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Regulation and determining mechanisms of melanocyte killing in vitiligo

Fukuda, Keitaro

3,200,000

gpl100 CD8+T
CD8+ IFN-y FASL

RNA-seq a

JAK

IFNy cbs T FASL
A HBA

HBA

In this study, we attempted to determine molecules involved in melanocyte
clearance in vitiligo. We generated multiple vitiligo mouse models by injecting melanocyte-specific
cb8+ T cells lacking single effector molecules, such as IFN-y , TNF-a , and FASL. We found that FASL

is involved in melanocyte clearance in vitiligo in addition to IFN-y . Furthermore, we performed
RNA-seq analysis of the whole epidermis and upper epidermis to determine candidates for unidentified
molecules expressed in the epidermis that contribute to melanocyte clearance in vitiligo. During
this process, we unexpectedly identified that hemoglobin a (HBA), which serves as an oxygen carrier

in erythroid cells, was expressed in the upper epidermis keratinocytes and hair follicle
keratinocytes in the isthmus region. Functional analysis revealed that HBA in keratinocytes is
induced by oxidative stress and plays a role in reducing the oxidative stress of keratinocytes,
contributing to the skin barrier function.
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1. ARMBRLIDER

SHAEABEE, A7 /AN URR SR CD8+T Ml &h | A7 /A
WAL HBEDNTERS LTV H CREMERERE Th D, sl
T AT AR HRIGRIIEDTON DD, BRH(IT 20~55%L5i<
IR BUZ, FDIRFIRN RO = OHTHIG IR E N T,

BERIERLETT L~ T ZDMBN G, HEMEABEIL, (1) AT /% Ab
PURKE A CD8+T MM EH AL 25K CXCR3 ZIH L, A7/
T A MR Z L CTIFN-y ZFEAT 5, (2) IFN-y 23 LR IFN-y
ZREICHEA T 5L, JAK1/2-STAT1 o 7 F LR S NTEME LS, Ak
FFAT CXCR3 DYH R CXCL10 ZEAT D, () FDFEHR. AT/
B A MU R B CD8+T AR D B &R AMEHES L, 514D
IFN-y 2PEESNADEVIRIST 4T T 4 —R Ay 71250, ABERIERL
TUZEDHAL IS (Rashighi M, et al. Dermatol Clin 2017)
(1), 2L T JAK [HEANIL, fAbMEaeo CXCL10 DOREEAZINHIL |
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CD8* T cells

AT )V AU R SR CD8+T MR DO &R ATV SH5H2ET, H
A AR LSEHIEN TR EBE TR, FlliaRiEEL TR
SNAHIHT72->7- (Rosmarin D, et al. Lancet 2020), L2>L., JAK [E.
FINT, REIREL , FEER ISR D AT /A MU R R central memory CD8+ T i (Tem) &
WAL, K FITE EDAT /YA MR R R resident memory CD8+T Al (Trw) (X8 &1
T, —EDAT S A NURFF T CD8+Trm 237kt 35 HEEIX, JAK [LEANZIVHEAFLITSED
RN EMABLZENT= (Azzolino V, et al. J Invest Dermatol 2020, Liu LY, et al. J Am Acad
Dermatol 2017) , {G# RO E\WIEE A FRAET 270 121F, IDIZ, AT/ FA D RIZE DS 5 1
ZRRETAIBE OB RMLE THLI L RBS T,

B SEMERBICHTBIFN-v -
CXCL10YJFIL#ZEE (Rashighi
M, et al. Dermatol Clin 20174&D)

A7 )V A NUR R R CD8+T M A LA A THEA S BALNI 2 o7 — 5 T S A B
\ZBITDAT /P A MY R LA SN2 > TR, TDFIREL T, AT /YA MY S 2 R B 9
DIt e (1) 27 /P A DB I OAT /A SRR A CD 8+T Az al ik - £ sl T, (2)
A7)V AMURSERE) CD 8+T A RIS 12 KIS EDZ LN A EERSEIEAKET L~
UAMPFELRVDIEDNE T BN,

ACT

REEE LT, RLZILERE AT VAR T5 K14-Scf <7 & 56y PMELS IL2ip.  gRif
(2. Thy 1.1 B30 gp100 (A7 /4 A MR D 10) #5540 CD8+T il “ws® 1 11
fi (PMELSs) OFfE, 5Gy D RURHRIRE | IL-2 OFENI 5084 B4 0o 123 4
RN 5725 adoptive T cell therapy (ACT) & BMDC % gp100 <
TFRTOVALTERL7Z DC 7275 (DC-gp100) DFHEEITHIZ ~
LT, 5~7 MB%ICE DI BB L ek U I - M
R BRSO AE T 5~V ADVERIC R LT (S35 14 F BE
DC &5 /v, Riding RL, Fukuda K, et al. Pigment Cell Melanoma

X2 SEMHAR
DCETILD
VI—-IEERKRE

Res, 2020)) (X 2), Z=ZTAMFZEIX, 2D in vivo DRIZ, IFN-y 72
EOMIIRAEENE S T OB T2 K KSHT2 PMELs OiiEE1T,
BB, K14-Scf =7 2D 0VIZ, AT /AR ENT a0 —T %3
B9 % K14-Scf v U A& %, 2L T, ZRHD~ T AITHRIEFHY
FRMTROTAT AA=T U T HATV, S MEABEZI T H AT /A ME
IS Z MR, FT IR 2 BRI 522 HET,

R . T
%
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2. AEDEM
ARFFEClE, SFEME ARV TAT /A RHE L L TITOEREE T L L, A7 /A RDOTE LRI
59255 FDRIE, LT, #NoD50 TR ELT-IERON R ORGEE BRIE L,

3. ARDFE

(1) SEMEBEDAT )Y AMNERIZEDDAT /A M UREFERY) CD8+T Dy 1D FRIE
CD8+T #1734 T PMELs T&% Pmel ~7 A& IFN-y, TNF-a, FASL, /<—74+VU. (PERF) 72
OIS EME D T OB T BN KB LI~ A2 E L, IFN-y, TNF-a, FASL, PERF K18 (KO)
Pmel ~UAZERILT-, 2L C. 2NHDO~TAD gD, MACS Z AW CHIREEM S 1 KO
PMELs Z4yEuL . =& A HE DC BT /VICE AL, 7 B, B & R JBO [ AT T DO

FO T —H A AN =% W RO RS IRE LT aE =Sy 7 KO PMELs D0 a0 fiEtT &




1777 ZLC, avba— L OB AR PMELs FELHLERTDZE T, S ABEO AT /YA M IR
HA 225 A NIUR R B CD8+T M 2y T- D[R E & ik A 7=

(2) =ENEHPEDAT /P ANERIZBID LRI D5 T DIEIE

FHVEABEEROAZ /A NI, AEFHEDAT /YA REHIRL | BRAE AR RIZH L THESS THHIEMN
HBIL TS (Frisoli ML, et al. Ann Rev Immunol 2020) . #Z, =M FBETIX, ZEZOMIL AR
AT R DD COD AT REMER RS LD, Bk 13, SHHEFIBED AT A NI B
F Doy % RETHI2, Exofoliative toxin A DEEFEALERIZ L0 —MRICEERLE (R i&bE) %
Gl FIEE BT HHEMT A VT, BN O R @A BiEEL | Dispase ALERIZED /yBfEL =%
RE A FIV 2 Single-cell RNA AT C. 1 B I 5 1038 O L DML CHRBLL TOHh B L 7=,
BRI R BB 2RI TODMIRTRIES 72k 3D i ELFRL, SHEIEHBEDAT
FANERIBI T D RE D5 T TSI RIEE AT,

4. AEKRE
(1) FEMEBEDAT )Y AMNERIZE DD AT /A M UREFER) CD8+T Dy T D FRIE
FHMEABEDAT /A SO RIZEEE 5 AT /A MU R A CD8+T M7y F4 [FET 57
., B PMELs <2 IFN-y. TNF-a., FASL, PERF 73K #8 (KO) L7= PMELs %= % |15 DC &5
JNTE ATz, ZDfER, IFN-y %7213 FASL X8 PMELs #5813, A I HE M AsEOR A RS
FOEBEAa T 2384 PMELSs & Hel LTl L QU =, PMELs % 5- 7 R RO R FZICIREL
7= PMELs O%5% 70— A AN —THIELT2E 25, IFN-y KO PMELs # 58 (N=13, p=0.002),
FASL KO PMELs #&5-#f (N=12, p=0.014) |X#/£7 PMELs & 58 (N=25) L~ B EICHRKL
I L= PMELs 0¥y 7eho7-, — 77, TNF-aKO PMELs # 5.8, PERF KO PMELs # 5.
WXL SEEABEOR AR AT T - FRIZIRIELZ PMELs OEUZHW T, B4R PMELs REL72
ZRDIEH T, PERMNBFNHILTND IFN-y IZHNZ, A7 /A MR ER L) CD8+#lfid FASL 73
=M ABEZBIT A AT /A RO KB DA LR RIBE ST,

(2) AT I ALDIEI - MEFFIZBID DR (T FT /Y ANETNIAT /A Do T D[EIE

HEEH DI, JCITEBRIZ T Iingr”K14-Scf <~ A (IFN-y 52 AR R e~ R) % VT 1 A BE DC
T VOERMERADL, ABHIE RS2 82 % BT (Riding RL, Fukuda K, et al. Pigment
Cell Melanoma Res, 2020), —J5C. Ifngr"o#X; Tyr-Cre ;K14-Scf ~ 7 A (A7 /WA MEF T IFN-y
AP RK LT K14-Scf =7 2) Z VT, S EPEABE DC 7 LV 2{FRILI-EZ5, K14-Scf v~
ALFED FHBEAT T OB FEDO BTz, SHIZ (1) D5EEREIY, IFN-y KO PMELs & 5-#£T
(. B4R PMELs BEEHEHRL T, A BICR IR+ PMELs B3 +5Z 825 BLT-, L
DFERIND, AT /A NFURRERY) CD8+T M2 FEAT D IFN-y (X, PMELs 23 & 2iZM 357
DITLBETEDS, A7 VP AMIEEERL CHEIEARIZE G- LR W e RS, £, =55 H BT
(BT DAT A NE IR L, BT AT /YA RD IFN-y ZHAREEEOIEMALIZ T TR <G
DTIF RN EGRIEI NI,

FHE AP O AT 2 AN, BEFEBDOAT /A REERL | BRE AN AR L CTHESS ThHIEM
5T (Frisoli ML, et al. Ann Rev Immunol 2020) , =2 C. HEEEOIX. S EAR TIL. #
Rz DB AR ABGEBERE Z S5 3 AT QA EE %, Exofoliative toxin A OFESEALER I C 10 BB 7=
vhdFKFZ EREL, Dispase MLELIZLVpBEL/-EhER 2B D RNA-seq 1TV, \ ENREZ LJE- T8
VR R BL T D8R T REO FIZ, RFEIE DR EZIZEBTHIALAN ABGENZ B0 5 55 153720 s
PR UT=, TOWFET, ~EZ ey a(HBA) ® mRNA 23, Eh&E~TADFE K FEICEEIL TWHE
EEFE LT, HiV T, ~ AR BRI RE H 72 Single-cell RNA fi#fT 2170, HBA mRNA 2335 E
J& (A kS LBERLE) O AL TRIL TODZEZHLINI LT, EBIZ, Ehe~T 2D R EY) A i
$LTC, HT HBA HUiAZ V= Yu i 24T cv, HBA 23081, BaME R DOFK L FEBLOA
T 7 ANBL OB UM FET DB OR LRI THIE2MmB LT (X 3, 4),
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BT, R BT AL AR A THDERIMR O B
ZIEFEMIREEB R AR D 3 Rt & K
JEIZRIL TIT 27282 A, W T s TH HBA @ mRNA
FRELNFHFEINTZ, ZL T, IEFEMIRETERZ AL
HRIZ 3T SIRNA Z2 VT HBA mRNA % /w7 2Ty
VI AL ZHT4Tarre— L O siRNA 38 AL
FEE L L C | SRR IR 72 OTE PERR 3R 0D E AL B3 1Y
iz,

L EO#ER G, HBA IZALMIRIZI T, S5
EDBALAR R L > THHES I, LA 205
I HZET, RFE ANV THERED — i a o TN EN
R E N7 (Tahara U, Fukuda K et al. J Invest
Dermatol, 2023) , A7 /A MIAT =LA RETTH RN
T, A=A, BBERVLETHLIENHHNT
WA, LU, AT 3 AN, BBEDNMLE SN D), £
DA = A LI THD, 4 EIOFERIT, BRBE O

Mouse dorsal skin

Hba Hba
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X4 HBAIL. EEH#HMENFETS
EAEEHDORBZICERIBLTLVE

ANET B AL S TIRBENAT /A MG SN D A REME 2 RR LT, 5% . B0 r75 /9
AREZITIAT I ANERNIZ HBA N RIBLT-20 T 433 L KO =7 A% AW CEH A BE DC &
FTVEVERIL , st ABRICRBIT 5 HBA OB MFEL TITE 20,
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