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Abstract

BACKGROUND: Cytokines are inflammatory mediators that regulate multiple processes potentially implicated in
inflammation and autoimmunity.

AIM: This study aimed to investigate the levels of circulating interleukin (IL)-35, IL-36, and IL-35/IL-36 ratio in
Juvenile Idiopathic Arthritis (JIA) patients.

METHODS: Fifty-one patients categorized based on the International League of Associations for Rheumatology
classification criteria were enrolled, along with 46 healthy controls. Disease activity assessment was conducted
according to the Juvenile Arthritis Disease Activity Score (JADAS-27) system. Serum cytokine levels were determined
using the sandwich enzyme-linked immunosorbent assay.

RESULTS: Compared to controls, the serum levels of IL-36 were significantly higher among JIA children (p = 0.002),
and serum IL-35 levels and the IL-35/IL-36 ratio were significantly lower in the patients (p = 0.002, p < 0.001,
respectively). Furthermore, the IL-35/IL-36 serum ratio, but not the absolute IL levels, correlated positively with the
JADAS-27, giving a good indication of the disease outcome. Further, the IL-35/IL-36 serum ratio showed higher
sensitivity and specificity compared to the absolute cytokine levels.

CONCLUSION: A significant change in the circulating IL-35 and IL-36 levels and an imbalance in the IL35/IL36 ratio
occur in JIA. This study is a novel attempt to explore the role of IL-35 and IL-36 in JIA; further studies are required to
support our results. The IL-35/11-36 ratio is a promising immunological marker to predict, diagnose, and monitor JIA.

Introduction

Juvenile idiopathic arthritis (JIA) is the most
common pediatricrheumatic disorder with amultifactorial
autoimmune etiology. The etiopathogenesis of JIA
involves a combination of both genetic factors and
early exposure to harmful environmental stimuli [1].
Physiologically, the immune system comprises dynamic
components that guarantee an appropriate, rapid, and
precise response to foreign pathogens. Whereas,
dysregulated immune mediators result in the auto-
inflammatory process, that is, an imbalance of the
immune mediators leads to loss of homeostasis and
consequently triggers an autoimmune pathology [2]. It
is believed that an exaggerated production of certain
cytokines is involved in the development of synovial
inflammation as well as the systemic manifestations
in JIA. Of these cytokines, tumor necrosis factor o
(TNF-a), interleukin 18 (IL-18), and IL-6 are most
notably involved [3], [4].

TNF-a.is a key contributor to the pathogenesis
of JIA-the soluble TNF-o/TNF-receptor-1 axis is mostly
correlated to proapoptotic and inflammatory diseases,

while the membrane-bound TNF-o/TNF- receptor-2
axis is associated with immune regulation. Therefore,
biologics that selectively target TNF receptors
(TNFRs) are superior to drugs that randomly block
TNF-o and permit differential activation/inhibition of
TNFRs [5]. Moreover, raised levels of circulating TNF
and predominant TNF- R2 expression in immune
cells were recorded in JIA patients [4], [5]. Likewise,
IL-1, a pro-inflammatory cytokine, strongly induces
IL-6 synthesis by fibroblasts during both acute and
chronic inflammation. Whereas, IL-1 and IL-17 act
synergistically to cause cartilage destruction in
JIA. Furthermore, it is reported that IL-1 and TNF-a
together enhance the IL-23-mediated production
of IL-17, and both IL -1 and IL-23 act in harmony
to enhance the T helper- (Th-)17 response [4], [6].
Further, recent studies have reported the role of
IL-17 in initiating both joint inflammation and cartilage
destruction in JIA [7]. Many studies have identified
the role of IL-6 in systemic JIA (SJIA); IL-6 is primarily
involved in osteoclastic activation and proliferation [4].
Significantly elevated levels in the blood and synovia
of patients just before the fever spikes contribute to
the disease’s clinical course. Therefore, the recent
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advanced strategies to manage JIA include IL-1 and
IL-6-directed therapies [6].

Over the past two decades, the research on
cytokines has intensified, and new members have
been added to the list of cytokines; however, the
literature is scarce on cytokines IL-30 through IL-40 [8].
First described in 1997, IL-35 is an anti-inflammatory
cytokine belonging to the IL-12 family and has an
immunosuppressive effect mediated through regulatory
T- and B-lymphocytes. IL-35 was reportedly similar
to IL-10 and transfactor growth factor-§ (TGF-f) in
promoting the suppressive activity of T-regulator (T-reg)
cells through direct implementation on the cytotoxic
T-lymphocyte antigen-4 and B7 pathways [2], [8]. While
IL-35 prohibits T-cell proliferation, it does not participate
in the conversion of Th-1 cells to T-reg; also, it blocks
the Th-2 differentiation by repressing the expression of
IL-4 and GATA-3 [8]. Although little is known about the
role of IL-35 in autoimmune disorders, in vivo studies
on autoimmunity models suggest a potential regulatory
effect of IL-35 through the IL-10 dependent pathway [9].
Furthermore, IL-35 demonstrated a protective role in mice
with experimental autoimmune (EA) encephalomyelitis,
EA uveitis, allergy, diabetes, and colitis [8]. Another
in vivo study on mice with collagen-induced arthritis
reported that IL-35 significantly promotes T-reg
propagation, along with a remarkable increase in IL-10
level and decline in Th-17 differentiation [10].

The IL-36 was first discovered in 1999 and
belongs to the IL-1 family, exerting a pro-inflammatory
influence. In vitro studies revealed that IL-36-agonists
promote human keratinocytes to produce pro-
inflammatory cytokines and chemokines [8], [11].
Existing literature emphasizes the contribution of IL-36
in the pathogenesis of human rheumatoid arthritis,
pulmonary disorders, and psoriatic arthritis [12];
also, IL-36 gene expression in psoriatic skin lesions
was found to correlate positively with Th-17 cell
differentiation [11]. This indicates a potential therapeutic
role of IL-36 on joint inflammation in both psoriatic and
rheumatoid arthritis [13]. IL36 is mainly produced by the
synovial CD-138 plasma cells and is upregulated in the
synovial tissues of patients with psoriatic or rheumatoid
arthritis [14]; elevated levels were also recorded in
inflammatory bowel disease (IBD) and mice with
experimental sterile inflammation [8].

Therefore, there is a growing need to
thoroughly investigate the role of the novel cytokines,
IL-35 and IL-36, in the pathogenesis of JIA to substitute
the conventional markers in predicting and monitoring
the disease occurrence and progress. The present
study aimed to explore a possible relationship between
IL-35, IL-36, and JIA pathogenicity and disease activity
score. A clinical inflammatory index, juvenile arthritis
disease activity score (JADAS)-27, was determined
along with serum IL-35 and IL-36 levels and the IL- 35/
IL-36 ratio in children with JIA; also, their distribution in
patients was compared to healthy subjects.

Methods

Participants

In this pediatric case—control study, 51 JIA
patients and 46 healthy control were included. All
children were characterized for JIA according to the
International League of Association for Rheumatology
criteria as people <16 years of age having arthritis in
one or more joints that persisted for >6 weeks. Patients
attending the outpatient Rheumatology Unit at the
Imamen Kadhmen Teaching Hospital/Baghdad/Iraq,
from April 2019 to September 2019 and presenting
with active joint disease (featured by joint swelling,
stiffness, warmth, and movement limitation with either
pain during movement or tenderness) and systemic
disease (fever, fatigue, rash, chest-abdominal pain, and
lymphadenopathy) were included in the study.

The control group included age but not sex-
matched apparently healthy children. Their blood
samples obtained during a visit to the regional public
health centers were non-remarkable for rheumatoid
factor (RF), C-reactive protein (CRP), and erythrocyte
sedimentation ratio (ESR).

Ethical approval for the study was obtained
from the Institutional Review Board, College of
Medicine, Al-Nahrain  University, Baghda, Iraq,
(approval no-202107192; dated — August 2, 2021)
assigned by Dean of the college/Dr. Nile A. Written
informed consents for participation were obtained from
the children’s parents.

Disease activity assessment

Only children with active disease (as per the
JADAS-27 system) were included in the study. This
score contains four composite measures — a global
assessment of disease activity using a 10 cm long
visual analog scale (VAS), global parental assessment
of the child’s condition using another 10 cm- long VAS,
the number of joints with pain/swelling, and the ESR.
VAS used in the two parameters was a 10 cm line,
where zero represented “well” state/no activity in the
parameter being measured, and 10 indicated extremely
unwell [15].

Twenty-seven joints bilaterally were evaluated
for active disease in the JADAS-27 — cervical spine,
elbows, wrists, 1°-3" metacarpophalangeal joints,
proximal interphalangeal joints, hips, knees, and ankles.
Each active joint scores one point, hence, a maximum
score of 27. The ESR was used with a corrective formula
(ESR-20)/10. The JADAS-27 —ESR was calculated by
simply adding all four parameters with a resultant score
of 0-57 [16].

The cutoff values for disease activity vary
according to the category of the disease — for
oligoarthritis: Inactive disease (<1), mild disease
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activity (1.1-2), moderate activity disease (2.1-4.2),
and severe disease activity (>4.2); for polyarthritis and
systemic disease — inactive disease (<1), mild disease
activity (1.1-3.8), moderate activity disease (3.9-8.5),
and medium disease activity (>8.5) [15], [17]. Children
with oligo and polyarthritis were grouped, whereas
those with the systemic disease were put in a separate
category. The clinical investigation further included
disease duration and treatment type (biological and
chemical); ESR, CRP, and RF values were obtained as
additional tests.

Evaluation of serum IL-35 and IL-36

Three milliliters of venous blood were obtained
from all participants and centrifuged at 7000 rpm for
10 min. Serum at the superficial layer was collected in
a new tube and used to detect blood levels of IL-35 and
IL-36. A quantitative sandwich enzyme-linked immune
sorbent assay (ELISA) was applied to detect both
IL-35 (Human IL-35 MyBioSource, USA; sensitivity
< 15.6 pg/ml) and IL-36 (Human IL-36 MyBioSource,
USA,; sensitivity = 1.0 ng/ml) following the manufacturer
instructions. Absorbance was read by the ELISA reader
(HumaReader-HS, South Africa) and the results were
interpreted based on the standard curve specific for
each kit.

Statistical analysis

All analyses were done using Statistical
Package for the Social Science software (version 23).
The distribution pattern of the data (normal or non-
normal) was assessed primarily, followed by descriptive
analysis (mean * standard deviation, SD) of the baseline
characteristics and hematological markers since they
were normally distributed. The IL values were non-
normal, so their median values were computed.

The two groups were compared using the
Mann-Whitney U-test. Areceiver operand characteristic
(ROC) curve analysis was applied to identify the cutoff
values, the area under the curve (AUC), sensitivity
(true negative), and specificity (true positive) of the
parameters to evaluate their medical diagnostic
potential. A p-value of < 0.05 was chosen for statistical
significance.

Results

Baseline characteristics of participants

The study included 51 children with JIA (mean
age = 10.31 £ 4.23 years; male: female (M: F) ratio =
1:2.1) and 46 healthy controls (mean age = 12.87 +
3.44 years, M: F ratio = 1:1). Out of the 51 patients, two

were recently diagnosed and did not receive any drug;
of the other 49, 29 were receiving biological treatment
(anti-TNF-a) and the other 20 were receiving chemical
treatment (humera, methotrexate, azathioprine, and
preslone) alone or in combination. Thirty-nine patients
had systemic disease; two of them had uveitis; whereas
the other 12 had a non-systemic subtype — seven with
oligo-arthritis and five with poly-arthritis (Table 1).

Based on the JADAS-27 system, the JIA
patients were classified into three groups — mild
(n = 26), moderate (n = 10), and severe (n = 15).

The white blood cell (WBC) count and
hemoglobin (Hb) for the patients were within the
normal ranges of 10 + 9 x 10° cell/l and 11.1 £ 1.5 g/dI,
respectively. However, the ESR values were as high as
41 + 31 mm/hr. Regarding the CRP and RF, 31 patients
were positive for CRP, and 13 tested positive for the
presence of the RF.

In the control group, the WBC, Hb, and ESR
values were 11.83 + 1.83 x 10° cell/l, 13.91 + 2.48 g/
dl, and 11.26 + 2.75 mm/h, respectively. All children in
the control group tested negative for CRP and RF. All
baseline characteristics are listed in Table 1.

Hematological markers in JIA patients
according to their disease activity score

All JIA patients with a mild, moderate, or
severe disease were comparable in terms of mean
age (10.6 £ 3.66 years, 9.9 £ 4.53 years, and 10 *
5.15 years, respectively, p = 0.87). Furthermore, the
three subgroups were similar in terms of the duration of
received treatment (2.6 + 1.84 years, 2.6 + 3.24 years,
and 1.7 + 2.98 years, respectively; p = 0.501).

Further, the WBC and Hb values were also
comparable and within the normal range for the
three subgroups (p = 0.928; p = 0.922, respectively).
However, the ESR was raised in all three groups
(42.8 £ 31.63 mm/h, 24.0 £ 19.11 mm/h, and 49.33 *
33.69 mm/h, respectively) with no statistically significant
difference (p = 0.124) (Table 2).

Comparison of IL-35, IL-36, and the IL-35/
IL36 ratio between JIA patients and controls

On comparing the median IL-35 and IL-36
levels, and the IL-35/IL-36 ratio for the patients and
controls, it was observed that the IL-35 level in patients
was significantly lower than the healthy controls
(23.6 pg/ml vs. 96.8 pg/ml, respectively; p < 0.05). The
IL-36 level in patients was significantly higher than the
healthy controls (2.0 pg/ml vs. 1.3 pg/ml, respectively; p
< 0.0%5). In contrast, the IL-35/IL36 ratio was significantly
lower among JIA patients compared to healthy controls
(13.77 ng/ml vs. 110.67 ng/ml, respectively; p < 0.001)
(Table 3).
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Table 1: Baseline characteristics of JIA patients and controls

Parameter Patients (n=51) Controls (n=46) Reference range in children [18]
Age (in years) (mean + SD), (range) 10.31 £4.23, (1 -15) 12.87 £ 3.44, (5-15)
Sex (n): Males 16 12
Females 35 1"
Therapy(n)*'
Biological*® 29
Chemical*® 20
Disease subtype:
Systemic 39*
Non-systemic (oligo or polyarthritis) 12 (O-7, P-5)
Disease activity score:
Mild 26
Moderate 10
Severe 15

WBC (in 10°cell/l) (mean + SD) (range)
Hb (g/dl) (mean + SD) (range)
ESR (mm/h) (mean * SD), (range)

10.09 + 3.95, (2 — 18.7)
11.1+154, (7.4—-14.2)
41.04 +31.05, (7 - 123)

CRP(n)
Positive 31
Negative 20
RF(n)
Positive 13

Negative 38

11.83 £ 1.83, (9 —15)

45-145
13.91+£2.48, (9-17) 10-15
11.26 £ 2.75, (9 -15) <10

10 mg/l
0
46

Titer <1/80

0
46

*"Two patients were newly diagnosed, *’Enbrel (anti-TNF-a), and ** Humera, methotrexate, Azathepirine, and Preselone,**One was detected with uveitis

Comparison of IL-35, IL-36, and IL-35/IL36
ratio among JIA patients — systemic versus non-
systemic (oligo/poly)

On comparing the median IL-35 values within
the patients, no statistically significant difference was
observed (SJIA = 29.55 pg/ml, non-SJIA = 18.7 pg/ml;
p=0.342).RegardingIL-36, similarresultswere obtained
indicating no statistically significant difference between
SJIA and non-SJIA patients (SJIA = 1.94 ng/ml, non-
SJIA = 2.07 ng/ml; p = 0.619). Finally, a comparison
of median IL-35/IL36 ratio, no statistically significant
differences were observed between the two subtypes
of JIA (SJIA = 16.1, non-SJIA = 11.35; p = 0.300)
(Table 4).

Table 2: Hematological markers in JIA patients with different
disease activity scores determined by JADAS-27

Parameter Mild Moderate Severe p-value
n =26 n=10 n=15
Mean + SD Mean + SD Mean + SD
Age (years) 10.62+3.66 9.9+453 10.07+515 0.874
Period of treatment (biological and  2.69 + 1.84 2.68+3.24 1.77+298 0.501
chemical) (years)
WBC (x 10°/ml) 996+4.14 9.94+459 1043+3.36 0.928
Hb (g/dl) 11.09+1.68 11.27+053 11.01+18  0.922
ESR (mm/h) 42.81+31.63 24.0+19.11 49.33+33.69 0.124

Comparison of IL-35, IL-36, and IL-35/IL36
ratio among JIA patients according to disease
score

When comparing JIA patients based on
their disease activity score, it was observed that
the median IL-35 was the lowest among patients
with severe disease (19.83 pg/ml), followed by
mild disease (22.53 pg/ml), and moderate disease
(97.81 pg/ml). Regarding the median IL-36, the
highest value was recorded in patients with severe
disease (2.66 ng/ml), followed by mild (1.89 ng/ml)
and moderate disease (1.77 ng/ml). On comparing
the IL-35/IL-36 ratio, we found that this ratio was
lowest among patients with severe disease (6.4),
followed by those with mild disease (14.57) and
moderate disease (52.67).

Only the IL- 35/11-36 ratio (p < 0.05), and not
the absolute levels of IL-35 and IL-36 (p > 0.05 for both)
recorded a significant parallel increase with an increase
in disease activity score (Table 5).

Analysis of ROC curve among JIA patients
versus controls

The ROC analysis indicated that both IL-35
and IL-36 occupied a non-significant AUC of 0.721 and
0.728, respectively. The sensitivity (true positive) and
specificity (false positive) for IL-35 were 69.6% and
70.6%, respectively, under a cutoff value of 42.18 pg/
ml. For IL-36, the sensitivity and specificity values
were 64.7% and 65.2%, respectively, under a cutoff
value of 1.58 ng/ml. In comparison, the IL-35/IL-36
ratio recorded a significant AUC (0.806), with 69.6%
sensitivity and 72.5% specificity, under a cutoff value of
47.13 (Figure 1).

Discussion

A disturbance in the physiological balance
of pro-and anti-inflammatory cytokines is the focus of
attention in recent immunology researchers to develop
new autoimmune therapies. We aimed to investigate
the role of two novel cytokines, IL-35 and IL-36, and
their ratio in patients with JIA compared to healthy
children.

Our results showed that IL-35 was significantly
lower among JIA patients compared with healthy
subjects, while no significant differences in the IL-35
level were observed with disease subtype (systemic or
non-systemic). IL-35 is an anti-inflammatory cytokine,
and accordingly, IL-35 levels were the lowest among
those with severe JIA, followed by mild and moderate
disease, with no significant difference between the three
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Table 3: Comparison of IL-35, 1I-36, and IL-35/IL-36 ratio between JIA patients and healthy control

Interleukin Patients Controls p-value
n=51 n=23
Mean + SD Median (range) Mean + SD Median (range)
IL-35 (pg/ml) 92.12 £ 22417 23.61(1.79 — 1551.3) 122.77 £ 100.67 96.88 (2.01 — 360.5) 0.002
IL-36 (ng/ml) 211+1.24 2.0 (0.34 - 7.14) 124079 1.3 (0.07 — 2.55) 0.002
IL-35/IL-36 ratio 60.41 +117.78 13.77 (0.75 — 678.76) 246.7 + 578.22 110.67 (12.55 — 2850.29) <0.001
Table 4: Comparison of interleukin-35, interleukin-36, and their ratio according to disease subtype
Interleukin Group-1 (Systemic disease) Group-2 (non-systemic disease) p-value
n=39 n=12
Mean + SD Median (range) Mean + SD Median (range)
IL-35 (pg/ml) 70.69 + 89.38 29.55 (4.54-372.55) 154.75 + 423.15 18.7 (1.79-1551.3) 0.342
IL-36 (ng/ml) 2.06 £1.29 1.94 (0.34-7.14) 226 +1.11 2.07 (0.6-4.18) 0.619
IL-35/IL-36 ratio 56.98 + 87.44 16.1 (1.62-394.71) 70.44 + 184.61 11.35 (0.75-678.76) 0.300
*This group includes both patients with oligo- and poly-arthritis
Table 5: Comparison of interleukin-35, interleukin-36, and their ratio according to JADAS-27
Interleukin Mild Moderate Severe p-value
n=26 n=10 n=15
Mean + SD Median (range) Mean + SD Median (range) Mean + SD Median (range)
IL-35 (pg/ml) 119.27 + 302.8 22.53 (1.79 — 1551.3) 119.6 + 116.98 97.81 (8.48 — 372.55) 26.75 +21.48 19.83 (4.54 — 83.7) 0.129
IL-36 (ng/ml) 1.89+1.05 1.89 (0.34 - 4.18) 1.75+0.85 1.77 (0.62 - 3.67) 2.72+1.57 2.66 (0.6 —7.14) 0.083
IL-35/IL-36 ratio 80.59 + 154.8 14.57 (0.75 — 678.7) 75.57 +72.61 52.67 (5.13 — 208.5) 15.31 + 16.33 6.4 (1.62 —50.6) 0.034

disease activity groups. On the contrary, IL-36 levels
were significantly higher in JIA children compared to
healthy subjects (p < 0.05), and IL-36 did not show a
significant contribution to the systemic or non-systemic
disease, with a similar distribution as IL-35 based on
disease activity score (severe > mild > moderate).
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Figure 1: ROC curves of investigated markers (a) IL-35, (b) IL-36,
(c) IL-35/IL36 ratio between JIA patients and health control

The IL-35/1-36 ratio was reported as
significantly lower in JIA patients compared to healthy
controls (p < 0.001); no significant differences were
detected between SJIA and non-SJIA patients. On
the other hand, the IL- 35/IL-36 ratio significantly
differed between the three disease activity subgroups
(p < 0.05) — lowest in patients with severe JIA, followed
by mild and moderate JIA disease.

As demonstrated in this study, the significantly
reduced IL-35 levels in JIA patients versus controls have
also been recorded in other autoimmune diseases. It is
believed that IL-35 dysregulation plays a considerable

role in the evolution and progress of autoimmune and
other inflammatory diseases. In contrast, an elevation
in the serum IL-35 levels of patients with autoimmune
diseases indicates improvement and upkeep of pro/anti-
inflammatory cytokines balance. The major biological
function of IL-35 is to inhibit both T-cell proliferation and
Th-17 differentiation [2], [19].

A lower concentration of plasma IL-35 was
detected in psoriatic patients compared to higher levels
in healthy controls, suggesting that immunotherapy with
IL-35 could ameliorate the pathological features of severe
psoriasis [20]. Furthrtmore, IL-35 deficiency has been
detected in systemic autoimmune disorders, systemic
lupus erythematosus, RA, and multiple sclerosis (MS)[21].
It is believed that IL-35 has an immunosuppressive
activity that is mediated by both T and B- regulatory cells
through IL-10 dependent mechanism [22]. IL-35 exerts an
irreplaceable role in balancing between Th-17 and T-reg
cells; IL-35 can induce differentiation of naive T cells to
trigger T-reg cells (iTreg-35), which, in turn, secrete more
IL-35 culminating in a positive feedback cycle. Otherwise,
IL-35 restricts the generation and function of Th-17, which
is crucial in the pathogenesis of several autoimmune
diseases, psoriasis, MS, and IBD [21], [23].

It was found that IL-35 was significantly
higher in RA patients with inactive arthritis compared
to those with active disease, and a significant inverse
correlation based on the CRP was observed between
IL-35 and DAS -28 [24]. In the present study, IL-36 was
significantly higher in JIA patients compared to healthy
controls. Although little is known about the relevance
of IL-36 to human diseases, it was recorded as a
master linker between adaptive immunity and synovial
autoimmune response in both RA and psoriatic arthritis.
It is speculated that IL-36ca produced by plasma cells
induces IL-36R in fibroblast-like synoviocytes and
elicits the production of IL-6 and IL-8; this pathway
represents a major trigger to give rise to an inflammatory
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environment since IL-6 induces the synthesis of TNF-a,
while IL-8 is a potent neutrophil chemotactic factor that
brings more neutrophils and other granulocytes to the
joints, resulting in massive destruction [14], [25].

IL-36 not only induces cell destruction but also
develops a bias toward pathogenic versus regulatory
immune cells through their rule in T-cell differentiation
and proliferation [26]. A previous in vivo study reported
that IL-36 agonists promote murine dendritic cells
maturation through the upregulation of CD-80, CD-86,
and MHC-II molecules, and promote the production of
pro-inflammatory mediators, IL-1B, IL-6, IL-12, IL -23,
and TNF-o in an IL-36R-dependent mechanism.
Further, this cytokine causes IL-36R-expressing CD-4
T-lymphocytes to produce interferon-y (INF-y) and
IL-17, and directly stimulate CD-4 T-lymphocytes to
produce IL-17A [11]. Furthermore, the role of IL-36 has
been delineated in developing autoimmune disorders
via Th-1 and Th-17 dependent pathways. IL-17, TNF-a,
and IL-22 directly induce the production of IL-36, which,
in turn, causes positive feedback and augments their
own and other cytokines (IL-6 and IL-8) production.
Further, IL-36 directly polarizes the differentiation of
INF-y, and Th-1 lymphocytes [11], [12].

The ratio of anti/pro-inflammatory cytokines
is getting significant attention from rheumatologists
and immunological researchers. In the present study,
the IL-35/IL-36 ratio was significantly lower among
JIA patients, and further, it was also significantly
lower among those with severe JIA compared to mild
and moderate disease. A dysregulation of pro- and
anti-inflammatory cytokines has been reported to
contribute to autoimmune diseases — INF-y/IL-10
ratio was significantly increased in non-segmental
vitiligo compared to controls. Likewise, a deteriorated
cytokine network contributes to the development of
non-functional T-reg cells which are crucial in immune
tolerance [27]. An imbalance between pro- and anti-
inflammatory cytokines was also recorded in conditions
other than autoimmune diseases. A study conducted in
2015 showed that pro/anti-inflammatory cytokines ratios
of different cytokines, INF-y/INFIL-4, INF-y/IL-10, and
IL-6/IL-10, were significantly higher among people with
recurrent implantation failure compared to controls [28].
An imbalance in the cytokine network has also been
recorded in infectious diseases. A significant increase
in the IL-8/IL-10, IL-8/TGF-, IL-1p/IL-10, and IL-1p/
TGF-B1 ratios was recorded in the bronchoalveolar
lavage fluid of patients with Pneumocystis jirovecii; a
maijority of these required mechanical ventilation and or
did not survive [29].

Concerning the disturbance of ILs in respect to
the three disease score groups, our results concur with
a previous study that targeted IL-6 among RA patients
of different disease scores. The author’s recorded
higher serum IL -6 levels in patients with severe disease
scores, followed by those with mild scores, and finally
those with moderate disease [30]. To the best of our

knowledge, no study has explored the contribution and
clinical relevance of circulating IL-35, IL-36, and their
IL35/IL36 balance in the development of JIA.

The present study has several limitations.
It included a small number of participants who were
already receiving treatments and differed in their
commitment to medication, all of which could affect the
true cytokine levels. We propose that studying cytokine
ratios in newly diagnosed patients will give more
accurate and representative values.

Conclusion

Our results imply that IL-35, IL-36, and the
IL-35/IL-36 ratio play a crucial role in JIA pathogenicity.
The IL35/IL36 ratio, compared to individual cytokine
values, is better to determine the inflammatory status in
JIA. To the best of our knowledge, our research is the
first to explore the role of IL-35 and IL-36 in JIA. Further
researches are required to corroborate our results
to determine whether these markers can be used as
potential immunotherapies against JIA.
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