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Differential expression of alarmins:
IL-33 as a candidate marker for early
diagnosis of toxic epidermal necrolysis
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� Serum level of IL-33, which might be released from
epidermal keratinocytes, was elevated in patients with
toxic epidermal necrolysis (TEN) in the early stage.
Serum level of IL-33 might be useful for the early
diagnosis of TEN.
TO THE EDITOR:

IL-33 and high mobility group box-1 protein (HMGB1) are
known as alarmins and initiate rapid innate immune responses
when released from necrotic cells.1,2 Soluble ST2 (sST2) acts as
URE 1. A, Average serum IL-33 level over time in patients with TEN
e, and (C) IL-33, (E) sST2, and (G) HMGB1, in the late stage. On
pare serum levels. DIHS, drug-induced hypersensitivity syndrome
a decoy receptor for IL-33 and reduces the effect of TH2-
mediated responses.3 Several biomarkers, such as granulysin,4

FasL,5 and HMGB1,6 have been reported to be useful in
diagnosing Stevens Johnson syndrome (SJS)/toxic epidermal
necrolysis (TEN) in the early stage but IL-33/sST2 have not
been reported. We compared their serum levels with those of
HMGB1 and examined the histopathological localization of
IL-33 and HMGB1.

Nineteen adult patients (9 men, 10 women; 61.8 � 17.4 years
old) and 14 healthy controls (HCs; 6 men, 8 women; 56.4 �
16.1 years old) were enrolled in the study. Of the patients, 4 had
TEN, 4 had SJS, 3 had drug-induced hypersensitivity syndrome/
drug reaction with eosinophilia systemic symptoms, and 8 had
other types of drug eruptions. Day 0 in patients with SJS/TEN
was defined as the day when mucocutaneous involvements
occurred. The early and late stages were defined as days 0 to 3
and days 4 to 14, respectively. All subjects provided written
consent, and the protocols of this study were approved by the
Ethical Committee of Jichi Medical University Graduate School
of Medicine and Kyoto University Graduate School of Medicine.
The serum levels of IL-33, sST2, and HMGB1 were evaluated
using an IL-33 ELISA kit (R&D Systems, Minneapolis, Minn),
sST2 ELISA kit (MBL, Woburn, Mass), and HMGB1 ELISA
. Serum levels of (B) IL-33, (D) sST2, and (F) HMGB1, in the early
e-way ANOVA with Tukey multiple comparison test was used to
; ODE, other types of drug eruptions.
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FIGURE 2. Immunohistochemical analysis of (A) IL-33 in case 1 (patient with TEN) (400�), (B) absorption study of IL-33 in case 1
(400�), (C) IL-33 in case 4 (patient with SJS) (400�), (D) IL-33 in the healthy control (400�), (E) HMGB1 in case 1 (400�), (F) HMGB1 in
case 4 (400�), and (G) HMGB1 in the healthy control (400�).
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kit (Shino-Test Co., Tokyo, Japan), according to the manufac-
turers’ protocols.

We performed immunohistochemical staining using the
avidin-biotin-horseradish peroxidase method with mAbs to
human IL-33 (mouse IgG1k, Nessy-1; Enzo Life Sciences,
Farmingdale, NY) and human HMGB1 (rabbit IgG, EPR3507;
Abcam, Cambridge, Mass). To confirm the specificity of staining
with antieIL-33 antibody, we performed an adsorption study
using a recombinant human IL-33 N-terminal peptide (Escher-
ichia coliederived, Ser112-Thr270; R&D Systems). The IL-33
mAb was adsorbed with recombinant human IL-33 peptide for
1 hour at 37�C.

The serum level of IL-33 in the early stage in patients with
TEN was 8.00 � 4.76 pg/mL, which gradually decreased
during their clinical course (Figure 1, A and C), whereas that in
other patients as well as 13 HCs was not detected except in 1
HC (Figure 1, B). The serum level of sST2 in patients with
TEN was significantly elevated compared with that in HCs but
was not elevated compared with that in other patients in the
early stage (Figure 1, D). In contrast, the serum level of sST2
was significantly elevated in the late stage compared with that
in other patients and HCs (Figure 1, E). The serum level of
HMGB1 in patients with TEN was not significantly elevated
in the early or late stage, compared with that in other patients
(Figure 1, F and G). IL-33 staining was positive in the nucleus
and cytoplasm of keratinocytes in patients with TEN, which
was abolished in the absorption study (Figure 2, A and B).
However, in other types of drug eruption and HCs, IL-33
staining was positive in only a small number of nucleus of
keratinocytes (Figure 2, C and D). HMGB1 staining was
positive in the nucleus of keratinocytes in all patients (Figure 2,
E and F), whereas a greater number of positive cells were
observed in HCs (Figure 2, G).

We demonstrated that, in patients with TEN, the serum level
of IL-33 was elevated in the early stage and IL-33 staining was
positive in the nucleus and cytoplasm of keratinocytes, whereas
IL-33 is typically localized in the nuclei of keratinocytes in the
steady states and IL-33 signal is generally low with
immunohistochemical analysis.7 In the late stage, the serum level
of sST2 was elevated only in patients with TEN, and this result
corresponds to the action of sST2 as a decoy receptor for IL-33.
TEN and SJS are thought to be due to the same pathogenesis;
however, serum level of IL-33 was not detected in patients with
SJS in our system. We assume that the elevation of serum level of
IL-33 depends on the area of epidermal necrosis. In contrast,
serum level of HMGB1 was not elevated in the early stage in
patients with TEN, and HMGB1 was stained with fewer kera-
tinocytes than in HCs. These results suggest that HMGB1
expression might vary on a case-to-case basis, according to the
previous report.6 Collectively, the serum level of IL-33 may be a
good marker of the early stage of TEN; however, this study
included only a small number of patients and a larger sample size
would be needed in future studies.
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