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of y-virusgE ZHAIA WERAANBEAEY B
FAI8 F3F S48 RGC-HAHEF "‘?.ﬂ o A}-&

gy 202 ALTL 6 well flask® 2zt wellol
80,000704 = T3l 24A17Hset 10%  Fetal
Bovine Serum (FBS Omega, Australia) & ¥3
st DMEM (Dulbecco’s Modified Eagle Medium,
LOW Glucose 1x, GIBCO, USA)dA a3t ATt.

S chaolaksl 4 oJAA| ] U] staurosporine
(staurosporlne, Sigma, UK)& 43t RGC-5
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£ 21T, HAE3 staurosporine?] FE=9} 22
A3zl Y& 0, 0.5, 1, 2 uM2] 47H4] T=5
1, 2, 6, 24717 AF3tal RGC-59] BokS #2319
H(Fig. 1). 1 2% 1 uME=9} 2412 A A|7to]
HE 23 AR o225 HAEES} AR
HAch agA B Age] RGC-HAEe] 3= BF
1 uM staurosporines 2217t 25}t

S8 ™ X X|(ischemic preconditioning) 2t AMtstAER|
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471 o g2 wldkd RGC-5A413E gl 3 dH A
Z7F HaO000 ] gt ’&ﬁ}*EBﬂioﬂ ek Al B &
H7F JE=A] Lol B7] 8] Oz 0.3%, Hz 10%, N2
89%9] 714xAE 7HAE A4kc w9k7](Anaerobic
chamber, Forma Scientific)olA] 0, 2, 4, 6, 8,
15, 24412 &% SEHHAE AldWstal 12412 &
800 uM H202F 15417t &<t Aglsted AHst~Eg
£ F2st. AEAES LDH assays ARE5}H]

7} sttt

LDH assay

WHAAHAAEE Aka v Fsbar] g oz f
g5+ LDHY Okg colorimetric assay system
(Calbiochem Novabiochem Corporation, USA)
S o] g3t =43 T AAANEES deep freezingst
o APEAIZ & SAS LDHY &3 vlaste] A 3EA
Hol A=E Hrhstdd

SETMA| F PKCOFHE2| mRNA, HHHE ghadtHs}

(1) Real-time PCR

S8 AR & A7t WE PKCoEE9 mRNA
W3S dolr 7] 93] real-time PCRS A 33% T}
SuperScript. III  First Strand Synthesis
System for RT PCR (Invitrogen, USA)< A
ste] AZAbe] A WLl met 53 total RNA
ZHH cDNAE sttt HeFstAl A&sta vt
St PEAAAAEE trypsing ARt FYAIZ &
RNeasy Mini Kit (Quiagen, USA) & A}&3}<]
total RNAZ FZ3}9th. %3 total RNA 3 ng,
50 uM oligo (dT) 2 uL, 10 mM dNTP mix 1 ulL
9} DEPC-treated water® £33} 65°ColA] 5&
7+ wjeFstar o719 10X RT buffer 2 uli, 25 mM
MgCls 4 uL, 0.1 M DTT 2 uL, RNaseOUT (40



Figure 1. The assessment of optimal level and duration in staurosporine treatment for differentiatio
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n of RGC-5: The shape of

RGC-5 cell changes from fibroblast-like shape to neuron-like shape showing axon and multiple synapse with treatment of

staurosporine. Staurosporine 1.0 pg for 2 hours seemed to be the minimum duration and the level for the appropriate

morphological differentiation.

Staurosporine 0 pg: 1 hr (A), 2 hr (B), 6 hr (C), 24 hr (D); Staurosporine 0.5 pg: 1 hr (E), 2 hr (F), 6 hr (G), 24 hr (H);
Staurosporine 1.0 wg: 1 hr (I), 2 hr (J), 6 hr (K), 24 hr (L); Staurosporine 2.0 pg: 1 hr (M), 2 hr (N), 6 hr (O), 24 hr (P).

U/uL) 1 pL, SuperScript 1II RT (200 U/uL) 1
pLE 7hske] B Estqit. 2§ 50CellA 5083t
Hjekatar 85ColA 5&3 Hjkste] ¢cDNAS &gt
% 1 uLe RNase HE %ol 2ol3ls & d= RNA
£ AlA A Real-time PCRES QuantiTect
SYBR Green PCR Kit (Quiagen, USA)E A
sto] TdS whEo] At 2 AA S cDNA
100 ng, 27FA4 20 uM primers 1 yL, master mix
25 ul,, DEPC treated water® £33t} % 50 uL
EFAE 7= T BioradAte] cyclers ARE-sRe] wE
SA A, AH8-3 primer sequence® Table 19 7]
Astat. WA 225 U3 2o]8lY real-
time PCRE Aldstdtt. (5C for 3 minutes,
Cycle 2 (50 cycles: Step 1 95C for 10
seconds, Step 2 : 55T for 45 seconds, Data
collection and real time analysis), Cycle 3:

95T for 1minute, Cycle 4: 55C for 1minute)
Zt mRNA level reference house keeping
gene® 2 B-acting AM&3ld Ct e 7We=z
2-2Ce Abgstel AW,

(2) Western blot

SDS-PAGE+~ 10~15% SDS-polyacrylamide
gelS wHEolA Zb wellol cell lysate 50 ugs
loading3t}. A719% % Immobilon-P Transfer
membrane (Millipore, USA)dl 200 mA3}ol
2A 75t electro transferdtdth. 3% BSA
(AMRESCO #0332, USA)E AHg-3lo] vlEo|4 4
S AT 1 13 FAE AEste] Aol
1A wjFet (Table 2), 22 FAE A3 1
2 A £FFE wEl ECL TM peroxidase
labelled anti rabbit (Amersham, USA) =&
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Table 1. Primer sequences for real-time PCR (F=forward; R=reverse)

Gene name Sequence
PKC a F 5'- ATG ACT TCA TGG GCT CCC TTT CCT -3
R §- ATT CAC CCT CCT CTT GGT TGA GCA -3
PKC B F §5'- CCA ACA AGT TGG CCG TTT CAA GGA -3'
R 5- TCA GGT CAC GGT AAA TGA TGC CCT -3'
PKC ¥ F 5'- CAG CCT CCT CCA GAA GT -3
R §- TCA GAG ATA TGC AGG CGT -3'
PKC § F 5'- CAA AGG CAG CTT TGG CAA GGT ACT -3'
R 5- ATC GTC GAT CAA CAC CAC GTC CTT -3'
PKC ¢ F 5'- AGG AAG GGA TTC TGA ATG GCG TGA -3'

R §- AAG TCG TCC TCG TTG TCA GCT TCA -3'
PKC ¢ F 5'- AGG CCT CAC ACG TCT TGA AAG GAT -3'

R §- TCG GAA GAA GGC ATG GGA CTT GAT -3

B actin

F 5'- AGA TGA CCC AGA TCA TGT TTG AGA -3'

R §- ACC AGA GGC ATA CAG GGA CAA -3'

Table 2. Antibodies used in this study

Gene name Company Host animal Size
PKC a abcam Mouse 80.6 kDa
PKC B abcam Rabbit 80 kDa
PKC y abcam Rabbit 84 kDa
PKC 6 abcam Rabbit 81kDa
PKC ¢ abcam Mouse 88.4 kDa
PKC ¢ abcam Rabbit 71 kDa
B-actin Sigma Mouse 42 kDa

ECL TM peroxidase labelled anti-mouse
(Amersham, USA)& AM-3le] A 1A F<t )
&3 & Amersham ECL Western Blotting
Detection Reagents (Amersham, USA)E A&

st AAIZ T

& }

SYETXR|Of ofet YUHUBHEMEFOME M=

S ARESt] TEEgA] SEAAA TS Bk
ot G AHAEFQ RGC-He &t AFAEZ
EAQS 22 3}7] Y3te] staurosporined 2|3}
of ESAIHT E3E g HA 9 staurosporine?
FTEO AR NERGS B AFANE} FASH
oy FAHE Hole HAARY w2 Aot

1.0 pgell A 2213k 427}
=2 FHQ 5= e HawkE, Ao
AZAYE AT = Add HFAAAE 0.3%

029] A4kA B0l A 004 24417 Bt AI7HS WSt
ShHA] HjeFsle] WAYA7) 3 15417 B2t 800 uM He02
£ AFS8 At A~Ed 25 sl Al EEAGS oFr)E)
Attt LDH assayE Aldste] A3tAEd o] 2%
AR EM LY AEAPEY AE HrleaY. 1
A} §E ARAA] 2o v BF AFEo] Z7}a)
R1L(p{0.05 by Mann Whiteny U test), 2, 4,
15, 2477re] AR M NER T E T} 9lo]
A 6, 841719 @A R4 vlgiA BEaxrt Aok
(p€0.05 by Mann Whiteny U test), BAZo 2
frefst 2folE HRl 6, 8AITHY] AEAA A F 81171
SAAX 7} HIE SAA 7948 1o (pr0.05
by Mann Whiteny U test) LDH assay Al 7}
AL AE 54 B 5, 8AIREY S EAAA
7 7 & NEREZEARE Yehlle 2AE #81E §
AAHFig. 2).

of & PKC o} (a, B, ¥, 6, &, 1)°] mRNAS}H &
9] W3lE real time PCR¥Y} Western bloto &
747} g1statt. 1 23 mRNAdIAE PKC BE Al
S PKCE©] diAZ #de] $71=%la 1 5 PKC
as S EHHA 247t o] FHE 18]a PKC ee 31E8

A2 A5 S7kke e & ¢ A0 (Fig. 3).
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Figure 2. Cytotoxicity of ischemic preconditioning (0.3%
oxygen state) against oxidative stress (800 uM H,O, for 15
hr) in differentiated RGC-5 as demonstrated with LDH
assay. With prolonged duration of ischemic preconditioning,
RGC-5 survival increased up to 8 hrs of ischemic
preconditioning after which cytotoxicity increased. Cytotoxicity
after oxidative stress was statistically significantly decreased
at 2 to 24 hours of ischemic preconditioning when compared
to control (* p<0.05 by Mann-Whitney U test).
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4 PKC a
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mPKCy
25 r NPKC &
OPKCe

B PKC

Norm Flurescence

B-PC PCOhr  PC1hr  PC2hr PC15hr PC24hr

Figure 3. Changes of PKC iso-enzyme mRNA before and
after ischemic preconditioning (B-PC, before preconditioning;
PCOhr, just after the preconditioning; PClhr, 1 hour after
preconditioning; PC2hr, 2 hours after preconditioning; PC15hr,
15 hours after preconditioning; PC24hr, 24 hours after
preconditioning); We can see the elevation of level of PKC
a, B, ¥, 6, € mRNA 1 or 2 hours after PC (preconditioning,
0.3% oxygen 8 hrs). The elevations are decreasing with
time after PC.

o] & kA3t Wste] PKC ax 15413 o] % S718h=
FIE EAA. olHd S7h= 247 o]F PKC a9
mRNAZF Z7kehe A% fA18 Wse Ry
(Fig. 4). 327 mRNACIA & H3lE B2l PKC y
ot 6= SATd = HetE HolA ost(Fig.
3, 4).
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Figure 4. Changes of PKC iso-enzyme protein before and
after ischemic preconditioning (B, before preconditioning; 0, just
after the preconditioning; 1, 1 hour after preconditioning;
2, 2 hours after preconditioning; 15, 15 hours after
preconditioning; 24, 24 hours after preconditioning). PKC ¢
increased until 2 hours after the preconditioning, and PKC
a increased from 15 hours after the preconditioning. These
changes are relatively correlated with increasing tendency of
mRNA.
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NMDAF&AIE 53 Ca” #9< Adsta ERK
(extracellular signal-regulated kinase)& %3}
o} MEREEole] AEEE FYAATE GTL Fol
ATEGS Adshe PgoR 45A0a FelA 9
o 2 A AR EERS GE0 o] &3 o] A
FoAM= SHPHAA] & olgfg PKC o}F &9 Ldo|
ojxe] Bie}t A9 fFARSHA 4ol mRNA, ©¥ld
A PKC a, 7} 277F F5d A1 AER s a7
9} A#EE PKC 9 Z7Pt 8AXA ] AETRS
B9} Aol Y& F Uvhe AE Ise 2HR=E
AIRET. 238 AEZERS oplsked s
PKC y¢} 6= mRNAMAME S7F4S RAA T
Wl ol HEAAA Ao 2 waE noly
ottt PKC y¢} 69 @ dof Wislr} SId olfe
S84 o} 27 A7t WRT oz AlmsEy,
A= % o] W) gle Ao Hol PKC y9}
o] WL gAHo] BRI ar} = F3tE F IS
o AAele 2R AlRET. 22 oldd e
ARVA 0.2 PKCS] v $3% 202 ozl 47
Hoz @A Azl e HFAAA 2
B2 e Tk obel QRelA i o) 749l
4914 o] Apmro 2 A5 et AR R
gt RGC-5 @5uekelA EHAX7F MER 587
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=ABSTRACT=

Ischemic Preconditioning and the Role of Protein Kinase C in
Cultured Retinal Ganglion Cell Line

Kyoung Doo Na, M.D., Sung Yong Kang, M.D., Gong Je Seong, M.D., Ph.D.,
Samin Hong, M.D., Mi-Jin Chun, Ph.D., Chan Yun Kim, M.D., Ph.D.

Department of Ophthalmology, Yonsei University College of Medicine, The Institute of Vision Research, Seoul, Korea

Purpose: To investigate the cellular protective effects of hypoxic preconditioning against oxidative stress in
a staurosporine-differentiated RGC-5 cell line and the relevance of protein kinase C subtype expression.
Methods: The minimum staurosporine concentration and exposure time necessary to morphologically fully
differentiate RGC-5 cells were determined. Cytotoxic injury was provided by oxidative stress with 800 uM
hydrogen peroxide (H,O) for 15 hours to morphologically fully-differentiated cells. The cytoprotective effect
of hypoxic preconditioning was found by exposing the cell line to 0.3% oxygen for different periods of time.
Quantifiable changes in the expression of mRNAs and proteins of the isoenzymes a, B, ¥, 6, €, ¢ of protein
kinase C were determined before and after 1, 2, 15, and 24 hours of hypoxic preconditioning.

Results: Axonal growth in RGC-5 cells after the induction of differentiation with staurosporine caused these
cells to resemble neurons. The minimal concentration and exposure time to staurosporine that evoked full
differentiation of RGC-5 cells was exposure to 2 uM staurosporine for 1 hour. An LDH assay demonstrated
that hypoxic preconditioning had neuroprotective effects against hydrogen peroxide-induced oxidative stress.
Protein and mRNA levels of PKC isoforms a and e increased after preconditioning.

Conclusions: Hypoxic preconditioning of staurosporine-differentiated RGC-5 cells had a cytoprotective effect
against oxidative stress. The associated increase of mRNA and proteins of PKC isoenzymes a and e suggest
some functional relevance of these isoenzymes to the cytoprotective effects conferred by hypoxic
preconditioning.
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