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Development of a novel corneal transplant immunotolerance therapy using
anti-CD80/86 antibody-induced regulatory T cells
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In this study, we used a mouse high-risk corneal transplant model that
induced neovascularization, investigated the mechanism of immunosuppressive effect of anti-CD80/86
antibody on corneal grafts for developing a new immune tolerance induction therapy in corneal
transplantation. The administration of anti-CD80/86 antibody revealed a Thl-dominant
immunosuppressive effect. Furthermore, the effect of reducing inflammatory cytokines was clarified
from MLR. These may enable novel immunosuppressive therapy with anti-CD80/86 antibody.

CD80/86 T



X C—19. F—19—1. Z—19 ({58)

1. BFZEBRARYSAIDE R

Z2FaA R 7 aARY v Zra ) AL EOGEIRIFIOBREC LV | A% O AN
RSO IXI U, 2 OB LA B L7223, RIZICEYE, B ORERBOAICEBM 7
ETMAEFENE CT-ARETIEZE D 40-90% SIS Z 5, Sl Z ORIVEA (R Y
SE, TN, ANE, SERE)SCEMEE RS ED Th 57 EREFEN SV, 72, &
FIZBWTE R —AEN T E LTV D EIEE 2T, Bl ICB W TEYMICREE R GE
PIA 2 ik U C O BRI 23 0 \THERE 9~ D IRRE) 3L -5 = L AERRMICEE TH 5,

AR BT DS, MBS L - THAE L7ZmE Bk Ly vo o M R
MNP LR TH b N —AEE Ry L8k L, SER Y A Fi TR aiTW\Wi A —7 T
A 7 = 7 Z —T fifa(Teff)~ L Mot L, BRI ZaES 5, Sl T #iE(Treg)ix
1995 4EIZ[AE S 72 e B ETHL o0 T /a7 v b T HUFU R RA S S 2SI 1o < .
Z D Treg Z NAWNZAKINCHE L, PURFFRNIC R —ARBICHEESE L Z LR TE UL,
BIER 72 < B IC B ERERN S5 2 LR TED LSV D,
HEELIZZNE TS MEFTELZFE LA VA7 Ly B MBIIRT D AR
A VA7 HEBRIZBW T, ABEBEAIZRBIT 5 Treg O & Treg D431k « HERFIZHHED
B\Ia T Td D Foxp3 ORILOIK T AMEHSE O LA 5 Teff OMFIEEOK F25[ & Z LT
W5 Z & A BT Lz(Inomata T, et al, Sci Rep. 2016), £7-=. [EAFFE S, IFHIMEY A N4
A (IL-10 X° TGF- B) DR/ Z MitESy 7T 5 CTLA-4 OFRBLOIC T, RIEME A B
J1A (AFN-y )28 L, S EFE L TWD 2 E R LN R -T2,

X5, IEOMIER/BIED Treg O/MEREIZIZNETEZX LN TERIEELETIH L,
RIE72 E OB OEENCK L, Foxpd DORIE L OGEMGIEEEEZ K> Z EBRH LM -T
& 7-(Zhou X, et al, Nature Immunol, 2009), £7-. t MNEANTOD Treg OHEEIZHE L < | Treg
Ze PN T BB s s i R O BE IR IS T 13X, Treg DA 2N/ (RS IR J71E D BIFE R Treg % 22 EHY
(ZFBES D e IR 2 iR U, BRSSO RMICHE T 5 2 LN EETH D,

INFETICASTHE, & MIBIT DM - BBMEICEW T, Hi CD80/86 ik Tihl « K&k L7-
Treg % AW ERIR ERRZ LA L. BAF7epiE %275 LT 5 (Todo S, et al, Hepatology. 2016),
LU, MAEFEEZFE LT AV A7 ARSI E VD RFTRERE N8\ T, i CD80/86
PR Z DT 50 I R L 5 T 72 - T,

2. HEDOER

AWFFED B E9IE, H AR T H D AR FITREBIC L > O EMEZFE Lo A Y 27
AT T L&~ 7 A TIER L, T CD80/86 HLiA D f4 IR Al i C D S e il Wh SR 2 Mt L
b MBI 51T 2 BTl e T 5 B IA B S A T2 9E 24T D6

3. BFREDFE

ARWEGE TIIAF AR NI LU T OFSE % it L7z,

(1) =T ANA Y AT AEBAEE TV OLER
B 14 AT A v A2 BE L. AN EEZFE LIV A7 Lo MfEE
RS+ %5, RF—(C57BL/6) 75 L B | (BALB/c) IC[RFER RAAEBIE AT H, = b
—/L & L CRERAUEEBAL S 5\ IS FT EFED LD~ T 2 2B,

(2) BT CD80/86 HLiAR D T il HEFE PN il BE D FEAh
SHIR U o/ iy S B 7= BALBe SR D= 7 = 7 Z —T #lifa & K # Rt (20Gy) L 7= C57BL6
~ 7 A () ONEE HWTZIRA Y REREOES MLR) (2 X 2 fifaEEsE & . BrdU Y4t CTZ D
SENHIRE 2 34 %, F7o. RIEMEY A h B A » DFEELA ELISA . real-time PCR(RT-PCR)
FEIZ X VT %,

(3) Bt CD80/86 HLIRDHENENIE HAZ L DA YV AT APFEBEET L~ AZBT HIE/ ) 8
TR L A O T REE ) HL i RAT
PL CD80/86 HLIRDENENEE HAZ L Do ~A U A7 AERAE R OIRE A 2T | MEFEA 2T %
8 I IE Y AP T BB IR T 5,

(4) Pt CD80/86 FUADGIEN L G2 L DA U A 7 AL R IC 81T D e flia /e & NSz
IS F DR BLO AT
PL CD80/86 HLRDMEIENEE 5%, ~ 7 AA U R T AESAEET VS AR 28R EL L .
FLIWCREUERIEM L RN A POA v ORAE 70— A A M) —72 5T
real-time PCR{EIZCRHId 5,

(5) IR IZ BT 2 A B DEE
A Y AT fIERAE 14 B2 O AL 288 L, RNA Z#fitH L7=, NEBNext Poly (A)
mRNA Magnetic Isolation Module (NEB, Ipswich, MA, USA) 72 & (NZ NEBNext Ultra II RNA
Library Prep Kit for Illumina (NEB) & fH\ T RNAseq A 75 U ZAERk L7= (7)., RNAseq
TATZ VK LT =T TEITV, AU A7 AEBAEIZIT 2 AEBHE T O3B




KA FI LT 5.

4. WFZERRE

(1) BT CD80/86 HLiAR D T il HEFEHN il BE D FFAh

BA Y U SEREOSIZ X 0 | B1 CD80/86 Hif&d> CD4 [y CSFElowT MR D HATHRE D] (X 1a, b)
& CD4 B TEN-y BEE T MR (X 2¢, d) Ol 2 87 & 2z Lz,

a No 1 No + anti-CD80/86 Stimulation Stimulation + anti-CD80/86 |y ~
g
10° 10° 4 0’ o ()
o i & - oo G 2 6
A ] S EEE T IS i
w s
10’4 0.01% 10’4 0.01% 10" 6.94% ' 4.41% luL,
O 2
Py
¥
3 3 °3 i 8
. o o
< All . .
a , - + +
o w0 Anti-CD80/86 -  + -+
CFSE
¢ No No 1+ anti-CD80/86 Stimulati { + anti-CD80/86
1 0.46% 1 0.61% 1 1.49% <1 0.22% 20
2
' W' 4 84 15
e >3
1 ! * 0 05
. \ 4 a®
o] 5 ¥ 3 §¢
3 X
fr - X P - PR . ) Allo-stimulation . ., 4
CcDa" Anti-CD80/B6 - 4+ - 4

X 1. BEY U BRKSIC X AHL CD80/86 Hifkod T M paeFa s 5E o 214l

(2) $H1CD80/86 FUUAIZ K DRIEMEY A b I A > D HNH]

BAY VSRS X Y . HTCD80/86 Hifld IFN-vy (¥ 2a) . IL-18 (X 2b), IL-2(X 2¢). IL-
10(I%] 2d), INF-a (K 2e), IL-12(X 2f) 72 EORIEVEY A N I A LV OFEAEDH BB D3 5
HMT 72~ 7= (ELISA ¥E),

IEN-y IL-1B IL-2
. c
a b 30 —
- o
£ 20
>
Q
10
0
Allo-stimulation - -+ 4+ Allo-stimulation - -+ + Allo-stimulation -
Anti-CD80/86 - + - + Anti-CD80/86 - + - + Anti-CD80/86 - + - +
f IL-12
-
E
=2
a
Allo-stimulation - - + + Allo-stimulation - -+ + Allo-stimulation - - + +
Anti-CD80/86 -  + -+ Anti-CD80/86 - + - + Anti-CD80/86 - + -+

2. BBV v EREIGIZ X 541 CD80/86 HFLAD YA I A L EEABEDFHE
(3) $1 CD80/86 PLIAHENENF 512 K B Ml i O IR % & 1 & B A O i & A& E O E




27 ANA Y R 7 AERBAET T K L, HL CD80/86 FLiR DN 512 L v . A A DR
(X 3a) & I HAE (X 3b) O E Mk 2380 7-, £7-. H1CD80/86 HilkD e # 512 X v
IR D ETFRDOIEE (1K 3¢) 73 b N AFHI O POt E (X 3d) 367,

a

& Cont

Opacity Score
O = N W s o
*

*

*

0 7 14 21 28 35 42 49 56
Post-transplantation

o

75
50

% Survival

25

0 7 14 21 28 35 42 49 56
Post-transplantation

rol

+ Anti-CD80/86

1001 % Control
+ Anti-CD80/86

b

-
o

& Control
+ Anti-CD80/86

*kk

Neovascularization Score
o N » (-] (-]

Median survival o
y
w
(5]

0 7 14 21 28 35 42 49 56
Post-transplantation

*kk

4 3. #iCD80/86 HARDIEIEANE G X 2 ABBHE A DR & I H EOIH & AFROME L

(4) # CD80/86 HUADEIEAN 5 512 K % fANER A A D CDA B TEN= 5t T Al o ik

< ANA Y AT FAIEBAEE T VIR L, BT CD80/86 HUAMDIENENIRGIZ L v, M D
CD4 [ TEN-y Bt T MR (X 4a) DA E 7238 (K 4b) 380 7=,

a A Isotype Control Anti-CD80/86 b

o s 4 _25

0.0% 1.8% 1.1% 2%
4] o .] g5 20

+ =
L T 915

10° 4 10”4 o) ? o N El+o
f e =% 10

= i &0

A Y ; ) a0
g ,_@ ] 1 8 Gzos
z?' ey v . e o . e . 0.0

e " o ot w 0w 0! Control Anti-CD80/86
CD4*

4. $H1CD80/86 HLIRDEHENE G512 L 2 AERHE T D CD4 514 IFN- vy [k T MR DORE

(5) $L CD80/86 FLIADRFIENFX 512 L 5 AEBALT 2B 1T 2 B BE O &l

< ANA Y AT FAIEBHEE T VIR L, BT CD80/86 HUADIENENIRGIZ LV, M D
IFN-vy . IL-18. IL-2, INF- . IL-10 OFREH O 72 5N TGE- B 1 OFEBLOHEIMASEE 5 )52

ol

IFN-y

c 15

S -
[7]

(7]

Q10

S

x

o

Qo5

2

Ko

0]

@ 0.0

Control Anti-CD80/86

TNF-a

Relative expression
© © © o o =
N » o @ o

o

Control Anti-CD80/86

- -
o Cd

Relative expression
o
o

e
o

Relative expression
o
>

IL-1B

Control Anti-CD80/86

IL-10

N.S
[

Control Anti-CD80/86

IL-2
c 15
o —
[7]
7]
Q0
a
x
o
$ os
2
)
7]
X 00

Control Anti-CD80/86

TGF-B1
2.0 "
|
1.5
L

Relative expression
& 5
1 1

o
=)

T
Control Anti-CD80/86

5. 1 CD80/86 HihDREIENI 512 L A AR 12T 5 RFELETF



v

(6) $LCD80/86 FUADREIEAN L 512 K 2 AT 12k 1T 5 HBBIAENE R DZE

<~ T ANA Y AT AIEBHEE T VKT L., BT CD80/86 HLIRDIEFENE G-\ X v | AR IZk
2 R BLEENBRIGH H 27 572 (K 6a) , Gene Ontology fEMT 7> HRIEIGE . YA R A >
B LTe v 7 AR, T AIROIGMEA L, IFN-y FEEZR ED v 7 U o 7 iR S B BhiE
{5+ DM 2 7B 7= (X 6b) ,

a b

w ‘
I2ra
Ctla4 .

= —Ifng

)
v
58
3
3

R
I |
e
g
-log (adj P value)

W‘(F"'ﬁ

W“ﬂﬂ’?fﬂiﬂ""lﬁ“ﬁ‘ﬂ"
|
2 3QGe
g §%
(4,

—I1no

TR

E
E
I
= 0
—
? -3 0 3 6
Anti-CD80/86 2z-score Control
g 1. Inflammatory response 9. T cell activation
= 2. Extracellular matrix organization 10. Positive regulation of lymphocyte proliferation
EE_‘_ 3. Neutrophil activation involved in immune response 11, Regulation of T cell activation
= 4. Neutrophil degranulation 12. Regulation of B cell activation
%_ 5. Neutrophil mediated immunity 13. Positive regulation of T cell activation
—— = 6. Cellular response to cytokine stimulus 14. Positive regulation of T cell proliferation
7. Cytokine-mediated signaling pathway 15. Positive ion of inter

Anti-CD80/86 Control
8. Positive regulation of cytkine biosynthetic process

6. #1CD80/86 HitkDIEIEAN IR 51T K 2 ABEBIHEA ICKIT 5 RELBELT

<SSR

@ Zhu J, Inomata T, Nakamura M, Fujimoto K, Akasaki Y, Fujio K, Yanagawa A, Uchida K,
Sung J, Negishi N, Nagino K, Okumura Y, Miura M, Shokirova H, Kuwahara M, Hirosawa K,
Midorikawa—Inomata A, Eguchi A, Huang T, Yagita H, Habu S, Okumura K, Murakami A. Anti-
CD80/86 antibodies inhibit inflammatory reaction and improve graft survival in a high-
risk murine corneal transplantation rejection model. Sci Rep. 2022;12(1):4853.
doi:10. 1038/s41598-022-08949-9.



8 8 8 6

Tahvildari Maryam Inomata Takenori Amouzegar Afsaneh Dana Reza 6

Regulatory T Cell Modulation of Cytokine and Cellular Networks in Corneal Graft Rejection 2018

Current Ophthalmology Reports 266 274
DOl

10.1007/s40135-018-0191-2

Ogawa Mamoru Inomata Takenori Shiang Tina Tsubota Kazuo Murakami Akira 5

Method for selective quantification of immune and inflammatory cells in the cornea using flow 2018

cytometry

Journal of Biological Methods el02
DOl

10.14440/jbm.2018.237

Hua Jing Inomata Takenori Chen Yihe Foulsham William Stevenson William Shiang Tina 8

Bluestone Jeffrey A. Dana Reza

Pathological conversion of regulatory T cells is associated with loss of allotolerance 2018

Scientific Reports 7059
DOl

10.1038/s41598-018-25384-x

Tan Xuhua Chen Yihe Foulsham William Amouzegar Afsaneh Inomata Takenori Liu Yizhi Chauhan 16

Sunil K. Dana Reza

The immunoregulatory role of corneal epithelium-derived thrombospondin-1 in dry eye disease 2018

The Ocular Surface 470 477

DOl
10.1016/j . jtos.2018.07.005




Inomata Takenori Fujimoto Keiichi Okumura Yuichi Zhu Jun Fujio Kenta Shokirova Hurramhon 10

Miura Maria Okano Mikiko Funaki Toshinari Sung Jaemyoung Negishi Naoko Murakami Akira

Novel immunotherapeutic effects of topically administered ripasudil (K-115) on corneal 2020

allograft survival

Scientific Reports -
DOl

10.1038/s41598-020-76882-w

Shokirova Hurramhon Inomata Takenori Saitoh Tsuyoshi Zhu Jun Fujio Kenta Okumura Yuichi 11

Yanagawa Al Fujimoto Keiichi Sung Jaemyoung Eguchi Atsuko Miura Maria Nagino Ken Hirosawa

Kunihiko Kuwahara Mizu Akasaki Yasutsugu Nagase Hiroshi Murakami Akira

Topical administration of the kappa opioid receptor agonist nalfurafine suppresses corneal 2021

neovascularization and inflammation

Scientific Reports -
DOl

10.1038/s41598-021-88118-6

Zhu Jun Inomata Takenori Fujimoto Keiichi Uchida Koichiro Fujio Kenta Nagino Ken Miura 62

Maria Negishi Naoko Okumura Yuichi Akasaki Yasutsugu Hirosawa Kunihiko Kuwahara Mizu

Eguchi Atsuko Shokirova Hurramhon Yanagawa Al Midorikawa-Inomata Akie Murakami Akira

Ex Vivo-Induced Bone Marrow-Derived Myeloid Suppressor Cells Prevent Corneal Allograft 2021

Rejection in Mice

Investigative Opthalmology & Visual Science 3 3
DOl

10.1167/i0vs.62.7.3

Zhu Jun Inomata Takenori Nakamura Masahiro Fujimoto Keiichi Akasaki Yasutsugu Fujio 12

Kenta Yanagawa Ai Uchida Koichiro Sung Jaemyoung Negishi Naoko Nagino Ken Okumura

Yuichi Miura Maria Shokirova Hurramhon Kuwahara Mizu Hirosawa Kunihiko Midorikawa-Inomata

Akie Eguchi Atsuko Huang Tianxiang et al

Anti-CD80/86 antibodies inhibit inflammatory reaction and improve graft survival in a high-risk 2022

murine corneal transplantation rejection model

Scientific Reports 4853

DOl
10.1038/s41598-022-08949-9




5 1 2

Okumura Y, Inomata T, Fujimoto K, Uchida K, Shiang T, Murakami A

Blockade of CD80/86 prolongs corneal allograft survival

Gordon Research Conference on Cornea and Ocular Surface Biology and Pathology

2020

, , , Tina Shiang,

CD80/86

2018

2018

2018

2018

CD80/86 T

122

2018




Keiichi Fujimoto, Takenori Inomata, Koichiro Uchida, Tina Shiang, Yuichi Okumura, Akira Murakami

The effect of Anti-CD80/86 antibody on regulatory T cells in murine corneal transplantation

ARVO 2018 Annual Meeting

2018




