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The role of ubiquitin proteasome system in cardioprotection by volatile
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Administration of sevoflurane prior to ischemia-reperfusion confers
cardioprotective effects (sevoflurane preconditioning). We examined the role of ubiquitin proteasome
system in this protective effects. Isolated guinea pigs hearts were subjected to 30 min ischemia,
followed by 120 min reperfusion (CTL). Anesthetic preconditioning was elicited with 2% sevoflurane

for ten minutes prior to ischemia SSEVO . Infarct size was reduced in SEVO compared with CTL.
Immunohistochemical analysis revealed that there were less myoglobin-negative cells and ubiquitin
and LC 3 stain were increased in SEVO. Electron microscopic study showed that there were more
abundant autophagosomes in SEVO. These results suggests that ubiquitin proteasome system plays a
role in cardioprotective effects of sevoflurane associated with autophagy.

sevoflurane ischemia-reperfusion heart ubiquitin-proteasome guine pig



high
risk

Ischemic
Preconditioning IPC

Anesthetic Preconditioning
(APC) IPC

(Circulation 88:223-234,1993)
ROS
(Exp Clin Cardiol 7:173-
179,2003)

IPC
Proc Natl Acad Sci USA 94:
3235-3239,1997
(Am J Physiol 275,H50-56,
1998) ¢ protein kinase C (g PKC)
Proc Natl Acad Sci USA 95:8262-
8267,1998

Anesthesiology 339,2004, J Anesth 24:
215-224, 2010 IPC
Anesth Analg 106:

9-16,2008
PKC-a , € translocation

Eur J Anaesthesiol 26;582-
588,2009 protein kinase C-0 ,

glycogen synthase kinase 33 (GSK-3( )
Anesthesiology
111:1036-1043,2009

Eur J Pharmacol 724;58-66, 2014 J
Anesth 28:593-600, 2014

ubiquitin-proteasome
system (UPS)

DNA

UPS
Su
UPS
(Su e 4
Cardiovasc Res 2010) IPC
UPS
upregulation
DNA
UPS
UPS
1 600
pentobarbital
(60mg/kg)
Langendorff 70mmHg
20
30
120 IR
(SEVO, n=8)
(SEVO, n=8)
sevoflurane (2%) 10
Sham
n=4 (LvDP)
(LVEDP)
CF (19
37 1%

2,3,5-triphenyl tetrazolium chloride
(TTC) 10 incubate

Adobe Photoshop
image



2)

4
LC3 p62
ABC
3
2.5%
HT7700
protein
aggregation
1) IR SEVO
LVDP LVDEP
30
(SEVO:54+8% vs. CTL:28+6%, p<0.05)
(CF)
2)
SEVO CTL
LC3
SEVO CTL
P62 CTL SEVO sham

positive control

CTL SEVO

3)
autophagosome CTL
SEVO sham

CTL
Protein aggregation

4)
SEVO
CTL
LC3
SEVO UPS
CTL
p62

protein aggregation

UPS

12
Takemura G, Kanamori H, Okada H,
Tsujimoto A, Miyazaki N, Takada C,
Hotta Y, Takatsu Y, Fujiwara H.
Ultrastructural aspects of vacuolar
degeneration of cardiomyocytes in
human endomyocardial biopsies.
Cardiovasc Pathol. 2017 Jul
4;30:64-71.
DOI: 10.1016/j.carpath.2017.06.012.

Kuno T, Imaeda S, Asakawa Y, Nakamura
H, Takemura G, Asahara D, Numasawa Y.
Mitochondrial cardiomyopathy
diagnosed with histological and
genetic analyses. Case Rep Cardiol
2017; Volume 2017, ArticlelD
9473917.
DOI: 0rg/10.1155/2017/9473917

Okada H, Takemura G, Suzuki K, Oda K,
Takada C, Hotta Y, Miyazaki N,
Tsujimoto A, Muraki I, Ando Y,
Zaikokuji R, Matsumoto A, Kitagaki H,
Tamaoki Y, Usui T, Doi T, Yoshida T,
Yoshida S, Ushikoshi H, Toyoda I, Ogura
S. Three dimensional ultrastructure of
capillary endothelial glycocalyx under
normal and septic conditions. Critical
Care. 2017; 26:261.

DOI: 10.1186/s13054-017-1841-8



Myoren T, Kobayashi S, Oda S, Nanno T,
Ishiguchi H, Murakami W, Okuda S, Okada
M, Takemura G, Suga K, Matsuzaki M,
Yano M. Urinary 8-hydroxy-2' -
deoxyguanosine as a biomarker of
oxidative stress for prediction of
cardiovascular-related death in
patients with cardiac sarcoidosis. Int
J Cardiol. 2016 Jun 1;212:
206-213.

DOI: 10.1016/j .ijcard.2016.03.003.

Takemura G, Onoue K, Kashimura T,
Kanamori H, Okada H, Tsujimoto A,
Miyazaki N, Nakano T, Sakaguchi Y,
Saito Y. Electron microscopic findings
are an important aid for diagnosing
mitochondrial cardiomyopathy with
mitochondrial DNA mutation 3243A>G.
Circ Heart Fail. 2016 Jul;9(7).
pil: e003283.
DOI:10.1161/CIRCHEARTFAILURE.116.003
283.

Kanamori H, Takemura G, Goto K,
Tsujimoto A, Mikami A, Ogino A,
Watanabe T, Morishita K, Okada H,
Kawasaki M, Seishima M, Minatoguchi S.
Autophagic adaptations in diabetic
cardiomyopathy differ between type 1
and type 2 diabetes. Autophagy.

2015 Jul 3;11(7):1146-1160.

DOI: 10.1080/15548627.2015.1051295

Okada H, Takemura G, Suzuki K, Miyazaki
N, Kuroda E, Ito Y, Chikaishi T,
Ushikoshi H, Ogura S. Substitution of
chronic insulin therapy with
dipeptidyl peptidase-4 inhibitors and
sodium-glucose co-transporter-2
inhibitors. Diabetes Res Open J.

2015;1(3):77-78.
DOI:10.1161/CIRCHEARTFAILURE.114.001
746

Morishita K, Takemura G, Tsujimoto A,
Kanamori H, Okada H, Chousa M, Ushimaru
S, Mikami A, Kawamura 1, Takeyama T,
Kawaguchi T, Watanabe T, Goto K,
Morishita M, Ushikoshi H, Kawasaki M,
Ogura S, Minatoguchi S. Postinfarction
cardiac remodeling normally proceeds
in granulocyte colony-stimulating
factor knockout mice. Am J Pathol.
2015 Jul;185(7):1899-1911.
DOI: 10.1016/j .ajpath.205.03.018

Shiomi M, Miyamae M, Takemura G, Kaneda
K, Inam ura Y, Onishi A, Koshinuma S,

Momota Y, Minami T, Figueredo VM.

Induction of autophagy restores the

loss of sevoflurane cardiac

preconditioning seen with prolonged

ischemic insult. Eur J Pharmacol.
2014 724;58-66.

DOI: 10.1016/j .ejphar.2013.12.027.

Shiomi M, Miyamae M, Takemura G, Kaneda
K, Inamura Y, Onishi A, Koshinuma S,
Momota Y, Minami T, Figueredo VM.
Sevoflurane induces cardioprotection
through reactive oxygen species
-mediated upregulation of autophagy in
isolated guinea pig hearts. J Anesth.
2014.28:593-600
DOI: 10.1007/s00540-013-1755-9

Koshinuma S, Miyamae M, Kaneda K,
Kotani J, Figueredo VM. Combination of
necroptosis and apoptosis inhibition
enhances cardioprotection against
myocardial ischemia-reperfusion
injury. J Anesth. 2014
28:235-241.

DOI: 10.1007/s00540-013-1716-3.

Figueredo VM, Okusa C, Kaneda K,
Inamura Y, Miyamae M: Regular
dipyridamole therapy produces
sustained protection against cardiac
ischemia-reperfusion injury: Is it
time to revisit PARIS? Int J Cardiol
176:822-827, 2014.
DOI: 10.1016/j .ijcard.2014.08.013.
Epub 2014 Aug 9

7
Suzuki K, Okada H, Takemura G, Yamaji
F, Takada C, Oda K, Hotta Y, Miyazaki
N, Doi T, Yoshida T, Yoshida S,
Ushikoshi H, Ogura S. Neutrophil
Elastase Plays a Pivotal Role in
Sepsis-induced Myocardial Dysfunction.
2017 Annual Meeting of American Heart
Association, Anaheim, USA

Yamaji F, Okada H, Takemura G, Suzuki
S, Takada C, Miyazaki N, Ogura S.
Recombinant Thrombomodulin Attenuates
Sepsis-induced Myocardial Dysfunction
via Protection of Endothelial
Glycocalyx Structure. 2017 Annual
Meeting of American Heart Association,
Anaheim, USA

Kanmori H, Naruse G, Yoshida A,
Minatoguchi S, Komaki H, Baba S, Yamada
Y, Mikami A, Kawasaki M, Nishigaki K,



o

@

Takemura G, Minatoguchi S. Metformin
Displays Cardioprotection in

o -sarcoglycan Deficiency Induced
Cardiomyopathy Through Autophagic
Activation via AMPK-mTOR Pathway. 2017
Annual Meeting of American Heart
Association, Anaheim, USA

Okada H, Suzuki K, Takemura G, Takada
C, Mann D, Komatsu M, Ogura S. Highly
effective treatment of endothelial
disorders in sepsis by CAR peptide
adjuvant for hydrocortisone therapy.
American Thoracic Society 2016
International Conference, San
Francisco, USA.

Okada H, Takemura G, Takahashi T, Goto
K, Kanamori H, Kawamura I, Watanabe T,
Morishita K, Tsujimoto A, Ushikoshi H,
Kawasaki M, Mikami A, Kosai K,
Minatoguchi S, Ogura S. Intravenous
Administration of Endothelial
Colony-Forming Cells Overexpressing
Integrin B1 Augments Angiogenesis in
Ischemic Legs. 2015 Annual Meeting of
American Heart Association, Orland,
USA

Higashi K, Yamada Y, Kumazaki M, Aoyama
T, Baba S, Minatoguchi S, Nishigaki N,
Takemura G, Akao Y, Minatoguchi S. Post
Infarct Treatment With Micrornal4b
Protects the Heart Against Myocardial
Ischemia Reperfusion Injury Through
Acceleration of Myocyte Autophagy.
2014 Annual Meeting of American Heart
Association, Chicago, USA

Morishita K, Takemura G, Tsujimoto A,
Kanamori H, Kawamura I, Mikami A, Okada
H, Takeyama T, Kawaguchi T, Watanabe T,
Goto K, Ogino A, MorishitaM, Ushikoshi
H, Kawasaki M, Ogura S, Minatoguchi S.
Postinfarction Cardiac Remodeling
Normally Proceeds in Granulocyte
Colony-Stimulating Factor Knockout
Mice. 2014 Annual Meeting of American
Heart Association, Chicago, USA

MIYAMAE, Masami

20298821

TAKEMURA, Genzou
40283311
KANEDA, Kazuhiro

90533886



