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Graft protective effect and induction of CD4+Foxp3+ cell by Thrombomodulin on
allograft coronary arteriosclerosis
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In this stud¥, we investigated the vessel-protective effect of
Thrombomodulin in the survival of fully MHC-mismatched murine cardiac allograft transplantation. CBA

recipients transplanted of a C57BL/6 heart received intraperitoneal administration of 1.28, 12.8
and 128U/day of Thrombomodulin from the day of transplantation to 7 days afterward. CBA recipients
exposed with 1.28, 12.8 and 128U/day of Thrombomodulin had significantly prolonged allograft
survival (MSTs, 17, 24 and 50 days, respectively). IHC studies on 4 weeks after grafting showed more

Foxp3+ cells and lower myocardial damage in the allografts from Thrombomodulin-exposed CBA
recipients. In conclusion, Thrombomodulin could induce the prolongation of fully MHC-mismatched
cardiac allograft throu?h the accumulation of regulatory CD4+Foxp3+ cell in the coronary arteries.
This study has been published in Journal of Cardiothoracic Surgery.



X C-19, F-19—-1, Z—19, CK—19 (#)

1. BrREBRBYEEIDE R

[1] ARSI LTk 7 a 2R Y SO GIEMfIEe 2T o4 RoMHic Ly,
—EDOFIEHR R/ 7=, LU, BYEEMROSIZB L ik, RRL o SEAIC I il
DNEETH 0 | BEIEHESS Z HIE RIS T 5 2 L ARFTOBHEEROMETH 5,

[2] & b OMmENICIZMK OB 72 BEE 2B < 7oz, BLF OPuEE (Briike) fERN
i > TV D, O~T UHilE, QBT 7 A ) —F o T 0 F_R—4— @F A
EH A7V, @O—rEHZ, ®rarAREY 2 »[Thrombomodulin. LA F. TMI]
EHEThHD, FFlIZO®O TM 1% 1984 FEHE VIEH i, 8ARZTE GhEERPFFRTH
£2) I X0 T OPEEREEEZ R TIMAENE X VX7 E LTIFES LT T, Fie,
ZOMrUREY 2 ) AMENOT X TOMENITAFAET 2 A3, BULIES 0 Bk
YuiE O B RENIRIE <5 O M E R 2812 L 0 i UL AR SRR S oW REE & 722 5,

[8] & TOMmMENKITHEET D E SN TMICBE LT, ZOFEEEER « PIRIETEMRIE
BRI NMEERIEEICEA G 2 IR TH o 72,

2. MIREOBER

~ U AT T V2 T, TM ORE LT ORISR W TRIE L, RIS EHNIC
B 2 i & PR TM O BEiEE & TM SAIH 512 K 2 AAFIER B RAZ SOV THIT %

(1] ~ 7 2ABAELOAFEERII ORIE & HIfEE T AR O E O A O R

(2] SEEBOAIRPN RS OO D0 N i A F2 B A il 2o 53

(3] RHIAEBEBAL O JE FH~DRIEME « HTAIEMEAR IR AT

3. WEDFHE

EBRET VLY U ZRDOEFIELBBAEET LV Th 5, HiEITEEGRC (Niimi M. The

technique for heterotopic cardiac transplantation in mice: experience of 3000

operations by one surgeon. J Heart Lung Transplant 2001;20(10):1123-8.) TiEflIZE

WINTWD, FITHEMEET 6 5H Y. DN 1 51X Teaching FIREZRRREHM M EL Fofr

MBS 27 L THY . Z< OEN, EAMEPENFRIEN L TWD, TS e

YAREY2Y Y (LU, TM) ®ANIEESOFERZEA L TS, BRI NIERHG

(AT 5 S RO R | IRE LB il S 7 IRREBCTh 5,

[1] C57BL/6 ~ 7 A LligiA Filf BEMEE 2 FIV T CBA v 7 ADFEIC BT 5 & | ML
B (EEJRE) T IED 7~8 AT D, ZOFETNVOBMEFERITBMEE T
(2 1000 FHLL AT i, HEIGHLE L TEEERE LTV D,

(2] MEVRFREOBAL O MAE N EEZFTEIT 272012, o TMIREZRET 5, F
TZRIRHC, AR E TM OJFERGE (CD141 Yefa) HAT9,

(3] MEVEREDOMAE N TM 2 a2 di~7-th, TM ®8 A2 7 B 1 A 1[E (v M@E
& 380U/kg/dayl~ 7 2 #i% 8.5~9.5U/mouse]) #5- L, A= 354E R HAM & AL a8k
NIRIREREZES 5, 7o, BKR 7THA, 14 HE, 28 A HOEMEPIE TM
JRERYL A ZAT D,

[4] TM AN K 2B EBERRBHER TE 256, AEERDROIRRE ZFH4
5, TMZDHDDMETH D0 E 9 H>, ghiliEiila (FIHEYE T il Regulatory T
cell; AR, Treg) LD HDM0NE D 0wtz VW CREET 5,



4. HFERE

[1]

~ U ABME T IVIZEBIT S TM O i E 254k (Fluctuation of TM)

Naive ¥ 7 A & = 7 2 BT 7000

FAOMit%k 3 HE, 56 AR, TH »
H.10 H E ol H TM 2 4 HE

L7z, XD X 912, naive ¥ - 6000
ALHART, BEEFAM®SH |2
HZIE TM BT AT LT

B0, AMERERINC L > TaYy o
O MAENETM 235 Sh T 4500

Naive nTx (day 3)  nTx(day5) nTx(day7) nTx (day 10)

eSS, LinL, TO
WAIT—RN2bOTHY | iR 10 A BIZTmPREIZRE LTz, HL, BiE
DS 10 B BITITE2ME 1L LHEMEASIZIEZ T LTWD Z &b  TM R & SR
MRS O HIRIIHABI T2 Z L2V L7z, 2 OFEBRIIBMEEMSOSHIRIC TM % #fi it
TORPL 2T =2 Thol,

TM #5112 X 5~ 7 AR O A S IERE SR (Significant prolonged allograft survival)

TM HIFEIE & DO~ 7 ABALLAE oo —noghy 11 o
FIERAREE L, TV 136 T
*[E H 0> % 7 H Fﬁ'ﬁﬂﬁﬂ?lﬂf&@ é: l/\ * 1 —+Untreated ~ §

T™ @ titration ( & 5 &
20.0pg/day . 2.0ug/day

A (median survival time. » ‘ Ll—-

60

ival rate (%)

LU, MST) ZHIE L7z, A S
J: 5 G:\ MST ciﬁ%@ﬁ‘l‘%a:ﬁﬁ 0 10 20 30 [:(‘l\‘m”;i}‘m gmﬁ:{; 0 80 90 100

L 20.0pg/day #EC 50 H &7e~>7-, LLEDFERD G, 20.0pg/day + 7 HREI T~V 2%
BT 52 & & L,

IZ K AL EE AR EEE ] (Suppression of intimal hyperplasia in

coronary arteries)

T™ #WFIBFIC L > ThEE |2 ¢
ERERLEYAOBE | o T - 4 . mpae &
DIEEEINR 2 i | £ v T s s
WL ARIRT B, | R e ] R e e
TSR NT & TM ISR | b d
OWHI14HEL28HED | —e iy
FEBIR (LCA - RCA) I é%ﬂ P %§%l ¢
fEJE [a, bl & P& % R "| N ‘ EN) oy | ""l BN | BN |

(stenosis index: SDlc, d] %
HIE Lz, X ab BARd X912, i 14 A B2 S EEERED LCA 1357220 %E LT
Y. 28 HEIZIZTRCA 528872 LT\ -, %L T, TM 1&ERET 28 HH ® RCA



IXETOREZBRDDLHOO, MENBEIIRIZN TV, K o/d T RERICBIRHREE
® 28 HH® ST X 100% T HDIZHK LT, TM IBHEED ST iX 40~50%IZF £ - T
Wiz, TM M FERIES K B B EBN RN IO IBEMmHh R R Sz, LavL, TM
H AR D RIEM NN RIS I A T 7 A FIZHA_RTREF N LIRS T
L, TM fifEHEOBE L H D03, BIOBER A MERE, RasREC/ER LTV
% AlREME bR S 47z,

[4] TM 2 X 251 T Mo iE (Prominent accumulation of CD4+Foxp3+ Treg)
TM fFIRRIC LD EB LR 2 S DI T 572012, BHEL '
g% o AR L e TR L7, 97, HEVRIRRE L TM IRIREED
EEBALZ HE et U, OO B S & U o ERiR
PR &I L, A5 ERTRT L DI, BB TM IR ||
FEORAR LI TR MAEHEE MR T2 TR 0 L Dk OFRAL &
RHERTH ST,

WIZ, & DDA R B IR PH I =
LY o SEREFE T 57291,
CD4 & Foxp3 #Y4ta L7, 45X [a,cl
(R &L 90T DA~ CD4+%
7213 Foxp3+HifiE O HexH 5k i3 MR
2 TM JARBECAHREICHEM L T
Wz, Z O IEERNRE P T 6 R
OfER Lo 7[b,d]l, (HL, ZDYth
TlX CD4+fifE A effector T #ifid TH
DAREME S & U | HEAESOSINHN
T=DD>, WSIAEEITAER Lz 024l
T5Z EIINEETH T,

WIZ, ZDORMEMINE S O IZFEIZEE
i~ 2 7= 012 B G e 21T o 72,
FHTXIZRT XK 912, CD4+Foxp3+il
R 23 DL B ik > CD4+HIIEIT < (2

o

®TM reatment  OnTx

120

100

D4 Foxp3

* Myocardium * Coronary artery

® : Foxp3+ @ : Foxp3*

FELTWD I LR ENT=, O:CD# O:CDé

~ : Type IV collagen ~ : Type IV collagen

TM #FI L » TEFIERE IR E

T RIREME E LT, B EOSCN D TM H AR O RIE SUSAH2h RO bteE 2 3 b 281
HILHN. SEIOKBEINTIE, B0 TM #5112 X 2 BALL 0 Dk i #R~
DOHIENE T #fa O FE D R rE I R 2 n L, A MBPER BB S22 LRSI
776

5. ERERWMLE
GfEsERmsy) B 5 1)
[1] Enzhi Yin, Shigefumi Matsuyama, Masateru Uchiyama, Kento Kawai, Masanori

Niimi. Graft Protective Effect and Induction of CD4+Foxp3+ cell by

Thrombomodulin on allograft arteriosclerosis in mice. Journal of Cardiothoracic



Surgery 2018;13:48. DOI: 10.1186/s13019-018-0731-8. &t f

Tomohiro Imazuru, Masateru Uchiyama, Shigefumi Matsuyama, Mitsuru Iida,

Tomoki Shimokawa. Surgical treatment of a huge hepatic artery aneurysm
without revascularization - Case report. International Journal of Surgery Case
Reports 2018;51:95-8. DOI: 10.1016/j.ijscr.2018.08.020 &t A

Enzhi Yin, Shigefumi Matsuyama, Masateru Uchiyama, Michitaka Kono,

Masanori Niimi. Administration of Thrombomodulin (CD141) could improve
cardiac allograft survival in mice. Transplantation Proceedings, 2018; 50:
2794-2797. DOI: 10.1016/j.transproceed.2018.02.204 57t

Enzhi Yin, Xiangyuan Jin, Masateru Uchiyama, Qi Zhang, Takako Yanagisawa,

Akira Inoue, Yu Guo, Masanori Hara, Shigefumi Matsuyama, Tomohiro Imazuru,

Masafumi Kawamura, Masanori Niimi. Seven Japanese Herbals Prolonged
Cardiac Allograft Survival. Transplantation Proceedings, 2018; 50: 2789-93. DOI:
10.1016/j.transproceed.2018.04.015 HHA

Masateru Uchiyama, Enzhi Yin, Takako Yanagisawa, Xiangyuan Jin, Masanori

Hara, Shigefumi Matsuyama, Tomohiro Imazuru, Koichiro Uchida, Masafumi

Kawamura, Masanori Niimi. Yogurt Feeding Induced the Prolongation of Fully
MHC-mismatched Murine Cardiac Graft Survival by induction of CD4+Foxp3+
cells. Transplantation Proceedings. 2017;49:1477-82. DOI:
10.1016/j.transproceed.2017.03.092. A #i A

(F2%XR) Gt 11 #)

2017 4EE CFRk 29 4EE) |

15t CAST [7 T Bl (74 V¥ - &7) 11 A 27 H~30 HBRfkE

[1]

Masateru Uchiyama, Xiangyuan Jin, Enzhi Yin, Takako Yanagisawa, Akira Inoue,
Masanori Hara, Shigefumi Matsuyama, Tomohiro Imazuru, Hideo Yagita,

Masafumi Kawamura, Masanori Niimi. Anti-CD272 antibody (6B2) induced

prolongation of fully MHC-mismatched murine cardiac allograft and generation of
Foxp3+ regulatory T cells.
Enzhi Yin, Masateru Uchiyama, Takako Yanagisawa, Akira Inoue, Masanori

Hara, Shigefumi Matsuvama, Tomohiro Imazuru, Hideo Yagita, Masafumi

Kawamura, Masanori Niimi. 7 Components of Traditional Japanese Herbal
Medicines Prolonged Survival of Fully Allogeneic Cardiac Grafts in Mice.
Enzhi Yin, Masateru Uchiyama, Takako Yanagisawa, Akira Inoue, Masanori Hara,

Shigefumi Matsuyama, Tomohiro Imazuru, Hideo Yagita, Masafumi Kawamura,

Masanori Niimi. The effects of a traditional Chinese herbal medicine “Huaier” in
murine cardiac allograft transplantation.

Enzhi Yin, Masateru Uchiyama, Takako Yanagisawa, Akira Inoue, Masanori Hara,
Shigefumi Matsuyama, Tomohiro Imazuru, Hideo Yagita, Masafumi Kawamura,
Masanori Niimi. Appetite Stimulation by Rikkunshito (TJ-43) Improved
Reduction of Food Intake in Murine Cardiac Transplant Model

Masateru Uchiyama, Enzhi Yin, Shigefumi Matsuyvama, Xiangyuan Jin, Takako




Yanagisawa, Akira Inoue, Masanori Hara, Tomohiro Imazuru, Masafumi
Kawamura, and Masanori Niimi. Administration of Thrombomodulin (CD141)
could improve cardiac allograft survival in mice.

Masateru Uchiyama, Enzhi Yin, Masanori Hara, Xiangyuan Jin, Takako

Yanagisawa, Akira Inoue, Shigefumi Matsuyama, Tomohiro Imazuru, Masafumi

Kawamura, and Masanori Niimi. Graft protective effect of HMG-CoA reductase
inhibitor Pravastatin in murine cardiac allograft transplantation.
Akira Inoue, Enzhi Yin, Masateru Uchiyama, Takako Yanagisawa, Masanori Hara,

Shigefumi Matsuyama, Tomohiro Imazuru, Masafumi Kawamura, and Masanori

Niimi. Glycyrrhizic acid in Licorice prolonged cardiac allograft survival in mice.

2016 4FE CFk 28 4EE) |

TTSIEE A ER] (PE - &) 8 7 18 A~23 HfE

(8]

Masateru Uchiyama, Enzhi Yin, Takako Yanagisawa, Xiangyuan Jin, Satoko
Mizuno, Masanori Hara, Shigefumi Matsuyama, Tomohiro Imazuru, Hideo Yagita,
Masanori Niimi. Anti-CD272 antibody (6B2) induced prolongation of fully

MHC-mismatched murine cardiac allograft and generation of Foxp3+ regulatory T
cells.

Enzhi Yin, Masateru Uchiyama, Takako Yanagisawa, Xiangyuan Jin, Satoko
Mizuno, Masanori Hara, Shigefumi Matsuyama, Tomohiro Imazuru, Hideo Yagita
and Masanori Niimi. A Traditional Chinese Herbal Medicine “Huaier” Induced

Prolongation of Fully MHC-Mismatched Murine Cardiac Allograft.

ATC [T AV W Bl FER] (T AU - RARY) 6 A 11 H~15 H B
[10] Masateru Uchiyama, Enzhi Yin, Takako Yanagisawa, Xiangyuan Jin, Satoko

Mizuno, Masanori Hara, Shigefumi Matsuyama, Tomohiro Imazuru, Hideo Yagita
and Masanori Niimi. Anti-BTLA Antibody (6B2) Induced Prolongation of Fully
MHC-Mismatched Murine Cardiac Allograft and Generation of Foxp3+ Regulatory
T Cells.

[11] Enzhi Yin, Masateru Uchiyama, Xiangyuan Jin, Takako Yanagisawa, Xiangyuan

Jin, Masanori Hara, Shigefumi Matsuyama, Tomohiro Imazuru, Hideo Yagita,
Masanori Niimi. Indefinite Survival of Fully MHC-Mismatched Murine Cardiac
Allografts by Combination of Anti-BTLA mAb (6B2) and Anti-PD-1 mAb (PIM-2).




