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Serum Interleukin-18 Provides a Clue to the Diagnosis of Adult-Onset Still’s

Disease: Findings from 6 Japanese Patients with Adult-Onset Still’s Disease
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Background: Adult-onset Still’s disease (AOSD) is a systemic autoinflammatory disorder accompanied
by skin eruption. However, typical skin eruptions, such as evanescent, salmon-pink erythema, are not
specific to AOSD and dermatologists often face difficulty in diagnosing AOSD. In this study, we exam-
ined serum IL-18 levels as well as IL-6, ferritin and C-reactive protein in 6 Japanese patients with
AOSD.
Methods: Serum levels of IL-6 and IL-18 were evaluated in the acute phase and at the time of remis-
sion. Serum levels of IL-6 were analyzed using a commercial chemiluminescent enzyme immunoassay
(CLEIA; SRL, Tokyo, Japan). Serum IL-18 levels were measured using a commercial ELISA kit (Medical
& Biological Laboratories Co., LTD. Nagoya, Japan).
Result: In active AOSD, serum ferritin levels and CRP levels were above normal range in 6 patients. In
remission, serum ferritin levels of 3 patients were slightly above the normal range, while CRP serum
levels of 6 patients were all normalized. Serum IL-18 levels were markedly elevated in 5 cases during
the acute phase. In remission, serum IL-18 levels remained at higher values than the normal range in 5
cases. Serum IL-6 levels were also highly elevated in 5 patients in active AOSD and became normalized
in remission except in case 2.

Conclusion: High levels of serum IL-18 will be a clue to the diagnosis of AOSD. CRP is also useful

biomarker for monitoring disease activity compared with IL-6 and IL-18.

(J Nippon Med Sch 2022; 89: 114-118)
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Introduction
Adult-onset Still’s disease (AOSD) is one of the polygenic
autoinflammatory diseases (AIDs) that exhibits no
unique symptoms; thus, dermatologists often face diffi-
culty in diagnosing AOSD. Although the pathogenesis of
AOSD is not clearly understood, polygenic AIDs such as
AOSD, systemic juvenile idiopathic arthritis, Kawasaki
disease, and Behget’s disease seem to share the same
pathogenesis of hyperactivation of inflammasome and
the overproduction of interleukin-1 cytokine family'. In
AOSD patients with a genetic background, trigger factors
such as infections and chemical factors are transmitted to

macrophages via Toll-like receptors, which leads to exces-

sive activation of the NACHT, LRR and PYD domains-
containing protein3 (NLRP3) inflammasome. This activa-
tion of NLRP3 enhances caspase-1 to cleave inactive pro-
interleukin-18 (IL-1B) and pro-interleukin-18 (IL18) into
mature IL-1B and IL-18. These cytokines are released
from macrophage and stimulate innate immune cells
such as monocytes, macrophage and dendritic cells as
well as adaptive immune cells by activating Nuclear fac-
tor kappa B (NFxB), a transcription factor for pro-
inflammatory cytokine genes, to increase the production
of pro-inflammatory cytokines, including IL-1B, IL-6, IL-
18, tumor necrosis factor (TNF-o), interferon-y (IFN-y),

etc. This cycle contributes to the overproduction of pro-
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Fig. 1 Skin rashes in cases 2 and 6.
a. Case 2. Typical rash seen in AOSD. An evanescent, salmon-pink, erythema on the knee.
b. Case 6. Persistent pruritic, violet to brownish, papules and plaques on the abdomen.
c. Case 2. Scratch dermatitis-like lesion on the back.

d. Case 6. Scratch dermatitis-like lesion on the back.

inflammatory cytokines and causes the acute phase reac-
tion*’. Since the involvement of NLRP3 and the overpro-
duction of downstream cytokines such as IL-18 has been
suggested to play a pivotal role in AOSD, we suspected
that detection of overproduced IL-18 and IL-6 will help
diagnosing as AOSD. In this study, we investigated 6
Japanese cases of AOSD that were diagnosed over the
past 10 years in our dermatology clinic and measured
concentrations of serum IL-18 and IL-6, together with fer-
ritin and C-reactive protein (CRP), to examine their po-
tential as biomarkers for AOSD.

Materials and Methods
Patients
To evaluate the serum levels of IL-6, IL-18 and labora-
tory data, 6 Japanese patients with AOSD who visited
our dermatology clinic of Nippon Medical School Hospi-
tal over the last 10 years were enrolled. The patients that
had no signs or infection, malignancy or rheumatic dis-

ease were carefully diagnosed based on the Yamaguchi
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criteria for AOSD". Ultimately, six patients with AOSD (1
man and 5 women) were enrolled. Their mean age at the
time of diagnosis was 39 years (range: 22 to 53 years).
All six patients had skin rashes at the time of visiting our
clinic. One patient (case 2) presented with the typical
evanescent, salmon-pink erythema with fever (Fig. 1a).
The other five patients had persistent pruritic erythema.
Of them, one patient (case 6) presented with persistent
Scratch

dermatitis-like lesions were observed in 2 patients (case 2

pruritic papules and plaques (Fig. 1b).

& 6) (Fig. 1c, d). Skin biopsies were performed on 4 pa-
tients with persistent, pruritic eruption (casel, 4, 5, 6).
Histopathologically, all four cases exhibited perivascular
and/or interstitial infiltrate of lymphocytes, neutrophils
and eosinophils in the dermis. Interface change was ob-
served in 2 cases (case 4 and 6) and the other 2 cases
(case 1, 5) showed no epidermal changes. The histopa-
thological findings of persistent pruritic papules and
plaques in case 6 consisted of mounded parakeratosis,

dyskeratotic cells in the epidermis and interface change
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Table 1 Skin eruptions and changes in serum IL-18, IL-6, Ferritin and CRP levels

) 1L-18 IL-6 Ferritin CRP
Age Sex eruslgl)(tlilg)ns (126.0+44.5 pg/mL) (<4.0 pg/mL) (10-60 ng/mL) (0.3 mg/dL) Remarks
Onset Remission Onset Remission Onset Remission Onset Remission
Casel 48 F Persistent 184,497 24,144 184.65 1.64 307.6 66.5 5.33 0 In case 5,
pruritic ery- when AOSD
thema recurred,
Case2 53 F  Evanescent, 25000 25000 130 114 4439 167 29.24 <01 lL-18and
salmon-pink, IL-6 levels
erythema; rose faster
scratch dermati- than ferritin
tis-like lesion (w1th1ri
Case3 45 F  Persistent 25000 ND 381 ND 4,692 ND 2348 ND Ty
itic ery- g¢e),
pr L}cﬂema 4,530 pg /mL
an
Cased 27 M Persistent ND 169 ND 0.6 441 246 15.46 0.1 8.6 pg/mL,
pruritic ery- respectively.
thema
Case5 22 F Persistent 25,000 1,390 35.7 2.3 1,106 20 735 <0.1
pruritic ery-
thema
Case6 39 F Persistent 25,000 4,940 10.5 22 1,361 18  9.66 <0.1

pruritic papules
and plaques;

scratch dermati-
tis-like lesion

IL-18. interleukin-18; CRP. C-reactive protein; ND. not done

Remission. no fever, no rash, no arthralgia, no lymph node swelling and normalized CRP.
IL-18 values in case 2, 3, 5 and 6 are greater than 5,000 pg/mL (25,000 pg/mL). Final values of IL-18 were not obtained because

they were tested at other laboratory company.

at the basal layer, as well as superficial perivascular and
interstitial infiltration of lymphocytes, neutrophils and
numerous eosinophils in the dermis, supporting the dis-
tinct and specific findings of persistent pruritic papules
and plaques’.

Measurement of serum IL-6, IL-18

Serum levels of IL-6 (normal range: < 4.0 pg/mL) and
IL-18 (normal range: 126 pg/mL+44.5pg/mL) were
evaluated in the acute phase before treatments and at the
time of remission (no fever, no rash, no arthralgia, no
lymph node swelling and normalized CRP) in 5 patients.
Serum levels of IL-6 were analyzed using a commercial
chemiluminescent enzyme immunoassay (CLEIA; SRL,
Tokyo, Japan). Serum IL-18 levels were measured using a
commercial ELISA kit (Medical & Biological Laboratories
Co., LTD. Nagoya, Japan) by way of BML, INC. (Case 1)
and SRL, INC. (Case 2, 3, 5, 6). Serum CRP (normal
range: 0-0.3mg/dL) and ferritin (normal range: 10-60
pg/mL) levels were also evaluated before and after treat-

ment in 6 patients.
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Results

Laboratory findings (CRP and ferritin) and changes
in serum of IL-6 and IL-18 levels before and after treat-
ment (Table 1)

In active AOSD, serum ferritin levels and CRP levels
were above normal range, from 307.6 to 4,692 ng/mL
and from 5.33 to 29.24 mg/dL, respectively; in 6 patients.
In remission, serum ferritin levels of 3 patients were
slightly above the normal range, while CRP serum levels
of 6 patients were all normalized.

Serum IL-18 levels were markedly elevated in 5 cases
during the acute phase. In case 1, while serum the serum
IL-18 level was highly elevated (184,497 pg/mL) at onset,
in remission it remained at a high level (24,144 pg/mL).
Serum IL-18 levels in 4 cases (case 2, 3, 5, 6) were above
the upper-limit of detection of the ELISA kit (=5,000 pg/
mL) and final serum IL-18 levels in 4 cases were not ob-
tained. The reasons are as follows. First, the tests were
conducted by other laboratory company in which serum
samples were not diluted to get the final serum IL-18
levels. Second, the samples were tested one or two
months after a blood test depending on the number of
samples collected, causing a delay in the IL-18 results. In

remission, serum IL-18 levels remained at higher values
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than the normal range in 5 cases. In cases 1 and 2, the se-
rum IL-18 levels remained remarkably high (=5,000 pg/
mL) after remission.

Serum IL-6 levels were also highly elevated in 5 pa-
tients in active AOSD and became normalized in remis-
sion after treatment except in case 2. Interestingly, in case
5, when the AOSD recurred, serum cytokine levels, such
as IL-18 and IL-6, rose faster than ferritin and serum IL-
18 elevated sharply (4,530 pg/mL) compared with IL-6
level (8.6 pg/mL).

Discussion
IL-18, a proinflammatory cytokine of IL-1 superfamily,
plays a significant role in stimulating innate immune cell
activation as well as adaptive immune cells, causing
overproduction of several inflammatory cytokines in
AOSD. In this study, serum IL-18 levels in 5 patients
were elevated significantly higher than normal values
and remained higher, even after treatment. A previous re-
port supports our data that IL-18 levels in AOSD were
much higher (mean+SD 99,000+99,800 pg/mL) than those
in patients with rheumatoid arthritis (RA), systemic lu-
pus erythematosus (SLE), systemic sclerosis, polymyosi-
tis/dermatomyositis, and Sjogren’s syndrome (SS), and in
healthy controls®. Colafrancesco et al.” also concluded that
AOSD patients could be discriminated from RA, SLE,
and SS patients and from healthy subjects by the serum
level of IL-18 determined by ELISA. Furthermore, Kim et
al.* described that with a cutoff value of 366.1 pg/mL, the
sensitivity and specificity of IL-18 was highest for the di-
agnosis of AOSD (91.7% and 99.1%, respectively). There-
fore, detection of the overproduction of IL-18 will be clue
to the diagnosis of AOSD. Interestingly, some previous
studies showed that IL-18 levels were gradually reduced
in patients with AOSD after symptoms disappeared by
treatment and remained detectable beyond the values in
healthy controls, even a few weeks after normalization of
the inflammatory reaction®” consistent with our observa-
tions of serum IL-18 levels after treatment. In particular,
in cases 1 and 2, the serum IL-18 levels remained high (=
5,000 pg/mL) even after remission. In these cases, the
AOSD was refractory to high dose of systemic corti-
costeroids and the patients were treated twice with intra-
venous pulse glucocorticoids therapy together with an
immunosuppressant. Furthermore, in case 2, the patient
was treated with Tocilizumab, a monoclonal antibody
against IL-6 receptor. Our result indicates that high levels
of serum IL-18 correlate with disease severity and refrac-

tory cases and the role of IL-18 as a marker of disease ac-
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tivity in AOSD is questionable. Although the cause of
high serum IL-18 levels in remission remains unclear, we
suspect that it may cause by the overproduction of IL-18
levels in organs or tissues, such as lymph node and liver
in AOSD™", resulting in the delay of normalization of se-
rum IL-18 levels.

IL-6 is a pro-inflammatory cytokine secreted by macro-
phages, activated T cells, B cells and some other cells,
which attributes to the production of acute-phase protein
and to the activation of B cells for producing antibodies.
In our studies, we found out that serum IL-6 levels were
elevated at the onset; however, it does not appear to be a
reliable diagnostic marker. Kawashima et al.® demon-
strated that increased serum IL-6 was generally detected
at higher levels in AOSD patients compared with RA pa-
tients; although the difference between the two groups
was not statistically significant. Furthermore, Rau et al.”
proved that IL-6 cannot differentiate AOSD patients from
patients with sepsis. Therefore, serum IL-6 level is not a
specific marker for the diagnosis of AOSD. While IL-6
levels have been considered to correlate with disease ac-

9,13

tivity””, in case 2, IL-6 remained elevated even after re-
mission. Based upon our findings, CRP levels appear to
be more useful in observing disease activity in AOSD.
Hyperferritinemia in AOSD is mainly attributable to
increased ferritin released from the liver and spleen™". IL-
18 stimulates innate immune cells such as Kuppfer cells
in liver and splenic macrophages for erythrophagocytosis
to release the iron in the form of ferritin. IL-18 contrib-
utes to hyperferritinemia and high level of serum ferritin
has been said to be a diagnostic marker of AOSD and

23,15,16

correlate with its disease activity . However, serum
ferritin levels in our cases increased and decreased
gradually in the active and inactive state, compared with
1L-6, IL-18, and CRP.

The clinical features of skin eruption in AOSD vary
and they are categorized into 2 distinct cutaneous erup-
tions, one is the typical evanescent, salmon-pink rash,
and the other is an atypical persistent, pruritic or non-
pruritic rash. The most representative lesion among the
atypical skin rashes is persistent pruritic papules and/or
plaques, as seen in case 6. The scratch dermatitis-like le-
sions observed in 2 cases may be among the characteris-
tic eruptions observed in AOSD, presenting as excoria-
tion marks or as a reflection of Koebner’s phenomenon’.
In our cases, there were no correlations between the
types of skin eruptions and serum IL-18 and IL-6 levels.

In summary, high levels of serum IL-18 will be a clue
to the diagnosis of AOSD. Commercial-based IL-18
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ELISA kits in Japan are not actually convenient because
the test is not covered by medical insurance, and serum
samples are pooled and tested all together a few weeks
after a blood test, causing a delay in the IL-18 results. We
suggest that IL-18 ELISA kits need to be more practical
for use in daily practice. CRP is also useful biomarker for
monitoring disease activity compared with IL-6 and IL-
18.

Conflict of Interest: None declared.
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