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High Glucose Modulates Vascular Smooth Muscle Cell Proliferation Through Activation of
PKC-6—dependent NAD(P)H oxidase
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Department of Internal Medicine, School of Medicine, Pusan National University and
Department of Internal Medicine', Busan St.Mary’s Medical Center

- Abstract -

Background: Oxidative stress is thought to be one of the causative factors contributing to
macrovascular complications in diabetes. However, the mechanisms of development and
progression of diabetic vascular complications are poorly understood. We hypothesized
that PKC-§ isozyme contributes to ROS generation and determined their roles in the crifical
intermediary signaling events in high glucose-induced proliferation of vascular smooth
muscle (VSM) cells.

Methods: We treated primary cultured rat aorfic smooth muscle cells for 72 hours with
medium contfaining 5.5 mmol/L D-glucose (normal glucose), 30 mmol/L D-glucose (high
glucose) or 5.5 mmol/L D-glucose plus 24.5 mmol/L mannitol (osmotic control). We then
measured cell number, BrdU incorporation, cell cycle and superoxide production in VSM
cells. Immunoblotting of PKC isozymes using phoshospecific antibodies was performed,
and PKC activity was also measured.

Results: High glucose increased VSM cell number and BrdU incorporation and displayed
significantly greater percentages of S and G2/M phases than compared fo 5.5 mmol/L
glucose and osmotic control. The nitroblue tetrazolium (NBT) staining in high glucose-treated
VSM cell was more prominent compared with normal glucose-tfreated VSM cell, which was
significantly inhibited by DPI (10 uM), but not by inhibitors for other oxidases. High glucose
also markedly increased activity of PKC-§ isozyme. When VSM cells were treated with
rottlerin, a specific inhibitor of PKC-§ or transfected with PKC-§ siRNA, NBT staining and
NAD(P)H oxidase activity were significantly atfenuated in the high glucose-treated VSM cells.
Furthermore, inhibition of PKC-§ markedly decreased VSM cell number by high glucose.
Conclusion: These results suggest that high glucose-induced VSM cell proliferation is
dependent upon activation of PKC-6, which may responsible for elevated intracellular ROS
production in VSM cells, and this is mediated by NAD(P)H oxidase. (J Kor Diabetes Assoc
30:416~427, 2006)

Key Words: Diabetic vascular complication, High glucose, NAD(P)H oxidase, PKC-6,
Vascular smooth muscle cell
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— A=Y Q| 6Q: sk EEYO| 2P PKC— & 2AEY NAD(P)H oxidase YRS S Y HHAZ NZE 34 —

EEFe] whalle] PxpHor S7skEollA 7

w, o|¢} A 913 QAR wEFT o]2lof] vho], mrEsk
715E, ARl Fod Sol LuiA ). H

=+ AlEE 3o s fAlE J3E ke E3 |9
F9 FA kol T3k It HET AES A, 9
R vl vl 3k 7 Sdske i
Aol| 93l QlxtZ I lorm A A4Z (reactive
oxygen species, ROS)o] &3} H2 A|*£2] FA3} DNA
Aol o3k, 2] BarEo oJsln 2!
ZEHAE FTHA SRESe 4ol T3 I3
skt gelA Y. mESE superoxide 2ol (0,)3}
hydrogen peroxide (H20,)9F 72 24 AkaZFol| ofs) dik
HET AE2] FAlo] Dojudrtar sl3Iel. Superoxide &
ol2e] AYAL NAD(P)H oxidase, xanthine oxidase, NO
synthase 3 w|EZEglo} A} ADAE F3l o] FoA=
Aer deA g P zAde FE NADPH
oxidaseoll 2J8l] A4 F2l717h AIEF.

3 29| wislel] arpiee] o] Hofghelar AIQkE]
3 AR Ft FET A|EolA Feligt o] oJeks
FAlE AIE ASAD Zell thslide 2 <dE1A JA &
th Al Fe] Fu Hell Qe E HEE Al A
S 2 Zpo] glom U wixg FARA AlIE 719 Gy
7ol AAE]o] St Ft FIE Al AEFT] HE A
A4zt R S
o] wlef] #AAQI o

=

A DART Ae] Wil TMR Eele

7zl A =7l o3t 2AE A =71 diacylglycerol
-protein kinase C (DAG-PKC) #419] &7}, dlaA A=ZE
o) 314 27} Bol Yeidl Gorkd WA e AT
ol Eslar Al "3t HE AlEolld EdgET
AZE 4] o)da d=dd AE U] AeA DAl TslodA=

A A A ek AAEE arEEe] EEel ol

2 ET AE] FHo] AnIgA SR, ol PKC
o BAYE Z7Msh o] Qirkn Bt e, mrehA
B AT A Pk HUT AL FHol] 24 A
o] Bl Ash 1w Trgell ool fwH At

&

H3E A|Ee] Z2ol4] ofH PKC isozymeso] 23+ =
AL gHAlelA o] AdkS sl=A] EjIskazt sigick

N

al =4
=< =

N

HI
0=

1. 4=
ool AgE oFE2 vhgal Zrk Dulbecco’s

modified Eagle’s medium, D-glucose, nitroblue tetrazolium,
diphenyleneiodonium (Sigma Chemical Co., St. Luois,
MO); fetal calf serum, penicillin/streptomycin (Gibco BRL,
Grand Island, NY); GF 109203X, G6976, rottlerin
(Calbiochem, San Diego, CA); antibodies against p38
MAPK, phospho-p38 MAPK (Cell Signaling, Beverly,
MA); antibodies against PKC-q, PKC-f8, PKC-§, PKC-{(,
actin and PKC-§, siRNA kit (Santa Cruz Biotechnology,
Santa Cruz, CA).

-

2. S 2k e ME et

Sprague-Dawley | (200~250 g) S5 CO, chamber
of Yol A vhs thEgde HE3te] Dulbecco’s
modified Eagle’s medium (DMEM) #iA|ol|A] ]=}2=3} v
FMEZFE A F 6-well plateol] 22 Fotol] o]
e A Anbe Yol 7ol whA =4S HA-siA Aet
o] QKEF wo] ofefiEo R lies Fal Fodoll A
TEe Fob =A% AR 7)ol 10% fetal calf
serum (FCS), penicillin (100 U/mL)¥} streptomycin (100
pg/mL)o] E013E= DMEM S H7kstol 5% CO,2 95% &
717} BHEE 37°C AlFufkrlollA] 787 wiekside). o]
3 v or Pk H3AE At A 2le IRk
ZA7} (forceps)Z s HzZs ol AEES] 3ol
ol Fol A Alug (subculture)s s3AE. Al 5~83] Alth
o3l Et FHT AIEES Aol o] B3l F FLL

A|Ee] 2212 myosin HAGH O E sl3ick

Y FHIT AEE 60-mm culture dishol] 10% FCS$};
5.5 mmol/L D-glucose7} $+-3-%1 DMEM HiA| 2 uljolst &
70%°] AIE 37 (confluent)”} =W 0.1% FCSe} 5.5
mmol/L D-glucose”} 3751 DMEM HIJA| 2 u]7o] 4817+
B2 viekslel AIEE FHAE (quiescence)E THESITL
a3 v& 5.5 mmol/L D-glucose, 30 mmol/L. D-glucose,
5.5 mmol/L D-glucose + 24.5 mmol/L mannitol®] 22+ &
&5 DMEM HIA|Z upo] 72417k 5]t wiekslsicy. 45
Ael|21E PKC AAIAIQ] GF109203X (10 pmol/L)Z 14]
7t B9t AX2lgt 2 30 mmol/L D-glucose”} E3HE vljA]
Z 72417} uljekslode). Al 9= hemocytometerE- ©]-8-5}0]
27431993 5-bromo-2’-deoxyuridine (BrdU) incorporation

assay kit (Roche Applied Science, Indianapolis, IN)E A}
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Solo] S 9 AES) DNA 4 AEES 2ol 24

Ak

4. NZF7| 24

G HIT AIEELS 5 x 107 cells/well2] DER 244
7+ =9t ulekslir). 48417 =<k serum starvation 3-oi] Al
IS AT B SollA 71 s TP A
sioick 2417 & AEEE EfACE Hsla Q4 ¢k
Z 8ol (phosphate-buffered saline, PBS, pH 7.4)2.& 3t
W Mol f F 447k 59F 4CollA] ice-cold 70% ethanol 2
IHAZE. 4% AE= PBSE Askar PBSeillA
RNaseZ Al-2oll4] 3087F wlek % propidium iodide
solution (50 }lg/mL)% 718199t DNA fluorescence-2
FACSCalibur flow

cytometer (Becton-Dickinson
Immunocytometer Systems, San Jose, CA)S AR&slo] &

sk
5. Superoxide 0|2 MMO| ZX (NBT assay)

3 Q2L A|EollA superoxide ol B &
T 2T A|EE nitro blue tetrazolium (NBT)Z} Z2o] =l
okslo] 654 nmollA] blue formazan® THEE 4o 7
2] Aekslksldrl. Formazanol] thelk NBT reduction] 92

chest e Ao ARSI

NBT reduction
= A x V(T x Wt x E x L) (picomoles per minute per
milligram wet weight of VSM cells)

A : absorbance

V : volume of solubilizing solution

T : time of incubation with NBT (min)
Wt : blotted wet weight of the VSM cells
E : extinction coefficient = 0.72 mmol/mm

L : length of light path

Superoxide 50]&2] 4ol Hofsli= 5 AAE Yol
7] $13l NAD(P)H oxidase AIAIQ1 diphenyleneiodonium
(DPI, 10 pmol/L), NOSAAQ] superoxide dismutase
(SOD, 500 U/mL), xanthine oxidase JA|A|Q] allopurinol
(100 pmol/L), N-acetylcystein (NAC, 10 umol/L), T]EZE
glo} ARAZAL] AAAQ] rotenone (100 pmol/L), NOS
JA|Ale] N%monomethyl-L-arginine (NMA), L-arginine
-methyl ester (L-NAME), indomethacin Goll <3k
superoxide ol ] WSS FAEI.

6. PKC &3 =5

e

PKC #ASE+= PKC assay kit (Upstate Biotech,
Charlotteville, VA)E Ahg3lo] Zslgict I3 Ha
AZEE- 5.5 mmol/L¥} 30 mmol/L. D-glucose”} E3F il
A& 12A17F 51 viekslgick. 12417 & wiRE AlAskAL
o]7]ol| buffered salt solution [137 mmol/L NaCl, 5.4
mmol/L KCl, 10 mmol/L MgCI2, 0.3 mmol/L sodium
phosphate, 0.4 mmol/L potassium phosphate, 25 mmol/L §
-glycerophosphate, 5.5 mmol/L D-glucose, 5 mmol/L
EGTA, 1 mmol/L CaCl2, 100 umol/L ¥32P-ATP, 50 n
g/mL digitonin, 20 mmol/L HEPES (pH 7.2)]% 71519
t}. 22| 100 uLe] 25% TCAES d7}slo] whs-S A4
ZAck 25 pLel aliquotZ 2 cm phosphocellulose filter
(Whatman P81)ell $%7] th& 0.75% phosphoric acidZ A|
W At Filteroll 7285 peptide substrate] Q1AF}H

AL Z scintillation counterE- AME3lod 24313 PKC &

7. Y F= 0l Western blot 244

ZF o] St HEE AEE AR PBSE ASE ¥ o
< ol =34 scraperZ A|EE kL Triton lysis
buffer [pH 7.4, 50 mmol/L HEPES, 5 mmol/L EDTA, 50
mmol/L NaCl, 1% Triton X-100, protease inhibitors (10 p
g/mL aprotinin, 1 mmol/L. phenylmethylsulfonyl fluoride,
10 pg/mL leupeptin), phosphatase inhibitors (50 mmol/L
sodium fluoride, 1 mmol/L sodium orthovanadate, 10
mmol/L sodium pyrophosphate)] & ©]8sle] 3lX]71 &
Al EalldS 4TellA] 14,000 g2 15587 A4 Zelsio]
AENE 70Tl Haksigiek. =9 whil Bradford
assay o2 FEE AU A4S HAE 40 pgH
SDS-PAGE (sodium dodecyl sulfate-polyacryamide gel
electrophoresis) 2 7| <dFslo] Eelslgc)t AV|ds %=
7 Ylo] e 100 EEoil4 147} 59t Hybond-ECL
nitrocellulose membrane®l] ©]-5A|Zr}. MembraneS &%
1k 5<9F 4Coll4 5% non-fat dry milk®} 0.1% Tween 205
a3t PBSE #2lslgicl. PKC-q, phospho-PKC-q, PKC-
B, phospho-PKC-fII, PKC-§, phospho-PKC-§, PKC-{,
phospho-PKC-{, p38 MAPK, phospho-p38 MAPK$} actin
off gk 12} A2 1A17F F3F 2A1Z] - membrane3
0.1% Tween 20 333+ PBSE 1057} 33] AlHslgla,
1% non-fat dry milk®} 0.1% Tween 20= 373+ PBSol|
horseradish peroxidase 2%} & Hol 1A17F 59 HES-A]
71 & ECL solution kit (Amersham Life Science Inc)< ©]
$3lo] W HEE NIH Image 1.62 softwares AR8-s}o]

stk
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. EE BET MEWM PKC-62] RNA

interference ablation

G FT AIEES 6-well platesell E53F 3 60~70%
o] AIE 357} =" FCS7) §le 41413k DMEM O E ni-
2 G HEE A|EE- Santa Cruz Biotechnologyoll4] A%
= midel] 7]&X WPHOZ 80 umols siRNAS] & &
57} ¥ PKC-6 siRNA 22 control siRNA%} 100 pL
siRNA transfection reagents 231 3 nljoks}ic). 37°C
oflA 517 F<t v & wiA= 10% FCSE et
DMEMC.E vlt}l AM¥E+ humidified CO, incubator®l]
Al 37CE 24A17F 52} T vlieFslgic. PKC-6 Wale] wist
= & PKC-§ AIE A83l0] Western blotting & PKC-§

chiR o] v AR5 23] Aok
9. A &M

¥ 7 3= SPSS version 12 (Statistical Package for the

400

72h

w
=
S

24h

o
=3
=1

Cell number
(% of 5.5 mM glucose)
g

Glucose 55 30

Mannitol 0 0

55
245 0 0

55 30 5.5

245

P AsE EEYO] 29t PKC— o =Y NAD(P)H oxidase H'JLAE S¢t

(mM)
(mM)

g BAZ M=

=Nl
S

Social Science, SPSS Inc., Chicago, IL)E °o]&3lo] 54
Helslslel. BE Afxs Hex] + HTe] FFeXE R
Alsliar Ag7vtke] SAIE 735l Wt Student’s t-test2}
ANOVA testE 8310y E43190c) P < 0.05 91 75l
AR R folio] e AR IHgsisick

2 1

ST ZTEO

1. 2 e Mz &30 0IXl= k=l

30 mmol/L D-glucose Z710l| :=Z% IS A|E9]
K-S ik (Fig. 1A). 24417} 5
QF 30 mmol/L D-glucose Z7ol] &% %7] 335= 55
mmol/L D-glucose 2717} vlazslod A7} ou|glA| F
7Vl (P < 0.05). 283, 7247 B9F e TR
2710 A4H 02 %A u) AE 2} DNA o] o

o 2 ==
e AR 24

400
72h
300

200

100

BrdU incorporation
(% of 5.5 mM glucose)

30
Mannitol 0 0

Glucose 55 55 5.5 30

24.5 0 0

55
245

(mM)
(mM)

Fig. 1. Effect of high glucose on vascular smooth muscle cell proliferation (cell count) (A) and DNA synthesis (BrdU incorporation)

of rat VSM cells (B).

Each VSM cells were incubated with media containing normal glucose (5.5 mmol/L D-glucose) or high glucose (30 mmol/L D-glucose)
up to 72 h. At the end of incubation, cell number was measured by counting trypsinized cells with a hematocytometer and the

incorporation of BrdU into VSM cells was examined using a microplate reader.
Data are obtained from three separate experiments and are expressed in the mean + SE.

* P < 0.05 compared with normal glucose for 24 h.
t P < 0.01 compared with normal glucose for 72 h.
# P < 0.01 compared with normal glucose for 72 h.

Table 1. Effect of High Glucose on the Cell Cycle Analysis Using Flow Cytometry

Percent Distribution of Cell Cycle (%)

GO/G1 S G2/M

Norma glucose (U1 892 + 24 6.8 + 1.2 40 + 1.7
72 h 712 £ 29 11.8 + 2.3 80 £ 1.2

High glucose (U1 86.3 + 1.9 85 £ 1.3 59 + 2.1
72 h 540 = 2.9 324 + 24 146 + 1.6°

Cells were grown in 25-mm” flasks and synchronized, and then the cell

cycle was initiated by incubation

with DMEM containing normal or high glucose for 72 h. The distribution of the cell cycle was

examined as described in METHODS. Data are expressed as the percent distribution of cell cycle phases
GO/G1, S, and G2/M in normal and high glucose. Similar results were obtained in three separate

experiments.
* P < 0.01 compared with normal glucose.
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—= Vehicle mmm SOD
DPI === L-NAME
== NAC = Allo

NBT Reduction
(Agsy/ 105 x cells)

N\ N

Normal glucose High glucose

Fig. 2. Effect of various inhibitors such as DPI (10 pmol/L),
NAC (10 mumol/L), SOD (500 U/mL), L-NAME (10 pmol/L),
and allopurinol (10 umol/L) on superoxide generation in normal
and high glucose-treated VSM cells.

Data are shown as mean * SE from 4 experiments in each

group.
* P < 0.05 vs. normal glucose.
t P < 001 compared with corresponding values in each

vehicle.

Z73 vlasieie ol oAl So1sIgier (P < 0.01). L
g}, AFFA diIET (5.5 mmol/L D-glucose + 24.5
mmol/L mannitol)ol A= 72X17F F<F LASHA == 4]
HES-S Hir) 72A17F 59F 30 mmol/L D-glucose Z71o|
225195 vl] BrdU incorporation©.2 JERH DNASHI S
72A17F 59} 5.5 mmol/L D-glucoseol] wijoksl Hyt HeE
A|Ee} wlasle] ou|9A| FTIEIIARE (Fig 1B, P <
0.01), 4FFA dlzTolAE 9u|l= BrdU incorporation
o] Z7he HolA ¢iskrl (Fig. 1B).

2. Flow cytometryS 0|28t MIZ37| Bisj0)| CHst

IsE ZIEHo| §i}

AZEF7Tell gk Exwe] oddks H7] QI3 flow
cytometry 745 APl 72417 59t 30 mmol/L
D-glucose Ml AISIA AHFelse ol W Hee AL
5.5 mmol/L D-glucose #Nok=70l| =25 A|E2} v]wslo]
S719k GM71e] AlZ7L em|Al B vlEE R
(Table 1).

3. Superoxide S0|2 MMo| =X

NBT reduction®3]©.Z 30 mmol/L D-glucose Z71i|4]
vljedst At FEt AlEe] £t AlE W superoxide &
0]2-2] %2 55 mmol/L D-glucose #H¥=73} v]its}o]
NBT reduction®] &=])A S71613ct (P < 0.05, Fig. 2).
gk 30 mmol/L D-glucose uljokz70l4] NAD(P)H
oxidase #4121 DPI (10 pmmol/L)$} N-acetylcystein (10
umol/L) 22 X2 #1938 wll 7 vehicleollA] -g3h= 3k
I} v)aslod NBT reductione] 2w|QA] 7H2=slgdc} (P <
0.01). ol F3t 2T AEelA superoxide Sol&2] A

[ Normal glucose

35¢ I High glucose

Superoxide
(nmol-min-"-mg -'protein)

Veh DPI SOD Allo Rot NMA IND

Fig. 3. Effects of various inhibitors, such as DPI (10 pmol/L),
SOD (500 U/mL), allopurinol (Allo, 100 pmol/L), rotenone (Rot,
100 umol/L), L-NAME (NMA, 10 umol/L), and indomethacin
(IND, 10 pmol/L), NADH-stimulated superoxide production in
normal and high glucose-treated VSM cells.

Data are shown as mean * SE from 4 experiments in each
group.

* P < 0.01 vs. normal glucose.

t P < 0.01 vs. vehicle.

400 -

300

200

100

PKC activity
(% of 5.5 mM glucose)

Glucose 5.5 5.5 30 (mM)
Mannitol 0 24.5 0 (mM)
Fig. 4. Effects of high glucose on in vitro PKC activity in VSM

cells.

Results were expressed as a mean percentage of 5.5 mmol/L
D-glucose = SE from 4 independent experiments.

* P < 0.01 vs. normal glucose.

/3> NAD(P)H oxidaseol] &J3l] T2 o] Fo]3)& Hofrl.
e =2 B S (SOD, 500 U/mL),
L-NAME (10 umol/L)2} allopurinol (10 pmol/L)2.Z %]
2] 31995 wll= NBT reduction®] 2Jv|9l= Zrie= HolA
¢koktl. NADH-stimulated superoxide So]-2 A4 &4
oA % 5.5 mmol/L D-glucose ZZ1ol|A] uljekst Hi &t
T AlZE2} v)azslo] 30 mmol/L D-glucose ZE710|A] nljek
3+ A W superoxide 5ol-2-2] = WAl S7FsRiet
(P < 001, Fig. 3) Z2]3, DPI (10 pM)2} SOD (500
U/mL)2 Ax2lslS ol 7+ vehicle¥} v|arslo] F7}s]9)
S superoxide ol A=k 2m|QUAl ZHazsiSic (P <
0.01). Z1&4}, allopurinol (100 umol/L), rotenone (100 u
mol/L), L-NAME (10 pmol/L)®} indomethacin (10 umol/L)

superoxide dismutase
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— AR 9 621 1

° 7 ZX2|sl9S vl superoxide So]& AR 2o|n|
Pive a2 o IS o

4. PKC #MEO| B3}

g3 FIT AES] PKC ZAEE SIS | 30
mmol/L. D-glucose WkZ71oll4 5.5 mmol/L D-glucose
kAR ou Al Z7kslgdet (P < 0.05, Fig. 4). 4F
FA t=F2F 245 mmol/L mannitol BHEZEANA =

phospho-PKC-a — o — —

PKC-0L | S— S S— _—

Glucose 55 30 55 30 (mM)

G06976 - = + +
2.0
B 15
= F
o
s 10
¢z
2 S 05
0
Glucose 3.3 55 30 (mM)
G036976 - - + +

B
phosphoPKC-5 | s SEEENS S ="

PKC-8
Glucose 5.5 30 55 30 (mM)
Rottlerin - 2 + +

15

%Hlﬂi

PKC-5 activity
(fold increase)

Glucose 55 5.5 30 (mM)

Rottlerin - - + +

£ SO UW B2 ME 30 -

sk EEY0| 2Pt PKC— & 2EY NAD(P)H oxidase YIS S9!

5.5 mmol/L D-glucose HoF=713} v]sasle] QJu|Q)= Xlo]
= A%k

PKC A3l thigt gk xx3e] avts HAsh]
3 d3 HEE AEE 5ol PKC AIAl (GF109203X,
G6976, 32 rottlerin) S 1A]17F B3+ AX sl A=
glo] Z+ =AeNA] 72417k B4k ullek s19ic). PKC isozymes
(PKC-a, PKC-f, PKC-6, PKC-{) ZAl3}ol] thdt s s &
Lde] a3 e R ARSI Fig. 504 PKC &

phospho-PKC-BII — — — —

Rl

Glucose 55 30 5.5 30 (mM)
GF109203X - - + +

nn

Glucose 5. 55 30 (mM)
GF109203X - - + +

phospho-PEC-{, - i -_ i

2.0

[ activity
increase)
o =
=] th

PKC.

£ 05

Glucose 5.5 30 55 30 (mM)
GF109203X - - + +
2.0
B 1S
=
-
&5 10
e
£2E s
0
Glucose 5.5 55 30 (mM)
GF109203X - - + +

Fig. 5. Effects of high glucose on in vitro PKC activity and isozyme selective inhibition of PKC in VSM cells.
Confluent cultured VSM cells were treated with high glucose condition for 72 h. To verify the efficacy and selectivity
of isozyme specific PKC inhibitors, VSM cells were treated with G6976 (1 pmol/L) and GF109203X (10 umol/L) (A),
rottlerin (3 pmol/L) and GF109203X (10 umol/L) (B) for 1 h before incubation with high glucose for 72 h, lysed and
immunoblotted by using PKC isozyme-specific antibodies recognizing phosphorylated forms of PKC-a and PKC-fII (A),
PKC-6 and PKC-{ (B). Total PKC isozymes in the immunoprecipitates were verified by immunoblotting with selective
antibodies. The bar graph represents the mean = SE of three separate experiments.

* P < 0.05 compared with high glucose without pretreatment with G6976.

+ P < 0.01 compared with normal glucose.

¥ P < 0.01 compared with high glucose without pretreatment with rottlerin.
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A Control siRNA PKC-5 siRNA

PKC-5 b — e —

B-aCtin _

30 (mM)

Glucose 35 30 55

B "
phospho-p38 MAP kinase | SEEEE S s

P38 MAP Kinase | quse o s smm—

@ 5 *
g2 2
2]
Epi?
£ 3
Zg2 L |
=&z 2
® [
2 <1
0
Glucose 55 30 30 30 (mM)
Rottlerin - - + 2
PKC-6 siRNA = - - +

Fig. 6. Effect of selective PKC-§ inhibitor or PKC-§ siRNA on
p38 MAP kinase. Quiescent VSM cells were pretreated with
rottlerin (3 umol/L) for 1 h or transfected with PKC-§ siRNA
prior to stimulation with high glucose for 72 h. p38 MAP
kinase activiy was assessed by immunoblotting with antibodies
specific for phosphorylated p38 MAP kinase.

The bar graph represents the mean fold increases in three
separate experiments.

Results are expressed as the mean *+ SE.

* P < 0.01 compared with normal glucose.

t P < 0.01 compared with high glucose without treatment.

FaA0| QUBhe vk el kmFoll thal] thelsl
S X9l 30 mmol/L glucose HHEZEZIONA 72417 5
oF wiokslol = PKC A2l GF109203X 2] 52} A
o] PKC-AIIt PKC-22] SMiBh= oJv] gl Wi3kE Hol
A QEIARE PKC-62] QIAHS= 5.5 mmol/L glucose HHSF
2713} vlazsle] 2n] Sl SV EYdvh (P < 0.01). A9
Z PKC-6 2AA|Q] rottlerin (3 pmol/L)o-& Ax]elsld =
7k PKC-69] QM= ou|oiAl Zazsigleh (P <
0.01). PKC-a2] QIAFsl= 30 mmol/L glucose HeE=710|
o3l oJu] Q=TT HolA] QEAE ofte] THE B
A3, ]S AeE PKC-a AAIAIQ G6976 (1 tM)E A4
23t 73-¢ AHeElE skA ok whie} vlazshd PKC-a Q)

Ashel o) gl 7 BolA) ek

5. p38 MAP kinase?| AM310f Cist PKC-6 RNA

interference ablation?| &1}

T AIES} v)2sled 30 mmol/L D-glucose Z71|A] wljok
3 E3 H2T A2 p38 MAP kinase A %7} 3.840 =
7¥sl93ek (P < 0.01, Fig. 6). 72417F 3%} %% EEglo
2 AF317] A PKC-6 siRNAZE 24A|7F 53t &3t %2

1

P

22 -

. [ Vehicle

20 E=3 PKC-5siRNA

16

12

NBT Reduction
(Agsy/ 105 x cells)

High glucose

Normal glucose
Fig. 7. Effect of transient transfections of PKC-§ siRNA on
cellular superoxide production in normal and high glucose
-treated VSM cells. Superoxide production was measured by
NBT reduction.
Results are presented as means + SEM for three independent
experiments.
* P < 0.05 vs. normal glucose.
t P < 001 vs. vehicle.
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Fig. 8. Effect of selective PKC inhibitor or PKC-§ siRNA on
VSM cell proliferation (cell count). Quiescent VSM cellswere
pretreated with rottlerin (3 umol/L) for 1 h or transfected with
PKC-§ siRNA prior to stimulation with high glucose for 72 h.
At the end of incubation, cell number was measured by
counting trypsinized cells with a hematocytometer.

Results are obtained from three separate experiments and are
expressed in the mean + SE.

* P < 0.01 compared with normal glucose.

t P < 0.05 compared with high glucose without treatment.

A|EZE- transfectionX]| 7S wl] PKC-5 THA vl %]
A=l (Fig. 6). B8k PKC-69] WH9] AeE 25s
F5 o] ol #4138k p38 MAP kinase2] Q1AH}E- Qlu|
A JAsEAet (P < 0.01, Fig. 6). 18], PKC-§ S AIA]
2l rottlerin© 2 X 2]s}91-& 7-$<ll= p38 MAP kinase2]
AL SJu|gdAl AA=det (P < 0.01, Fig. 6).
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6. Superoxide 302 MAM0j| CHSt PKC-5 RNA

interference ablation2| &1}
Gk HET A|Eol|A] superoxide 0] Aol of
PKC-5 siRNA 2] 3315 NBT reductionol] 2]s] 243137
o] 5.5 mmol/L D-glucose ¥l%¥=z713} H]2sle] 30 mmol/L
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D-glucose HISFE=714] 2Ju|QA] 718 superoxide S©]
2 AR PKC-6 siRNALZ transfectiondt 2= 20| Q1A
2419k (P < 0.01, Fig. 7).

7. HE WS MEQ ZA| CHEH PKC-5 RNA

interference ablation?| &1}

PKC-8 43P} ok 5w =59 nljokz7lol4] It
T AIES] FAT} Aol QA QA7) 3l E3H
T AEE 72417F 30 mmol/L D-glucose Z=710f|4] uljek
s}7] Aoll PKC-§ siRNAZ transfectionA|7|AL} =&
rottlerin® & AX2lE ik PKC-69] HEAALH
rottlerin AXElE FE Fidol] o3t F3 HET Alx

o] 4 k& 2Amgl AR (P < 001, Fig. 8).

]

a

U3 GBS s e olBEs) Anel Fa
Aglo]tH Y. Diabetes Control and Complication Trial
(DCCT)9] At oJshd 3t hEFe] Fo3k URle=
£ 289 1 2P} Fesitar Qs s . Gayy
< 8733k w BAS FRlska e e A
<o) AFEe] Fagk AolP V. kgl W} kg,
sorbitolZ} myoinositol tHAR] o]4, diacylglycerol-protein
kinase C AJ3te} 72 W 7150 el ofaf| =]
= G| vkt WA w3k sl 71K R A
ekt alels Btslar ¥ge] ofW H2E 59
7333 Wi Aol deke mIxaL &4 Eake) A
2g FRE A 2] Adsle davh

. odFolA= 5.5 mmol/L D-glucose wiek=713} 30
mmol/L D-glucose BNFZ71ol] &% I3 HETA|E9
A e R SANESell= PKC-6 938l
NAD(P)H oxidase7} HoJghg Felslgir}. BrdU2| A+
54 Aztell 2443k8 DNAGAS Hkedeetl. Gus 719
flow cytometry 74 ZAY= DNA ol vlalgl A|E£9
AA| W8-S olulsln] microscopes o]t A|E AR
A 5 e oleldl WSS 2ol AR wi
T AlFolA] Fde] oJgl| oigt oJu] gl Aol
7hssieh 2 odTllA F o] dt HET AES] FH 5.5
mmol/L. D-glucose wekz7¥} w]zsle] 30 mmol/L
D-glucose HHF=Z10 2 Heghs ull 7ol Al F
A2 EEEREl oEHqls Halrtk olzdt I P
AZe] FA2 e el o3k Atolw 4heske] W
Slof] o3k 712 ohd Zlo® vheiRlt. sk, Alxre] St
off i3t s x| a¥= DNATAS S7HIA Al
E F7)9] AP 2A3) o] 1S EEdo] DNAY

]
AL ZRAF 2 AEFIE SS9 GIMZIE AL =2

A%

r

AZe Hof Fot (Table 1).

A, Lee 9 <d7elA] A Zeie F=
NADP)HE 7|Z & ALgslo] superoxide 90|25 s}
E Aoz dvd eb?. B odFlA] NBT reduction
assay & 273} superoxide 5ol TS S48 S vl
IEE EE 2704w IAl S7FsISIEL NAD(P)H &
AAQ] DPIZ HelsPd F71=9W superoxide Sol& A
Aol Su|Al Zrasidclt  (Fig. 2). EzFollA
superoxide S°]22] AL flavoprotein $HF HA9l
NAD(P)H oxidase, xanthine oxidase, NO synthetase B! ©]
EZrelol Azt A 3l ol FolAlE ZloE dHA
Ak whebA], d3tk 22 ollA] superoxide 3ol Aol
Foal= FE 84F dokEr] 2J3l DPI (10 uM), HAKS
Bt #1491 SOD (500 UmL)oZ A2lails o
superoxide ol AAJ=Fe] om|Al FrasiIAI
allopurinol (100 pmol/L), rotenone (100 pmol/L),
L-NAME (10 umol/L)¥} indomethacine (10 pmol/L)2-2
A2sl9i2 vl v] U= superoxide S0]-22] Aol W
3= §i9dct (Fig. 3). BE3F Inoguchi 52 A7 ZAT}ellA]
22 mmol/L8] 5 FEelA i BT AIZE 72417
B3 viekslols ull 9w Al superoxide wo]&2] B
o] Z7Fsl9iar DPIZ X2lsPd superoxide Sol&2] A4
o] 7HAaghe Harslrl?. o]H AE-L Pk zzolA
superoxide 5012 34ell = NAD(P)H oxidase”} &
ol3he HolFrk

719 G HIZ AEE AL3E Aol e
o] " T Ao A ST A v A
AE U AZE AFAZ . L5l o8l oFake
= dzel A& Az} Fof] s} protein kinase C
(PKC)9| #Asto|cl. King 'V sE Exdo] 3t
AE2] protein kinase CE A7ty K sl o
Inoguchi 578 & HAT TS 15E T} 20|
A oS o] PKCE w72 $H= NAD(P)H oxidase”}
2A43k=lo]  superoxide ool o] SIS Harsl
gt B QoA F3 2T AlES] PKCY] isozyme
Zoll PKC-6 ZAE7} s 253 vliok 27104tz
R} oAl ST So] PKC-6 siRNAE A33}o]
PKC-6 WS ou|gA] JARZ S Wl igs 5o 9
St superoxide Sol&2] AAE Su|IA] FEAZ 2 o]
T NAD(P)H oxidase®] 4ol PKC-67} Q3 HolF
vl B AdelellA] AeF o PKC isozyme?] 27| 50|
2 A3} o= 3 FAISkE PKCE ARk 2
Eelol|A] clokst "t wiwle] whAle A = edl
53] di/db miceoll Al AA| 7HA 2] sPa} AA| 757
o5 o3 5= e Aoz dHA Yot o] PKCT}
o] Q= FtollA Ak, 7154 Wikl Fast

O

|

i

P

- 423 -



- S=E M30A M6=2, 2006 -

7Y GARI) B ATl e aEE ErgoR o
I HIE AEE A= Wl 2 74| PKC isozyme ]
A3E op|XFEk ol EE EEdo| df HIE
AFZoNA] PKC-65 &3} A7Ivhe oA oAt Zrke}l 4
T sl B dFellAE asE EEwo] PKC-q,
PKC-flI¢} PKC-G= 2v|Al EA3MA71A] gk o=l
ANEL o|He AFETE o AR WY o £
TEE AL e AoR Assdk wEh, sk
Exgol| 93k PKC isozyme®] EAl3lol] thellAe vk =
2|7 AES AL FHAQ) Ajle] Fedh ZHog Azt
=2

AEFE FEo]| 93 PKC isozyme?] 42 DAG &
Aol F7Iel Aol Qirk 3k Exdolli] vkt AlE
v 2iH SEReA Felgt 226X DAGE] wHAA
A3} o) Aol Fro] EUAMY, A wwe] ¥
of] ojufgt oJ3hE sl=Alol tisiA = Bl A &k
7Fe DAGH/2 A4 F2t A=y 92| PKCE A5
AL A3} 2B 740l 0|23t kinase= DAGO
AR WO tyrosine®] AN} BAIE o] A1
T . s Exdo] ROS S F7HA717] wlE
o2 srdgde] PKCE AAIZIE:= 7132 24A <l
tyrosine QMBHE of7|fho 22X 715 = vk s, o]
A3t 7hsAe sk Q) dEe] Hesieh oA
o QAFEeA FE} =FlA PKC-AIe A3}
endothelin®} prostanoids 7+ T+ 241 wiiZliA]e] A
I F STiel eddte] ks RS WP, a|a
PKC-fII= vascular endothelial growth factorel] 2]t W3]
AE A dat A9 Ato] el pRC-AII] Aald
AAls gl o3 HET AE] F4"3 NADPH
oxidase-2]&4] ROS AL AR, gk PKC-AI12)
Ak da TERdellA W dMeshs AT
A A FAS AAlshe Ao] FEo] el
#H, 355 EEo] PKC isozymesS AL F Jve=
VAL wi FEwlolld] PKC-q, PKC-AIS} PKC-6 &
F7h iglo] ZrkE] 3 S HolFE o]k el 9
3l AA1E 4= 9ok Haller 592 20 mmol/L £%9] &
Zo] F <] At F&E AZEoNA 6A17F o] A|E=F Ho)|
Al PKC-6 1] ¥F5-3 (immunoreactivity)©] Z7F=|) A
AEA B2 wislA] ofgicla Hasigich eE 15
of] &gk PKC-59] &3k ot A= avs 7
4 9lt} Fukumoto 57V Zo| &at HIT AL} ATrS
A|ZEoAA PKC-69] TEHAXZAE Wl cyclin D7} ES] A
£ 53l GollA AIEFTE BARZo=2ZH AE] S4 7
&S B ik HhlE PKC-6+ COS1 AlZEollA Ras
o= IAIYe] c-Rafll o|Este] p38 MAP  kinase®}t
p42/44 MAP kinase ZA2E 243} A|7Icka B3 s>,

ol o r2 I

T Gl AIE FAS 71 A Qdvks 2 A
gt} B QdFolA s aEE Eedol] €3k PKC-62] 24
SP7b E3 3T Al A4S FA9E Hdck

Frvat 1 g AR g3 A2 Vles TRt
AIEFIAS A1) Sl8l AlEol] <Jel] o] 8-l vlakst
3 AG A5 WA f3l 22E ol 5 ek E
AZefA o] 58, A2 S 9l o|F, Alxe7]Ee] 34
7V E3bele 4 Hakhs dadolld] ugEo P
& HaEolA+= p38 MAP kinase2] SIS dhad 4
glollA "ake] 7155 ol g3t ddto] e S
e s EegT 1 oA Abee] e A1 A A
29} p38 MAP kinase #A4J3ke] A FAo)] ks F+=
A= A gk sk 2 ol ellA] PKC-6 Aeid o
A|ANQ] rottlerin¥} PKC-5 siRNA®]| 2]3ll p38 MAP kinase
o] "ldo] oAE]E Zog Hol "y HIT A|EellA
5 EEdol ol F% p38 MAP kinase®] ZA3h=
PKC-69] &5 HoE skl ZlgHolFrt

# MacFarlene 57 &) 59| Zy1= #14 4
AlFEollA] Aol 23t DAGS] F71et FedelAl p3s
MAP kinaseE S7HIZIAL B s}gick wlzha] 3t Al
Eo A pAIEE AFA o3t DAGE 7= 5
H3} PKCY p38 MAP kinaseS A3} A7) ZEZ¢l
T e ERlth o]Xe dFelie AT A4
Ao E7IQIF 37H 2Bt 24 QI uff PKCE}
p38 MAP kinase 4] Aolollis 73k olghilo] 9SS W
ofFA EPeP?. e i ok F AT A4 wid
o] E3h= PKC-2]4 p38 MAP kinase?| 245 HQ
2 s AL ARSI, B adqte) oA vl o
TE Fsl Pt AlZoA PKCS] A43H= p38 MAP
kinase QIRE3-& ZASAZ = dvke 21 Hofsrk w3t
Igarashi 5'%-& PKC-fI1¢] ®Wlo] PKC-87} Zpital=l A
9} 16.5 mmol/L ExTol| =& thz Al AlEHE
BlollA 2n] Qe F7RES HolFgirh e p38 MAP
kinase ¥AI3h= PKC-g A3 odAjA|el LY333351 (20
nmol/L)el| 2Jal A=A ekgkor} GF109203Xell 2]sl A
Ho g A=) o]= PKC-f7} p38 MAP kinases &
A7) e ol o8l A8H 413 A 73 =ol|
FdosHA] ghervhe 2l Uebich olfdt A4S F9
3 G AFA] o] FEEA AP AHellA
PKC-65 Z7FA1#4] p38 MAP kinaseS A3 7S 7
ELI i

ool Avs Fgl WMl EE EET ol
olsll A3} & 4= 9l PKC-67F G A|ZollA] 754 )
= FAYE gelsink Es F5 32 gt 9
&l p38 MAP kinase®} NADP)H oxidase2] ZAsr}
PKC-§ 2|24 73 =ol| o]zl mi7l¥] 3 PKC-62] et o
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Al -2 RNA interference ablationS 5% EETrOF
Helgt I3t F2E AlF] FA1S AARE F 9k sHA
ok el dabdske & v B33t JAEe] Hofst
5L oolEgt B3 B olsllsh] Sl Sl At
Hey Aoz 7wt

FO
B

CITHNA: A} 2Bt GiellA] E3t WAl
Z157elel d3k PR Al T4, 4 3F T 5
of] tofslo] P4 it hTo] WA= 2o U4
A Qlck skAE, gl A it o] whalel]
uXE gl tisfiAle ofe] 7HdEe] ARIER gk 2
Hdol] of8l] G HL AlEollA ROS AAdo] 2m|9A|
71 AME o] gdFollA] ERIE|gIcE ROS A2
PKC-5 4d3}ke] Z7tet qdto] irk whaha] - qdroilA]
+ PKC-87} ROS A4S op7lelar e 4] d3t 3
2 AlEe] FAeA e AT AdAAlA 9] AeE o}
B3 sieick

B 7] e E3t HEE AIEE 5.5 mmol/L E 30
mmol/L D-glucose®} 454 =02 484|7F E<F X2
3 "R HdE AEY FA AEF E
incorporation®} A|ZEF7))I} superoxide A B vkl o
AA2] o33k PKC-69F p38 MAP kinased] A3} A=
ZA9]e

Z1k 1) 30 mmol/L D-glucose Bl Z7ol|A4] 3k H3t
= A1Z2] =2} BrdU incorporation®] &Jn| YA ST}l
NAD(P)H oxidase®] A4Sl DPIE AAe] 3 7% =7} =
A G G AlEe] FAo] u|A FasiSir)

2) G H2T AlE ] superoxide 9022 AR
30 mmol/L D-glucose BloF Z71o|A] 2Ju|9lA] 71381932
™ DPI, SODE AA2] 3+ Z-¢ 2wl 7Ha=sieick

3) d T AZEol|A p38 MAP kinase 2HAJ¥}ol] o
3k sk 0] ok tlzaat vlasied Sju|oiA| &
A%7t Z7Fsl9AL rottlerin®} PKC-§ siRNAE A42] s}

= ul S7F4 p38 MAP kinase &4Jo] 2Ju|A] ZHa=sh
Ak

4) 3¥For Al P} AL AlEellA PKC-§
siRNA 9] transfectionS =71 superoxide So|-2 AAS
o)Al ZHAEAIZATL rottlerin?}t PKC-§ siRNAE Zx]2]
SIS wl el oJel STk Al S 2vIiAl 2
Z=A1ZAe

2= o ANE T
A HET AL FAL k. ol o)z PKC-65
w702 $= NAD(P)H oxidase”} #Adsk=]o] superoxide
=ol&9] Aol Frbseir] Wil Aoz A7tk
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