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A mEY 2o o) s ekl 7 d A2 o] Al 3L AL of] A
SAEAAAY Heagy @ d5aawdyo] A
Sl A AAIAQL Ao FoddeR ANAASE FAE
= SAEAY et A A A Y AEARZE EA ol Yo =
v S, NAASE, st EY A Fo oy 7R 7 AHE-
g Aow AZEY O Agd HAV|HE 9 A A &
SAdAA = AT Ly Ado] o dAA 3d &
AE7F Zhe= dF9 AEukgolw oAl AAAENS
AAete AEZR TG0 d=AoF FHAFAAE] ATH &
doA dFAamdno] ARAdS golr7] Al HOx 5 Abst
~EY 22 7Fgk & LDH assay ¢ Western blot, real time

RT-PCR= o] &3dto] #3530

B
oF 8AIZFe HEHAA T M F o
YA A 2 FHE gk
A3 7 Fol Hsp27ol b4 B A5SAE nolvh AXAE
of #A X = Bel-29 Bel-XL9 mRNA @Hd%= 38 AAA Z
FHE A F7kg F AMAE] AR A AlEZAR Holet e
Bad, Bax= 79 ®37F $1ATh. Western blot ZFe] w9 2t
H& Bel-27F slAAAA AFFH Frhste] of 244744
A E A3 Bel-XLe EupE ®W37t §ll e Bade #4353
olo] A& FTFIEY THANALAMEE A2 EYY2E Tk
S o HIAAA g AETRIITHE 712 F gon o=
dF AN A 53] Hsp279 wdy AdgEgS 4 5 AUk 9
AA W7F obd wrubal 7 A A
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2 FAHD QO md muge] 27 AAAEY 9] FololE
ol Bt Al A A A E Y] A ZAE A (apoptosis) = A& £do] Yol
Fol wetEA Fa 2 FHY HHAAAANEERE HA YA "dn
= AE g HAed olF o]lxA4 WA (secondary degeneration)o©]
gt sk S FEA S7F AW ZE 5% S 7F, neurotrophic factor
of A3 st &G AT FUF sl olg A4 HHy
= Aow dHA dov 1 AT VHE oA E FAE] YA 9l
=

S el A QbSE o] 9] o le] i HEFE o]xkF WA o] dojdtt
= s A HAAR ol ANAE sy FHE ASWES dHS
wSEe Ao, wepA ks vEe A ol oo AF WA A
AEE B3, Amste o2 7HA WRio] dsHojA o 217
g ARE TY sturt AlZEWAAA dojus AdAQd EAFd e
Wol7ld& Agete] ol AEAR, B0 S&31x gt AlEE
0149*11

AE7E SA S A=Y dA4 ddS oflstd AlE7F Folof
o= F EAA oo Abojdl= Aol Frhste] AEZ AT FUhskE
Aol dojy=d o]& 3 3 A A (ischemic preconditioning)z} il g+
th o] A2 o2 TR AEG AAA dojuyw 535 FutolA Al
BAANERTY Fad 4TS o= AR LA Yk A
ol Aol AEF AL opy FAF LA YA ¥ ol
AR 71dom ofe] 7kA o] AAHIL = 2 Fol st
7} 45 A A (heat shock protein)oll o & 3 & A A 2] dAfo] Ao
dobs Mol dF AWM AL Mol A Aol o227 7A] dx
Efay & FRY A 2Ed 29 oA FREY AT =
Ef s Ao AzAEES A= Aoer dEA dv. 59
EfrsEY TFAEANA deAgude P gig adS Tt
A7 Aoz ®Basoel i Fo wupeA "o o3 &4 e
ol = #ofgti= ofe] Hark glo] $ivh. dF AT oAl
B2 =k wel Hsp60,70, 90 family % small Hsps 5o 2 #7590
o] % Hsp700] ZfFEAELA Wo] AFH AU MEUA T



o] H ¥ (folding) ¥ = H(assembly)S wi7falm whulz o] WA
stAY AR oS Zﬂ*ﬁﬁ}#tﬂ Hofgttar dE A
g F A A (small Hsps)> A5 F2] Caenorhabditis elegans <]
- 16kd oA YA F =2 Schistosoma mansoni® 40kd 7}FA t}ek st
Exg BEYXE Holx dFzdwAdd, Az AS 27kdo =
Hsp27 o] &3 3tt}h. Hsp27 9 A Hsp703 &7 o8 714 M EH 5=
|l Bost=d AR AIAAXT B Hsp27, 70, 90 ol
X o) A a-synucleinol] 2] 3+ A

FAFE e Hsp70 2ok of A™e @35 7Fdo] g sl k4
gAmE=A Wol AMREHE AYd 24979 A dAAE F 4
A

At = EAAlA Hsp273 709 2@ =3 Hud w)
22-29

o
ok
By

1

0y
o rlo

¢

AT s Sl A
Al A sl d A
BT gyt 2A st

Adelxow F23 § o7l y-virusgs 7
542 FA43 gk S48t RGC-5 Al
& 6 well culture plated 7z wellel
W 8lal 244175 9F 10% Fetal Bovine Serum(FBS;
GIBCO®, Carlsbad, CA)< X233 Dulbecco’s Modified FEagle
Medium(DMEM; GIBCO®, Carlsbad, CA)ol Al wj<kslich. 1 & @
ol A3t & A A A 9 dFubel staurosporine(Sigma, St. Louis, MO)<
FoJstod RGC-H AEXE F3A Y. A A3 staurosporined &%
A AIzbe Aet7] fa wxs 0, 05, 1, 2uM9 474 s=E 1, 2,
6, 24~ A Elstal RGC-5 AlxX e Reye st



uekE RGC-5 AE @ A% 149 % Sprague-Dawley # ol A]
| y-virusE FAAIA FUHAA DALY 54

.
FA S BREAsE A Gl ALY FAE BEe walh

2. sl AA ] AR = A B ASEEY A fE

3" RGC-5 Aol A H:0201 oJa A e AspaEd o] o
A HEAAA ATRSEAR7 A=A dotrr] s E3hd F
24X 7F  staurosporing A A AAHIAIZ RGC-5 AE CO.
0.3%, H: 10%, Nz 89%° 7AxHE 7HA=  AA&w 7]
(Anaerobic chamber; Forma Scientific, Seoul, Korea)ol A 0, 2, 4, 6,
8, 15, 24A17F & A HAAE Al 833}"’ 12A]%F % 800uM H:0:&
1I5A1 s A g ate] Ast2Ed 25 ekt

-5 -



Seeding : 8 x 104 cells / well

Incubation W 24 hrs

Differentiation : 1.0 yM Staurosporine for 2 hrs

Recovery W 24 hrs

Ischemic Preconditioning : 0.3 % O, for 0 ~ 24 hrs

Recovery W 12 hrs

Major Oxidative Injury : 800 pM H,O, for 15 hrs

7 JubA A A A o] 3] H A A
T A3~ E 9 2~ (800uM Ho.0» 154
=

e ZeA Lobu gk

»
)
d

3. MEZAEH 7}
A EAEL lactate dehydrogenase(LDH) assayS AF-&3to] 71 &%
t}. LDH assay= CytoTox 96 Non-Radioactive Cytotoxicity assay
kit(Promega, Madison, WI)& A}83}o] Al st} QoFsto] Ams}
M substrate mix (50uL)E WFEo] ZF Ao Fo]star A} plateE
W Age A= 3083 F2olA v 2 5 AAEAS Hot

k Ao 7 LDHT=E
AAE wFEAFNde] LDHS AEUe LDH A =S 5% ZIAZ
AA LDHZ v 22 3oz NysAgds AL

% Cytotoxicity (Cell death) =
Experimental LDH release (ODago)/Total LDH release (ODago) x 100



4. Real time RT-PCR
S8 Hdxx T Alzbe] w}E Hsp, Bel family®] mRNA W3S do}
B7] & real time RT-PCRS A 35} t}.

7}). ¢cDNA 4

SuperScript III First-Strand Synthesis System for RT-PCR
(Invitrogen, Carlsbad, CA)& AF&3to] A2t e] A4 wlwdoll et
F=% total RNAZHE cDNAE et ztefetAl Assty )
%3 RGC-5 AIEXE trypsine AM&35o] F YA 71 T RNeasy Mini
Kit(Quiagen, Valencia, CA)E A&7} total RNAE F=3Ath F
=73 total RNA 3ug, 50uM oligo(dT)20 1uL, 10mM dNTP mix 1uL
¢} DEPC-treated waterg &%sto]l E5F 10uLY o] H=x 3 +
65°Coll A 5%k v kst 17 Aol FHojdo] wgs AAAZ
o7]e] 10X RT buffer 2uL, 25mM MgCl, 4ul, 0.1M DTT 2uL,
RNaseOUTA0U/uL) 1ul, SuperScript III RT (200U/uL) 1uLE &3
g & NS Thsto]l R 20uLe] Yol HEE I ¥ #H £99

1>_1,
fo
o
of
o
32
31
I

2 :
S 50°Col A 50 7F v oFstar 85°Coll A 5 w3F wl sl Hkbg-& HE
T FEE Ao FoEAn. 7 dARYE g dE Row ]
uLe] RNase HE %1 37°ColA] 20&7F vl st Holds & =
RNAE AAsAT. 1 F wrEox ¢cDNAE -20°Col A ot B4 7

P IR =R

1}). Real time PCR

Real time PCR< QuantiTect SYBR Green PCR Kit(Quiagen,
Valencia, CA)E AF&3te] AldstAart. 2t A A9l ¢cDNA 100ng, 27}
Al 20M primers 1lpuL, master mix 25ulL, DEPC-treated waterE =
500 g HS wFE o] AS 96 well plateo] $IA A7 BEOo R
S & =S W5kt PCRS BioradA(Hercules, CA)2] cycler
£3t9 k. A}£3 primer sequence: TS ZTHE 1).



¥ 1. Real time RT-PCR ol A}€ ¥ primer sequence.

+  Hsp27
+ Hsp70
*  Hsp90
+ Bad

+ Bax

*+  Bcl-2

+  Bcl-XL
* B-actin

F5'-TCA GGA GGG ATG TGT AAC CCT TGT -3’
R5-TGG TGATCT CCG CTG ATT GTG TGA -3°

F5-TGG TGC TGA CCA AGA TGA AGG AGA -3'
R5'-TTG ATG ATC CGC AGC ACG TTC AGA -3'

F 5'- AAG AGC CTC ACC AAT GAC TGG GAA -3
R 5-TCC ATG ATG AAC ACACGA CGG ACA -3

F 5'-GAG CGATGA ATT TGA GGG TTC -3
R 5'- GAT CCC ACC AGGACT GGATAA -3'

F 5'- AAT ATG GAG CTG CAG AGG ATG ATT G -3
R&-GCACTT TAG TGC ACA GGG CCTTGA G -3

F5'-GTG GTG GAG GAACTC TTC AGG GAT G-3'
R 5'-GGT CTT CAG AGA CAG CCA GGA GAA ATC -¥

F 5'- GTA GTG AAT GAA CTC TTT CGG GAT GG -3
R 5'- ACC AGC CAC AGA CAT GCC CGT CAG G -3

F5-AGATGA CCC AGATCATGT TTG AGA -3’
R 5'- ACC AGA GGC ATA CAG GGA CAA -3

Z} primer product® melting curve analysis® &2l &} it}

231E Ba 2o

qe %

o|\
I
i

Cycle 1: 95°Cfor 3 minutes
Cycle 2 (50 cycles)
Step 1 : 95°C for 10 seconds
Step 2 : 55°C for 45 seconds
Data collection and real-time analysis
Cycle 3: 95°C for 1minute
Cycle 4: 55°C for lminute
Cycle 5 (80 cycles)
Step 1: 55°C for 10 seconds

Increases set point temperature after ond cycle by 0.5°C

Melt curve data collection analysis enabled.

-8 -



Z} mRNA level2 reference house keeping genel & [B-actin =

Abgatel Co ghe 7lutom 2 g AL gslo] A abel gl

5. Western blot

SDS-PAGES 10-15% SDS-polyacrylamide gelS WHEojA zt
lane®ll cell lysate 50ug < loadingst 9 tt. A 715 ¥ Immobilion-P
Transfer membrane(Millipore, Bilerica, MA)ol 200mA3}tel 2A7+&F
o} electrotransfer 3% t}. 3% BSA(Amresco, Solon, OH)E A}-&3}¢]
| Sol 4 AdS A8ttt Western blotA] AFE3 dardAl= o

&3 2,

¥ 2. Western blotsoll AF&% 38}

Target Type Source
Hsp27 Polyclonal Rabbit
Hsp70 Monoclonal Mouse
Hsp90 Monoclonal Mouse
Bad Polyclonal Rabbit
Bax Polyclonal Rabbit
Bel-2 Polyclonal Rabbit
Bel-XL Polyclonal Rabbit
B-actin Monoclonal Mouse




m. 23
1. RGC-5 M3l HA-3 B3tE 93 staurosporine

R Y mEAL

okl g o] Ak 3L o] A 4| ¢1  staurosporined] FE o} A g A 7le] WHEE
o] BAPS wo 213 multiple synapseE %t neuron ¥ 7HE
H
5

a3 3. RGC-5 ME2o E3I= Y3 staurosporined] HAF &=

=ZA1ZF ¢ Staurosporine 1.0ug8 FEel 24 =FHAS o
¥} multiple synapseE H. o]+ neuronel 7} 43 ok st
Zg Ul

Staurosporine Oug : 1hr(A), 2hrs(B), 6hrs(C), 24hrs(D)
Staurosporine 0.5ug : 1hr(E), 2hrs(F), 6hrs(G), 24hrs(H)
Staurosporine 1.0ug : 1hr(I), 2hrs(]), 6hrs(K), 24hrs(L)
Staurosporine 2.0ug : lhr(M), 2hrs(N), 6hrs(O), 24hrs(P)

il "

_10_



2. S AAA A gte] ME AETAE=E W3}

A2 F71(0.3% 0205 olgsto]l M AA Ak 0AHFH
AN A = WA ZL - 800uM HoO.5 ©] &3 A Eg sz
RGC-5 Al¥o] £42 oF7|3ta MESAL LDH assays AF-83}o]
GolH gttt HBHAAE AT A = (HAAAA 0AIZH
s 25 AlZx5Ao] Hadtes s A8 & AL ojzlow B
of tt& Mz =R glo] ®3hAIZ RGC-5 A AA A &8 A
Ao o AxrRFgIA7F DTS AT F UAT =T ol

& S

dHAAZ 7M. AA

20

Cytotoxicity (%)
o

—_
o

7]
0 1 1 1
0 2 4 6 8 15 24
Preconditioning time (hours)
9 4. LDH assay® SA S 1A A Ao AEXHTFI Abs)
2E Y 2 (B800uM Hz0: for 15hrs)& RGC-5 Al Xl FAL w P
HAAE AldetA 2 dizatel vl ] dAdAAL(0.3% Oz)°] AlE

AEE] 7tk en 8Ate] SdAAAIE M w2 AEEIE
IE B

- 11 -



=

@A mRNAS] W3tE dolH ol 3

At Ao BAES AR 14 real time RT-PCRS
dF A9 d mRNA WstE #EsAnh A §F A

<8 dFA4admd mRNAHsp0, 70, 27)= 2A A 7kA] 45387t

1% Hsp27 o] 7V @& Ass Bnidon sdHAA

FUNNAAE AY AR A% 2D FAFAHIY 5

o
-
o

o
el
x2
o
B

o

25
W Hsp27
20 E Hsp70
® B Hsp90
(8]
c
3
Q15
o
o
3
T
§ 10
[e)
z
5 I
0

Control 0 hr 1hr 2 hrs 15 hrs 24 hrs

Ischemic Preconditioning

1% 5. Real time RT-PCR & ©| &% A A = A4
29 mRNA W3t AFst~E g 2~(&00uM H:0: for 15hrs)& RGC-5
Axoel FARE W JFHAAAE AldabA] & ool vefA 39
A2 2 (0.3% oxygen state)®] Hsp27, 70, 90 o] =¥ F71383oH
53] Hsp279 Aol F=HAY. B HAAA 24 714 F7Fekvt
7b FF ekl

- 12 -



560] mAlEA F7Fsl vk A A Hsp60, 70, 90L& 3 & A 2 %)
ez 2 W3E wolA vt shAIvt Hsp272 A A F
A Z7te9 1 ]Eﬁf} S7F FAZE 24N A st des B

& G (29 6

Ischemic Preconditioning

Control 0 hr 1hr 2 hrs 15hrs 24 hrs
Hsp27 i —-_— e — -_— o
Hsp70 e e e ~—— —— T T S

Hsp90 ---—-_—-

B-actin NS WS SN - —

a9 6. EHAAA T dF AT do]l W3l Western blot ol

A E=Hsp270 FE dEstol 24X 70 A F7HEE A

I 9o dFAENAL FFoly TFALAS HolA Ut Uzt
SHHAAANE A FeA &S RGC-H Al EolH Al7Ee 38 AA A
&) 2% (0hr), 2A13F ¥(2hrs), 154

_Oil‘

)

2

N

N,
ot 12

Fl
ff

A

=

ot
)

% (15hrs), 24413 3 (24hrs)

jils

_13_



5. 8 d "% & Bel family mRNA 3}

A A A EZAF R olo] WHE A¥o] A+ Bel
family mRNA W3S dolrH uxt AT HMIEAE do7|=d #

| #
St Badt S¥AAA F tat FAGAAT ARt 2X @R
At o wheto] AlEANE 9= Bel-2, Bel-XL mRNA 2
e HAAAA AFHE A FRATt AN gasan (2
=)

ik

12
W Bad
10 B Bax
3 O Bcl-2
§ 8 T [ Bcl-XL
N
o
o 6 I
=
L
E , |
5 4
2
2 |
0
Control 0 hr 1hr 2 hrs 15 hrs 24 hrs

¥ 7. Real time RT-PCRS o]&3 WA A & Bel family
o] mRNA W3} AFst~E d 2(800uM H:0: for 15hrs)E RGC-5 Al
Zol 7hale W SA@@AAAE AW AFFE ool v AEZA
=5 TXA7I= Bel-2¢ Bel-XL7F S7Fstaohz AR 4SS
Bad ¢} Bax®] ®ste= A9 HolA %k

6. 51 A% ¥ Bel family @bl 2 kg
A AAA T AEZA FAT LI Aol Q= Bel family o
[e]

]
Z wd2 Western blotlo 2

- 14 -



Bel-XLe| &g wrd2 & WS Hojx @olth. TRA % A2
S ob/lshs Badel WdE 48] #asid. B AEALS oAls)

Bel-2¢] @do] Frbetes Ae 9D = AA (24" 8, 9).

Ischemic Preconditioning

Control 0 hr 1hr 2 hrs 15 hrs 24 hrs

Bad | — — | — —

Bax - o & & = =

Bcl-2 — S S — G -_—

Bel-xk @D - @ & @& =

B-actin - D W o T O

a9 8 8AAx % Bel family @& ¢ W3} Western blot
ol A Bel-27F @A A A AFFEH F7ksto] 24X F74A] A &5
A3 Bel-XL-2 W37 §lloemw Bades #A4stes 43S 2Ad.
2 HEAAXE 3 A

A= AP A Z(0hr), 2417+ F(2hrs), 15A17F 3 (15hrs), 24A17F &
(24hrs) .

_15_



(Bcl-2+Bcl-XL)/(Bad+Bax)
18
16
14
12
2 10
©
@ 8
6
A | T
o I
Pre-PC PC Ohr PC 1hr PC 2hr PC15hr PC 24hr

a2 9. FE WA A % Bel family mRNA W 3HH] & & d 2 A
T AFAEY AAHE Bel-2, Bel-XLol A FEALS BAIEE Bad,
Baxel Hld] 4sd 27248 HAth dz2a(Pre-PC)2 S HAAAEZ
AlgekAl e RGC-5 AlxEolw Ak s E A Ald 2 5 (0hr),

2A1 7t Z(2hrs), 15A1ZF & (15hrs), 24417 & (24hrs) .

V. nz

& Aol SEdAAT FHAF DA RN e HEY =i
gloli= dojd 7 =A dolr i ojZo] AT AGU ALY} of
Hek Aol l=A Lotz shdvh 1 At SEAAATE v
AE ol FHAFAAEI ez g% &4 TS
o MEETFINE op7|d= FAD = AU 7IE Pl A 9
A Fe ov ¥ BuH YA FAR o Rne e
WAEY s e vE AlEZse] A A8t =AM Ay



of7] Wl WHAFEAAE A THAA TE AES] EEAA

g Fuss olee Hol AT B AL FUAFAMERL

BAMEY AstrEY 2] U Hoadns HFT - e FF A
A rd s AA PG del 2 o7t Ao F

E APAE o)Hd JIddAAY AMxRsaIe dFAGHAT
Aol BAE dotRuz v, dFATGHA e tEFA

of wtz} Hsp60, 70, 90 family % small Hsp 502 &

ol A Aol A (folding) 2 % ¥ (assembly)S ul7)stH whjde

A A AY WAdd duds AAet=d dodna e A
Atk EeAGNA L olHF FFor oY JHA FH ELS oF

M obd gAs A GEAA Gu Ak FHelA FEre HIEHAAHX
g 7 $-ol = Hsp27, 70, 90 F o Hsp27 w%ho] ¥
AAZANA a-synuclein ©] 93 M EAES H= "= Hsp70E U ¢
ZEe s HAE oz RuEdupP Hsp27e A EZAEALES
AAstE Gl AZA HIAAXAA A EdE] YA A LA E
of AEZAEALE Bt d8S Gdsisd AE udoz 3 AgoA
caspased] 9 FEH o7 m: HgEH o BT Ll i
o wkalel AR FH AFoA = Hsp72e wdHFE
S AT E e ot B AgARgAE o8 A 44
chl A Fol A Hsp27¢] mRNA, @ d wtdo] A4 BEF
o ArHoR UHI Aol dSS FAT 4 A

ol# g Hsp279 W= thAl A EZAEARS zlo] dAxte] & Bel
familye] @€, I FoNA % Bel-29 2dy A AAAAE HH
FoAth. olgld A= Hsp27o] EAAR wHIE

r_gt
i
e -
=
bl
Ho
=il
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Abstract

Neuroprotective effects of ischemic preconditioning against
oxidative stress induced death of retinal ganglion cells and

relevance to heat shock protein

Seung Hyuck Lee

Department of Medicine
The Graduate School, Yonser University

(Directed by Professor Gong Je Seong)

Glaucoma, characterized by axonal loss of the optic nerve
and apoptosis of retinal ganglion cells, is a major cause of
blindness worldwide. Although wvarious risk factors including
increased intraocular pressure, optic nerve ischemia and
oxidative stress have been identified, the precise etiologic
nature of the disease remains elusive. Ischemic preconditioning
seems to be an adaptive process for cell survival against a
sustained ischemic insult following an initial brief ischemia.
The aim of the present study was to determine the existence
of such a protective process in retinal ganglion cells in an in
vitro model of glaucoma and to find any relevance with
expression of heat shock proteins (Hsp). A retinal ganglion
cell line was put through oxidative stress with hydrogen peroxide
and the effects were analyzed through lactic dehydrogenase
(LDH) assay, western blot and real time RT-PCR. Cellular

protective effects of ischemic preconditioning were shown to
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be greatest after eight hours of preconditioning. Hsp expression
was found to increase immediately after ischemic preconditioning
and remained at maximal elevation at two hours after insult
from when expression was found to decrease. Hsp27 showed the
most increase. The expression of Bcl-2 and Bcel-XL mRNA,
believed to influence cell survival, increased dramatically
immediately after insult then slowly declined. Bad and Bax
mRNA expression, thought to determine cellular apoptosis,
showed negligible change. Western blot analysis for protein
expression demonstrated an immediate increase of Bcl-2
which was maintained for twenty four hours, while the
expression of Bcl-XL failed to show any demonstrable
change and Bad decreased. In conclusion, oxidative stress to
retinal ganglion cells seems to possess a protective quality
through ischemic preconditioning, which seems at least in
part to be associated with Hsp27 expression after exposure
to such stress. Such cellular protection mechanisms seem to
apply at the level of the retinal ganglion cell in vitro and
this study can serve as a basis for further investigations into
the association of ischemic preconditioning and increased

expression of Hsp27.

Key Words @ glaucoma, retinal ganglion cell,

heat shock protein, ischemic preconditioning
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