J [Eas

=GR ERS

L

ETEPED I R LRI i
TerCs i ey CEBTH)
WG PG IHE 0D A & | U S 7 e A S S AR B )
fise WIGL RS PRI o I TE T T
e
ﬁif??’u0'> FHAg L IR REARE 0O 87 72 722 I R OfEW] C o 4 3695 AT 1
mkﬁm?{bﬂMMﬁlﬁﬁ%%WOMﬁWﬂﬂmAf%ahk%w
HTW AN Uiz, UL IL36RNIHS T DA ORFIR I T3] & T
VAR Teg AR T = A R s 1 A R L L & 6 7 2 IR P

ORI OME 2 FH g & L, uﬁékNﬁ'&xDYﬁﬁuof’Gppsoww:fauvf

A 2 — 7 Y =Tt T h B 201
5 LDHARH ST 2 58 L LS L7z, )
TP KBS T O [R)E 73 & O R A 15
Zefgi T T
AWFFEHE Y
AL B, VR REO 770 5
PR O Td 5.
TR P IR P B2 3 L e 3- 2 Ji TRL AT
B Hargeis, AP ThshTEY,

IL-36RN Ot (IL36RNtr-1) DK
ﬁ%i TATERPFIRTEZ 2 Z L85

TINTET, ¥EBELFIL ST
W%f#b?ﬁib VIS VERIE R o> 8 Fi:
DITRA T#H % Z Lz@H THLMIZ LT
(Sugiura K, et al. J Invest Dermatol 2013), L
L. IL36RN Bin+ LA OFF A G =TI
B ST ied o o, ABFETIEHET- 7
FRB T2 L, S 572 2 IR R
DIRE ORI 2 By & LT,

B. e 5
DITRA #% hh &3 2 L5 MR R HL

IR REARE DA A -

/N
I 2 00 TS IR
ISHED MR T )
% BT R R T O TR

DT

TmEBRE

_,A,,,]»L

O HFEFAE O BRI T, Fac A i
PR A dED 7, BELZ 30 f1LL 10> DITRA
DIBFOBRINEETR L TN D, bR
% DITRA OBFEOHERIZ HIEL T T,
WD hT AL —v g oL U

—F AR I TV D

By b vy T AL R DR

HFE

16

IL36RNZESLD 72735 T2GPPIZ DT, Kk
A — o = Y — T 2 L7z,
(B i~ D B g

BTV — A — 7T AEITDONT
3, AHBRFEFE & EXMEERT
Tt —MEREBEZESDEAR X
F7z, BAERYIZIE. AW TIRIED D



W DEERE L 0l L7 DNA 2 AV
TEETEERFCoRET Y ) — L —7
TV REREEREIT L. R EERIRIE
®H, ROEBELNTT —Z ILERTREEA
ko bETEHEIN, —BT7T—ZOATIE
BAOFEEIZTHE WL 2B HFoTz,
EAEFREIC LI-EAEBFETCE DT —X
TR DO ZIZFEA L, FESEFTRE 2R IRE
EOFTHFEENEHRLL,

C. HFgEHER

A—=ry N —r o AL DRME
ERE

IL36RNZE E. 0> 72 7> > 72 GPPSO il L2 D\
T, Rty —7 = P —THRITFTH D,
2z oW T, BEEM LR O BTEUS R &
{5F LDHA BT AR L#ME L7zt T,
Aoshima M, Sugiura K, et al, Br J Dermatol
2015 doi: 10.1111/bjd.13590.),

Z DO DR
BEOREZ BT IPS ks 52 &
T, BEREOMET VAR LT, BEK
EORMEERET DI LTI LT,
DITRA ~ 7 AEF /LD K& % AT O
FICHEFL TN D,

b

D

3

. B3
JyE B OO FT IR IR 8 =T LDHA Bix
FTOHAIEEFHELEZZLICLD, BE

17

PERZE D RE OB ' Bk Z L7z,

E. f&m

N PR O FFIA - FREED AR T 1 T
HFEREGETFOREREOREEE- S
B AHHABRRERFOERE T TV
<O

G. #FgeiEEk

LER LR

1. Santostefano KE, Hamazaki T, Biel NM,
Jin S, Umezawa A, Terada N. A practical
guide to induced pluripotent stem cell
research using patient samples. Lab Invest
2015 Jan;95 (1):4-13.

2. Fukawatase Y, Toyoda M, Okamura K,
Nakamura K, Nakabayashi K, Takada S,
Yamazaki-Inoue M, Masuda A, Nasu M,
Hata K, Hanaoka K, Higuchi A, Takubo K,
Umezawa A. Ataxia telangiectasia derived
iPS cells show preserved x-ray sensitivity
and decreased chromosomal instability.
Sci Rep 2014 Jun;4:5421.

2FRRER
L,

H. 9B EEMED HRFE - BER
1. FFFEUE
2L,
2. EHFEEH
2L,
2. Ffth
2L,



TR UTERTES
BT KT 2

FACHBS AN

l![‘

PR

W)

DITRAE 7 /b~ 17 A DI

P THEE Akt Koy
WF7E

ANEIED FHE, TL-36RN X HE &
SRS OB S f:?ffﬂkl : “ﬁ%ﬂﬁ'm:”ﬂ
T 5, PLIEPESEVERZ L2

(GO E T
iR 7 S ATy, ¥ T
PEzE 8
WD ZEEPDTH ST
11952 2T, it s 1
FEFEA W &1 D

i

U T ORIV EA =
LW A BT A iy D 2k
8 299 R Z B 2 AFAE
TEWRFIN TR 25 2
SEE AEN
BN IL36RN &) Bl {5 - A8 M35

B )

% Y=

Eid IL-36RN i

LRSS ERTE T AVEIED
s PEREAE A (1 A0 7 WO HLBE PRI

A OMSE U /=R 8T

L 7-(Sugiura K, et al. JID 2013), AHI9E % %
FaoMr 2 e L. Ao 1L-36 KAVED BT 02
TENTED, iz,

BT L~ 0 A {ERY 2

ZET BB D RIEMIN T e T A LT B OSRTERRW S RTHE & e
%o WEFSFA O MRS OIS Z75- L, Bz 2 goirn R 3 5 O B S22

B ENTE D, Wil R O AT =
DT IAL & TR ORI R

We~DREIFHLRELRD

AFEIL.
[ R R T L

Té%@f&éﬂWﬁFﬂ@E&$%

TEGI 4R 5 Z &Iz
AR,

AWHEE Y

DL AE I A W L2 k3 2 95 (R A L2
B9 2urgeis, HERPTRENTEY,
IL-36RN O# (a1 (ILS6RN#isT) DK
PELEIEEDPFERCEZDZZ LW 5
MIZENTE72, Lo L, FIREE TR
Bl s, BIBEIC R 2 RIEMIL 7 =
774»@&@ﬁu@m%m&ém1w
7200 . REACHIIR S 5 VIZEKR
ﬁ#ﬂ%ﬁ%@ﬂﬁG@Fé TR 2

18

LUE, HEATESR SR
SRR LT E MO D5
IR ST K & < FHK

i OB . EF L~ 7 ADOVERL.
DS PREIEOMI, H RIS T ORIE R &

T RN A—ERBEEZLNDN, I
Fe o B INLFEVENREPEFZ IR OFE R R+ & L
THIGALD 7 A b AJEYE, MBI G SEA
IR & D WIESRIEE DA N A o VE
ENTED L 912 L TIL-36 DFEASWZE
BlEEZTONEVIBO TELE T —
IZOWTIIFE EH LM o T 7221y,
I, THIVE TOWRFIET R THERE
Th VIRFIRPIEOEF L FET 5, T
LOMEE AR L, Rind B L2l T



fE 08 722 FTHLIR L K OB TIE O BR FE A
CEERTWD, EE5 O GPP 1395 K A3 AN
Thot, FROZ EERPELNITH=D
Wi, 115 /v o770 b~ 2ADOMER &
DITRA ET /W< U ADIERPLETH 5,
REFEIIZ OO~ ZADEREZ B L
L7z

BAFFE T4

It FIL36RNIZABY) <= 2 DER:

niso=zrXevatin/ v7 77 MK
Oy~ A (M5~ R) &R L=, HIf
SOxTT Y B3Il HEE A A A v
VPRI F TR E AT, HFEBRFEADH
116703) & L CHEAL PRI E R~ U A B
FE = b(http://www.cdb.riken.jp/arg/inde
xhtmD)IZ THERL L7z, Geno-typinglZ~ 7 A
DEZYIHT L. genomic DNAZ R L, =
NET 7L —hre LT, FENT 714~
—ZHWIEPCRZATO T I X VR LT,
B #4172 geno-typingl I Southern blotik, We
stern blot/E(Z THERE L 7=,

(i ER -~ D ECE)
EERICOWTIL, A HTERKEZEHY
EREESHREZEESOERRBEZ T,
LAEBRFIIBIT2HHEREICHTS
BARARITIn > T, F%EE £ L7z,

DITRA E5 /L= A DVER

NIf5" =7 2DHEERIZA I FF P24
L. DITRAET L= AZER LT, K
JEIESR, REERT R 2 BT L7,

CAFFERE SR

19

15" < 7 ZDERE
2 ) BEAETT ) T ey
ADVERS DREh & s L 7=,

DITRA EF /L~ 7 ZDIER

DITRA E7 /< 7 ADVER DT % T
L7,

L DMDRER

B EEBIZBIT S, 5 LV RS
ERIEF RN AR L, Bt EEED
WEEGFO 7 2T — 2 fiffTE LT,
L7,

D.E 4

R RO L2 b 5 BRI R R A O B
FEITET 2R EA - REEDfEB Iz M T, JIE
FRZAFFEITHEA TV D,

N5 =1 2 & DITRA EF /< 2%
TERT 2 Z 21280, IREEIC DITRA @
TRRBAR I & BETHIIR R EBRFE D - D I
ENREE - 7=,

VMR B ERLITSE - B ERSER
5E - 1B M DI AR BT IR BEE T S AR
HEOFEN - FEMICEET HHF5E (FFgE
RE  BEMHEIEL) R RREEEEE
EBEROEEDOT, AHEKEESTHE
TRl deimER - BRAFE B v & — L
A2 LV FEIERERRIC AT 2B
HEIED TN D,

ple 7o
B i

AR, AWFFEIT K0 BE R Tk
D EFRIER R OBFIIHIT 2R - ik
DR LRBIRTA R T A 2 MESLIZT T



T, BT AOES ) L7 HTE
ﬁ]’?mj e R T oG AR

GAIF7E5E

it S8 42

1. Shimizu Y, Ogawa Y, Sugiura K, Takeda J,
Sakai-Sawada K, Yanagi T, Kon A, Sawamura
D, Shimizu H, Akiyama M. A palindromic
motif in the -2084 to -2078 upstream region is
essential for ABCA12 promoter function in
cultured human keratinocytes. Sci Rep 2014
Oct:4:6737.

20

2. Ogawa Y, Takeichi T, Kono M, Hamajima N,
Yamamoto T, Sugiura K, Akiyama M.
Revertant Mutation Releases Confined Lethal
Mutation, Opening Pandora's Box: A Novel
Genetic Pathogenesis. PLoS Genet 2014
May;10(5):e1004276.

FLABA T HE D HARK - X5 l) ot
L%ﬂ‘f
fﬁb
2. FEIH e
f&L,
3. EOfh
L,







BKXFE19

sh D
+F =

F R R R M

FEEBEE TIL-36RNIIBE L L TORBUEREICH T 2 EHMWEERORKICH T - fREEMHRA L
PE (BWRUVAE) A4 F54 0 OER]
WEE2 2EEXZE. BIREEERMETt Y —HRFR

1. RRECHETHO5E - RRI—%K

ERLE-KE (RFREB. O HR LB _ .
EE. . ﬁxg_%io)%u) %ﬁ%&% (i%%%) %ﬁ LT—B%/ﬁﬁ @W g*‘a)/nﬂl]
Biomarkers for generallized ZoEERSEE (&
pustular psoriasis and MiHE—F 88EI HAREEESE | 201538208 Eafry|
related disease  (H1EB) =)
BRERaOVURUI 3y
IL-36RNRHESE & L TR R—IL (FR226EEE
HHEICHTAEHMNERER |EE—%, /D E£2FEH2EIMES
DOFRICHITI-/REEER L2 NG, #E0 |¥ EREEI (84 | 2015538138 E RN
B (BHRUEE) A4 K35 |8h HEREEREHAE - B
14 DR (RR4—) FEERERAHE - B8
DEAHEEME) RE
Sugiura K,
Oiso N,
[L36RN mutations underlie &;Eg?}gash
impetigo herpetiformis and |, >0 " - RTUREIFRNR
CARDT4 ¢.526G>C is a risk o = (BARMEERERH
factor for pustular gém;rig:tgaA 2REIEEREMK 20145127138 Sy
psoriasis with psoriasis ; ’ ERl
vulgaris (CI8) Akira Kawada
= A, Tizuka H,
Muto M,
Akiyama M
AREEORER RS ROy L
RAMEBEOREEES (O] . MEBRREET LU ‘
EE) */I% ;E #“__ . *%ﬂm&rgﬁ#% 20]4&11%235 pq
BETHAR)
P, PegE L3 ZTHEEMEE (Fr
%?ﬁﬁ%mﬁi&@ﬁ(m E—% %EE%%§@>%ﬁ 2014411 56 e
= FEEE)
BIEHEOXREEAIIE : W OS5 L AHR
IL36RN B F & CARDI4 E| KRE—FK |2EH (F6EIEHEZEE|2014510825H EX
&+ (O8E) T+—F L)

Py RETSYRTIL(F42
%%wﬁfgﬁ*%ﬁwkg EE—F |BBEXEBKRAEZESE| 20145F9826H ES]y)
T (O58) 2)

R - SHITXIE TSNS
ARUBAERBORDER| 5 |iF—c (EOEEAE| 2014508198  En
= BEELSPiiRE)
FT—USFU b Ta
IBAEMEREOFMAE ([O58) -3 | ARTFIVER (BI12EE | 2014598178 BER
MEBRES)
ENGEGHEREESR (OE) #F—F ENFREAEERE | 2014F58308 E3f |
BAKRBOREERT (A po & | EusgEmRes |201455808| BR

28)

21




BEXE1 9

L

2
- =

F R K R M

FEEEBREE [L-36RNIHRIE & L T OB S SR HMERROMIEIm - miEfRE &
2 (RWRUARD 74 F54 o OFR)
wWEe AWEXRP. EIREERVE 2 -

2. R MEFICET MBI
BILLIX (RRME) | RRERE | mon el | RELEEM |EW - A0
-f (PR - MEEEHR) -
Pustular psoriasis like Ito T
lesions associated with Aoshima M,
hereditary lactate Sugiura K
dehydrogenase M-subunit | Fujiyama N, 2015. Jan doi:
deficiency without [to N, Br J Dermatol 10.1111/bjd. 13 E 4+
interleukin-36 receptor Sakabe JI, 590.
antagonist mutation: Long-| Akiyama M,
term fol low-ups of two Maekawa M,
cases Tokura Y
Acute generalized
exanthematous pustulosis Nakai N
caused by dihydrocodeine Sugiura k 2015
phosphate in a psoriasis Ak%yama M’ JAMA Dermatol Mar ;151 (3) : 311 ESLAN
vulgaris patient with a Katoh N' -b.
heterozygous /L36RN
mutation
Kaibuchi-
Noda K,
) . . Sugiura K,
e st b el i T
at one of the calcium égggkﬂ i; Acta Derm Venereol Mar,95E§)-362 & 44
binding residues Takama H.
Hino H,
Akivama M
Santostefano
A practical guide to KE, Hamazaki
induced pluripotent stem | T, Biel NM, 2015 Jan; 95
cell research using Jin §, Lab Invest (1) :4-13. 5t
patient samples Umezawa A,
Terada N
Successful treatment with
infliximab of sibling )
h . Sugiura K, .
cases with generalized 2014 Jun. doi:
pustular psoriasis caused | ,EN90 Yo 1 Eur Aoad Dermatol 1o qyyq /gy 12| st
by deficiency of asaka enereo 590.
. . Akiyama M
interleukin-36 receptor
antagonist
Disappearance of
circulating autoantibodies
to RNA polymerase [II in a|Tanahashi K, 2014 Jun. doi:
patient with systemic Sugiura K, J Eur Acad Dermatol 10 1111/jdv Q &=t
sclerosis successfully Muro Y, Venereol : 519 ’
treated with Akiyama M :

corticosteroid and
methotrexate

22




Generalized pustular
psoriasis caused by

Fe : . Sugiura K
deficiency of interleukin- ’ 2014
36 receptor antagonist Haruna K, J Eur Acad Dermatol Dec:28(12) 1183 &4t
\ Suga Y, Venereol
successfully treated with Akivama M 5-6.
granulocyte and monocyte y
adsorption apheresis
Varicella zoster virus- .
induced generalized Ligﬁ'i;;'% 2014
pustular psoriasis in a Oku yama RY J Am Acad Dermatol |Nov:71(5):e216 E 4t
baby with heterozygous Akiyama M -8
IL36RN mutation y
St BlfftBio Clinica, 1814
BEREOKEMALE | Lrar [gmism mECHs| g 0070 | @R
=i (T2 RAEMEE ’ ) '
Shimizu Y
Ogawa Y,
A palindromic motif in the| Sugiura K,
-2084 to -2078 upstream Takeda J,
region is essential for [Sakai-Sawada . 2014
ABCA12 promoter function |K, Yanagi T, Sci Rep Oct;4:6737. E5h
in cultured human Kon A
keratinocytes Sawamura D
Shimizu H,
Akiyama M
Dorfman-Chanarin syndrome
without mental retardation| Sugiura K, 2014
caused by a homozygous Suga Y, J Dermatol Sci Sep;75(3) 1 199- E &
ABHDS splice site mutation| Akiyama M 201
that skips exon 6
pig“’;“t’m ?;g:géié;i SuMguiruoraY ¢ Arthritis Rheumatol |Se '6%%?'2648 =5t
sclerosis mimicking lung AKi ama,M P '
adenocarcinoma y ’
Sugiura K,
Oiso N,
[inuma S,
Matsuda H, 2014
JL36RN Mutations Underlie| Minami-Hori . .
Impetigo Herpetiformis M, Ishida- J Invest Dermatol Sep,1§fi9).247 R
Yamamoto A, ’
Kawada A,
[izuka H,
Akiyama M

23




Novel JGM7 missense

Tanahashi K.

mutation p. Argl276In in g | SuElure £ 2014
~barrel 2 domain in a case Ao gma Y’ Acta Derm Venereol |Sep:94(5):589~ ESPAN
of self-healing collodion Iwaisuki k 90.
baby Akiyama M
CARDI4 ¢.526G>C
{p. Asp176His) is a
Significant Risk Factor Sugiura K, 2014
for Generalized Pustular Muto M, J Invest Dermatol Jun; 134:1755- DA
Psoriasis with Psoriasis Akiyama M 7.
Vulgaris in the Japanese
Cohort
Annular erythema
associated with Sjogren’ s
syndrome preceding overlap| Sugiura K, 2014
syndrome of rheumatoid Muro Y, Acta Derm Venereol |Jun;94(4):470- E 4}
arthritis and polymyositis| Akiyama M 1.
with anti-PL-12
autoantibodies
Symmetrical giant facial §:§2§2;2|§ 2014
plaque-type Juvent te' Shimoyama Y, | Acta Derm Venereol |Jun;94(4):465- ESE
xanthogranuloma persisting Rashizume H 6
beyond 10 years of age Ak i yama MY ’
The genetic background of
generalized pustular psoriasis: 2014
IL36RN mutations and Sugiura K J Dermato!l Sci Jun;74(3) :187- E 4}
CARD14 gain—of-function 92.
variants
Fukawatase
Y, Toyoda M,
Okamura K,
Nakamura K,
Ataxia telangiectasia !yaﬁiiéiile
derived iPS cells show YYamazaki—, 2014
preserved x-ray I Sci Rep o ESE
oL noue M, Jun;4:5421.
sensitivity and decreased Masuda A
chromosomal instability Nasu M Héta
K, Hanaoka
K, Higuchi
A, Takubo K
Umezawa A

24




Ogawa Y,

Revertant Mutation Takeichi T,
Releases Confined Lethal Kono M, 2014
Mutation, Opening Hamajima N, PLoS Genet May;10(5) :e100 F 4t
Pandora’ s Box: A Novel Yamamoto T, 4276.
Genetic Pathogenesis Sugiura K,
Akiyama M.
Yanagishita
T, Sugiura
A case of Bjérnstad K' Kawamoto
syndrome caused by novel Y Ito K 2014
compound heterozygous ' o Br J Dermatol Apr;170(4) :970 E 4t
: . Marubashi Y,
mutations in the BCS1L T hi N -3.
ene aguchi N,
g Akiyama M,
Watanabe D

25




IV. BFZERREOTFIITH - Bkl



These articles have been accepted for publication in the British Journal of Dermatology and
are currently being edited and typeset. Readers should note that articles published below have
been fully refereed, but have not been through the copy-editing and proof correction process.
Wiley-Blackwell and the British Association of Dermatologists cannot be held responsible
for errors or consequences arising from the use of information contained in these articles; nor
do the views and opinions expressed necessarily reflect those of Wiley-Blackwell or the
British Association of Dermatologists

This article is protected by copyright. All rights reserved.

Received Date : 09-Aug-2014
Revised Date : 12-Nov-2014
Accepted Date : 22-Nov-2014

Article type  : Correspondence

Pustular psoriasis like lesions associated with hereditary lactate
dehydrogenase M-subunit deficiency without interleukin-36 receptor

antagonist mutation: Long-term follow-ups of two cases

T. Ito,l* M. Aoshima,l* K. Sugiura,2 T. Fujiyama,1 N. Ito,1 J.I Sakabe,1 M. Akiyama,2 M.
Maekawa,3 Y. Tokura!

Departments of 'Dermatology and *Laboratory Medicine, Hamamatsu University School of
Medicine. 1-20-1 Handayama, Higashi-ku, Hamamatsu 431-3192, Japan

2Department of Dermatology, Nagoya University Graduate School of Medicine

Correspondence to: Taisuke Ito

Department of Dermatology, Hamamatsu University School of Medicine

1-20-1 Handayama, Higashi-ku, Hamamatsu 431-3192, Japan

27



This article is protected by copyright. All rights reserved.
Tel: +81-435-2303; Fax: +81-435-2368; E-mail: itoutai@hama-med.ac.jp
*These authors contributed equally to this work.

Key words: LDH M-subunit deficiency, pustular psoriasis, LDH

Diar Eprror, Lactate dehydrogenase (LDH) is a key enzyme that catalyzes interconversion of
pyruvate and lactate in the final step of anaerobic glycolysis and is present in almost all cells.
It exists as five isozymes composed of tetramers with two different subunits of H (heart) and
M (muscle)." The isozymes composed mainly of the M subunit (LDH4 and LLDHS5) are
predominant in tissues that undergo anaerobic metabolism such as the skin, liver, and muscle.
LDH M-subunit deficiency, first reported in two Japanese families,” is characterized by
fatigability and myalgia with myoglobinuria and high creatine kinase (CK) after strenuous
exercise. The diagnosis of LDH M-subunit deficiency is usually based on the electrophoretic
pattern of LDH that shows only the band of LDHI1. Erythematosquamous skin lesions were
first documented,” and several types of eruptions have been reported thereafter, such as
desquamating erythematosquamous lesions® and annular erythematous plaques with
desquamating borders.” Here, we report two patients of LDH M-subunit deficiency with

generalized pustular psoriasis (GPP) like lesions including immunological aspects in the
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long-term follow-ups. One of them (case 2) is the identical patient previously reported by

Yoshikuni ef al. in 1986.°

Case 1. A 64-year-old man was initially referred to us in October 2006 for evaluation of
annular erythematous plaques (Fig. 1a) with pustules on the peripheries (Fig. 1b). He had
suffered from asymptomatic scaly papules and erythematous patches on the elbows and knees
since childhood with exacerbations in summer. Léboratory tests revealed an increased a
moderately elevated AST (70 U/l; normal, 10-35 U/l) and ALT (79 U/L; normal, 5-40 U/D).
The electrophoretic pattern of LDH showed 100% LDH1 and 0% LDH2-L.DHS5. Skin biopsy
taken from abdominal skin showed a subcorneal infiltrate of neutrophils in the psoriasiform
epidermis with spongiform pustules of Kogoj like pattern (Fig. 1c). He had been treated
intermittently with oral cyclosporine at 3.5 mg/kg/day and with topical corticosteroid and
calcipotriol for 3 years. In order to avoid the adverse effects of cyclosporine, the cessation
period of cyclosporine treatment was supposed during this treatment. However, his pustular
lesions got worsen. Therefore, intravenous infliximab at 5 mg/kg was followed that showed

marked therapeutic effectiveness.
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Case 2. A 50-year-old woman had suffered from small follicular erythematous papules with
scales and large desquamating erythematous plaques on the elbows and legs since early
childhood with myalgia after exercise (Fig. 1d)." At the age of 56, pustules emerged on large
desquamating erythematous plaques (Fig. le). A skin biopsy revealed spongiform pustules of

Kogoj and a lymphocytic infiltrate in the upper dermis (Fig. 1f).

Genomic DNA was prepared from peripheral blood with written informed consent
in the two cases. Seven fragments containing 7 exons and exon-intron junctions were
amplified and subjected to direct DNA sequencing for LDHA gene. Exon 6 of the LDHA gene
showed a 20 bp deletion in both cases, which is the most common mutation in LDH M-
subunit deficiency (Fig. 2a), resulting in frame shift and premature termination. Six of 8
patients who suffered from LDH-M subunit deficiency analyzed in Japan had the same

mutation (Table S1).

Intracytoplasmic cytokine expression was analyzed in case 1. Peripheral blood

mononuclear cells collected upon appearance of pustules were stained with mouse

monoclonal antibodies to human IL-17A, IL-22, and interferon (IFN)-y (BD Bioscience,
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Franklin Lakes, NI), as reported previously.® Since CD4 expression on T cells is
downregulated with the stimulants, Th17 cells were expressed as IL-17A"CD3" and IL-
17ATCDS8" cells. The percentages of IL-17A"CDS8 T cells and IL-22°CD8" T cells were
23.2% (Fig. 2b; normal, 0.4%) and 15.4% (Fig. 2c; normal, <1%), respectively. Even in a
comparison with drug eruptions,6 which show high frequencies of Th17 cells, the percentage

of Th17 cells in this case was extremely high.

IL-8 is a well-known chemokine for neutrophil, and chemerin attracts plasmacytoid
dendritic cells in relation to the pathogenesis of psoriasis.’ In case 2, the serum levels of IL-8
(Fig. 2d; P = 0.022) and chemerin (Fig. 2e, P = 0.015) were significantly higher than those in

healthy subjects (n=3) as assessed by ELISA.

Recent study revealed that majority of GPP alone is caused by deficiency of the
interleukin-36 receptor antagonist (IL-36RN) due to IL36RN mutations.® Our cases showed

no mutation of IL-36RN.

31



This article is protected by copyright. All rights reserved.

LDH catalyzes interconversion of pyruvate and lactate in the final step of anaerobic
glycolysis.” Therefore, the lack of LDH activity might affect the keratinocyte metabolism via
impaired ATP production in the anaerobic stage. Recent studies revealed that physical and
chemical damage induce the extracellular release of ATP, followed by production of
cytokines and chemokines.'” In association with this change, keratinocytes might release
various psoriatic pathogenic factors, such as IL-8, cathelicidin LL-37 and vascular
endothelial growth factor. Moreover, inflammatory and/or plasmacytoid dendritic cells can
be stimulated to produce IL-23 or tumor necrosis factor-o, and IFN-o., respectively‘7 It is
possible that these alterations induce pustular lesions in the patient with LDH M-subunit
deficiency. Our study suggests that abnormal LDH activity is involved in the pathogenesis of

GPP.
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Figure legends

Fig. I (a and b) Case 1: erythematous plaques with pustules on the trunk and extremities. (c)

Case 1: biopsy specimen, showing subcorneal infiltration of neutrophils (spongiform pustules

of Kogoj) in a psoriasiform epidermis with perivascular infiltration of lymphocytes and a few

neutrophils in the dermis. (d) Case 2: initial skin lesions, showing small follicular

erythematous papules with scales and large desquamating erythematous plaques on her

elbows and legs. (e) Case 2: skin lesions at the age of 56, which spread to the lower

extremities with pustules. (f). Case 2: biopsy specimen, showing subcorneal infiltration of

neutrophils (spongiform pustules of Kogoj) and lymphocyte infiltration in the upper dermis.
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