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Analysis of molecular mechanism of FK506-induced endothelial dysfunction
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FK506 has been used in hematopoietic stem cell transplantations to suppress
immune function, but is associated with severe endothelial dysfunction. We investigated whether FK506
induces endothelial dysfunction using a three-dimensional culture blood vessel model, in which human
umbilical vein endothelial cells form and maintain capillary-like tube and lumen structures. We found
that FK506 induced tube breakdown and endothelial cell death through attenuation of Akt and ERK1/2
independently of calcineurin inhibition and the caspase pathway and that recombinant human soluble
thrombomodulin suppresses FK506-induced endothelial cell death through prevention of Akt inactivation.



1)

(GVHD)

GVHD

)

(DIC)

™

™
(DIC
™

DIC

1)

) rT™M

1)

(CsA)

)
(HUVEC)

vitro 3
|

HUVEC

3
in vitro 3
CsA FK506

GVHD

(rTMm)
(TM) (

DIC

) rT™M
DIC
rTM

(FK506)

in vitro 3

HUVEC

WST-8

tube formation
__(for48 h) tube maintenance
| Al (for additional 48 h)

lumen

Bl mMEHRES S UHRERDOERMER

1) HUVEC CsA
FK506

(CsA: 0.2-0.8
ug/ml FK506: 10-20 ng/ml) CsA

FK506
( )

1.8 pg/ml CsA 10 ng/ml FK506 20 ng/ml FK506
. - = Hgdsi

( 2
_ icle

bar: 100 um
120
~. 100 T .
%‘ £ w0
€8 60 :
=0
8 10
=~ 20)-
0
24 h 48 h
0O control
[ 0.6 ug/ml CsA M 10 ng/ml FK506
@ 1.8 pg/ml CsA M 20 ng/ml FK506
B3. FK506Is ML R E /L 25
25
& 20 =
=
5 15
e}
S 10
=5
8
0 . . .
0 24 48 72
time (h)
O control
O 0.6 ug/ml CsA < 10 ng/ml FK506
M 1.8 ug/ml CsA 4 20 ng/ml FK506
ED4. B HNH Al (S AAPBTEIC EE LA L
WST-8 CsA
HUVEC
FK506




IL-2 T

short hairpin

( 4
CsA FK506
3
FK506
FK506 T
FK506
-2(1L-2)

calcineurin Ao
ShRNA

control
ShRNA

vehicle

1i

RNA(ShRNA) B5: AL L= 21— SIEFKS06I= &
EREHmcEE LA
% € =100
REE 75
>® £
Z£5 w0
8 o7
z 5 s 25}
( L=< o
B6. B =a—1) UIFFKE06IZ & B
) HEEEICES LA
HUVEC
HUVEC
FK506
( 5 6)
FK506
FK506
WST-8 ( 3) FK506
HUVEC FK506
treatment for 48 h
in 3D cultures
CsA(ug/ml) 0 0618 0 0
-3 FK506 (ng/ml) 0 0 0 10 20
caspase-3 (32 kD)
( cleaved caspase-3 (17 kD) [ = 0 o]
7) GAPCH (oo e oo e e

BE7.FKS0613 Hh R/ \—E-3%FHLT S

zVAD(OMe)-fmk

FK506
(8
FK506 (20 ng/ml) - + +
ZVAD (25pM) - -+

caspase-3 | s |
cleaved caspase-3 [+ wm

caspase-6 (35 kD) [= = =]
cleaved caspase-6 (18 kD) as |

caspase-7 (35 kD) [ = =]
cleaved caspase-7 (18 kD)

GAPDH ER e ]

25

100

cell viability
(% of control)
@
(=]

VAD(25pM) - o+ -+
FK506 (20 ng/ml) - -  + +

8. FKh06I— & A ME R [ZhRI—F
B8 S S MBI A 2/

FK506

ERK1/2
(9

treatment for 24 h
in 3D cultures

CsA(ug/ml) 0 0618 0 0
FK506 (ng/ml) 0 0 0 10 20
e )

e ]

Akt (60 kD) |

p-ERK1/2 (Thr202/Tyr204) |
ERK1/2 (44/42 kD)

caroH e e ]

(9. FK506/XAkt & ERK1/2% 71T 3

Akt

ERK1/2 PD98059

( 10 )
FK506

Akt ERK1/2

Akt

LY294002



( 11 Eguchi
etal Cell. Signal. 2013)
24 h 48 h 24 h 48 h

LY294002 (uM) PDY8O59 (uM)
0051 0051 02 4 0 2 4

1 uM
vehicle LY294002

2% gl
0=
§§ 60
@a‘; 40|
= ogf-
0
LY294002(uM) O 05 1 0 0
PDO8OSO(M) O O O 2 4
BI10.FEBOGIZ & S Akt & E RK]/ZCDZU%‘FMI:D“
MENEEEES|EHIT

FK506 —» FK506-FKBP

N Flzap J_

tube breakdown & cell death
(caspase-independent
endothelial dysfunction)
BITT.FREOBIZ L S MEBEANEERET DS THEF

(2) rTM  FK506
3
HUVEC FK506 rm™M
FK506
( 12
FK506
( 13
rTM (pg/ml)
control _____0.05 __ 5 ) 5

vehicle

20 ngfml
FK506 |

E12. rTMIZFKS061= & 2 EREEER & IMFI T E 40

rTM  FK506

DNA

HMGB1

=
© =
S =)

cell viability
~
o

(% of control)

50
TM (ug/ml) 0 0.0505 5 0 00505 5

20 ng/ml FK506
13. rTMIZFK5061< & S #RRA%E £ %I 5

™ rTM
HMGB1 N
FK506 3
HMGB1 ELISA
HMGB1 3
FK506
( 14)
HMGB1  FK506
FK506 HMGB1
rTM HMGB1
FK506
( 15) rTM
FK506 HMGB1
( 16)
80

HMGB1 (ng/ml)
o [*2]
o =]

[
o

(=]

20

FKSOéOng.'mI)
B U Ehlveo A DR e

anti-HMGB1 (ug/ml)

0.1 1 10

control

bar 100 um

[15. HMGB1 s ¥4 44 LFKE061= & % BRER R Z I T =420

110

cell viability
(% of control)
w
=]

-~
o

50
anti-HMGB1

a1 01 a1 01

(ug/mi) 0 0 0 0 0 0

20 ng/ml FK506

[Z16. HMGB1=F$[HJ1.{$H:FK506| & BB
EMFITELGL

FK506 HMGB1

FK506



rm™M FK506

Akt
ERK1/2
FK506 Akt
rTM 20 ngfml
FK506
rTM (50 ng/ml) - - +
anti-HMGB1 (10 pg/ml) - - - +
( 17)  phospho-Akt (Serd73) (B mm 0
FK506 Akt (80 kD) | s wr W
hospho-ERK1/2 e
ERK1/2 p(‘l?lfrgO%iTyr%‘t) -—— o
ERK1/2 (44/42 kD) [ me e o
rTM E17. rTMEFKS061Z & HAKED AE
AL ZMF T 5
rTM FK506 Akt
rTM FK506
Akt
FK506
TM (50 ng/ml) - - + +
LY 294002 LY294002 (0.5 uM) - - - +
phospho-Akt (Serd73) |se -
rT™M E18.LY2940021%r TMIZ & HFK506
M QAT EE QM
FK506 #l%BEET 5
Akt 110
zE
EE 9
LY294002 28
( 18) " 50
rTM rTM (50 ng/ml) - + + - + +
LY294002
FK506 BB
20 ng/ml
LY294002 FK506
19.LY294002(%r TMIZ & HFK506
FEMEHREDINF #REF
( 19) e
rTM FK506
Akt
( 20
Eguchi etal Exp. Cell. Res. 2014)
rTM FK506

FK506 treatment | FK506 + rTM treatment

;m{ | rTM FK506
Akt
cell tube cell tube

death "5~ breakdown

N\

endothelial
dysfunction

B20. rTMIC & HFK5065%5 8 1 M &M B IRE
DR

death "9" breakdown

N\

endothelial
dysfunction

FK506 ERK1/2

Eguchi R, Fujimori Y, Okada M, Tamaki
H, Wakabayashi I, Ogawa H Recombinant
human soluble thrombomodulin
attenuates FK506-induced endothelial
dysfunction through prevention of Akt
inactivation Experimental Cell Research

Vol.323 NO.1 2014 112-117

Doi: 10.1016/j.yexcr.2014.02.023.

.Equchi R, Kubo S, Ohta T, Kunimasa K,
Okada M, Tamaki H, Kaji K, Wakabayashi
I, Fujimori Y, Ogawa H FK506 induces
endothelial dysfunction through
attenuation of Akt and ERK1/2
independently of calcineurin inhibition and
the caspase pathway Cellular Signalling

Vol.25 No.9 2013 1731-1738
Doi: 10.1016/j.cellsig.2013.05.008.

FK506 Akt

37
2015 3 6

Recombinant human  soluble
thrombomodulin attenuates
FK506-induced endothelial dysfunction

through prevention of Akt inactivation
87 2014 10 18

Recombinant
thrombomodulin suppresses
FK506-induced endothelial cell death by
preventing Akt inactivation 75

2013 10 12

FK506 induces endothelial
dysfunction through attenuation of Akt
and ERK1/2 independently of calcineurin
inhibition and the caspase pathway 21

2013 9 27

FK506
caspase Akt

calcineurin
ERK1/2



86 2013 9 13

A complex of FK506 and FK506 binding
protein 12 is involved in FK506-induced
breakdown of capillary-like tube structures
independent of calcineurin inhibition 85

2012 12 16

Recombinant

thrombomodulin suppresses
FK506-induced endothelial cell death
74 2012 10 21

FK506 binding protein 12 is involved in
FK506-induced endothelial dysfunction
74 2012 10 20

@
EGUCHI, Ryoji




