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ABSTRACT

Background and Objectives : Ischemic injury is the most common and important cause of myocardial damage.
Over past decades, a number of studies have identified a protective mechanism known as ischemic preconditioning,
which can block or delay cell death from ischemic injury. Protein kinase C (PKC), especially the € isoform has been
proposed as a key factor in the signaling pathway of ischemic preconditioning. However, whether PKC & expression
in cardiomyocytes can offer such protection from acute ischemia has not been explored. Materials and Methods :
To demonstrate a direct effect of PKC & expression, a lentiviral vector system was established. Using the lentiviral
vector, PKC & was introduced to neonatal rat ventricular myocytes (NRVM) cultured under ischemic conditions,
and also to adult rat myocardium subject to left coronary artery ligation. Results : Compared to control, PKC & ex-
pression in cultured NRVM under ischemia resulted in preserved cell density and morphology, and a reduction
in cell death (77.6 =12.8% vs 58.1£7.2%, p<0.05). In adult rats, the infarcted area after coronary artery ligation
was markedly reduced in myocardium injected with PKC & vector compared to control (11.4£5.3% vs 20.5*
11.3%, p<0.01). Conclusion : These results provide direct evidence that PKC ¢ is a central player in protection
against cell death from acute ischemia. (Korean Circulation J 2007;37:327—333)
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AR S0l 200~250 g A= Hi= A D5 (Spra-
gue-Dawley rat)S AMBSIRLON] AFE 2E FoRA
A5 19014 2908 212 AHgIHAL,
M) AN ES) 22 by
AR FHS AT F 443 AT S Hank's
buffered salt solution(HBSS; GIBCO BRL, Gaithersburg,
MD) oo Tl 7h9jz A AE F o5 thA] HBSSE
MAstHT 1 & 2248 AAW Y trypsin/EDTA(GIBCO
BRL, Gaithersburg, MD) Hof @il 4C ZIg|oF7|of| A
A aBRA 2, o trypsin B2 WAL 10% fe-

tal calf serum(FCS; GIBCO BRL, Gaithersburg, MD)”}
3+5-% Dulbecco’s modified Eagle’s media(DMEM; GIB-
CO BRL, Gaithersburg, MD)H-S dof ASt}AL S3HA
71 & DMEM AF&HS A ATt o]7]9f collagenase
i°“(34 mg collagenase 119} DMEM &3H-g-ol)S sl
37°C ANghig7lol 3% A= FAHTE SRl e 25k
BE Y Byt o]@i HAS 334 A= vl
2o Ak=olS 750 rpmo|A] 5EZF YAIRE & AAEL 10%
FCS/DMEM 4oz AHEFAZTE ths o5 HjfEafaa
o $7 8TCOIA] T5R7k NSkl o) F-foke: tha] A )
o Zehazio] $7 T5H7} Hlokste] ABoel Al AlEe}
W AT AEE Relselt, RelY AT A 01%
pemcﬂhn/streptomymn7} 3t9 = 10% FCS/DMEM HjA|
ol A 5% CO2/95% 0,2] A5} HijFa3iTt,

A2 MEQ 5 b

XMt 32 (Hypoxia)

95% Ny/5% CO. 7|47} Tl YAZRE T 55ko] Hi
71 Welld AZAIES wigEe 8710 ddsto] Aaka 7]
AE Fwokltt. 871 Yt ATl vral davkart
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&8 H{X|(Media)

A 223t 34 wioF Bi%] gjAl Ca’ free Henseleit bu-
ffer(6.9 g/L NaCl,, 350 mg/L KCl, 180 mg/L CaCl,, 144
mg/L MgS0s, 162 mg/L KHyPO,, 2.1 g/L NaHCOs, 2.16 g/L
dextrose; Invitrogen, Carlsbad, CA)E vl o2 WX}
Fom FYFLE o]F dextrose A0 deoxydextroseE &

% Apgelo] Aee il of Hjele Agsl] A

ol 95% N./5% CO, 711 2087 Feste] wiAlUfe] ot

Q= AaE vje] A

PKCe MZ# lentiviral vectorel 44y

PKCe R&AF RHZE

Lentiviral vector® WAL vjd §A4A <oz HHyE
2O & RRE: HIV Rev response element, cPPT: HIV-1
central polypurine tract, CMV: human cytomegalovirus
promoter, X: multi—cloning site, PRE: human hepatitis
virus posttranscriptional regulatory element, GFP: green
fluorescent protein, SIN: self inactivating= 2FAgH 7
o]t} Full-length PKCg cDNA+= Y& 17H| tfjske] Ono BF
AR EE] 7]ZHkeY,

PBST SK(I) cloning vectoro]] 59{%]+= PKCe cDNAE
PRRL—cPPT-CMV—-X—-PRE-SIN vector®]] EcoR I site&
ol-g3f ddstal Aoz S0t YHcolony)= 55t



Jeong—Nam Yoo, et al : Protection from Ischemic Injury by PKCe Expression 329

PRRL—cPPT-CMV—-PKCg —PRE-SINE ¢AJSITL, mega
prep kit(QUIAGEN, Hilden, Germany)& ©]-&3] tzFo
DNAE A4S T lenti virusE 44319} o] Hela cell
of ZFEAIZl & PKCe 2] W3S western blot 53l 218}

K.

Virus ‘44

Lentiviral transfer vector?l pRRL—cPPT-CMV—X—PRE-
SIN©] green fluorescent protein(GFP) S-AAE =23t
pRRL—cPPT-CMV-GFP-PRE-SIN 2-& pRRL-cPPT-—
CMV-PKCe —PRE-SIN 23 pg¥} packaging plasmid?l
pMDL 15 y g, expression plasmidQl VSV-G 8 z g%} pRSV—
REV 11.5 zgZ calcium phosphate B 02 293T Ao
AN, 16417 ol wjekole Zol 72417t B9t
slopet ohe AE S w0l 0.2 ime filter ofTpAIT] F
20,000 rpmoj|A] 2A]17F E9F H=AF T}

vlo]H A 7= Lentivirus—GFPE HelLa cello] ZFEAIZ]
F =8| LB AES FACSE S5 450l

Ao} Hlolel2 Poagag THIAS LISA kit 24als
Holl whsith 5x10° HeLa A|#E 6-cm dishesol %3}

ZU&PA B 7|2 =317 A9 lentivirus—GFP7}
E0%1= ool 1 mLE DEAE dextran(10 zg/mL)©] £
3= 2704 5%10° HeLa cello] 2o 7“35‘/\]5’51:} 164
7+ o ujoFHS wIlElal o]F 48A]710] A wf A=
£ phosphate—buffered saline(PBS)o]| 33 A|&3gF & Al
EZE trypsinO & XX|5fo] e &
hyde= 303 THT F FACS B AXJsleich Hlolel s
o] ZHAIZIA] ¢k Hela HIES thxao & ARSIGITE 1 ng
o] p24 ThA || FIFE= GFPS WdAsH= Hela A|3E
9] Jf==2 lentiviral®] 715 AA 5L

2%92] paraformalde-

Sl N2 3 2

Sprague—Dawley rat A|%(200~220 g)& A O Z keta-
mine(100 mg/kg)¥} Xylazine(2.5 mg/kg)S W &
ofste] HAMHE A7l & 16G medicutS 73 A5k
AEE 9¥3 57| (Harvard rodent ventilator, Model 683,
MA, USA)Oﬂ AAAIA d3] TFFE AEY 10% F%=(0.2~

0.8 mL), & Eﬁ$t 90~953|2 QT TS /\E‘/\]o}@‘
cf, 3% 39 S 0] 48PS e Aoz Y
A5 4ol B 3’3;;}1‘4?4; 6-0 silk B4 25Ho] 9]
XS Gl AT T AT 242 2Hste] 4
2R GEsigth AUl HFHOR WY 7
o 24 Ho] ANHOE BolprA Ot 3 MES Hi
Ao BBt 4L AT ¥ F 302 Fof 2
S AAS ARFAZL, AR F 347 Fol AL
wejstol YA AN A4 R91E 3 Bt

X
2| A A AlZE 33K confluence)of| ©|27] 7k
527} HjoFsl T o]2 95% AAS} Emtro| X A
At Z A (normoxia) T 95% AA7FA BAMAE T O] 3}
¥ 38 xA(ischemia) &2 Uro] 10417k 59 HljoFs}e]
ow x5t iAoz 29 F el tetradecanoylph-
orbol 13—acetate(TPA), PKCe, TPA+PKCe viral vector,
empty viral vector, TPA+empty viral vectorS F{}Itt.

3
S0 23] A 42l BT 5 i) A
ollak Foje] A Altto] 1x10°9] &71E 2kl 9}

PKCe virus - control buffer(tJ&2HE 84 100 4L
2 sio] AEUTPIS olgslel U Pl 954 £
4 & FARCeH 49 & AW shof] U
S0 AP SHTEL AR OF i
AAA A et 5 AN 2715 SA5] 9% A
42 sk,

Yorang 24
Aol % BAE L Aol sl vl
Az BEsh FS B

M3 AFY 24! trypan blue staining
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"schemia + PKCe

Afo]2] AZ H]ii= unpaired t—testZ 1. EAZE 0,05
oleke frofdt ALz sk

ko

4 2xdsto] vk AR ATAlEE oAE Y Al
SAE7E FASHA wjgFE o s WEE 5 dglen §
SJH) Al Alze) Uzt @ASHA ko] Qqlet 3
E Are) o] vfjokA|Eo] TPA & PKCe A% lentiviral ve-
ctorfhe Folgh - AL o] WLt FejHoA 27 H3}
7} ¢l WHH, PKCe viral vector®} TPAE FAo Foigt
A B A= AL e A FolE%lon Al
o] Peje §Fo] glo] A 2ok A2} fARE 248
Heloh, ey 318 Aol Al viral vectorhE FofshAL
viral vector®t TPAS FAo Tt FojA= gz
HlafA] A|E4=0} FejollA] FATE MSHE Ho|A| Aokt

Trypan blue B (Fig, 2)

A 2AFT 88, sl TPAS Foigt , 3
dx7o] PKCedt TPAE Zo| Fofgt & vluwsqlrh, Try-
pan ZZof| Mgt AFAIEZ= B4 2710014 16.9£4.2%, 3

Ischemia + veclor

Ischemia + TPA

& dschermia + vector + TPA
Fig. 1. Microscopic findings of neonatal rat ventricular myocyte (NRVM) cultured under various conditions. Control: NRVM cultured under
normal condition, Ischemia: NRVM cultured under ischemic condition, Ischemia+TPA: NRVM cultured under ischemic condition treated
with tetradecanoylphorbol 13-acetate (TPA), Ischemia+vector: NRVM culuted under ischemic condition treated with empty vetor, Ische-
mia+vector+TPA: NRVM cultured under ischemic condition treated with empty vector and TPA, Ischemia+PKC+TPA: NRVM cultured
under ischemic condition treated with protein kinase C € vector and TPA, PKC: protein kinase C.
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Fig. 2. Comparison of cell death of cultured neonatal rat ventricu-
lar myocyte (NRVM) under various conditions. Number of cell death
was determined by counting cells failing to exclude the trypan blue
dye. Control: NRVM cultured under normal condition, Ischemia:
NRVM cultured under ischemic condition, [+TPA: NRVM cultu-
red under ischemic condition treated with tetradecanoylphorbol
13-acetate (TPA), [+PKC+TPA: NRVM cultured under ischemic con-
dition treated with protein kinase C & vector and TPA. *: p<0.05 bet-
ween ischemia and ischemia+PKC+TPA, PKC: protein kinase C.

Gz Fo)A 77.6+12.8%, SR TPAS Foldt
of| A= 72.3+18.7%0]9 0 32| TPAQ} PKCe ve-
ctorg Tt A BLoAE 58117 2%2A A2 APgol|A
Frog HAE HtHp0.05).

ANF A2 B T
FOH AA(Fig. 3)

o7 SN 1553t iR PRCe vectorE 53 A
270 RS 2eElste] dAlekel o il ATE Fig. 3
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Fig. 3. Representative samples of transverse section of myocardium
stained with phthalocyanin blue and triphenyltetrazolium chloride
in control and treated rat heart, injected with PKC e lentiviral vec-
tor intramuscularly. Unstainted area (white color) represents infar-
cted myocardium. PKCe! protein kinase Ce.

50%
40% |- ’7 p<0.001

30% - [

20% -

Infarct area

10% -

0%

Control Ml PKCe MI

Fig. 4. Bar graphs represent area of infarction between control and
treated rat heart, injected with PKCe lentiviral vector intramus-
cularly. Control MI: rat heart injected with control buffer 4 days
prior to left coronary artery ligation, PKCe MI: rat heart injected
with PKC e vector 4 days prior to left coronary artery ligation. PKC
! protein kinase C &, MI: myocardial infarction

oAl ®oj3Eal Qlth Phthalocyanine blueZ FME|Z| ok
2 3yl Wi} HA S ABRAGRLS)OIW, olF
TICE GNE Hed HEe gEueln TIcE AMEA
She ARG AARARA ARTe] AR gad
of Hlsf AA3] TaEo] Q32 HoF]o

ZM37|9| H|W(Fig, 4)

izt 8ute], Aol 1unke|e] FMariE vlaskyich
A7) = 2ol A Bat 20.5+11.3%, XEToIA 11,4+
5.3%EA A BEOIA oF 45%2] A F7]7F @A A 4s]
gom 1 ztols FAHORE 98 tHp0.01),

i

e Ao A 1 FRT S0l 59
34 382 A Ao &5 dF(collateral circulation)
of Ao} At Al2ES] 3o Bagh ARkS 4] gfeu
2 Ao Arl AgFog It Agoxe 34 e
A e Bes ekl ARs Aol AHHe ok
ol oJHs| Fask AFgSle] E= dgtolrt,

S|dof| et Al R0 Wol7| e @A Aol 9

A &2 FHAA Hglom ATAES] HE ol et g
< A7 S8 AAAE SHeE ]—r°1 At sEd A
AA = 2~3AF B & oF AT A& A B A8
UEl= early(classic) precondmomng.\—}, A&z = 5}
F7F ApA] Kok 71 AEEQH Al S AR YRR de-
layed preconditioning®]” = 7|7} okl <A Qloh
HE Aol oRoAL AL AT Az SR A
(transcription), FHH(translation)& R 2 k= B3} 7]
Zof Z5l= A2 9] Al AlE A 7 Z(signaling path-
wey) & HETORA o|RolAk o e sfuo)
FA710l A3k A ?ZH yroz yzE
SRy BAA] B P ATEE AT A o
2] BEAEo] Asdg AR Fofstal e ‘51*31 AUt
AT AR BE avs pslr|7kA| o] ofy 4le Y A
2o A PKC7} AHA|She S-S A1, tho] A dtollx
PKC7} |84 AA29] Tagt w7l 22U AlAlstaL
o}, PROE o 2] 71 9] o (isoform) 0.8 A E 0] )
002 ool ot w5 4 ofg] web ekl 4 9)
o}, ALt AR AEF PKC o o] ghdo] A%l w
o @A Aolg Holm? ojejdt ol st Hdo| F
H9& v PKC 23 A4 2olS Lehjgint” PKC
o} PKCe oFg 3{&8of =2l AR AlollA AlazuiolAl
ol=gto] WaET " PKCoL FE/A B2 sAjomH
B A 25 28-S A5 BuEglt? PRCesE EE
opiodd] oJ%t B HIE vjAfEks Aos HuE gk
ﬂ/ﬁ 71—71—9,] fe) ﬁ:]_Q_ T;]—E ZE_,] Zol- HS jﬂl—é DH7H5‘1— 7]_
Aok, 22y o E Ho aaf uizhel] loM 7w
A AwmE 7L 9= 22 PKCe oFgolH "WH
714 @o] AR A= PKCe oFgoltt.” Ping
FA HAA A PKCe2 AXZY o]5S HHs
u 579 AN B AHA NN T &
¥ u F71EE 28 PKCeo|lal PKCO
7V51A] ki) w3l PRCeo] Eo2el 23}
ALgsHH AAAR Q15 /\ﬂi APS A
"’1'7]' Al o] BEEY? 22y PKCs
*o 719k Zro] THgA Q1 ol oA A=
PKCe 9] A4S HAAIAA 3|8 U3t &
% ket St Eat Aol whebA i A
“EL/\ﬂ:‘TEOﬂ Agsto] sjdz FElQ] 23 ans
o2 sl A} sheict
];HHE.J AR} AEL 9ot AGAZE lentiviral ve-
ctorE ARESIIT) Lentivirus+ Retroviridae®]] €61= virus
2ZA e :r’-oﬂ £3}+= retorvirus@ @8] non—dividing
= S40] 1T T AAIE, 4
ZIAIE SolA el AL Aol i eist
? @3} lentiviral vector:= in vitro %
olz} in vivoE Z} & AlYEE0] A7l ATFog B

lilrl

I'—l‘

]

0 30

Zruz

rlc? d

wu g
A £ —‘L ——%

ox,
oft

S

10 ox 32 ot 1o rlo o{r
H1 o

o,

=S

fr

o
<
ﬂllﬂl olN

H o N X
g_lﬁ.rlr‘ﬁmﬂ

| moh
b rlo
X

<
%
oA
rlr
R



332 Korean Circulation J 2007;37:327-333

o 4 Qi AEL 7T Ik web B AdeMs &
A2 AES 13t vi7iA| 2 lentiviral vectorE /\]~Q’6‘]—93\1:}
AdE e dForzA= AR vk AIAEE AE
shelch, A1FY] Al A= PKC oy FollAl PKCa £}
PKCg 9| Frafol AAF ol wla) mj$ zhom® wjeba] o]
o] AlFofA 318 w=Z3to|A PKC EAAIQ] TPASE H7}st
tehe ARz 2o AT 2o aais WA kel
whaba] & Ao A= PKC ofy Fhefo] FE53H AYF i
& A Alazof| PKCe 9] WHAS S7HAAA 3Eof| dish 1
T 3t AAE Uehg=AE Eus syl 88 24
of| A 10A17F e wiYF Al Enld BEstoA A
A 20 vlal] Mlaze] f=of WErl FAHH| FAERS W
OMEP g AEXEr OC‘EHQ&P-E 78*%2‘4%1 o7ty &

|

AR TPAR AP AEjgt 485 A e o =4
oAM= A2z ot el HollA A4 izt ARSI o
H PKCg lentiviral vector T=5ojL} TPA s FojHof
e AE S aibe= BEER] U9FT1 empty vector2} TPA
£ o] Folgt Ao A= Ali2o] 529 FejolA A2]st
A o2 o8 279 vlel e HolFA] Zeieh ol
< PKCe 2437 318 Aol A *ﬂ:‘—ié Hosh=s o9
TRt T34 IS grhe AS AAbete a4
oh AlEZ APYS FFHoE Z24517] Y3 trypan blue &
AofA| PKCe vector % TPA Foii-& d|dto] H|siA] AL
gEol FofsH #9}9—4(77.7% vs 58,1%, p<0.05), 84

Rﬁmlo

d
7 27o] Vg BB IR vl el o2 3
2 RAAE W BI04 Lejste Aol AL
| HSAAG S A sk A48 o R a6
Ao S, 1] o Adeldel 18 A7) o),
trypan blue 4 A|Z B ZTHY SolA] 7alte

= itk
In vivo A% ozt AR A 24 nee |
gk ol GMOR YT HE ANRE A FHY &
£ dhelm, 4 QeI 2 2 9 7 309 6
3t

ol
o

[e]

2 o rp 3o

4 7 7
2L, A9 20 a2
7} 20.5%%19] Hksll PKCe lentiviral vectorg& T3t F
O BA A7) 114924 2ol vlsl 45% =9 3
& UAE Btk ol Reimer 50| olA AlHsto]
2y AN Qe T5%9] A Zhol Hlsh 2 %
Jo]ut Okamura £°72] Z AdoA 3|84 AHA= A
A A 2Geml Vs Aot 2 g E e
49l @A A B AT, o
TH= PRCe WRdof o3t A B39 Axe 5844 A

Wi
N
% i

m N2

oz *Pfr%l‘:}
ARHOoZ B AF AL lentiviral vectorS ©0]43}o]
ARE Al Ao Ao g WAy AGAAS

FHOR Syslglon] o) olgsle] HTHEe] PKCs
234 o]9] Faks B 4= 919l

o
. A9 A3 PRCe IS @204 o] ofge] AH
E

oA lenti virus®] &J3t PKCg2| TZ reporter gene
°[83t7 1} PKCe @ western blotg F3lA 4%
7] Es} | Ao zm} P aAeRA 2 47

A& 3] Hte|ofof T Alg)
oth, & H F A2 Ao A HXLE] Mzo] Je T o)A
HAlSE EAIHER QA3PA trypan blue FMOZ AMAE

PKCe 9] a7} @n]7 27dof vl3) AB7heof vehd 4
o AAFO] AT AN LA B HAHAE FAl
AR Fate] PROs S mael ulwata] Fatgichs A
= AEOR B4 ook H2 FFA WA 3 k2
R EEY AR M 2EEL ot B Ao g
Aol dee S/ e AT oE &y 8

SoAQ PKCe AT o) tisf ok A& = AwE
AAT 5 S Aoz AYzhsict
(o] o]
S
oy X =25 :
Lo Al 220|| 7R 7 Bala a3 £Ako)
L= = R

ZZ A (ischemic preconditioning)+= 3|8 A}E]
M= AlZ APgE AlstaL AES FXske AT
715224, protein kinase C(PKC), £3] ¢ °}F(PKCe)
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