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X0, 7afRICHT 57U —0F IR L, CTLA4-Ig (2 X 5 CD28 J:fili# i % <t
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In our research, we demonstrated in 7n vitro experiments that blockade of CD26-mediated
T cell costimulation by soluble Fc fusion proteins containing the N-terminal domain of
caveolin-1 (Cav-Ig) diminished primary and secondary proliferative responses not only
to recall antigen, but also to unrelated allogeneic antigen—presenting cell. To expand
the 7n vitro findings to an 7in vivo system, we examined CD26—dependent organ injury in
a xenogeneic GVHD (xGVHD) murine model. Administration of humanized anti-human CD26
monoclonal antibody (mAb) decreased xGVHD severity and prolonged survival in hu—-PBL-NOG
mice without loss of engraftment of human T cells, while increasing doses of CTLA4-Ig
diminished engraftment of human Ilymphocytes. Importantly, anti-CD26 mAb treatment
preserved the graft-versus—leukemia effects. Altogether, our findings indicate a role
for CD26 in the regulation of GVHD and point to CD26 as a novel target for therapeutic
intervention in this disease

WFZesy 8 - [ ks
BHFE D 5E - E - WESRESIRES: - ANEREE - /NE RS
X—U— N B 2, SmEmiaSmE, T Mg, L%, CD26/DPPIV, Caveolin-1

1. #FZEBaE Y PO 5 I 5 1 A R A X TR O B I R PR AE R R

CD26 %yf-1%110kDa DEHEE A Tl A PER L 72 & oD iR R B SO A R E 2 TR
F Y —T ARISERIRNAICBIL L, HusdE WCEDL LD DIRHEESE LTHNYLL TV DM,
J(APC) £ caveolin-1(cav-1)Z I L7= A & FfE 0 e GVHD (graft-versus-host
U —T MR OB RIEME YA A v DRE disease, B 18 F0p8) 1 XKREE 2 & 0F
EIELS B> T D THIlY +Th D, i JETH Y, — 5T, GVHD TBi - IREED R




FEPNHIFNC X D B Fn R E (3R D CTEE
Tho, TNSEEBOIEEEGE DM FIXBAmH
# I BEE O & & I S Y 0 BE
FRCHLIND, WEERERDO=2 Y b —/L3fH
STV, 72, HLA R —EfFHE Mm%
FEIXBAE R —D3kE b 7256 Lz,
GVHD 1IR30 R EPHE L 72> T b,

2. WHEOEH

ARAFZETIL, #Fri- 72 T AfudLfig 2 CD26-
ARF Y FREWIFHFEEICE S X
T FEE, B2, GVHD 72 & 0 SRR B
WAEABE Lo FRENEIEOMNL % B 15
L= Rt 2175 Z L2 HEE L LT,

3. WD ik

b kTN =7 #— & Ll X BfE
GVHD Z&JES 5~ 7 A (hu-PBL-SCID) & F V>
T, GVHD IZHBiF Dt b T #f CD26 4y Dk
REMEAT & . PURSFEAGEIZIZEIT 5 CD26—H
RAEY U ROT 0w 72k D 0EERGEE
HEMET A0, LLTFOMEET- 7=,

(1) CD26 & caveolin-1 OFFANERAZ U H
— &5 T OIEMALIEE ORI,

(2) W T M 7 v HUFSEMEIC BT 5
CD26 & caveolin—1 D4yF EWFHIENT,
(3) CD26 & caveolin-1 OFEFANEHA AR &
L7250 A T MR BN S TE OB R,
2k GVHD D TBh &I %9 2 FrsldEsl o
BA%E,

(4) B AERERFEICKIT S D26 &
caveolin—1 D44 FRIENT,

4. WFERRE

(1) CD26 * caveolin-1 FHI R &N L=
A= ALE LT, EERRESNLTND
Thl ~DSH LD Ix7z 59, CD26 FLFHELIZ L B
Th17 ~® 453t & GVHD JpRETF ik 0D B E % 36 F.
L7z,

(2) FEBIEERHHRIRET L72 NOG = & AW
WIMHEERE B AT D Z & CTHi<CRE, RO
7o ESRR IR IR I S ek CD26T U >
RERN T 7 = 7 X —Hlfd & 7p o Tl 2=
L., BECRE OB, MK E SJE O
BRME(L 722 L8YE GVHD ARODJER &2/ RET L%
BINL LTe, ZORMERIE~ D ZAET /LI
T CD26 Pk G, HDH WL, Cav-1g &5
W2 X 2B GVHD #Nilh R  wess S v, 181k
GVHD (23517 25 CD26T A D EEM:N in vivo
EFILTORBENT, ZORFIL, &M GVHD
ORI HT, B v~ FOMEE, 2
T U7~ =T AEORIFIR, i /2ERIR
&g o TN D8k BAFEME il PR B o Bk %
E % O IR FEMEI] L IRE OB R~ & R L
2%, Tibb, EROIBEETITI 7%
BRI TW R WBPERE IR T 5 #

TR MR BAC X 2 HOF A 72 1e R K O B %S 3
HfrrSh, ToOfR. EROMES MmO
WCRELSFETHZLENTE D,

(3) hu-PBL-NOG <~ 7 A% T, 2k GVHD
DIFRE~D CD26 5t T OS5 KO k
b CD26 HLIRDFEIE T B Zh R DT 217 > 7=,
TRELRRIENT > 5, At GVHD OAERfges &
SNDHGE . Il BJE~D CD26 [ T #
B DIZEDFERD B, ~ 7 A AR i S OV fik
Thb b THIFID CD26 DFFLA AKLIZHE
EITHBR L T2 D, REFTILOREE
~0 CD26 Bt T RO SR R I
7o 51T, AM: GVHD Z3KGE L7~ R
RIS THALE RN L OV ) % VT,
2 GVHD O EAE FE & gas 2R L 7= CD26 B
P T A OB A | MRS LT &
Z A, 2N GVHD O FEAEFEIZAHES LT CD26 B
P T MR oREAZ B LN, £Z2T
CD26 ik & | bt & L TR Y v~F 0
TREER L U CBEICHRISH S Tunsd €28
L P24 CTLA4-1g % hu-PBL-NOG < 7 %
WG U, IR K OSEA o VE
DRFMT 21T > 72, CD26 itk m AR TH E b
T MifaDAEEZRET S Z & EFERE K
OVEME GVHD HEAEE ORI ER L7-—5 T,
CTLAA-Tg IXmMHEE G325 & & TOfELR
AT HKE, B b THIROAELIZTEALL
ESNDZ &R LTz, &5I2, D26 fiik
B GBI A~D e h U REROIZ R
BEICIRI SN Z EEHONT LT, £72.
2 hr— b IgG ik & bl LT CD26 Hifk
W&~ U AR L7 R—T fiao
TT 27 F—4FD mRNA FEHHETF LTV
HZENRENTZ, ZTHHDOREEMNS, CD26
FURIZ R — U Bk 4 25 B E S0 A 1L
BREOY 2T BN nANE GVHD oflfnc A
BhIRIRIRIETH D Z LR ENT-,

(4) BT, lEaBEEMEY A BERIZBIT 5
CD26 4y 1D ILHNPL A T = X L EfRAT LT &
Z A, CD26 T ENLTIEMLESn-Ee b
CD8 B T MfnlE, MfREEIC I 2 FH 7
T =) X —43FTHbD Granzyme B & FasL
D5y OFRBLDTEZ I TOE S v, FEF IR
WIS EIETE 2 "3 2 & 3B 5022 -
T7re DT LG, CD26 LFINLIC K B R 7o
CD8 Bhtk T M DIEME(LIZ, 7 A L ARG
FEIEE 2 B D AERBAENZ BV CTIER I EE 7
wHEHSTWD EEZOND, —FH, HL
CEIETRESC GVHD 72 ED X 5 1o & DK
TWEET 5 LN IER 72 B COMIIZ W
TLE 84T, CD26 iz L - Tifv
S ETE M & 15 L7z CDS R T A,
AR & IENS 2 5 & 23R
L dZ LAURBEEND, Yhfge= C/ER
WZEEh L7- b MME$HT CD26 HiifkiL, CD26 Ll
WMy 7N alEST S LT, CDS B T #i



Ja D HRAEVER - DR BUK T & AR &5
OIHENAEHT D LN FREND, ZDE
MEBL CD26 HURDfE L AT LA fHE L7
DO IRIBEDRZEH T HEERFIE L
T. MR T AT > TV DI O E T
Bl A VA THDHHA )10 A MERS
( Middle East respiratory syndrome
coronavirus) N&H D, MERS )71 /LA
% CD26 3 FHZRIRE LT MIEYL,
G RO RS D26 )T & 3BT 2 g
REMBET 2 EE R BYYEREZS X T
23, & MEHL CD26 HUAIX MERS =2 -7 A L
ADEGHILIZHIChHDL L&, AT UK
DTTFALAESY L Z— L DRI T
HR L, UEDOX ST, RIFZEIC X > TH
ST o7= b CDS B T Mz BT B
CD26 43+ DFE|, AP E BRI OV TOHTZ
TRERE, A VA RGSCIES RS DS
Btk T AR A7 72 A AR BE A > A 7 s D PR
<>, CD8 Gtk T i 23 S AEC R IC Atk
Bl eFoLEZON5HORERES GVHD
7p E D5 BUEE O R REMR B L E o ok
il & [BEE U 72 IR IEIEOBRRIC SN D b
DO LEHFTE D,

5. ERFRERLE
(BFgefe . WIZesr 838 K OB AT TR 4 1T
X THR)

(MEsGRm ) (22 )

(1) Yamamoto J, Ohnuma K, Hatano R, Okamoto
T, Komiya E, Yamazaki H, Iwata S, Dang
NH, Aoe K, Kishimoto T, Yamada T,
Morimoto C. Regulation of somatostatin
receptor 4-mediated cytostatic effects
by CD26 in malignant pleural
mesothelioma. Br J Cancer. 2014;102:
2232-2245. FHiH,

DOI: 10.1038/bjc. 2014. 151.

(2) Ohnuma K, Saito T, Hatano R, Hosono 0,
Iwata S, Dang NH, Ninomiya H, Morimoto
C. Comparison of Two Commercial ELISAs
against an in—house ELISA for measuring
soluble CD26 in human serum. J Clin Lab
Anal. 2014, [Epub ahead of print], &
HeA, DOI: 10.1002/jcla. 21736

(3) Kwan J, Liu Y, Ratnayake R, Hatano R,
Kuribara A, Morimoto C, Ohnuma K, Paul
V], Ye T, Luesch H. Grassypeptolides as
natural  inhibitors of dipeptidyl
peptidase 8 and T-cell activation.
Chembiochem. 2014;15: 799-804. #HiA,
DOI: 10.1002/cbic. 201300762.

(4) Htano R, Yamada T, Matsuoka S, Iwata
S, Yamazaki H, Komiya E, Okamoto T, Dang
NH, Ohnuma K, Morimoto C. Establishment
of monoclonal anti—human CD26
antibodies suitable for immunostaining
of formalin- fixed tissue. Diagn Pathol.
2014;9:30 & @ B, DOT:
10. 1186/1746-1596-9-30.

(5) Ohnuma K, Haagman BL, Hatano R, Raj VS,
Mou H, Iwata S, Dang NH, Bosch BJ,
Morimoto C. Inhibition of Middle East
Respiratory Syndrome Coronavirus
(MERS—CoV)  Infection by Anti-CD26
Monoclonal Antibody.

J Virology. 2103;87:13892-13899. 4% Ft
A,
DOT: 10.1128/JVI. 02448-13.

(6) Okamoto T, wata S, Yamazaki H, Hatano
R, Komiya E, Dang NH, Ohnuma K, Morimoto
C. CD9 negatively regulates (D26
expression and inhibits CD26-mediated
enhancement of invasive potential of
malignant mesothelioma cells. PLoS One.
9:2013: e86671. #HifH,

DOI: 10. 1371/ journal. pone. 0086671.

(7) Havre P, Ohnuma K, Iwata S, Morimoto C,
Dang NH. CD26 Expression on T-anaplastic
large cell lymphoma (ALCL) line Karpas
299 is associated with increased
expression of versican and MT1-MMP and
enhanced adhesion. Buc Cancer.
2013;3:517. #HA,

DOI: 10.1186/1471-2407-13-517.

(8) Saito T, Ohnuma K, Dang NH, Hatano R,
Ninomiya H, Morimoto C. Polyarthropathy
in type 2 diabetes patients treated with
DPP4 inhibitors. Diabetes Res Clin Pract.
2013;102:e8-el2. FHEH,

DOI: 10.1016/j. diabres. 2013. 07.010.

(9) Hatano R, Ohnuma K, Yamamoto J, Dang
NH, Yamada T, Morimoto C. Prevention of
acute graft-versus—host disease by
humanized anti—CD26 monoclonal antibody.
Br J Haematol. 2013;162:263-77. &5t A,
DOT: 10.1111/bjh. 12378.

(10) Yamada K, Hayashi M, Madokoro H,
Nishida H, Du W, Ohnuma K, Sakamoto M,
Morimoto C, Yamada T. Nuclear
localization of CD26 induced by a
humanized monoclonal antibody inhibits
tumor cell growth by modulating of



POLR2A transcription. PLoS One. 2013;8:
e62304. it
DOI: 10. 1371/ journal. pone. 0062304.

(11) Hatano R, Ohnuma K, Yamamoto J, Dang
NH, Morimoto C. CD26-mediated
co-stimulation in human CD8" T cells
provokes effector function via
pro—inflammatory cytokine production.
Immunology. 2013;138: 165-172. ##if,
DOI: 10.1111/imm. 12028.

(12)  Ohnuma K, Morimoto C. DPP4
(dipeptidyl-peptidase 4). Atlas of
Genetics and Cytogenetics in Oncology
and Hematology. 2013;17:301- 312. & ¢
A, DOI: 10.4267/2042/49697

(13) Ohnuma K (47 AH 222 H) et al. Effect
of renal impairment on the
pharmacokinetics of memantine. J
Pharmacol Sci. 2012;119: 324-9. A,
URL:http://www. ncbi. nlm. nih. gov/pubme
d/22863669.

(14) Aoe K, Amatya VJ, Fujimoto N, Ohnuma
K, Hosono 0, Hiraki A, Fujii M, Yamada
T, Dang NH, Takeshima Y, Inai K,
Kishimoto T, Morimoto C. CD26
Overexpression 1is associated with
prolonged survival and enhanced
chemosensitivity in malignant pleural
mesothelioma. Clin Cancer Res.
2012;18(5) 1 1447-1456. it A,

DOI: 10. 1158/1078-0432. CCR-11-1990.

(15) Shirakawa J, Fujii H, Ohnuma K, Sato
K, Ito Y, Kaji M, Sakamoto E, Koganei M,
Sasaki H, Nagashima Y, Amo K, Aoki K,
Morimoto C, Takeda E, Terauchi V.
Diet—induced adipose tissue
inflammation and liver steatosis are
prevented by DPP-4 inhibition in
diabetic mice. Diabetes.
2011;60:1246-1257. #FHA,

DOT: 10.2337/db10-1338.

(16) Abe M, Havre PA, Urasaki Y, Ohnuma K,
Morimoto  C, Dang LH, Dang  NH.
Mechanisms of  confluence—-dependent
expression of CD26 in colon cancer cell
lines. BMC Cancer. 2011;11:51. &&Fif,
DOI: 10.1186/1471-2407-11-51.

(17) Takasawa W, Ohnuma K, Hatano R, Endo
Y, Dang NH, Morimoto C. Inhibition of
dipeptidyl peptidase 4 regulates micro—

vascular endothelial growth induced by
inflammatory cytokines. Biochem Biophys
Res Commun. 2010;40:7-12. A7t

DOI: 10.1016/j. bbrc. 2010. 08. 112.

(18) Ohnuma K, Hosono 0, Katayose T,

Yoshikawa N, Kawasaki H, Fujii T, Oyaizu
N, Tanaka H, Morimoto C. Microscopic
polyangiitis initiated with liver
dysfunction, calf pain and fever of
unknown origin. Rheumatol Int.
2010;30:1651-6. ##i A,

DOI: 10.1007/s00296-009-1121-2.

(19) Havre PA, Abe M, Urasaki Y, Ohnuma K,

Morimoto C, Dang NH. CD26 expression on
T cell lines increases SDF-1 a —mediated
invasion. Br J
Cancer. 2009;101:983-991. & #Hi 4, DOI:
10. 1038/s]j. bjc. 6605236.

(20) Yamada K, Hayashi M, Du W, Ohnuma K,

Sakamoto M, Morimoto C, VYamada T.
Localization of CD26/DPPIV in nucleus
and its nuclear translocation enhanced
by anti—-CD26 monoclonal antibody with
anti-tumor effect. Cancer Cell Int.
2009;9:17. AF¢

DOI: 10.1186/1475-2867-9-17.

(21) Okamoto T, Iwata S, Ohnuma K, Dang NH,

Morimoto C. Histamine Hl-receptor
anta— gonists with immunomodulating
activities: potential use for

modulating T helper type 1 (Thl)/Th2
cytokine imbalance and inflammatory
responses in allergic diseases. Clin Exp
Immunol. 2009;157:27-34. &HeA,

DOI: 10. 1111/j. 1365-2249. 2009. 03958. x.

(22) Ohnuma K, Uchiyama M, Hatano R,

Takasawa W, Endo Y, Dang NH, Morimoto C.
Blockade of C(CD26-mediated T cell
costimulation with soluble
caveolin—1-Ig fusion protein induces
anergy in CD4" T cells. Biochem Biophys
Res Commun. 2009;386:327-332.

g Wt l , DOT:

10. 1016/ j. bbrc. 2009. 06. 027.

(xR GH7H)

(1) Hatano R, Ohnuma K, et a/. Humanized

anti—CD26 mAb Leads to Prophylaxis and
Treatment of GVHD in  hu-PBL-NOG
ModeIMice. %5 74 [A] H ARMKF R,



2012 4F 10 A 19 H. FTHEBT.

et al. CD26
monoclonal

(2) Hatano R, Ohnuma K,
blockade by  humanized
antibody leads to prophylaxis and
treatment of graft-versus—host disease
(GVHD) in hu-PBL NOG model mice. The 53th
Annual Meeting, American Society of
Hematology. December, 2011. San Diego,
LA, USA.

(3) Ohnuma K, Morimoto C. A novel
immunoregulation therapy targeting CD26
molecule for intractable autoimmune
diseases: a new aspect of T-cell
costimulation blocking therapy. Tokyo—
Shanghai Workshop on Rheumatology.
November 2011, Urayasu, Japan.

(4) Hatano R, Ohnuma K, et al. A Novel
Function of CD26-Mediated Costimulation
in the cytotoxic activity of human CD8"
T cells in xenogeneic graft-versus—host
disease mice model. The 14th
International Congress of Immunolgy
August 2010. Kobe, Japan.

(5) K¥B=E. fh. CD26 4yFZ Fv 7= GVHD 73
EHHA MR R~ DR IR B .
%55 M AARY U~ FEERE. 2011 £ 7
A17TH. MEH

(6) mEH, K=, fih. CD26 expression of
vascular endothelium and its role in
inflammatory endothelial cell injury
8 71 [ A AR S/a. 2009 4 10 H
24 H. RHRTH.

(7) Hatano R, Ohnuma K, etz al. A Novel
Function of CD26-Mediated Costimulation
in the cytotoxic activity of human CD8"
T cells in xenogeneic chronic GVHD and
GVL mice model. The 51th Annual Meeting
American Society of Hematology.
December, 2009. New Orleans, LA, USA.

(M) GF 1)

(1) Ohnuma K, Hosono 0, Dang NH, Morimoto
C. Dipeptidyl peptidase in autoimmune
pathophysiology. In: Makowski GS, eds
Advances in Clinical Chemistry Vol 53
Burlington, MA, USA: Academic Press,
2011:51-84. ISBN: 978-0-12-385855-9.

(PEZEIA PEHE)
OIRdL G2 1)

(1) &% : Hik b CD26 £/ 7 m—F LHiik
L OFURRE AW

FFE  KEE, WEHE, ILHEEA, H&AR
AN

ﬁE*U%§I NE?EEijtﬁé\ 3?j7ﬂ2/f§§£ﬁ]:§€
FEFE : HFRE

&5 1 2013-158533
HFEAEH B : 2013487 A 31 H
ERsAOR] . BN

(2) ZFR:MERS 2 & 0 A )L A JEYE T Bh TR
PR

T KBE., AKK
MEFIFE « AR B R

FEIE : FFRE

5 1 2013-187124
HEEEH B 201349 A 17 H
ERNAOR] . EN

(Z Dt
R—b_N— A
http://www. juntendo. ac. jp/graduate/labo
ratory/labo/contribution. html

6. WFFEHLRE
(D) AR
K £ (OHNUMA KEI)

AR RS - e - #EE
WF7eE 25 10396872



