Figure 1. Clinical appearance and histological findings. A)
Clinical appearance of scaly erythema on the patient’s chest
and upper arms in March 2011, before adalimumab was admin-

istered. The patient presented with scaly erythema of the size of

a thumb tip on the trunk and limbs. B, C) Clinical appearance
of the skin sclerosis, scaly erythema, pigmentation, depigmen-
tation, and erosion (B), and oral aphtha (C) upon admission in
September 2012, This patient exhibited systemic skin sclerosis
of the limbs and trunk, sclerodactyly, and microstomia. Alope-
cia areata was also present. She was unable to join her palms
together due to the sclerodactyly. D) A skin biopsy of the skin
sclerosis from the upper left arm revealed scleroderma-li

changes. Hematoxylin and eosin staining indicated ac i
dense lymphocytic infiltration around the skin append
thickened collagen bundles (Original rnagmﬁcauon x1
A skin biopsy from the scaly erythema on the lef
lichen planus. Hematoxylin and eosin staining r
eratosis, acanthosis, satellite cell necrosis, liq
band-like lymphocytic infiltrate in the upper der
magnification: x40).

Direct immunoﬂuoresce

site of the oral
nation of the i
malignancy bu

rmatopathic lymphadenopathy
without any necrosis; T-cell receptor § chain gene rear-
rangement was negative in the biopsy specimens whereas
soluble interleukin-2 receptor was remarkably elevated at
5445 U/mL (150-505). Bone marrow biopsy did not reveal
any malignancy. Thus, we diagnosed the patient as hav-
ing scleroderma-like changes with lichen planus, possibly
induced by anti-TNF-a antibody therapy. Treatment with
nbUVB therapy in combination with the application of cal-
cipotriol for 3 months improved the skin sclerosis and lichen
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planus, resulting in an improvement of the MRSS from 38
to 25. As neutrocytopenia also developed after discharge,
20 mg/day of prednisolone was administered, resulting in
an improvement of the neutrocytopenia.

Anti-TNF-a antibody therapy is useful for treating rheuma-
toid arthritis, Crohn’s disease, and psoriasis [1]. However,
localized scleroderma and lichen planus can be induced by
anti-TNF-« antibody therapy [2, 3]. New onset or exac-
erbation of psoriasis, cutaneous vasculitis and sarcoidosis
caused by anti-TNF-a antibody therapy have also recently
been reported [4]. The most widely accepted hypothems
regarding the pathomechanism of these reactions is based
on the interaction between increased interferon-alpha (IFN-
) levels and reduced TNF-« levels. TN inhibition
using a biological agent may result in uncontrolled IFN-
o production and may induce me skin changes
by plasmacytoxd dendrmc cell In the present case, the
planus might be either
xacerbated by anti-TNF-
( is difficult to distinguish
psoriasis-like skin lesions had not

is also involved in the pathogenesis
i 1en planus [6, 7]. B :
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Bullous pemphigoid with IgG autoanti-

bodies to BP180 C-terminal domain and
desmocollin 3 associated with transverse
colon cancer

An 82-year-old Japanese male presented erythemas and
blisters with atrophic scars on the abdomen, lower back, but-
tocks and legs (figire 1A,B). No mucosal lesion was seen.
A skin biopsy revealed subepidermal blisters with infiltra-
tion of a few eosinophils, lymphocytes and histiocytes in the
dermis. Shrunken keratinocytes with dense nuclei and clear
cytoplasm, suggesting apoptotic cells, without apparent
acantholysis were also observed in epidermis (figure 1C,D).
The results of IgG enzyme-linked immunosorbent assays
(ELISAs) were negative for all BP180 NC16a domains,
BP230 and desmogleins 1 and 3.
Direct immunofluorescence (DIF) of the skin biopsy
showed linear deposits of IgG and C3 at the basement mem-
brane zone (BMZ). Indirect immunofluorescence (IIF) of
normal human skin for the patient’s serum detected IgG
antibodies reactive with cell surfaces in the lower epider-
mis and BMZ, at a titer of 1:10 (figure 1E). InIIF of 1
NaCl-split skin, the IgG anti-BMZ antibodies reacted with

and the110-kDa a-form and the 100-kDa b-for
collin (Dsc) (figure 1G). 1gG antibodies did

t. We performed
Dscl-3!, detecting
normal: <0.120), but

gamma-1, in normal human denma
novel ELISA using mammalian R
IgG antibodies to Dsc3 (OD
not to Dscl or Dsc2.
Endoscopical exammat _revealed transverse colon
cancer. Oral lne 750mg/day and nicotinamide
1500 mg/day w steroids was started and the
production of blisters: eased markedly. Two months
later, the transver olon cancer was resected, leading
to complete disappearance of the skin lesion, leaving a
slight scar. Immunohistochemically, neoplastic cells of the
colon cancer did not express Dsc3. Anti-Dsc3 antibody
was derived from PROGEN Biotechnik, Heidelberg (clone:
Dsc3-Ul14) and used after microwave pretreatment.

DIF findings of the skin biopsy, IIF of normal human skin
and NaCl-split skin for the patient serum were compat-
ible with the results of IB of normal human epidermal
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Figure 1. (A,B) Clinical features of our patient on the
abdomen (A) and the lower back (B). C,D) Histopathological
features of a skin biopsy (H&E staining). C) Lower magnifi-
cation (original magnification x20). D) Higher magnification
(original magnification x200). E,F) The results of indirect
IF using normal human skin (E) and 1 mol L-1 NaCl-split
skin (F). G-I) The results of IP IB analyses using normal
human epidermal extract and RPs of BP180 NC16a domain
and C-terminal domain (G).

extract. Positive reactivity with only the epidermal side of
NaCl-split skin was also compatible with negative reactiv-
ity with autoantibodies to laminin-332, type VII collagen
and laminin gamma-1 in IB.

Autoantibodies to the BP180 C-terminal domain are
observed in anti-BP180-type mucous membrane pem-
phigoid (MMP) [2] and some cases of BP [3], and anti-Dsc3
autoantibodies have been reported in some cases of pem-
phigus patients with oral mucosal lesions [4]. However, no
mucosal lesion was observed in our patient. We considered
that 1gG antibodies to the BP180 C-terminal domain caused
the subepidermal blisters with slight scarring in our case,
because no other anti-BMZ autoantibodies were detected.
The antibodies might have a different pathogenic role from
those found in MMP.

We recently reported that antibodies to Dscs are frequently
detected in the sera of paraneoplastic pemphigus, pemphi-
gus vegetans and pemphigus herpetiformis [1]. Anti-Dsc3
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Thy, KECLETL. —F, FHEORH
BB THET 2D, T§7bL, ACER
LI NSADsIZ & o THHEHT 2IET7T LV
F—PEoMmEFER, EYEPREFHRT 52
CRE o THET AL DT LIVE—MDRkE
1%, Type BIZJBT 5. XK TIX, Type BIZ
By A7 LNVE—FISICE > THELLEBICE
HEALS.

(A ¥ 7Yz 36 1437-1447, 2015)

F—T—K 135 AAH=An, THIR

1. PLIE-RISELTD
B REDER

T L VF— IS O, IR 5
Lo THELZRENSOINETH S, MWOIHT
af U & 4 B ZERRE R0 MUAE P IR 7 & o0 AV Rg 2 O
DAL, % < o3BT HH v L 2 B LI AE
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1) EBRE L HLA

I ATA FEERBITICE> T, FEOD
HLA REFICHEEIZESFRE 5 2 &2
Lk leots FRZHMNTEBY VEBIL, B
RlETid HLA-B*15 : 029, AF Tk HLA-B*
31: 01 EEZIC?, T/ TuTY ) —VEE
i, BEOHEZMb 3 HLA-B*58 : 01 RE &
29, HIV BEED 7 /3% EvTid, HLA-B*
57 0l A ZBICVERISEZ A 2 A%k 4 ER
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K1 SEECESERELYPTVHLA7OZST

FRZEY HLA #4147 E B X Wk
carbamazepine B*15: 02 SJS/TEN Chung et al. Nature, 2004
carbamazepine B*15: 11 SJS/TEN { Kaniwa et al. Epilepsia, 2010
carbamazepine B*15: 08 SJS/TEN i Chung et al. ] Dermatol Sci, 2012
carbamazepine B*15: 18 ? | Tkeda et al. Epilepsia, 2010
carbamazepine A*31:01 DRESS { McCormack et al. N Engl ] Med, 2011
carbamazepine A*31: 01 SJS/TEN/DIHS | Ozeki et al. Hum Mol Genet, 2011
carbamazepine A*31:01 DRESS | Genin et al. Pharmacogenomics J, 2013
oxcarbamazepine ! B*15: 02 SJS/TEN ! Hung et al. Pharmacogenomics, 2010
abacavir B%7: 01 : ABC HS ! Martin et al. PNAS, 2004
alloprinol ! B'58:01 | SJS/TEN/DRESS i Hunget al. PNAS, 2005
dapson B*13: 01 DRESS Zhang et al. N Engl J Med, 2013
lamotorigine B*15: 02 SJS/TEN ! Cheung et al. Epilepsia, 2013
phenytoin B15:02 SJS/TEN ! Cheung et al. Epilepsia, 2013

Enf: (F1). FLC HEOTUIALTO
BECEY2HS5 LI EilEoT, B0
FRPUETH DL EPRTI I N TS, I
T, BN X¥E Uy HEIZE L, HLA-B*
3101 PREBENDORBFIEAEE S 5 HEIRES
PHEIT SN T WA,

2) THRESEH#HZNLEZEYD
R ER R

% OFEYE, TEFEWES LT EEE R
TOBRSTWETH D, EYRED X ) I120E
RICEMY BB ENSI DT MA I L, EBO
AHZRLEHELPICTE LTEETH 5.
ONTTFUoRERHEET IV (R1A)Y
i, MERS MR Lo&EAE & &
BTHTLICL T, WEOIRIR EFHUL
T PUEWE L LTRBH#RENL EvHINT
T YMBINETOERTHL., R=V) U7
LIWF—BEIIBWT, RV vy o+t
HLA DY ¥ UEICHEEKFELT, NS T
PMEERBENLZ LS IZENAY. &
WETh, X572V ITIV, AESY Y

HIVNT XY Y, B-5 27 % AFRPALEE TN
HEVDBNT T PR E 2B ERRESNT
Wi, NTF UBEIC L YO T MR
EFNVTIE, WEOEAEIUR L kLR %
WS 5. bbb, SEYIIIE RS MK
FOBABEIARA LI EIICXY, Bk
FYPR & 2 DY, BRRERIC L - THHEAL
L7z PUESRRAIIE, S s ZED AA, ALHE
LT, HLA L &b ICHIfaRE 1SRRI 5. 2
TR LT, BEORMMEL - 72 T Ml
BRERBT 54— 7 THIED, BIEEh
TAEY—THIRE 2D, HE MHERRZ
FHIC 72 7 —THIE U TRER
BICHFEST 5.

@p-iare7k+ (B1B, C)®

NTF BB ST TORERGE
HHRT2H0THY, REFOHHEY - TT
i, LI Vw#HEaThb. —JF, 2000
FERICA-TH S, FBEEH Sy S
THIEZ o— 287 LT, X 9IS H
JFARBBERZP LML LD ET A% D
Pichler & # WM AT N7z, Lo L,
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E1 Tl (CDA* T cell) CHELRTME (APC) ICH(F 2 EEMHIREEIHTTE

(SCHk S & D BIHEE)

NRTF FICHFREAL2E Y, N7 vHRE LT THRICER SRS (A).
—J7, EWICEMEOH B THRZEMERERES THE (B) RiBERTHEO
HLA (C) B ifatd T2ty 2

BAREZLIEL, ThoDoTHBOERED
BUSE, fERoNT T Y PURERCIEHATE
LWhoOVL ol bhvbitd, 2002 412
Tz NV E Y — VB BE D ORI RD
THIBZ B—rBLOTA Y 2BL, IS
AR L7-f a2 s L, PRSI, e
ENHBTHHEDPUEZ THIEA~RT 21
BB ERMFLLEZD. NTTUHRE L
THU BEEACLISC S, Y RS T Hiia
OIFFT 25, 1) PUERRTRMIE PR 2 i
(Tavyrr) 31, HEERRLTTHRE
Wbz RITI LB 5, i) HEWITPUER
AANE (o0 HLA 4-F) & T Al s ik & fE
WiiEE -6 L, THRZERbsEsZ E
W B, i) HLA FEW RN % 7o W3R R
I THIRSHEET AR E, NT TV HED
IO EEAE L OWMN R EEE T NE
ELBRWRRWREEDS, FIITBT B UG
Bl 5 2 EAURIBE NI Pichler i3 2%
I C, pharmacological interaction concept

piarve7h) ZRELTVSY (X 1B,C)Y.
EWIZ LB T ML OEEIZE, W APUR
FORMINE EIC 539 A HLA 401 & THlls Lo
THIRZSERLEIHETAZLPLETH S
D, BEIEER 7 7 Y FLT—VARAED X
I, MO TINHIZL BRI LRI Lo
T, RS T L. NTFUHETE, RS
NBZPEIE b =71 L 120 THlEZ%E
RO SN, FOPUBEITKT 5 BlE & Bk
TIEFIBICLEATH Y, ZoBEICHT 5 Pk
FEEDLRINEL, LhL, ZOL)hps 2
YT MBI ARBERISTE, IRERMIZT
MR IZEE LS e <, PRS2 & ED
VIR WL, PUEICK T APuliEA LR 5
72,

BT, &AWL DEBOIIED, HED
HLA 7 VVERRE B ICEBEEISEZ 5 2 & 25
LBRICRY, STRERT S, Y, T Mk
Z74K, HLA L OMEBRICE T 5092051
WA THWS, AT EYY viX HLA-B*
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CBz

CcBz

E2 HNTEEL (CBZ) @ HLA-B#15:02 £ DiE&ER

(STHR 9 & BIHEE)

CBZ BHUEFRMAICIL ) A g, WIS D 2 Ei <, BRNEHROHEEIZL -

T THRZENALS S, hids CBZ

HLA-B*57 : 01+ ‘normal’
self-peptide repertoire

HLA-B*57 : 01+abacavir+
altered self-peptide repertoire

HLA-B*57 : 01+abacavir+
‘normal’ or altered self-peptide

E3 7/NAEIL (ABV) O HLA-B*57 : 01 &ED#sESHEN Uik 10, 14 L hBH%EE)
ABV X, HLADOF K7 v MIEETAZ LI > THREHTAR T F FICHEEL 25382 L (B), JEH
ONFFRELTHEBLTLEY. T2, FHORTF FRHECRTF FEEBEMRT 2T (C) b5

15:02 & DRV LEEIT L > TEYIE O
T MR ITONE Z W LMRY (K
2), pi a7 b PEROIEYYE L
& LTHERETSH Z NS /Y.

(® Altered peptide repertoire 5

HHVELLTHYLONRTWA T AAE L
(&, HLA-B*57 : 01 OREFICERICEIERES
ZHIERIT. 7oA VRIS T Mo i
MATE Y, HLA &3 & OMEBRIFEMIC
SN, LB REsnsz. viobb,
Altered peptide repertoire . T& 50, = v
7 NAEVDPHLADERY v FEwnw) 8B
WCADAH, lEOEHCNRTF FHYHLA (2R
FDALEIC, BENRZLED 263281

LoT, EYPEE b -7 & LT THIC
HmENTLEI LI BOTHS (F3).
L7235 T, Ee$ 5 THBENTF VHE
DE IR THRZEAREZ S THRT
Fe <, BRel THBRZEERLZES D OH—
FATEMEAL L, WAl & 729, B, Bl
KEF RIS Y 4 VA THL TV r7aid,
e BUED & 7 234 €L & FIREIC HLA 12HS
ETHIEIEST, HENTF FOBENE
EA3d 726 ENBTREMEAER S L Tw 51,
@OFEYICLD THRZAEOBEOCEL

Altered peptide repertoire it & 12, Y
PEE T MESAERCEEZ (LRI THE
Mo ELERE PRI hoTwa. $5
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B4 HILT7XMEHIIL (SMZ) DS

KL EYREN Tl EICHET S

THRESEF VL 20-1 DEEZEL B7 77 4—IlL3BHITERR)

ZHRARD CDR2B 12 SMZ DSa1 5 &,

AW () kLT, M

W%%mbé(f)tkék FFOw L EAEEBICEZE LTS

ﬁw77xb%%f—wﬁmﬁTWM@Tm
M2 B VA 20-1851%, EWHFEAITL-TT
%m&%ﬁ%w%@wﬁLEW%%tL,%m
B, <~ F-HLA #GkIcbasie s 5 (X
4)2  KRIEDAICDH, THRZEECEAT
52 LiCEoT, THlEZAERE S OREE
b THRMAD B D 5.

® ZOMOEFIZOWVWT

K2 &R LR TLTARTELTE
YRR B RORIZTFLIY, 74
ARG EOFME, BEROGHREbwbR
TWwhb.

3) ESOHRKRE

BB OMRBIC & o THE SIS
5 HZ\VOIZIRFEIRFLBE LB (maculo-pap-
ular eruption : MPE) T& 0, &K 0#EE®
FimEL BB L. BB N T FE IR U
AT A2 EEBLIUREETH Y, 1 2TELAR
WETHs (B5A). HBICKE REEI R
U, TRTCIOFBICTHEEIN TS,

B ARIBIERE A S A 3EE, KR, KBS
@?%t&f¢%k%£@@ﬂ@%%%,%%
D X9 BIBIR (target lesion) ZRL, BiEME
HOdH5b0E, £ (BHEE) AR (ery-
thema exudative multiforme : EEM) (R5B)
I, ZORREDOR A THHET 5.
UL, EBCIEWEZEOEN»EHLWEFEKDS &
5. FICEEM OFCOBICUSA%RE) D
% EEM major & FECF, FERAIC R 9 5 BHE
95T dH 5 Stevens—Johnson J“ e & R a8
L v, AR, EIMECKT 5 8WICy A 7
A4 FREY 2 ELEAAPEHSNE L IR
THho, A 7Y FREWITRE T 568
BISIEHEIM L Tnwb. Zhud, BEE (3
MW, RIS, A, SEEo V HEI) ICHIBE
EE2ETHHOT, BIMEOMRIT L o THRER
WrRAe s Enn, FER & EZEZ O MBI
WrLF LD —H L2V THREICRK I PR
ZEWhHB. FOEIIOWTIE, TEAHA
HA% v, FERSBIR, 7 RPuESE
D F VIR EOREIZ X 5T, [W—EIC
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®5 Ba2OESOERE
A BHIRABE RS (MPE), B: 4B HEAKA (EEM), C: BEEHE B A (FDE), D: Stevens-
Johnson JEMERE (S]S), E : Mtk geistsE (TEN), F @ 3G ERE (DIHS/DRESS)

MOBELCHBERELL28B0 Y L 7T, #5
Pk CREBBRILELZRYERTI LG, R
REIZIZT LA D AEMICHFAET A2EMNEO®
kA xR E LTEBRET S (RI5C). HIE
#Fyp L LT, Stevens-Johnson FEMEEE (S]S),
thIEEFE R BIIERE (toxic epidermolytic necro-
sis : TEN) B X C#YMHEaRoriEERs (drug-
induced hypersensitivity syndrome / drug
rash with eosinophilia and systemic symp-
toms : DIHS/DRESS) #1517 T 5 (B 5E,
F, G). #hFhEFHN2ERELTETS. 2
NoOEBI, R G T WEEND 5720,
Z ORRRY D 72 DI FEE O FEBATEA T
WBDS, RIEFBEZEDE N,

4) EHET 3 T HlaD#EE & DBERR
THIlAZNMLTRIZ T LVVF—tkoskE
1, Bex RRRGEET . ZOEEERLIEHY

M7 B2 o IR, WEHALT 5 T Mok
ERMLTWEEEZLNTVS., ERPLHE
&7 Gell & Coombs 12X 37 L V¥ — IS5
FhroE2AL, THRENT IS IV
LEZONDD, YA M A4 VEAEDENIE
BHEEEERY 2 THIY 7y PORERMS, &
B, COIVEREEE a~d® 4 >0 HEENIZH
SETAHIEPREBEINTVD (F2)Y.
IVafiliz, whwa Thl BGIERIETH 5.
Thl ML & > CTIFN-y 254 & h, w70
77— VERIEHEL S D E RN, WA
Puho A L CDS Ml o b2 72 5
T, UV VEIBR DY 4 TORISTH
%. 1Vb &1 Th2 BUe3E UG T, Th2 #il a2
SEEL SN B IL4, IL-5 IL-1312 X - TB
MBIE AR X 5 IgE & IgG4 FEAE, HEmGMAR
PIFBEROIEMALDHE Z 5. B 0L P
B L OHRR R OIFERERIE N 2 PV, i iR
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%2 Pichler DIEET 3% Gell-Coombs 948 (Tifik 4 X » 3 IHLE)

517 %mRi R AR SRRy FEET
BB E I 75T 4 5% S, W | ’

; : HE- 3104 s ~ 6 Wffi
Po|leE OB PN A, st oo o L 6N
o 1G LARAEE .

(e i S SRR AU 555 5~15

1eG/IgM & Hifk, |

o i

(IL-8 k)

: . e e w7~ 8 H
DR AROME | LSRR, SRR, S - o
mo e Eoyn RIEBE DL | Msye, BRE, M8 % 721 B A
CHERORS A e : .,
Va | Thi Al VEROWGTE mmr, wEM 1~20 A%
| : :
D e ? P 1~%H# : MPE
bl IR R ARE ; ;
IVb | Th2 il SRRSO  MPE/DINS/DRESS ] ¢inte s/ DRESS
e | MBS | CD4/CD8 llful= | FDE/MPE/SJS/TEN/ | 1~2 [# : FDE
B T Al Lk B RIS | IR | 2~28 Hik : SJS/TEN
i L L~ 2HBNZ G (BVES
rvg | T A EEESE  AGEP 12 BEAZ (RWES

L b D)

VRN S IEERED IL-S P sh sz
EDD, TOYATIBTHRILEHED OM
L, FEREGRERe T PE—EEERREDL S
Dy ATTHBH Ve BIL, MBafENE T M
TROBEBR MG EI LA UETH S, 7T
VYA N B, 8—7 %Y ¥, Fas-FasL 7% & Ol
Na g3 % A L TR BRI R0 Ml % 2
42419 Stevens—Johnson SEETE R Fp LS
EHAEIE D FUS D% L 132D ¥ 4 FIZHINT
WAHEEZLNTWA., IVATEIZ, PEICE -
TIMEL L7- IL-8 (CXCL-8) MR, BZ
LW ThI7THBICL > Th b 3N 5
WD R ERIERIETH 5. BT B M
MesgE (acute generalized exanthematous pus-
tulosis : AGEP) 3% 4 FIZBTAHEEZ
Lils., ToXHI, HEE T MROY 72
FOBNHREOEZRELTVWELEEZ LN
505, FORTDIATH B PIIKRAECTH 5.
O BRI LB RES

RKHEBRT LI EDPBLVIEIRIMCH LA, IE
WAL 5 TR W T oKEEd %
<, FIEOTHIE Th1MIETH % & v #Hs

ETh2filechrisedidboC, —ELT
W We 325 {, MPE ddH 5 REL W
ARG NI L EFOBIEDOEB EEHEATHD T
O, T HEICL > TRLLIDIEAH L
BaEhs, bhboOWETIk, F—o%YIic
R L 723895 T b Al S CD8 B Al @
ZHE O DY MPE % SJS/TEN 2% ¥ % LT
W7z Thl il & Z e 5 Th2 Mo
BHEONT Y212 L 5T, IVafil £ 7212 Vb
HMOFHEIIRT AN THEEEZLNL.

@ BxEED

T MR B & 2 e d, v o
AEY—HNE (Tew) ELTY oSHiREMIZ
EERTHHODENZ, LIFy FAE)—H
B (Tew) & L CHRIBRICERS LT, EHIMGE
MDD T A O0H L T LS H
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’éeDJ;"l"’T”fS;n hocvte Stevens-Johnson syndrome (S]S)/toxic epidermal necrolysis
Stevensjolfnsonysyndmme (TEN) are pathoggnetically clas;iﬁefi ir{to t_he same entity
Toxic epidermal necrolysis characterized by epidermal necrosis with diversity of the affected
Th17 area. Drug-induced hypersensitivity syndrome (DIHS), also called
Treg as drug rash with eosinophilia and systemic symptoms, is clinically

Drug-induced hypersensitivity syndrome distinct from SJS/TEN by a delayed onset after taking the inducing

drug, severe cutaneous and extracutaneous organ involvement and
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Fig. 1. Different characteristics of CD4" T cells from skin lesions between SJS/TEN and DIHS. (A) CD4/CDS ratio. (B) Chemokine receptor expressions. (C) Percentage of T cells
indicating Treg phenotype (CD25*CD1277) in CD4" cells. (D) Foxp3 and IL-17 expression. [L-17 expression was measured after stimulation with phorbol myristate acetate (10
ng/ml) for 3 h. Numbers indicate percentage of gated cells among the CD4" cells. Representative data of CD4* CD25" CD127- cells/CD4* CD25" Foxp3” cells from a DIHS and a
SIS patients (left), and IL-17 expression of 3 DIHS patients (Pt#1-3) and 3 SJS/TEN patients (Pt#4-6) (right). (E) Percentage of T cells expressing IL-17 in CD4" cells.
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Fig. 2. Different characteristics of drug-specific TCCs from skin lesions/blood between SJS/TEN and DIHS. Drug specificity of TCCs was confirmed as previously described
(Hashizume et al., ]. Immunol. 2002; Hashizume et al., J. Imunnol. 2005). (A) Cytokine production (pg/ml) between SJS/TEN and DIHS. Vertical bars - mean value; horizontal
bars - standard deviation. (B) Granulysin and perforin expression of 2CD4" TCCs (E11, C5) and a CD8* TCC (C6) from the skin lesions of SJS. Blue dots—isotype controls. C: HHV-
6 antigen expression of a TCC from the skin lesion of DIHS. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this

article.)

the reactivation of human herpesviruses during disease course.
Although cytotoxic CD8" T cells play a crucial role in the
pathogenesis of both disease spectrums,.the roles of CD4" T cells
that collocate with CD8* T cells in skin lesions remain poorly
understood. To clarify this issue, we immunologically investigated
pathogenetic CD4" T cells from the skin lesions of these diseases
and delineated their characteristics. ’

All patients (SJS/TEN, n=6; DIHS, n=10, supplementary
Table E1) enrolled in this study were informed and agreed to
participate. The skin-infiltrating T cell analysis was approved by
the ethical committee of Hamamatsu Univirsity School of
Medicine. We first expanded infiltrating (for SJS and DIHS) and
blister-containing (for TEN) T cells from skin lesions using our
previously established method [1] and generated drug-specific
CD4" T cell clones (TCCs) from these cells. After stimulation with
phorbol 12-myristate 13-acetate and ionomycin an intracellular
interleukin (IL)-17 was stained with fluorescent-tagged antibody
(R&D Systems, Minneapolis, MN, USA) in skin-infiltrating cells, and
after stimulation with immobilized anti-CD3 mAb for 72h,
concentrations of IL-2, IL-4, IL5, IL-6, IL-8, IL-10, IL-17, interferon
(IFN)-vy, and tissue necrosis factor (TNF)-a were measured in
culture supernatants of CD4" TCCs by cytometric bead array assay
(Th1/Th2/Th17 cytokine CBA and inflammation cytokine CBA Kits;
BD Biosciences).

The ratio of CD4™ T cells/CD8* T cells in SJS/TEN skin lesions
(n=6) was significantly lower than in DIHS/DRESS skin lesions
(n=10) (Fig. 1A, P < 0.001, Mann-Whitney test). The percentage of
CCR6" cells among total CD4" T cells was significantly greater in
SJS/TEN (n=4) than DIHS (n=4) (Fig. 1B, P < 0.02, Mann-Whitney
test). Higher levels of IL-17 production were observed in CD4" T

cells from SJS/TEN skin lesions (n=4) than in DIHS skin lesions
(n=4) after phorbol myristate acetate stimulation (Fig. 1D, right
and Fig. 1E). Consistent with this, immunofluorescence analysis
revealed that IL-17* CD4" cells infiltrated in the SJS/TEN skin
lesions but not in the DIHS skin lesions (Supplementary Fig. E1). On
the other hand, the percentage of CD4"CD25"CD127 cells, likely
Treg cells, increased in T cells from DIHS skin lesions compared
with those from SJS/TEN (Fig. 1C, P < 0.03, Mann—-Whitney test, and
Fig. 1D, left in Treg). We also confirm an increase of Treg cells by
comparison of CD4*CD25*Foxp3™ cells in expanded T cells between
DIHS and SJS/TEN skin lesions after a more 4 days’ culture with low
dosage of IL-2 in several cases (Fig. 1D, right in Treg). We also found
higher production of IL-17 in CD4" T cells expanded from SJS/TEN
lesions than those from DIHS/DRESS lesions (Fig. 1D). These
observations suggest that Th17 and Treg cells dominated in skin
lesions of SJS/TEN and DIHS, respectively, although we could not
convince that these cells were pathogenetic. To confirm these
findings, we further investigated cytokine production of drug-
reactive CD4"* T cells; generated 15 drug-reactive CD4" TCCs from
skin lesions including acetaminophen-induced TEN (4 clones),
ibuprofen- and phenobarbital-induced SJS (3 clones and 2 clones),
and carbamazepine-induced hypersensitivity syndrome (DIHS) (6
clones). TCCs of SJS/TEN released significantly higher IL-17
(mean + SD, 15,680 pg/ml + 13,990 pg/ml; p=0.026, Mann-Whit-
ney test) compared with DIHS, in which TCCs produced marginal
levels (58.7 pg/ml+21.2pg/ml) (Fig. 2A). Furthermore, IL-17
concentration had tendency to be greater in a severer clinical
type, TEN than SJS. High amounts of IFN-y and TNF-o were
detected in SJS/TEN and DIHS groups, however, production levels
were significantly higher in the latter than the former (p=0.008,
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Mann-~-Whitney test). Interestingly, we found that two drug-
reactive IL-17" CD4" TCCs, E11 and C5 from SJS skin lesions had
significant expression of granulysin as well as a drug-reactive IL-
17-CD8* TCC, C6 (Fig. 2B). Furthermore, we established one TCC
that expressed the molecules specific to Tregs and showed an
inhibitory effect on autologous lymphocyte proliferation form
DIHS skin lesions (supplementary Fig. E2) despite hyporesponsive-
ness of Tregs to IL-2. Surprisingly, this clone expressed the human
herpes virus (HHV)-6 antigen (Fig. 2C).

Th17/Treg cells are reciprocally generated from naive CD4" T
cells depending on their surrounding cytokine milieu. IL-17-
producing CD4" T cells, designated Th17, express CCR6 and high
levels of transcription factor RORvyt, and contribute to defense
against microorganisms and enhance inflammation and regenera-
tion. On the other hand, Treg cells are CD4*CD25"8%CD127~ and
the forkhead family transcription factor Foxp3® and have
regulatory function against inflammatory responses.

Our observation suggests involvement of Th17 cells in the
pathogenesis of SJS/TEN as reported previously [2,3] although their
role remains unclear. Moreover, we firstly found that granulysin-
expressing drug-reactive Th17 cells infiltrated in the skin lesions,
suggesting that they originally infiltrate the skin in response to
drug. Granulysin is a member of the saposin-like protein family
that forms cytotoxic molecules with proinflammatory activity for
the induction of keratinocyte apoptosis in SJS/TEN [4] and the
activation of monocytes and dendritic cells by binding to Toll-like
receptor-4/Myd88 as an alarmin [5]. On the other hand, the
pathogenesis of DIHS/DRESS is complicated: CD4" T cells that
respond to drug antigen initially infiltrate the skin following
emergence of CD8" T cells that target virus-infected cells [6].
Emergence of great numbers of functional Treg cells in skin and
blood in DIHS/DRESS [7] would modify antivirus immune
response, resulting in the replication of HHV-6 [8], contrasting
numerical and functional loss of Treg cells in SJS/TEN [79].
Furthermore, HHV-6 can infect Tregs resided in the skin and may
play a special role in the pathogenesis [10]. Our observations
demonstrate that the Th17/Treg axis contributes to the pathogen-
esis of SCARs, and may provide a perspective on therapeutic
options in severe cutaneous adverse reactions by targeting the
Th17/Treg axis.
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toxic epidermal necrolysis
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ABSTRACT

Stevens-Johnson syndrome (SJS) and toxic epidermal necrolysis (TEN) are life-threatening cutaneous adverse
drug reactions that induce widespread epidermal necrosis. Recent advances in pharmacogenomic studies have
provided evidence of genetic predispositions to SJS/TEN. Several concepts have been proposed to explain the
pathogenesis of severe cutaneous adverse drug reactions. In the hapten concept, small molecules called haptens
elicit an immune response only when attached to proteins. The “p-i” concept postulates that the causative drugs
can stimulate cells by binding directly and reversibly to immune receptors. In addition, there is the idea that drugs
alter the antigen by binding to the human leukocyte antigen pocket. With regard to keratinocyte death, several
cell death mediators, such as FasL, granulysin and annexin A1, have been proposed as playing a role in SJS/TEN
pathogenesis. A subset of T lymphocytes, including regulatory T cells, also may play a role in SJS/TEN.

drug, hapten, p-i concept, Stevens—Johnson syndrome, toxic epidermal necrolysis.
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INTRODUCTION

Stevens-Johnson syndrome (SJS) and toxic epidermal necroly-
sis (TEN) are rare, life-threatening, mucocutaneous reactions
characterized by extensive detachment of the epidermis.” They
exist at different points on the same spectrum, with SJS having
skin involvement of less than 10% and TEN having body sur-
face area detachment of more than 30%.2 The incidences of
SJS and TEN are rare (TEN, 0.4-1.2 cases per million).® The
eruptions can spread rapidly to the whole body within a day.
Mucous membrane involvement is observed in approximately
90% of cases. Approximately 85% of patients have conjuncti-
val lesions including chronic conjunctivitis, conjunctival scar-
ring, corneal vascularization and corneal damage, which can
lead to blindness.* Although high-dose corticosteroids, i.v.
immunoglobulin and plasmapheresis have been attempted for
treatment of SJS/TEN, the mortality rate is still high (TEN,
25%).3

Genetic hypersensitivity or a type IV allergic reaction has
been suggested. In addition, several mediators have been pro-
posed, such as Fas/Fas ligand (FasL),® soluble FasL (sFasL),®
perforin, granzyme B’ and granulysin.®®

The binding of human leukocyte antigen (HLA) with T-cell
receptor (TCR), cytotoxic molecules and subsets of immuno-
cytes is involved in SJS/TEN. Briefly, SIUS/TEN is initiated by
covalent binding of a drug to a cellular peptide (hapten), by
non-covalent, direct interaction of a drug with a specific major
histocompatibility complex (MHC) | allotype (p-i concept), or by
the action of a self-peptide on the drug-incorporated MHC |

altered-self repertoire, forming an immunogenic molecule.
Drug-specific lymphocytes, activated by antigen-presenting
cells (APC) expressing specific MHC | and the antigen, release
perforin/granzyme B, sFasL and granulysin. These cytotoxic
molecules diffuse through the epidermis, acting as major
inducers of cell death. Regulatory T cells (Treg) influence the
intensity of the immune reaction.

This paper focuses on immunological phenomena, including
antigen (causative drug) presentation and cytotoxic signaling,
as well as focusing on immune molecule and T-lymphocyte
subtypes.

INTERACTION OF HLA, DRUG ANTIGENS AND
T-CELL RECEPTORS

Human leukocyte antigen alleles are divided into classes | and
I, and they are involved in antigen presentation to T cells and
subsequent activation of the immune response. It has been
proposed that the drug/metabolite is presented by HLA mole-
cules with HLA restriction predisposed to an inappropriate
immune response and subsequent adverse drug reaction.'®
Recent advances in pharmacogenomic studies have provided
evidence for genetic predispositions to SJS/TEN. Evidence for
a pathomechanism in which there is HLA-restricted presenta-
tion of a drug or its metabolites for T-cell activation comes
from the findings of strong genetic associations with HLA
alleles (e.g. HLA-B*15:02 and carbamazepine [CBZ] SJS/
TEN," and HLA-B*58:01 and allopurinol SJS/TEN'®). Further-
more, the strong genetic association between HLA and
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specific-drug-induced SJS/TEN'? makes screening tests prior
to drug intake practicable in preventing SJS/TEN." Such phar-
macogenetic risks vary among ethnicities. For instance, the
risk of HLA-B*15:02 is much higher in Han Chinese than in
Caucasians and Japanese (Table 1).

Most HLA alleles associated with SJS/TEN are class I. In
contrast, several HLA class |l alleles have been reported to be
associated with drug-induced liver injury."" It is also suggested
that CD8"* cytotoxic T cells activated by antigen-presenting
HLA class | are fundamental to keratinocyte death, a phenome-
non that is characteristic of SUS/TEN.

THE HAPTEN/PRO-HAPTEN CONCEPT

Common skin reaction-inducing drugs tend to be small mole-
cules; thus, they are not antigenic on their own. Instead, it is
thought that their immunogenicity may result from their binding
to proteins.'® Stable covalent binding by a chemically reactive
drug to a protein allows the formation of a neoantigen that can
be recognized by T cells after antigen processing of the hap-
ten—carrier complex (Fig. 1). The chemical properties of hap-
ten-like drugs are crucial for the generation of antigenic
epitopes and the activation of the innate immune system. Hap-
tens have been shown to bind to particular amino acids, for
example, penicilin has a tendency to bind to lysine residues.®
Drug hypersensitivity to a hapten-peptide complex is less likely
to be HLA-restricted, as multiple binding sites in a protein sug-
gest that, after processing, a number of potential drug-bound
peptides are available for loading onto different types of HLA
alleles. Indeed, there are no proven examples of hapten-
restricted immune responses that are strictly associated with
HLA alleles. The pro-hapten concept proposes that a chemi-
cally inert drug may become reactive after undergoing metabo-
lism, when it is then able to form a hapten and stimulate an
immune response.’” A classic example of this is sulfamethox-
azole, which forms a hapten after being metabolized to a reac-
tive compound. It is important to note that neither the hapten
nor the pro-hapten necessarily needs to undergo processing to
become antigenic. This was illustrated by Horton et al.,'® who
showed that amoxicillin, which forms a hapten by means of a

Table 1. Presence of HLA-B*15:02 in patients with CBZ-
induced SJS/TEN (%)

Presence of
HLA-B*15:02 in
patients with

Allele frequency CBZ-induced

of HLA-B*15:02 (%) SJS/TEN (%) References
Taiwan 8 93.1 50
Japan 0.1 0 69
Thailand 6.1 88.1 70
India 6 75 71
Korea 0.4 14.2 72
Europe 0.4 0 73

CBZ, carbamazepine; HLA, human leukocyte antigen; SJS, Stevens—
Johnson syndrome; TEN, toxic epidermal necrolysis.
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Figure 1. (a) The hapten-modified peptide is recognized, and
it stimulates T cells. The hapten also may have the ability to
activate the innate immune system. (b) The drug binds to the
T-cell receptor and provides some initial signal. That signal is
strengthened by the additional interaction with human leuko-
cyte antigen (HLA) molecules. Drug binding and HLA interac-
tions stimulate T cells in the same way as a normal peptide/
HLA complex. (c) The drug can bind directly to the pocket of a
specific HLA while not binding to a closely related HLA mole-
cule. HLA and the drug form a complex before the HLA mole-
cules are loaded with peptides inside the cell.

covalent bond, is able to stimulate T cells in a processing-
independent manner by binding directly to peptide-MHC
complexes.

THE p-i CONCEPT

As an alternative to the hapten and pro-hapten concepts, the
p-i concept proposes that a drug is able to stimulate T cells
directly without forming a hapten, in an HLA-dependent man-
ner.'® This may occur if a drug that cannot form a covalent
bond with a larger carrier interacts directly with TCR or MHC
molecules with sufficient affinity.

According to the hapten and pro-hapten concepts, drugs
and other substances that are not chemically active and that
are therefore incapable of coupling to a protein would not be
antigens and could not induce hypersensitivity reactions. How-
ever, this hypothesis has been challenged by clinical and
immunological evidence that cannot be explained by hapten or
pro-hapten models.'®

The p-i concept of “pharmacological interactions of drugs
with immune receptors” represents a non-conventional presen-
tation pathway that contradicts the initial thinking that the
immune stimulatory capacity of most chemicals and drugs can
be predicted by their protein reactivity.?>2! Consistent with the
p-i concept, chemically inert drugs, which are unable to bind
covalently to peptides or proteins, can nevertheless activate
certain T cells, if they fit with sufficient affinity into some of the
various TCR or MHC molecules (Fig. 1). Evidence for the p-i
mechanism lies in observations in which even fixed APC, which
are unable to process antigens, are still able to activate spe-
cific T-cell clones.?® Such immune processes are associated
with high cytokine levels and increased expression of MHC
and co-stimulatory molecules. Consequently, T cells more
readily react to a minor signal, such as the binding of a drug to
its TCR. This would explain the several specific drugs, such as
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CBZ, that mainly cause SJS/TEN. On the other hand, in some
cases, metabolites simultaneously react as well as the parent
compound. This suggests that the hapten characteristic of a
drug is required for p-i stimulation to occur.

ALTERED-SELF REPERTOIRE

In general, peptides associate with HLA molecules by inserting
parts of their amino-acid residues into a set of six binding
pockets in the HLA.22 The structure of these pockets is highly
allele-specific, thereby dictating peptide-binding preferences
for each HLA molecule.

A recent paper showed that a drug can bind directly to the
pocket of a specific HLA while not binding to a closely related
HLA molecule.?® These data suggest that HLA and the drug
form a complex before the HLA molecules are loaded with
peptides inside the cell, thereby altering the pool of self-
peptides that are bound to the HLA and are displayed on the
cell surface for T-cell recognition. This shift in the specific
HLA-associated cell-surface-peptide display leads to the acti-
vation of different T cells. Indeed, the activation of a wide
range of CD8" T cells occurs as the cellular basis of abacavir
hypersensitivity reactions.2

Part of the drug protrudes into the HLA molecule’s pocket,
reducing that pocket’s size, which accounts for its preferential
binding of smaller amino acids following drug exposure. From
the HLA structure, the drug was also shown to bind to amino-
acid residues that are unique to the HLA molecule, which
would explain the drug’s allele specificity. This shift in the
bound-peptide repertoire is a plausible explanation for drug-
induced hypersensitivity.?® T cells lack self-reactivity but have
the potential to recognize foreign antigens.

Some self-peptides are never encountered during T-cell
development, but exposure can occur under pathological con-
ditions.?* When this occurs, a case of “mistaken identity” can
arise, in which self-peptides are perceived as foreign by the
immune system.

Complexes that consist of immunogenic HLA, the drug and
a peptide may be generated via incorporation of the drug with
peptides of the constitutive repertoire, or this may occur within
the endoplasmic reticulum, such that the peptides are pre-
sented with an altered conformation, or the stabilization of
“novel self” ligands may be absent from the constitutive reper-
toire but favored in the presence of the drug.

T-CELL RECEPTOR CLONOTYPES

Despite the strong HLA predisposition to drug hypersensitivi-
ties, it remains unknown whether particular TCR participate in
the recognition of small drug/peptide-HLA complexes. Chung
et al.?® globally investigated the expression levels and third
complementarity-determining region length distribution of the
TCR profile. The specific clonotype (VB-11-ISGSY) was identi-
fied as the predominant clonotype in CBZ-induced SJS/TEN,
and it was found to be shared among different subjects. This
clonotype was present in most patients with SJS/TEN but
absent in all other patients. CBZ-specific cytotoxicity could be
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primed in vitro in the peripheral blood mononuclear cells
(PBMC) of healthy subjects who are carriers of the susceptible
HLA allele (HLA-B*1502) and VB-11-ISGSY. This study sug-
gests a key role for TCR in the pathogenic mechanism of SJS/
TEN.

CYTOTOXIC SIGNALS AND IMMUNE
MOLECULES IN SJS/TEN

The phenomenon of antigen (causative drug) presentation
seems to be shared by SJS/TEN and non-severe adverse drug
reactions. Indeed, several HLA haplotypes that have been
reported to be associated with adverse drug reactions do cor-
relate with severity.2” With regard to histological findings, an
observation of keratinocyte death differentiates SJS/TEN from
non-severe adverse drug reactions. Therefore, keratinocyte
death may be implicated in the SJS/TEN pathomechanism.
Several cytotoxic signals and immune molecules have been
reported to contribute to keratinocyte death in SJS/TEN. In
particular, granulysin is strongly expressed by blister cells in
skin lesions and plays a crucial role in the widespread keratino-
cyte apoptosis of SUS/TEN.

Fas-FasL INTERACTION

Fas is a cell surface receptor that is involved in apoptotic sig-
naling and that interacts with its ligand FasL to initiate the
death signal cascade that leads to apoptotic cell death.252°

In 1998, Viard et al.® reported that the activation of the Fas
apoptosis receptor through the FaslL is an important initial step
in Keratinocyte apoptosis in TEN. They assumed that both Fas
and FasL derive from keratinocytes and that FasL leads to the
apoptosis of neighbor keratinocytes in TEN.® The current
author previously showed the following three things: (i) the lev-
els of sFasL in SJS/TEN patient serum are elevated; (i) sFasL
is secreted by causal-drug-stimulated PBMC; and (i) TEN
patient serum with high levels of sFasL induces apoptosis in
cultured keratinocytes.®

Before disease onset (day —4 to day —2), seven samples
were available, and we detected high concentrations of sFasL
in five out of the seven cases (71.4%). The elevated sFaslL
level declined rapidly within 5 days after disease onset. In all
32 patients with non-severe adverse drug eruptions and in the
33 normal controls, no elevation of sFasl. was detected. Other
soluble factor concentrations showed no significant differences
between SJS/TEN before disease onset and non-severe
adverse drug reactions.® Lan®' also reported a diagnostic role
for sFasL secretion by PBMC from patients who had recovered
from SJS/TEN. However, other groups reported that elevated
levels of FasL were detected not only in TEN patients but also
in the sera and lesional skin of patients with maculopapular
adverse drug reactions.®? A dispute remains as to whether Iyti-
cally active forms of FaslL are expressed by TEN keratinocytes.
Viard-Leveugle et al.®® reported that the FasL expression in
keratinocytes is quite low; therefore, they concluded that kerat-
inocyte Fasl is not cytolytic under basal conditions. However,
keratinocyte FasL has been reported to have lytic potential
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upon appropriate stimulation.®* In addition, Sayama et al. have
shown that Fasl signaling is functional in human keratino-
cytes.®®3® Drug-induced hypersensitivity syndrome (DIHS),
another severe adverse drug reaction, also shows high serum
levels of sFasL.*” The question remains as to whether the
increased levels of sFasl in the sera of TEN patients derive
from the shedding of membrane-bound FasL on keratinocytes
or on PBMC.>®

PERFORIN AND GRANZYME B

Perforin is a pore-forming protein that can assemble into bar-
rel-shaped pores within the cell membrane.®® Granzyme B
belongs to a member of the serine proteinase family and pro-
teolytically cleaves proteins after aspartate residues.®®

Perforin/granzyme B have been reported to play a key role
in keratinocyte death in SUS/TEN.*® Nassif et al.*® showed that
the cytotoxic effect of TEN blister lymphocytes on keratino-
cytes could be attenuated by the inhibition of perforin/gran-
zyme B expression, but not by the anti-Fas monoclonal
antibody. The activated cytotoxic T lymphocytes (CTL) and
natural killer (NK) cells produce perforin, which can bind and
punch a channel to the target cell membrane and promote the
entrance of granzyme B into keratinocytes. Once granzyme B
enters the target cells, it activates the caspase cascade and
the succeeding apoptosis.*' Levels of perforin, granzyme B,
tumor necrosis factor (TNF)-o. and FasL have been observed to
relate to the disease severity of drug hypersensitivity, from mild
maculopapular rashes to severe TEN.”

GRANULYSIN

Granulysin is a cytotoxic molecule that is produced against
virus-infected cells, tumor cells, transplant cells, bacteria, fungi
and parasites.*? It plays an important role in the host defense
against pathogens. The 15-kDa granulysin, a cationic cytolytic
protein, is secreted extracellularly by CTL and NK cells via a
non-granule exocytotic pathway.*® The expression level of gra-
nulysin rises upon T- and NK-cell activation. Granulysin has
been reported as a serum marker for cell-mediated immunity.
Chung et al.® reported that granulysin is strongly expressed by
blister cells in skin lesions and plays a crucial role in the wide-
spread keratinocyte apoptosis of SJS/TEN. Granulysin has a
direct cytotoxic effect on keratinocytes at concentrations
detected in blister fluids. The cytotoxic effect of SUS/TEN blis-
ter fluids on keratinocytes can be reduced by granulysin deple-
tion. In addition, injections of granulysin into mouse skin were
found to result in blistering and epidermal necrosis mimicking
SJS/TEN.® They concluded that high levels of secretory gra-
nulysin in blistering skin lesions could explain the histopathol-
ogy observed in SJS/TEN, in which the infiltration of sparse
dermal mononuclear cells results in extensive epidermal necro-
sis. In addition, the serum levels of granulysin were found to
increase during the early stage of SJS/TEN, but not in patients
with drug-induced maculopapular exanthema (MPE),® suggest-
ing granulysin as an early diagnostic marker of SJS/TEN.
Indeed an immunochromatographic test for granulysin (with a
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procedure time of <15 min) showed positive results for four out
of five patients with SJS/TEN but only one patient out of 24
with non-severe adverse drug reactions.** These results corre-
late closely with those of enzyme-linked immunoassay (ELISA).
DIHS also shows high serum levels of granulysin.*®

ANNEXIN A1/FORMYL PEPTIDE RECEPTOR 1

Annexin A1 has roles in many diverse cellular functions, such
as membrane aggregation, inflammation, phagocytosis and
proliferation.*® Annexin A1 binds to formyl peptide receptor 1
(FPR1) and acts via that receptor.*” FPR1 is in the family of
G protein-coupled receptors and is associated with tissue
damage.*®

We recently showed that keratinocyte death in SJS/TEN can
be triggered by the interaction of annexin A1 and FPR1 and
may contribute to the pathogenesis of SJS/TEN.*® When
exposed to the drug, susceptible patients secrete the immune
regulatory protein annexin A1 from immune cells, with deadly
effect on keratinocytes, the main skin cell. Annexin acts on
FPR1, located on the surface of the skin cells, to cause nec-
roptosis, a programmed form of cell death. Inhibition of nec-
roptosis completely prevented the occurrence of SJS/TEN-like
responses in a mouse model of SUS/TEN. Annexin A1/FPR1
are candidate markers of disease occurrence and may be
promising therapeutic targets. In addition, necroptosis is a
potential drug target for SUS/TEN treatment.*°

OTHER MOLECULES

Several reports have shown that several cytokines/chemokines
are involved in the SJS/TEN pathomechanism, such as TNF-q,
interleukin (IL)-2, IL-5, IL-6, 1L-10%° and CCL27.%" The expres-
sion of these cytokines/chemaokines is elevated in skin lesions
and plasma blister fluids in SUS/TEN. These cytokines/chemo-
kines may be responsible for the trafficking, proliferation, regu-
lation or activation of T cells and other leukocytes involved in
SJS/TEN. In addition, the a-defensin gene was recently found
to be expressed in PBMC from patients with cutaneous
adverse drug reactions.®? Expression of o-defensin was con-
firmed by intracellular flow cytometry in mononuclear cells from
the patients, including monocytes, NK cells and T cells from
peripheral blood and blister fluid. Levels of «-defensin were
estimated by ELISA to be higher in blister fluid when compared
with simultaneously drawn plasma samples.

SUBTYPES OF T LYMPHOCYTES

CD8" lymphocytes are necessary to SJS/TEN pathogenesis.
Reports have shown that CD4" T cells are the predominant
population that infiltrates into “maculopapular rash” skin
lesions, and reports have shown also that most drug-specific T
cells are CD4* T cells.®® However, in severe cutaneous adverse
drug reactions, CD8" T cells were found to be the predominant
pbpulation that infiltrated into the epidermis of skin lesions of
SJS/TEN patients,® and HLA-B*1502 was found to be associ-
ated with CBZ-induced SJS in all cases.'® In addition,
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