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Development of mouse model of chronic lung allograft dysfunction to evaluate
immune regulation
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We developed a murine model of chronic lung allograft dysfunction (CLAD) and
transplanted left lungs from BALB/c donors into B6 recipients that were treated with intermittent
cyclosporine and methylprednisolone postoperatively. In this model, the lung allograft developed
acute cellular rejection on day 15 which, by day 30 after transplantation, progressed to severe
pleural and peribronchovascular fibrosis with lymphocyte infiltration. This model reflects
restrictive type of CLAD. Using secondary lymphoid organ - deficient mice as recipients, we found
that secondary lymphoid organs were necessary for progression from acute cellular rejection to
allograft fibrosis. sICAM-1 elevation in bronchoalveolar lavage fluid was characteristics in this
model. We uncovered a critical role for recipient secondary lymphoid organs in the development of
CLAD and identified a possible predictive marker for CLAD.



5
55% 60% 80%
[Chambers DC, et al. J Heart Lung Transplant 2018]

(chronic lung allograft dysfunction: CLAD)
[Verleden GM, et al. J Heart Lung Transplant 2019]
CLAD
(bronchiolitis obliterans syndrome: BOS)
(restrictive allograft syndrome: RAS)
[Sato M, et al. J Heart Lung Transplant 2011]

(prednisolone: PSL)

A(CyA) (calcineurin inhibitor: CNI)
(Mycophenolate mofetil: MMF) 3
5 50% CLAD
[Sato M. Gen Thorac Cardiovasc Surg 2013] CLAD
PSL CNI MMF 3 CLAD
, lymph

node with alveoli
[Gauthier JM, et al. Ann Am Thorac Soc 2017]

[Lama VN, et al. JCI Insight 2017] Washington University in
St. Louis
2007
[Okazaki M, et al. Am J Transplant 2007]
CD4 T
(secondary lymphoid organ: SLO)
CD4 T SLO CD8 T
[Gelman AE, et al. J Immunol 2008,
Gelman AE, et al. J Immunol 2009] interaction T

Major histocompatibility
complex(MHC)
(tertiary lymphoid organ: TLO)
T Foxp3
[Li W, et al. J Clin
Invest 2019, Tanaka S, et al. Am J Transplant 2020]

T B TLO

[Sato M, et al. J Immunol 2009] CD4/CD8 T SLO TLO
CLAD

Human leukocyte antigen (HLA)

CLAD



CLAD
(tertiary lymphoid organs: TLO)

TLO
(
CLAD TLO
SLO )
Balb/c
B6
MHC B6
PSL(1.6mg/kg/day 3 ) CyA(10mg/kg/day 3 ) (
30 (D30)
( D RAS CLAD
E1 <7 Rn#HE - SR EREETS (CLAD) ET )V ORHE
Balb/c £EL BB v(v‘;‘llc_lr)ty e CyA 10mgikg/day 3x/week [D15 D30]
Bl PSL 1.6mgikg/day 3x/week AT
S8 1 A eee——) 11>
i Intermittentimmunosuppression (IS) TEALY
B6 wild type(WT) D15 D30 Hematoxylin and
eosin (HE) Masson trichrome [y}
D30 (CD3 CD4 CD8 B220 Lyve-1 PNAd )
TLO
B6 SLO
PSL  CyA SLO
B6 WT D15 D30 (bronchoalveolar lavage
fluid: BALF) CLAD
2A 2B D15 D30
( ) HE MT D15
D30
D15 D15 D30
3A,3B D30 CD3
T B220 B

T CD4 CD8



TLO ( 30 TLO high
endothelial venule (HEV) PNAd
Lyve-1 PNAd HEV
TLO
=2
A BALBI/c B BALB/c
=>B6 WT =>B

3

A BALB/c
=> B6 WT (D15)

.

B BALBI/c
=> B6 WT (D30)

IHC for PNAd and LYVE1
BALB/c => B6 WT (D30)

&

TLO
SLO B6 2
SLO 1 Aly/Aly
SLO Aly/Aly (Spx-aly/aly)
PSL CyA D30 ISHLT grade A(
) B( ) BALF IL-6 IFN-y
WT Spx-aly/aly Spx-
aly/aly ( 4 MT
o SMA (AB)
Spx-aly/aly ( 5) ELISA
BAL TGFB  Spx-aly/aly 1
SLO Lymphotoxin f (Spx-LTB
KO) ( 6) B SLO
Lymphotoxin 3
B6 WT WT B WT B
¢ 6
D15 D30  BALF
D15 sICAM-1 CXCL13 TIMP-1 CCL5 D30
sICAM-1 D15 D30 sICAM-1

D15



4 Balb/c
=> Splenectomized :
B6 aly/aly (D30) ¢

ISHLT A grade ISHLT B grade BALF IL-6

:

ns

!

ISHLT A grade
- N

[ ]

[}
ISHLT B grade

] e
WT

-
=3
=3

~
o

BALF IL-6 (pg/ml)
S 8

o

WT __ spx-alylaly —WT__Spxaalylaly WT  Spx-aly/aly

Intermittent IS, D30

Intermittent IS, D30

Intermittent IS, D30

BALF IFN-y

BALF IFN-y (pg/ml)
o ~ ;
o o o

»N
o

o

WT Spx-aly/aly
Intermittent IS, D30

y - -
X5 Area of fibrotic change a-SMA+ area
g g 8 *
z T5 .
g 5241
g E.T: LN}
@ + 2 2
: <
H @
] S 04 [
M WT  Spx-aly/aly * = .
Intermittent IS, D30 px-aly/aly
WEB0 alylaly' D30 Intermittent IS, D30
X6
Balbic < ISHLT A grade ISHLT B grade
=> Splenectomized e e
LTBR-KO (D30) —— (o3 —
4 oo - 2 L4 L]
g 3 L] —hh— - .§
? 2 A 5 1 —e— "
z H
21 2
o o 7 T T
WIT Splx- s;;x. WT Sp).(- sp)f.
Lo e, a7

Intermittent IS, D30

Intermittent IS, D30

CLAD

CLAD




3 3 1 0

Oda Hiromi Tanaka Satona Chen-Yoshikawa Toyofumi F. Morimura Yuki Yamada Yoshito Yutaka 54
Yojiro Nakajima Daisuke Hamaji Masatsugu Ohsumi Akihiro Menju Toshi Nagao Miki Date
Hiroshi

Impact of perioperative airway pathogens on living-donor lobar lung transplantation outcomes 2023
Surgery Today 266-274
DOl

10.1007/s00595-023-02730-9

Mineura Katsutaka Tanaka Satona Goda Yasufumi Terada Yuriko Yoshizawa Akihiko Umemura Online
Keisuke Sato Atsuyasu Yamada Yoshito Yutaka Yojiro Ohsumi Akihiro Nakajima Daisuke Hamaji
Masatsugu Mennju Toshi Kreisel Daniel Date Hiroshi

Fibrotic progression from acute cellular rejection is dependent on secondary lymphoid organs in 2024
a mouse model of chronic lung allograft dysfunction

American Journal of Transplantation Online

DOl
10.1016/j .ajt.2024.02.020

Tanaka Satona Nakajima Daisuke Sakamoto Ryo Oguma Tsuyoshi Kawaguchi Atsushi 1. 42

Outcome and growth of lobar graft after pediatric living-donor lobar lung transplantation 2023

The Journal of Heart and Lung Transplantation 660-668
DOI

10.1016/j .healun.2022.12.010

1 0 1

Yuki Morimura, Satona Tanaka, Mamoru Takahashi, Yojiro Yutaka, Akihiro Ohsumi, Daisuke Nakajima, Hiroshi Date

The Effect of Resolvin D1,Resolvin E1, and Their Precursors on Lung Ischemia-Reperfusion Injury

International Society for Heart and Lung Transplantation, 44th Annual Meeting & Scientific Sessions

2024




(Date Hiroshi)

(60252962) (14301)
(Yamada Yoshito)
(80375691) (14301)

Washington University in St.
Louis




