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Abstract 

 Interleukin-35 (IL-35) is a new member of IL-12 family of cytokines, and its 

role in pathogenesis of hepatitis B virus (HBV) infection has been recently 

suggested. Accordingly, a case-control study was conducted during June - October 

2018 to determine IL-35 serum level in Iraqi patients with chronic HBV infection. 

The results revealed that IL-35 level was significantly decreased in patients as 

compared to control (163 vs. 301 pg/ml; p < 0.001). However, such decreased level 

was more pronounced in patients at the age groups < 40 and 40 – 50 years (165 and 

145 pg/ml, respectively) as compared to the corresponding age groups in control 

(482 and 234 pg/ml, respectively). In the case of gender groups, both male and 

female patients showed a significantly decreased level of IL-35 compared to the 

corresponding control groups (163 and 163 vs. 306 and 297 pg/ml; p = 0.004 and 

0.001, respectively). Distributing HBV patients and control according to medians of 

IL-35 (≤ median and > median) revealed that 67.5% of patients had ≤ median 

compared to 35.4% among control. Such difference was significant (p < 0.001), with 

a scored odds ratio (OR) of 3.79. Receiver operating characteristic (ROC) analysis 

revealed that the decreased level of IL-35 occupied an area under curve (AUC) of 

0.710, which was highly significant (p < 0.001). At a cut-value of 188 pg/ml or 

lower, the diagnostic sensitivity and specificity were 67.7 and 66.2%, respectively. 

In conclusion, these results confirmed the role of IL-35 in the pathogenesis of HBV. 
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 Bفي مرضى خطج الكبد الفايروسي الطزمن نوع  53-الطدتوى الطصلي للبين ابيضاض
 

 *،3و علي حدين ادحيه 2و رغد حربي العزاوي  1رنا طالب محدن
 الاحيائية، كمية العمؾم، جامعة الانبار، الانبار، العراققدؼ التقانة 1

 العراق كمية العمؾم، جامعة بغداد، بغدادقدؼ عمؾم الحياة، 2
 وحدة البحؾث البيؾلؾجية لمسشاطق الحارة، كمية العمؾم، جامعة بغداد، بغداد، العراق3

 الخلاصه
، وقد اقترح 12-احد الاعزاء الجدد لعائمة الحركيات الخمؾية لمبيؽ ابيزاض 35-يعد البيؽ ابيزاض     

-. وفي ضؾء ذلػ اجريت دراسة مريضBحديثا بان لو دورا في امراضية خسج الكبد الفيروسي السزمؽ نؾع 
في مرضى خسج  35-لتحديد السدتؾى السرمي لمبيؽ ابيزاض 2018تذريؽ الاول،  –سيظرة خلال حزيران 

العراقييؽ. اعيرت الشتائج انخفاض معشؾي في السدتؾى السرمي لمبيؽ  Bالكبد الفايروسي السزمؽ نؾع 
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(. وكان 0.001بيكؾغرام/مل؛ الاحتسالية >  301مقابل  163لدى السرضى مقارنة بالديظرة ) 35-ابيزاض
بيكؾغرام/مل، عمى  145و  165سشة ) 50 – 40و  40الانخفاض اكثر وضؾحا في الفئتيؽ العسريتيؽ > 

بيكؾغرام/مل، عمى التؾالي(. وفي حالة  234و  482التؾالي( مقارنة بالفئتيؽ السشاعرة ليا في الديظرة )
مقارنة  35-مجاميع الجشس، فقد اعير ايزا ذكؾر واناث السرضى انخفاض معشؾي في مدتؾى البيؽ ابيزاض

، 0.001و  0.004بيكؾغرام/مل؛ الاحتسالية =  297و  306مقابل  163و  163بشغيرتيا في الديظرة )
متؾسط و < متؾسط( عير بان  ≥) 35-عمى التؾالي(. وعشد تؾزيع السرضى في ضؾء متؾسط البيؽ ابيزاض

% لدى الديظرة. اكتدب ىذا الفرق دلالة احرائية تحت مدتؾى 35.4متؾسط مقارنة بـ  ≥% امتمكت 67.5
. اوضح تحميل استقبال التذغيل السسيز باحتلال 3.79ا مقداره ، وسجل خظرا ندبي0.001احتسالية > 

، والتي كانت ذات دلالة 0.710لسداحة تحت السشحشى مقدارىا  35-الانخفاض بسدتؾى البيؽ ابيزاض
بيكؾغرام/مل او اقل، فقد بمغت الحداسية والشؾعية  188(. وتحت قيسة 0.001احرائية عالية )الاحتسالية > 

في  35-%، عمى التؾالي. وكأستشتاج، فان ىذه الشتائج تأكد دور البيؽ ابيزاض66.2و  67.7التذخيرية 
 . Bامراضية خسج الكبد الفيروسي نؾع 

Introduction 

     Hepatitis B virus (HBV) infection is a global health challenge. It has been estimated that 257 

millions of humans are infected with the virus, resulting in an estimated annual mortality of 887,000 

due to liver cirrhosis and/or  hepatocellular carcinoma [1, 2, 3].  In Iraq, a community-based study 

reported a prevalence of 1.6% for hepatitis B surface antigen (HBsAg). Further, the anti-hepatitis B 

core antigen (HBc) and anti-HBs antibodies were reported at prevalence of 9.7 and 17%, respectively 

[4]. Accordingly, the endemicity of HBV in Iraq was considered to be at low / intermediate level. 

Clearance or persistence of HBV infection is mostly determined by host immune responses. A 

complex interaction between HBV and an inadequate immune response is required to establish the 

chronicity of HBV infection [5]. Upon infection, effective antiviral immune responses mediated by 

CD8+ and CD4+ T cells, as well as natural killer (NK) cells and monocytes, can result in partial or 

complete eradication of HBV [6]. It has been demonstrated that acute HBV infection induces CD4+ 

and CD8+ T responses together with elevated production of interferon-gamma (IFN-γ). IFN-γ is 

prominent cytokine in clearing the virus and controlling HBV infection [7]. In contrast, increased 

production of inhibitory cytokines, for instance interleukin 10 (IL-10) and transforming growth factor-

beta (TGF-β), has been associated with persistent HBV infection and inability to eradicate the virus 

due to a down-regulation of T cells [8]. Recently, a further cytokine (IL-35) has been suggested to 

play a role in maintaining viral persistence.  

IL-35 is the latest member of IL-12 family, which is recognized to have anti-inflammatory and 

immunosuppressive properties [9]. It is a heterodiemeric cytokine that consists of two subunits; IL-

12α chain p35 (IL-12p35) and IL-27β chain Epstein-Barr virus-induced 3 (EBI3) [10]. Several cells 

have been reported to produce IL-35, including stimulated natural T regulatory (Treg) cells, IL35-

producing regulatory B cell (i35-Breg) and stimulated pan T cells [11]. Two distinct immunological 

functions are linked to IL-35; suppression of T cells proliferation and transformation of these cells into 

Treg cells [12]. Due to these functions, abnormal regulation of IL-35 has been suggested to have a 

prominent role in immune-associated diseases; for instance autoimmune diseases, cancer and viral and 

bacterial infections [13]. In HBV, recent studies suggest a critical immune-pathogenic role for IL-35 in 

potentiating a chronic infection [14, 15]. 

In line with these findings, the present study aimed to determine serum level of IL-35 in HBV patients 

and correlate such level with age and gender of patients.  

Materials and Methods 

Patients and control 

     A case-control study was conducted during June-October 2018 to assess IL-35 serum level in Iraqi 

patients with chronic HBV infection. The Ethics Committee at the Department of Biology (University 

of Baghdad) approved the study protocol (Reference: BEC/1019/002). Eighty cases (50 males and 30 

females) with chronic HBV infection were recruited from the Specialized Center for Gastroenterology 

and Hepatology (SCGH) in Baghdad. The WHO and European Association for the Study of the Liver 

(EASL) guidelines on HBV testing were followed [16, 17]. Accordingly, anti-HBc (hepatitis B core 

antigen), IgM, -HBc IgG and -HbsAg (hepatitis B surface antigen) antibodies were determined. A 
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control sample of 96 healthy blood donors (58 males and 38 females) was also included. Their serum 

status for the antibody profile at the Central Blood Bank (Baghdad) was negative. The age mean ± 

standard  values of patients and control were 40.7 ± 13.8 and 43.6 ± 11.8 years, respectively 

Laboratory methods 

     Three enzyme-linked immunosorbent assay (ELISA) kits were used for qualitative assessments of 

anti-HBV antibodies in sera of patients and control (anti-HBc IgM, -HBc IgG and -HbsAg antibodies). 

The kits were products of MyBioSource Company (USA). Serum level of IL-35 was determined using 

a kit produced by Abbexa Ltd (Cambridge, UK). The kit was based on a sandwich ELISA technology. 

Standard procedures recommended by the manufacturers were followed in these assessments. 

Statistical analysis 

     Serum level of IL-18 in patients and control was first tested for normality (Kolmogorov-Smirnov 

and Shapiro-Wilk tests), and normal distribution was not ascertained. Therefore, the level was given as 

median and range. Significant differences between medians were assessed by two non-parametric 

tests; Mann–Whitney U (for comparison between two groups) and Kruskal-Wallis (for comparison 

between more than two groups). The odds ratio (OR) was estimated in relation to IL-35 median (> and 

≤ median) in patients and control. Receiver operating characteristic (ROC) analysis was carried out to 

determine the area under curve (AUC), sensitivity and specificity of IL-35. A p-value ≤ 0.05 was 

considered significant. The statistical package SPSS (version 19.0) was employed to perform these 

analyses. 

Results and Discussion 

     This study is a part of a larger project, the first part of which included the study of hepatitis B virus  

genotypes by the analysis of HBV-DNA, where the PCR products revealed six genotypes (A, B, C, D, 

E and F) which showed different frequencies in HBV patients [18] . The current study of serum 

assessments for anti-HBc IgM, -HBc IgG and -HbsAg antibodies revealed that all HBV patients were 

seropositive for anti-HBc IgG and -HbsAg antibodies, while they were seronegative for anti-HBc IgM 

antibody. Such profile was compatible with the diagnosis of chronic HBV infection [19]. With respect 

to control, all participants were seronegative for the tested antibodies.  

Serum level of IL-35 was significantly decreased in chronic HBV patients compared to control (163 

vs. 301 pg/ml; p < 0.001) (Figure-1). However, such decreased level was more pronounced in patients 

at the age groups < 40 and 40 – 50 years (165 and 145 pg/ml, respectively) compared to the 

corresponding age groups in control (482 and 234 pg/ml, respectively). Whereas, IL-35 serum level 

showed no significant variation between patients and control at the age group > 50 year (164 vs. 209 

pg/ml; p = 0.167). It is also worthy to mention that IL-35 level showed a gradual decrease as age was 

progressing from < 40 years to > 50 years in the control group, with the differences being significant 

(482, 234 and 209 pg/ml, respectively; p 0.010). No Such variation was observed among patients 

(Table-1). 

 
Figure 1-Box-plot presentation of IL-35 level in sera of hepatitis B virus infection patients and 

control. 
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Table 1-Median level of IL-35 in sera of hepatitis B virus infected patients and control, distributed 

according to age groups. 

Age Group 

(year) 

IL-35 Median (Range); pg/ml 
P 

HBV patients Control 

< 40 165 (28 – 492) 482 (11 – 2806) < 0.001 

40 – 50 145 (19 – 674) 234 (29 – 2364) 0.007 

> 50 164 (23 – 564) 209 (21 – 3140) 0.167 (NS) 

p 0.681 (NS) 0.010  

p: Probability; NS: Not significant (p > 0.05). 

     In the case of gender groups, both male and female patients showed a significantly decreased level 

of IL-35 compared to the corresponding control groups (163 and 163 vs. 306 and 297 pg/ml; p = 0.004 

and 0.001, respectively). However, there was no significant gender-associated variation among 

patients or control (Table-2).   

 

Table 2-Median level of IL-35 in sera of hepatitis B virus infected patients and control, distributed 

according to gender. 

Gender Group 
IL-35 Median (Range); pg/ml 

P 
HBV patients Control 

Male 163 (19 – 674) 306 (11 – 3140) 0.004 

Female 163 (23 – 564) 297 (21 – 2364) 0.001 

p 0.893 (NS) 0.650 (NS)  

p: Probability; NS: Not significant (p > 0.05). 

    Distributing HBV patients and control according to medians of IL-35 (≤ median and > median) 

revealed that 67.5% of patients had ≤ median compared to 35.4% among control. Such difference was 

significant (p < 0.001), with an OR value of 3.79 (Table-3). 

 

Table 3-Distribution of IL-35 serum levels (≤ median and > median) in hepatitis B virus infected 

patients and control. 

IL-35 Level 

(pg/ml) 

HBV Patients (N = 80) Control (N = 96) 
OR 95% CI P 

N % N % 

≤ Median 54 67.5 34 35.4 
3.79 2.03 - 7.07 

< 

0.001 > Median 26 32.5 62 64.6 

OR: Odds ratio; CI: Confidence interval; p: Probability.  

     ROC analysis revealed that the decreased level of IL-35 in the sera of HBV patients occupied an 

AUC of 0.710 (95% CI: 0.633 – 0.787), which was highly significant (p < 0.001). At a cut-value of 

188 pg/ml or lower, the diagnostic sensitivity and specificity were 67.7 and 66.2%, respectively 

(Figure-2). 

     The presented results demonstrated clearly that IL-35 was down-regulated in the present sample of 

Iraqi HBV patients. Therefore, an immunepathogenic mechanism involving IL-35 is suggested in the 

development of HBV infection. In this context, it is generally proposed that host mediated immune 

reactions play a prominent role in viral control and liver damage due to HBV infection [20]. Cytokines 

have been demonstrated to mediate these reactions, including IL-12 family of cytokines. The family 

encompasses five cytokines; IL-6, IL-12, IL-23, IL-27 and IL-35, which have been reported to play a 

vital role in the development of HBV [6, 21, 22] and other infections [23]. IL-35 is a newly described 

cytokine in this family, but its role in HBV infection has not been well-investigated. In agreement with 

the results of the present study, it has been recently demonstrated that serum levels of IL-35 and IL-35 

were significantly decreased in chronic HBV infection patients, and the authors suggested a possible 

role of IL-35 in HBV infection [14]. Therefore, an abnormal regulation of IL-35 in the peripheral 

blood of HBV patients is suggested, but no clear mechanism has been delineated to explain the 

decreased serum level of IL-35 in patients. Therefore, further studies are certainly required to shed 

light on IL-35 role in immunopathogenesis of HBV, especially those based on gene expression of both 

IL-35 subunits. 
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Figure 2-Receiver operating characteristic (ROC) analysis of IL-35 decreased serum level in HBV 

patients (AUC: Area under curve; CI: Confidence interval; p: Probability). 
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