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Repeated exposures to a certain antigen onto the skin develop the pathogenesis of allergic contact dermatitis (ACD)
with the itchy skin rash. For the treatment of ACD, topical steroids have commonly been used. However, the use of steroids
induces a variety of adverse effects including skin thinning and atrophy, ecchymosis and impaired wound healing. Therefore,
the development of any non-steroid drugs such as immunomodulatory drugs with minimized unfavorable effects have been
expected to treat ACD. In this study, we have asked if any immunomodulatory drugs could have the potential to be used for
the treatment of ACD.

The inflammatory responses to an allergen in ACD result in cascading events: the activation, differentiation and memory
generation of antigen-specific T cells, the infiltration of inflammatory cells in the lesional skin by inflammatory cytokines
and chemokines, and the disruption of epidermal structure and barrier functions. The impaired barrier of the epidermis could
amplify the penetration of antigen. Since T cells play an essential role in the development of ACD, we evaluated several
drugs whether each drug could have a potential to regulate functions of T cells. Consequently, we decided to focus on a Jak
inhibitor in this study. The mice that received a Jak inhibitor on ACD showed milder skin symptoms, a lower number of
T cells in the lesional skin and the skin-draining lymph nodes, a lower capability of inflammatory cytokine-productions in
T cells, a lower number of neutrophils accumulated in the lesional skin than the control mice. In addition, differentiating
T cells in vitro that were treated with a Jak inhibitor had lower levels of the extracellular acidification rate, the mTORCI1
activity and the expression of genes that were related to glycolysis under the stimulation with recombinant IL-2. All the
results suggested that a Jak inhibitor could be used for the treatment of ACD with a potential to down-regulate T cell-

functions via interference of glycolysis.

1. #

WM BRADO T/ L HTH S 7 LIV F — Vil
i 4% (allergic contact dermatitis; ACD) &, 45T 1L
WIEAS, 23 TARREDMR T L7z B2~ Wik i B fil 9= % 2
ETRIET S0 ZTORMNE 2 2% (BUE) 1Z. WELR
NI ANDADPEH)FEEOMBE DAL 5T, fHRAWT
IR SN B ESES - HHEMS - fbEmz EIC&EEThs
T EWETHHEI DD, ThDE, ACDIE,
S EEEE DAL D 2 ERENIRETH 5,
ACDDBRHICIF AT A FHHERILSHH I TE 72,
LaL, ZA784 FAIORBMOMEHIZIZ, BED3EHAL
R FEHE, LB, BIBHREREE R & S F EE RRIER 2
I ENDL, FEATUA FHIORBEIWEI LTV,

ACDDFIEIZ. N THEEVMR T L2 BZICEEL
PURAS, EFERRNOBRMBICHE SIS Z &2k Dk
¥ %, YUEZ S TIHEIIL(RTF FMb) LzBRRMR . Br
JBY) VSN EBE L, FOoTEREY TN RT
5o PUESF % B L7 THRIEEMAL L. LT B2

il

Regulation of the pathogenesis of
allergic dermatitis by the interference
of amplification loop between skin and
immune cells

Miyuki Omori-Miyake

Dept. of Infections and Host Defenses,
Ehime University Graduate School of
Medicine

J5 % B B HERR 3 B 72 D ORKRE 2 T 5, BRRERLT I
FadsEied 2 — @O RIS, ZO%, BijE &I
PR L. HEOS Sz E L7z 2T Y — THIKAYE
PSR HET BIRRE L 72 20 FEOTT UHURAS R ICIE L7z
B, PUR OB L ORI, PURO ST % L
L AEY — THIKLR., THIICH] X %4 57z Sl
KA fi$ 2 2. SR O TGS % 5 ¥ 32
B M H A )G BEEWBKT 27 5F 794 ok
T BEREZ R D 5 N MORBUR T R Ry 5F 7 94

MEKOBER(T RN =3 R) 2RI L, TN TIINEES
borisY(201).

PLEd X912, ACD O 5 FEREME (3 IR JE e Jit & &
LIS RDD2H ), FHMIZIE, BEZMED KH
FEREPUE A~ O M2 MY B 2 & THIEY 2 2 L A% hE
ThHIEDNbroTnS, LEAL—FT, et
HOBHE W 212, ACD OH FAZIIPUE A~ D 3l % 0] 5
THILOMLEHNDHY, EROBEFHTIL, Bz
EHROMAD LI LIELEE 25,

%R T T, RIEOREBICH LY FF /H 4 LD
g, HAGE L MR o KR IZ I H ) BBy, N THRREOE
. HFZEASEYNCHAM SN 2 212X ), REARDON
V) TEEREAMH DN TV 5205, RAEA Wk Ik 2 5 ACD
DRIERFTTIE, KN THEEOKT & A€ ) — TH
RL D HARN T DFRAEDS [ B2 — 028G 4 7 V] % A Al
L. RIEEDRRE L 7230E120, By - #peniessibz /v
L THRIEDTIR - HHAL LR WIVNRBED K TR



A X hAY-ME#RE Vol. 31, 2023

A B EiE
HiE e w \
/ t' *  E \ —_——— ‘-':“7';"' ]
)—ﬁ—;—v—“—v—l—f . MR
== } sy
( 2 ) P e B
3 » YA Mg,
R N e
- 2 i A
(HEDHE) ¢ 0 em
.. S THARG
/‘ i Ik
by i #* ®
U SE gS - .0 '\ ®
FA—Y  ER AT / YIRIT=2
THARE THARR THARE ‘ e
M1 ACDIZTHRRZNTULTRET S

5b0EEZONL, LEOBERIS, RIFETIE, #4
AR SN T2 NIRITRE R BEAASEANCEH L. [
—REBIES A 7 V] OEW ZRATZ, SHIT, ZO¥ A
ZWVEB O TREO N MIHT 22 L2 @BL T, #ik
LA E R L7z m BRI o TR 2 A Z 2 HIR L
725

2. 5 %

2. 1. ACDEFINIIADEREERIRS

EEREIYICIX,. C57BL/6 7 A%t L 72, ACDIZ. 4t
THFge Y L REEIS, BEEL 2= A DA~ O FAL
4 ¥ 2,4-dinitrofluorobenzene (DNFB) @ K 18 # 4ii 2 &
0. FEBRIICHER L7z, FEEREIC X olive oil:acetone (1:3)
TIHEE %2 L 720.15% DNFB %, xJ B #1212 olive
oil:acetone (1:3) # H\:72, Day 0 UBAVEE) IZIZHITE L7-E
R B~ 100Ul DB % WA Ly day 5, 10, 15 (EikE)
WIEHIE L 72 E D 5 T E N E~NENEN50ul
HBHIE25uL/ i 2 W EA L7z, HEBICHEREZ %
FigHEAE LTiE, ) v Hi O OB IZ TR E
B2 T8 DNt OEA T E % Fv72,

BEAF SRR, BEAE O SEH % Bat LR 4, 187k %
JEMBRBTIESHHEN TV JaklHEAZ Wb L b
L7zo Jak BEANG, 8O (Pxh g™, 2307 1 2
77 =) HDLVIEREEN (T L7 F AKEF0.5%™ B
W) ISP G Lz, #G8E1E. RELDOEN e b e
W% b L H WAL THV . KEOMRIZ, DNFB %A
BBOBEMEZNETLZ LX), ErDZ{LE LT
fili L 720

2. 2. HBFAERER

4% 78T RNV AT VT FCEELIZHNME /8T T4~
WL, WY LAWREAT MR YY) Y - Y G
L. BHM$E (Keyence BZ-X800, ¥ — T ¥ A) IZ TR
217

2.3. 70-YA M XR)—

B d B\ Id ) Y oNEiA S HIMERZ L, fie ok
BT/ 70— F VPR CHmE A L7z, MlaRmDd %
WIIBEN O G TR BL A R TR W EOLEE 2 7 1 — 4 A
F A —% — (CytoFLEX™, Xy ry<w>a—V ¥ —) TF—
AL, W L7 — % 2 BN Y 7 & (FlowJo™, H
KRZ bV - F4vF ) #HCTHEN LTREL -
BAEAL L7z AMERD &Y 7k v M id. lineage marker
(Lin) Z# CD3, CD19 B X I°CD49b & L T, #FHEk(CD45"
Lin- TCRp CDI11b" Ly6G"). HLER(CD45" Lin Ly6G
IA/IE SSC-A° CD11b" CD64"). v~ 17 7 — 3 (CD45"
Lin  Ly6G IA/IE™ CD11b™™ CD64") . Bl IAlE (CD45"
Lin" Ly6G IA/IE" CD11b™"™ CD11c" CD64"). y5T
ffa (CD45" SSC-A” CD3" ydTCR"). CD4 [ £ T il g
(CD45" SSC-A” ydTCR TCRB" CD4"). CD8 T
Jfa (CD45" SSC-A” ydTCR” TCRB* CD8") & L TEFH L.
FE L7z MlEiE. &7 — N OFEAEHE (%) & 64 O
faf S H M L7z,

2.4. ELISA

BeR & %30 v 8 d 6 ARG 0 BERE E (Auto
MACS, Miltenyi Biotec) # Ji\»TCD4 BE TN 5 v
(FCD8 B tE T 2 #iAL L. 1T M2 2 AR Dk oo il 3



FAETCTIORMEE L, FEREZMIL, EERIC
GENLHA P A A v (IFN—y, IL-2, 1L-4, 1L.-13, GM-
CSF)DiE%, ¥ K4 v FELISAEIZ X DillE L7z,

2.5. EEMRT-PCR

FEWG & B\ ix ) v 23 Hids O MR kg ] 45 i & 2 v C
AL L 72CD4 B THINE 2 2\ W IZCDS Btk THINE %2, it
T AL Z BARBUR O RIBATAE T C 4 BERIRE 2 L 720 ML
7o 2 X L, total RNA Z 3l WG RISIZX Y
cDNAZ B L7z SEMETERHRENIRITES 754
R=BLOTO—TE T, RS T (Slc2al,
Slc2a3, Hk2, Gapdh, Pgam 1, Ldha) ®HIRHFH & % 0
E L7720 WEBKEHE L 72 18S rRNA DA B FEBLE 2
THHEMSZ LICLY, BHEZERILL,

2.6. KBTIV I RBER

A S Bl e 2 W CHRIE L 72 4 — 7 CD4 Bk
THINED B VidF A4 — 7 CDS B THINEZ, $LTHIZ
HRPERORLGFEIE T T2 AL FE/ L TE 5122
HEs: 2 UHSREI TR & Lz 2 OXE2EMINE %2 30 251
Jak FHEHRI TULE L72fk, Va v+ v FIL-20H4TF
TAREMFEL L 720 FIBL 222 I, 79 v 2 X7
7 F 4 ¥ — (Seahorse Extracellular Flux Analyzer XFp,
Agilent Technologies) % M\ T, SEFHETE GBI/ AL
M) 2 WE L7z

3. X

3. 1. JakBEEHIIC &S ACD RIEFIHE{ER D
FIRI I P Jak RLEH 2 05 L 22~y 2 &L K

B E—REIEEY A 7L OERICES T LILE — B ERDRREESfH

WG LB~y ATACDZ RS EE 2 A, %t
MR T, ERFECIRARZEIROBRARD H iz,
T2 NBBEORFTELTIX. 79 F /%A b OBGEIE -
JERAL, RKEOBUMEEAHR S Nz S HIRATEKET
. WHRER - ) U SERk - e T 7 = VO BEE FoM
OB EPSERH L Wohi, —J, EBIETIE. 2
NHOETORREAEI S N Tz,

TJa—H% A M A MY —=ZHNT, MEERPROREBIT
ACD ORI R IR LMl 2 [ L. Jak BHEH 2
U7 EEiE e MBItk Lo & 2 A, EBBECIE, H
MZE TN DEFhERB X O°CD8 itk T ML o M e B skt
BB DHEEICRD LTz, T2, BERY © /5 5Hd
720 O CD4 Btk T Ml - CD8 Btk THIfE oMak. CD4
Bk THINL CHINB S 72 0 D RIEMEY 4+ 4 > (IFN-y,
IL-2, GM-CSF) p A s A E R TH B LTz,
—7. CD8 Btk THIL Tid. Miled 720 ORFEMES A4 b
#1 4 ¥ (IFN-y, IL-2) BEAERIT VT NI AL TH - 720

3. 2. ACDDia&ZEELTH Jak BHERIDFTEEMED
RE
20204F 6 H. Jak LEHISLHEED 7 € —PEE R T
DRERAAR SN2 & &20F, Jak BEEHISHVHEZ ACD
FEE AR ISR IS H G- Ly 72 ) Y45 Lo~
&, WEER B L, ZOMR, DNFB®Ai&RONER O
BT 6Nz T2, SIERTT ORIRBIE TI1d,
HRZIZ—EDRIEMLDRE 2 52072 b DD, {FIER KK
DI DA 7% &\ e DEPAA I 23788 5 7z (14
2)o

Vaseline (n=3) vs. CORECTIM#}F%I (n=3)
BRAEE EittlE
(_L\ [ A 1
Day O 5 10 15 16
L ] ] | | o
0.15% DNFB 1 O O O
COR. or vaseline AAAAAAA BERRE
HE#: &

60
A O Vas. ¥
oy ©
é; 20
m.v
0 d >
5 10 15 (B)

Vas. COR.

2 Jak BHEHISMAEZED ACD jAEZE & L TORTERME



A X AT MRS Vol. 31, 2023

3. 3. THRAHVETIJICHITS Jak HEH

DER

ACDDOIIER THIEZ AL TlEZ Y, &2 Td, CDS
e THIASACD EBREF VO LD L7 =7 ¥ —Hili
ThoEWV) I EPRIAMRETHESATYDE Y E72,
[T OFEREMERT - HEFRF - FORIIIHHRRE O 2L (L3
VETF) 7)) v BEOa Y U A% ZT
T THIRROMRH) EF ) v 7B 5 Jak (HER O/EH
2DV Tin vitroB 37 % WV THE L7z, THITEO#RE
PER - MEFE - ORI BE 7 X TR R L0
RREZOZALDHED S ERMONT WS, RIFFETIX, T
ML DAL - BREEEIFICHTH 2 REEYEICE H LT,
Jak BHEH]I OB EKET Lize ZO%EE. CD4 Bk THIE.
CD8BEE THINLIZE D 537, Jak FHEAILEL L 724510 T
M Tid, IL-2 BT ESA§ 2 G DR T 25580 5
Nizo o WHHEALTHIRR TR S 1L 2 BRGSO A2
9 mTORC1 D%, S6 D) Yibkz ) — K77 b &
LTHEL72EZA, S6DY VERILIREE D Jak BHE#] L
HIZEDF v vV ENBEZ ERDYP 5T,

S HIZIL-2 ORI & 0 3EG AL T Al T 383 2
BB G & 1n 1 (Sle2al, Slc2a3, HR2, Gapdh, Pgam 1,
Ldha) DM LIE 2 A, BET L& TORETI
WS Jak FHEHVLEIZ X VKT LTz,

4. ERELUHRE

ARWFZETIX. ACD O FHEDS [ B2 — S8R+ 1 27 v ]
D E & IR D, DA 7 VOHEFEDS, K8 RIE
DEALREBIE R 7253 L0E L. TR —REiiE 4
7 V] OERIZ X B ACD O REHIH O v gEME: & MFE L 72,
ZOFER, Jak HEANZ. ACD ORER & £ O % A &
Wz 52 R L7z KO RAERFTICER L7z Fii
AT L2 L 2 A, Jak BHEHINC X 2 ACD @ F ¥ i 8
OFPLE M LT, 2. CDSFEE THINR S X UNiFh Bk
DEBWHILTwE I e A L. BMEHEARD X EY
— CD8Fth THINLIZ., DNFB% M W72 ACDEFVIZH
WCHFHERZ ) 7V — b B EWAREY BB b, DX
B, Jak HEREG To~ Y A CTREIIRML-CDS
Btk T e oA x. GFhERE O T & B L T A1)
REPEDSHEN S Fze F /o, RIERPTICEM L7-CD4 Btk
THIK O BIZZAL D o 72— F7 T ) Y234 CD4
Rtk T AL O i Jak BLERHE G- T O~ o A THEIZRA
LTEBY, 27077 —YDORIERE & MRET S IFN-y %
GM-CSF. THIfEOBGIZb AHIL-2 L oz A +
A VOREERDFELLIET LTV, $§4bb, JakHE
FlOREITH - 12, THIKL % A L7z ACD DR B2~ %
JEMIE O EAERL, THIRBHRY A A4 v OEAEZIHIL.
ZNEEA LR EIROZICH LT #HC/ER

THIENTFHENT, &5, ACDSIEMRIC Jak Bl
F % fE e 5 L7234 T b ACD D REHI I — & DR 4
MRED LN &5, ACD DT~ L 72 55
HIRL O BEREMIENC D Jak FHEHIAWEH 3 2 W REME SN &
N7z,

I, IAERFE DS EHICHEIE LT v B THIE oM
N AN F—RHA~D Jak BHEFI OFEH 2DV THRE L
7o PUEIETRZ FEAk L7z THIKL Tk, 3RS PE - CRfpl
ARBTG5 Y 2O, HEIERAER I 7
77— RIS 2HETH R 5N 5. ACD DIRIE
R THRAGLETH S ZEeh s, THRNOZ R LFE
—ACHNC Jak BLERI 2SR A W REME 2 A Ly MRGEL 720
BELZEBY, 4 "I VZHEEKY T F VLD E
PEAL$ %2 mTORC1 DV > ERAb< i BE 5 T 0 FE 8,
Jak BUEANC X 02 S, MEEERARDET L Twi,
Fx OWIIE T IV — T DATIFE Tl THIRLOMEHERE DK
I, B b EHET L 2R ER TS Y, Jak
EX ORI, THRROMIERAHZAEST LI LICLD,
PAEIE % Bl C & B REEAVRIR S 7z,

AHFZE TIE, Jak BLEH] o T H K A8 3 o #1802 A L 72
ACD OFRREHRIIC OV TH S A2 Lze LA L Jak fHE
AN, T HBE AL o ez Ml i <o Bz 1 o JE i BRCRAR LS b 1
M 5. ACDDEHIE L LT Jak FEH o NIRR Y %
E2HI2E CHSOMICBTAEH HS T 540
ENHDEER D SHROIEBEFEOMEIIIREL 720

ARRICKVEONHR

Michiko Okamoto®, Miyuki Omori-Miyake*, Makoto
Kuwahara, Masataka Okabe, Mariko Eguchi, Masakatsu
Yamashita: The inhibition of glycolysis in T cells by a
Jak inhibitor ameliorates the pathogenesis of allergic

contact dermatitis in mice. J. Invest. Dermatol. (in press).

e CIE s

(51 FAxZ#R)

1) T. Honda, G. Egawa, S. Grabbe, K. Kabashima:
Update of immune events in the murine contact
hypersensitivity model: Toward the understanding of
allergic contact dermatitis. J. Invest. Dermatol. 133,
303-315 (2013).

2) A. K. Brys, L. G. Rodriguez-Homs, J. Suwanpradid,
A. R. Atwater, A. S. MacLeod: Shifting paradigms
in allergic contact dermatitis: The role of innate
immunity. J. Invest. Dermatol. 140, 21-28 (2020).

3) RHBRE: 7 PE—MEMEOREIIBIT HEEOY
WIZAL. HARR 7 L F—F 24 1, 35-45 (2018).

4) T. Inoue, M. Omori-Miyake, S. Maruyama, M. Okabe,



M. Kuwahara, H. Honda, H. Miura, M. Yamashita: The
loss of H3K27 histone demethylase Utx in T cells
aggravates allergic contact dermatitis. J. Immunol.
207, 2223-34 (2021).

5) A. B. Funch, V. Mraz, A. @. Gadsbell, M. H. Jee, J.
F. Weber, N. @dum, A. Woetmann, J. D. Johansen, C.
Geisler, C. M. Bonefeld: CD8 " tissue-resident memory
T cells recruit neutrophils that are essential for flare-
ups in contact dermatitis. Allergy. 77, 513-524 (2022).

6) G. O. Rangel Rivera, H. M. Knochelmann, C. J.
Dwyer, A. S. Smith, M. M. Wyatt, A. M. Rivera-Reyes,].
E. Thaxton, Chrystal M. Paulos: Fundamentals of T

BE—REEEY A 7V OERMIC S 7 LILE — M EERDOREESIHE

cell metabolism and strategies to enhance cancer
immunotherapy. Front. Immunol. 12, 645242 (2021).

7) B. L. Gocinski, R.E. Tigelaar: Roles of CD4" and CD8"
T cells in murine contact sensitivity revealed by in
vivo monoclonal antibody depletion. J. Immunol. 144,
4121-4128 (1990).

8) K. Toriyamal, M. Kuwahara, H. Kondoh, T. Mikawa,
N. Takemori, A. Konishi, T. Yorozuya, T. Yamada,
T. Soga, A. Shiraishi, M. Yamashita: T cell-specific
deletion of Pgaml reveals a critical role for glycolysis
in T cell responses. Commun. Biol. 3, 394 (2020).



