7AW RS & 3EE

E2 STi ﬁlllc.ck%’) TEN W

HIV BRYETlE, ST AﬁU!’i‘Jb'C%’] B0% @%%‘D‘%F’éib @.%%tl:b’\ TEN BOHFEEEEN. (Andrew Blauvelt T?}:tﬁﬁi)

TeHEEZOhTWS, F/z, HIVERERZETIE, E
PRBICEDBE I NI FF L ORERLEYDOT EF NV
{EDBESSEREIZALNS 2, B hREMAH
EMSERERELZY, TULVXF-RIGE5I&ERET
T ?:%)HIVI@%Q%ﬁ)%#"%iL%Tw—ITu
?ch#t%x%hfw

2 %%ﬂ CROUTIVADEREEDSE
CRBCENRYAT

DIHS & HHV-8 Bk

DIHS &%, EAHES G0 3BMU LR TE
RYEICHAEL, SHBERELNE) BEUESOVLED
Thb. BHid, AHESE (BICSHABRR) (26
ToTHREE DI LIS, BEZFTRL, V)
VSHIRERE, 3, B VIR BB R IFERKNS,
FEELZ EoERTZHED, LIELEEREROAIESE
b, EECHABENSBLE TS, AF, BEHR2~4
BHICHAVE OFHEME L2 S LB L, BH
TUNE=L T4 VABRRFEDEE LI H L

THBENB LoV,

¥ 4, DIHS & 1 # i 1 & TARC (thymus and
activation-regulated chemokine) fE25% L { &1 (B34
20000 pg/ml A L) 2RTIEFHLRERS 2 (K
3a)" ™ TARCIW Th2 #ilg%2FEBT A5 EHIA VD

—oT, B, 7T I -UERBEOBEEEY-A—-L
LTHESEAEA TS, TARCOEWRZ LR
DIHS IR T, —ROAMESMES (MPE) ®
Stevens-Johnson fEfERE (S]S)/TEN TixH5ED L+
AEZRTOATH - 72 (FHH 2000 pg/ml). 56
FEPRBYIC DIHS 28 b M7z B 41 FEPIT D W T,
HHV-6 G L% - -8 L HHV-6 BiEE EE b
Teiro B A T, A% o TARCERZ L
%, HHV-6 BB ICB W T TARC PAEEICE W
ZEMHBLS (R3S, Tz kds TARCOFE
L\ ER2S HHV-6 O FREMALIT S5 o & E 2 Riz
LTwaDhd L,

@DIHE ORBEFILELTO GVHD

EimEERBREHZIE, Fr— THREFL YYDy
Ml L o#EBEEMELERZL, LYY oM
Br (kBRI LRZLTHET S GVED A LIE LI
Abnhsb, 8% GVHD CREBESLRENAON, B
BRCi3hHELRRBRE L ABEOBKRELZETS. —
F, BHEBOREWHIRE T, #BRLTW A A
WRZATANWABBHEEL LR T WREBIZZ > TWw
5. LRih o & MM EEO GVED & & AR
A9 A VAEERLE OB b Y IZoWTIZE~ 2%
MBITFPNTETEY, 2 HHV-ES 2 CMVZ 0
BEr#HEINTYAE. L2L, Thoo@EE2EE

HiE&E 1125 (8), 1581-1586, 2015 (*FAE27) * 1583



EHFEE

%8 DIHS %ﬁ%@lu@ﬁ%ﬁﬂ%?‘i&ﬂc (DJ:§- S A : A . e
(a) DIHS, SJS/TEN, {IMEZEERZ (MPE) @%‘&%ﬁ(«.&i(jéﬁﬂ TARC E@ﬁ:ﬁ (b) HHV 6 0)@3 3] b’éﬂﬁohﬂ&
DIHS &EEMEE#DED o Tz DIHS BLEBOSMEEICHITD TARC D&, (OI# 15 KOS IBEHE)
(a) (b)
TARC P<000006
(paml) |, o001 P<003
70000 — 70000 I
60000 60000
50000 — o S0000 °
woo T 40000 T
300004, . 30000 e
.o 21023 ..
10000 .., . Y 2142 10000 :
Tt e o xass O 7449
viee . :[: . :1: eieed eo | *12440
0 DIHS v MPE = 0
e et e ST () uw-sggﬁ%dx-)

H4 EISMRBIESORS MR HHV-6 DNA LRIV OB,

B : 200 HHV-6 DNA JE—#2 U~/ R 108 @65 DITRE. 7RI | ET HHV-6 DNABE. + @ 5T, SBOHR -
JEB& IR HHV-6 DNA LNV EDBICIEED R 5NS. COR 26 KD IFHWE)

t

GPT(ur) HHV-6 DNA

4 0 1t 2 3 45986 14 o0 1 2 3 440 2 3 4 5 6 -1

After allo-SCT (months)

5 = z
104 ] ] ]
<102: u----;;!}&hw@euun : T fun smammanar : susssnEBGoCsnEREEEBEEREY : lIlM‘eﬁ.nnnn:
100: 5 5
50: ! :
01 : ; S
-1 -1 4] 3 -1

1584  HEZ&3k 1125 (8), 1581-1586, 2015 (FH% 27)



74 e A R & 3B

FTHERLLALN?®, MEOBRIIOVWTIEIRHEL
HAEH ot £ZT, GVHD £ & FALRZY A L
ZEER L OBERZHO2ICT 2 BT, BIEN
BLUBHARRNIZ, REOLFOL FAVNRZT A
VA (HHV-6, HHV-7, EBV, CMV) DNA OEED*
Tonh?™. ZoE, BHEEE 156%, GVHD 2%
SE L7 10 Blefic HHV-6 oFFEEEEALh, 35
HERBOME - HB e mP HHV6DNA LRV E D
BIcHEsA LNz (K4). —F, GVHD 2%4EL %
oz 5F O HAV-6 DNA S & 7z 0 i3 151
DHT, ¥z, HAV-6 DA DL bAVRAT L VR &
GVHD E DREIZA Lo, 51T, BEOH
BIC—B LT, miFsp IL-10 & WiHt IL-2 £8F0 L
BLEOONL. Uk s, ElEmRBiEg
@ GVHD ® %21 HHV-6 OB iE AL & IL-10 A&
THBEOERCIFEE Do TwEdDEEZ LR
7z,

Pl Eo#iz, GVHD & DIHS & ORzid, BEEEIR,
ZH#, EEREE, HHV-6 Eibtkik, IL-10 B4 T Mk
OEEILRZ E, 2L OBEWPENSH Y, GVHD A5 DIHS
DRBEETFTNMILNBLILOEEZLNA.

.'38‘33@ c

1980 SEALH LN 5 1990 ERFI R T, =4 X
DOWHE & o> 2ITI, RERERBEPLH/ e P
VRZAZ A VA (HHV-6,-7,-8) FHERWTHER S K
7=, ZOHL L RO o7z HHV-6 2 HHV-7 %, DIHS
EVI EEEBORBIIEb o TWB I LD, bHHE
DR, HESHIZIYRWEZERZ L EBICHL

WA, CORRBTVUAZAN—ERY, HIhOH

HWERhTH [BELIANVAEDEDY | BFHDHT
ru—XF7oTENDLLI IR LhL, AN
ANELEDREER 2R 5BEER-LTWED
PZonTE, BEDEZA, IZLAEGP-TBS
3, SEEHTREFEHIS .

1) Suzuki Y, Inagi R, Aono T, et al: Human herpesvirus 6
infection as a risk factor for the development of severe
drug-induced hypersensitivity syndrome, Arch Der-
matol, 1998; 134: 1108-1112.

2) Tohyama M, Yahata Y, Yasukawa M, et al: Severe hy-
persensitivity syndrome due to sulfasalazine associ-
ated with reactivation of human herpesvirus 6, Arch

3)

4)

5)

6)

9)

10

11)

12)

13)

14)

15)

16)

Dermatol, 1998; 134: 1113-1117.

ANEEIT, BREE, HIEE BRI L) REHE
BENRLF AL v ATy A VAN 16, BE,
1998 ; 52 : 789-792.

Sutkowski N, Conrad B, Thorley-Lawson DA, et al:
Epstein-Barr virus transactivates the human endoge-
nous retrovirus HERV-K 18 that encodes a superanti-
gen, Immunity, 2001; 15: 579-589.

EERER, LOEH SN—BEr 7YY v R
o I ERAE BAIRIE, WRBZ, 1975:29:467-472.
Renn CN, Straff W. Dorfmiiller A, et al: Amoxicillin-
induced exanthema in young adults with infectious
mononucleosis: demonstration of drug-specific lympho-
cyte reactivity, Br J Dermatol, 2002; 147 1166-1170.
Saito-Katsuragi M, Asada H, Yokoi S, et al: Ampicillin-
induced cutaneous eruption associated with Epstein-
Barr virus reactivation, ] Am Acad Dermatol, 2005; 52:
S127-128.

Coopman SA, Johnson RA, Platt R, et al: Cutaneous dis-
ease and drug reactions in HIV infection, N Engl J
Med, 1993; 328: 1670-1674.

Saiag P, Caumes E, Chosidow O, et al: Drug-induced
toxic epidermal necrolysis (Lyell syndrome) in patients
infected with the human immunodeficiency virus, J
Am Acad Dermatol, 1992; 26: 567-574.

Smith K], Skelton HG, Yeager ], et al: Increased drug
reactions in HIV-1-positive patients: a possible explana-
tion based on patterns of immune dysregulation seen
in HIV-1 disease. The Military Medical Consortium for
the Advancement of Retroviral Research (MMCARR),
Clin Exp Dermatol, 1997; 22: 118-123.

Eggena MP, Barugahare B, Jones N, et al: Depletion of
regulatory T cells in HIV infection is associated with
immune activation, J Immunol, 2005; 174: 4407-4414.
Dolev J, Reyter I, Maurer T: Treatment of recurring
cutaneous drug reactions in patients with human im-
munodeficiency virus 1 infection: a series of 3 cases,
Arch Dermatol, 2004; 140: 1051-1053.

Rieder MJ, Shear NH, Kanee A, et al: Prominence of
slow acetylator phenotype among patients with sul-
fonamide hypersensitivity reactions, Clin Pharmacol
Ther, 1991; 49: 13-17.

Ogawa X, Morito H, Hasegawa A, et al: Identification of
thymus and activation-regulated chemokine (TARC/
CCL17) as a potential marker for early indication of dis-
ease and prediction of disease activity in drug-induced
hypersensitivity syndrome (DIHS)/drug rash with
eosinophilia and systemic symptoms (DRESS), J Der-
matol Sci, 2013; 69: 38-43.

Ogawa K, Morito H, Hasegawa A, et al: Elevated se-
rum thymus and activation-regulated chemokine
(TARC/CCL17) relates to reactivation of human
herpesvirus 6 in drug reactions with eosinophilia and
systemic symptoms (DRESS)/drug-induced hypersen-
sitivity syndrome (DIHS), Br J Dermatol, in press.
Rieder M], Shear NH, Kanee A, et al: Prominence of

HEz&3k $ 125 (8), 16581-1586, 2015 (FRk27) © 1585



EHEFERE

17)

18)

19)

20)

21)

slow acetylator phenotype among patients with sul-
fonamide hypersensitivity reactions, Clin Pharmacol
Ther, 1991; 49: 13-17.

Saito-Katsuragi M, Asada H, Yokoi S, et al: Ampicillin-
induced cutaneous eruption associated with Epstein-
Barr virus reactivation, ] Am Acad Dermatol, 2005; 52:
S127-128.

Yoshikawa T, Suga S, Asano Y, et al: Human
herpesvirus-6 infection in bone marrow transplanta-
tion, Blood, 1991; 78: 1381-1384.

Appleton AL, Sviland L, Peiris JS, et al: Human herpes
virus-6 infection in marrow graft recipients: role in
pathogenesis of graft-versus-host disease. Newcastle
upon Tyne Bone Marrow Transport Group, Bone Mar-
row Transplant, 1995; 16: 777-782.

Yoshikawa T, Thira M, Ohashi M, et al: Correlation be-
tween HHV-6 infection and skin rash after allogeneic
bone marrow transplantation, Bone Marrow Trans-
plant, 2001; 28: 77-81.

Boutolleau D, Fernandez C, André E, et al: Human
herpesvirus (HHV)-6 and HHV-7: two closely related vi-
ruses with different infection profiles in stem cell

22)

23)

24)

25)

26)

transplantation recipients, J Infect Dis, 2003; 187: 179~
186.

Miller W, Flynn P, McCullough J. et al: Cytomegalovi-
rus infection after bone marrow transplantation: an as-
sociation with acute graft-v-host disease, Blood, 1986:
67:1162-1167.

Finny GJ, Mathews V, Abraham P, et al: A pilot study
on the role of cytomegalovirus & human herpesvirus-6
infections in Indian bone marrow transplant recipients,
Indian J Med Res, 2001; 114: 39-46.

Cone RW, Huang ML, Corey L. et al: Human herpesvi-
rus 6 infections after bone marrow transplantation:
clinical and virologic manifestations, J Infect Dis, 1999;
179: 311-318. ‘

Savolainen H, Lautenschlager 1, Piiparinen H, et al: Hu-
man herpesvirus-6 and -7 in pediatric stem cell trans-
plantation, Pediatr Blood Cancer, 2005; 45: 820—825.
Kitamura K, Asada H, Iida H, et al: Relationship among
human herpesvirus 6 reactivation, serum interleukin
10 levels, and rash/graft-versus-host disease after allo-
geneic stem cell transplantation, ] Am Acad Dermatol,
2008; 58: 802-809.

1586

- HBz&EE 1 125 (8), 15811586, 2015 (A 27)



Acta Derm Venereol 2016; 96: 114-115

SHORT COMMUNICATION

Involvement of Human Herpesvirus 6 Infection in Renal Dysfunction Associated with DIHS/DRESS

Kazuya Miyashita!, Chinatsu Shobatake!, Fumi Miyagawa'!, Nobuhiko Kobayashi', Rie Onmori', Shinsuke Yonekawa?, Kaori

Tanabe®, Kenji Kawate®, Kohei Morita’ and Hideo Asada'*

Department of Dermatology, *Center for Infectious Diseases, *First Department of Medicine, "Department of Orthopedics, *Department of Diagnostic
Pathology, Nara Medical University School of Medicine, 840 Shijo-cho, Kashihara, Nara 634-8522, Japan. *E-mail: asadah@naramed-u.ac.jp

Accepted May 27, 2015; Epub ahead of print Jun 3, 2015

Drug-induced hypersensitivity syndrome/drug reac-
tion with eosinophilia and systemic symptoms (DIHS/
DRESS) is a life-threatening multi-organ hypersensiti-
vity reaction that appears after prolonged exposure to a
limited number of drugs. DIHS/DRESS is often related
to reactivation of human herpesvirus 6 (HHV-6) (1-3).
Renal dysfunction sometimes affects the prognosis (4).
However, the pathomechanism of DIHS/DRESS-related
renal dysfunction remains unknown. We report here a pa-
tient with DIHS/DRESS in whom HHV-6 infection may
have been involved in the pathogenesis of renal failure.

CASE REPORT

A 62-year-old Japanese man developed a high fever,
oedematous erythema with scale on the face and pallor
around the eyes (Fig. 1a), diffuse pruritic maculopa-
pular erythema on the trunk (Fig. 1b), and bilateral
cervical lymphadenopathy on day 28 of continuous
administration of trimethoprim/sulphamethoxazole
(TMP/SMX) 320 mg/day and 1,600 mg/day, respec-
tively, given to treat refractory iliopsoas abscess cau-
sed by methicillin-resistant Staphylococcus aureus

Fig. 1. Clinical appearance at onset. (a) Oedematous erythema with scale on the face and
pallor around the eyes. (b) Diffuse pruritic maculopapular erythema on the trunk. The patient
provided written permission to publish this photograph.
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(MRSA), which was resistant to many antibiotics
except for TMP/SMX. Laboratory tests on day 9 after
onset revealed a white blood cell count of 17.9 x 10%
ul with 29% atypical lymphocytes and 1% eosinophils,
high concentrations of thymus and activation-regulated
chemokine (105,300 pg/ml) (5) and slightly high con-
centrations of creatinine (1.37 mg/dl). Liver function
tests were normal at the initial visit to the dermatologist
on day 8 after onset (AST 21 U/1, ALT 18 U/1), but AST
and ALT levels were elevated on day 17 after onset
(AST 106 U/1, ALT 102 U/1). No HHV-6 DNA was
detected by quantitative PCR in the peripheral blood
mononuclear cells (PBMC) on day 9 after onset. HHV-
6 DNA became positive on day 15 (2 x 10° copies/ml)
and continued to be detected thereafter. The patient was
diagnosed with DIHS/DRESS due to TMP/SMX. His
symptoms disappeared on day 9 after initiation of 30
mg/day oral corticosteroid (prednisolone). However,
he suddenly developed renal failure with a creatinine
level of 9.13 mg/dl on day 79 after onset. Since renal
function did not improve despite intensive therapy,
haemodialysis therapy was initiated. The patient sub-
sequently died from an opportunistic infection and
multiple organ failure. An autopsy
revealed interstitial nephritis with
lymphocytic infiltration and necroti-
zed tubular epithelial cells (Fig. 2a).
HHV-6 DNA (8x10? copies/mg) was
detected in an autopsy specimen of
the kidney, while HHV-6 DNA was
almost undetectable in other organs
(8 copies/mg). Immunofluorescence
and immunohistochemistry with an
anti-HHV-6 monoclonal antibody
(OHV-3) (6) revealed that tubular
epithelial cells were positive for the
HHV-6 antigen (Fig. 2b, 2¢). Staining
for HHV-6 in the patient’s skin did not
reveal any viral antigen.

DISCUSSION

Renal dysfunction is occasionally ob-
served in patients with DIHS/DRESS
(10%) and sometimes affects the prog-
nosis of these patients (4). In the case

© 2016 The Authors. doi: 10.2340/00015555-2149
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described here, interstitial nephritis with lymphocytic
infiltration was observed in a renal specimen from a pa-
tient with DIHS/DRESS, persistent HHV-6 infection was
detected in the PBMC, significantly high HHV-6 viral
load in renal specimens, and HHV-6 antigen expression
in tubular epithelial cells. As no other cause of renal dys-
function was suspected in this case, these results suggest
that HHV-6 may infect tubular epithelial cells and cause
acute renal dysfunction in the course of DIHS/DRESS.
The role of HHV-6 infection in allograft rejection has
been examined in renal transplant recipients. Helanterd et
al. (7) and Hoshino et al. (8) showed that HHV-6 antigen
was expressed in tubular cells in renal transplant reci-
pients, but they described no clear association of HHV-6
infection with renal dysfunction. On the other hand, some
researchers have suggested that reactivation of HHV-6
may induce rejection of renal transplants (9). HHV-6
expression in affected organs of patients with DIHS/
DRESS has not been reported previously. Although the
involvement of HHV-6 infection in rejection of renal
transplant is controversial, we conclude that HHV-6 may
be associated with the pathogenesis of renal failure in
this DIHS/DRESS case.
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Fig. 2. Histopathological findings of the
renal specimen. (a) Degenerated tubular
epithelial cells, with lymphocytic infiltration
in the renal interstitial region and minor
abnormalities in the glomeruli. (H&E x 200)
(b) Expression of human herpesvirus 6
(HHV-6) antigen in tubular epithelial cells
by immunofluorescence with anti-HHV-6
monoclonal antibody (OHV-3, x200)
(arrows). (c) Expression of HHV-6 antigen
in the cytoplasm of tubular epithelial cells by
immunohistochemistry with OHV-3 (x 400).
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patterns, pustular development is rare. In our review of the
literature we found only one reported case showing gener-
alized pustular dermatosis with high-grade fever caused by
isoniazid in a tubercular patient [2], which was introduced
as acute generalized exanthematous pustulosis (AGEP) in
a recent study [3].
AGEP is often induced by drugs and takes a self-limiting
course [3]. Generalized pustular psoriasis (GPP) is charac-
terized by an acute generalized pustular eruption lasting
“for weeks and becoming recurrent [4]. Several drugs,
including antibiotics [4, 5] and terbinafine [6], have been
reported to provoke GPP. These two pustular dermatoses
share similar clinical features and this occasionally makes
distinguishing between the two difficult, both clinically
and histologically [3, 7]. Kardaun et al. [8] described
histological features pointing at AGEP instead of GPP
as including the presence of eosinophils in the pustules
or dermis, necrotic keratinocytes, a mixed neutrophil-rich
interstitial and mid-dermal infiltrate. In addition, erythro-
cyte extravasation occurred in 54% of AGEP cases [7].
Although the distribution of the pustular eruption in AGEP
was mostly of a non-follicular pattern, follicular pus-
tules were also seen in 23% of cases [3, 7]. In our case,
however, both the presence of follicular pustules and the
absence of keratinocyte necrosis, extravasated erythrocytes
and eosinophil infiltration did not necessarily exclude the
diagnosis of AGEP. The distribution of pustules and rapid
improvement of clinical symptoms favored AGEP. More-
over, the AGEP scoring system [3] was applied to our case
and the score sum of 8 points fulfilled the criteria for def-
inite AGEP. Since AGEP can develop in patients with a
history of psoriasis [7], the diagnosis should be made com-
prehensively based on the clinical course and histological
findings.
Mutations of IL36RN, which encodes the anti-
inflammatory 1136 receptor antagonist (IL36Ra), have
recently been found in GPP, especially the majority of
cases with GPP not accompanied by psoriais vulgaris
[9]. Sugiura er al. [5] reported GPP in identical twins

with compound heterozygous IL36RN mutations. They.

speculated that amoxicillin might have induced GPP
although the initial symptoms of the patients suggested

amoxicillin-induced AGEP. On the other hand, Navarini -

et al. [10] analyzed 96 cases with AGEP, detected IL36RN
mutations in 4 patients and suggested that a small subset of
AGEP might be related to IL36Ra dysfunction. To elucidate
the relationship between AGEP and IL36RN mutation,
further analysis and accumulation of cases are required.

In summary, isoniazid is a drug that can cause AGEP, which
is difficult to differentiate from an initial episode of GPP. As
preventive administration of isoniazid has increased with
increased use of biologics for treating severe psoriasis, the
onset of AGEP due to isoniazid may increase. B
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Differential expression profile of Th1/Th2-

associated  chemokines characterizes
Stevens-Johnson syndrome/toxic - epi-

dermal necrolysis (SJS/TEN) and drug-
induced hypersensitivity syndrome/drug
reaction with eosinophilia and systemic
symptoms (DIHS/DRESS) as distinct
entities

Drug-induced hypersensitivity syndrome/drug reaction
with eosinophilia and systemic symptoms (DIHS/DRESS)
and Stevens-Johnson syndrome/toxic epidermal necrolysis
(SJS/TEN) are two of a triad of severe cutaneous adverse
reactions (SCAR) to drugs [1, 2]. The rapid recognition
of DIHS/DRESS and SJS/TEN is essential because they
are potentially life-threatening syndromes. Thus, diagnostic
markers or predictive factors need to be defined.

We previously reported that thymus and activation-
regulated chemokine (TARC/CCL17) serum levels were
markedly higher in the acute stage of DIHS/DRESS than in
other forms of drug eruption [3, 4]. We also demonstrated
that TARC levels in the acute stage of DIHS/DRESS corre-
lated with disease activity [3]. In this study, we attempted
to identify chemokine patterns that would allow us to
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distinguish between the different forms of drug eruptions
and gain insight into the pathomechanisms involved.

. We first examined the expression of macrophage-derived
chemokine (MDC/CCL22), a chemokine related to TARC,
in patients with DIHS/DRESS, SIS/TEN and maculopapu-
lar exanthema (MPE). A previous study showed that the
CC chemokines, TARC and MDC, were T helper (Th)
2-associated chemokines that bind to CC chemokine
receptor 4 (CCR4) on Th2 cells [5]. We subsequently com-
pared the expression of the Thl-associated chemokines,
monokine induced by IFN-y (MIG/CXCL9) and IFN-
inducible protein 10 (IP-10/CXCL10). MIG and IP-10
are related chémokines of the CXC subfamily that are
known to share the receptor, CXCR3, on Thl cells
[5]. Blood samples were obtained from 11 patients

with DIHS/DRESS, 18 patients with SIS/TEN and 15
patients with MPE in the acute stage and after recov-
ery; serum concentrations of TARC, MDC, 1P-10, and
MIG were measured by ELISA. Diagnosis of SIS/TEN
and DIHS was made on the basis of the criteria
proposed by Auquier-Dunant et al [6] and Shiohara
et al.[7], respectively. The results obtained revealed marked
differences between the different types of SCAR. In addi-
tion to an increase in TARC (figure 1A), which is consistent
with the findings of our previous study {3, 4], the expres-
sion of MDC was markedly higher in DIHS/DRESS than
in the other forms of drug eruption (figure IA). In con-
trast to DIHS/DRESS, the expression of the Th1-associated
chemokines (MIG and IP-10) was higher in SJIS/TEN than’
in MPE (figure 1A). These results were consistent with the
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Figure 1. A) Distinct expression of chemokines in SCAR in the acute stage. Th2 chemokines (TARC and MDC) were highly
elevated in DIHS/DRESS, while Thl chemokines (IP-10 and MIG) predominated in SJIS/TEN. The average TARC and MDC
levels in patients with DIHS/DRESS were 34,997 == 9,581 pg/mL (average 4= SEM) and 8,365 & 1,179 pg/mL, respectively. The
average levels of IP-10 and MIG in patients with SJS/TEN were 10,014 =+ 1,882 pg/mL and 9,932 + 1,751 pg/mL, respectively.
Blood samples were obtained on days 0-31 (average day 8.8) after the onset of DIHS/DRESS, days 0-25 (average day 5.6) for
SJS/TEN, and days 1-24 (average day 6.5) for MPE. * p<0.05, ** p<0.01, Kruskal-Wallis test. B) Serum chemokine levels in
the acute and remission stages in SCAR. The levels of chemokines that were upregulated during the acute stage (TARC and
MDC in patients with DIHS, and IP-10 and MIG in patients with SJS/TEN) declined upon remission. ** p<0.01, Student’s

t-test.
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findings of previous studies in which SJIS/TEN was charac-
terized by a predominantly Thl pattern of activation [8, 9].
Qur results clearly showed slightly higher MIG and IP-

10 values in SJS/TEN than in DIHS/DRESS but statistical

significance was not reached between these two groups,
which indicated that DIHS/DRESS also exhibited a Thl
pattern of activation to some extent. The relatively small
number of patients and the overlap in the range distribution
in DIHS/DRESS vs SJIS/TEN and DIHS/DRESS vs MPE
imply that further extended studies are needed to reach a
concrete conclusion.

We then investigated whether the levels of the upregu-
lated chemokines described above declined upon remission.
Serum levels of MDC in DIHS/DRESS and MIG and IP-10
in SIS/TEN decreased in the remission stage (figure 1B),
which was also observed in TARC in DIHS/DRESS
(figure 1B) [3].

A recent study reported that biopsy specimens from
SIS/TEN cutaneous lesions exhibited a mixed Th1/Th2
pattern [10]. The same group subsequently demonstrated
that TARC levels were significantly higher in the sera of
SJS/TEN patients than in the sera of healthy donors (HD)
[9]. The median TARC levels reported were 580 pg/mL
in SJS/TEN and 205.2 pg/mL in HD [9]. Our previous
studies also showed elevated levels of TARC in SIS/TEN
patients; average TARC levels were 2,198 pg/mL in one
study [3] and 1,543 pg/mL in the other {4] (normal value of
TARC: <450 pg/mL). However, our present study did not
confirm this finding. Although further evidence is needed
for a clear conclusion, the markedly lower TARC values
observed in SIS/TEN than in DIHS/DRESS suggest that a
Th1 response may play a major role in SJIS/TEN with the
minimal coexistence of a Th2 response, if any.

Taken together, our results showed that Th2-associated
chemokines were markedly upregulated in DIHS/DRESS,
while Thl-associated .chemokines predominated in SJS/
TEN. This result indicates that the mechanisms underlying
DIHS/DRESS and SJS/TEN are distinct. We further sug-
gest that a prompt differentiation of SCAR may be achieved
using TARC/MDC and IP-10/MIG chemokine sets. B
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Extramammary Paget’s disease occurring
in the context of Cowden syndrome: true
association or mere coincidence?

Cowden syndrome (CS) is a rare inherited disorder char-
acterized by multiple hamartomas and an increased risk of
carcinomas, such as thyroid and breast cancers {1]. Char-
acteristic mucocutaneous manifestations include multiple
facial trichilemmomas, oral mucosal papillomatoses and
acral keratosis. A mutation in the phosphatase and tensin
homolog (PTEN) gene has beenidentified as the cause of CS
[2]. The present report describes a case of extramammary
Paget’s disease (EMPD) which developed in a Japanese
patient with CS. .

A 64-year-old Japanese male initially presented with a
three-month history of an erythematous lesion involving his
scrotum. On presentation, an erythematous lesion without
itching, measuring 3.0 cm x 4.0 cm in size, was observed
on the scrotum and right inguinal area (figure IA). In
addition, there were many small keratotic papules on the
patient’s dorsal hands and feet (figure IB). He had two
daughters and they were under treatment for breast and thy-
roid cancers, respectively. These findings suggested that the



Acta Derm Venereol

LETTERS TO THE EDITOR

Drug Eruption Following High-calorie Infusion: A Possible Systemic Type IV Allergic Reaction to

Sulphites

Tetsuya Honda, Akihiko Kitoh, Yoshiki Miyachi and Kenji Kabashima
Department of Dermatology, Kyoto University Graduate School of Medicine, Shogoin Kawara-cho 54, Kyoto 606-8507, Japan. E-mail: hontetsu@kuhp.

kyoto-u.ac.jp
Accepted Mar 17, 2015; Epub ahead of print Mar 18, 2015

Sulphites, such as sodium bisulphite and sodium metabi-
sulphite, are widely used as antioxidants or preservatives
in a wide range of substances, such as food, cosmetics
and medications (1). It has been reported that sulphite in-
take can cause systemic type I allergic reactions, such as
urticaria (2) and anaphylaxis (3, 4). In addition, external
application of sulphites can cause local type IV allergic
reactions, such as contact dermatitis (1, 5). However, it
is not known whether sulphite intake can cause systemic
type IV allergic reactions. We describe here a case of
drug eruption, thought to be a systemic type IV allergic
reaction to sulphites, following a high-calorie infusion.

CASE REPORT

A 50-year-old woman was referred to our dermatology department
because of a systemic skin eruption. She had been diagnosed with
myasthenia gravis 10 years earlier. Because she had difficulty with
food intake due to decreased bowel movement resulting from the
myasthenia gravis, she had started a high-calorie infusion (Ami-
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notripa 2% given 1,800 ml every 3 days [Otsuka Pharmaceutical
Co. Ltd, Tokyo, Japan]) 10 days previously. Three days after the
start of infusion, small red pruritic papules developed over most of
the patient’s body (Fig. 1a, b). It was suspected that this symptom
was indicative of a drug eruption. Because she had not changed
any medications before the eruption, we suspected that Aminotripa
2® was the cause. As topical steroid treatment did not improve the
eruption, Aminotripa 2® was discontinued and changed to a sugar
electrolyte maintenance transfusion. After stopping Aminotripa 2°,
the eruption gradually disappeared. Aminotripa 2® is composed
of amino acids, electrolytes, sugar, and some additives (sulphite,
glacial acetic acid, and citric acid hydrate) available from: http:/
www.kegg.jp/medicus-bin/japic_med_product?id=00055508.
Among the ingredients, we focused on the sulphite (sodium bi-
sulphite) in the additives, because it has been reported that sodium
bisulphites can cause allergic reactions, such as contact dermatitis
(1) and anaphylaxis (3, 4). A 48-h closed patch test was performed
with Finn Chambers® (Epitest Oy, Tuusula, Finland) on Scanpor
tape® (Alpharma AS, Vennesla, Norway) for sodium bisulphite
(0.1% and 1% in pet) (provided by Otsuka Pharmaceutical Co.
Ltd), Aminotripa 2%, and Neoparen 2® (Otsuka Pharmaceutical
Co. Ltd), another high-calorie infusion that contains a much lower
concentration of sodium bisulifite (0.002%). The reactions were
determined at 48 h and 72 h after application of
the patch test, in accordance with the recommen-
dations of the International Contact Dermatitis
Research Group (ICDRG). Although the patient
was under treatment with predonisolone 10 mg/
day as treatment for myasthenia gravis, she exhi-
bited a positive reaction to 0.1% and 1% sodium
bisulphite (Fig. 1b). She also reported pruritus
at the Aminotripa 2® (containg 0.04% of sodium
bisulphite) test site. She did not exhibit any po-
sitive reaction or report pruritus to Neoparen 2®.
Based on these findings, we diagnosed the patient
with a drug eruption due to sodium bisulphite in
Aminotripa 2°. She resumed high-calorie infusion
therapy using Neoparen 2®, and the skin eruption
has not re-appeared.

DISCUSSION

To date, type 1V allergic reations to
sulphites have been reported only as
contact dermatitis following the use of
sulphite-containing ointments or cosme-

Fig. 1. Clinical presentation. (a, b) Accumulation of
red papules on (a) the right forearm and (b) the leg. (c)
Seventy-two hours after the patch test. The reactions were
classified according to International Contact Dermatitis
Research Group (ICDRG) guidelines. Positive reactions
(+) were detected for sodium bisulphite 1% and 0.1% pet.

© 2015 The Authors. doi: 10.2340/00015555-
Journal Compilation © 2015 Acta Dermato-Venereologica. ISSN 0001-5555



tics (1). However, the case described here suggests
that sulphite intake could also cause a type I'V allergic
reaction leading to systemic eruption (systemic type
IV allergic reaction).

Sulphites are frequently used as additives in a wide
range of foods and medications. The amount of sul-
phites in food is kept below a certain level (for example,
in Japan wine contains less than 0.35 g/kg of sulphites).
However, the intake of various types of food containing
sulphites would increase the total amount of sulphites
consumed, and may cause a systemic type IV allergic
reaction, as in the current case. In this context, sulphite
allergy should be considered as a differential diagnosis
of systemic eruption.
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Novel concept of iSALT (inducible skin-associated lymphoid tissue)
in the elicitation of allergic contact dermatitis

By Tetsuya HONDA*' and Kenji KABASHIMA*:
(Communicated by Shizuo AKIRA, M.J.A.)

Abstract: Allergic contact dermatitis (ACD) is one of the most common inflammatory skin
diseases, which is classified as a delayed-type hypersensitivity immune response. The development of
ACD is divided into two phases: sensitization and elicitation. In the sensitization phase, antigen-
specific effector T cells are induced in the draining lymph nodes by antigen-captured cutaneous
dendritic cells (DCs) that migrate from the skin. In the elicitation phase, the effector T cells are
activated in the skin by antigen-captured cutaneous DCs and produce various chemical mediators,
which create antigen-specific inflammation. In this review, we discuss the recent advancements in
the immunological mechanisms of ACD, focusing on the mechanisms in the elicitation phase. The
observations of elicitation of CHS lead to the emerging novel concept of iSALT (inducible skin-
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associated lymphoid tissue).

Keywords:
iSALT

Introduction

Allergic contact dermatitis (ACD), such as
metal allergy and plant allergy, is a major occupa-
tional skin disease that affects approximately 15 to
20% of the general population all over the world.?
ACD is generally induced by small compounds called
haptens (less than 500 daltons of molecular weight).
Although haptens do not possess antigenicity, they
bind to self-carrier protein in the skin, and the
hapten-self complex works as an antigen.?™¥) This
complex is captured by cutaneous dendritic cells
(DCs), which migrate to the draining lymph nodes
(dLNs) and present the antigen to naive T cells.
Then, the naive T cells proliferate and differentiate
to several T cell subsets, such as CD4* helper T
(Th)1 cells and CD8™" cytotoxic T (Tc)1 cells. This
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priming phase is called the sensitization phase
(Fig. 1). When the same hapten enters the skin,
the antigen-specific Th1/Tcl cells are activated by
the antigen-captured cutaneous DCs. The activated
Thl/Tcl cells produce cytokines such as IFN-v,
which stimulates neighboring cells such as keratino-
cytes, and provokes inflammation that peaks around
24 to 48h after the hapten exposure. This phase is
called the elicitation phase (Fig. 1).

Since ACD is a prototype of the cutaneous
immune response, and the murine model of ACD,
which is called contact hypersensitivity (CHS),” is
easily induced, a number of studies have been
performed to determine its mechanisms, especially
in the sensitization phase. For example, extensive
studies have been performed for the cutaneous DC
subset analysis that induces Th1/Tcl differentiation
in the sensitization phase. In contrast, relatively
few studies have been performed on the DC subset
responsible in the elicitation phase. This may be
partly because of the complex cell-cell interactions
in the elicitation phase. However, with the introduc-
tion of novel techniques such as multi-photon
microscopy for live imaging, the complex mechanisms
of the elicitation phase have recently been gradually
revealed.
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Fig. 1. Overview of the immnunological mechanisins of CHS. Step 1. Haptens activate innate immmune cells (e.g., keratinocytes, mast

cells) and induce the production of various chemical mediators. Step 2. Antigen-captured activated DCs nigrate to the dLNs. Step 3.
Migrated DCs present the antigen to naive T cells, which mainly differentiate to Thl and Tel cells. Step 4. Haptens cause subtle
inflaimnation by activating innate immune cells, and recruit neutrophils. Step 5. Leukocytes, including antigen-specific .offector T
cells, are recruited. Step 6. The antigen-specific effector T cells arc then activated in the skin by antigen-captured derinal DCs, which
create antigen specific inflaimnation. Activation of effector T cells mainly occurs in leukocyte clusters.

In this review, we will introduce the updated
mechanisms of ACD, as revealed by using mouse
CHS, mainly focusing on the mechanisms in the
elicitation phase. :

1. Induction of antigen-specific T cells

Although various kinds of cells are involved in
the development of CHS, the most important cells
for antigen specific inflammation are T cells. Both
Th cells and Tc cells play important roles in the
development of CHS.9') Th/Tc cells are further
divided into several kinds of Th/Tc cell subsets, such
as Thl/Tcl, Th2, and Thl7/Tcl7 cells, depending
on the pattern of its cytokine production. Among the
Th/Tc cell subsets, Thl/Tcl cells, which produce
IFN-v, are the most important cell subsets that
induce the elicitation reaction,”!) although the
involvement of other Th/Tc cell subsets such as
Th2 or Thl7 have been reported.”19 For many
years, the cutaneous DC subsets responsible for
inducing Thl/Tcl have been a matter of debate.

However, recent developments in the DC-subset-
specific depletion system have gradually answered
these questions. First, we summarize the recent
findings on the role of each cutaneous DC subset in
the sensitization phase.

‘In the skin in the steady state, there are at least
three DC subsets; Langerhans cells (LCs), CD103*
dermal DCs, and CD103~ dermal DCs.!21) LCs
exist in the epidermal layer, and are the most
abundant DCs in the skin. CD103~ dermal DCs
occupy most of the dermal DCs (around 80% of
dermal DCs) while CD103" dermal DCs occupy
around 10% of dermal DCs.12-1%)

LCs have long been assumed to be the DCs
responsible for inducing Thl/Tcl cells in CHS,
because of their abundance in the skin, the easy
accessibility to haptens, and the strong antigen-
presentation ability in vitro. However, recent studies
have revealed that depletion of LCs during the
sensitization phase does not impair CHS responses,
while depletion of CD103" dermal DCs causes
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significantly impaired CHS responses.!?19)16) There-
fore, the general current understanding is that
CD103% dermal DCs are the most important DC
subset that mediates sensitization in CHS. However,
CD103" dermal DCs may not be the essential DCs
for sensitization, because the impairment in CHS
responses caused by the depletion of CD103™ dermal
DCs is partial, and Batf~/~ mouse, which lacks
CD103" dermal DCs constitutively, exhibits normal
CHS responses.'” In addition, the redundant roles of
CD103* dermal DCs and LCs in sensitization!®-%)
and the importance of CD103~ dermal DCs in
sensitization have been reported.'®?") Therefore,
although CD103% dermal DCs are proposed as the
DCs responsible for mediating sensitization in CHS,
the current data suggest that each DC subset has
the ability to mediate sensitization in a context
dependent manner.

In humans, two dermal DC subsets are also
identified, depending on the expression pattern of
CD1a, CDlc, and CD141 (CD1a*CD1c* dermal DCs
and CD1a*CD141" dermal DCs).?) CD1a*CD141*
dermal DCs are proposed to be identical to mouse
CD103* dermal DCs.?") These DCs may mediate
sensitization in human ACD.

2. Mechanisms of the effector T cell activation
in the elicitation phase

Effector T cells are recruited to and retained in
inflammatory skin with limited dependency on their
antigen specificity.’” Therefore, effector Th1/Tcl
cells infiltrate the skin following the subtle inflam-
mation induced by haptens. Indeed, initial neutrophil
infiltration is necessary for subsequent effector T
cell infiltration in the elicitation phase.?-20) When
the concentration of haptens is not high enough to
provoke this antigen non-specific inflammation, no
CHS response occurs.?”) Haptens induce skin inflam-
mation directly by causing cellular stress and in-
directly by activating toll-like receptors (TLRs) and
NOD-like receptors (NLRs). The infiltrated effector
T cells are then activated by antigen-captured
cutaneous DCs, and produce cytokines, which
provoke antigen-specific inflammation.

Although the detailed mechanisms by which
haptens induce skin inflammation remain unknown,
recent reports indicate that activation of TLRs and
NLRs in innate immune cells is an important
mechanism of hapten-induced inflammation.1):28)29)
Haptens induce cellular stresses and damages that
lead to the production of reactive oxygen species
(ROS).3-%) ROS degrade the extracellular matrix
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(such as hyaluronic acid), and generate low-molecu-
lar-weight hyaluronic acid,?® which stimulates TLR2
and TLR4 on the surrounding cells, such as DCs,
keratinocytes, and mast cells, all of which express
TLR2 and TLR4.299 Stimulation of TLR2 and
TLR4 eventually leads to the activation of nuclear
factor kB (NF-xB) and mitogen-activated protein
kinases (MAPKs), and induces the expression of
various pro-inflammatory cytokines and chemokines,
which drive both DC migration to dLNs and the
inflammatory cell infiltration into the skin. Haptens
also induce the release of adenosine triphosphate
(ATP).293) ATP stimulates purinergic receptor
P2X7, which activates NOD-, leucine rich region
repeat (LRR)-, and pyrin domain-containing 3
(NLRP3).1) Activation of NLRP3 in keratinocytes
leads to the release of IL-18 and IL-18, which also
drives skin inflammation. 2% Haptens also increase
vascular permeability by inducing histamine release
from mast cells.* Overall, haptens cause innate
immune cell activation and induce the initial
neutrophil infiltration to recruit effector T cells in
the skin (Fig. 2).

3. Antigen-specific inflammation: Leukocyte
cluster formation as an essential structure
for effector T cell activation in the skin

Following the hapten-induced antigen non-spe-
cific inflammation, T cell-mediated antigen-specific
inflammation is initiated. When T cells infiltrate
into the skin, they induce a stable interaction with
antigen-bearing cutaneous DCs and produce cyto-
kines.??40) Dermal DCs play essential roles in the
effector T cell activation,!”) although the dermal DC
subset responsible for the antigen presentation in
the elicitation phase remains unclear. Cytokines
produced by activated T cells then stimulate skin-
resident cells, which leads to further recruitment of
T cells and amplification of the inflammation.

We recently discovered that dermal leukocytes
form a cluster structure after hapten application, and
that this structure is essential for efficient effector T
cell activation in the skin.*”’ In skin in the steady
state, cutaneous DCs are distributed randomly and
exhibit active motility. However, after hapten
application, DCs exhibit cluster formation around
postcapillary venules. Effector T cells also accumu-
late in the cluster. Depletion of macrophages
completely abrogates the DC cluster formation and
is accompanied by impaired effector T cell activation
in the skin. Blockade of IL-lax or CXCL2 impair
the leukocyte cluster formation and effector T cell
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Fig. 2. A schematic view of hapten-induced inflainmation. Haptens induce ATP release and ROS production from several skin cells, such
as keratinocytes. NLRP3 activation and/or MAPK/NF-xB activation arc induced via P2X7 signaling and TLR2/4 signaling, which
arc stimulated by ATP and low-mnolecular-weight hyaluronic acid, respectively. KCs and mast cells produce various cheinical
mediators, and drive skin inflamination. This first round of inflaxmnation is ecssential for the subsequent DC inigration in the
scnsitization phase and effector T cell infiltration in the clicitation phase.
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Fig. 3. A scheamatic view of iSALT formation. Haptens induce IL-1a production from keratinocytes (KCs), which stiinulates M2-type
macrophages located around postcapillary venules. The stimulated macrophages then produce CXCL2, which accuinulate dermal
DCs. LTB4 also plays an important role in DC accuinulation by increasing DC motility. Effcctor T cells are activated within the DC

clusters (iISALT), and produce cytokines.
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activation. Keratinocytes are the main producers of
IL-1a. Among the two types of macrophage subsets
(classically activated (M1)- and alternatively acti-
vated (M2)-type macrophages), M2-type macro-
phages have significantly higher expression of IL-1
receptor, and produce CXCL2 upon IL-la stimula-
tion.?) These results indicate that the leukocyte
cluster is an essential structure for efficient T cell
activation in the skin, and that the IL-1a-CXCL2
axis via M2 macrophages mediates the cluster
formation®” (Fig. 3). In addition to CXCL2, leuko-
triene B4 (LTB4), a lipid mediator, mediates the
leukocyte cluster formation by promoting DG mo-
tility through Cdc42 and Rac activation.*®)

This leukocyte cluster formation may also be
important for the development of human ACD,
because the leukocyte clusters are observed in human
ACD, and edema of the epidermal layers (which is
an indicator of effector T cell activation) occurs
above the leukocyte clusters.’”) These findings
suggest the importance of the leukocyte cluster in
human ACD.

Since the 1980’s, the concept of skin-associated
lymphoid tissues (SALT) was proposed as the
structure for T cell activation in the skin.*) However,
the existence and significance of SALT has never

been proved. The leukocyte clusters we observed may

correspond with the old concept of SALT. However,
we propose that the leukocyte clusters are inducible
SALT (iSALT), since they are induced in the
inflammatory state and do not exist in the steady
state.?)

4. Regulation of elicitation

4-1. Regulatory T cells. Regulatory T cells
(Tregs) are a T cell subset that exerts a potent
immunosuppressive effect to inhibit auto-reactive T
cell activation.®® Tregs also exert regulatory roles
in various inflammatory diseases, including CHS.??
The number of Tregs in the skin significantly
increases during the skin inflammation process,’®
and depletion of Tregs in the elicitation phase as
well as the sensitization phase causes enhanced and
prolonged inflammatory responses,”%4) indicating
that Tregs play crucial roles in the regulation of
elicitation. Although the detailed mechanisms of
the suppression remain unknown, the inhibition of
leukocyte influx into the skin via IL-10 or CD39/73
in Tregs is proposed as one of the regulatory
mechanisms.?)~%") Inhibition of stable DC-T cell
interaction may be another possible regulatory
mechanism by Treg in CHS.”® In addition, skin
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Tregs may exert a suppressive function by inhibiting
antigen-specific T cell proliferation in the dLNs by
recirculation.?®

Using a new cell labeling system with the photo-
convertible protein Kaede, we succeeded in tracking
T cell migration after their infiltration to the skin.
Interestingly, the skin-derived Tregs exhibited an
activated phenotype with high expression of cytotoxic
T lymphocytes antigen-4 and IL-10, and had much
more potent suppressive activities than resident Tregs
in the dLNs, suggesting that skin Tregs exert their
potent immunosuppressive activity not only in the
skin but also in the dLNs by circulating in the body.??)

4-2. Langerhans cell as a possible regulator of
sensitization and elicitation. As mentioned earlier,
the theory that L.Cs work as initiators of CHS is now
challenged. Rather, recent reports suggest that LCs
work as regulators of sensitization and elicitation. In
a constitutive or inducible LC-depletion system, LC
depletion in the sensitization phase causes enhanced
CHS responses.’”%) In that system, LCs exert
regulatory functions via cognate CD4 interaction
and the production of IL-10.) In a dinitrothio-
cyanobenzene-induced cutaneous immune tolerance
model, LCs induce tolerance by activating Tregs.®V
It is also reported that LCs induce Tregs in an
ultraviolet (UV)-induced immunosuppression model
as well as a skin graft-induced immunosuppression
model 62):63)

Thus, LCs may play regulatory roles in ‘the
sensitization of CHS, at least under certain con-
ditions. In the elicitation phase, the role of LCs is
less clear. However, several reports also suggest the
regulatory role of LCs in the elicitation phase. In
an old study that depleted skin DCs during the
elicitation phase by topical steroid, mice exhibited
enhanced CHS responses,®*) suggesting the existence
of DC subsets that play a regulatory function in the
elicitation phase. Considering the stimulatory roles of
dermal DCs in the elicitation phase,*” the regulatory
roles may be executed by LCs. In human studies,
it is reported that LCs play essential roles in the
maintenance of Tregs in skin in the steady state.%?)
LCs may inhibit effector CD4 T cell activation in
patients with nickel allergy via expression of pro-
grammed-death ligand-1.0 Overall, although the
function of LCs in CHS remains controversial, LCs
may work as regulators of CHS in both sensitization
and elicitation phases. Clarification of the mecha-
nisms would be of great interest and benefit from
both basic science and -clinical points of view.
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Conclusion and discussion

By introducing new technologies for the analysis
of CHS, the immunological mechanisms of ACD have
been getting clearer. One of the remaining points to
be clarified is whether findings in mouse CHS are
relevant to human ACD. Another interesting ques-
tion is the role of iSALT in inflammatory skin
diseases other than ACD. In fact, in psoriasis, a
common inflammatory skin disease, an iSALT-like
structure has been reported in the skin lesions.’”
iSALT may serve as an important structure to pro-
voke inflammation in psoriasis as well. In addition,
although T cells and DCs are the major players in the
development of ACD, the roles of innate immune
cells, such as mast cells®%) and macrophages,
neutrophils,®) and natural killer cells™ in acquired
immunity are also attracting attention. The crosstalk
between innate immune cells and acquired immune

cells would be an important mechanism to create
antigen-specific immune responses. Evaluation of
these points may lead to a breakthrough in the
understanding of the immunological mechanisms

of various cutaneous immune responses, including
ACD.
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