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Abstract

Objectives. Systemic juvenile idiopathic arthritis (sJIA) is a childhood arthritis with features of autoinflammation and

high risk of macrophage activation syndrome (MAS). IL-18 has been shown to have key roles in sJIA and MAS. We aimed

to examine IL-18 levels in sJIA in relation to disease activity and history of MAS and other disease biomarkers namely

S100 proteins and CXCL9.

Methods. Total IL-18, CXCL9 and S100 proteins levels were determined in 40 sJIA patients, and IL-18 levels were

compared between patients with regards to disease activity, history of MAS, and other biomarkers.

Results. Total IL-18 levels were significantly higher in patients with active sJIA (median 16 499 pg/ml; interquartile range

(IQR) 4816�61 839), and remained persistently elevated even in the majority of patients with inactive disease (1164 pg/ml;

IQR 587�3444). Patients with history of MAS had significantly higher IL-18 levels (13 380 pg/ml; IQR 4212�62 628) as

compared with those without MAS history (956.5 pg/ml; IQR 276.3�4262.5). Total IL-18 performed well with area under

the curve of 0.8145 and 0.84 in predicting disease activity and history of MAS, respectively. We observed moderate

correlation between IL-18 and CXCL9 (R = 0.56), S100A8/A9 (R = 0.47) and S100A12 (R = 0.46). The correlation was

stronger for ferritin (R = 0.74) and overall for those with active disease.

Conclusion. Total IL-18 levels were elevated in the majority of sJIA patients regardless of clinical features, but were

higher in patients with active disease and history of MAS. Change in IL-18 may reflect increased disease activity or

development of MAS.
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Rheumatology key messages

. IL-18 is elevated in most patients with sJIA, with higher levels associated with active disease.

. sJIA patients with a history of MAS had elevated IL-18 compared with those without MAS.

. Change in IL-18 may reflect increased disease activity or development of MAS.

Introduction

Systemic JIA (sJIA) is a childhood arthritis distinguished

from other subtypes of JIA by predominance of systemic

inflammation and extra-articular features, including daily

spiking fever, rash, lymphadenopathy, hepatosplenomegaly

and serositis [1]. sJIA shares many features with classical

autoinflammatory disorders, most notably response to IL-1

inhibition, and less resembles an autoimmune disease as

other subtypes of JIA [2]. In particular, sJIA is associated

with production of inflammatory cytokines including IL-1,

IL-6 and IL-18 as well as S100 alarmin proteins [3, 4].

sJIA is also associated with a high risk of macrophage

activation syndrome (MAS) [5]. MAS is a life-threatening

syndrome of overwhelming inflammation, with fever, cyto-

penia, coagulopathy, liver and central nervous system

dysfunction, and a systemic cytokine storm [5]. MAS
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has phenotypic overlap with primary haemophagocytic

lymphohistocytosis, caused by genetic defects in the per-

forin cytolytic pathway. Indeed, many authors consider

MAS as secondary haemophagocytic lymphohistocytosis

in the setting of rheumatic disease [5]. Substantial evi-

dence supports a role of IFNg in primary hemophagocytic

lymphohistocytosis pathogenesis [5]. Similarly, increasing

evidence supports a central role for IFNg in MAS [5], and

the use of downstream chemokines such as CXCL9 as

biomarkers [6].

IL-18 is an IL-1 family cytokine with both pro-inflamma-

tory and immune-protective functions. Levels of IL-18

were noted to be elevated in patients with both sJIA and

adult onset Still’s disease (AOSD), the adult counterpart of

sJIA [4, 7, 8]. Excessive IL-18 may represent a potential

pathogenic link between sJIA and MAS [4]. Notably, IL-18

elevation in MAS is very striking, with high circulating

levels described in MAS broadly [9] and sJIA-induced

MAS more specifically [10].

Knowing the possible role of IL-18 in sJIA and develop-

ment of MAS, we examined serum IL-18 levels in sJIA

patients in relation to disease activity, history of MAS,

and other biomarkers namely S100 proteins and CXCL9.

We hypothesized that in both sJIA and sJIA-associated

MAS, IL-18 could serve to assess disease activity and

development of MAS.

Methods

Patients and subjects

This study was approved by the Institutional Review

Board of Cincinnati Children’s Hospital Medical Center

(CCHMC IRB), and written informed consent was ob-

tained from all patients and/or their legal guardians.

Consecutive patients presenting to clinic were enrolled.

sJIA was diagnosed based on the International League

of Associations for Rheumatology diagnostic criteria [1].

For several patients, samples were obtained and treat-

ment initiated with disease duration <6 weeks, using the

operational definition of sJIA [11]. Two patients were diag-

nosed after their 16th birthday and therefore would be

strictly classified as AOSD. Patients were considered as

having active sJIA if at the time of sample collection they

had presence of any of the following: active arthritis; sys-

temic features including rash, fever, adenopathy or hepa-

tosplenomegaly; or elevated ESR or CRP based on local

standards. Patients were considered to have clinically in-

active disease (CID) based on the Wallace criteria [3].

Patients were considered to have MAS based on diagno-

sis of the treating physician, and also satisfying the 2016

MAS Classification Criteria [4].

Biomarker analysis

A single sample was obtained from each patient, serum

aliquoted and stored at �80�C within 120 min of collec-

tion. Serum total IL-18 and CXCL9 levels were determined

by the CCHMC Diagnostic Immunology Lab (DIL) using

ELISA kits obtained from MBL (Woburn, MA, USA) and

R&D Systems (Minneapolis, MN, USA), respectively.

Serum S100A8/A9 and S100 A12 were determined using

a specific ELISA kit obtained from ALPCO (Salem, NH,

USA) and MBL, respectively.

Normal IL-18 ranges were calculated by the DIL using

serum from normal adults and paediatric patients (no not-

able differences between these populations). A 2 S.D.

range was determined based on 92 serum samples that

span 7 weeks to 72 years old. The upper limit of normal

was determined as 540 pg/ml.

Statistical analysis

Analysis was performed using Prism (GraphPad Software

Inc., San Diego, CA, USA) and R (R Foundation for

Statistical Computing, Vienna, Austria) software. Continuous

variables were expressed as median and interquartile

range (IQR). Group comparisons were analysed by the

Mann�Whitney and Kruskal�Wallis tests of ANOVA.

Correlations were expressed using Spearman’s rank correl-

ation coefficient. A receiver operating characteristic (ROC)

curvewasusedtoquantifyperformanceof IL-18asameasure

of disease activity and MAS.

Results

Cohort demographic and clinical features

The demographic and clinical features of the 40 sJIA pa-

tients at the time of sample collection is shown in

Supplementary Table S1, available at Rheumatology

online. Twenty-one patients had CID at time of IL-18 de-

termination. Half of the study population had a previous

history of MAS during the course of their illness. However,

only two (5%) had overt MAS at time of sampling. Forty

per cent of the patients had active arthritis (76% of active

disease), but only 17.5% of patients (33% of active dis-

ease) had fever at the time of sample collection. Total

serum IL-18 ranged from 164 to 240 986 pg/ml (upper

limit normal 540 pg/ml), with median value of

4832.50 pg/ml (IQR 708.5�18556.5). Serum IL-18 levels

in different subgroups are shown in Supplementary

Table S2, available at Rheumatology online. Only seven

patients had normal IL-18 levels regardless of disease

activity.

Total IL-18 levels in relation to clinical features

Median IL-18 levels were significantly higher in patients

with active disease (16 499, IQR 4816�61 839) compared

with those with CID (Fig. 1A, P = 0.0004). Despite this dif-

ference, IL-18 levels remained elevated in the majority

(79%) of sJIA patients with CID (median 1164, IQR

587�3444; Fig. 1A). While there was a weak inverse cor-

relation between IL-18 levels and time in CID, it was not

statistically significant (Fig. 1B, P = 0.413).

Patients with history of MAS had significantly elevated

IL-18 compared with patients without MAS history

(13 380, IQR 4212�62 628 vs 956.5, IQR 276.3�4626.5;

Fig. 1C, P = 0.0001). While only two patients in the

cohort had features of active MAS at sampling, those pa-

tients’ IL-18 was markedly elevated (91 522�240 986).

Importantly, serum IL-18 levels remained above the
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FIG. 1 IL-18 levels in relation to clinical features and ROC curves

(A) IL-18 levels in relation to disease activity. (B) Correlation between IL-18 levels and duration of CID. (C) IL-18 levels in

relation to history of MAS. (D) ANOVA comparison of IL-18 levels in different groups stratified by disease activity and Hx

of MAS. (E and F) ROC curve distinguishing (E) active vs inactive disease and (F) history of MAS vs no history of MAS.

Horizontal line in (A) and (C) represents upper limit of normal for total serum IL-18 (540 pg/dl). *P-value for ANOVA group

analysis. AUC: area under the curve; CID: clinically inactive disease; Hx MAS: history of macrophage activation syn-

drome; MAS: macrophage activation syndrome; ROC: receiver operating characteristic.
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normal range even in 70% of patients without history of

MAS (Fig. 1C).

We stratified patients into four groups based on disease

activity status and history of MAS: active disease with

MAS history, active without MAS history, CID with MAS

history and CID without MAS history. Comparing stratified

groups, there were significant differences between groups

with higher levels apparent in those with either active dis-

ease or history of MAS, and the highest levels in those

with both active disease and history of MAS (Fig. 1D). Post

hoc analysis showed significant differences in IL-18 only

between patients with both active disease and MAS his-

tory compared with those with active disease but no his-

tory of MAS (P = 0.027), and those with both CID and no

history of MAS (P < 0.0001).

Similar significant elevations in serum IL-18 were

observed in patients with fever (P = 0.007) and arthritis

(P = 0.017) (Supplementary Fig. S1A and B, available at

Rheumatology online). Also, patients with elevated inflam-

matory markers (P = 0.0008) or active systemic features

(P = 0.0225) had significantly higher IL-18 levels compared

with their counterparts (Supplementary Fig. S1C and D,

available at Rheumatology online).

IL-18 as biomarker of disease activity and MAS

ROC analysis was used to quantify the performance of

serum IL-18 in predicting sJIA disease activity or history

of MAS. IL-18 performed well with area under the curve of

0.8145 (P = 0.0007) and 0.84 (P = 0.0002) in predicting dis-

ease activity and history of MAS, respectively (Fig. 1E and

F). This analysis indicated an optimal cut-off to detect

active sJIA was 6368 pg/ml with a sensitivity of 76.2%

and a specificity of 84.2%. The cut-off of 2438 pg/ml iden-

tified patients with a history of MAS with sensitivity of 85%

and 70% specificity.

Correlation between IL-18 and other biomarkers

We examined the relationship between IL-18 and other

emerging biomarkers for sJIA and MAS. S100A12 (calgra-

nulin C) and S100A8/A9 (calprotectin) are proinflammatory

ligands and alarmins, and proposed tools for diagnosing

and measuring disease activity in sJIA [12, 13]. Our results

demonstrated moderate correlation between total serum

IL-18 and S100A8/A9 (R = 0.47, P = 0.002) and S100A12

proteins (R = 0.46, P = 0.003) (Fig. 2A�D). When stratifying

by disease activity, IL-18 showed a sustained correlation

with S100 proteins only among patients with active dis-

ease and not those with CID (Fig. 2B, C, E and F).

There is increasing evidence that IFNg plays a major role

in the pathogenesis of MAS complicating sJIA [6, 14]. We

compared IL-18 levels with the IFNg-induced chemokine

CXCL9, which strongly correlates with laboratory param-

eters and severity of MAS [6]. Our results determined a

moderate correlation between IL-18 and CXCL9 (R = 0.56,

P = 0.0002; Fig. 2G). Similar to S100 proteins, when strati-

fied by disease activity, IL-18 showed a sustained correl-

ation with CXCL9 only among those with active disease at

the time of sample collection (R = 0.44, P = 0.044; Fig. 2H

and I). Stratification by history of MAS revealed no

significant correlation between IL-18 and CXCL9 in those

with or without history of MAS (Supplementary Fig. S1,

available at Rheumatology online).

Finally, we examined the correlation between IL-18

and serum ferritin, a widely available biomarker for both

sJIA and MAS. While serum ferritin was only available for a

subset of patients (22; 55%), results demonstrated strong

correlation with serum IL-18 (R = 0.74, P< 0.0001). When

stratifying by disease activity, IL-18 showed a sustained

strong correlation only among patients with active disease

(Fig. 2J�L).

Discussion

Our results showed significant elevation of IL-18 not only

in patients with active sJIA, but in the majority of patients

even with CID. IL-18 was further elevated in patients with

history of MAS, which could support increased suscepti-

bility to MAS in patients with elevated IL-18.

Our findings complement an emerging body of literature

in sJIA [7, 15] and AOSD [8], and support a key role of IL-

18 both in the pathogenesis of sJIA, and as a biomarker of

disease activity. Importantly, correlation with other vali-

dated biomarkers of disease activity such as ferritin,

S100A12 and S100A8/9 proinflammatory ligands [13]

was stronger in active disease and weaker (and non-sig-

nificant) during CID. It is important to note that we

observed persistent IL-18 elevation in most patients in

the study including those with CID, and regardless of

time in CID (Fig. 1B). We could not identify any unique

feature with regard to the seven patients with normal IL-

18 levels. We believe this indicates a slow recovery of IL-

18 elevation after disease control, consistent with work

showing persistent elevation despite good disease control

for >6 months [16]. It is worth mentioning that how IL-18

changes over time and the impact of specific treatments is

unknown, and could not be addressed in this study, but is

a critical topic to explore in future studies. This might also

point to other roles of IL-18 in patients with CID, or indi-

cate ongoing inflammation despite effective treatment.

Whereas blocking IL-1 is highly efficacious in treating

diseases prone to MAS such as sJIA, it does not prevent

MAS [17], suggesting a critical role for other cytokines

such as IL-18 in the development of MAS. This is particu-

larly highlighted by gain of function mutation in NLRC4

(NLRC4-MAS), where both total and free IL-18 are chron-

ically elevated [18]. In agreement with this, we found sig-

nificantly higher IL-18 levels in children with history of

MAS, regardless of underlying sJIA disease activity. In

addition, while only two patients had active MAS at the

time of sample collection, both had extremely high IL-18

(91 522�240 986). Together, this supports chronic eleva-

tion of IL-18 in patients prone to MAS, consistent with

other studies [4, 19].

One key biological role of IL-18 is inducing IFNg from

NK cells and CTL, which plays a pivotal role in MAS com-

plicating sJIA [6, 14]. However, levels of IL-18 only mod-

erately correlated with CXCL9, a marker of MAS activity

[6]. Stratifying results by disease activity, only patients

with active disease showed significant correlation
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between IL-18 and CXCL9, indicating possible subclinical

activation of IFNg without overt MAS. While this question

requires further study in a longitudinal cohort, it supports a

model in which overproduction of IL-18 plays a major role

in sJIA pathogenesis and as a tipping point for develop-

ment of MAS [6].

With significant work suggesting the implications of

imbalance between IL-18 and its high-affinity naturally se-

creted endogenous regulator IL-18 binding protein (IL-

18BP) in MAS, correcting this IL-18/IL-18BP imbalance

seems to be a rational strategy. A phase II trial of

recombinant (r)IL-18BP in the treatment of AOSD found

early signs of clinical and laboratory efficacy with re-

sponse rates of 50% [20]. This response raises optimism

for similar use of rIL-18BP in patients with IL-18 driven

disease such as sJIA to prevent life threatening MAS.
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