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Fig. 1. 1,25D, stimulates hBD-3 and cathelicidin expression. (A) Subconfluent keratinocytes were incubated with different concentrations of 1,25D; for 24 h, Total RNA was
collected, and real-time RT-PCR was performed to detect mRNA levels of hBD-3 and cathelicidin. (B) Keratinocytes were treated with 1077 M 1,25D; and harvested after the
indicated times. Total RNA was analyzed by real-time RT-PCR. (C) Keratinocytes were incubated with 10 7 M 1,25D; for 36 and 48 h, and the total extracts were subjected to
Western blotting with antibodies against hBD-3, cathelicidin, and B-actin, The data represent at least three independent experiments. (*p < 0.05).

3. Results

3.1. Induction of antimicrobial peptides in human keratinocytes by
1,25D4

We first investigated AMP expression in 1,25D3-treated human
keratinocytes. Increasing concentrations of 1,25D; produced a dose-
dependent upregulation of hBD-3 and cathelicidin mRNA after 24 h
of treatment; significant effects were observed at concentrations
greater than 1077 M (Fig. 1A). Stimulation of keratinocytes with
1077 M 1,25D; resulted in robust induction of both hBD-3 and
cathelicidin mRNA in a time-dependent manner, 1,25D4 produced
an approximately 30-fold increase in hBD-3 mRNA expression and a
more than 40-fold increase in cathelicidin mRNA expression
(Fig. 1B). Additionally, cathelicidin mRNA was significantly elevated
beginning 3 h, whereas hBD-3 mRNA was significantly increased
beginning 12 h after treatment (Fig. 1B). Similar to what was
observed with mRNA expression, 1,25D; significantly upregulated
hBD-3 and cathelicidin protein expression (Fig. 1C). However,
1,25D; did not significantly affect hBD-1 and hBD-2 expression (data
not shown). The significantinduction of cathelicidin in keratinocytes
by 1,25D5 is consistent with several previous reports [6,8]. We did
not observe the rapid induction of hBD-2 by 1,25D3, which conflicts
with the data of Wanget al. [6], butis consistent with another report
[9]. Notably, our data provide the first evidence for significant
upregulation of hBD-3 by 1,25D5 in keratinocytes.

3.2. PPARYy signal contributes to the induction of hBD-3 and
cathelicidin by 1,25D3

We next investigated if PPARy signaling contributes to innate
immunity in keratinocytes. Keratinocytes were transfected with a

vector expressing wt-PPAR~y, which resulted in abundant PPARYy
protein expression (Fig. 2A) and stimulated PPARy DNA binding
activity as detected by EMSA analysis (Fig. 2B). Genetically
enhanced PPARy signaling produced a 7-fold increase in hBD-3
mRNA levels and a 5-fold increase in cathelicidin mRNA (Fig. 2C).
Moreover, transfection with Ax-wt-PPAR~y induced the phosphor-
ylation of p38 (Fig. 2D), and increased AP-1 DNA binding activity in
keratinocytes (Fig. 2E). Pretreatment with p38 inhibitor,
SB203580, not only eliminated the wt-PPARy-induced hBD-3
expression but also significantly reduced the mRNA induction of
cathelicidin (Fig. 2F). These data suggest that PPARvy signal
regulates AMP expression through activating p38 pathway in
human keratinocytes.

Furthermore, the priming increase of PPARy expression
strongly upregulated the 1,25D;-induced hBD-3 expression and
sustained the 1,25Ds-mediated induction of cathelicidin (Fig. 3A).
Next, we investigated if PPARy activity is essential for 1,25D;-
induced AMP expression in keratinocytes. To examine the effects of
PPAR7y signaling on 1,25D; function, we transfected keratinocytes
with dn-PPARYy, which specifically blocks PPARy signaling [16].
Transfection with dn-PPARy reduced 1,25D;-induced cathelicidin
mRNA expression by about 50%, and almost completely blocked
the increases in hBD-3 mRNA (Fig. 3B). The dn-PPARy also
suppressed the 1,25D3-induced increases in hBD-3 and cathe-
licidin protein expression (Fig. 3C). These data indicate a potential
role of PPARy signaling in 1,25D3-stimulated innate immunity.

3.3. Transfection with dn-PPAR+y does not affect binding of the DR-3
element

As the classical DR-3-type VDRE binding motif located in the
cathelicidin promoter region [7] is responsible for 1,25D;-
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Fig. 2. wi-PPARYy induces the expression of hBD-3 and cathelicidin via activating p38 pathway. Keratinocytes were transfected with Ax-wi-PPARy [multiplicity of infection
(MOI) = 10] for 0. 12, 24. and 36 h. And cells wete harvested for detection of PPARY protein by Western blot analysis (A): and nuclear proteins were collected and incubated
with biotin-labeled PPARy probe, and EMSA was performed (B). (C) Keratinocytes were transfected with Ax-wt-PPARYy for 36 h. Total RNA was analyzed by real-time RT-PCR.
Keratinocytes were transfected with Ax1W or Ax-wt-PPARY for the indicated times, the total protein levels of p38 and phospho-p38 (D) and AP-1 DNA binding activity (E)
were evaluated by western blotting and EMSA. (F) Keratinocytes were transfected with Ax-wt-PPARy for 40 h in the presence or absence of 1 pM SB203580, the mRNA levels

of hBD-3 and cathelicidin were detected using real-time RT-PCR. The data represent at least three independent experiments.

mediated cathelicidin promoter activation and peptide expression
in keratinocytes [6], we investigated whether PPARy regulates
cathelicidin transcription via facilitation of 1,25D;-induced protein
binding to VDRE. Confirming a previous report [18], 1,25D; rapidly
induced VDR expression in keratinocytes (Fig. 4A), and stimulated
the protein binding to the DR-3 element (Fig. 4B). But dn-PPARy
did not affect 1,25D3-induced VDR expression (Fig. 4A) and VDRE
transactivation (Fig. 4B). Preincubation with unlabeled DNA
blocked that protein binding, indicating that the probe used was
specific {Fig. 4B). These data indicate that the VDRE in the
cathelicidin promoter region is not involved in the regulation of
cathelicidin induction by PPARY in keratinocytes.

3.4. AP-1 and p38 activity contribute to PPARy-mediated regulation
of AMP induction by 1,25D;

As the AP-1 transcriptional binding motif has been detected in
the promoter region of hBD-3 [15,19], we investigated if AP-1
activity is required for 1,25Ds-mediated hBD-3 induction in
keratinocytes. Three distinct MAPK signal pathways have been
identified in mammalian cells: p38, ERK, and JNK, all of which
contribute to AP-1 transcriptional activity by regulating the
expression and phosphorylation of AP-1 subunits [20]. Treatment
of keratinocytes with 1,25D; resulted in the rapid and sustained
phosphorylation of p38, ERK, and JNK (Fig. 5A), and increased AP-1
DNA-binding activity (Fig. 5D) [14]. Pretreatment with SB203580,
PD98059, or SP600125, specific inhibitors of p38, ERK, and JNK,
respectively, all strongly reduced hBD-3 mRNA induction in
1,25D;-treated keratinocytes (Fig. 5B). Despite the absence of an

*p < 0.05).

AP-1-binding motif in the promoter region of cathelicidin,
SB203580 partially suppressed 1,25D;-mediated cathelicidin
mRNA expression, while PD98059 and SP600125 presented no
significant effect (Fig. 5B). No cytotoxic effects were produced by
treatment with MAPK inhibitors. These data suggest that all three
MAPK signaling pathways are critical for the transcription of hBD-
3, whereas only the p38 pathway plays a role in the induction of
cathelicidin mRNA in 1,25Ds-treated keratinocytes.We next tested
if PPARy regulates 1,25Ds-induced MAPK activation and AP-1
transactivation in Keratinocytes. Transfection with dn-PPAR~y
significantly inhibited 1,25D3-induced p38 phosphorylation
(Fig. 5C}, but had no effect on ERK or JNK phosphorylation (data
not shown). However, 1,25D;3-induced AP-1 DNA-binding was
almost completely blocked by dn-PPARY (Fig. 5D). Moreover, dn-
PPARYy suppressed the inducible total and nuclear expression of
Fral and c-Fos (Fig. 5E and F), both of which participate in AP-1
formation and contribute to 1,25D4-induced AP-1 transactivation
[21]. These data suggest that PPAR7y regulates 1,25Ds-induced
AMPs production via p38 and AP-1 in human keratinocytes.

4. Discussion

The epidermal keratinocytes differentiate to form a physical
barrier consisting of a multilayered epidermis and develop a
chemical defense system based on the production of various AMPs
[1.2]. We show here that 1,25D5 significantly induces hBD-3 and
cathelicidin expression, but has no effect on hBD-1 and hBD-2
expression in cultured keratinocytes. 1,25D4 activates p38, ERK
and JNK signaling pathways, increases c-Fos and Fra-1 expression
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Fig. 3. dn-PPARY interferes with the induction of hBD-3 and cathelicidin by 1,25D,. (A) Keratinocytes were transfected with Ax-wt-PPAR«y for 12 b, then treated with 1,250,
for the indicated times, the mRNA levels of hBD-3 and cathelicidin were detected using real-time RT-PCR. (B) Keratinocytes were transiected with AxTW or Ax-dn-PPARy
(MOI = 10) for 24 h and then treated with 1,25D,. Total RNA was collected after 30 h, and the expression levels of hBD-3 and cathelicidin mRNA were detected using real-time
RT-PCR. (C) Keratinocytes were transfected with. Ax 1W or Ax-dn-PPARy and then incubated with 1,25D; for 36 h, the protein levels of hBD-3 and cathelicidin were evaluated
by Western blotting. The data represent at least three independent experiments. (*p < 0.05).

and stimulates AP-1 transactivation in keratinocytes, which in turn
induces hBD-3 transcription (Fig. 5). With respect to cathelicidin
induction by 1,25D, not only VDRE DNA-binding but also p38
activity is required (Fig. 5). Notably, our data provide the first
evidence for the function of PPARvy in keratinocyte innate
immunity. We show that PPARy regulates AP-1 transactivation
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Fig. 4. dn-PPARYy has no effect on 1,25D;-mediated VDR expression and VDRE
transactivation. Keratinocytes were transfected with AX1W or Ax-dn-PPARYy then
treated with 1,25D5 for the indicated times. VDR protein expression was detected
by Western blot (A); and a biotin-labeled VDRE probe was incubated with the
nuclear proteins, EMSA was performed (cold probe lane: an unlabeled probe was
added before incubation with the biotin-labeled VDRE probe) (B). The data
represent at least three independent experiments,

and p38 phosphorylation, which not only contributes to involucrin
expression [14] but is also involved in the increased expression of
hBD-3 and cathelicidin in 1,25D3-treated keratinocytes (Fig. 6).
These data suggest a vital role for PPARYy in regulating the effects of
1,25D4 on keratinocyte differentiation and cell immunity.

The multiple signaling pathways are involved in the regulation
of hBDs. hBD-2 expression is induced by NF-kB, AP-1, MAPK, and
PKC, whereas the hBD-3 gene promoter has no discernible NF-kB
binding elements but does contain transcriptional binding motifs
for AP-1, IFN-vy response elements, and NF-IL-6 response elements
[3]. We show here that all three AP-1 activating MAPK signaling
pathways are necessary for 1,25D;-mediated hBD-3 induction,
indicating a central role of AP-1 DNA binding in 1,25D;-mediated
hBD-3 transcription in keratinocytes. We also demonstrate that
PPARYy contributes to AP-1 transactivation by regulating 1,25D5-
induced c-Fos and Fral expression, by which PPARy signaling
regulates hBD-3 expression in keratiocytes. Fos and Jun proteins
participate in AP-1 formation, with various AP-1 homodimers or
heterodimers carrying out cell-specific regulation of specific genes.
Incubation of keratinocytes with 1,25D5 increased the expression
of only c-Fos and Fral, indicating that 1,25D; activates specific AP-
1 subtypes, which in turn may result in selective activation of AP-1
responsive genes depending on the composition of the AP-1 dimers
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Fig. 5. Upregulation of AP-1 transactivation and p38 activity by 1.25D is inhibited by dn-PPAR~. (A) Keratinocytes were incubated with 1,25D, for the indicated times, total
lysates were collected, and Western blot analysis was performed to assess phopho-p38, phospho-ERK, and phospho-]NK protein levels. (B) Keratinocytes were preincubated
with 1 .M SB203580, 30 LM PD98059, or 10 uM SP600125 for 1 h before 1,25D; treatment. Total RNA was collected after 36 h, and the levels of hBD-3 and cathelicidin
mRNA were measured using real-time PCR. Keratinocytes were infected with Ax-dn-PPARy or Ax1W before the addition of 1,25D;. Cells were harvested after 6 hand 12 h,
and p38 and phaspho-p38 levels were evaluated by immunoblotting (C); and nuclear extracts were collected after 12 and 24 h, a biotin-labeled AP-1 probe was incubated
with the nuclear proteins, and EMSA was performed (cold probe lane: an unlabeled probe was added before incubation with the biotin-labeled AP-1 probe) (D). Keratinacytes
were infected with Ax-dn-PPARYy or Ax1W then treated with 1,250, for 12 and 24 h, after which the total cell lysates (E) and the nuclear extracts (F) were subjected to
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and promoter context. This feature may account for why 1,25D;
induces hBD-3 expression but not hBD-2 expression, even though
AP-1 has been shown to regulate hBD-2 transcription [3].

Keratinocyte differentiation often contributes to hBD-3 expres-
sion [15,22]. Keratinocyte differentiation together with hBD-3
upregulation was induced not only by 1,25D4, as shown here, but
also by other differentiation-inducing agents such as high calcium
and retinoic acid (data not shown). These data suggest that
keratinocyte differentiation, which activates AP-1, drives hBD-3
expression. We found that PPARy signaling promotes the
expression of both involucrin [14] and hBD-3, which is probably
due to the ability of PPARY to regulate keratinocyte differentiation
and induce AP-1 transactivation.

Despite the absence of AP-1 motif on the promoter region of
cathelicidin, the MEK-ERK pathway has been shown to be required
for cathelicidin induction not only in butyrate-treated colon
epithelial cells but also in 1,25Ds-treated keratinocytes [9].
However, we found that p38 but not ERK phosphorylation
contributed to cathelicidin induction by 1,25D; in keratinocytes.
This discrepancy may be attributable to the different culture
conditions used. Although cell differentiation is not sufficient to
induce cathelicidin expression [9], 1,25D; and ASK1-mediated
keratinocyte differentiation [15] regulate cathelicidin expression
via the p38 pathway. Additionally, activation of PPARYy signaling,
another differentiation-inducing event, contributes to cathelicidin
expression through the regulation of p38 activity. Therefore, cell

differentiation, activates p38 activity and induces cathelicidin
expression at least in keratinocytes.

The expression of cathelicidin can be influenced by trans-acting
enhancer element as well as by changes in transcript stability, and
control may occur transcriptionally or posttranscriptionally,
depending on cellular conditions. 1,25Dy induces cathelicidin
expression in most 1,25D;-senstive human cells, including
primary human keratinocytes, neutrophils, and monocytes [23].
but not in colon epithelial cells, despite the expression of VDR in
these cells [9]. 1,25D5 activates the cathelicidin promoter in colon
epithelial cells but has no effect on mRNA and peptide expression.
In contrast, despite the inability of butyrate to enhance cathelicidin
promoter activity, butyrate elevates cathelicidin mRNA expression
through a posttranscriptional regulation [9]. PPARy activation
most likely strengthens cathelicidin transcript stability by
regulating p38 activity [24], thereby increasing cathelicidin mRNA
expression, which needs further study.

Upon binding with VD3, VDR also recruits different coactivators
to initiate transcriptional activity. In differentiated keratinocytes,
recruitment of steroid receptor coactivators (SRCs) occurs in a
cyclical manner and is required for optimal gene regulation [25].
SRC family members, such as SRC3, form complexes with VDR to
recruit a number of histone acetyltransferases (HATs), which can
increase HAT activity on chromatin and facilitate gene transcrip-
tion [26,27]. SRC3 is strongly expressed in differentiated kerati-
nocytes and aids in 1,25D;-mediated cathelicidin transcription
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Fig. 6. A schematic model of a possible mechanism for the regulation of PPARy on 1,250;-mediated innate immune response. Treatment of keratinocytes with 1,25D;
activates p38, ERK and JNK MAP kinases and induces AP-1 transactivation, which in turn increases hBD-3 production. Upon the activation of VDRE, cathelicidin transcription
is induced. The activation of p38 by 1,25D, also contributes to the expression of cathelicidin. 1,25D, stimulates PPARy expression and signal activation, which is involved in
1,25D;-mediated hBD-3 and cathelicidin production by regulating AP-1 and p38 aclivity.

[25]. In addition to VDR, SRC family members also interact with
other nuclear receptors such as RXR, LXR, and PPAR, to facilitate
epidermal differentiation and cutaneous physiology [26,28]. SRC3
may be involved in the effects of PPAR7y on cathelicidin expression,
although this possibility requires further study.

AMPs have distinct regulatory systems, which supports their
wide-ranging functional abilities. These peptides not only play an
important role in the innate immune response, but also have
inflammatory modulating and wound-healing capabilities [ 1-3,29].
1,25D; exerts multiple effects on AMP expression in keratinocytes, it
not only regulates neutrophil gelatinase-associated lipocalin [6], but
also induces cathelicidin and hBD-3 expression. Moreover, the
effects of 1,25D3 on AMP expression are not limited to the VDR, as
1,25D; also increases AMP expression via AP-1 and p38 pathway.
Although PPARy is best known as transcriptional regulator of lipid
and glucose metabolism, evidence has also accumulated for its
importance in skin homeostasis [10,12]. Here we provide the first
evidence PPARy activation facilitates the induction of hBD-3 and
cathelicidin in keratinocytes following stimulation with 1,25D; by
regulating AP-1 and p38 activity, suggesting a potential role of
PPARYy signaling in skin innate immunity.
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Erythema multiforme, Stevens-Johnson syndrome and
toxic epidermal necrolysis: Frozen-section diagnosis

Hiroomi HOSAKA, Shinpei OHTOSHI, Tokio NAKADA, Masafumi II[JIMA

Department of Dermatology, Showa University School of Medicine, Tokyo, Japan

ABSTRACT

Stevens-Johnson syndrome (SJS) and toxic epidermal necrolysis (TEN) may be fatal. Although classified by body
surface area skin detachment, initial stages of both may present with erythema multiforme (EM)-like lesions. To diag-
nose and predict disease activity adequately as early as possible for patients revealing EM-like lesions, we
performed frozen-section diagnosis. Thirty-five patients clinically diagnosed as EM, SJS or TEN were biopsied to
diagnose and predict disease progression within the initial-visit day. Half of a histological section taken from a lesion
was snap-frozen and immediately cryostat-sectioned, acetone-fixed and stained with hematoxylin-eosin. Speci-
mens were examined with light microscopy for presence of epidermal necrosis. A section from unaffected sites was
also examined for 11 patients. Specimens were examined with light microscopy for presence of graft-versus-host
reaction (GVHRY)-like findings: apoptotic keratinocytes and satellite cell necrosis. Epidermal necrosis was seen in
nine patients. Initial diagnosis of the nine was one of overlap SJS-TEN, four of SJS and four of EM, and final diagno-
sis of those was one of TEN, one of overlap SJS-TEN, four of SJS and three of EM. Dissociation between initial and
final diagnosis was seen in three cases. GVHR-like findings in the epidermis were observed in two patients finally
diagnosed as overlap SJS-TEN and TEN. Frozen sections are useful not only to make a diagnosis of erythema
multiforme but to assess a potential to exhibit more aggressive clinical behaviors (SJS or TEN).

Key words: erythema multiforme. histopathology, rapid diagnosis, Stevens—Johnson syndrome, toxic epidermal necrolysis.

INTRODUCTION typical or raised atypical targets on the extremities
and/or the face in EM major, while those lesions were
flat atypical targets or purpuric maculae that were
widespread or distributed on the trunk in SJS. In the

initial stage, however, it is difficult to make a correct

Intraoperative rapid cytological diagnosis is useful
for assessment of spread and activity of diseases
(e.g. cancer) and selection of appropriate treatment.

In dermatological diseases, Stevens-Johnson syn-
drome (SJS) and toxic epidermal necrolysis (TEN)
have guarded prognosis: mortality rates were 6.3%
and 21.6% in Japan, respectively,' and 13% and
39% from a retrospective study in Europe.? These
are classified by skin detachment of body surface
area: below 10% in SJS, between 10% and 30% in
overlap SJS-TEN, and more than 30% in TEN with
maculae.? In addition, in the retrospective study of
severe erythema multiforme (EM) with skin and
mucosal involvement, cutaneous lesions consisted of

diagnosis because morphology suggests EM. Der-
matologists, therefore, should diagnose and predict
disease activity adequately as early as possible for
patients revealing EM-like lesions.”

METHODS

Patients

The subjects were 35 patients (seven men and 28
women, with ages ranging 1-76 years [mean 47.4,
standard deviation + 17.7]) at our Department of

Correspondence: Tokio Nakada, M.D., Deparunent of’ Dermatology, Showa University School of Medicine, 1-5-8 Hatanodai, Shinagawa-ku,

Tokyo 142-8666 Japan. Email: tokio@med.showa-u.ac jp
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EM major

Atypical target

Prednisolone 10 mg x 1 day Right femoral

3

EM major

T1/F

35

globulin; GVHR, graft-versus-host

EM, erythema multiforme; SJS, Stevens-Johnson syndrome; SJS-TEN, overlap SJS-TEN: TEN, toxic epidermal necrolysis; NT, not tested; IVIG, iv. immuno

reaction,

EM, $§JS and §[S-TEN: Frozen-section diaghosis

Dermatology, tested from March 2003 to February
2008. Except for cases 4 and 17, all were inpatients.
Clinical diagnoses were preformed on the basis of the
classification by Bastuji-Garin et al. and the retro-
spective study by Assier et al. described above on
the initial-visit day by dermatologists in the Depart-
ment. These were EM (29 patients inciuding 10 EM
major), SJS (five patients) and overlap SUS-TEN (one
patient) (Table 1). Staphylococcal scalded skin syn-
drome was exciuded by clinical symptoms: presence
of mucous lesions and negative Nicolsky's sign in
uninvolved skin.

MATERIALS AND METHODS

Specimens were obtained from cutaneous lesions:
typical target lesions, atypical target lesions and pur-
puric macules were selected in that order. These
were either processed for light microscopy, or frozen
in liquid nitrogen for rapid histological diagnosis.
For routine histology, half of the specimen was fixed
with 10% formalin. The other half of the specimen
was immediately snap-frozen, cryostat-sectioned at
4-mm intervals, acetone-fixed and then stained with
hematoxylin-eosin for immediate histological diagno-
sis. Specimens taken from unaffected sites were also
examined for 11 patients initially diagnosed as one of
SJS-TEN, five of SJS, four of EM major and one of
EM on the basis of moderate or severe cutaneous
lesions. Specimens were examined with light micro-
scopy to ascertain presence of necrosis and graft-
versus-host reaction (GVHR)-like findings: apoptotic
keratinocytes and satellite cell necrosis in the
epidermis.

RESULTS

In the rapid histological diagnosis, epidermal necrosis
was seen in nine of the 35 patients (25.7%, Table 1).
Initial diagnosis of the nine was one of SUS-TEN, four
of SJS and four of EM, and final diagnosis of these
was one of TEN, one of SIS-TEN, four of SIS and
three of EM. Dissociation between initial and final
diagnosis was seen in three cases (cases 1, 9 and 30)
(Table 1). GVHR-like findings in unaffected sites were
seen in two patients (cases 1, 24): both were diag-
nosed as SJS or SUS-TEN at the initial-visit day, and
as TEN and SJS-TEN finally (Table 1, Fig. 1). Figure 1

409



H. Hosaka ef al.

Figure 1. Histopathological findings of case 24. (a) Frozen sections from a lesion. (b) Permanent specimen from a lesion. Exo-
cytosis of lymphocytes and epidermal necrosis are noted. (c) Frozen section of unaffected skin. (d) Permanent specimen
from unaffected skin. Apoptotic keratinocytes and exocytosis of lymphocytes are noted (hematoxylin-eosin, original magnifi-
cation x400).

shows histopathological findings of case 24: both fro-
zen and permanent specimens revealed overt epi-
dermal necrosis from a lesion and mild GVHR-like
findings in the epidermis from unaffected skin. In case
29, both frozen and permanent specimens showed
epidermal damage from a lesion while no overt find-
ings from unaffected skin (Fig. 2).

The limitation of this study was that it comprised a
small group.

DISCUSSION

The relationship between EM and SJS is subjective:
some cases present clinical difficulty in differentiating
EM major and SJS. Histopathologically, EM show a

410

vacuolar form of interface dermatitis whereas SJS
and TEN reveal more epidermal necrosis, less dermal
inflammation and exocytosis.® Cote et al.® suggested
that histopathological findings are helpful: EM major
shows less epidermal necrosis, more dermal infiltra-
tion and more exocytosis than SJS. Our results con-
cur with their suggestion because epidermal necrosis
was observed in all six patients finally diagnosed as
SJS, overlap SJS-TEN or TEN while only 10.3% of
EM (Table 2). Epidermal necrosis was observed from
1-20 days after onset of rash, and it was seen despite
previous treatment with systemic corticosteroid and
immunoglobulin (cases 14, 17, 24, 29, 31) (Table 1).
Stevens—-Johnson syndrome and TEN are consid-
ered as disorders of different severity within the same

© 2010 Japanese Dermatological Association



EM, SJS and SJS-TEN: Frozen-section diagnosis

Figure 2. Histopathological findings of case 29. (a) Frozen sections from a lesion. (b) Permanent specimen from a lesion. Exo-
cytosis of lymphocytes and epidermal necrosis are noted. (c) Frozen section of unaffected skin. (d) Permanent specimen from
unaffected skin. No overt findings suggestive of graft-versus-host reaction (hematoxylin—eosin, original magnification x400).

Table 2 Final diagnosis and histopathological findings

Final No. of Epidermal GVHR-like findings
diagnosis patients necrosis (%) in the epidermis (%)
TEN 1 1 (100) 1 (100)
SJS-TEN 1 1(100) 1(100)
SJS 4 4 (100) 0 (0)
EM 29 3(10.3) 0 (0)
Major 8 1 0
Total 35 9(25.7) 2 (5.7)

disease.®>”® They are classified by skin detachment
of body surface area as described above. Hence, if a
patient is diagnosed as SJS, we consider the poten-
tial to exhibit a more aggressive clinical behavior,

© 2010 Japanese Dermatological Association

TEN. Our study suggested that GVHR-like findings in
specimens from non-affected sites means greater
extension of the lesion.® If that finding is seen in a SJS
patient, he/she has a good possibility of development
into TEN. Therefore, it is important to make a diagno-
sis and to assess disease activity correctly. Although
initial diagnosis was correct in the majority of cases,
two (33%) of six patients with SJS or TEN were mis-
diagnosed initially. We believe that frozen-section
diagnosis is helpful for such cases.

Treatment of SJS and TEN, in particular therapeutic
effect of i.v. immunoglobulin (IVIG), is subjective.'®"!
Our view is that systemic corticosteroid plus IVIG
therapy is effective in SJS to prevent lesion extension
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and ophthalmic sequelae. Meanwhile, for patients
with TEN, it depends upon ophthalmological findings
if systemic corticosteroid should be administrated
because it is ineffective for cutaneous lesions. Which-
ever, EM, SJS and TEN should be dealt with individu-
ally for patients’ care management. In particular, it is
important for SJS patients to predict lesion exten-
sion.’® Although a frozen section is of less quality
than a permanent section, it can reveal presence or
absence of epidermal damage and GVHR-like find-
ings (Figs 1,2). Hence, frozen-section biopsy is help-
ful for diagnosis and selection of therapy within the
initial-visit day of a patient with EM, SJS and TEN. We
selected symptomatic therapy mainly for patients
without epidermal necrosis, and systemic corticoste-
roid plus IVIG was considered only for ones with that
finding. Possibly as a result, all 35 patients were
cured without significant sequelae. Presence of epi-
dermal necrosis signifies severe EM or SJS; presence
of GVHR may signify more aggressive clinical behav-
ior, TEN. However, the number of cases with epider-
mal necrosis that changed the initial clinical diagnosis
and GVHR changes is insufficient to draw firm con-
clusions. In conclusion, a frozen-section biopsy can
help prediction of lesion extension as well as diagno-
sis of EM, SJS and TEN.
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Abstract

Patients having a generalised rash with se-
vere liver dysfunction associated with expo-
sure totrichloroethylene (TCE) have been re-
ported mainly in Asian countries. However,
no case has been reportedin Japan since the
1990s. Here, we describe a case of hypersen-
sitivity syndrome (HS) caused by TCE in a
30-year-old Japanese man. The patient de-
veloped a rash, fever and liver dysfunction
21 days after he had been exposed to TCE at
his workplace. Serum human herpesvirus
(HHV)-6 and cytomegalovirus (CMV) DNA
were detected 4 and 7 weeks, respectively,
after the onset; the IgG antibody titres to
HHV-6 and CMV were significantly elevated
6 and 9 weeks, respectively, after the onset.
Patch testing was positive for the metabo-
lites of TCE (i.e. trichloroethanol, trichloro-
acetic acid and chloral hydrate) but not for
TCE itself; these results suggest that the TCE
metabolites induced this disease. Human

leucocyte antigen-B*1301, which has been
reported to be strongly associated with TCE-
induced HS, was identified in this patient.
In addition, the clinical findings, laboratory
data and period of virus reactivation after
onset were quite similar to those of drug-in-
duced hypersensitivity syndrome (DIHS). We
also review TCE-induced HS from the view-
point of the similarity to DIHS in this article.

Copyright © 2010 S. Karger AG, Basel

]
Introduction

Trichloroethylene (TCE) isa chlorinat-
ed solvent that is used to remove grease
from metal parts or lenses and as an inter-
mediate in the synthesis of other chemi-
cals [1, 2]. Given its non-combustibility,
low cost and low ozone depletion poten-
tial, it is still used as an industrial sol-
vent [1].

A close link between occupational ex-
posure to solvents, mostly TCE, and severe
skin disorders, such as Stevens-Johnson
syndrome, toxic epidermal necrolysis and
hypersensitivity syndrome (HS), has been
suggested [1]. Recently, the number of pa-
tients suffering from TCE-related severe
skin disorders has been increasing in Asia,

especially in the Philippines, Singapore,
Taiwan and China [1]. Moreover, a reacti-
vation of human herpesvirus (HHV)-6,
the causative virus of exanthema subitum,
has been demonstrated in such patients
[3]. Recently, we observed a patient who
developed a severe generalised rash with
liver dysfunction, associated with the re-
activation of HHV-6 and cytomegalovirus
(CMYV), after exposure to TCE. In addi-
tion, the characteristics of this patient, in-
cluding the clinical findings and period of
reactivation of these two viruses after on-
set, closely resembled those of drug-in-
duced hypersensitivity syndrome (DIHS)
[4-7], also referred to as drug rash with
eosinophilia and systemic symptoms
(DRESS) [8, 9]. This is the first report de-
scribing the reactivation of both HHV-6
and CMV in HS caused by TCE.

Case Report

A 30-year-old Japanese man with a his-
tory of atopic dermatitis from infancy was
employed by a silicone manufacturer on
August 25, 2004. On September 15, he no-
ticed itching and a maculopapular erup-
tion on his extremities. He also had a fever
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Fig. 1. Clinical examination on admission.
a Oedema and erythema with scaling were
observed on the face. Crusts were seen on
the wings of the nose and around the lips.
b Diffuse erythematous rash on the trunk.

Fig. 2. Patch testing. Positive reactions
(++) according to the ICDRG scoring sys-
tem were observed for trichloroethanol (5,
0.05 and 0.005% in water), trichloroacetic
acid (5% in water) and chloral hydrate (15,
10 and 5% in petrolatum). The reactions
for TCE were negative at each concentra-
tion (25, 10 and 5% in olive oil).

18 Dermatology 2010;221:17-22 Watanabe/Tohyama/Kamijima/
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Table 1. Inmunoglobulin levels, viral DNA in serum and antibody titres after onset

Week Date HHV-6 HHV-6 HHV-6 DNA CMV CMV CMVDNA IgG IgA igM
20042005  IgM IgG copies/ml® IgM IgG copies'mI"  mg/dl mg/dl  mg/dl

3 Oct. 8 20 80 0 0.4 4.7 0 1,241 271 122
4 Oct. 14 n.d. 80 150,000 n.d. n.d. n.d. nd. n.d. nd.
Oct. 18 n.d. 5,120 0 n.d. n.d. 0 nd. nd. nd.

6 Oct. 21 20 10,240 0 0.47 5.0 0 n.d. n.d. nd,
7 Oct. 25 n.d. 10,240 0 n.d. nd. 2.1 X 102 n.d. n.d. nd.
Nov. 1 nd. 10,240 0 nd. nd. 2.9 x 10? 2,074 280 176

8 Nov. 8 20 10,240 0 0.52 71.4 3.6 X 107 2,342 323 228
9 Nov. 16 n.d. n.d. 0 0.45 =128 0 n.d. n.d. n.d.
38 July 27 n.d. nd. nd. n.d. n.d. n.d. 2,063 392 164

‘Weeks are the weeks after onset. Normal ranges: IgG 800-1,750 mg/dl, IgA 100-450 mg/dl, IgM 45-300 mg/dl. n.d. = Not deter-

mined. ® Detected in serum.

Table 2. Patch testing for TCE and its metabolites according to the ICDRG scoring

system
Reactions at48 h Reactionsat72h -

TCE 25% in 0.0. - -
TCE 10% in o.0. - -
TCE 5% in o.0. - -
Trichloroethanol 5% in aq. ++ ++
Trichloroethanol 0.05% in aq. ++ o
Trichloroethanol 0.005% in aq. ++ ++
Trichloroacetic acid 5% in aq. ++ ++
Chloral hydrate 15% in pet. ++ ++
Chloral hydrate 10% in pet. ++ ++
Chloral hydrate 5% in pet. ++ ++

0.0. = Olive oil; aq. = water; pet. = petrolatum.

of 39°C. Despite treatment with topical
steroid ointment and oral acetaminophen
at a local hospital, his symptoms wors-
ened. He was referred to our hospital on
October 7,

The physical examination on admis-
sion revealed facial oedema with erythema
and numerous scales and crusts around
his nose and lips (fig. 1a). A diffuse ery-
thematous eruption was seen on the trunk
(fig. 1b) and extremities. The patient had a
fever of 40.5°C and inguinal lymphade-
nopathy. He was negative for Nikolsky’s
sign. Laboratory investigations revealed a
white blood cell count of 21.7-10°-1! (nor-
mal range: 3.5-9-10%-1"%), with 22% eosin-
ophils and 5% atypical lymphocytes, as-
partate aminotransferase 170 IU 1" (nor-

Occupational TCE Hypersensitivity
Syndrome, HHV-6 and CMV Reactivation
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mal range: 10-30 IU-1"), alanine amino-
transferase 391 1U-1-! (normal range: 5-25
1U -1, y-glutamyl transpeptidase 245
IU-1"! (normal range: 10-40 1U-I"') and
C-reactive protein 2.6 mg-dl? (normal
range: <0.2 mg- d1™). The serum IgG, IgA
and IgM levels were 1,241, 271 and 122
mg - dl™, respectively (normal range for
1gG: 800-1,750 mg-dl™; IgA: 100-450
mg-dl"!; IgM: 45-300 mg-dI™!). An analy-
sis of peripheral blood lymphocyte surface
markers showed 55.0% CD4+ T cells (nor-
mal range: 25-56%), and 26.6% CD8+ T
cells (normal range: 17-44%). Hepatitis B
surface antigen, hepatitis C virus anti-
body, human immunodeficiency virus-1
antibody and adult-T-cell-leukaemia-as-
sociated antigen were all negative. A skin

biopsy from the thigh revealed hydropic
degeneration of the epidermal basal cells
and exocytosis of mononuclear cells in the
epidermis. The upper dermis showed oe-
dema and mild perivascular infiltration of
mononuclear cells. At this time, we were
unaware that he had been exposed to TCE.
He was given systemic prednisolone 70 mg
daily for 5 days, which proved effective.
The dose was tapered over the next 12 days
in line with the improvement in the clini-
cal symptoms.

Four days after finishing the treatment
with prednisolone (16 days after admis-
sion), however, the generalised erythema-
tous lesions, fever, eosinophilia and liver.
dysfunction relapsed. The histological
findings were similar to the results of the
skin biopsy at admission. He was given sys-
temic prednisolone 60 mg daily for 3 days,
and the fever, rash and liver function pa-
rameters again improved markedly. The
prednisolone was tapered off with the im-
proved clinical symptoms. Given the onset,
and because the clinical findings including
the facial oedema, scales and crusts around
the nose and lips, maculopapular erup-
tions and relapse during the course were
quite similar to those of DIHS/DRESS [4-
10], we examined whether certain herpes-
viruses had been reactivated. As shown in
table 1, serum HHV-6 DNA measured by
using real-time PCR, as described previ-
ously [4, 10}, was detected 4 weeks after the
onset (and only at this point). The HHV-6
IgG antibody titre determined by the indi-
rect immunofluorescent antibody assay [4,
10] showed a 128-fold increase 6 weeks af-
ter onset in comparison with the titre on

Dermatology 2010;221:17-22
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Table 3. Results of patch testing for TCE and its metabolites in previous studies and our

case
TCE Trichloro- Trichloro- Chloral
ethanol acetic acid hydrate
Conde-Salazar et al. [18] +
Chae et al. [19] +
Nakayama et al. [11] + + -
Phoon et al. [20] -
Our case - + + +

Table 4. Diagnostic findings for HS due to TCE

Skin lesion

similar to DIHS (i.e. oedema of the face [1, 16}, maculopap-
ular rash [13, 26], erythroderma [26], exfoliative dermatitis
{13, 16, 18, 26, 27], vesicles and blisters [16], pustules [18]};
similar to EM (i.e. target lesion [20, 26, 27], blisters [26]);
similar to SJS/TEN (i.e. severe mucous membrane involve-
ment [2, 3, 20, 27], flat atypical target [3, 20, 26, 27], purpu-
ric macules or blisters [3, 27])

Mucosal lesions

>38% [1-3, 20, 27]

Incidence <1~13% of the exposed workers {1]

Onset of reaction 2-6 weeks [1, 3, 17, 20, 26-28]

Fever 73-86% [1-3, 16, 20, 26-29]

Lymphadenopathy 38-81% [1, 3, 16, 28, 29]

Eosinophilia 23% (1,3, 16, 17)

Hepatitis 46-94% [1-3, 16, 17, 20, 27-29]

Other possibly heart [26], lung [2], kidney {27], spleen [2], adrenal gland

involved organs

(11, larynx [1], brain [1}

Possible genetic HLA-B*1301, HLA-B*44 {13}

factors

Viral reactivation HHV-6[1, 3, 30], CMV i

Airborne average 8-hour TCE exposure exceeding 135 mg/m* could
concentration increase risk of disease [1, 30]

Urinary metabolite >50 mg/! trichloroacetic acid in the end-of-shift urine could

increase risk [1, 26, 30]

EM = Erythema multiforme; SJS = Stevens-Johnson syndrome; TEN = toxic epider-

mal necrolysis.

admission, The anti-HHV-6 IgM titre did
not change throughout the treatment pe-
riod, In addition, serum CMV DNA mea-
sured using réal-time PCR was detected 7
weeks after onset, and the anti-CMV IgG
titre examined by an enzyme immunoas-

say was significantly elevated 9 weeks after
onset. These findings demonstrate that
both HHV-6 and CMV had been reactivat-
ed. The titres of antibodies against herpes
simplex virus, varicella-zoster virus, HHV-
7 and Epstein-Barr virus did not change
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throughout the clinical course. The patient
was discharged from our hospital on Ne-
vember 5, 2004.

Two years after discharge, we became
aware of a paper by Huang et al. [3] de-
scribing a generalised rash and liver dys-
function associated with HHV-6 reactiva-
tion due to TCE exposure. We asked the
patient to visit our department, and aftera
detailed medical interview, we discovered
that he had been exposed to TCE at his
workplace. We then conducted patch test-
ing for TCE and its metabolites, trichloro-
ethanol, trichloroacetic acid and chloral
hydrate, as previously reported [11, 12]. A
positive reaction (+4) according to the In-
ternational Contact Dermatitis Research
Group (ICDRG) scoring system was ob-
served for trichloroethanol, trichloroace-
tic acid and chloral hydrate (table 2; fig. 2).
A drug-induced lymphocyte stimulation
test using chloral hydrate also showed sig-
nificant elevation of the stimulation index
(192 S1%, with the normal cutoff being 180
SI%). Human leucocyte antigen (HLA)-
B*1301, which is reported to be strongly
associated with TCE-induced HS [13], was
present in this patient. Furthermore, the
polymorphism of aldehyde dehydrogenase
(ALDH), the major enzyme involved
in TCE metabolism, was homozygous
ALDH?2 *1/*1 in this patient, which is also
associated with TCE-induced HS [14]. The
level of TCE and its metabolites in the pa-
tient’s urine were not examined because he
had left his job immediately after dis-
charge from our hospital and had not been
exposed to TCE subsequently. No other
workers at the same plant had reported
rashes or systemic complaints. Based on
these findings, we made a final diagnosis
of HS due to TCE.

Discussion

Generalised skin disorders due to TCE,
which were originally described in an
American textbook by Schwartz et al. [15]
before the 1950s, began to increase after
the mid-1990s in Asia [1]. So far, more than
200 cases of this disease have been report-
ed in Asia [3], along with 5 cases from the
USA (16, 17] and 1 front Spain [18]. Recent
publications have documented fatal cases
of HS [1-3]. In Japan, 5 reported cases of
generalised skin disorders caused by TCE
are known, but no case report has been
published since the 1990s [1].
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