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Oncol 2020), Z ? & 5 IC—AYICHF RRRIE
TIXEA LY H PFS ZMET 3 HODEIE
AHRRL AT . FRHBEFED
WENLETHD, & Mk CD26 HiiEDERN
BEPRERER T 240 B9 Nivo IEFHEB R HIH
13 BIgEBRE L ip > TR Y | ICI DIEFRIEHHE
BEOEBELVMHALIEINHEE. R
RE~_&FBREL VXD,

LAEDS, & MECD26 HiiEEAITHLHES
HETTRREIEONTNEH, 2LOE
P REBEIC. &YRMMREEDRE



RIWTZ D, FUIO>RLELFHRARED
RS & k72 BEE L L, CD26 Hifk & ICI
L DOUFRAREDORREEITY, TEEIX, ()
t baglb~ U A & RV B FIERR D

RTHBEET V- BENBEET VERBEL,

CD26 Hiifk & PD-1 MiEZTNENOHA LY
HFRARE TIHREEDRS L VB ABD
bhB7—F 2/ THFTFHEZIT - ~(&E
2021-091761), & HIZ CD26 HLiEDHF =724
EEERA A =XLL LT, Th EEFES
A ' MIG, IP-10 DEHR % LA X5 —5 T,
Th2 #E 7 EH A > TARC, MDC DHEE L&
TERBZEEZRHL EFANCEETST
HRRDT7 = ) 24 TEELIEHAHREMEN
Ex2bh3, £, (2)CD26 FiEFRIENES
RAERBIRTE DM Ad~w—Hh—
¥ BET B 7-HIT. CD26 HiikDEPNERFRR
B T SD M RHIMIFRE L 7= fEFI & PD EHD
REAR CIEFESMEZE)VHL, DNA<
A 7 a7 VAT & D BETFRBROERAAE
2T A A — I —EROKRViABRE
fT-oTW3B,

B. HEFE
SRR EEICER
(REBE~DELR)

bt ME# L CD34 BtEiE et K U
AREEORHMZ AW =HFEIZOW T,
BENBERBEE CTHIIERERFERFER
EZEHER TEREZIT I OOWEHE
EE L HGEREEZRS~MEH L. AREZHB/T
WA (EXERSE 2020280 &, 2020291 B).
¥/, b Mk CD26 HilkDOEANE VI 8
KRBROBERELZAN AL A —H—
BERHFEIZOVTIL, BRAREFEZER.
SIRRERRBRADEREEZESICT.R
BOERESDLE TN A~v—T—EER

i - B R DR SOV THE S I,

EHEARBELDEESTH D, RIEMLOREE
T BBITIT R RE T T B ARFEH

LOBERUHEICL Y HENRENZIT
SAFE, RIBRZEOHAZITV, EFETOA
VI —hARearey hEETWS, B
EBROERMIIVDWS 3R IZESNTITW,
IERERZFEFRERDMEAS ITERH
EHEZRHLESOLE, KBENTVWBHEE
#BE 5 2021056),

t Mk CD26 HikDEANE LI HEERR
BROBEREEZRANEAS Av—h—1R
HEICOVWTHE, BRRARFEEZES. &R
REMHERANDORBREEZRESICT.RRO
EEEbE T A~—D—REAK
i - FEFHREREORBHI OV THEBS N,
EHAREDEESTH D REORHEFR
i BBRIZIT I FER SR E IO 5 ABOBE# b
DEERUHEICL VHEXRER TS
TR, FIBRZEOTAZITV, F@TOA
TA—AhLRearker BTN,

C. TR
1) b Mugb~ v AOER

t Mt CD26 FifFid~ U A CD26 (Zidfs
SLARVED. b hoEMGEES BV Y
ERHY, PD-1Hik L OHFRABHRERET
Bl=Hizid, b MpEMiasEE Lt M
Bt~y AR EMNT ILENRH D, DD
Wik, EEOREARLY YR THS NOG <
U RIERBEOHFEREBHE L. £ FoEL
BHREBRTILENH D, & MR ME
MEHBI Y E ORRER L BERRIEZ BRI L&
WHERTE b T MIRANSRET D HEELHL
L7z, b hesmed#iiaZz BaE L < 10 BEE
BT3ETII~YAOMFOE MREHR
D#I 90%A B FMR(CD19 )T, 10 LA
Beix b b CD4 T #ila(CD3 Btk CD4 Biik)-
CD8 T #a(CD3 Byt CD8 Bt DEIE 73



Br T ZTVWE 1338 B Tide o mzk
FaDK 10-16%A% T kg, 17 8B TILH
25-35% 8 THIRRTH D L& RER L,

E R ERRE IMNRER)B LT
H226( L)L, in vivo TOMFENIEFIZ
B EEATRT 2 £ T 5-6 @R
=, < UAENTE b T MIEOKRE
% T 2EhSRMaBHE 138 B (B
BREMREE R TBA L,

2) t Mk CD26 Hitk & PD-1 Hitfk & DOER
HROBB

JMN BL U H226 #t FeE{b<=URAD
RIESHICETBALT 5 BRERL, /X
RIEER R EFER LR A 5, control
human IgGi, & h{t CD26 #Hi{f B,
mouse anti-human PD-1 mAb (CAF, PD-1
piik)Em, v Me CD26 fifkl PD-1 Hilk
OB ZFhEh 200ug/dose Tl 3 Bk 5
Ed e, EEYA XE2BIZ 2 BIR-FLE
#ES. control Fif#H 55 & L8 L T, CD26
PiiEBEMm(YS alone). PD-1 HifkEm(PD1
alone) ENEN CHEBEOMHEN RO
7S, BB ERE(YS+PDY)TIZ & S IZfE
B A XRPMEINT EWRE =, H226 12
BWTHEBKOBERIBFLONL TS,

B R CERLERD n BERDRVAS,
#4239 WA TOEBARMB L UEIXL
7-MEEEEOM 5 T, control # & YS alone
B, F 7213 control # & PD1 alone HCTHE
ZR3BEDBNARV—F, control B &
YS+PD1 #T p<0.05 DFEEMBRD LN
(Fisher D EHEIRTE), MHLEDHAZIE
BHFEND,

3) t bk CD26 HitkDF - e FiiBEE1ER £

B =X LD REM

CD26 HEICIXSFRARTEFERA =
ALNREZ BN, THETIZ CD26 ZHEH
T HBRAMBROMIAKE LD CD26 (ZhifEds
AT H L TUEENICHEMEIHICERT
BILEEALNMILTERE, &b DPP4
BEREMZEET S 2 L BNEERAB~DR
BRAREEAZEMEEIZENREINT
W3,

TE TIZ CD26 HiiEnENE 11 HHER
KRBRABEOMFORMM Y > _ERER
T. CD26 HifkDF#% - WD EL TRILE
BN A=A —DEFRERZTE R M
WHhOYA " HAL Y « TEHALVDFT
CD26 Hifkix 5 iz & - THEXtBASMNT 3
HD, BYTHLORHDBZ EBRENT,
FTYH, RER Thl MEET TV
T&% 3 MIG/CXCL9 & IP-10/CXCL10 X
CD26 Hifk#g 5z & » CHiEHEBENEE
WML 7=kt L, K3kE97: Th2 HikalE
£ EHA T D TARC/ICCL1T & MDC
/CCL22 OMHPBEIIRBPTHZLERH
L, LR - 188 - RRER MBI T
TR LEBATHL W ThOEGE THIE
CLAEDBETHEBRLTELLLTNEZ L
BRI,

INHORREMS, CD26 Hifkix DPP4
BEREHZETIRA L T BRICLD Y
EHA OB E TNICE bR OEHEET
EHTHRITRITEIA VELERBE
HEBYE L5 2L T EEEABICRET
HREMREELESERZ ERTFRENT,

4) ENE VI KRR R E OISR EE
RROBISTHBFHT
CD26 HifkDEMERR MR TIEEHEE



REDNSA F=— A —RFICRESE LN
Dk, BIHERLFIF 26, B ANL
31 Fis 21 HloFt 28 F1(23/40) T, HERI
PR 0 #l - SD 16 #i - PD 6 #i - sHETEE 1
B ThHho71-DNAA 70T LA EHFTSD
fEGI & PD EFOREFRIALKEZIT IR
2, BET_REEFHE LTHER - AR -
PD-1 #i{& Nivolumab &5 DOFENEIT S
N3, EEREEED/ M F~— b —REF
BENG o 23 fid, FUEELHROHEH
T&= 22 FlEHER - HEEE - Nivolumab
BEDHEODEE TEEL/-AER. 45 -4
#%2 « Nivolumab # &5 O H A F U&HE T,
SD #iE# & PD fEfI% 3 FlLl LB D DI,

FB44% - ER% - Nivolumab 5% L) (SD
6 BI/PD 4 B)DH TIH o778, SD 6 fEH]
s E A TFHIR PFS A&\ 341& PD 4
BlH CIEEHMAZO Y H L, DNA=A 7B
T VAT Z2 1T o7,

SD # 3 #il& PD # 4 L O THRIETF
BB OB EITV., PDHLEELTSD
HTRERAL W RETFHE SD Ll
LT PD H#THEREALTWAREFHE
E—heyAICELDRIT L,

CD26 HEDOFEMEFR A A~—N—
& LTRFFHBEORTRENEN 5 57- | BAERY
RBETFRITAR LRV, SD EH 3 Hilic
L@ L TEBEEL T Y PDEFI 46 TIXIZ
EAERBRLTWARWREFXFRH LR,
F7=. SD EHI 3FNCIBL TIFL A LRER
LTHELT PD EFTIRRERNBAONDH
BFY L ZDKVAZRZEIToT. 5%.X Y,
Z (2B L TIEEREARORERBZITV.
PFS O#ifMAE<L CD26 HlkfEiiIcA
ShigfER & HEhTidkiev PD FEHI & 0¥)B)
ICHERNE D PBRETT 5,

D. #&

b MMk CD26 HiikDBIER A2 WFRIA
EENP LT RREZRRE T D
IZ b Mgk 22 AW e NEMEPR
EHERABAETTMZT, & M CD26 Hifks
& PD1 hifk & oftHZRZ BRI LT,

CD26 (Xt b T HfRIZEMELS 7%
FZET S T MlRERBSFTHHY, EF
it CD26 #if&kix CD26 DU H 2 FTHD
caveolin-l & CD26 ¢ D&EE. 2V T
R~ CD26 LM 71 oinEs: 7
ny7§%, —HFT, vV TH#HiED CD26
RS F & LTHEEL 2V, Fik,
CD26 DFEHICELTH, b b T MIRTIX
CD26 iX3RBHE - FRBtE - BtE D =HEtE RS
—VERTOICH L, vV A T M8 —#
RSB TH 5, T LA O fERRICE
75 CD26 OEFICEHALTH, EFTIXT
HRALISM L NKT #iia T CD26 BEMB R 6
3%, B #la<° NK M@ TiX CD26 %z &
MERBBLTOWRVDOIZH L.V ATIEB
MRTH T ML ASOBBEETRT, =
D & 5z, T MRS 2RI
BIIBARBENRF—VREBE PERDRE
TIIKERBVRH D70 RFERITBITS
CD26 DEBEMRMT Tidt MRER TOMREN
BRARTH B, ICI BHEEHR > HET
BT, THIREZ P & LI RBERDEF
ERRAXRTHHZ 06, b ME CD26
kL ICI & DOfFRADRERIT D ERIC
itk MBI L~V RAERAVILERDH D,

¥ 7=, CD26 HifEBSHEENRERET S
e, HBRgEETAZ L THRELD
CD26 LHiESHIREICBITI S Z LIt fi
k2% CD26 43 F LD L DOEILIZHEST B0
(ZE F—)BEETHY. & ML CD26 5L



HEOREEDROT — % # BB 5235
<A CD26 fif&Tidie<. Hik + CD26
REERHVAZEBRARTH D,

P tn®EENG, CD26 Hitke PD-1 Hifk
EOHRABDROT—F EBETHICIE. E b
HIERTOERPLEZN, b Mt~y
Z2EROEHEBAETFT VTR BERALFE
T 5, — i, REMRS e R DS 8
#RRENRD HLA 2B L TW50IZxt L,
b MEEMRKIER £ D HLA L3R5
HLA #FHLTW3H, RABERR

(allogeneic)®> T MifEISEEZ RDZ LIz,

AROVBANMBRERARICE L IIRRBZ
LBBEZBNS,

Fx OFFTTE ME CD26 k&5
B LTMEFRDYA MNIA - TENA YV
BEMT LD BOTEIHDONRHBH I LR
LML RoT-, ZOHRSKMN CD2W6 2HHE
THBRAMIIZ CD26 HilkBETEZ L
XBmh, bLLIT T MKECRESFMR
R EDBALISND CD26 BBrEMARIZHTER
BETBZ LI BDD AN =X LD
EPALNCTHLEND D, BT EERE
® MIG/CXCL9 < IP-10/CXCL10 O miE+
BEZHELTEL 2V oizzt L, JMN %
H226 DENLDIrEHA L DOFRARITHE
BIELS B MREL~>URIZETBA L
o<y AMmEFOE b MIG /CXCL9,
IP-10/CXCL10 #REE b FRICIEELS . Zh b D
MK ZE <D RICBA LT Tid . B
BIERED L I 2RHBE OBEREREL
BT E TORWATREMERE Y,

v AERAETNMIZBWT, DPP4
inhibitor (Sitagliptin)% =4 & —#iz<v
RZRRE® S Z LT, CXCR3 BtED CD4
T #ffz, CD8 T #ika. NK #ifa<> CCR3 &

MOFBRERABAMRARIC LV EME L HE
BrRBLLTL R LERESNLL
(Nat Immunol. 2015, 2019), 77 AR
ENot M CD26 HiikDBRHARBRORER
M6, CD26 itk & 532 L M OFE
£ CD26 BEBXMET L. EhiZf#v DPP4 E#
FIEHEHIET 3 5Br J Cancer. 2017, §&3C
BfEH), oz énb, CD26 Hikzixs
L=BE BV ThH . B AMRERICERT
35 EAMEOEMBEZ 3 THEMESE 2
bhd, L»LAenRb, b M CD26 Hifs
i< R CD26 IZIIHE LW, 46
DOt bR~y R ERAVWERABAET NV
BT, CD26 kit b T M ED
CD26 &t MEEHIaKk £ CD26 {Zidhs
BT B, T RO MG AR EME S
fazz LITHHHET 5 CD26 WIS TE T,
EFhbhD~<y X CD26 b b CD26 L[AE]
#%Z DPP4 BERIEMN H B 72, AR
ABEIZ CD26 Tl BE L7=RO L 572
DPP4 EBEREMHETIERIMFTE 2L
FREND, ZORKCELTHEEZILRD
ERETNVORENRLELEZDBND,

t Mt CD26 HiiEDF#% « IBRHDE TR
NA Fe—H—%EFETD7-HIZ, CD26 HiL
EOENSE VI HERRBRAE OEERE
##%k % VT, SD %EH 3 5l & PD SEH] 4 51
D DNA~A 7 a7 VAR %1To7,

CD26 HiEDOHEIETFRINNA A~w—Hh—
& L TRHEFHBED RN H 5720, BEH
RBEFHIZAR LARVAS, SD B TEREMN
‘o L BIEFITHUBRME(L, RIETTE.,
7 - RETTEICEDS  bOBEL RN,
—5 T, PD B TREANEL - EBEFIIH
MR, T HREBIFICBR T 2RI TFRNSE
¥R L BB LA TOEE L TV B FTREME



BEZLNTZ,

¥ thoDfEFEBmERTHERT
ik CD26 HiEBEZRDNEHRDOI%
REATAZ LT, &b CD26 Hitkic L Bk
BORBHBONDHFAFREORRICHER
5 EnHFEND,

E. &%

bt b THIfE L BAERESAES LikElL~
o ZDMERIZRTI L, b M Edkch R SRR
JMN & H226 R TBATHIHEBAET IV
2BV T, b MM CD26 Hifk & PD-1 Hifk &
OBRAMRERM L. ZNENOEAILD b
SRV RB R O D Z LR
Ehi-, £7=, CD26 EDOFH-2EAL L
T, Thl MlEEr T A L OELLZBRE
MR EERHE LR,

t MMk CD26 HitkoENE VI FEEKA
BB O B P AR DB E <
Ar7ufA4saryTHOIHL. LN
# & D Total RNA % VT SD fEH 3 il &
PD fEfI 4 Bl DNA <A 7 a7 L A kT %
To7, DR, SD EFITHiEL TRE
BEWEET X L3668 L TREABBVWEE
FYZEZRHLE,

F. RE/ERER
B R CIRIFE T REARIEFRIIR
AN

G. SB0ERE

CD26 #Hitk L PD1 Hifk & OHERER A
H =R LDENTONT &V FEHRICARIT L,
GrRAPROEIEL EKIET 5, £/, Btk
BREMIREE R TBATHET AL OMIZ, &
DBEONAMBROEELMERLTVD L

ZEAONPEMHPRECOREEEBHE
(PDX; Patient-derived xenograft)€ 5 /L
BWTHHADROADEEZRET 5,

ENE VI HEERREREE OIEFHREME
@a AT, SEODNA <A 7 a7 LA
MICLVBoNBEHRYFORERERT
VW, ZhHD45FHE Me CD26 HilEnE
DHUEETRTEDINSM A= I —ZRVE
HNERLNTT S,

H. BF3sExR

1. RCRR

1) Ohmachi-Ono A, Yamada S, Uno S, Tamai
M, Soga K, Nakamura S, Udagawa N,
Nakamichi Y, Koide M, Morita Y, Takano T,
Itoh T, Kakuta S, Morimoto C, Matsuoka S,
Iwakura Y, Tomura M, Kiyono H,

Nakajima-Adachi H.

Effector memory CD4 + T cells in

Hachimura S,

mesenteric lymph nodes mediate bone loss

in food-allergic enteropathy model mice,

creating IL-4 dominance. Mucosal
Immunol. 2021;14(6):1335-1346

2) Itoh T, Hatano R, Horimoto Y, Yamada T,
Song D, Otsuka H, Shirakawa Y, Matsuoka
S, Iwao N, Aune TM, Dang NH, Kaneko Y,
Okumura K, Morimoto C, Ohnuma K.
IL-26 mediates epidermal growth factor
receptor-tyrosine kinase inhibitor resistance
through endoplasmic reticulum stress
signaling pathway in triple-negative breast
cancer cells. Cell Death Dis.
2021;12(6):520

3) Kaneko Y, Hatano R, Hirota N, Isambert N,
Trillet-Lenoir V, You B, Alexandre J,
Zalcman G, Valleix F, Podoll T, Umezawa
Y, Takao S, Iwata S, Hosono O, Taguchi T,
Yamada T, Dang NH, Ohnuma K, Angevin
E, Morimoto C.

Serum  soluble



4)

5)

6)

7

8)

9)

CD26/DPP4 titer variation is a potential
prognostic biomarker in cancer therapy
with a humanized anti-CD26 antibody.
Biomark Res. 2021;9(1):21

Komiya E, Tominaga M, Hatano R,
kamikubo Y, Toyama S, Sakairi H, Honda
K, Itoh T, Kamata Y, Tsurumachi M, Kishi
R, Ohnuma K, Sakurai T, Morimoto C,
Takamori K. Peripheral endomorphins
drive mechanical alloknesis under the
enzymatic control of CD26/DPPIV. J
Allergy Clin Immunol. 2021Aug 16:
S0091-6749(21)01211-2. Online ahead of
print.

Pan K, Ohnuma K, Morimoto C, Dang NH.
CD26/Dipeptidyl Peptidase IV and Its
Multiple Biological Functions. Cureus.
2021; 13(2): e13495

Sasaki H, Saisho Y, Inaishi J, Watanabe Y,
Tsuchiya T, Makio M, Sato M, Nishikawa
M, Kitago M, Yamada T, Itoh H. Reduced
beta cell number rather than size is a major
contributor to beta cell loss in type 2
diabetes.
Diabetologia.2021;64(8):1816-1821
Kishimoto T, Kojima Y, Fujimoto N.

Significance of secretory leukocyte

peptidase inhibitor in pleural fluid for the
diagnosis of benign asbestos pleural
effusion. Sci Rep. 2021;11(1):12965
Hayashi H, Ashizawa K, M, Kato K,
Arakawa H, Kishimoto T, Otsuka Y, Noma
S, Honda S. The diagnosis of early
pneumoconiosis in dust-exposed workers:
comparison of chest radiography and
computed tomography. Acta Radiol. 2021;
7:2841851211022501

Mizuhashi K, Okamoto K, Kishimoto T. A
patient with

epithelioid pleural

mesothelioma (Myxoid variant) who
survived for a
treatment.Respir
2021;33:101381

long period without

Med Case Rep.

2. ¥&H

7L

3. RoRE

1)

2)

3)

4)

5)

Komiya E, Tominaga M, Hatano R, Itoh T,
Honda K, Toyama S, Kamata Y, Otsuka H,
Ohnuma K, Morimoto C, Takamori K.
CD26/DPPIV regulates mechanical
alloknesis at the periphery, 11th World
Congress on Itch (WCTI), Online congress,
October 2021
I 565, WA @A, ¥raAf F—
TRIZEIT B CD26 BE T HIRRY 7 v
~ DERPT. 55 110 [B] B AFREFERK
= 20214F4 A 22 R
HEXRATF, MBE, BAOER, FEE
XK, BHRR_. MBEFICRBITBT R
— I ADRIEBOMRER, 5 17 B
BBEEMESG T4 2),2021 38
A
HERAF, BARE, BEER, SHL
Rk, GHREE, SkEBIRE, AEBEKER,
KBE, FEHRK, BFE. CD26/
dipeptidyl-peptidase IV IHBATH> P FH
DOFEHHRFTH 5, 5 26 R ARKES
n77—BREE(A VT V), 2021 £ 8
A
Hatano R, Otsuka H, Itoh T, Saeki H,
Yamamoto A, Shirakawa Y, Iyama S, Iwao
N, Sato T, Yamada T, Morimoto C,
Ohnuma K. Anti-interleukin-26 therapy for

the control of chronic inflammation in



GVHD. % 83 [B] A Al #kF< 2021 £ 9
A25H

6) ZHAA, BEKK, #iK 8, AHREE,
IWEEA, BHE, tBER.~VXE
BIHIZRIT 5 REHERIKILE T NV ORE
3L & 4T Establishment and analysis of
ectopic calcification in mouse skeletal
muscle. %5 39 [l A AFRHPFES 2021
£10 A

7) Sho Tsukamoto, Mai Kuratani, Ryo Hamai,
Kaori Tsuchiya, Osamu Suzuki, Taketo
Yamada, Takenobu Katagiri. Establishment
of an in vivo model of ectopic calcification
in mouse skeletal muscle. ASBMR 2021
Annual Meeting 2021 4210 A 1 B

8) Komiya E, Tominaga M, Hatano R, Itoh T,
Honda K, Toyama S, Kamata Y, Otsuka H,
Ohnuma K, Morimoto C, Takamori K.
Mu-opioid ligand endomorphin induces
alloknesis at the periphery, B AHFFEEE
RS, 346 BIERERKRS B F
vI4),2021 % 12 A

I MMMEEOHE - R& R (FEZ2E

te)

1. WS

1) RAE: FARER, BHEHFR., KEBE.
&FAXER. READLFR: Hi CD26 Hilk
EREF =y BA Y NAEH L OB
FAgkiE. HEER: 20214 58 31 A, H
&S % 2021-001761, tHEEA: U
A R+ x—« =S, FREANR
P

2. ERAHBEHK
el

3.

£ DAl
®mL






II.

gl






¥ RRIRERRIF T R B MBI &
SEREREE

b Mgk~ v 22Vt ME CD26 fiufk & it PD-1 hifk & Dt AZIR OB

MEK/RRE FE X BEREXFXFREFHER
: R - BASTIRBRERE FEBR
MESEE FE2H B IERERFRFEREEHER
R« BAERIBRFEHE SEBHE
WMRESEE BE BB MTBEAYBHERRTLME
TANR MNRBIFR - BHER 7 — Bk
WESEE WE BA REERKFEFR REF 8%
WEHHE KB £ IBREXRFXREREFHEH
RN « BAEIRIGTRERIE HEBIR
HEBNE SFAEKRR AKX z— . V—KEXSHt REREHER CEO
IR ZRERCD)

BrREE

EMMEPEEIT T ARR ME BIZ X » TR Z 2 BEAMEEMER 24, MR T& 51k
BB, FlRBREORMLAEEND, bivbhik, FREFRENSFL LTEE
MM R AEIC B S5 CD26 ICHFB L, b ML CD26 Hifk YS110 2BAR L7z, 77 R
WCTEMPRERZPLELAEE I MERAREYEREL. ENTHEBETREICS T8
VII HHEER R 2 E5E L7, 2019 £ I BKRRBRORKBE~OBRENKT L,
REODEHNET LI AR, BEMBERIN, 77 VA TOH I BEKRAR LR
ZOFPEE RBTIBRBB LN TV, IBFIEFRE OB RIEREICX L T.CD26
HiiEBATH B\ E|4 T Stable Disease * Partial Response & 72 Y HilEBEHRIIRH O
7R, X EHIEEESRERE L, BUEETFML 52 0 5F5EE RVicH
RFAFEOHRELEERRECH S, ¥2 T, b Maglbvv 2RVt FEMPE
[EHIRAERE S AT NV ERESL L, YS110 & PD-1 filk: OFRBREZRF LR, Th
FROEF LY LERVERDESBOLNET—F 2B, 7. YS110 #EIL X - T
MmiEF D Thl FEETETHA VBEPBEEITHMT 32— T, Th2 HEET TV A VRER
BO+5ZLERHL, BECEET >REMREELISETVIAEERELLND,

A. BFEER THD, 7T ARR MEK B ORIEE TOW
EMRBEREEILT AR MEKEIZE RREIERK 30-50 F£L S, BEREZEDH
> TR AMEPKAROMIBEEEEE B/ v FRETOT -PRTIIBEENS
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BETETHMTELEBELON TV, FH#
3B TEL (HREA THE TE D18
T2 Bl RIBREOHAUNEEN D,
bhbhid FBRIEN S FL LTEED
RIEMRIZRETH CD26 ICFHBHL, B b
{t. CD26 HifE%BAR L T7 7 AT TEME
o Bz i % 9702 First-in-Human 5 I f8ERR
HER%1T>7-, Infusion reaction (B{E#vE
RIS ERVWTHETREEEAL R, &
SURHBIND L LI B ARERM
OEMEFEERE 19 FlT 10 #)5% modified
RESIST ##fi C Stable Disease (SD)& 729 |
FDH5H5FIk6 y ALLE, BET399H
SD 235 L. AL ™R TR LEDL
A 7=(Br J Cancer. 2017),

AT H IS ARHETEO B R IEIC
3 5% VI HEERREBREZ EfE L. 5 T
1~3 ak— & 3BT HDOFH 9B, HBIIH
1 31 Bl E&1TV . 2019 FEHIHE I 1
DEBRBE~DEEBKRT LIz FUVIIHET
40 Bl EZITV, O BHEESRE £
iRTRETE o 7= D% 85 #IC. PIERIL Partial
Response (PR) 2 | - SD 21 #i - Progressive
Disease (PD) 12 #C, PR - SD =i 65.7%
(23/35) THLA A RHEHLE O Btk o R RE B E
W L TRWEIE THREEDRSBD O
5%, 582EH(Complete Response: CR))
2L XY RYBRERES R REL . &
WMEAFHMEEL NI EREEZAVWE
B2 OFRRREDBRR LEELRRETH S,

B2 X E Tk Me CD26 Hitkoht
EFERA =X bt LT HEERERD
PR FEMREEADCOMREMICm L, 2
AFAROMERRE LD CD26 IZHiEBHEd
DT LITL HEENRHEEMEERZAL
MIZ L T & 7 (Clin Cancer Res. 2001,

12

Immunology. 2002, Clin Cancer Res. 2007,
PLoS One. 2013), ¥£7=. CD26 Hifkid.
CD26 3 F4E 3% DPP4 BERIEMICITE
BB L2V, #iaE Lo CD26 5F0
OB PICE» DO SN CTHEET
% soluble CD26 DO ZBPI IR BH7-D,
CD26 Hitk%#& 59 % L DPP4 EEREMED
HRHETT 5, EFEOHMAN L, DPP4
BERIEMERILETHL DPPA LK BT ED
A v DY & BEHEET 55T o, 5 R
IR 2R EHESEMT 5. T abbiE
ERBETTEICE< Z &AM AR E N Nat
Immunol. 2015, Nat Immunol. 2019), t b
{t. CD26 JUEIZBRIRA D =X LEN LT
FIESHIRZREEL TS LB OND
T R&E X, ENE VI HEERRER 40 B0
f12i% PD-1 Hif& Nivolumab EZhHIAS 13
BIEENTEY., 2055 11 BIBHIELES
REFMEFIRET. PR1#I-SD 74 -PD 3
BT 72.7% (8/1D)AR PR-SD THY, ZD
Zinh CD26 HilkidfEF = v 7 RA
MAERICDEFEOBECLEHTHD
T & ICI LidRig D A =R L THIEES
RERETHZ LI TRINTE,

£ 2T, BHERDEF D2 CD26 Hi
EOFRETEN Loy FIREE, i
ICI LtoptREEZRARE T, t Mk
CD26 #iifs & PD-1 Hilk & DG AZHIR & Brdt
L7z, ICI BHEESR & RET 572D
T #Mkaz .0 & Li-REHRBTFRTH
D . FYURCFARDO= Y REFHREBAT D
HEETANLIAVLND, —F T,
CD26 MEMHEEHR L BB T 572D
it + CD26 4 F LS LEETDH
b (Clin Cancer Res. 2007), & h&<w R &
TIIAFERIZBITS CD26 ORREH K&



B3 Z & b(Immunol Rev. 1998), & k
it CD26 HilkDT —#BFiciit MESHK
WRIZE FBRERTORBITHRLATH S, LA
EoBEENL, b MaFlbe v A EERL,
DU RERAWEEPREEENAE
FZEW T MECD26Hifk E PD-14ifk
- LOGFRABRERI L.

B. RGE
1) ke

v FEMEPREMRRE JMN(RER) L
H226( L&) X, 10% FBS Z¥HML -
RPMI16403%#i5 C 37°C, 5% CO BT T
L, b Mf#M CD34 Btk msria
it RIKEN BioResource Center 7> HHA
L7,

2) vUR

NOD/Shi-scid, IL-2RyKO Jic (NOD.Cg-
Prkdcseid T12rgtmiSug/Shidic)< 7 R (LA TF,
NOG < 7 2)iZ In-Vivo Science Inc.%> 58
AL, VR RIEREKRED specific
pathogen free (SPP)#isk CHAHE L 7=,

3) Ptk &R

Flow cytometry (ZiX Tt bt MMRER
itk & v iz, BUV395-labeled anti-CD3
mAb (clone SK7), PE-labeled anti-CD26
mAb (clone M-A261) & 8 APC-R700
-labeled anti-CD4 (clone RPA-T4)i% BD
Biosciences 7> 5 A L7-, Brilliant Violet
421-1abeled anti-CD45 mAb (clone HI30),
Brilliant Violet 510-labeled anti-CD14
mAb (clone MS5E2), Brilliant Violet
605-labeled anti-CD11c mAb (clone 3.9),
FITC-labeled anti-CD11b mAb (clone

ICRF44), PerCP/Cy5.5-1abeled anti-CD8
mAb (clone RPA-T8), PE/Cy7-labeled
anti-CD56 mAb (clone 5.1H11), APC
-labeled anti-CD19 mAb (clone 4G7)R O}
APC/Fire 750-labeled anti-mouse CD45
mAb (clone 30-F1D)R ULEDIEFERE R
A% 7 vy s+ 5%57%H O Human
TruStain FeX, TruStain FeX (anti-mouse
CD16/32)ix BioLegend 2> b A L7, £7-.
Brilliant Violet Fl+ D45 RS &M
Z 578 ® Brilliant Stain Buffer plus |%
BD Biosciences 2> HEA L7z,

4) b et~ X ZRAVWEEET L
NOG = U A& E(100cGy) THUH##
B L., ¥R e MNEF@M CD34 BEEME
HIBE 1x105 cells Z B#IRMNNAOBA LT,
b hMEmMBMREBA LTS8, 9E, 138,
17 B~ U ZRERRD D RRAY ICER 0 &
TV, b MaERRoAE R L, B b
EEMiaEBE L T 138% 0  THl
BEF LT RIZ, IMN £7213 H226
FRAREEIE & Matrigel # 1'1{BELT1IT
H7=Y 1x108 cells T ORIEHIZE FHBAL
7o JMN F72i3 H226 xEE THALTS5E
FIRE L /N E RREET R L HEsE L 7 RE R D
5. control human IgG1 (Bio X Cell), t b
it CD26 H1#5(Y’s AC Co., Ltd) B, mouse
anti-human PD-1 mAb (Bio X Cell; clone
J116)EM, v MMk CD26 Hifk L PD-1 Hilk
DA %EFNFh 200 pg/dose Ti&E 3 E# 5
i, BBV A X158 2 EEESHL,
JMN £7-13 H226 BA 9 BRRIC< Y R %
fREIL R TOEEZEIR L TERZAIEL
2o MEBO—ERITIREMFTOIZDIT 10%K
V=Y TEEL., &YX Liberase TL
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Research Grade (Roche) 0.25mg/ml TEEFE
E %17\, DNase I (Roche)7#7E T THAK
IR L CHESAAR P DM % 151, IEEN
BHEY U REROAENH TiX. MagniSort
Human CD3 Positive Selection Kit
(invitrogen) % (% [EasySep Magnet
(STEMCELL) 2 B\T V) ki %17
Too Efo, BENEEY /3R & ORI
DF=HIZ, FBEED Y » SEREEFT IT o 7,

5) 7u—%A hA MY —

< U R ERNDOE M REMIROLEE 2R
T 50T, < U AOREIR) SR L TH
7-kK#M %, Human & Mouse IZXt9 5
TruStain FcX ZMGFHRM L., #CEARER
ik T L%, BD FACS Lysing
Solution (BD Biosciences)iZ Tl & & E
B EITV, i L7=%. BD LSRFortessa
(BD Biosciences) TRIEZ 1TV, B ohieT
— % % Flowdo (BD Biosciences) CH##T L 7=,

6) ENE V11 HERRRBR 7 2 k=2

% 1 HEEERRRIZ L ML CD26 Hifk%
2mg/kg, 4mg/kg, 6mg/kg TZNEh 3 FlF
-, fE#E R % dayl & LT dayl, day8,
day15, day22, day29 ¥ CT& 1 EIDOREIRT 5
BRI E 21TV, EZFBLTHDH 6
114 (day42) DR R CTEMIC K 2 HilEEZ
ROHERTHON, PRELIZISD LHEE
ni-BEIX. LEROHE 5 ERE. 6 BREE
ICHEESRHEL 1Y A4 71 L LTPDIC
RBETHAL 7N/ L,

% 11 FRERRRER X2 31 Flizc CD26 Fifk
% 6mg/kg T& 1 BIORIRR T 5 B&EIRNZRE
1TV, LR RERICHE 5 EikS, 68/
BICHEEDRHEEZ 19471 LTPD

14

WCRBETHA IV E2/R LT,

7) Bio-Plex v VF 7V v 7 AT vE&A
RAREEB I VCENS VI HERRRR
% d CD26 HifE9E# 5-Fi(daylpre) * 3 [E]
H# 5 8i(dayl5pre) + 5 [E B #5-Ai(day29
pre)DMIEDRMEZZ T, MFF A bAoA
v TEHA VRE% BioPlex vV F 7V
7 AVAT ALY BIE L7, Bio-Plex
Pro Human Chemokine 40-Plex panel
(Bio-Rad)# AT, fHBO 7 a haLilg
V» Bio-Plex system (Bio-Rad) CEIE%1TV>.
B bhi=F — % % Bio-Plex Manager
(Bio-Rad) CAE#T L 7=,

(REE~DEE)

bt ME#IM CD34 [t i L »
RAREEORMEMLEZAWZHEIZONT
T HRAENBEEEE CTHIERERERTF
BEEZEH IR CERREEIT 5 D OBFFREH
EES > HEEAEZESRE L. KEL2H
TWA(EXE RS 2020280 5, 2020291 &),
F7=. b Mk CD26 HiiknENE U1 85
KRAROBEREEZAV AL A~—T1—
BEMEIOVTE, BRRAREEZES.
FIRRERBRADIBREEZESICT.R
BROEM L BbE TS A=—0—FRH
i - EFEEREORBHI SOV THEBE .,
ERAREPBRBELTH D, RIEMOREE
T BB TR R B D NRIBEH
L OEBEERUHEIC L VRN RENZIT
SAFI%E, FIRZEORALZITV, BE@TOA
VI F—bKearky b EEHETHS, B
EROERIIVDOWD 3R IZEINTITV,
IR A EE SRR E RS I ERH
EHEZRHLESBOL, ABINTWAHE



&5 2021056),

C. HEREHR
1 b bk~ v AD{ER

b MMk CD26 Hiffid~ 7 2 CD26 (Zi%f
A LRRWzD b FOBEEFEEE RV 5 %
ERH Y, PD-1Hifk L O EE BT
H7-HITiE, b MaEHIasER Le MR
Bt~ AT 20 ERH D, T DD
i3, BEEORERE~ T A THDH NOG ~
U AAERE OB HR A BH L, & FOER
Bl E BT A LER D D P BRERSE T
i I A AR AT 21T O BRI & IR B & Al
FCORMIZERICEELZ I DN TS,
b A I 3 i A 4 T oD A R & BEiS SR
HEHEHL, MWESRTE b T Mlasig4e
T B FEETS Lz, b b & i 2 2 h
LT10AMERT HETIE~v Y A0 F D
b kS HINE 0% 90%74% B AHAR(CD19 BBtE)
T, 10@LIFEIZE b CD4 T #ifa(CD3 Btk
CD4 #tt) - CD8 T #MAa(CD3 [tE CD8 5
P DENERRLICE X TWE 13 HE T
b FOmEAROF 10-15%2% T g, 17
8 B T34 25-35%28 THIAR CTdh D Z L H3FE
REnz@ 1), ZOETFTATIEE M NKH
f(CD56 FHPE)IT 1-2%FREE, b b BBk
(CD14 FHHENERY 1-2%FRRE, b MEHRHIAR
(CD11c FBE)IE 1%HK TdH - 72(K 1),

A oh 7 A A JMN(PIERY) 35 & O
H226( EA)IE, in vivo TORIFEAIERIZ
B U AOETIZBAL THLIEREF
KT 5ETIZ5-6 BN D D, vV R
ATE b T fMlaoMiainsfz T< 5E&Mm
sp RS 13 38 B (2B B iE A ik % B
TBATLHZEELL,

Percentage of Immune cells in Human CD45" cells
(%)
1004
] .1

80
60
40

20+

0 rey
Sw 9w 13w 17w
[ Beell [1CD4 Teell [1CD8 Teell EINK [[Imonocyte [l DC
B EFE#MCDIRI ML BELINOGT Y ADKM PO
ErEEHBO#HRFERMICRITLE, 108ERT 5ETIE

i BRI B (C DASER ) D 990 X BERES(CD19BR )= AL
LR IZCD4 THIR - CDS THRIRAD MR AR 2 IcHRBEh -,

2) & MMt CD26 #ifk & PD-1 Hifk & Off A
RO

JMN 5 L1V H226 # & &k~ v A0
PSS TRALT 5 BfmB L, /hE
7R EIE T K % fERB L 72 BE s 5| control
human IgGi, t k1t CD26 #i{& H i,
mouse anti-human PD-1 mAb (LAF, PD-1
P EM, v MM CD26 Hiifk & PD-1 Hifk
DOFR % EH 200pg/dose Tilll 3 [Bl#: 5
Al 7o, HEESY A XERIC 2 [k L
#E 5. control HA# 58 & bl L T, CD26
LB (YS alone). PD-1 Hi{fkHi(PD1
alone)Z 1L Z 1L CRESBFHEFE O A R o
=0, BHEESHYS+PDD T & HITHE
B A X3S W2 E R Eniz(E 2),

INNEE A
ctrl 1gGh VS akone

Tumor volume (mmi)

\

PDI alose

IMNEE B AR

cul IgG YSalne PDIa

B crEEFEBERRINVNEELQBLETOAOMEBICETEALTSAMSE . MABAMN
BoHohTHALERREORSEMEL. MAY A XEERMETLIER. #HORE
BEEEOSBERONE, RU v ANORHECRRERLIER).
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212 JMN Ofi &R L2y, H226 128
WTHRROEREPBONTND(T —F K
180,

JMN B A 9@ #EIC~ 7 A ZfE L, K
T ORERE % E U T — ISR R fR T &
TV R O RSN U S ERO RSB A
WT 7 x /¥ A 7O, mRNA FEHAFHT
B{ToTW5, HEETELEEHED n BB
LIRS, RIS D 9 B T O AR
BLUEM L-EHEREOW 5 T, control
L YSalone B, F721% control # & PD1
alone HTHEEERD bR WVW—F,
control # & YS+PD1 # T p<0.05 DHEZE
FR 8 HAU(Fisher D% EELEHRTE), MHLAE
OPFRBENFEIND,

St BHEO n LEIDLITHEDST L ED
W NEBRNREY L oREROD T = ) A TR
HET5 DR BLEERYfiRYT 24T\, CD26 Hifk &
PD1 $ifk & OFUIEBIER A W =X LDiEN
[ZDWT L0 BEMICARAT L FRZI R OFEZD
HEFEIET D,

3) t Mk CD26 ko= Al {EH A
H =X ADRFENE

CD26 HURIZIZZ R PIEEER 2 I =
ALPREZ b, ZHETIZ CD26 #RE
T ARAMBEOMIERE o CD26 (ZHiEA
FEAT DI & T EBERIEEMGER T
A EltEHLMILTEE, L4, DPP4
BERIEM A2 PAE T 5 Z & A~ %
R EERME 5 2 EREE SR,
CD26 ik bBABEITHLTEDL S &2
x5 REMES IR S,

F7-, ZHE TIZ CD26 HiiEDE N 111
FHEG AR R B O MUE AR M Y v Bk &
AT, CD26 HifkdDF1% - 16FERhE 2 T}l

16

LBANS Fw—h—DEFERATEE
2, MiEPOYA by TEDA DR
T CD26 Hifk#e 5.2 X - THaxt 238 ms
HZL0 WL THHONRHH I ERRINI,
BT, AFAYAR Thl MlalEE 7 Eh A~
Té 5 MIG/CXCL9 & IP-10/CXCL10 &
CD26 Hiihf 512 K - THujif i B 3 g
[N L 7okt L, RE&E7: Th2 MifdiE
FEENA 2 THD TARC/CCL17 & MDC
/CCL22 D hiREIRMA3+5Z & & Rt
L., ERA - Z4E5Y - pIRERY O ARERE I 01
TR L2 ATH W oMEER T HIT
CEAMNEDBETHBLTELLLTWNEZ L
BREN(H 3),

CD26H RIS THMT DY A bhA - rEDAL

(prml) CXcLs (peml

CXcL10

EEEEE

(prmd) ccLi7 (prml) ccL22

LY.L LT

= IFI'!"“ - ':'l" Wn:z"" Ly "y 'ﬂb-'l"
mean, BRFAIC) 0- 13, S EENVMPM) 021 (LES 019, 5 03 BEE 0-2)
B3 coeAAOBEARVIBEERRISE T HCDAKREISELES

mikh s EHALBOEAE (dayl: K 1B B IR 5 W, day1S: HE3E
BHEW, day29: AESE B 5.

bOfERNG, CD26 #HifkiL DPP4
BEEEM A ETEEHZ L T BEICLDLY
EHAOYMTEENIZE b2 ) TEHEET
BT AR FENA VEARBEK
CHEEA S5 252 L C EEERICREYT
HREMRE bS5 Z B TREINS,

D. E%#
t MMk CD26 Hi{EOREHER 7 Fi| A



EEPLIF-RERAREZRARTIED
2.k Mgk~ 22z FNEHFR
JEHREEET MICT, & ME CD26 ik
PD1 itk & DPFRBREZRET LT

T AERAVWERABAETT AT TV A
& MHC o7a# A 72 B
BERAWSZ LT HALAERNEERR
LY BARBRE LRERICHSATRICHERD
RABRISE RN THENTE S, Fiz,
[EEAMAKE B OVTIRe Y RZT AR b
PIEKBIRBZ L THEBEEOCRDZET
N ELRAWLN TV, ZOETF L TIRE
P EERED L D ICEMBOBERIER
BTHRAMEBREZ Z720 MIBKZBATS
EFNALY S LY BB E O R R & B
LTW5EEXbND, LV RBDKRELE
BLIETAVOFREELWZLIIEOE
TH RV, CD26 B FDOHIETIE T RAD
BRERTRAVEZ LN TELRVEBENEEK
FET 5,

CD26 it + T MlRIZTEMLY 7%k
fmE$ 5 T MlaEi#sFTbdby,. B b
ik CD26 Hif&kix CD26 DY H 2 FTHhHDH
caveolin-1 & CD26 & DA, 2FEVIX T
Hpa~n CD26 Ay 7/ FrobEE: T
ny 743, —FT, vV X THikaDO CD26
IRERIE S FE LTHBELRY, £,
CD26 NHFBJICELTH, bt b T MR TIX
CD26 iX3REME - SRHE - fatE D =481/ %
— EFTOIRL., vV R T Hilaid—##
IZHRBHETH 5, T MRBLSOREBRIZE
7% CD26 OFEBICBALTH, E FTIX T
HERELASME NKT #ifa T CD26 BN R L
535, B #IkaS° NK #ifa Tix CD26 1% &
AEREBRLTHRDDOIZRH L, v ATIEB
AMiETH T ML RAEOHBEELTRT, =

D X 5z, T HRICEBIT 2HEERCRERRIZ
BIFHRBENF—RERE P2y RL
THEHRKERBOVEDH IO . RERICBITS
CD26 DREEEMRIT TiIb MR TOMRYT
BARAARTH 5, ICI KHIEEHR L RET
51D THEEZPLE LIRERDEF
ERFARTHBZ 0D, b M CD26
ikl ICI L DHFRADRZRETT 2 ERIC
it MEBEE~ UV RERAVWAILERDH B,

¥ 7=, CD26 HifESHEER 2 RET S
Tl HiEBREETILCTHRELY
CD26 LHifESHREICRITISZ L. fiu
{£2% CD26 5y F LD EDEHLIZHERT HH
(ZEF—)BEETHY. & MLCD26 L
EOHBEDROT—F 2BRIEBT 33K
<A CD26 &k Tid7#2< ., ik b CD26
REEANVDZLBRARTHS, E ME
CD26 Hifkid~7 R CD26 IZIIREM %R
STELIFEA LV I b b E FOBEME
PREEE AW ERRABRAIRICR S,

Y EomEmh 5, CD26 HifkE: PD-1 Hifk
LDBRBROT—F #RET T E B
RBEFZTOERBLEEN, b Mg~y
2ERAWEEBAET AT BERALTFE
T35, — 0k, RGeS m
fifaEskD HLA 2B L TWHDITHRL,
b MEEERKIET O HLA LiZR25
HLA # B LT3, RAER%
(allogeneic)® T HHfRISEEZ R 2 Z L2V,
AEROBANBEHROBIGE LIRS
EMBLIDBND, 2, b MEEHROMHERK
EALTH, SEOEFALTIEE b T Hia
& B MBI L Tid= v A ENTHoR4E
ERBHOHNDZMB, —FTE b NK #IER
PURIR R O £ RITFEF ITEV, Z DR
B RET 5701z, b b+ IL-2,IL-15,IL-3,
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GM-CSF % Y OREFEARFFER S
NOG =7 AN - FilRShTW5B, vV
A 1 EOMEES bICHEEICRDA, B b
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ARTICLE
Effector memory CD4™T cells in mesenteric lymph nodes

mediate bone loss in food-allergic enteropathy model mice,
creating IL.-4 dominance

Aiko Ono-Ohmachi'?, Satoki Yamada®, Satoru Uno®, Masato Tamai®, Kohei Soga®, Shotaro Nakamura®, Nobuyuki Udagawa®,
Yuko Nakamichi®, Masanori Koide®, Yoshikazu Morita', Tomohiro Takano?, Takumi Itoh®’, Shigeru Kakuta®, Chikao Morimoto®,

Shuji Matsuoka®, Yoichiro Iwakura'®, Michio Tomura'", Hiroshi Kiyono'*'>'%, Satoshi Hachimura® and Haruyo Nakajima-Adachi(®*'2%
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Intestinal inflammation can be accompanied by osteoporosis, but their relationship, mediated by immune responses, remains
unclear. Here, we investigated a non-lIgE-mediated food-allergic enteropathy model of ovalbumin (OVA) 23-3 mice expressing OVA-
specific T-cell-receptor transgenes. Mesenteric lymph nodes (MLNs) and their pathogenic CD4'T cells were important to
enteropathy occurrence and exacerbation when the mice were fed an egg-white (EW) diet. EW-fed OVA23-3 mice also developed
bone loss and increased CD44"CD62L'°CD4™T cells in the MLNs and bone marrow (BM); these changes were attenuated by MLN,
but not spleen, resection. We fed an EW diet to F1 cross offspring from OVA23-3 mice and a mouse line expressing the
photoconvertible protein KikGR to track MLN CD4*T cells. Photoconverted MLN CD44"CD62L'°CD4*T cells migrated
predominantly to the BM; pit formation assay proved their ability to promote bone damage via osteoclasts. Significantly greater
expression of IL-4 mRNA in MLN CD44"CD62L'°CD4™ T cells and bone was observed in EW-fed OVA23-3 mice. Anti-IL-4 monoclonal
antibody injection canceled bone loss in the primary inflammation phase in EW-fed mice, but less so in the chronic phase. This
novel report shows the specific inflammatory relationship, via Th2-dominant-OVA-specific T cells and IL-4 production, between
MLNs and bone, a distant organ, in food-allergic enteropathy.

Mucosal Immunology; https://doi.org/10.1038/s41385-021-00434-2

INTRODUCTION Prolonged EW feeding (28 days, chronic phase) attenuates OVA-

Intestinal inflammation, such as celiac disease with small intestinal
inflammation, as well as inflammatory bowel disease (IBD)' —has
been reported to have osteoporosis as a comorbidity. Aberrantly
activated T cells may play important roles in bone loss after
intestinal inflammation®. Previously, in a model of non-IgE-
mediated gastrointestinal food-allergy model of ovalbumin
(OVA) 23-3 mice, which expresses OVA-specific T-cell receptor
(TCR) transgenes3 , we demonstrated bone loss development with
increased numbers of activated CD4™T cells in the bone marrow
(BM)”. Enteropathy is induced in these mice simply by feeding an
egg-white (EW) diet containing OVA". This model shows typical
allergic responses accompanied by weight loss and severe

specific CD4*T-cell activation and ameliorates the inflammation
via regulatory T-cell (Treg) induction®®. Despite these changes in
the enteropathy pathology, bone loss seemed to be maintained
during the experimental period”. As the enteropathy is triggered
by MLNs and their aberrantly activated IL-4-producing MLN
CD4™T cells through food-allergen intake alone’, bone loss in
these mice may occur through allergen-specific immune
responses activated and promoted in the MLNs. Allergic diseases
(e.g., atopic dermatitis) may be associated with osteoporosis’™
One potential mechanism reported from a study of Ick-IL-4
transgenic mice is that continuous and excessive IL-4 production
by activated T cells induces osteoporosis'’. However, it remains

unclear whether food-allergy-associated gastrointestinal inflam-
matory responses affect bone loss.

intestinal morphological changes, followed by intestinal infiltra-
tion by inflammatory cells (7 to 10 days' EW feeding, prima
phase), and serum IgE production (14 days' EW feeding)’.
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We believed that, to clarify the mechanism by which food-
allergic enteropathy induces the loss of bone—an extraintest-
inal organ—OVA23-3 mice were superior to other mouse
models in terms of the technique used to alter their
immunological condition, namely by simply feeding EW. We
therefore analyzed this mouse model and discovered a specific
relationship of the gut-bone axis via Th2-dependent immune
responses between inflammatory MLNs and bone loss in food-
allergic enteropathy.

RESULTS

EW feeding leads to bone loss in OVA23-3 mice

To minimize the influence of differences in nutrient consumption
and body-weight changes on bone metabolism in EW-fed OVA23-
3 mice, we conducted pair feeding, in which mice were
maintained under the same food-consumption condition (apart
from the difference in the protein source) during the experiment.
Weight gain (Fig. 1a) and serum biomarker levels (Table S1) did
not differ significantly among the four groups, although some EW-
fed OVA23-3 mice lost weight and developed enteropathy during
the experimental period (Fig. 1a). Serum 1,25-dihydroxyvitamin D
levels in EW-fed mice were significantly higher (OVA23-3, Fig. 51
left) than that in casein control diet (CN)-fed mice or the same as
in the CN-fed mice (R23-3/BALB, Fig. S1 right) throughout the
experimental period, showing the involvement of 1,25-dihydrox-
yvitamin Ds in bone loss in our model was not clear. Severe bone
loss—a significant decrease in the percentage change in the
trabecular bone mineral content (BMC) compared with that in CN-
or EW-fed BALB/cA (BALB) mice and CN-fed OVA23-3 mice—
began in OVA23-3 mice on day 7 (primary phase; Fig. 1b, left), and
significant decreases in cortical BMC started on day 21 of EW
feeding (chronic phase; Fig. 1b, right). These bone losses
continued to the end of the experiment. Continuing trabecular
bone loss was further confirmed by examining other bone-
morphologic parameters (bone volume per tissue volume [BV/TV]
and BMC/TV, P<0.01, EW-fed OVA23-3 mice vs. CN- or EW-fed
BALB mice and CN-fed OVA23-3 mice; Fig. S2A). On day 56
(prolonged feeding of the EW diet), significant decreases in some
parameters (BMC, BV/TV, BMC/TV, and trabecular number [Tb.N])
and an increase in trabecular separation (Tb.Sp) in EW-fed OVA23-
3 mice were confirmed (Figs. 1c and 52B). These results clearly
showed that feeding conditions and absorption alterations via
intestinal inflammation were not major factors influencing the
severe trabecular bone loss and inhibition of age-dependent
increases in cortical bone thickness exhibited by EW-fed OVA23-3
mice.

Like EW-fed OVA23-3 mice, the inbred food-allergic enteropathy
BALB mouse model established by EW feeding after sensitization
with OVA and alum (BALB/ALUM mice) showed enteropathy,
recovery from inflammation’ ', and bone loss (Fig. $3). Thus, our
model's bone loss did not result from the presence of the TCR
transgene but from the food-allergic enteropathy.

Aberrant OVA-specific CD44"'CD62L'°CD4" T-cell activation
induced in MLNs and BM by EW feeding triggers bone loss in
EW-fed OVA23-3 mice

EW-fed, but not CN-fed, OVA23-3 mice deficient in recombination-
activating gene (RAG) 2 mice (R23-3 mice) also showed significant
weight loss (Fig. 54A) (a sign of enteropathy induced by IL-4-
producing OVA-specific CD4"T cells)® and bone loss as a
comorbidity. Compared with CN-fed R23-3 mice, the EW-fed mice
also had significant decreases in trabecular BMC (Fig. S4B, C), BV/
TV, BMC/TV, and Tb.N and a significant increase in Tb.Sp (Fig. S5).
In contrast, EW-fed Thi-type RAG-2-deficient D10 mice (RD10
mice)—another strain with OVA-TCR transgenes™'‘—did not
show weight loss or bone loss (Figs. 54 and S5)°. Therefore,

SPRINGER NATURE

30

O BALBCN 0O OVA23-3CN
® BALBEW W OVA23-3 EW
a 130 -
2
= 1200
L
)
2 110 -
g
@ 100
90 ————
0 7 14 21 28 35 42 49 56
(days)

b Trabecular bone 140 Cortical bone
130
£ 120
=
5 110
100
10 ————— T 90
14 28 42 56
(days) (days)

BALB CN BALBEW  OVA23-3CN OVA23-3 EW

Fig. 1 Egg-white (EW)-fed OVA23-3 mice display bone loss. BALB
mice and OVA23-3 mice were fed a control (CN) or EW diet for
56 days. a Time course of body-weight relative to initial values
(100%). Initial body weights were: for BALB CN, 24 + 0.99 g; BALB EW,
2457 +0.73 g; OVA23-3 CN, 24.76 + 1.94 g; OVA23-3 EW 24.99 + 1.90
g. Body-weight was measured every 2 or 3 days. b Time courses of
bone mineral content (BMC) in trabecular (left panel) and cortical
(right panel) bone relative to initial values (100%). BMC was
measured by using micro-computed tomography throughout the
56 days. BALB CN, CN-fed BALB mice (open circle (O)); BALB EW, EW-
fed BALB mice (closed circle (@)); OVA23-3 CN, CN-fed OVA23-3 mice
(open square ([J)); OVA23-3 EW, EW-fed OVA23-3 mice (closed
square (). ¢ Computed tomography images of the distal femur
after 56 days of CN or EW diets. Scale bar=1mm.n=3to 5 in each
group. Data are representative of two independent experiments.
*P < 0.05 and **P < 0.01 (OVA23-3 EW vs. BALB CN and OVA23-3 CN);
'P<0.05 and ¥P<0.01 (OVA23-3 EW vs. BALB EW).

aberrant activation of Th2-type OVA-specific CD4*T-cells, inducing
enteropathy, likely plays an important role in inducing bone loss.
In contrast, OVA-specific B cells were not involved, because R23-3
mice developed bone loss despite lacking B cells. We confirmed
the above possibility by establishing a model of transfer of OVA-
specific MLN CD4T cells from R23-3 mice into severe combined
immunodeficiency mice (SR23-3 mice). Only the EW-fed SR23-3
mice showed significant decreases in BMC and weight (Fig. 56,
Results in the Supplementary Information).
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Fig. 2 Egg-white (EW) feeding induces CD44"CD62L'°CD4'T
cells in OVA23-3 mice throughout the experimental period.
Single-cell suspensions were prepared from mesenteric lymph
nodes (MLNs), Peyer’s patches (PPs), spleen (SP), and bone marrow
(BM) of BALB, OVA23-3, R23-3, and RD10 mice fed a control (CN) or
EW diet for 56 days. a Dot plots represent CD44 vs. CD62L gated on
magnetic-activated-cell-sorting-separated CD47T cells of MLNs, PPs,
SP, and BM in OVA23-3 mice fed a CN diet (Ieft} or EW diet (right).
Numbers in the plots indicate CD44"CD62L'°CD4'T cells and
CD44"CD62LMCDA™T cells (top row, left and right, respectively)
and CD44™CD62L"°CD4'T cells and CD44™CDE2LMCD4 T cells
(bottom row, left and right, respectively) as percentages of the total
number of CD4'T cells. b Each column indicates the ratio in EW-fed
mice (BALB, OVA23-3, R23-3, and RD10) to that in CN-fed mice of
CD44"CD62L'°CD4T cells as a percentage of total CD4'T cells from
different lymphoid tissues (MLNs, PPs, SP, and BM). Dashed lines
indicate a ratio of 1. The data were obtained by mixing cells from
three mice in the CN or EW group and average of two independent
experiments. ND = not detected.

Memory-phenotype CD4*T cells maintained in the BM con-
tribute to persistent IBD, with bone loss as a comorbidity'*~'*. To
clarify the roles of CD44"CD62L'°CD47T cells [effector-memory

16-18

(EM) phenotype], which preferentially reside in BM , we
measured CD44 and CD62L molecule expression on aberrantly
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activated CD47T cells in MLNs, spleen, Peyer's patches (PPs), and
BM of EW- or CN-fed OVA23-3 mice. The proportions of these cells
increased after EW feeding in OVA23-3 mice (Fig. 2a)—markedly
50 in MLNs (to about seven times that in CN-fed OVA23-3 mice)
but also in the other tissues (to about two to four times those in
CN-fed mice) (Fig. 2b). The proportion and number of
CD44"CD62L" cells among MLN CD4*T cells increased through-
out EW feeding (Fig. S7A, B(a)). In MLNs, similar results were
obtained in EW-fed R23-3 mice (to 18 times that in CN-fed R23-3
mice), whereas the increase in the proportion in EW-fed RD10
mice was smaller (triple that in CN-fed RD10 mice) (Fig. 2b).
Residency of EM T cells in BM'®'® was supported by our finding
them there in CN-fed OVA23-3 mice (Fig. 2a); their proportion was
enhanced after EW feeding. (to 1.7 times that in CN-fed OVA23-3
mice, Fig. 2b). EW feeding induced greater RANKL expression on
the surfaces of CD62L'°CD4™T cells in MLNs and BM than in the
spleen or PPs (Fig. S8A). RANKL expression in MLNs was enhanced
time dependently (Fig. S7B(b), C); more than 95% of
RANKLCD4'T cells were of the CD44"CD62L'" phenotype in
EW-fed OVA23-3 mice (Fig. S8B). As RANKL can stimulate
osteoclast differentiation'”, our results suggest that MLNs are a
source of RANKLTCD44MCD62L'°CD4™T cells for BM, with asso-
ciated bone-loss induction, as indicated in different enteropathy
models. (For details, see Fig. 59 and Results in the Supplementary
Information).

MLNs, but not spleen, are important to bone-loss induction
upon EW feeding

MLNs are essential to enteropathy development and as a
source of aberrantly activated OVA-specific CD4™T cells in EW-
fed OVA23-3 mice”. To clarify the roles of MLNs in bone loss, we
performed mesenteric lymphadenectomy or splenectomy on
OVA23-3 mice, followed by EW feeding. On day 28 of EW
feeding, in MLN-ectomized mice, the decreases in weight
(Fig. S10A) and in trabecular (Fig. 3a, left) and cortical (Fig. 3a,
right) BMC seen in MLN-sham-operated mice were mitigated
significantly (weight loss, P <0.01; trabecular BMC decrease,
P < 0.05; cortical BMC decrease, P<0.05; EW-fed MLN-ecto-
mized vs. EW-fed MLN-sham-operated mice). In contrast, with
EW feeding, splenectomy alleviated neither the weight loss
(Fig. S10B) nor the BMC decrease (Fig. 3b) induced in spleen-
sham-operated mice. )

BM  numbers of CD44"CDe2L'°CD4'T  cells and
RANKL*CD44"CD62L'°CD4 1T cells were significantly lower in
EW-fed MLN-ectomized mice than in EW-fed MLN-sham-
operated mice (P<0.01, Fig. 3¢c; P<0.05, Fig. 3e, respectively).
Spleen numbers of both cell types were significantly greater in
EW-fed MLN-ectomized mice than in EW-fed MLN-sham-operated
mice (P<0.05, Fig. 3¢, e); in PPs, there were no significant
differences between these two groups, suggesting that the spleen
changes occurring with the intestinal immune response were
unrelated to those in the BM. There were no significant differences
in BM numbers of either cell type between EW-fed splenecto-
mized and spleen-sham-operated mice (Fig. 3d, f). These results
clearly indicate that MLNs, but not the spleen, are important for
bone-loss induction in food-allergic enteropathy. Moreover, MLN
CD44"CD62L'°CD4* T-cell activation may be associated with BM
immune responses in EW-fed OVA23-3 mice.

CD44"'CD62L'°CD4 T cells in MLNs promote bone damage via
osteoclasts independently of cell-surface RANKL expression

We isolated RANKL™/~CD44"CD62L'°CD4™T cells, CD44™CD62L"
CD4"T cells, and CD44™CD62L"CD4™T cells from MLNs of EW-fed
or CN-fed OVA23-3 mice (Fig. 4a) and conducted pit-formation
assays by adding these cells to preosteoclasts. Pit area, which
reflects bone damage (osteoclast differentiation and bone resorp-
tion)-promoting ability via osteoclasts, was significantly greater in
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