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WFFER R OBEEE (337) : We investigated the possible involvement of oxidative stress in metabolic
syndrome using in vivo and in vitro strategies. We examined the effect of angiotensin 1l (Ang II) on
insulin-induced glucose uptake and its intracellular mechanisms in cultured vascular smooth muscle
cells (VSMC). Ang Il or oxidative stress inhibited insulin-induced glucose uptake, which was reversed
by an ERK inhibitor but not by a JNK inhibitor in VSMC. In the chronic mesangioproliferative
glomerulonephritis (GN) rat model using uninephrectomy and anti-Thy-1 antibody injection, activation
of BMK1 was observed in the glomeruli at day 28 and 56 of GN. In the cultured rat mesangial cells, Ang
Il and oxidative stress induced BMK1 activation, suggesting that Ang Il and oxidative stress involves in
an inflammation-induced metabolic syndrome. We also found that BMK1 was activated by H,0, in a
time- and concentration-dependent manner in cultured rat VSMC. The activation of Src tyrosine kinase
was also observed which was parallel with the BMKZ1 activation. We established an experimental model
of BMK1 knock downed VSMC using siRNA transfection technology. Furthermore, our results also
showed that cell death was increased when H,O, was added into the BMK1 siRNA transfected VSMC in
which BMK1 expression was inhibited. From these findings, it was suggested that BMK1 may play an
essential role in protecting cells from oxidative stress-induced apoptosis, which is mediated by
Src-mediated signaling pathway. c-Src and BMK1 may be possible targets for the treatment of metabolic
syndrome clinically.

AT ERR
(BEEHAL - 1)
[ERESE LiEESE & &t
200 84 1, 500, 000 450, 000 1,950, 000
200 9% 1, 100, 000 330, 000 1, 430, 000
201 0% 1, 100, 000 330, 000 1, 430, 000
it 3,700, 000 1,110, 000 4,810, 000

WFFED R - fRER IR
BFEOSE - MIE : FEES - RES R
F—T— R:2ZRY v o Rao—h BILA N LVAR, VT FIEE. 4 2 U V. BMKL



1. WIS O 5

VR, #IMOFE LY [ XAZRY v 7 R
0—2A] OXMKITABTHDHN, %< DHEA
NG LTEBY ., ZORBEEITVETMESL L
TV, AT, [AZ AR v 7 R
17— A DFIELCHERIZITERL A R L A0S
MDEETHD] EWIHRESL T, £ DFEH
EFTLWHIRR LR ST 2 E 2 HIE L
L7,

2. WO HK
AWFFEEOHINL, OAXRY v 7 RKnr

— ADFRIE - HRIZB T 28I A ML ADH

HBOEHE, QAZRY w7 Fa—ALIT

KT DML OMBEORFET 5 Z L 12dh D,

BRI,

O HBEZ v b RENRFEE DML, 0N
MR TOA A Y ARPUHEREBLO ML AN
DT HEREICB T AL A L ADEEE
it 5,

@ AXRY I RFa—AEFILT vk
Z M 21in vivo CORELA kL AREARE
KEFEHL, BiB LRI L DA 2 v
EHUE OB ER L OV LS TR Rh B %
Rt 5,

AARY w7y Ra—AIRBT5{LA

FLADOMEEZFEA TEIE, FREER L

L7238 LWHER LIEIE ORI D72’ B,

3. WrgED ik

FAE O G, FERIFCEIRIE L, 5 i
72 & OATE R OFIE - MR OINTE
A= EREAE 12 Mitogen-Activated Protein (MAP)
¥ —+E family (ERK1/2, JNK, p38. BMK1)
NEETHDZENALNI /> TET,
MAP % —Eix, Mok - a7 A b
— VAR EICEADLLAERE Y VbR TH
L0, LA LV ARREEA b L RICER
MWRHDLENDONTEBY, AXRY v I
Ko —ADOFRIE - #ERICEE LT3 e
DEWZ ERBZLND, AFFETIEZD
MAP ¥ —E &M D—DE LTED,
FRIZ BMKLICE R A2 Y CCEREITo 72, B
gz, O8F 2 M8 il 2 v A
YR UREURICER T 2 EREEICSIT S
MAP %) —¥ Lk A kL AD&E|OfEA
WCEROHATL, QRICAZRY v 7 R
— ADETNLVEWEER L, AZRY v
VR — AL DL ME R ORIE - R
fEA R LARED L S IZBEELTWD D
WTHET L7z, Lk, invitro & invivo OfiH
26 IEM O EIT 72,

4. WFFERRE

(1) ¥#&Z > b REWREE ML BT
A A R L DN A~DFEEL Y 1A &
N, TroAT vl (Ang 1) SRER{EA B

VADAMIZE > Tl & D 2 & & e
L7z, ZOMIEANA 1 =X L& LT, Angll (2
£ % ERK12 DiEMALNA R Y 7))
EIEL, A2 UEPEEERE LT D
LEZ BN, Ang Il (ZX 5 ERKL/2 iEMHEAL
REELET D EMN, A 2D UEPED
UE, B R OWEIRIFEEICBT 2008 A~
v NREAEOIHNCH M & 72 D AlREMED R X
iz (K1),

- H1
Angiotensin Il insulin
u VSMC membrane
LUT-
l Set IRS-1 Y
ERK1/2 l

Vf%WMt-bﬂiégj

(2) Thy-1 BE7 v FETIZBWT, Bk
ERIR A ¥ 0 AT, MAP ¥+ —+F
family ®O& > Th D BMK1 OiEMH 523
Blatsh, B8 7 v M AV XU AMRICE
WTh, 74710 (Ang 1) <ok
A N ADERIZE > T BMK1 OGN
A5 2RNE L, ZOEBRERNS,
RIEICL > THEEINDHAXARY v 7R
17— A5~D Ang I R A b L RO G R
mEne (X2, FmHX@D),

2|2

1) B84k BMK1
PA RELE

B %

&
_,ﬂﬁf

(3) Bi& 7 v N KEWMRF-IE AT MR I 3Tl
Fe b K FRIC L DE-(EA b L ADERIZ &
> T, BMK1 OF#E EH-& | FERmERT o
o FxF—F c-Src OHEIKRGFERRENE LR
NiER I N (X3, #xX©),

X3

AERG
PBMKIB[ = e )|
psrc B[ — — — — —— ]

Ctrl. 0.01 0.03 0.1 0.31mM Hz0,
40 min.




(4) & 512 BMK1 @ siRNA Z#ifiais -5 > =
7 =27 kL, BMKL OFIIHINHE LN E
B % 2 fESL L7z (X 4) , Tl negative control
® ERK1/2 DFEHIZH~, BMK1 @ siRNA &
NG AT 27 vaillo THRBIZEDE
HEANIH ENTNWDLZ LEEZRLTWD,

X4

siRNA: Ctrl.Neg.c 5 10 20 30 40 50 nM

BMK1 »[sss s b b ‘e
SN g ——a— = + - —

ZDOFRE AN FEEBR T, BMKL @ siRNA %
iz b A7 27 b5 & iRER kK ST

T K 2 M SR AR SE DS S B ITHEE L 72,

c-Src @ SiRNA FF 27 =7 NEBRTYHFE
EORERNE LN, IO DOEBREREND
filcEZz 5L, c-Src & BMKL gk A b L
T X DRI HRET - BRI T
HZEMHALNTIeo7 (K5, #@XO@),

X5
1.2 -
M T _,:_l |
a0 *
£ 06
£ 0.4+
R 0.2+
H(;Oz: 0 03mM 0 0.3mM

BMK1 siRNA 10 nM

B) ZNSDHFFER RN S, AZRY v I
R —AOREIZH DA AV ARPUEDF
JE « HERIZERE A B L ANES LTV 5 AlRE
MEREWZ LRI, £/, ¢Src &
BMKL XA A ZRY v 7 v Ra—2
BROOEDDX—4 > NI 0 9 D AhEME
R L TWB,

5. E7pdEFim L
(WFFefEs . WHoEmo i R QAT 7238 12
(ERN Y

GEEEamsa) GR1 218)

@ Li L, Tatake RJ, Natarajan K, Taba Y, Garin G,
Tai C, Leung E, Surapisitchat J, Yoshizumi M,
Yan C, Abe JI, Berk BC. Fluid shear stress
inhibits TNF-mediated JNK activation via
MEK5-BMK1 in endothelial cells. Biochem.
Biophys. Res. Commun., % #t A&, 370(1),
2008, 159-163.

@ Nakayama H, Hamada M, Fujikake N, Nagai
Y, Zhao J, Hatano O, Shimoke K, Isosaki M,
Yoshizumi M, Ikeuchi T. ER stress is the
initial response to  polyglutamine
toxicity inPC12 cells. Biophys. Res.
Commun., ##t4, 377(2), 2008, 550-555.

(@ Nakayama H, Zhao J, Amany El-Fakharany,
Isosaki M, Satoh H, Kyotani Y, Yoshizumi M.
Neuroprotective  effects of pramipexole
against tunicamycin-induced celldeath in
PC12 cells. Clin. Exp. Pharmacol. Physiol.,

#Hi A, 36, 2009, 1183-1185.

@ Urushihara M, Takamatsu M, Shimizu M,
Kondo S, Kinoshita Y, Suga K, Kitamura A,
Matsuura S, Yoshizumi M, Tamaki T,
Kawachi H, Kagami S. ERKS5 activation
enhances mesangial cell viability and
collagenmatrix accumulation in rat
progressive  glomerulonephritis.  Am. J.
Physiol. Renal Physiol., ##i47, 298, 2010,
F167-F176.

(® Kurobe H, Urata M, Ueno M, Ueki M, OnoS,
Izawa-Ishizawa Y, Fukuhara Y, Lei Y, Ripen
AM, Kanbara T, Aihara K, Ishizawa K,
Akaike M, Gonzalez FJ, Tamaki T, Takahama
Y, Yoshizumi M, Kitagawa T, Tomita S. Role
of HIF-1ou in T cells as a negative regulator in
development  of  vascular  remodeling.
Arterioscler. Thromb. Vasc. Biol., ##:47, 30,
2010, 210-217.

® Liu G, Miyata K, Hitomi H, Yao L, Sun GP,
Suzaki Y, Hosomi N, Kiyomoto H, Nakano D,
Tamaki T, Yoshizumi M, Nishiyama A.
Involvement of mineralocorticoid receptor in
high glucose-induced big mitogen-activated
protein kinase 1 activation and mesangial cell
proliferation. J. Hypertens., #:q¢4, 28, 2010,
536-542.

@ WAEWE., B Sh, SEES. ol O3
70 2 FOEBM] . HAKHESHE
F6, #r@if. 133, 2009, 297.

Yoji Kyotani, Jing Zhao, Sayuko Tomita,
Hitoshi Nakayama, Minoru Isosaki, Masayuki
Uno, Masanori _Yoshizumi. Olmesartan
inhibits angiotensin 1l-induced migration of
vascular smooth muscle cells through Src and
MAP kinase pathways. J. Pharmacol. Sci., &
@i, 113, (2), 2010, 161-168.

@ Jing Zhao, Yoji Kyotani, Satoyasu Itoh,
Hitoshi Nakayama, Minoru Isosaki, Masanori
Yoshizumi. Big Mitogen-activated Protein
Kinase 1 Protects Cultured Rat Aortic Smooth
Muscle Cells from Oxidative Damage. J.
Pharmacol. Sci., £ #iA, 115, 2011, Flkl .

Masanori _Yoshizumi, Yasuo Matsumura.
Pharmacology in Health Foods: Preface. J.
Pharmacol. Sci., #F #t A, 115, (4), 2011,



http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Tatake%20RJ%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus�
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Natarajan%20K%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus�
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Taba%20Y%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus�
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Garin%20G%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus�
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Tai%20C%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus�
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Leung%20E%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus�
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Surapisitchat%20J%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus�
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Yoshizumi%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus�
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Yan%20C%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus�
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Abe%20JI%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus�
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Berk%20BC%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus�

459-460.

@ Keisuke Ishizawa, Masanori Yoshizumi,
Yoshichika Kawai, Junji Terao, Yoshitaka
Kihira, Yasumasa lkeda, Shuhei Tomita,
Koichiro  Tsuchiya,  Toshiaki  Tamaki.
Pharmacology in Health Food: Metabolism of
Quercetin In Vivo and Its Protective Effect
Against Arteriosclerosis. J. Pharmacol. Sci.,
EHEH, 115, (4), 2011, 466-470.

@ HWEM. TAZRY v 7 Ro—oax%t
ROFERE ] F— LEFE TR i A 2Ry
Uo7 v v Ra—AxK, 1§54 plus, At
&, 10, (12), 2010, 10-12.

(Fa%R) G151

O # &, il B TR EIE .
VEREILHE, EAIESL. PC12hifl i 12 B 1
BHY = A AT K DMK SE T %t

TAHFTINF Y — LDOEE #1114
Bl A AR 2SS, 20084114

14H ., 7.

@il B ATy hT=A Tv=A,
A oAb, PRI RR. PERRIAEE. AR .
PC12#fIC BT HARY 7L Z I ik
INEEA R L ABXOHIRNY 7Y v
TCKRIT DR TNE I HEDRE,
82/ H ASKPR A F S 200943 A 16 H |
.

@ By Fo, "l ), RIS HE, HEIER.
7 IV k== g1 B SHIE LA
DO He2n H ARSI R FES . 2009
35160, ik,

@ HKAEE, EAA, B EMET ERRIR R,
L, IR, FEPHEZ . AR gt
Angiotensin 1112 X 2 Ifil 48 - ¥ # Hi A oD
F 12 %H3 5 Olmesartan D L E RN F. #5115
[A] 0 AR s as . 20094F6 H 26 H |
AR

® & . mAEE. EE/MES, B,
BRIR RS, (ERIAEE, HEH#. bR b
AN K DEEFE T v b RENAR- 1 7 A 5E
IZ31T 2BMKL/ERKS D& E D fiEt. 45116
[B] H A 7 2 i 22 20094F 11 H 13 H |
KHE.

® fRIFEIRAE, B BEE, R, fh R,
LB, HREE—RR, SHME, EEE
%, THIMBROHIF-1lolL. EBRE(LICLE S M
BFVET V7 2GR HIET 5. 5539

[l B AR (EEI E A2 . 201042
HS5H. 4.
@ f % % . FH A IE # . Dorjsuren

Narantungalag. A&, iR, <F2
Mo, HRE, EESRR. LRy
L TERER S OEE Y| e TF o OAR
WENHE & BhREE LT BA2h 5. 83In] H ASK
FREASAES 201043 17H . KBK.

® # A mRBE. B EMET L,

VeI RE, BnAs, S Ed. BfbA b L
DS Nl 11| R SRR o 1 T Nl S R )
BMK1/ERK5D & E|, #83[a] 0 AZKPL 4
£ 20104E3H16H., KBK.

O HKEGE. EAA, B HMET ERRISRE,
W), BRI ER, TR, SRE#. 7
VOFTF v INT & BSeEs L TUIMAP R
T8 & L T I T A A 03 A L
$tT B AN AYILZ L ORHEVER. 583
H AR 242 2010423 16 H ., KPR,

O HHEd, BRI ORIE - ERIZEB T D
big MAP kinase 1D%H|. H529[H VA A
EREAAT R B RS 2. 20109°7TH23H |
il D SN AR 5 ) N

O W A XAEEL s MES PRI B,
BRIRE  Fo, ERERIARE, HEIEM. LA K
VAZ X DT v N KRENVIRE V8 75 /i
FEAZ RIS D Src & TN BMKL/ERKS O #E| D
Fat. 55 118 [A] 0 AR 25 4634 2010
#1119 B, KBK.

@ Yy, SEMES. PC12 Mz IIT 5
fa R E IS RRORE. % 33 [ HAS T
AWt EE] - 5 83 |l H A4 LR A KRS
SFFES, 2010412 H 7~10 H, #F.

@ Al ), s, SEMEES. PC12 ARl
B olREEZ A RO FT A, H
84 0] H AJEF 422 (20114-3 A 24 H |
R (i EBAfE).

W M A ZAEEL s MES PRI B,
BRIRE  Bo, ERRIARE, HEIEM. BbA K
L A2 X B I E SR TSI 38T B Sre
& BMKI1/ERKS O#%E|. 55 84 [a] H ASEEL
SpAsES: 2011463 H 24 B, HiR G
FAfE) .

@ il ), HEE S, B AR
252 %58 — AR A O R BV E &
EORRGET. 2010 4 TEEESE ) SLEFE
RS, 2010453 A 24 B, KBRS
=R R

(BE) Gt 2#)

O SHMEs, SN EREA, (5 29 [8]) BF
FE N SEREAF B R R il i B 4.
2010 4, ¥ X— %K 61 X—,

© i ¥, HWE. KBRS ER KR
JRIESERIN N ZFFMEGEIEE, SR 21 R
FIREFILEF AR HESE. 2010 4, &
NR—UF 287 R—,

(PEZE R EEAE)
Ok (Gt o)
ORI (G0 )

(Z D)
R b U
http://www.naramed-u.ac.jp/~pha/


http://www.naramed-u.ac.jp/~pha/�

6. WFITALAE

(D) WFgefFs

Hit 1E# (YOSHIZUMI MASANORI)
ZR B BESTERIR S - RS - B
MeEH‘ES: 60294667

Q) Wroet 1
# & (JING ZHAO)

RERSLERRY: - B - Hhek

A E (KYOTANI YOJI)
REIRALERIRSE « R - KPpede

o118 (NAKAGAWA TOKIWA)
BRIBSTERKY: - [B5E - BEE




