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Two Cases of Facial Fixed Erythrodysaesthesia Plaque

Induced by Paclitaxel

Hiroaki AZUKIZAWA "', Akinori YOKOMI"', Mamori TANI"",
Hiroyuki MUROTA"’, Takahiro NAKAYAMA? *’, Yasuhiro TAMAKI? ®’,
Shinzaburo NOGUCHI®’, Ichiro KATAYAMA "

Y Department of Dermatology, Course of Integrated Medicine, Osaka University, Graduate School of Medicine
2-2, Yamadaoka, Suita, Osaka 565-0871, Japan
2 Department of Breast and Endocrine Surgery, Osaka University, Graduate School of Medicine

¥ Department of Breast and Endocrine Surgery, Osaka Medical Center for Cancer and Cardiovascular Diseases

Case 1 : A 67-year-old woman with metastatic breast cancer presented with bizarre-shaped
erythema on the face and cubital fossa 6 weeks after biweekly albumin-bound paclitaxel for
injectable suspension was started. Abraxane was discontinued for 4 weeks, and she was treated
with topical steroid ointment. The erythema disappeared and did not recur after repeated
readministration of paclitaxel for more than 6 months.

Case 2 ¢ A 7l-year-old woman with lymph node metastasis of breast cancer presented with
erythema on the face with a tingling sensation 7 months after initiation of combination therapy with
paclitaxel and trastuzumab. Although she was treated with topical steroids and tacrolimus, the
symptoms did not improve. Only paclitaxel, but not trastuzumab. was discontinued for 6 weeks, and
the erythema disappeared. Similar to case 1. facial erythema did not recur after the readministration
of paclitaxel.

Skin biopsies of both cases showed epidermal dysmaturation with dyskeratotic cells, vacuolation
degeneration, and inflammatory cell infiltration. Serum anti-nuclear antibody and anti-SSA/Ro
antibodies were negative, indicating that lupus erythematosus induced by paclitaxel was unlikely.
Therefore, we diagnosed these two cases as facial fixed erythrodysaesthesia plaque, which usually
appears on the forearm by a similar pathological mechanism to the hand-foot skin reaction.

(J Environ Dermatol Cutan Allergol, 8 (2) : 109-113, 2014)
Key words : paclitaxel, facial erythema, fixed erythrodysaesthesia plaque
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Editor's Summary

Subduing a Severe Skin Side Effect

Certain pain relievers and antiepileptic drugs can cause a very rare, but sometimes fatal, side effect in which
skin painfully blisters and peels, caused by the patients' immune response to the drug. Saito et al. now find that, in
susceptible patients, the drug causes secretion of the protein annexin A1 from immune cells, with deadly effect on
skin cells. Annexin acts on these cells to cause necroptosis, a programmed form of cell death. The authors confirmed
their results in mice, showing that an inhibitor of necroptosis blocked skin blistering. With these findings, Saito et al.
lay the groundwork for a countermeasure to this dangerous side effect of otherwise extremely beneficial drugs.

A complete electronic version of this article and other services, including high-resolution figures,
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http://stm.sciencemag.org/content/6/245/245ra95.full.html

Supplementary Material can be found in the online version of this article at:
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CUTANEOUS DRUG REACTIONS

An annexin A1-FPR1 interaction contributes to
necroptosis of keratinocytes in severe cutaneous
adverse drug reactions

Nao Saito,’ Hongjiang Qiao," Teruki Yanagi,' Satoru Shinkuma,' Keiko Nishimura," Asuka Suto,’
Yasuyuki Fujita," Shotaro Suzuki,’ Toshifumi Nomura," Hideki Nakamura,' Koji Nagao,?
Chikashi Obuse,? Hiroshi Shimizu,'* Riichiro Abe'*

Stevens-Johnson syndrome (SJS) and toxic epidermal necrolysis (TEN) are life-threatening, cutaneous adverse
drug reactions that are accompanied by keratinocyte cell death. Dead keratinocytes from SJS/TEN lesions exhibited
necrosis, by morphological criteria. Supernatant from peripheral blood mononuclear cells (PBMCs) that had been exposed
to the causative drug from patients with SJS/TEN induced the death of SJS/TEN keratinocytes, whereas supernatant from
PBMCs of patients with ordinary drug skin reactions (ODSRs) exposed to the same drug did not. Keratinocytes from ODSR
patients or from healthy controls were unaffected by supernatant from SJS/TEN or ODSR PBMCs. Mass spectrometric
analysis identified annexin A1 as a key mediator of keratinocyte death; depletion of annexin A1 by a specific anti-
body diminished supernatant cytotoxicity. The necroptosis-mediating complex of RIP1 and RIP3 was indispensable
for SJS/TEN supernatant-induced keratinocyte death, and SJS/TEN keratinocytes expressed abundant formyl pep-
tide receptor 1 (FPR1), the receptor for annexin A1, whereas control keratinocytes did not. Inhibition of necroptosis
completely prevented SJS/TEN-like responses in a mouse model of SJIS/TEN. Our results demonstrate that a necrop-

tosis pathway, likely mediated by annexin 1 acting through the FPR1 receptor, contributes to SJS/TEN.

INTRODUCTION

Stevens-Johnson syndrome (S]S) and toxic epidermal necrolysis (TEN)
are rare, life-threatening adverse drug reactions characterized by exten-
sive detachment of the epidermis. They are considered as part of the
same spectrum of diseases, but SJS patients have skin detachment on less
than 10% of the body surface area, whereas TEN patients have more ex-
tensive lesions (I). After causative drug intake, the eruptions show erythe-
ma, and then the skin lesions spread to the whole body and become
erosions. Mucous membranes are involved in about 90% of patients. Al-
though SJS and TEN are rare (seven cases and two cases per million pop-
ulation for SJS and TEN, respectively), the mortality rates are high: up to
5 and 30% for SJS and TEN (I). The cause is thought to be the induction
of an immunological reaction by the causative drugs. In patients with
SJS/TEN, CD8" T cells are the predominant cell population that infil-
trates the epidermis of the lesions (2), and drug-specific CD8" T cells pro-
liferate predominantly in peripheral blood (3). Keratinocyte death in
SJS/TEN has been thought to result from the action of cytotoxic cells
or soluble factors such as soluble FasL or granulysin (2, 4, 5). Keratino-
cytes have been suggested to die by apoptosis (4), although the precise
mechanism of keratinocyte death in SJS/TEN remains unclear.

Cell death generally has been thought to be initiated by a regulated
signaling pathway, known as apoptosis, or by an unregulated process
resulting from cellular damage, known as necrosis. This paradigm has
been challenged by findings that necrosis can also result from programmed
signaling (6). Under some conditions, stimulation with Fas ligand or tu-
mor necrosis factor-o (TNF-0) can induce cell death that has the mor-
phological features of necrosis (7, 8). Recently, the RIP1/RIP3 complex was
found to play a major role in necroptosis, and multiple small-molecule

' Department of Dermatology, Hokkaido University Graduate School of Medicine, Sapporo 060-
8638, Japan. “Graduate School of Life Science, Hokkaido University, Sapporo 0600810, Japan.
*Corresponding author. E-mail: aberi@med.hokudai.acjp (RA); shimizu@med.hokudai.
acjp (HS)

inhibitors of necroptosis, or “necrostatins,” were discovered (9, 10).
Necroptosis is now recognized as a cellular defense mechanism against
viral infections and as being critically involved in ischemia-reperfusion
damage (9). Paneth cells in Crohn’s disease have been reported to
show programmed necrosis (11, 12).

Here, we investigate how keratinocytes die in SJS/TEN. Drug-specific
lymphocytes exist in patients who have recovered from drug allergies, in-
cluding SJS/TEN (13-15). We searched for cytotoxic agents that might be
secreted from these drug-specific lymphocytes by examining the super-
natant of causative drug-exposed peripheral blood mononuclear cells
(PBMCs) from recovered SJS/TEN patients.

RESULTS

SJS/TEN keratinocyte death by necroptosis
To investigate the nature of keratinocyte death in SJS/TEN, we examined
the morphological changes in active lesions of SJS/TEN that showed
marked epidermal cell death by electron microscopy (Fig. 1, A to C).
To ensure that keratinocyte death was not necrosis resulting from
ischemic or mechanical stress, we obtained all samples from erythem-
atous lesions of SJS/TEN that showed nonbullous skin eruptions clini-
cally and no epidermis-dermis detachment histologically. We found
that some keratinocytes showed necrotic morphology, including mem-
brane breakdown and numerous swollen cellular organelles (Fig. 1B).
Other keratinocytes showed a reduction of cellular volume and chroma-
tin condensation, features compatible with apoptotic morphology (Fig.
1C). Necrotic and apoptotic cells represented 16.1 + 2.1% and 10.5 +
0.7%, respectively, of all keratinocytes (N = 80) in the SJS/TEN lesions.
Therefore, morphological apoptosis and necrosis both occur in ery-
thematous lesions of SJS/TEN.

We next hypothesized that, upon initial drug stimulation, drug-specific
lymphocytes secrete a soluble factor that induces widespread cutaneous
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Fig. 1. Keratinocyte death in SJS/TEN shows necrotic and apoptotic
morphology. (A) Morphological keratinocyte changes in SJS/TEN le-
sions and ODSRs were observed by hematoxylin and eosin (H&E) stain-
ing and electron microscopy, representative image. Scale bars, 10 um
(H&E) and 3 um (electron microscopy). Skin samples were obtained from
patient nos. 10 (early lesion) and 18 (early lesion). (B and C) Representa-
tive images of necrotic (B) and apoptotic (C) keratinocyte changes seen in
SJS/TEN lesions by electron microscopy. (Inset) Swollen mitochondria.
Scale bar, 5 um. (D) Keratinocytes from SJS/TEN patients, ODSR patients,
or healthy controls were exposed to supernatants from causative drug—
exposed PBMCs for 8 hours. Cytotoxicity was measured by trypan blue
staining (n = 4). *P < 0.01. Keratinocytes and PBMCs were obtained from
patient no. 3 (postlesional skin), patient no. 14 (postlesional skin), and
healthy control no. 6. (E) Representative image of SIS/TEN supernatant-
exposed SJS/TEN keratinocytes showing necrotic morphology includ-
ing swollen mitochondria (insert) by electron microscopy. Scale bar,
5 um. Keratinocytes were obtained from patient no. 3 (postlesional

detachment through keratinocyte death. The lymphocytes that specif-
ically reacted with the causative drug then may remain in peripheral
blood of recovered SJS/TEN patients, and upon reexposure to the
causative drug, these lymphocytes would again secrete the key soluble
factor(s). To test for the presence of causative drug-specific lympho-
cytes in peripheral blood in recovered patients, we collected PBMCs
from patients (n = 6) who had recovered from SJS/TEN 1 to 5 years
before. Enzyme-linked immunospot (ELISPOT) analysis of human
interferon-y (IFN-y) secretion was conducted to detect antigen-specific
human cells; we detected causative drug-specific lymphocytes (fig. S1).
After in vitro reexposure to the causative drug, the number of drug-
specific lymphocytes increased markedly (fig. S1). These data con-

www.ScienceTranslationalMedicine.org

skin). (F) Dose dependence of cytotoxicity by SJS/TEN supernatant
(sup) was analyzed (n = 4). *P < 0.05; **P < 0.01. Keratinocytes and
PBMCs were obtained from patient no. 5 (nonlesional skin). (G) Cyto-
toxicity of SJS/TEN supernatant (5%) on SJS/TEN keratinocytes from
three patients. Each experiment was repeated five times. *P < 0.01 ver-
sus medium. Keratinocytes and PBMCs were obtained from patient
nos. 3 (postlesional skin), 4 (nonlesional skin), and 8 (nonlesional skin).
(H) Keratinocytes from SJS/TEN patients or healthy controls were ex-
posed to sera of patients with SJS/TEN or ODSR, and healthy controls
for 8 hours. Cytotoxicity was measured by trypan blue staining (n = 4). *P <
0.01. Keratinocytes were obtained from patient no. 4 (nonlesional skin),
patient no. 10 (postlesional skin), and healthy control no. 9. Sera were
obtained from patient no. 4, patient no. 18, and healthy control no. 2.
(1) Cytotoxicity of SIS/TEN serum during disease onset (acute phase) and
after recovery (resolution phase) (n = 5). *P < 0.01. Keratinocytes were ob-
tained from patient no. 1 (postlesional skin) and healthy control no. 5. Sera
were obtained from patient no. 1.

firmed that, even after the resolution of SJS/TEN, drug-specific lym-
phocytes still circulate, as reported (13, 14).

To test for toxic agents that might be secreted by drug-specific
lymphocytes, we exposed PBMCs from recovered SJS/TEN patients
to the causative drugs and then collected the supernatants. Treat-
ment of keratinocytes from SJS/TEN patients with SJS/TEN super-
natant resulted in cell death, whereas treatment of SJS/TEN keratinocytes
with supernatant from PBMCs from patients with ordinary drug
skin reactions (ODSRs) and other types of severe adverse drug re-
actions [drug-induced hypersensitivity syndrome (DIHS)/drug re-
action with eosinophilia and systemic symptoms (DRESS)] had no
effect on keratinocytes (Fig. 1D and fig. S2). Keratinocytes from
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ODSR patients or healthy controls were unaffected by SJS/TEN and
ODSR supernatant.

We examined the morphological changes in supernatant-treated
keratinocytes by electron microscopy. The supernatant-exposed
keratinocytes showed swollen mitochondria and blebbing of the
cellular membrane, reactions compatible with necrotic morphology
(Fig. 1E). Necrotic and apoptotic cells accounted for 76.7 + 5.8%
and 23.3 £ 5.8% of dead keratinocytes (n = 35), respectively.

SJS/TEN supernatant induced cytotoxicity against SJS/TEN keratino-
cytes in a dose-dependent manner (Fig. 1F). SJS/TEN supernatant from
three recovered patients and SJS/TEN keratinocytes from the same pa-
tients showed significant cytotoxicity in each combination (Fig. 1G). Fur-
thermore, we analyzed the cytotoxicity of supernatants from PBMCs of a
SJS/TEN patient (case 5 in table S2) exposed to an irrelevant drug (amox-
icillin). The supernatants from PBMCs exposed to the irrelevant drug did
not induce cytotoxicity (fig. S3).

Because the previous experiments used samples from patients who
had recovered from SJS/TEN, we tested whether a cytotoxic soluble
factor was also present in peripheral blood during the active phase
of SJS/TEN. Sera from patients with active SJS/TEN were incubated
with SJS/TEN keratinocytes and found to cause cytotoxicity, whereas
sera from patients with ODSR did not (Fig. 1H). The keratinocytes of
ODSR patients or healthy controls were unaffected by SJS/TEN and
ODSR sera. In addition, we investigated the direct cytotoxicity of sera
from patients who were in the SJS/TEN recovery phase. These sera did
not induce cytotoxicity (Fig. 11I).

To determine whether keratinocytes taken from healed postlesional
skin and keratinocytes taken from nonlesional skin differed in sensitivity
to the putative toxic agent, we compared SJS/TEN PBMC supernatant-
induced cytotoxicity in keratinocytes from these two sites (fig. S4A). We
obtained the cultured keratinocytes from normal-appearing skin that
had been lesional during the acute phase but that had returned to normal
(postlesional; = 3) or from normal-appearing skin that was never le-
sional (nonlesional; n = 4). SJS/TEN PBMC supernatant induced com-
parable cytotoxicity in both cases (fig. S4B).

Apoptosis is dependent on the activation of caspases; necroptosis is not
influenced by caspase inhibition but is blocked by necrostatin-1 (Nec-1),
an inhibitor of the kinase activity of RIP1 and by RIP3 inhibition (9). To
test whether SJS/TEN supernatant-induced cytotoxicity is apoptosis, we
investigated the cleavage of poly(adenosine 5’-diphosphate-ribose) poly-
merase (PARP), a substrate of cleaved caspase-3. Cleaved PARP was not
detected in keratinocytes treated with SJS/TEN supernatant (Fig. 2A).

To further investigate the mechanism of SJS/TEN supernatant-
induced cytotoxicity, we examined the effect of the pan-caspase inhibitor
zVAD and the necroptosis inhibitor Nec-1 on SJS/TEN supernatant-
induced keratinocyte death. Although zVAD did not inhibit cytotox-
icity, Nec-1 completely inhibited cytotoxicity (Fig. 2B). In addition, to
clarify the role of RIP3 in our cytotoxic process, we knocked down
RIP3 with small interfering RNA (siRNA), which significantly decreased
the cytotoxicity of the SJS/TEN supernatant (Fig. 2C). In the SJS/TEN
lesions, the keratinocytes showed abundant RIP3 expression, just as ne-
croptotic Paneth cells do in Crohn’s disease (12). In contrast, no cells
showed RIP3 expression in ODSR lesions (Fig. 2D). These data suggest
that necroptosis can contribute to keratinocyte death in SJS/TEN.

Some cell lines are capable of undergoing necroptosis in response
to cytokines of the TNF family (16). In this pathway, TNF-o reacts with
the TNF-o receptor, forming a complex with FADD (Fas-associated
protein with death domain) and RIP1/RIP3, after MLKL phosphorylation
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(17, 18). To investigate whether these molecules also control keratinocyte-
programmed necrosis, we analyzed the expressions of RIP1, RIP3, FADD,
and CYLD in keratinocytes. Expression levels of these molecules varied
among keratinocytes from SJS/TEN patients, ODSR patients, or healthy
controls (fig. S5), indicating that the levels of these molecules were not
regulating the susceptibility to keratinocyte necroptosis.

Necroptosis by annexin A1-formyl peptide

receptor 1 interaction

To try to identify the necroptosis mediators in the SJS/TEN supernatant, we
tested apoptosis inducers such as granulysin and necroptosis agents such as
TNF-a, poly(I.C) (polyinosinic-polycytidilic acid), or LPS (lipopolysaccha-
ride), but found that they failed to induce SJS/TEN keratinocyte death (fig.
S6). Therefore, we performed mass spectrometry [liquid chromatography-
tandem mass spectrometry (LC-MS/MS)] of SJS/TEN and ODSR su-
pernatants and identified the protein annexin Al as significantly more
abundant in SJS/TEN supernatant than in ODSR supernatant (table S1
and Fig. 3A). To test the importance of annexin Al, we depleted it from
SJS/TEN supernatant using a specific annexin Al antibody, which sig-
nificantly blocked SJS/TEN supernatant-induced keratinocyte death
(Fig. 3B). Moreover, the annexin Al-mimetic peptide Ac2-26 induced cyto-
toxicity in SJS/TEN keratinocytes, but not in healthy control keratinocytes
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Fig. 2. Keratinocyte death by PBMC supematant from SJS/TEN patients
is mediated by necroptosis. (A) PARP cleavage assay was performed with
apoptosis inducer (2 uM staurosporine) or SJS/TEN supernatant (5%). Keratino-
cytes and PBMCs were obtained from patient no. 3 (postlesional skin). The
experiments were repeated three times, and representative data are shown.
(B) Effects of the pan-caspase inhibitor zZVAD (50 uM) or Nec-1 (50 uM) on
cytotoxicity were analyzed (n = 4). *P < 0.01 versus SJS#1 sup alone. Kera-
tinocytes were obtained from patient no. 3 (postlesional skin), patient no. 4
(nonlesional skin), healthy control no. 8, and healthy control no. 10, and
PBMCs from patient no 3. (C) RIP3 was knocked down with siRNA (si-1 or
si-2) in SJS/TEN keratinocytes, and SJS/TEN supernatant-induced cytotoxicity
was analyzed (n = 4). Densitometric values are shown as percent optical den-
sity of RIP3 in siRNA-transfected cells after B-actin normalization. *P < 0.05
versus siRNA control. Keratinocytes and PBMCs were obtained from patient
no. 3 (postlesional skin). (D) Representative image of RIP3 expression in
SJS/TEN lesions and ODSRs. Nuclei were stained with propidium iodide
(PI). Scale bars, 10 um. Skin samples were obtained from patient nos. 10
(early lesion) and 18 (early lesion).
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(Fig. 3C). Although annexin Al is an intracellular molecule, it is also
secreted from CD14" monocytes, where it acts as an immunosuppressant
(19). To test for the source of annexin A1, we depleted CD14" monocytes
from SJS/TEN PBMC:s that were exposed to the causative drug, and these
PBMC:s failed to induce SJS/TEN keratinocyte death (Fig. 3D), con-
firming CD14" cells as the likely source of annexin Al. Indeed, CD14"
cells are present in SJS/TEN skin lesions (20).

CD14" monocytes can be divided into at least two populations:
CD14*"#" dassical monocytes and CD14%™ proinflammatory monocytes.

Both cell types induced cytotoxicity (fig. S7). Monocyte activation is not
mediated by a specific antigen. However, we and other groups have re-
ported that CD8" cells and major histocompatibility complex (MHC)
class I are indispensable in SJS/TEN pathogenesis (4, 15). Therefore, we sug-
gest that CD8" cell activation by a specific antigen (the causative drug) or by
MHC class I is critical for the secretion of annexin Al from monocytes.
First, supernatant from CD14"-depleted PBMCs failed to induce cytotox-
icity (Fig. 3D). Furthermore, supernatant from CD14" plus CD14-depleted
supernatant succeeded in killing keratinocytes (Fig. 3E). Supernatant
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Fig. 3. Annexin A1 mediates necrosis caused by PBMC supernatant
from SJS/TEN patients. (A) Annexin A1 concentrations were measured by
annexin A1 peptide enzyme-linked immunosorbent assay (ELISA) in super-
natants collected from causative drug—-exposed PBMCs of SIS/TEN (n = 4)
and ODSR (n = 4) patients. *P < 0.05. PBMCs were obtained from patient
nos. 3, 4, 5,6, 11, 12, 14, and 17. Each point was measured three times.
(B) Cytotoxicity assay using annexin Al1-depleted SJS/TEN supernatant
(n = 5). *P < 0.05 versus SIS/TEN sup. Keratinocytes and PBMCs were ob-
tained from patient no. 3 (postlesional skin) and no. 5 (nonlesional skin).
Keratinocytes were obtained from healthy control no. 4. (C) Effect of annex-
in A1 peptide (Ac2-26) (50 ng/ml) on cytotoxicity in SIS/TEN keratinocytes
(n = 5). *P < 0.05 versus Ac2-26. Keratinocytes were obtained from patient
no. 5 (nonlesional skin) and healthy control no. 3. (D) Effect of CD14-depleted
supernatant and supernatant from CD14" cells plus CD14-depleted super-
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natant on cytotoxicity of keratinocytes. (n = 5). *P < 0.01 versus supernatant
from PBMC. Keratinocytes were obtained from patient no. 3 (postlesional
skin), patient no. 5 (nonlesional skin), and healthy control no. 7. PBMCs
were obtained from patient no. 3. (E) Effect of CD8" cells on SJS/TEN PBMC
supernatant-induced cytotoxicity. Supernatant from CD8" cell-depleted
SJS/TEN PBMCs with causative drug exposure was analyzed for cytotoxicity
(n = 5). *P < 0.05 versus SJS/TEN supernatant. Keratinocytes were obtained
from patient no. 3 (postlesional skin) and healthy control no. 8. PBMCs were
obtained from patient no. 3. (F) Effect of anti-MHC class | antibody on SJS/TEN
supernatant-induced cytotoxicity. SJS/TEN PBMCs were preincubated for
30 min at 37°C with anti-MHC | antibody (10 pg/ml) or control mouse IgG
(n = 5). *P < 0.05 versus SJS/TEN supernatant. Keratinocytes were obtained
from patient no. 10 (postlesional skin) and healthy control no. 5. PBMCs were
obtained from patient no. 2.
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from CD8"-depleted PBMCs did not induce cytotoxicity (Fig. 3F). In addi-
tion, we collected supernatant from causative drug-exposed PBMCs that
had been cultured with neutralizing MHC dlass I antibody (W6/32). The
cytotoxicity of the supernatant was greatly decreased; in contrast, the super-
natant from causative drug-exposed PBMCs that had been cultured with
control mouse immunoglobulin G (IgG) did not show reduced cytotoxicity
(Fig. 3G). Together, these data show that CD8" cell activation by a specific
antigen (the causative drug) or by MHC dlass I is critical to cytotoxicity.
Finally, we investigated the roles of CD14" and CD8" cells in SJS/TEN
model mice that we have recently developed (15) (Fig. 4A). These mice,
generated by using SJS/TEN PBMCs and causative drugs (15), show eye

|Patient who had recovered from SJS/T EN‘

Peripheral blood mononuclear cells

!

Immunocompromized mouse
(NOG) iv.

Causative drug Causative drug

MSO

‘Disease occurrence was observed l

Fig. 4. CD14" and CD8" cells are required for pathogenesis in a mouse
model of SJS/TEN model mice. (A) PBMCs were obtained from patients
who had recovered from SJS/TEN. PBMCs, CD14*-depleted PBMCs, or
CD8"-depleted PBMCs (2 x 10°) were injected intravenously into NOG
[nonobese diabetic (NOD)/Shi-scid, interleukin-1 receptor (IL-2R) null]
mice, followed by oral administration of the causative drug. The dosage
used in the model mice was based on mg/kg body weight converted
from human adult normal dose. We administered the drug to the mice
once daily. In addition, these mice received necrosulfonamide (NSA) or
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Fig. 5. SJS/TEN keratinocytes express FRP1. (A) Representative im-
ages of FRP1 in cultured keratinocytes from SJS/TEN patients or healthy con-
trols. Cultured cells were treated with or without SJS/TEN supernatant
(5%) (4 hours) and were stained for FRP1 with an antibody (n = 3). Rep-
resentative data are shown. Nuclei were stained with PI. Scale bars, 5 um.
Keratinocytes were obtained from patient no. 3 (postlesional skin) and
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manifestations of disease (marked conjunctival congestion) (Fig. 4B).
If we used CD14"-depleted PBMCs or CD8"-depleted PBMCs dur-
ing generation of these model mice, the development of the con-
junctival congestion was prevented. CD8"-depleted PBMCs also failed
to induce SJS/TEN-like symptoms (conjunctival epithelial cell death)
in the model mice (Fig. 4C).

Annexin Al binds to formyl peptide receptor 1 (FPR1) and acts via
that receptor (19). FPR1 is in the family of G protein (heterotrimeric
guanine nucleotide-binding protein)-coupled receptors and is asso-
ciated with tissue damage (2I). When treated with SJS/TEN superna-
tant, SJS/TEN keratinocytes expressed abundant FRP1 in vitro, whereas
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dimethyl sulfoxide (DMSO) intraperitoneally. The mice were observed
for eye manifestations of disease. PBMCs were obtained from patient
nos. 2 and 3. (B) SJS/TEN model mice were established by intravenous
injection of PBMCs obtained from SJS/TEN patients and oral administra-
tion of the causative drugs. SJS/TEN model mice showed eye dysfunc-
tion (marked conjunctival congestion), as shown in the representative
photos. PBMCs were obtained from patient no. 3. (C) Effect of CD14 and
CD8 depletion on the ability of SJIS/TEN PBMCs to cause SJS-like disease in
model mice (n = 4).

Nonlesional skin

of SJS/TEN ODSR lesion

Control skin

healthy control no. 4. (B and C) Representative images showing expres-
sion of FRP1 and annexin A1 in SJS/TEN lesions, nonlesional skin of SJS/TEN
patients, ODSR lesions, and control skin. Nuclei were stained with PI.
Scale bars, 10 um. Skin samples were obtained from patient no. 10 (acute
lesion and nonlesional skin), patient no. 18 (acute lesion), and healthy con-
trol no. 4.
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