SRR 26 A BEIELAR S IR AT IR AL AR &

SRR SRR =

7 bR DRI - FEROBIES K MRS ORET BRI HH%
AU FE% - BRATE) & BNJEIEA 0 = X BCMT BT N E—T R AR RO

WroemoEE  PrNE UNRERERH IR

W g ETEE OUNRERFREZE R AN T #%)

s = — (ERFERAE)

RS

Zr7a Y hA (FK) EAMTHRBSN, 7 M —EERERREICH
WHITWBER, FOFNPIHEA D= X LTETFHLN TR, Fx
IEAT 0 A RERFI O LR R 5 FKOPL P HZN R MIEIgES
BFTIL-1TABEA L b -2 2 L LTz,

Fio. DX RFKOTPSHNRIIAK TIRBRERH L., €D
BREIZRENEN T, 68 BITIIPER R D ERLE, Z
EFE~2 O7 PE—MEEERICBIT A7 0 by JEEZ AW
DO EOEREREAE L, a7 77 4 TREOH AR
EZDHIHIZTCEETHD EEDND,

A. BIREN

7 NE—tE Bk (AD) OB ERES
IZRWTIL, RENMEMHREA - R L ZDH
WS L OBEBER SN TWS, v T AD
Th2 BUBME R ERET TRV TH ADIRESNA
WTHBHE 7 1Y b (FKE06 ; FK) 133 52 Pk
HEZIH L, BETEbMmEl 2 &, BEENH
EXNTWaA, BxiZonEzTic, ~"TFTUBE
VE =HEFREDOT P MR ERET VI
BT, MAPK /ERK kinasel/2 (MEK1/2)FHZEZE®D
OEDTH S CX659S (CX) 28, FK & RFREICE
Bz NAsRRARE XIS~ 2 — 5  FK & (387 0 Bk
ITEIOIENTI LW Z & 2R LT,
1. BREATENZINE L7- FK &3] L7shso 72 CX
L ORFTCIE, MIE 1gE ECRBATTO IL-17A %
BRI MO rOBEAS R OTREMENRE
Z b, ®IE., $T IgE PR Z 5T L 20K x
AT LG B EEBRER T ST b DD, 58
EIRT AT TN TERNT,
2. Fl2 FKARH O DHNREPINRET 06
EORERGE T D 0NE, B EOTREREICIER
ICEBETH D,

B. #F3EHE

1. IgE AR I NV R GETIZERTHD
Fece ZBMEK (FceRD) D/ v 277w h(KO) T A%
BAWTIgE bR EEHTEIZ 2 hr—Lv T X
& LR ET S 5,

2. C57BL/6 =7 ADHIE L=EEE & BiZ, 0.5%
V7 UnsuasA4 K (PC) &z 2[E, 3EM
BALTT h 2BUBMERERZFIE S, FHRFIC

SREEE LT FK 2 AWCGERANET S, Bkst
A%, BEITE)., KERORE, HkE. nRNA
EA R I EIZEHRIL,

(W EmE ~DELE)

INOOWEICET 28HMERT e ha—1EB
L OE B FHEAMZ ERICOWTCIT R MEE
BETERENL TS,

C. WrEmR

1. FceRIKO v U AZHEA L, MEERNITIHERY
TANDNIRBEICL D7 V—0T v 7%
Tof, 2EETHRIIL, BERER L THEDO~
THRTYAEMEBATE L,

2. FKAFBILL Y, AT T URBEBRICEHI1E
PEICEERIZBIT 5~ U AOBBITENI N E
THELNTWERBREFARICAERICHHI SN T
WS, AT 1. 2, SEBETIE. AT T
ARy LUV L THEBRICEEITE Z I L
Tz, KT 4 B B2 BIXREB IR TEI O H
ZhEMR I, 6 ARRICITMIEERLR L ~VICER

277,

D. B8

1.FceRIKO =7 A |IBIE KO ap=—% < R
DFBILE B E B L CREF TH D,

2. SE, FKAHKETHE, 3 HETIE~ U ADE
PR ER DBBATEI N MBI SN D &R LD S
Ny ZAULEER TIX AD DIREREEZEZ D 95 2
TEETHD, FEE, BIE AD BFEOHRSE o
yha—=TEEFEELTCT T T 4 THE
FIERER &1, BRICKRERDRE LT Tn5



N, By hu— g, IREEOSNHRRE 2
JTNL ZEBRBREOARE, BIERORR L, B
EHThb, BxlXBERIZET K 07 ar 77 4
TEIEOMELZ R L TCWABD (Takeuchi S et al.
Ann Dermatol, 2012). WA NokE L7245
ik LB, &0IRFEAEZEIE L, £0
MRENR 3 THhoTeZ tEEZD L, SEIDO~
A KB FK OPLH D B3 RARGT AR O RALRS

BIRFIE—H L T3 & Ebi, FERICEERE,

E. f&if

1. FceRIKO =™ AT IgE E&H & BUITEI DR
WA B AFICRRAETE 5 RIABRTH 5.
2. 4[E FK OFDHEHF DM BRI FE TS
JTiL, BB UAET L THRENT,
DI TIEATEN 2/ L C AD HEEIR % B S
¥ B0, a7 s 4 TEECRT 55 AERE
ELTIE, B2 B (B3 BRIz 1ESA) BRED
SRS < DN EEE 7R < T X 24 HEIR
ThHHNL LR, 5L~ T RAETVET L
T AD DJFHEE, JRBIRD A = A LIED 720,

F. (ARG ®R
L,

G. WIFEFEER

L FSCFEE

1. Takeuchi S, Esaki H, Furue M. Epidemiology of
atopic dermatitis in Japan. (Review) J Dermatol.

2013 accepted for publication.

2.

BFDT YA
Pe—  HEE H AR EERESRS

SERY 25 SREERAE S M TR R B &

Takeuchi S, Furue M, Tamari M. Genetic
polymorphism in the TRAF3IP2 gene is associated
with psoriasis vulgaris in a Japanese
population. J Dermatol Sci. 2013 Dec 10. pii:
S0923-1811(13) 00381-2. doi:
10. 1016/j. jdermsci. 2013. 11. 012. [Epub ahead of
print]
Saeki H, Hirota T, Nakagawa H, Tsunemi Y, Kato
T, Shibata S, Sato S, Doi S, Miyatake A, Ebe K,
Noguchi E, Ebihara T, Amagaii M, Esaki H,
Takeuchi S, Furue M, Nakamura Y, Tamari M.
Genetic polymorphisms in the IL22 gene are
associated with psoriasis vulgaris in a Japanese
population. 2013 Aug;71(2):148-50. (JHZE) ._
PRER 7 FE—ERER -2 T A FAHANS
HHIME O D3 - Dermatology Today, 2014 (in
press) (¥&#i)
FRRER
VNEs.  BRRE - BRIRT — 2 D RUToRE
—& 70l AAREDH M
FERR25

FA4RTH VAT 4TI FY o AN B
EoME (Finth) G&HEM)

H. nifAEERED A - BRIk

1.

(FEZET,)
e B

72 L,

Hayashi M, Hirota T, Saeki H, Nakagawa H, Ishiuji
Y, Matsuzaki H, Tsunemi Y, Kato T, Shibata S,
Sugaya M, Sato S, Tada Y, Doi S, Miyatake A, Ebe
K, Noguchi E, Ebihara T, Amagai M, Esaki H,

2. EFHFEEH
72 Lo

3. T Dfth
2L,



Rk 25 A G BRI EI A&

SRR E

7 MR ERORE  EROFIEE X OVREIE O RIZET R
1. FHNEAMEOREICET A% 2. fEE ok — M,
3. At - HiEks A Z—IZBi} 57 b —EEELGTORRICET A

WgesyE ETHERE (JUNREREREZME A ERN Y 2%)

WA TR U KRR

FrRlBE) . PEAE WNRZERFBREZIZERERF) . EHE

E— L ARERTF (R RERA) . AR #, HERE OUNRERERBAREESSE), 5 =
%, JAH 8Dt ELEFZERTR A EMEREMZE)-) . REWT, 2R & (BESBRFEFHIE
BE) . ThE M (BERBRPEMERFVI-) ., EBFA GRREESERKFRER)

MEEE

1. 7 hE—HEEBRCTEERDPPHRIIR L, Ty NETAERNWTE
DEEL I BEHROGERZH LM L, L0 R TONDIMRERK %
RE L., »OHOFMEINZ ST 720,

2. BT LR —DBEENELSNEBEO T b — MR B K D EBRIEF DO
EOTHY, £, T — N ETOI7 LAXF—DBERCET R LA R
IgE JR7 LAX—DBENT P E—REBRDBREFOUNESDTHY .,
FLEHIOT bR ERITIZIIT LA —BNELS B> TNA Z &R
FREN, 2, T r— R ETORT VAR —DEERH SEEN LY
BRETHDLZENSMNY ., IE~DOREREMME I BE (FRLaAR)
THEENREINT,

3. GWAS DfEHR., BEICHESINZI—1 v BB WVIFFEDLRE X
AT SEIUTIN 2., #7212 8 fEIk SR E &z, GWAS 1%, 7 b B —PER ¢
DAH=ALEEEEZE VL ) A CEERBAOBRTFETHL B X
b, £, AEEBIF—MIBWT, 74 77V VEBTEROFENRT

M —MEEERDREICKHT LLEE LRI 2 BH LA,

A. BFREBY

L FEREVWIREEIL EBETWE IR EF &
CIARRARER THY ., KEICBTAELERET
B — RSP OMEARRARMEIC B L TIE C BRMEN T D& E &
HoTWAZ EBMBNTVWS, —F T, CREHEITRES
RCHREEZIIUD L LIEEL LIIR R DB A EET
HZEHHMBNTVD, HAILINETIZ, ELRRE
B2 — YR ORI DRI E D=, T v Mikn
F=y (5-HT) BAIC L DEHHMEET LV E/ER LT
FHRERHREICBT 2ERKEHZNLELITV,
5-HT IZ X BEEAABIC R RIS T 5 CRRHEEZFE
L7z, AWFFE TIXBR B E CTRisk L 7z — YR LR
RAAEDNTRRADATERE . TOROMRIRERE
BEt Lz,
2. 7 NE—HEREROBET SR T OMPITEE ]
BETH DN, MABENCRIT 5 25— MR 20,
oo PR 1I3EE L B AEEOERERILOER
B2 L REZE~OT U — NRE, BILT — ¥ OMEYT
Rt L. FSEHE - 1B E - BYEDAOF - AERE
DEERFL2EEHE L TE, 4EIX, CCL17/TARC
2 CCL22/MDC 72 ¥ Th2 & A DR L T h &'—
MR ERDREB L UOIT LAX—DEEZH SN

L7zvy,
3. The—MEEXAOFEREIZILELTCRBY, HE,
HEMEEL TS, REBOMAIIRIEEATED
PN TEMRNT S —F 2 EH ., BEVESI
N TRIR ORI & FTRIREEOBBRSIZE I L TWY
%, PRETYH IgE BEARESLKEBEMEICET 5 6EM
BRI, IETE T 40 77V VBIEFOERERER
PERIIBREINDIZEORENEIN>O0H DM, K
PR BLZAEMICHRAT A IER 2 b DIy, LD
FREREMERTFOERBD DI, & 5k £ERE
THEMESEE UTHITT 5 arm— MEtTTZ WD
VERH Y, ET-EBOMBER TS ) AMEFTEIT
ZETRVEEOBWEREMEBLETFERIETE 5,
a3 1 SEE»LIBRAEEOHRERIZD
EMBZ LB, 77— MREIC L D ak— MEFT
ZRRIBLTVWAR, BEETIT—ZBEESNLTWS
2011 £ TIZHER 7856 AD 0 — 6mfF 222 L. oA
BERIT 6. 3% TH o7z, ZOBMBITEEMKE SN TR,
HHEBEOIHRar— FORIAEHAELTREE LT
%, HI5-16 FFIZT CIdFERBEEL & 72 o727 b E
— MR DOEREE~— 71—, TARC OIMIEENRT b E°
—BIRCTORIE, . HEREOBRRE LR E
ETAHZEERWELE, 25107 bE—RKERER
EFOERAEZED L ZDak— MECEIT 5 &G



FIENT AT 9 20, iKY 7NV O EIT> T\ 5,
T, AARAD SNP # 4 ¥ o 71 & 0 K& < Ryukyu-
L Hondo 7 TG AX—D 2 DT b0AZ &ML
Tro AHEE O 3R — MR 5 BHEE., mMRHRE.
BT ETEONZEE T2bbiEx R
A7 b B — B T8 2 DB E TR T sk
BN EN G & T LTRE O - FaE R SR8 E
RMNTELISGHATRETHDENE I, £idd DEE
DRBY 7 TN —7 O R CREER ) I
O HNDIEFINZH D DGR ER LY ERECRSTT 51
. WD AT v 7L LTRRORLMBE., &+
BHEAFHOMHILIZCBNTHER L, FHEETELN
TREROBEEMEHERTIVNEND D, £ Z T -
LR HIR—M»s 0 ANDRARIKCTH AER L, 2F
225 O N OEARIE Ch 5 BRI\ TELND
MERE, AHEAZT  OFER & HE - BRET L2V,

B. #rFHE

1. SD 7 v FOfaklE BREr FIZEEH L, SRAEIC 5-HT
B LTy F 7 T 7RIS CR %A RO BEE T
FRETHZ LT, FHBAICRBIT 5 5-HT IC K DFER
FR D AN TTERAL 2 IRFT LT,

2. BIRM. 7 — MNER, MIET — X BT E1T
277,

3. JUNKZEFBERER, FHREZEE., BiL&EEBKR
SRR ER ., HRRZICTT b E— R KBS,
R H 4 1000 A% BAEIC Mg, 7 > 7 — A,
T EEA T ORERERWTHETT 5

(fHERE~DELE)
A2 TOEMER D D VIR IR O MEE
B THERBINLTNS,

C. BrotHER

1. 5-HT I X BEERRISITSET 5 CBMEIT. B L
720 C e L LT 2 E B BICHE MG A DERBIZAT
L CWe, Fiz, 5-HT 12 X B AR KIS T 55
B —n 0k, BEMRE =2 —m  ERECHE
WRAIRNSIC ST DB & £ > Tz,

2. F—HEEES 2011 £ Tlz, O~7856 AD
BEIEZRR L., EHEREIL6. 3% THLET L1 oT,
F 72 2009 FTOMHT T, BROMIE IgE @ &,
SEIMEAHNE N LB, T — MRE
DELEEIRTOFE R, BIEOT h M ERBED
fERRAT & LT, RADOKE I E & IZIT L F—
DOEEE, RELCAMOT b — R EROBEEN T
bz, T VAX—BEOH LT b E—HEERER
WA EICITE TARCENE L, EloA R bAoA NRERR
IgE Sl (752200 L1) OoF he—MRERAEET
A EIZILE TARCER & D> T,

3. GWAS OfER., BEICHE Shcg—a vy "H D

AR 26 SRR A S BB EI RS

EHPENO#E SN A, #7212 8 SEIEHH
TEN7-, (HirotaT, et al. Genome-wide association
study identifies eight new susceptibility loci for
atopic dermatitis in the Japanese population. Nat
Genet 2012;44(11):1222-6.), Fiz, A& J AEN T
BEFZHLT FE—FREOBENERINZTh 2
TEAA LMD CITREERIRTY M — R E LR
RIS BB L CHBICREMEREm W LD |
FEEATHRAI U CHEFICEERE N &R
Hole, 6, AEEaFR— MIBWT, 7457
VU BEGFEREOFENT h MR EROREICN
FTLLFELARWZ EERH LR,

D. &%

1. 5-HTIZ X AEEAFIC SIS T B 1 RO AR
HRAEIT, PRARMFRRENIZ I\ T C HRHED HE TR I
LIS T A2 ER oo —nrThY . FEEMAIC
BWTHEBEOME FE - T, FREBA TOAS
EHAICBE L CIEETH D Z b, BEREIES
TN ORER L R —EALTH D Z L BB Sz,

2. BT LR —OBEENT b E—MEEEROERE
FOOESTHY, WHEMMOT b —EBERICIX
FI7 LAAF—0NELS o TWAZ LRI I N,
F, T — M ETOINT VAX—OBEERD 5 EE
MIMIE TARCHE (7 hE—DERBEEE~—V—) INE
B, ¥2bblVEETHLZ ENH-T, AR L
AR UFEDOEET LA Y) BRE IgE BETHF
BROMBEDRINTEY, KOOI LWI &334 -
oo ANTRANXRED 3 REEET LILE OO
PR =T VAKX — EEEE & OREIZIR LT,
BLBEER N,

3. BITICIAE &7z 8 fEIUE, KEXWMEIZRIT S
GWAS & RIFRICAFEEKEE(LR T2 EATRBY, £
RERAGHRFTHLEH I D REHRKIZED 5 HF
WEEN T\, EEMATEELZMRIELTZV,

E. #53
1. X0 HIRIC BT D AR R ORERKICE$
HBREEITOMNERD D,

2. BROKEXmMBEOEEMHRLLLALATNDS
e, BT VLT AT, B R MO BRER T
& AD D BER A ORI, HEE & O BB NE L
Bbhs,

3. 51, GWAS THIE S NEFIZTONTE LR 51
MRMETH D, GWAS OFERIF, 7 FE—EEERD
AN =R LRNGRELI VB 5 X CEERR 0 F
EThbrEZD,

F. fEEfaRER
7L,



SRR 25 SEEER A T @A TS R A &

G. WFFEFREE

I WXER

Furue M, Ebata T, Ikoma A, Takeuchi S, Kataoka Y,
Takamori K, Satoh T, Saeki H, Augustin M, Reich A,
Szepietowski J, Fleischer A, Blome C, Phan NQ,
Weisshaar E, Yosipovitch G, Sténder S. Verbalizing
Extremes of the Visual Analogue Scale for Pruritus:
A Consensus Statement. Acta Derm Venereol. 2013 Mar
27;93(2) :214-5.

Morino—Koga S, Uchi H, Tsuji G, Takahara M, Kajiwara
J, Hirata T, Furue M. Reduction of CC-chemokine
ligand 5 by aryl hydrocarbon receptor ligands. J
Dermatol Sci. 2013 Oct;72(1) :9-15.

Chiba T, Tatematsu S, Nakao M, Furue M. Urinary
biopyrrin: a potential inflammatory marker of
atopic dermatitis. Ann Allergy Asthma Immunol. 2014

Feb;112(2) :182-3. doi:
10. 1016/ j. anai. 2013. 12. 011.

B B, BT, F OEL, EEE— B H R
BIEZERRIZ I3 1 DIEEIR RS BN 5 R 7 X
F R NVERE IR E O R MO MES (UPDATE trial) .,
BEPRESE 29:1057-1070, 2013

(EREELES - H - BITFEFLRA)

H. ZIR9RAEERE D HFE - BEIRDL
(FEZET,)

1. Reerius

72 Lo

2. FERBEERE

2L,

3. T D

L,



TR 25 SRR A BRI R ) &

MR EOTIITICET 5 —&FR
[BAIRTEXELEY, 7T hE—MEEREDB XV (TRAREE)
http://www. kyudai—derm. org/atopy/openlec/index. html

[ZHX 2= MRS FELOEALR « T LXF—DFFF & X5
http://www. congre. co. jp/apapari2011_48jspaci/html/shimin/shimin. html

(7 PE— R ERICONT WS LEICEZE L X 9
http://www. kyudai-derm. org/atopy/

[7 b E— M RER—I D LVIEED 72 ® DEvidence-based medicine (EBM) &7 — &£
20104E RN http://www. kyudai—derm. org/atopy_ebm/index. html

(7 FE—HERERNDHER DT LD !
http://www. kyudai—derm. org/kayumi/index. html

[7 b e —ER @ 2 DEETETR AR |
http://www. kyudai—derm. org/atopy_care/index. html

MERE  BEREFIRA. MXEF A A, BEREL, BE. U HRE
Morino—Koga S, Uchi H, Tsuji G, Takahara M, Kajiwara J, Hirata T, Furue M. Reduction of CC—chemokine
ligand 5 by aryl hydrocarbon receptor ligands. J Dermatol Sci. 2013 Oct;72(1) :9-15.

Furue M, Ebata T, Ikoma A, Takeuchi S, Kataoka Y, Takamori K, Satoh T, Saeki H, Augustin M, Reich A,
Szepietowski J, Fleischer A, Blome C, Phan NQ, Weisshaar E, Yosipovitch G, Sténder S. Verbalizing
Extremes of the Visual Analogue Scale for Pruritus: A Consensus Statement. Acta Derm Venereol. 2013
Mar 27;93(2) :214-5.

Kashiwakura J, Okayama Y, Furue M, Kabashima K, Shimada S, Ra C, Siraganian RP, Kawakami Y, Kawakami T. Most
Highly Cytokinergic IgEs Have Polyreactivity to Autoantigens. Allergy Asthma Immunol Res. 2012 Nov;4(6):332-40.

Kamo A, Tominaga M, Taneda K, Ogawa H, Takamori K. Neurotropin inhibits the increase in intraepidermal

nerve density in the acetone—treated dry-skin mouse model. C/in Exp Dermatol. 38(6): 665-8, 2013.

Tominaga M, Takamori K. An update on peripheral mechanisms and treatments of itch. Brol Pharm Bull. ,
36(8) : 1241-7, 2013.

Tominaga M, Tengara S, Kamo A, Ogawa H, Takamori K. Matrix metalloproteinase—8 is involved in dermal nerve
growth: Implications for possible application to pruritus from /z vitro models. J Invest Dermatol 131: 2105-12, 2011

Taneda K, Tominaga M, Negi O, Tengara S, Kamo A, Ogawa H, Takamori K. Evaluation of epidermal nerve
density and opioid receptor levels in psoriatic itch. Br J Dermatol 165: 277-284, 2011

Kamo A, Tominaga M, Negi 0, Tengara S, Taneda K, Ogawa H, Takamori K. Inhibitory effects of UV-based
therapy on dry skin— inducible nerve growth in acetone-treated mice. J Dermatol Sci 62: 91-97, 2011

Taneda K, Tominaga M, Tengara S, Ogawa H, Takamori K. Neurotropin inhibits both capsaicin—induced

substance P release and nerve growth factor—induced neurite outgrowth in cultured rat dorsal root

ganglion neurons. Clin Exp Dermatol 35: 73-77, 2010



AR 25 R IR A S R AT IR B 4

Tengara S, Tominaga M, Kamo A, Taneda K, Negi 0, Ogawa H, Takamori K. Keratinocyte— derived anosmin-1,
an extracellular glycol- protein encoded by X-1inked Kallmann syndrome gene, is involved in modulation
of epidermal nerve density in atopic dermatitis. J Dermatol Sci 58: 64-71, 2010

Yano C, Saeki H, Ishiji T, Ishiuji Y, Sato J, Tofuku Y, Nakagawa H: Impact of disease severity on work
productivity and activity impairment in Japanese patients with atopic dermatitis. J Dermatol 40: 736-9,
2013.

Saeki H, Hirota T, Nakagawa H, Tsunemi Y, Kato T, Shibata S, Sugaya M, Sato S, Doi S, Miyatake A, Ebe
K, Noguchi E, Ebihara T, Amagai M, Esaki H, Takeuchi S, Furue M, Nakamura Y, Tamari M. Genetic
polymorphisms in the IL22 gene are associated with psoriasis vulgaris in a Japanese population. J
Dermatol Sci. 2013;71:148-150.

Yano C, Saeki H, Ishiji T, Ishiuji Y, Sato J, Tofuku Y, Nakagawa H: Impact of disease severity on sleep
quality in Japanese patients with atopic dermatitis. J Dermatol Sci 72: 195-7, 2013.

Hiragun T, et al. Fungal protein MGL 1304 in sweat is an allergen for atopic dermatitis patients. J
Allergy Clin Immunol 132: 608-615, 2013.

Hiragun M, et al. Elevated serum IgE against MGL_1304 in patients with atopic dermatitis and cholinergic
urticaria. Allergol Int, in press.

Kagami S, Sugaya M, Suga H, Morimura S, Kai H, Ohmatsu H, Fujita H, Tsunemi Y, Sato S. Serum
gastrin-releasing peptide levels correlate with pruritus in patients with atopic dermatitis. J Invest
Dermatol 133: 1673-5, 2013.

Suga H, Sugaya M, Miyagaki T, Kawaguchi M, Morimura S, Kai H, Kagami S, Ohmatsu H, Fujita H, Asano
Y, Tada Y, Kadono T, Sato S. Serum visfatin levels in patients with atopic dermatitis and cutaneous
T-cell lymphoma. Eur J Dermatol 23: 629-35, 2013.

Kimura T, Sugaya M, Suga H, Morimura S, Miyamoto A, Kai H, Kagami S, Yanaba K, Fujita H, Asano Y, Tada
Y, Kadono T, Sato S. Variations in serum TARC and I-TAC levels reflect minor changes in disease activity
and pruritus in atopic dermatitis. Acta Derm Venereol in press.

Kawakami T, Soma Y. Questionnaire survey of the efficacy of emollients for adult patients with atopic
dermatitis. J Dermatol. 2011;38(6): 531-535

Kawakami T, Kimura S, Haga T, Doi R, Kyoya M, Nakagawa K, Soma Y. Health-related quality of 1ife assessed
by the effect of bepotastine besilate in patients with pruritus: Importance of emotions score in atopic
dermatitis. J Dermatol. 2012; 39(6): 527-530

Taniguchi K, Yamamoto S, Hitomi E, Inada Y, Suyama Y, Sugioka T, Hamasaki Y. Interleukin 33 is induced
by tumor necrosis factor alpha and interferon gamma in keratinocytes and contributes to allergic contact
dermatitis. J Investig Allergol Clin Immunol 2013;23(6) :428-434

Taniguchi K, Yamamoto S, Hitomi E, Inada Y, Sugioka T, Hamasaki Y. Blockade of Interleukin—33 attenuates

allergic contact dermatitis in model mice: possible mechanism via eosinophil infiltration. Clin Exp
Dermatol Res 2013;4(3):1000183



Journal of Dermatological Science 72 (2013) 9-15

ELSEVIER

Dei‘matplogical
S Science

Reduction of CC-chemokine ligand 5 by aryl hydrocarbon

receptor ligands

Saori Morino-Koga ®!, Hiroshi Uchi *>1*, Gaku Tsuji %, Masakazu Takahara?,
Junboku Kajiwara ¢, Teruaki Hirata ¢, Masutaka Furue ®P

2 Department of Dermatology, Graduate School of Medical Sciences, Kyushu University, 3-1-1, Maidashi, Fukuoka 812-8582, Japan
b Research and Clinical Center for Yusho and Dioxin, Kyushu University Hospital, 3-1-1, Maidashi, Fukuoka 812-8582, Japan
¢ Fukuoka Institute of Health and Environmental Sciences, 39 Mukaizono, Dazaifu, Fukuoka 818-0135, Japan

ARTICLE INFO

SUMMARY

Article history:

Received 20 January 2013

Received in revised form 9 April 2013
Accepted 29 April 2013

Keywords:

Aryl hydrocarbon receptor
Dioxins

Chemokines
CC-chemokine ligand 5
Keratinocytes

Background: The aryl hydrocarbon receptor (AhR) is a ligand-activated transcription factor that
recognizes a large number of xenobiotics, such as polycyclic aromatic hydrocarbons (PAHs), dioxins, and
some endogenous ligands. Despite numerous investigations targeting AhR ligands, the precise
physiological role of AhR remains unknown.
Objective: We explored novel AhR target genes, especially focused on inflammatory chemokine.
Methods: We treated (1) HaCaT, a human keratinocyte cell line, (2) normal human epidermal
keratinocytes (NHEKs), and (3) mouse primary keratinocytes with AhR ligands, such as 6-
formylindolo[3,2-b]carbazole (FICZ; endogenous ligand) and benzo[a]pyrene (BaP; exogenous ligand).
Then, we detected mRNA and protein of chemokine using quantitative RT-PCR and ELISA. We next
clarified the relationship between AhR and chemokine expression using AhR siRNA. In addition, we
measured serum chemokine levels in patients with Yusho disease (oil disease), who were accidentally
exposed to dioxins in the past.
Results: We identified CC-chemokine ligand 5 (CCL5), a key mediator in the development of
inflammatory responses, as the AhR target gene. AhR ligands (FICZ and BaP) significantly reduced
CCL5 mRNA and protein expression in HaCaT cells. These effects were observed in NHEKs and mouse
primary keratinocytes. AhR knockdown with siRNA restored CCL5 inhibition by AhR ligands. In addition,
AhR ligands exhibited a dose-dependent suppression of CCL5 production induced by Th1-derived
cytokines. Finally, serum levels of CCL5 in patients with Yusho disease, were significantly lower than in
controls.
Conclusion: Our findings indicate that CCL5 is a target gene for AhR, and might be associated with the
pathology of dioxin exposure.

© 2013 Japanese Society for Investigative Dermatology. Published by Elsevier Ireland Ltd. All rights

reserved.

1. Introduction

humans and wildlife are widely exposed. These pollutants tend to
accumulate in higher animals and may interfere with the immune

Dioxins and polycyclic aromatic hydrocarbons (PAHs) such as system [1,2]. Dioxin and PAH toxicity have been linked, at least in
benzo[a]pyrene (BaP) are environmental contaminants to which part, to activation of the aryl hydrocarbon receptor (AhR), a ligand-

activated basic helix-loop-helix transcription factor. Upon ligand
binding, cytoplasmic AhR translocates to the nucleus and
dimerizes with the AhR nuclear translocator (ARNT). The ligand-

Abbreviations: AhR, aryl hydrocarbon receptor; ARNT, AhR nuclear translocator;
BaP, benzola]pyrene; CCL, CC-chemokine ligand; FICZ, 6-formylindolo[3,2-b]car-
bazole; NHEK, normal human epidermal keratinocyte; PAHs, polycyclic aromatic
hydrocarbons; PCB, polychlorinated biphenyls; TCDD, 2,3,4,8-tetrachlorodibenzo-
p-dioxin.

* Corresponding author at: Department of Dermatology, Graduate School of
Medical Sciences, Kyushu University, 3-1-1, Maidashi, Fukuoka 812-8582, Japan.
Tel.: +81 92 642 5213; fax: +81 92 642 5201.

E-mail address: uchihir@dermatol.med.kyushu-u.ac.jp (H. Uchi).

1 These authors contributed equally to this study.

activated AhR/ARNT complex then binds specific promoter
elements called xenobiotic response elements, altering the
expression of target genes presumed to contribute to dioxin and
PAH toxicity [2]. Several reports have shown that dioxins and PAHs
induce multiple inflammatory genes including cytokines and
chemokines such as IL-1a, TNF-e, IL-8, and CC-chemokine ligand 1
(CCL1) and 2 in an AhR-dependent manner in vivo and in vitro
[3-7]. Numerous other exogenous compounds, such as plant

0923-1811/$36.00 © 2013 Japanese Society for Investigative Dermatology. Published by Elsevier Ireland Ltd. All rights reserved.

http://dx.doi.org/10.1016/jjdermsci.2013.04.031
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polyphenols (e.g., resveratrol and curcumin) and synthetic drugs
(e.g., ketoconazole) activate AhR, while some are thought to be AhR
antagonists [8,9]. Although the physiological role of AhR remains
largely unclear, endogenous AhR ligands have been proposed, such
as 6-formylindolo[3,2-b]carbazole (FICZ) and bilirubin [10,11]. We
previously reported that BaP induces IL-8 production from normal
human epidermal keratinocytes (NHEKs) via the AhR signaling
pathway, and that ketoconazole inhibits BaP-induced IL-8
production from NHEKs [7,9]. In this study, we further screened
the production of various inflammatory chemokines in response to
AhR ligands (FICZ and BaP) from human and mouse keratinocytes.
We also determined serum chemokine levels in patients with
Yusho disease (oil disease), who were accidentally exposed to
dioxins in the past.

2. Materials and methods
2.1. Reagents and antibodies

FICZ was obtained from Enzo Life Sciences (Plymouth Meeting,
PA); BaP and dimethyl sulfoxide (DMSO) were obtained from
Sigma-Aldrich (St Louis, MO). Anti-AhR rabbit polyclonal antibody
(H-211) was purchased from Santa Cruz Biotechnology (Santa
Cruz, CA). Anti-B-actin rabbit polyclonal antibody (#4967) was
purchased from Cell Signaling Technology (Danvers, MA). Horse-
radish peroxidase (HRP)-conjugated secondary antibodies were
provided by Jackson ImmunoResearch Laboratories (West Grove,
PA).

2.2. Cell culture

HaCaT cells, representing a human keratinocyte cell line, were
maintained in Dulbecco’s modified Eagle’s medium (DMEM)
containing 10% fetal bovine serum (FBS) and antibiotics. HaCaT
cells were plated on 6-well plates, and at sub-confluence were
treated with AhR ligands (FICZ (0.1, 1, 10, or 100 nM) or BaP (0.01,
0.1, 1, or 10 wM)) or vehicle (DMSO). NHEKs, obtained from
Clonetics-BioWhittaker (San Diego, CA), were maintained in
serum-free keratinocyte growth medium (Lonza, Walkersville,
MD) supplemented with bovine pituitary extract, recombinant
epidermal growth factor, insulin, hydrocortisone, transferrin, and
epinephrine (Lonza, Walkersville, MD). NHEKs were plated on 24-
well plates, and were treated with AhR ligands (FICZ (0.1, 1, 10, or
100 nM) or BaP (0.01, 0.1, 1, or 10 M) or vehicle (DMSO) at sub-
confluence.

2.3. Preparation of mouse epidermal cell suspension

RPMI-1640 supplemented with 10% heat-inactivated FBS,
antibiotics, and 50 pM 2-mercaptoethanol (Sigma-Aldrich)
were used as complete medium. Ear skin specimens from
female Balb/c mice (7-8 weeks old) were treated with 0.5%
trypsin (Sigma-Aldrich) in phosphate-buffered saline (PBS;
30 min at 37 °C); this separated the epidermis from the dermal

connective tissue. Epidermal sheets were agitated gently in
complete medium with 0.05% deoxyribonuclease 1 (Sigma-
Aldrich); the epidermal cell suspension was obtained following
filtration through a cell strainer with a 40-pm pore size (BD
Falcon, San Jose, CA). Mouse primary keratinocytes were plated
onto 6-well plates, and at sub-confluence were treated with AhR
ligands (10nM FICZ or 1 uM BaP) or vehicle (DMSO). The
protocol was approved by the Committee of Ethics on Animal
Experiments in the Graduate School of Medical Sciences, Kyushu
University.

2.4. Combined stimulation with TNF-a and IFN-y

Cells were plated on 6-well plates, and at sub-confluence were
exposed to TNF-« (10 ng/mL) and IFN-y (10 ng/mL) in the presence
or absence of AhR ligands (FICZ or BaP) for indicated times. After
incubation, the medium was extracted for ELISA.

2.5. Real-time quantitative RT-PCR

Total RNA was isolated from HaCaT cells using the RNeasy Mini
kit (Qiagen, Valencia, CA). Quantitative real-time RT-PCR was
performed with PrimeScript RT reagent and SYBR Premix Ex Taq II
(Takara Bio, Ohtsu, Japan) according to the manufacturer’s
instructions. PCR amplifications were performed with the follow-
ing cycling conditions: 95 °C for 30 s, for 40 cycles at 95°Cfor 5s
(denaturation step), at 60 °C for 20 s (annealing/extension steps).
The cycle threshold (Ct) for each amplification was normalized to
B-actin (internal control). Normalized gene expression was
expressed as the relative quantity of gene-specific mRNA
compared with control mRNA (fold induction). Oligonucleotide
primers are listed in Table 1.

2.6. Immunoblotting

Protein lysates from HaCaT cells were isolated with lysis buffer
(25 mM HEPES, 10 mM Na4P,07-10H,0, 100 mM NaF, 5 mM EDTA,
2 mM NasV0,, 1% Triton X-100) and analyzed by SDS-PAGE on a
10% polyacrylamide gel. Proteins were transferred to polyvinyli-
dene difluoride membranes (Millipore, Bedford, MA) and probed
with specific antibodies. Immunological bands were identified
with HRP-conjugated secondary antibodies followed by visualiza-
tion with SuperSignal west pico chemiluminescence substrate
(Pierce, Rockford, IL).

2.7. ELISA

Cell-culture supernatants were cleared by centrifugation
and analyzed for the presence of immunoreactive CCL5 protein
by using the Quantikine human or mouse CCL5/RANTES ELISA
kit (R&D System, Minneapolis, MN) as directed by the
manufacturer. Serum chemokine levels (CCL2, CCL5, CXCL9,
and CXCL10) were also measured in 232 patients diagnosed with
Yusho disease living in Fukuoka, Japan and 96 age- and

Table 1
Primer sequences used for real-time quantitative RT-PCR.
Gene (human) Primer sequence (5'-3')
Sense Antisense
CYP1A1 TAGACACTGATCTGGCTGCAG GGGAAGGCTCCATCAGCATC
CCL2 CCCCAGTCACCTGCTGTTAT TGGAATCCTGAACCCACTTC
CCL5 TCTGCGCTCCTGCATCTG GGGCAATGTAGGCAAAGCA
CXCL9 TTCCTCTTGGGCATCATCITGCTGG AGTCCCTTGGTTGGTGCTGATGCAG
CXCL10 CAAACTGCGATTCTGATTTGCTGCC TGCTGATGCAGGTACAGCGTACGGT
B-Actin ATTGCCGACAGGATGCAGA GAGTACTTGCGCTCAGGAGGA
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residency-matched normal individuals. Samples were acquired
from 2005 to 2009 and stored at —80°C to await analysis.
Absorbance was measured using an iMark microplate absor-
bance reader (Bio-Rad, Hercules, CA), and the concentration of
chemokines was determined in each sample by comparison to a
standard curve. The study protocol was approved by the
institutional ethics committee of Kyushu University Hospital
and signed informed consent was obtained from each subject
prior to study enrolment. Blood concentrations of dioxins in
each patient were measured at the Fukuoka Institute of Health
and Environmental Sciences (Fukuoka, Japan) as described
elsewhere [12].

2.8. AhR siRNA transfection

AhR siRNA (s1200) and control siRNA (Negative Control #1)
were purchased from Ambion (Austin, TX) and transfected
as required into HaCaT cells using the HiPerFect Transfection
kit (Qiagen) in accordance with the manufacturer’s instructions.

2.9. Statistical analysis

Data are presented as mean =+ S.E. Significance of the differences
between groups was assessed using the Student’s unpaired two-
tailed t test (when 2 groups were analyzed), one-way ANOVA (for >3
groups), or the Mann-Whitney U-test (for human samples). A P value
of <0.05 was considered statistically significant.

3. Results
3.1. AhR ligands reduce CCL5 expression in HaCaT cells

We verified the transcriptional activation of CYP1A1 (Fig. 1A)
and CCL2 (Fig. 1B) by FICZ in HaCaT cells, a human keratinocyte
cell line, as positive controls. We then assessed whether FICZ
influenced the expression of other inflammation-related che-
mokines, such as CCL5 (CCR5 ligand) and CXCL9 and 10 (CXCR3
ligands). FICZ significantly reduced the expression of CCL5, but
not that of CXCL9 and CXCL10 (Fig. 1C-E). BaP, another AhR
ligand, also significantly reduced CCL5 mRNA expression
(Fig. 1F). Thus, AhR ligands likely influence the transcription
of CCL5.

3.2. AhR ligands inhibit CCL5 protein expression in HaCaT cells

We next examined of CCL5 protein levels in HaCaT cells
treated with FICZ. Dose-dependent reduction of CCL5
protein was observed in HaCaT cells treated with FICZ
(Fig. 2A) and BaP (Fig. 2B). To elucidate the time course of
CCL5 suppression by AhR ligands, HaCaT cells were cultured in
FICZ or BaP for up to 48 h. FICZ (Fig. 2C) or BaP (Fig. 2D)
significantly decreased CCL5 protein in a time-dependent
manner and restored it after 48 h. Our results show that AhR
ligands, FICZ or BaP, reduce not only mRNA but also protein
levels of CCL5 in HaCaT cells.
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3.3. AhR ligands inhibit expression of CCL5 in NHEKs and mouse
primary keratinocytes

To determine whether AhR ligands reduce CCL5 expression in
other types of keratinocytes, we used NHEKs and mouse primary
keratinocytes. FICZ significantly reduced CCL5 protein in a dose-
dependent manner in NHEKs (Fig. 3A) and mouse primary
keratinocytes (Fig. 3B). BaP also reduced CCL5 protein levels in
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NHEKs and mouse primary keratinocytes (Fig. 3C and D). Thus, AhR
ligands suppressed CCL5 expression in keratinocytes.

3.4. AhR ligands reduce CCL5 expression via AhR

To investigate the involvement of AhR in FICZ or BaP-mediated
inhibition of CCL5 expression, we employed AhR siRNA silencing.

Reduction of AhR protein levels was confirmed in AhR
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Fig. 5. AhR ligands inhibited CCL5 induced by the combined stimulation of TNF-o« and INF~y. HaCaT cells were stimulated with TNF-o and INF-y (T/I) in the presence or
absence of FICZ (A) or BaP (B) for 24 h, and culture supernatants were collected. CCL5 protein was measured by ELISA. Data are presented as mean =+ S.E. (n = 4 per group).

P < 0.05, "P < 0.01 vs. T/l only, assessed by one-way ANOVA.
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Table 2
Serum levels of chemokines in dioxin-exposed and control samples.

CCL5 (ng/mL)

CCL2 (pg/mL)

CXCL9 (pg/mL) CXCL10 (pg/mL)

Yusho (n=232) 40.8+1.5 388.2:4:28.7 152.2+£8.7 125.0+6.0
Control (n=96) 59.3+3.2 321.1+£107 159.5+14.1 121.5+12.6
P <0.0001 0.14 0.66 0.78

Data are presented as mean+S.E.
P values were assessed by Mann-Whitney analysis.

siRNA-treated cells compared with control siRNA-treated cells
(Fig. 4A). Intriguingly, AhR knockdown with siRNA abolished the
suppression of CCL5 expression by either FICZ or BaP (Fig. 4B and
C). These results suggest FICZ or BaP might reduce CCL5 expression
via AhR.

3.5. AhR ligands inhibit TNF-o/IFN-y-induced CCL5 expression

Keratinocytes can be induced to produce CCL5 protein when
incubated with a combination of Th1-derived cytokines (TNF-«
and IFN-vy). Therefore, we examined whether AhR ligands decrease
the production of CCL5 in HaCaT cells that have been stimulated
with TNF-a and IFN-y. Consistent with previous report, stimula-
tion with TNF-oe and IFN-y increased CCL5 protein in HaCaT cells
(Fig. 5A and B). Interestingly, TNF-o/IFN-y-induced CCL5 expres-
sion was inhibited by FICZ in a dose-dependent manner (Fig. 5A).
BaP also suppressed CCL5 expression induced by TNF-afIFN-vy
(Fig. 5B).

3.6. Serum levels of CCL5 are reduced in dioxin-exposed human
samples

Mean ages of the Yusho patients and controls were 70.8 + 12.0
years and 66.1 -+ 11.3. Blood levels of dioxins in Yusho patients, in
particular 2,3,4,7,8-pentachlorodibenzofuran, were significantly
higher than in controls (170.5 + 16.5 pg/g lipid vs. 15.7 £ 0.9 pg/g
lipid). Serum levels of CCL5 in Yusho patients were significantly lower
than in controls (Table 2). Although not significant, serum levels of
CCL2 in Yusho patients tended to be higher than in the controls. There
was no difference in the serum concentrations of other chemokines
between Yusho patients and controls.

4. Discussion

ABhR ligands directly or indirectly modulate chemokine
expression. For example, intraperitoneal administration of
2,3,4,8-tetrachlorodibenzo-p-dioxin (TCDD) in C57/BL6 mice
induced expression of CXCL1 and CCL2 mRNAs in the liver,
thymus, kidney, adipose tissue, and heart [13]. Furthermore, in
vitro studies have shown that AhR ligands, such as TCDD,
polychlorinated biphenyl 126 (PCB126), PCB77, or BaP, upregu-
late the expression of CCL1, CCL2, CXCL13, and IL-8 in various cell
lines and primary cell cultures [3-7]. In contrast, CCL5 expression
appears to be inhibited by AhR ligands. In utero exposure to
TCDD in male rats reduced CCL5 expression in the testes [14].
Furthermore, gene array analysis revealed that CCL5 expression
was inhibited in CD4" T cells isolated from TCDD-treated mice
[15]. In this study, we also showed significantly reduced
production of CCL5 protein in human and mouse Kkeratinocytes
stimulated with FICZ and BaP. These AhR ligands markedly
suppressed CCL5 expression induced by Thi-derived cytokines
(TNF-o and IFN-v). In addition, as previously shown in our
preliminary study [16], we demonstrated that serum levels of
CCL5 in dioxin-exposed patients were significantly lower than in
normal subjects. Yusho disease (0il disease) is a serious form of
food poisoning caused by consumption of rice oil contaminated

with dioxins and related organochlorines in western Japan in
1968, involving at least 1900 individuals [17]. Patients with
Yusho disease have suffered from various symptoms such as
general malaise, arthralgia, chloracne, and peripheral neuropa-
thy. Blood levels of dioxins in these patients remain high [18].

CCL5 plays a pivotal role in maintenance of the inflammatory
response through its ability to attract T lymphocytes, monocytes,
natural killer cells, and basophils, which leads to temporo-spatial
expansion of the inflammatory infiltrate [19]. CCL5 expression is
involved in a variety of diseases including arthritis, SLE, diabetes,
and glomerulonephritis [20-23]. We showed that AhR ligands
suppressed Th1-derived cytokine-induced CCL5 production, sug-
gesting that AhR ligands would inhibit to some extent the
infiltration of inflammatory cells. On the other hand, low baseline
CCL5 was reported to be an independent predictor of cardiac
mortality in a cohort of male patients undergoing coronary
angiography [24].

Numerous basic and epidemiological studies have shown
that dioxins and related organochlorines may increase the risk
for cardiovascular diseases. For example, chronic exposure to
dioxins (TCDD or PCB126) led to a dose-dependent increase in
the incidence of degenerative cardiovascular lesions in rats [25].
The International Agency for Research on Cancer Cohort,
consisting of 36 cohorts from 13 countries, followed 21,863
dioxin-exposed workers for more than 20 years. A significant
association between dioxin exposure and ischemic heart disease
was detected in these workers (relative risk, 1.67; 95% CI, 1.23-
2.26) [26]. Although further studies are needed to clarify the
precise clinical significance of our data, the observed reduction
of serum CCL5 in dioxin-exposed patients may be related to the
increased incidence of cardiovascular diseases in such patients.
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Itch (pruritus) is an unpleasant sensation that leads to the
desire to scratch (1). Pruritus may compromise quality
of life and sleep in affected individuals. Pruritus is simi-
lar to pain, in being a subjective symptom; assessment
of its intensity is a key issue in evaluating severity and
therapeutic outcome of patients with pruritic disorders
of diverse origins (cutaneous, systemic, neuropathic,
psychogenic) (2). Various types of rating scales have been
used and validated in the study of clinical itch, including
the visual analogue scale (VAS), numerical rating scale,
verbal rating scale, and behavioural rating scale (2—4).
Among these measurement tools, the VAS seems to be
one of the most commonly used methods of assessing
pruritus severity, as it provides an easy and rapid estima-
tion of itch (3, 4). The VAS is a 10-cm long line, oriented
horizontally or vertically, on which patients indicate the
intensity of pruritus by marking the line at the point that
corresponds to the severity of their pruritus, where the
beginning of the scale refers to no pruritus (0 point) and
the end of the scale to the most severe pruritus (10 points)
(3, 4). On behalf of the International Forum for the Study
of Itch (IFSI), we discussed methodological problems of
the VAS in clinical settings. During our discussion we
identified that it is necessary to clarify the verbal expres-
sion of the 10-point end, because it varies from study to
study. It includes expressions such as “worst imaginable
itch”, “the most severe pruritus they can imagine”, “most
intense sensation imaginable”, “maximal itch”, “severe
itching” and “unbearable pruritus” (3-8). In this report,
we propose to consolidate the verbalization of extremes
of VAS for “itch intensity”” and “sleep disturbance (noc-
turnal itch)”.

CONSENSUS STATEMENT

Members of the Japanese Society for Dermatoallergo-
logy and Contact Dermatitis (JSDACD) (MF, TE, Al,
ST, YK, KT, TS, and HS) discussed possible core items
for evaluating pruritus in clinical settings, including
clinical trials, in Japan. Nine items were proposed and
we evaluated the importance of each item by assigning
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a weight score (maximum points, 10) to each. The
2 highest-ranked items were “itch intensity” (score,
10 £0) and “sleep disturbance” (9.3 £ 0.8), followed by
“maximum score of itch” (7.3 +2.6), “itch frequency”
(6.1 +1.8), “itch duration” (6 =2), “number of itch si-
tes” (4.3 +2.6), “quality of life” (4.3 +£2.7), “itch site”
(3.7 +1.4) and “nature of itch” (3.3 + 1.5).

We then discussed measurement tools for the two
highest rank items, “itch intensity” and “sleep distur-
bance.” With respect to measuring “sleep disturbance
(nocturnal itch intensity),” the discussion group reached
an agreement that the VAS seemed to be a suitable
scale, similar to the VAS for “itch intensity.” As for
the terminology to be used to describe the 10-point
end of the VAS, our 8 JSDACD members preferred the
expressions “worst itch imaginable” for scoring “itch
intensity” and “I cannot sleep at all” for scoring “sleep
disturbance (nocturnal itch)”.

These results were presented at the 6™ World Congress
of Itch in Brest, France, 2011. After the Congress, e-mail
voting was proposed for the terminology of the 10-point
end of the VAS, and this proposal was accepted by the
members of the IFSI special interest group (TE, MA,
JS, AF, CB, NQP, GY, SS). Twenty-six IFSI members
from outside Japan participated in e-mail voting. With
regard to the expression of the 10-point end of the VAS
for “itch intensity,” “worst imaginable itch” was voted
as the most suitable definition, including “worst itch
imaginable” (n=14). With regard to the expression of
the 10-point end of the VAS for “sleep disturbance”,
the expression “I cannot sleep at all” was selected as
the suitable definition (n=17) (Fig. 1).

Visual Analogue Scale (VAS)
VAS for itch intensity

No itch ° 10

Worst imaginable itch
VAS for sleep disturbance (nocturnal itch)

No sleep loss I cannot sleep at all

Fig. 1. Visual analogue scale (VAS).

© 2013 The Authors. doi: 10.2340/00015555-1446
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PERSPECTIVES

Our consensus is in line with the VAS for pain intensity,
because recent publications suggest that both “worst
imaginable pain” and “worst pain imaginable” seem
to be frequently used expressions for the 10-point end
of the VAS for pain intensity in various fields of medi-
cine (9, 10). It is also in accordance with the labelled
magnitude scale used in sensory psychophysics, where
the end-point is “most intense sensation imaginable
of any kind” (11). Further work is needed to test the
comprehension and meaning of our proposed phrases
against other contenders with patients and carers, and
whether this varies across cultures and countries, es-
pecially when translated into other languages. In order
to gain a wider consensus on our proposal, we intend
to collaborate with other international groups, such
as the Harmonising Outcome Measures for Eczema
(HOME) initiative, which seeks to develop a core set of
outcome measures for eczema that can be used in future
clinical trials and record-keeping (12). Other topics to
be further explored are: (i) Whether the VAS for “itch
intensity” represents the mean itch intensity of only
day-time, or both day- and night-time? (ii) Whether
daily VAS assessments are more suitable than weekly
ones? (iii) Should the subject be allowed to see his/her
previous VAS score before deciding his/her current itch
intensity? Based on the pain assessment study, Scott &
Huskisson (13) recommended that prior scores should
be made available to patients when serial measurements
of pain are made in long-term experiments. Due to the
presence of diverse clinical settings and trials, these
items may be modified and adjusted appropriately by
investigators.

The authors declare no conflicts of interest.
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Purpose: Monomeric Igk molecules, when bound to the high-affinity receptor, exhibit a vast heterogeneity in their ability to induce survival promo-
tion and cytokine production in mast cells. At one end of this spectrum, highly cytokinergic {HC) IgEs can induce potent survival promotion, degranu-
lation, cytokine production, migration, etc., whereas at the other end, poorly cytokinergic (PC) IgEs can do so inefficiently. In this study, we investigat-
ed whether IgEs recognize autoantigens and whether IgEs’ binding of autoantigens correlates with difference s in HC versus PC properties. Meth-
ods: Enzyme-linked immunosorbent assays were performed to test whether IgEs bind antigens. Histamine-releasing factar in human sera was quan-
tified by western blotting. Cultured mast cells derived from human cord blood were used to test the effects of human sera on cytokine production.
Results: Most (7/8) of mouse monoclonal HC IgEs exhibited polyreactivity to double-stranded DNA (dsDNA), single-stranded DNA (ssDNA),
B-galactosidase, thyroglobulin and/or histamine-releasing factor. By contrast, mouse PC IgEs failed to react with these antigens. A human monaclo-
nal HC IgE also showed polyreactivity to histamine-releasing factor, dsDNA and ssDNA. Interestingly, sera from atapic dermatitis patients showed
increased reactivity to ssDNA and B-galactosidase and increased levels of histamine-releasing factor. Some atopic dermatitis patients, but not healthy
individuals, had substantial serum levels of HRF-reactive IgE. Sera from atopic dermatitis patients with high titers of DNA-reactive IgE could induce
several fold more IL-8 secretion in human mast cells than sera from healthy individuals. Conrclusiens: The results show that most HC, but not PC,
IgEs exhibit polyreactivity to autoantigens, supporting the autoimmune mechanism in the pathogenesis of atopic dermatitis.

Key Words: Atopic dermatitis; mast cell; cytokine; IgE; autoantigen; histamine-releasing factor

INTRODUCTION

tamine content,’ histamine release, leukotriene release, recep-
tor internalization, DNA synthesis,"® increased responses to

Mast cells are the key effector cell type in IgE-mediated imme-
diate hypersensitivity and allergic disorders."” Mast cells bound
by antigen-specific IgE via the high-affinity receptor for IgE
(FceRI) must encounter multivalent antigen for their activation.?
Activated mast cells secrete preformed proinflammatory medi-
ators, such as histamine, serotonin, nucleotides, proteases, and
TNF-0, and synthesize and secrete lipid mediators (such as leu-
kotrienes and prostaglandins), various cytokines and chemo-
kines. In contrast to this traditional view, we and others showed
that IgE binding to FceRI in the absence of specific antigen en-
genders several biological outcomes in mast cells: upregulation
of cell surface expression of FceRL,** survival,”® increase in his-
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compound 48/80 and substance B" increase in filamentous ac-
tin content,'* membrane ruffling,"® adhesion to fibronectin,™
and migration.” These effects are due to binding to FceRI by
monomeric, but not aggregate, IgE molecules.”*'” FceRI cross-
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linking appears essential for mast cell activation induced by mo-
nomeric IgE," similar to that by IgE+antigen or IgE+ant-IgE.""*

Not all IgE molecules can induce all the activation events in
the absence of antigen: IgEs display a wide spectrum of hetero-
geneity in their ability to induce the production and secretion
of IL-6 and TNF-q, two tested cytokines produced by mouse
mast cells, with HC IgEs at one extreme end and PC IgEs at the
other." More extensive receptor aggregation can be induced by
HC IgEs than by PC IgEs. Consistent with such a difference,
strong HC IgEs can induce each of the tested activation events,
whereas PC IgEs induce only a limited set of activation events,
and to a lesser extent."” Polyclonal IgE from mice and humans
suffering from atopic dermatitis (AD) can enhance survival and
cytokine production in mast cell cultures, indicating that mono-
meric IgE effects are operative in polyclonal situations as well.”

Compared to numerous reports on effects of monomeric IgE
on mouse mast cells, effects of human IgE on human mast cells
have been less studied. However, using human cord blood de-
rived mast cells (CBMCs), Gilchrest et al.? reported that the
chemokine I-309 RNA and protein levels were upregulated not
only in response to IgE+anti-IgE stimulation but also by IgE
alone and these responses were further augmented in the pres-
ence of IL-4. Cruse et al.? also reported that human monomer-
ic myeloma IgE stimulated cultured human lung mast cells to
release histamine, leukotriene C4, and IL-8 in the absence of a
specific antigen. Matsuda et al.*® showed that human monomer-
ic IgE in the absence of specific antigen enhanced IL-8 and
monocyte chemoattractant protein 1 (MCP-1) production in
cultured human mast cells, and this response was augmented
by preincubation of the cells in IL-4. Howevery, it is still unclear
whether the effects of monomeric HC versus PC IgEs exist in
the human system. Since heterogeneity of human IgEs in the
ability to prime basophils to stimulation with histamine-releas-
ing factor (HRF) has been reported,? it is possible that some
highly allergic patients might produce HC IgEs, which may acti-
vate mast cells or basophils in the absence of antigen.

Our recent study demonstrated that ~30% of the tested mouse
IgE mAbs bind to HRF and that HRF+HRF-reactive IgE can ac-
tivate mast cells.* Since HRF has two IgE-binding sites and can
be present as a dimer, it is assumed that IgE-bound receptors
can be cross-linked by HRE Similar situations could occur if re-
ceptor-bound IgE react with multivalent (auto)antigen. There-
fore, we investigated whether HC IgEs react with various anti-
gens.

MATERIALS AND METHODS

IgE preparations

Mouse monoclonal IgEs were purified by ammonium sulfate
precipitation from serum-free culture supernatants of hybrid-
omas or peritoneal exudates of hybridoma-bearing mice, fol-
lowed by DEAE column chromatography.” Some ELISA exper-
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iments were performed with hybridoma culture supernatants.
Sources of IgEs: H1 DNP-¢-26 (26) and H1 DNP-£-206 (206) from
Fu-Tong Liu, University of California, Davis; AR40EA, BE1BD
(BE1BD2D5), BE2, BE4 (BE4C2C3), DNP48BC, DNP48BD, HB30,
and R25 from R.P.S,; C38-2, C48-2, and 27-74 from BD Biosci-
ences; SPE-7 from Sigma-Aldrich; IGELa2 from American Type
Culture Collection (ATCC) (TIB142).

Human IgEs: SKO-007 monoclonal IgE was purified by am-
monium sulfate precipitation from serum-free culture super-
natants of hybridomas (ATCC: CRL-8033-1). HE1 monoclonal
IgE from a hybridoma was purchased from Diatec Monoclonals
AS (Oslo, Norway). IgEs derived from multiple myeloma pa-
tients (BS-«x and ART) were purchased from The Binding Site
Inc. (San Diego, CA, USA) or Athens Research & Technology
(Athens, GA, USA). IgE from the multiple myeloma patient PS
was a gift from Dr. Kimishige Ishizaka, LIAI. All IgE samples
were dialyzed extensively against PBS, and ultracentrifuged at
100,000 X g for 30 minutes before use to remove possible aggre-
gates.

Sera from AD patients and normal subjects

After the informed consent was obtained, the sera of AD pa-
tients diagnosed according to the criteria of Hanifin and Rajka®
were collected. Total numbers of AD patients and normal con-
trols are 41 and 25, respectively. All studies involving human
subjects were conducted in accordance with the guidelines of
the World Medical Association’s Declaration of Helsinki and
approved by the Institutional Review Boards of La Jolla Institute
for Allergy and Immunology, Kyushu University, University of
Occupational and Environmental Health and University of Ya-
manashi.

Enzyme-linked immunosorbent assay (ELISA)

Calf thymus double-stranded DNA (dsDNA) and single-strand-
ed DNA (ssDNA), B-galactosidase from bovine liver, thyroglob-
ulin from bovine thyroid, insulin from bovine pancreas, LPS (all
from Sigma-Aldrich) and recombinant HRF tagged with 6x his-
tidine (all 10 pg/mL in PBS) were coated in 96-well plates for
overnight at 4°C. After the wells were blocked with 10% FCS-PBS,
mouse IgE molecules (10 pg/mL) were added. Bound mouse
IgEs were detected by biotinylated anti-mouse IgE mAb (BD
Bioscience PharMingen, San Diego, CA, USA), followed by
streptavidin-HRP conjugates. Color was developed and absor-
bance at 450 nm was measured. In some experiments, human
IgEs (10 pg/mL) or sera from healthy subjects and AD patients
(1/10 dilution) were incubated in the well. Bound human IgE
molecules were detected by biotinylated anti-human IgE mAb
(BD Bioscience PharMingen), followed by streptavidin-HRP.

Human mast cell culture

Human CBMCs were generated as described.” Briefly, CD34*
cells were purified from umbilical cord blood mononuclear cells
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and cultured in serum-free Iscove’s methylcellulose medium
(IMDM: Stem Cell Technologies Inc., Vancouver, BC, Canada)
containing 200 ng/mL SCF (PeproTech Inc., Rocky Hill, NJ,
USA), 50 ng/mL IL-6 (PeproTech Inc.), 1 ng/mL IL-3 (PeproT-
ech Inc.), 1% insulin-transferrin-selenium (Invitrogen, Carls-
bad, CA, USA), 50 uM 2-mercaptoethanol, 1% penicillin-strep-
tomycin (Invitroten), and 0.1% bovine serum albumin (Sigma-
Aldrich, St Louis, MO, USA). On day 42 of culture, methylcellu-
lose was dissolved in PBS and the cells were then suspended
and cultured in IMDM (Invitrogen) supplemented with 100 ng/
mL SCE 50 ng/mL IL-6, and 5% fetal calf serum (Cansera, Rex-
dale, ON, Canada). After 15 weeks, the purity of the resulting
CBMCs was ~98% (c-Kit'FceRI* by flow cytometry). The use of
human cord blood was approved by the Institutional Review
Board of Nihon University Graduate School of Medical Science.

Cytokine measurement

CBMCs were incubated with 10 ng/mL of IL-4 in the presence
or absence of 1 pg/mL of IgE for sensitization. After 24 hours,
the cells were washed and resuspended in culture medium. The
cells (1X10°/100 pL) were then stimulated with IgE molecules
for the indicated times. After stimulation, supernatants and cell
pellets were collected for analysis of IL-8 and IL-6 expression
and production. IL-8 production was measured using a human
IL-8 ELISA kit (BD PharMingen, San Diego, CA, USA).

Cell survival

CBMCs were incubated with IL-4 in the presence or absence
of IgE for sensitization. After 24 hours, the cells were washed
and resuspended in SCF-free culture medium. The cells (1X
10°/100 pL) were then stimulated with anti-IgE, SCE, or IgE
molecules for 72 hours. After 72 hours, cell survival was ana-
lyzed after staining with Trypan blue.

Real-time RT-PCR

Total cellular RNA was isolated from CBMCs with an RNeasy
mini kit (Qiagen, Valencia, CA, USA) according to the manufac-
turer’s instructions. An equal amount of total RNA (100 ng) was
used for reverse transcription. Real-time RT-PCR was performed
as follows: cDNA (10 ng) was amplified in 20 pL in the presence
of 1 pL of “Assay-on-Demand” primer sets for IL-8, IL-6, and
GAPDH purchased from Applied Biosystems (Foster City, CA,
USA) in 7700 ABI thermal cyclers (Applied Biosystems). Rela-
tive expression levels were determined using Ct method.

Measurement of serum HRF

Human sera (10 pL) were precipitated first with acetone. Pre-
cipitated materials were dissolved in SDS sample buffer and,
together with dilution series of recombinant HRF-His6, ana-
lyzed by SDS-PAGE and blotted onto PVDF membranes. The
blots were probed with anti-HRF antibody followed by HRP-
conjugated secondary antibody. HRF bands were detected by

334  http://e-aairorg

Volume 4, Number 6, November 2012

ECL reagent (Perkin-Elmer). The concentrations of HRF in the
samples were determined by densitometry.

Statistical analysis

Data are expressed as mean+SD. Paired student ¢ test was
used for mean comparisons. Differences were considered sta-
tistically significant at P values<0.05.

RESULTS

Mouse HC, but not PC, IgE molecules react with various
autoantigens

HC IgEs are defined operationally by the ability to induce se-
cretion of IL-6 and/or TNF-a from BMMCs, whereas PC IgEs
lack this ability."” We have recently shown that some of the test-
ed IgEs interact with HRE* We extended this line of study by
testing whether mouse IgE mAbs interact with other antigens,
such as dsDNA, ssDNA, B-galactosidase, thyroglobulin, insulin
and LPS. ELISA data (Fig. 1) showed that most HC IgEs react
with two or more of these antigens. For example, the most po-
tent HC IgE SPE-7 reacted with dsDNA, ssDNA and thyroglob-
ulin, in addition to DNP (hapten used to generate this mAb)
and thioredoxin, which was previously shown to bind to SPE-7
IgE.% H1 DNP-¢-26 IgE reacted with dsDNA and ssDNA; C38-2
IgE reacted with HRE dsDNA, ssDNA, B-galactosidase and thy-
roglobulin; IGELa2 IgE reacted with HRE, B-galactosidase and
thyroglobulin. The possibility of non-specific binding was ruled
out. For example, interactions of TNP-specific C38-2 and IGE-
La2 IgEs with HRF were inhibited by TNP-glycine,* suggesting
that the HRF-binding site in IgE overlaps at least in part with
the antigen-binding site. By contrast, none of the 13 tested PC
IgE mAbs reacted with the antigens under the same conditions.
Neither HC nor PC IgEs reacted with insulin or LPS. These ex-
periments clearly demonstrate that most of mouse HC, but not
PC, IgEs react with multiple autoantigens.

Human IgE molecules also show the HC vs. PC heterogeneity
Human CBMCs express low levels of FceRI on their cell sur-
face.”® Previous studies showed that incubation of human
CBMCs with IL-4 enhances FceRI expression® and renders the
cells sensitive to stimulation with human IgE, which induces
the production of chemokines, IL-8 and monocyte chemoat-
tractant protein 1. Therefore, we used IL-4-preincubated hu-
man CBMCs in this study. To determine whether human IgE
molecules show heterogeneity in inducing cytokine production
in human mast cells, human CBMCs were incubated with 5 ng/
mL of human monoclonal and myeloma-derived IgE molecules
for 2 hours, to measure cytokine mRNAs and proteins. As shown
previously,'® quantitative RT-PCR showed that IL-8 mRNA ex-
pression is induced strongly by a monoclonal (HE1) IgE and
weakly by another myeloma IgE, BS-«x (Fig. 2A). We could also
show secretion of IL-8 protein induced by the HE1 IgE (Fig. 2B).
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However, the other tested monoclonal IgE preparations failed
to induce IL-8 mRNA. Similarly, only HE1 IgE induced IL-6
mRNA (Fig. 2C). Secreted IL-6 levels could not be measured
because CBMCs were cultured in IL-6-containing medium.
HE1 IgF, but not SKO IgE, enhanced survival of CBMCs (Fig. 2D).
Thus, these results indicate that HE1 is an HC IgE and others
are PCIgEs.

A human HC IgE, but not PC IgEs, react with various
autoantigens
We next performed ELISA to test whether human HC and PC
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Fig. 1. Mouse HC, but not PC, IgEs react with multiple antigens. ELISAs
were performed on the indicated mouse IgE mAbs using wells coated with
B-galactosidase, thyroglobulin, HRF, dsDNA, ssDNA, insulin or LPS. Bound
IgE was detected by biotinylated anti-mouse IgE mAb, followed by strepta-
vidin-HRP and color development. Arbitrary cutoff values for protein ligands
and DNA ligands were 0.1 and 0.01, respectively. A representative result
was shown from two or three independent experiments.

IgEs react with dsDNA and ssDNAs. As shown in Fig. 3, HE1 IgE,
which was previously shown to bind to HRE* reacted with both
dsDNA and ssDNA. By contrast, none of the human PC IgEs re-
acted with either DNA.

Sera from AD patients contain higher levels of HRF and
ssDNA- or B-galactosidase-binding IgEs

The ability of some IgEs to bind to multivalent autoantigens
such as HRF or DNA raised the possibility that mast cells and
basophils can be activated by interacting with such an autoan-
tigen via FceRI-bound IgE. Given the importance of IgE in the
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