process of leukocyte attack into inflammatory 

sites is basic for the initiation and progression of a variety of 

inflammatory disorders and is controlled through the 

activation and motioning of particular cell surface chemo-

attractant receptors by their related protein ligands, named 

chemokines.4 Furthermore, the migration of T cells to 

destinations of aggravation is mediated by selectins and their 

ligands.5 The guideline of leukocyte relocation is organized 

by initiating cytokines and adhesion molecules. Other than 

that, the enrollment of leukocytes to locales of irritation is 

driven and mediated by the effects of chemo-attractants.6  

It has been demonstrated that T helper1 (Th1) and T 

helper2 (Th2) cells respond differently to several chemokines 

and express different chemokine receptors. C-X-C chemokine 

receptor 3 (CXCR3) is a seven-transmembrane G-protein-

coupled chemokine receptor that has appeared to play a vital 

role in a variety of inflammatory and immunological 

responses. Particularly, the CXCR3 receptor is chiefly 

expressed on the activated Th1 cells.7 

RA is a constant immune system illness depicted by 

steady synovitis. Since chemotactic cytokines (chemokines) 

may play critical roles in the enlistment of leukocytes in RA, 

investigation for the expression of chemokines and their 

receptors should provide insight into events in synovial 

irritation of RA.8, 9 

Chemokines have a strong significant role in joint 

inflammation, not only by inducing leukocyte chemotaxis but 

also by activating immune cells and angiogenesis.10 It was 

demonstrated that the expanded articulation of Th1-related 

cytokines in cells of synovial liquid and synovial tissue 

guessed that Th1 cells may play an active role in the 

development of autoimmune responses in RA.11 

Therefore, the purpose of this study was to evaluate 

the utility of serum CXCR3 levels in the diagnosis, monitor, 

and follow-up of RA patients. 
 

2. MATERIALS AND METHODS 

 

2.1. Patients 

 
Patients with RA, who were diagnosed by ACR/EULAR 

(2010) Classification Criteria for RA,12 have been recruited 

from the Rheumatology and Rehabilitation department. The 

study was performed on sixty RA patients. They were divided 

into 30 early RA patients with disease duration < 2 years and 

30 longstanding RA patients with disease duration ≥ 2 years. 

Thirty healthy subjects were recruited as a control group. 

Informed consents were taken from each patient and control. 

The study was approved by the Medical Ethics Committee. 

 

2.2. Blood specimen collection and clinical data 
 

Clinical information collection included disease duration, 

medication history, duration of morning stiffness, and body 

mass index (BMI). Clinical assessment of disease activity was 

done by evaluating the following parameters: swollen joint 

includes in 28 joints (SJC 28), tender joint includes in 28 

joints status (TJC 28), C-reactive protein (CRP),.or 

erythrocyte sedimentation rate (ESR), patient global health on 

a 0 to 10 scale. High disease activity is considered when 

disease activity score of 28 joints (DAS 28) is above 5.1, 

moderate diseases activity between 3.2 and 2.6, and low 

disease activity below 2.6.  All the RA patients were under 

medical treatment as methotrexate (MTX), 

hydroxychloroquine (HCQ), leflunomide, and steroid. There 

were no patients under biological treatment.  

Lab examinations included rheumatoid factor (RF) 

and anti-cyclic citrullinated peptide (anti-CCP). Quantitative 

detection of the CXCR3 level in the serum of the patients and 

control was done. Serum was isolated from whole blood via 

density gradient centrifugation at 4°C within 4 hours of blood 

collection and promptly saved into 200 all aliquots at −80°C 

till experimentation. 

 

2.3. Measurement of serum CXCR3 level 
 
Serum CXCR3 concentrations were estimated by sandwich 

enzyme-linked immunosorbent assay (ELISA) kit, from Bio 

kit (Quantikine human CXC3, Shanghai Sunred Biological 

Technology Co., Ltd). The outcomes are naturally determined 

to utilize the straight-line regression equation of the standard 

curve with the standard density and the OD values and are 

expressed in ng/mL. This examination has high sensitivity and 

excellent specificity for the detection of CXCR3. No 

significant cross-reactivity or interference among CXCR3 and 

analogs was observed. The sensitivity of the CXCR3 level 

measurement range extends from 0.05 ng/mL to 15 ng/ml. 

 

2.4. Statistical analysis 

 

Analysis of data was performed by IBM PC using statistical 

package for social science (SPSS) version 25. Data had been 

expressed as mean, standard deviation (SD), frequencies, and 

percentages were utilized to describe qualitative variables. 

The comparison between two groups with parametric 

variables was done using independent sample t-test (t). 

ANOVA test was utilized to assess the statistical significance 

of the difference between more than two study group means. 

The correlation coefficient between two parametric 

parameters was calculated by using Pearson and Spearman 

correlation coefficient. A Chi-Square test was used to 

examine the relationship among two qualitative variables. The 

receiver operating characteristic (ROC) curve provides a 

useful way to evaluate the sensitivity and specificity for 

quantitative diagnostic measures that categorize cases into 

one of two groups. In all tests if (p>  0.05) it is non-significant, 

if (p< 0.05) it is significant and if (p< 0.001) it is highly 

significant. 

 

3. RESULTS  
 
The studied groups were age and gender-matched. Group 1 

included 30 RA patients with disease duration < 2 years, they 

were 27 females (90.0%) and 3 males (10.0%), they had a 

mean age of 40.60±11.99 years. Group 2 included 30 RA 

patients with disease duration ≥ 2 years, they were 28 females 

(93.3%) and 2 males (6.7%), they had a mean age of 
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45.43±9.17 years. The control group included 30 normal 

subjects, 27 females (90.0%) and 3 males (10.0%), they had a 

mean age of 42.87±9.31 years. 

In this study, there was no statistically significant 

difference between early and long-standing RA patients 

regarding family history, BMI, number of tender joints, 

number of swollen joints, and treatment.  Moreover, there was 

no statistically significant difference between early and long-

standing RA patients regarding RF, Anti-CCP, CRP, ESR, 

DAS28.CRP and DAS28.ESR (Table 1). 

 
Table 1:  Clinical and laboratory data of the studied RA patients 

Characteristics 
Early RA 

(n=30) 

Long-standing 

RA 

(n=30) 

p-value 

Duration of disease (yrs)# 

Mean ± SD 

 

1.30±.431 

 

10.06±7.25 

 

<0.001* 

Family History@ 

Negative 

Positive 
21(70%) 

9(30%) 

23(76.7%) 

7(23.3%) 

 

0.559 

BMI kg/m2 # 

Mean ±SD 29.92 ±5.79 29.03±3.99 

 
0.488 

No. of tender joint # 

Mean ± SD 10.30 ±8.82 10.72±9.82 

 
0.862 

No. of swelling joint # 

Mean ± SD 1.83±2.11 2.24±4.25 0.641 

Treatment No. (%)@ 

MTX 

MTX and HCQ 

MTX, HCQ and steroid  

Leflunomide 

 

10(36.7%) 

7(23.3%) 

6(16.7%) 

7(23.3%) 

 

10(33.3%) 

12(40%) 

4(13.3%) 

4(13.3%) 

0.451 

Rheumatoid 

factor (IU/mL) 

Mean ± SD 

 

 

49.98 ± 55.5 

 

 

46.73± 35.4 

 
 

0.788 

Rheumatoid factor 

Positive No. (%) 

Negative No. (%) 

 
 

20(66.7%) 

10(33.3%) 

 
 

24(80%) 

6(20%) 

 
 

0.243 

Anti-CCP (U/mL) 

Positive No. (%) 

Negative No. (%) 

 

12(40%) 

18(60%) 

 

19(63.3%) 

11(36.7%) 

 

0.071 

CRP (mg/L) Mean ± SD 15.19±17.17 14.83±15.95 0.933 

ESR (ml/hr) Mean ± SD 54.73±27.23 59.07±31.48 0.571 

DAS28.CRP Mean ± SD 4.39±1.52 5.15±1.79 0.082 

DAS28.ESR Mean ± SD 5.12±1.60 4.91±1.61 0.607 

*#Quantitative data are represented by Mean ± SD and tested by t 

test, @Qualitative data represented by chi-Square Test. 

*Statistically-significant p< 0.05; BMI = Body mass index. 

MTX=Methotrexate; HCQ= Hydroxychloroquine; Anti-CCP: 

Antibody to cyclic citrullinated peptide; CRP: C reactive protein; 

ESR: erythrocyte sedimentation rate; DAS28: Disease Activity 

Score 28 joints.  

 
Serum CXCR3 level was significantly elevated in 

RA patients compared to healthy normal controls with a 

highly statistically significant difference (p< 0.001) (Figure 

1). The serum levels of CXCR3 were elevated in Long-

standing RA more than early RA (Table 2). 

 

Figure 1: Serum levels of CXCR3 in RA patients and healthy 

control. 

 
Table 2: serum levels of CXCR3 in early, longstanding RA patients 

and healthy control. 

Variable 
Early RA 

(n=30) 

Long-standing 

RA 

(n=30) 

Healthy 

control 

(n=30) 
p-value 

     

CXCR3 

(ng/mL) 
5.37 ± 2.39 9.68±6.32 3.89 ±3.57 >0.001 * 

*p< 0.05 is statistically-significant. 

 

Serum level of CXCR3 was only positively 

correlated with the duration of disease (r= 0.540, p= >0.001) 

and combined treatment (r= 0.296, p= 0.022). The serum level 

of CXCR3 had no correlation with other studied clinical and 

laboratory parameters (Table 3). 

 
Table 3: Correlation of RA patients’ parameters with - serum 

CXCR3 level. 

Characteristics 
  CXCR3 

        R p-value 

Age 0.065 0.543 

BMI 0.02 0.879 

Duration of disease (years) 0.540  *0.001>  

CRP 0.120 0.361 

ESR 0.048 0.715 

DAS28.CRP 0.133 0.309 

DAS28.ESR 0.103 0.433 

Anti-CCP 0.019 0.887 

No. of tender joint 0.086 0.518 

No. of swelling joint 0.077 0.565 

Rheumatoid factor - 180 .  0.168 

Treatment (combined) 0.296 0.022* 

 *p< 0.05 is not statistically significant. 

 

 ROC curves were plotted for the prediction of serum 

CXCR3 in RA patients.  The first ROC curve was plotted for 

the prediction of RA disease from healthy persons. The best 

cut-off value that indicates the presence of RA disease was 

5.567 ng/mL serum CXCR3 with 60% sensitivity and 75% 

0
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RA patients healthy
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specificity (p=< 0.001). Another ROC curve was plotted for 

serum CXCR3 to indicate the presence of early  RA sets a 

threshold value of 4.026 ng/mL with 71.7% sensitivity and 

70% specificity (p= 0.005). Additionally, the ROC curve for 

serum CXCR3 for the prediction of establishing RA in RA 

patients was done. The best cut-off value that indicates the 

presence of established RA disease was 6.246 ng/mL serum 

CXCR3 with 60% sensitivity and 67.7% specificity (p= 

<0.035) (Figure 2). 

To establish a logistic regression model to evaluate 

the diagnostic efficacy of RF, anti-CCP, and CXCR3 for early 

RA, we ran binary logistic regressions with early RA and 

healthy control as our dependent variable. The area under the 

curve (AUC) was established to evaluate the diagnostic ability 

of RF, anti-CCP, CXCR3, and their combined diagnostic 

ability. The AUC, sensitivity, and specificity values of RF 

were 0.699, 66% and 77% respectively, while those of anti-

CCP were 0.742, 73% and 77% respectively, and those of 

CXCR3 were 0.709, 71% and 70% respectively. The AUC 

value of anti-CCP is higher than that of RF and CXCR3. Anti-

CCP sensitivity is higher than RF and CXCR3, but the 

specificity of RF and anti-CCP is higher than CXCR3. 

Combined, anti-CCP and CXCR3 had the best AUC, 

sensitivity, and specificity, therefore the combined diagnosis 

by RF, anti-CCP, and CXCR3 is an effective model for the 

diagnosis of early RA (Figure 3).  

The logistic regression models were followed up by 

ROC curves to evaluate their combined diagnostic ability. As 

can be observed in (Figure 4), combining RF, anti-CCP, and 

CXCR3 yields an AUC value of 0.859 indicating an acceptable 

discriminating power of the model (Figure 4). 

Finally, in order to investigate which combination of 

RF, Anti-CCP, and CXCR3 values leads to a higher 

probability of having early RA. 

 

 
Figure 2: ROC curves for serum CXCR3. A: for prediction of RA disease from healthy persons. B: for prediction of early RA 

from healthy persons; C: for prediction of established RA disease in RA patients.

 

Figure 3: Comparative receiver operating characteristic (ROC) 

analysis for RF, anti-CCP, and CXCR3. The ROC-curves for tests 

were comparable as shown by the area under the curve (AUC) values. 

 

Figure 4: ROC-curve after logistic regression analysis, RF, anti-

CCP and CXCR3. 
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4. DISCUSSION 

 
RA, as an autoimmune disease, causes pain, swelling, and 

stiffness in the joints, and may cause severe joint damage, loss 

of function, and disability. RA is a condition affecting around 

2% of the population. 13, 14 

Chemokines and their receptors are molecules that 

may manage the selective migration of particular T-cell 

subsets. In other investigations, additional expression of 

CXCR3 was detected in endothelial cells and dendritic cells, 

as well as in eosinophils within Th1 dominated tissues, 

including RA synovial tissue.15 CXCR3 plays an important 

role during various inflammatory diseases such as psoriasis, 

rheumatoid arthritis, and also during infection.16 

In the current study, the measured serum level of 

CXCR3 was significantly higher in RA patients (early and 

long-standing RA) compared to healthy control. Collectively, 

our findings were in line with El-Barbary et al.,17 they 

mentioned that CXCR3 levels in peripheral blood were found 

to be increased in RA patients compared with controls. 

Similarly Motoki et al.,18 they noted that the expression of 

CXCR3 on peripheral blood CD4+ T lymphocytes of RA 

patients was significantly higher than healthy controls. In 

agreement with the study by Ruschpler et al.,15 who also 

illustrated that receptor CXCR3 was significantly increased in 

RA patients compared to osteoarthritis (OA) patients. 

Similarly, Henneken et al.,19 they reported that levels of 

CXCR3 were demonstrated to be increased in RA patients 

when compared with healthy individuals. 

In the current study, there was no correlation between 

BMI and serum level of CXCR3. Our results differed from 

those of the study by Shoda et al.,20 who showed that the 

concentration of CXCR3  correlated with BMI. An association 

between excess body weight and different 

inflammatory/autoimmune conditions has been proposed in 

numerous observational studies.21 Excess body weight was 

considered as a potential supporter to the development of  

RA.22 

Interestingly, our results also revealed that there was 

a positive correlation between the disease duration of RA and 

the serum levels of CXCR3 with a high statistical significant 

difference, disease duration was used as a predictor of vascular 

stiffness in RA patients,23 and in agreement with Lleo et al.,24 

who found positive correlation between CXCR3 expression in 

CD4+ T cells and disease duration, as well as with Motoki et 

al.,18  who found that the CXCR3 expression in RA patients 

with long-term disease duration was significantly higher than 

in those with the short-term disease. 

In our work, there was no correlation between serum 

levels of CXCR3 and CRP as well as ESR. This was in 

accordance with the study done by Motoki et al.,18 who found 

that CXCR3 was not correlated with CRP. In contrast to our 

results, Wang et al.,25 found a positive significant correlation 

between The expression levels of CXCR3 mRNA and serum 

levels of ESR as well as CRP in the clinically active RA group. 

Similarly, Sun et al.,26 found that the levels of CXCR3 were 

significantly correlated with CRP. 

In the present study, serum levels CXCR3 did not 

show any significant correlation with DAS28.CRP and 

DAS28.ESR.  On contrary with our result, the study by El-

Barbary et al.,17 reported that CXCR3 has a positive 

correlation with multiple disease activity measures including  

DAS-28 scores, CRP, ESR, swollen and tender joint counts in 

28 joints.  Similarly, the study by Lee et al.,24 showed the 

CXCR3 has the strongest correlations with disease activity. 

Our study reported that there was no correlation 

between serum levels of CXCR3 and the number of tender and 

swollen joints in RA patients. In contrast to Aldridge et al.,27 

who found a negative correlation between CXCR3 and 

swollen joint counts of 28 and 66 joints. 

In the current study, it was observed that there was no 

significant correlation between serum CXCR3 level in RA 

patients with RF and anti-CCP.  RF was the primary 

autoantibody to be found in people with RA. Despite the name, 

however, RF is not particular to RA. Almost 20% of those with 

confirmed RA will not have an abnormal RF test, whereas 5% 

of individuals who do not have RA will have an abnormal RF 

test. Negative levels do not exclude the disease, and positive 

levels do not ensure the diagnosis Song Kang.28     

In agreement with our results, El-Barbary et al.,17 

found that RF titer had no significant correlation with the 

expression levels of CXCR3 in RA patients.  In contrast to our 

findings, the study by Paulissen et al.,29 found that CXCR3 

level was higher in ACPA+ RA than ACPA− RA patients. 

The accuracy of serum CXCR3 to discriminate RA 

cases from the normal population was evaluated using ROC 

curve analysis. According to our data, CXCR3 could diagnose 

and discriminate RA patients at different points through the 

course of the disease. 

This enables the physician to follow up with the 

patients and choose the appropriate and suitable management. 

 

5. CONCLUSION AND RECOMMENDATIONS 

 
Serum CXCR3 is an imperative predictive biomarker for the 

diagnosis of RA, and is an indicator for early RA disease and 

endorses the established RA disease. According to our study, 

we recommend: (1) More studies are needed to clarify that 

CXCR3 plays a central role in RA inflammation and may 

serve as a disease activity marker in established RA. (2) 

Clinical trials are needed to explore the beneficial effects of 

therapeutic targeting of CXCR3 in RA. 
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