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The elucidation of the role of chronic inflammation in heart failure.
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Hypertension is one of the most important cardiovascular risk factors, and
results in macrophage infiltration into the tissues. Here, we investigated the role of exosome, one of
extg@cgllular vesicles, in the inflammatory pathways of endothelial cells (ECs) under hypertensive
conditions.

Exosomes were purified by ultracentrifugation. The exosomes isolated from angiotensin Il-infused rat
serum abundantly contained macrophage marker proteins, CD68 and CD45. Moreover, exosomes from
hypertensive rat serum immediately activated intracellular signals such as c-jun N-terminal kinase and
p38 mitogen-activated protein kinase, and upregulated the expression of intracellular adhesion molecule-1
in ECs. Interestingly, exosomes from THP-1-derived macrophages stimulated by Angiotensin Il also
activated these signaling pathways in ECs.

These results suggest that macrophage-derived exosomes under hypertensive conditions activate the
inflammatory pathway in ECs, leading to cardiovascular remodeling.



I Angll

MRNA microRNA

Mo

Wistar 8
Ang Il 200 ng/kg/min 3

NG-nitro- L-arginine methyl ester L-NAME; 1

mg/mL 3
C57BL/6 8 9
AngII 1,000 ng/kg/min
THP-1 Mg
THP-1
phorbol 12-Myristate 13-acetate
Mo
24
10% Angll
RIC 2
5 5
4

murine

10,000g 30
0.22 pm 100,000
g 180

Angll
Angll 3 7
174420 19122 mmHg
126+6 mmHg
7 g/ g 2.3+0.1
2.1+0.1

HE Sirius red
ED1 rat CD68

Mo

Angll Mo

Mo
THP-1 Me 100 ng/ml
Angll 24

1% O2 5% CO2 24

3
Mo
THP-1 Mo
CD68 CD45
Mo CD68
CD45
LC-MS Angll

glycolysis DNA repair
Angll
cellular protein metabolic process
apoptosis regulation
Mo

murine
Mo
THP-1 Mo Mo
Angll

Western blot ED1
CD45 Angll

L-NAME 3 7
ED1 CD45
Angll 14
Angll 13721 mmHg 1096

mmHg g/ g
Angll 5.4+0.4 3.6£0.4



CD68 CD45
Angll
Mo
Mo
in vitro
THP-1
HCAEC
Angll
5 p38 mitogen-activated protein
kinase
15 , cjun N-terminal kinase
Akt
Akt 180
intracellular adhesion
molecule 1 ICAM1
Angll
24
Mo
HCAEC
Angll 3 7
5 15 p38SMAPK JNK
Akt 24
ICAM1
Mo
in vivo
PKH26 THP-1 Mg
THP-1
3
v
RIC
RIC
RIC
RIC

microRNA-29a miR-29a RIC

1 RIC

C2C12
miR-29a
IGF-1R

miR-29a

[ ]

Yamaguchi T, Izumi Y, ( ) Iwao H,
Yoshiyama M. Percutaneous carbon dioxide
treatment using a gas mist generator
attenuates the development of right ventricular
dysfunction in  monocrotaline-  induced
pulmonary hypertensive rats. Osaka City Med
dJ 2015 in press. DOI:

Yamaguchi T, Yamazaki T, ( ) Iwao H,
Yoshiyama M, Izumi Y. Percutaneous carbon
dioxide mist treatment has protective effects in
experimental ~ myocardial  infarction. J
Pharmacol Sci 127 474-480, 2015.

DOI: 10.1016/.jphs.2015.03.009

Tateishi,Y, Osada-Oka M, () Izumi Y, et
al. Myeloid HIF-1 attenuates the progression of
renal fibrosis in  murine  obstructive
nephropathy. J Pharmacol Sci 127:
181-189, 2015.

DOL: 10.1016/.jphs.2014.12.011

Yamaguchi T, Izumi Y, ( ) Iwao H.
Repeated remote ischemic conditioning
attenuates left ventricular remodeling via
exosome- mediated intercellular communication
on chronic heart failure after myocardial

infarction. Int J Cardiol 178: 239-246,
2015.
DOI: 10.1016/j.ijcard.2014.10.144

Izumi Y, Yamaguchi T, ( ) Iwao H.

Percutaneous carbon dioxide treatment using a
gas mist generator enhances collateral blood
flow of ischemic hindlimb. J Arterioscler
Thromb 22: 38-51, 2015.
DOI: 10.5551/at.23770

Kato R, Nomura A, ( ) Izumi Y,
Yoshiyama M, Tanaka K, Hayashi T. Hydrogen
gas attenuates embryonic gene expression and
prevents left ventricular remodeling induced by



Intermittent hypoxia in cardiomyopathic
hamsters. Am J Physiol-Heart Circul Physiol
307: H1626-1633, 2014.

DOI: 10.1152/ajpheart.00228.2014

Tanaka M, Yamaguchi M, () Izumi Y,
Miura K, Iwao H, Ohkawa Y. Establishment of
neutralizing rat monoclonal antibodies for
fibroblast growth factor- 2. Monoclon Antib

Immunodiagn Immunother 33: 261- 269,
2014.
DOI: 10.1089/mab.2013.0085

Yamaguchi T, Yamazaki T, ( ) Iwao H,

Yoshiyama M, Izumi Y. A noninvasive metabolic
syndrome model using an extremely small
minipig, the Microminipig. J Pharmacol Sci
126: 168-171, 2014.

DOI: 10.1254/jphs.14171SC

Tanaka M, Mun S, ( ) Izumi Y, ( )
Iwao H. Hsc70 contributes to cancer cell
survival by preventing RablA degradation
under stress conditions. PLoS One 9,
€96785, 2014.
DOI: 10.1371/journal.pone.0096785

Sano S, Izumi Y, () Iwao H, Yoshiyama
M. Lipid synthesis is promoted by hypoxic
adipocyte- derived exosomes in 3T3-L1 cells.
Biochem Biophys Res Commun 445:
327-333, 2014.
DOI: 10.1016/.bbrc.2014.01.183

Izumi Y, Miura K, Iwao H. Therapeutic
potential of vasopressin receptor antagonists in

heart failure. J Pharmacol Sci 124: 1-6,
2014.
DOI: 10.1254/jphs.13R13CP

Ehara S, Hasegawa T, ( ) Izumi Y,

Shimada K, Yoshiyama M. The strain pattern,
and not Sokolow-Lyon -electrocardiographic
voltage criteria, is independently associated
with anatomic left ventricular hypertrophy.
Heart Vessels 29: 638-644, 2014.
DOI: 10.1007/s00380-013-0408-0

Takahashi K, Tanaka M, () Izumi Y, (

) Iwao H. Establishment of a 5-fluorouracil-
resistant triple-negative breast cancer cell line.
Int J Oncol 43:1985- 1991, 2013.

DOI: 10.3892/j0.2013.2135

Yamazaki T, Nakamura Y, ( ) Iwao H,
Izumi Y. Tolvaptan attenuates left ventricular
fibrosis after acute myocardial infarction in rats.
J Pharmacol Sci 123: 58-66, 2013.
DOI: 10.1254/jphs.13086FP

Izumi Y. Drug-Induced Takotsubo Cardio-
myopathy. Heart Failure Clinics 9
225-231, 2013.
DOI: 10.1016/.hfc.2012.12.004

Ehara S, Nakamura Y, ( ) Izumi Y,
Terashima M, Yoshiyama M. Effects of

Intravenous atrial natriuretic peptide and
nitroglycerin on coronary vasodilation and flow
velocity determined wusing 3 T magnetic
resonance imaging in patients with
nonischemic heart failure. Heart Vessels
28: 596- 605, 2013.
DOI: 10.1007/s00380-012-0292-7

Yamazaki T, Izumi Y, ( ) Iwao H,
Yoshiyama M. Tolvaptan improves left
ventricular function in rats with chronic heart
failure due to myocardial infarction. Circ Heart
Fail 5! 794-802, 2012.
DOI:10.1161/CIRCHEARTFAILURE.112.9687
50

Izumi Y. Therapeutical potential of

microvesicles in cardiovascular diseases. J
Genet Syndr Gene Ther 3:e107, 2012.
DOI: 10.4172/2157-7412.1000e107

Sakaguchi M, Fukuda S, Shimada K, Izumi
Y, et al. Preliminary observations of passive
exercise using whole body periodic acceleration
on coronary microcirculation and glucose
tolerance in patients with Type 2 diabetes. J
Cardiol 60: 283-287, 2012.
DOI: 10.1016/.jjcc.2012.05.006

Samukawa K, Izumi Y, () Iwao H. Red
ginseng inhibits scratching behavior associated
with atopic dermatitis in experimental animal

models. J Pharmacol Sci 118: 391-400,
2012.

DOI: 10.1254/jphs.11182FP

@) Yamazaki T, Izumi Y, ( ) Iwao H,

Yoshiyama M. Novel device that produces

carbon dioxide mist for myocardial infarction

treatment in rats. Circ J 76: 1203-1212,

2012.

DOI: 10.1253/circ).CJ-11-1116

@ Osada-Oka M, Kita H, () Izumi Y, Iwao

H. Angiotensin AT1 receptor blockers suppress

oxidized low-density lipoprotein- derived

formation of foam cells. Eur J Pharmacol

679: 9-15, 2012.

DOI- 10.1016/.ejphar.2011.12.044

@ Shiota M, Hikita Y, ( ) Izumi Y, ()

Iwao H. Pravastatin- induced proangiogenic

effects depend upon extracellular FGF-2. J Cell

Mol Med 16: 2001-2009, 2012.

DOI: 10.1111/4.1582-4934.2011.01494.x

@ Yamazaki T, Yamashita N, Izumi Y, ()

Iwao H, Yoshiyama M. The antifibrotic agent

pirfenidone inhibits angiotensin II- induced

cardiac hypertrophy in mice. Hypertens Res
35: 34-40, 2012.

DOI: 10.1038/hr.2011.139

[ ]



. Stromal cell-derived factor 2

oxaliplatin
«C o
C )
p70S6
:2015 3 1820
C )
24
2014 12 5
) )
Gemcitabone . 126
.2014 10 24 . JA
C )
.37
. 2014 10 17-19

. The role of exosomes
on cardiac hypertrophy. 18
.2014 10 10-12

Izumi Y, ( ) Iwao H. Macrophage-
derived exosomes damage endothelial cells in
experimental hypertensive models.

IzumiY,( ) Iwao H. Repetitive treatment
of percutaneous carbon dioxide mist prevents
high fat diet-induced arteriosclerosis in
extremely small size minipig.

Yamaguchi T, Izumi Y, ( ) Iwao H,
Yoshiyama M. Exosome- mediated intercellular
communication by repetitive remote ischemic
conditioning reduces left ventricular remodeling
on chronic heart failure.

! European Society of Cardiology
Scientific Session 2014.2014 8 30 -9

3
¢ )
remote ischemic conditioning . 125
.2014 6 20

Yamaguchi T, Iwao H, ( ) Izumi Y. The
role of macrophage- derived exosomes in

hypertension. European Society of
Hypertension/International Society of
Hypertension 2014. 2014 6 13-16

Izumi Y, ( ) Iwao H. A nitric oxide
synthase inhibitor accelerates high fat
diet-induced arteriosclerosis in extremely small
size minipig, Microminipig. 18

. 2014 4 14-17

Yamaguchi T, Izumi Y, et al. Treatment with
percutaneous carbon dioxide mist prevents high
fat  and high cholesterol diet-induced
arteriosclerosis in extremely small size minipig,
Microminipig.

Yamaguchi T, Izumi Y, et al. Repeated
remote ischemic conditioning attenuates left
ventricular remodeling via exosome-mediated
intercellular communication on chronic heart
failure after myocardial infarction.

Nomura A, ( ) Izumi Y, et al
Intermittent hypoxia accelerates cardiac
remodeling and systolic dysfunction in

cardiomyopathic hamster.

T8 .2014
3 2123
( ) . The establishment

of a noninvasive metabolic syndrome model
using an extremely small size minipig,
Microminipig.

« )

Endothelial cell dysfunction via hypoxia
macrophage-derived exosomes.

@ «C :
Heat shock protein 72 is a key molecule in
oxaliplatin resistance in human gastric cancer
cell.

@ ) _
. Identification of extracellular HSP72

binding proteins.

@ () )

Role of macrophage hypoxia-inducible factor -1

in the development of renal fibrosis in mice.
O~ 87 .2014 3
19-21 .

@ C )

.43
. 2014 2 15-16
@ Yamaguchi T, Izumi Y, et al. Repeated
remote ischemic conditioning inhibits cardiac
remodeling with chronic heart failure after
myocardial infarction in rats. 17

.2013 11 2830
C )
.1
2013 11 2223



@) Yamaguchi T, Izumi Y, () Iwao H, wt al.

Beneficial effects of repeated remote ischemic

conditioning on chronic heart failure at chronic

phase after myocardial infarction. American

Heart Association Scientific Sessions 2013. 2013
11 1720

. 36
.2013 10 2426
¢ )
49 .2013 9
6-7
¢ )
@D ¢ )

HSC70- targeted proteomics revealed the

association of RablA with stress response in
cancer cells.

@ « )

. Glucose metabolism in macrophage
suppresses intracellular growth of
Mycobacterium tuberculosis.

@ « ) :

The search for diagnostic biomarkers of
multiple myeloma by the identification of

Hsp72-binding proteins.
@) « )

HSP72
G~Gd: 86 .2013 3
21-23

@ Yamazaki T, Izumi Y, et al. Tolvaptan
Attenuates Acute Myocardial Infarction
Induced-Fibrosis in Rats.

Yamaguchi T, Izumi Y, et al. Protective
impact of percutaneous treatment of carbon
dioxide mist against ischemic injury after
experimental myocardial infarction.

©~E: 77 .2013
3 1517
@D
C ) |
42
)
V2

C )

@~: 42 .2013

C ) .
V2
22 .2012 11 30
« ) .
. 122
.2012 11 16
IzumiY,( ) Iwao H. Percutaneous carbon
dioxide treatment using a gas mist generator
accelerates angiogenesis in the ischemic
hindlimb.

@ Yamazaki T, Nakamura Y, Izumi Y, ()
Iwao H, et al. Percutaneous carbon dioxide mist
treatment improves cardiac function after
myocardial infarction in rats via nitric oxide
activity.
Yamazaki T, Nakamura Y, Izumi Y, ()
Iwao H, et al. Vasopressin V2 receptor
antagonist tolvaptan prevents the development
of chronic heart failure via its anti-
inflammatory and anti- fibrotic actions.
@~@: American Heart Association Scientific
Sessions 2012. 2012 11  3-7

( ) . Nitric oxide
synthase (NOS) . 35
. 2012 9  20-22
) .
V2
. 121

2012 6 29

100 2014
4-5

Izumi Y, Iwao H. Angiotensin II peptides.
Handbook of biologically active peptides 2nd
edition Chap 186: 1369-1376, 2013.

2012 94-95

@
IWAO, Hiroshi

@
IZUMI, Yasukatsu



