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ABSTRACT 
 

Introduction and Aim: The pro-inflammatory cytokine IL-39, a member of the IL-12 family plays a key role in 

the inflammatory response by modulating immune cell activity and inflammation. A literature search shows no 

study undertaken for the effect of IL-39's on arthritis so far. Hence, the purpose of this study was to investigate the 

role of IL-39 in rheumatoid arthritis. 
 

Materials and Methods: This study involved 80 patients with rheumatoid arthritis registered at the Rheumatology 

Clinic at Baghdad teaching hospital. The patients were divided into three groups based on treatments received. 

Group 1 included patients who were not on any treatment for arthritis, Group 2 with patients on 

hydroxychloroquine and or prednisone treatment, and Group 3 that received Enbrel® (etanercept) and 

HUMIRA® (adalimumab) treatment for rheumatoid arthritis. A control group was included in the study. Patients in 

all groups were assessed for their serum IL-39 concentration, C - reactive protein, Anti-cyclic citrullinated peptide 

antibody (ACCP) and ESR. 
 

Results: The patient age and BMI were not significantly different between the groups receiving treatment for 

Rheumatoid arthritis. A significant increase in the interleukin 39 concentration was observed in treatment 

groups (G1, G2, G3) as compared to normal healthy controls regardless of whether they were positive or 

negative for the anti-CCP test. 
 

Conclusion: This study showed that the serum interleukin IL-39 levels significantly increased in patients 

diagnosed with rheumatoid arthritis thus suggesting that IL-39 could be considered as a potential inflammatory 

biomarker of RA. 
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INTRODUCTION  
 

he pro-inflammatory cytokine interleukin 39 

(IL-39) is a heterodimer and a member of the 

interleukin 12 family (1). IL-39 is secreted by 

many types of immune cells such as B cells, dendritic 

cells, and macrophages (2) and plays an essential role 

in inflammatory responses by organizing immune cell 

functions and inflammation (2,3). Interleukin-12 

family cytokines including (interleukin 23) and 

(interleukin 12) have been shown in numerous studies 

to regulate the immune system, whereas (interleukin 

35) and (interleukin 27) alleviate autoimmune 

disorders (4). Cytokine IL-39 was shown to play a 

role in the etiology of lupus erythematosus and 

psoriasis in mice (5) and the use of anti-IL-39 

polyclonal antibodies effectively decreased the 

infiltration of inflammatory cells and autoantibody 

titers ameliorating the autoimmune symptoms (6).  
 

Similarly, a study by Yang and his colleagues, showed 

that in patients suffering from the autoimmune 

neuromyelitis optical spectrum disorders, the disease 

severity to be associated to elevated serum levels of 

interleukin-39 when compared with healthy controls 

and non-inflammatory neurological disorders patients 

(3). A literature search on the role of IL-39 in patients 

suffering from rheumatoid arthritis revealed that no 

such study has been undertaken so far. Hence in this 

study, we aimed to investigate the role of IL-39 in 

rheumatoid arthritis, which is an autoimmune illness.  
 

MATERIALS AND METHODS 
 

This study included 80 patients with rheumatoid 

arthritis registered at the Rheumatology Clinic of the 

teaching hospital in Baghdad. Patients were diagnosed 

based on their symptoms and classified as having 

rheumatoid arthritis according to the criteria established 

by the American College of Rheumatology (ACR) 

and the 2010 European Society of Rheumatology 

(ACR/European League against Rheumatology) (7) 
 
The patients were divided into three groups based on 

the type of treatment they received. Group 1 (n=16) 

included patients who had rheumatoid arthritis but not 

on any treatment. The treatment groups, Group 2 

(n=26) included patients under non-biological 

treatment with hydroxychloroquine and/or prednisone 

and Group 3 (n=38( under biological treatment with 

T 
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Enbrel® (etanercept) and HUMIRA® (adalimumab) 

drugs as treatment options for rheumatoid arthritis. 
 

The inclusion criteria for patients in Groups 1-3 

included only patients who suffered from rheumatoid 

disease, but were free of any infectious, immune, or 

chronic diseases, suffering from organ failures and not 

vaccinated for 6 months. The study included a control 

group G4 (n=18) which included subjects who were 

free from infection and rheumatoid arthritis and 

negative for RF, anti-CCP and CRP. The study 

participants were checked for their BMI based on their 

body height (meter) and bodyweight (kilogram) and 

using the formula: BMI = kg/m2. Blood sample was 

collected from each of the participant and the serum 

subjected to qualitative and semi-quantitative 

detection of C – Reactive Proteins and rheumatoid 

factor (RF) using the respective CRP-latex and RF-

latex slide agglutination test (Agappe Diagnostics 

Switzerland GmbH). The serum was subjected to 

semi-quantitative detection of anti-CCP antibody 

using commercially available kits (MyBioSource/ 

USA), and human antibody concentration by ELISA 

(indirect ELISA). The IL-39 concentration in serum 

was measured using a commercial IL39 ELISA kit 

(MyBioSource, USA) following the manufacturer’s 

instructions.  
  

Statistical analysis 
 

For numerical variables, the mean and standard error 

(SE) were calculated using SPSS 20 analysis of 

variance (ANOVA), and for categorical variables, the 

percentage was calculated using SPSS 20 (chi-square 

tests of goodness of fit and independence were used). 

The differences between the averages of groups were 

evaluated by least significant difference –LSD test at a 

significant level of 0.01 and 0.05.  The letters A, B, C 

and D express the significance for column while a, b, 

c, and d express the significance for rows. All data 

showed normal distribution by using the Shapiro-Wilk 

test. 
 

RESULTS  
 

Eighty blood samples of registered patients were 

collected from the Rheumatology Consulting 

Clinic/Baghdad Teaching Hospital for diagnosis and 

treatment. The patients were divided into Groups 1-3 

based on the nature of their treatment options. The 

demographic features of the participants, the 

laboratory tests undertaken to diagnose rheumatoid 

disease, such as the rheumatoid factor test (RF),                   

C-reactive protein (CRP), erythrocyte sedimentation 

rate (ESR), and anti-CCP level is presented in                 

Table 1.  
 

In this study the patient age and BMI were observed 

to be not significantly different between the treatment 

groups (G1, G2, G3) as well as control (G4) group 

(Table 1). Among the groups, the percentage of 

patients positive for the C-reactive protein (CRP) was 

highest in Groups 2 and 3. A high significance (p 

<0.01) was observed for CRP among the three groups 

(G1-G3) as compared to the control group. Patients 

positive for the Rheumatoid Factor (RF), were highest 

in Group 1 that included patients diagnosed as having 

rheumatoid arthritis, and not on any treatment. This 

was followed by Groups G3 and G2. 
 
In comparison with the control group, the number of 

patients positive for the anti-CCP (anti-cyclic 

citrullinated peptide) test was significantly higher in 

the G1, G2, and G3 groups (Table 1). An elevated 

level of ESR and IL-39 was observed in patients with 

rheumatoid arthritis in all the groups as compared to 

control group with no arthritis which was found to be 

statistically significant.  
 
  

 
 

Table 1: Demographic features of participants included in the study 
Parameter RA patient groups Control G4 

(n=18) 

P value 

G1 (n=16) G2 (n=26) G3 (n=38) 

Age 40.3±3.2 46.1±2.2 43.8±2.3 46.8±2.9 NS 

BMI 21.2±0.5 22.8±0.5 21.3±0.4 26.7±0.7 NS 

Anti-CCP 0.48±0.09 0.23±0.05 0.34±0.05 0.12±0.004 0.009** 

ESR 41.1±6.1 41.3±3.5 40.2±4.4 15.2±1.2 0.0004** 

IL-39 105.1±12.7 113.58±8.9 116.6±6,6 49.5±3.7 0.00001** 

CRP +ve (%) 10 (62.5%) 16 (61.5%) 19 (50%) 0 (0%) 0.0002** 

(Chi square= 19.86) 

RF +ve (%) 8 (50%) 7 (26.9%) 17 (44.7%) 0 (0%) 0.004** 

(Chi square =13.83) 

RA: Rheumatoid arthritis; Control group (G4); Anti-CCP: Anti-cyclic citrullinated peptide antibody, ESR: 

Erythrocyte Sedimentation Rate, CRP: C-Reactive Protein; RF: Rheumatoid Factor. P value < 0.05*  

is significant while P value < 0.01** is highly significant and NS not significant. 
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Table 2: The serum levels of IL-39 levels based on anti-CCP (ACCP)  

Group IL-39 for tested groups 

Mean ± SE 
Control  G4 G4 G4 

P value 49.5±3.8 C 49.5±3.8 C 49.5±3.8 C 

Negative ACCP G1  G2  G3  

0.001 113.2±8.9 

B 

89.5±7.4 

 B C 

130.4±28.9 

 A a 

Positive ACCP G1  G2  G3 

0.001 119.9±10.3 

B 

137.6 ± 26.5 

A 

79.8±19.2 

B c 

P value 1 0.001 0.001 0.001 

P value 2 NS 0.001 0.001 

Data indicated as mean ± SE. LSD test with significant level of 0.01 and 0.05 and the letters A, B, C, and D   

express significance for column while a, b, c and d express the significance for rows, G1 (RA+ no treatment), G2 

(RA+ treatment with non-biological drugs), G3 (treatment with biological drugs) and G4 (control group). P value 

1: Between patients’ groups and control.  P value 2: Between patients’ groups only 
 
 
The serum IL-39 levels based on anti-CCP test are 

presented in Table 2. The three pathological groups 

(G1-G3) were divided according to the anti-CCP test 

results as negative and positive groups. A significant 

difference for the anti-CCP values was seen between 

the positive and negative group. Among Group G1 no 

significant difference for IL-39 was observed between 

the anti-CCP positive and negative groups. However, 

Interleukin IL-39 levels were found to be significantly 

higher in group G2 in the anti-CCP positive group, 

and group G3 in anti-CCP negative group (Table 2). 

The study indicated an increase in serum IL-39 levels 

in treatment groups (G1, G2, G3) as compared to 

controls (G4) regardless of whether they were positive 

or negative for the anti-CCP test.  
 

DISCUSSION 
 

Rheumatoid arthritis (RA) is a chronic autoimmune 

disease responsible for inflammation of the joints. The 

serological markers for RA are rheumatoid factors (a 

class of immunoglobulins) and antibodies to 

citrullinated proteins (8,9). Therefore, diagnoses of 

RA in patients have been based on tests that allow 

detection of rheumatoid factors and for antibodies 

recognizing cyclic citrullinated peptides (ACCP) in 

serum (9). Although the detection of rheumatoid 

factors has been proven to be specific for RA in 

patients, studies have also indicated the presence of 

these factors in non-rheumatic conditions such as 

infections and chronic diseases (10) and healthy 

individuals irrespective of gender within a population 

(11,12) and hence the RF level to monitor RA disease 

is not recommended. Recent studies have 

demonstrated that the ACCP test is highly specific for 

the detection of RA (13,14) or a combination of 

ACCP and RF test being more sensitive than either 

test alone (15).     

In this study, the prevalence of rheumatoid factor as 

well as the anti-CCP levels was seen to be highest in 

patients with RA and no treatment group in 

comparison to treatment groups (G2 and G3) wherein, 

there was a decrease in these two test levels. Our 

results are in accordance with previous studies (16) 

which indicated that there is an association between a 

decrease in RF and ACCP levels with the concomitant 

use of drugs used in RA treatments.  
 

The interleulin-12 cytokine IL-39 is known to mediate 

inflammatory response and is implicated in 

immunopathogenesis of diseases such as psoriasis 

(17), systemic lupus erythematosus (4), myocardial 

infarction (18) and hepatocyte necrosis (19). This 

study indicated an increased level of IL-39 in RA 

patients (G1-G3) compared to healthy control 

assuming significance as results show that IL-39 

probably contributes to inflammatory response in RA 

as seen in other disease studied. 
 

Furthermore, in RA proinflammatory cytokines are 

known to activate the JAK/STAT signal transduction 

pathway to mediate an inflammatory response (20). In 

systemic lupus erythematosus disease, the cytokine 

IL-39 secreted by activated B-cells has been shown to 

mediate its effect through the activation of STAT1/ 

STAT3 of the signal transduction pathway (5). This 

shows IL-39 being linked to common immune 

processes and thus we assume that in RA the IL-39 

may be playing a key role in contributing to the 

immunopathogenic mechanisms, mediating an 

inflammatory response. Our results also show that in 

patients with RA, IL-39 levels could be used as a 

possible target for diagnosis of the disease. 
 

Enbrel (etanercept) and Humira (adalimumab) are 

tumour necrosis factor (TNF) inhibitors used to treat 

rheumatoid arthritis and juvenile idiopathic arthritis 

(21, 22) while hydroxychloroquine and prednisone 
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drugs are prescribed in the management of rheumatoid 

arthritis (23, 24). Systemic blocking of TNF, a 

proinflammatory cytokine has been shown to block 

and control the inflammatory process of RA (25, 26) 

the results observed in this study for serum IL-39 

levels based on RA antibody ACCP (Table 2) are in 

line with previous studies and showed that patients 

treated with TNF inhibitors exhibit significant 

interaction effects in response to anti-TNF therapy for 

rheumatoid arthritis.   
 

CONCLUSION  
 

Serum IL-39 levels were considerably elevated in 

rheumatoid arthritis (RA) patients, suggesting that              

IL-39 may be a potential inflammatory biomarker of 

RA. 
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