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effects in axitinib-treated mice (Fig. 2D and E), it significantly
inhibited the scratching behavior on day 5 (Fig. 2F). It indicates
VEGF-A may govern pruritus through epidermal hyperinnervation,
but not other known inflammation associated pruritogens at least
in this model.

Taken together, our study suggests that the upregulation of
VEGF-A in the IMQ-induced psoriasiform dermatitis mouse model
promotes epidermal hyperinnervation. These findings suggest that
VEGF-A may be involved in the pathophysiology of pruritus in
psoriasis and that it may represent a potential new therapeutic
target for cases of recalcitrant pruritic psoriasis.
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Letter to the Editor
Preferential expression of CD134, an HHV-6
cellular receptor, on CD4 T cells in drug-induced
hypersensitivity syndrome (DIHS)/drug reaction
with eosinophilia and systemic symptoms
(DRESS)

Drug reaction with eosinophilia and systemic symptoms
(DRESS), also known as drug-induced hypersensitivity syndrome
(DIHS), refers to a particular type of severe cutaneous adverse
drug reaction associated with multiorgan involvement. The
reactivation of human herpesvirus 6 (HHV-6) has been implicated
in DIHS/DRESS [1–3]. CD134, also called OX40, was recently
identified as a cellular receptor for HHV-6 [4]. Since HHV-6 has
selective tropism for CD4 T cells [5,6], we investigated whether
CD134 is preferentially expressed on CD4 T cells in DIHS.

Blood samples were obtained from 8 patients with DIHS (2
males and 6 females; median age: 69.5 years, range: 32–84), 2 with
Stevens-Johnson syndrome (SJS) (1 male and 1 female; median
age: 57.5 years, 66 and 49), and 10 with maculopapular exanthema
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Fig. 1. Up-regulation of CD134 on CD4 T cells in DIHS patients at early time points.
(A) A large percentage of CD134-expressing CD4 T cells were detected in DIHS, while
that of CD134-expressing CD4 T cells was markedly less in SJS and MPE in the acute
stage. Data were compared using the Mann-Whitney U test (** p < 0.01). The
horizontal line indicates the mean value in each group (error bars, SEM). (B) No
significant up-regulation of CD134 on CD8 T cells in the acute stage. The horizontal
line indicates the mean value in each group (error bars, SEM). N.S., not significant,
the Mann-Whitney U test. (C) The expression of CD134 decreased during the late
stage of DIHS. Representative data of five DIHS patients are shown. * p < 0.05, the
Wilcoxon Signed Rank Test.
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(MPE) (3 males and 7 females; median age: 64 years, range: 25–89)
(Supplementary Table). Blood samples in the acute stage were
taken between 2 and 15 days after the onset of eruption in DIHS
(average no. of days, 7.25), and on 3 and 6 days in SJS (average no. of
days, 4.5), and between 1 and 7 days after the onset of MPE
(average no. of days, 3.6). Peripheral blood mononuclear cells
(PBMCs) were isolated from whole blood by Ficoll density gradient
centrifugation, and used for CD134 detection by flow cytometry
and DNA isolation followed by real-time PCR to detect HHV-6 DNA
copies. HHV-6 reactivation was confirmed in all eight subjects with
DIHS (Supplementary Table).

A flow cytometric analysis on PBMCs in the acute stage detected
a large percentage of CD134-expressing CD4 T cells, while the
percentage of CD134-expressing CD4 T cells was markedly less in
MPE and SJS (Fig. 1A). In patients with DIHS, the average
percentages of CD134-positive cells among CD4 T cells were
23.3 � 4.35% (mean � SEM, range: 4.75–44.8%), while in MPE and
SJS, they were 7.01 �1.74% (0.83–17%), and 3.95 � 0.51% (3.44 and
4.45), respectively, with no significant differences being observed
from that in healthy controls (4.16 � 0.65% (1.38–6.66%)) (Fig. 1A).
In contrast, CD134-expressing CD8 T cells did not increase in
any of the groups tested (Fig. 1B). The average percentages of
CD134-positive cells among CD8 T cells were 5.68 � 1.03% (4.43–
7.72%) in DIHS, 2.41 �1.33% (0.92–5.06%) in MPE, and 2.1 �1.24%
(0.63–7.02) in healthy controls (Fig. 1B). Prior systemic steroid
treatments did not affect the expression of CD134 on CD4 T cells
(Supplementary Table). The average percentages of CD134-
expressing CD4 T cells in DIHS patients with or without prior
steroid treatments were 31.48 � 6.9 (n = 3) and 18.39 � 4.75 (n = 5),
respectively.

We subsequently investigated the kinetics of CD134 expression
during the course of the disease. Blood samples were taken at
various times after the onset of eruption from five DIHS patients.
CD134 was up-regulated early in the course of the disease and was
then down-regulated (Fig. 1C). The average percentage of CD134-
positive cells among CD4 T cells in the late stage after skin
eruptions disappeared was 2.95 �1.32%, with a range of 2.72–
11.7%, in DIHS (Fig. 1C). The proportion of CD4 T cells expressing
CD134 increased in DIHS at the early stage of the disease,
suggesting that CD4 T cells become permissive for
HHV-6 infection at the onset. Since the slight up-regulation of
CD134 was observed in some patients with MPE (Fig. 1A),
CD134 up-regulation may not be absolutely unique to DIHS.
The up-regulation of CD134 may be necessary for CD4 T cells to
become ready for HHV-6 entry in DIHS. Since HHV-6 has been
reported to latently infect monocytes/macrophages [7], latently
infected HHV-6 in monocytes/macrophages may become reac-
tivated during the early phase of DIHS, leading to virus production.
Infectious viruses may then infect CD4 T cells via CD134 and start
replicating.

CD134 is known to be a co-stimulatory receptor and transiently
expressed on activated CD4 and CD8 T cells [8]. Thus, the up-
regulation of CD134 on CD4 T cells in DIHS patients may merely
reflect the activation of CD4 T cells. To rule out the possibility that
more CD4 T cells in DIHS are activated than in SJS and MPE and,
thus, CD134 is just one among several activation markers, we
assessed activation markers on CD4 T cells in DIHS, SJS, and MPE in
the acute stage. We found that CD4 T cells in SJS and MPE were
markedly activated because a larger percentage of CD69high and
CD62Llow CD4 T cells were detected (Fig. 2A–D). Since regulatory T
(Treg) cells also express CD25, it was not possible to identify an
activated conventional CD4 T cell population based only on the
expression of CD25 (Fig. 2C). We also demonstrated that a large
percentage of CD134-positive CD4 T cells exhibited up-regulated
CD69 and CD25, and down-regulated CD62L in DIHS (Fig. 2E).
Collectively, the results of activation markers (Fig. 2A–E) demon-
strated that CD4 T cells in MPE, SJS, and DIHS were all activated,
however, only DIHS patients exhibited the significant up-regula-
tion of CD134 on CD4 T cells (Figs.1A and 2A). These results suggest
that the up-regulation of CD134 is not solely related to the
activation of CD4 T cells and serves as a biomarker that correlates
with the initiation of DIHS.

Finally, we determined what types of CD4 T cells expressed
CD134 in patients with DIHS by examining the expression of FoxP3,
the marker for Treg cells [9], in CD134+CD4+ cells in the acute stage.
The results of the flow cytometric analysis revealed that
approximately 10% of CD134-positive CD4 T cells expressed FoxP3,
suggesting that CD134-expressing CD4 T cells were a heteroge-
neous population with most cells being non-Treg cells (Fig. 2E, 2F).
These results indicate that CD134-expressing CD4 T cells were
composed of Treg cells and conventional CD4 T cells in patients
with DIHS, and HHV-6 may infect both subpopulations of CD4 T
cells in DIHS. Recent study suggests that the clinical manifestations
of DIHS/DRESS is mediated by virus-specific CD8 T cells [10],
while our study shows that CD4 T cells also play important roles in
the pathogenesis of DIHS, probably by facilitating the spread of
HHV-6.



Fig. 2. CD4 T cells in MPE, SJS, and DIHS were activated, whereas only those in DIHS strongly up-regulated CD134. (A) The expression of activation markers on CD4 T cells.
Representative results from healthy controls and patients with MPE, SJS, and DIHS in the acute stage are shown. PBMCs were stained for CD3, CD4, CD134, CD69, CD25, and
CD62L and analyzed by flow cytometry. Cells were gated on CD3+CD4+ (CD4 T cells) within the lymphocyte gate. The thin line represents isotype control staining and numbers
in the histograms indicate the percentage of positive cells for CD134, CD69, and CD25 or negative cells for CD62L. (B–D) The average percentages of CD69high cells (B), CD25high

cells (C), and CD62Llow cells (D) are shown (Healthy control, n = 4; MPE, n = 8; SJS, n = 2; DIHS, n = 3). Cells were gated on CD3+CD4+ (CD4 T cells) (error bars, SEM). (E) The
average percentage of positive cells for FoxP3, CD69, and CD25 and negative cells for CD62L (indicated as CD62Llow) from five patients with DIHS are shown. Cells were gated
on CD134+CD4+ cells (error bars, SEM). (F) The expression of FoxP3 on CD134-expressing CD4 T cells in DIHS. Cells were gated on CD134+CD4+ cells. Data shown are
representative of two patients with DIHS. The thin line represents isotype control staining and numbers in the histograms indicate the percentage of positive cells.
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Letter to the Editor
Similarities of dermoscopic findings in alopecia
areata between human and C3H/HeJ mouse

Depending on the ethnic background and the worldwide
regional difference, the prevalence of alopecia areata (AA) varies
from 0.1 to 0.2% [1], with a calculated lifetime risk of 2% [2]. Recent
studies using AA-prone genetic background mice have proposed
mechanisms underlying its pathogenesis. In AA, hair follicle
immune privilege is collapsed in association with enhanced
MHC class I expression, and organ-specific autoimmune reactions
against hair follicle autoantigens are induced by NKG2D+ cytotoxic
CD8+ T cells [2,3]. However, treatment modalities based on these
findings are still limited, and more fundamental studies are
prerequisite.

The C3H/HeJ mouse is the most extensively studied rodent
model of spontaneous AA-like disease. Although the alopecic
lesion of C3H/HeJ mouse is not completely identical to human AA,
they share several features, including clinical types (AA simplex,
totalis, and universalis), wax and wane of disease activity,
spontaneous hair loss and regrowth, hair fibre defect, peribulbar
infiltration of lymphocytes, and good response to topical
immunotherapy with squaric acid dibutylester [4]. Therefore, this
model mouse has been used to investigate the immunological and
genetic aspects of AA. Upon employment of the C3H/HeJ mouse,
hair researchers often face a question of whether hair loss lesions
are AA or other hair loss conditions, typically trauma due to
fighting between mice. Therefore, an easy and fast method to
distinguish the AA lesions from others is greatly desired.

In humans, useful dermoscopic signs for pigmented skin
tumors have been well established, and even in hair loss lesions,
characteristic findings are depicted such as black dots, tapering
hairs, broken hairs, yellow dots, and clustered short vellus
hairs [5]. There have been three reports on application of
dermoscopy to animal skin [6,7], but no study has been
conducted for hair loss diseases. To use dermoscopy as a helpful
tool for the diagnosis of murine AA, we investigated alopecic
lesions of C3H/HeJ.

C3H/HeJ inbred mice spontaneously develop AA at a low
frequency (approximately 20% by 12 months of age) [8]. To
efficiently initiate AA, we therefore employed a novel method of
transferring AA to male/female C3H/HeJ mice [9]. In this method,
lymph node cells were prepared from C3H/HeJ mice bearing AA
lesions and were cultured with a cytokine cocktail for 7 days.
Recipient mice were administered intravenously with the cultured
lymph node-derived cells and developed AA lesions at a high
frequency. By using DermLight DL3 (3Gen, San Juan Capistrano,
CA), we observed C3H/HeJ AA with reference to the known signs of
human AA. Furthermore, we confirmed histopathological changes
in each dermoscopic feature.
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