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8 . al-trans retinoic acid (ATRA}= =5 Y MZe| ZAAYM &It A20] ATRAS} BhApMel HE2 ofM
L Zeke| A7 FRE BXAIZI= ol 2 £ qUch :LE1I—+ ATRAOI 2lsf sHitelga it Z7tEl0 o[22 ¢l
s grabAol 2fal MAE reactive oxygen species (ROS)7F MAHECHH gAMSl &

Ao M ATRAC ol R =& FHEt2tA (catalase)oll 2|8t WAL =4l o] WstE 2 DX}sHQICE
CHAF 3 HHH: M W E M Z(36BI0)S that2 2 ATRA ¥ ATRAQ| sts Q

| &t&rx 1, 2, 4-triazole
(ATZ) oF H E5t0f FIEEIN ST, SAIMZ A 2 ROSS HMEE FHGIUCH FE2H 85 H0x9
4YUE AeM ZEZYTAZR FFote LHE 0/ Bl HESt e, MM 2 AR TEAESEHe
2, ROS & 2, 7-dichlorofluorescein diacetate & E&#EFEHZ ZH5QICt
Z of siERIA 88T = ATRAY &XZ(10, 25 50 3 Ch ATRA (10 M2t HHALM (4 Gy)el

HEo) s ME2EE A5 (supra-addiive) 22 2GR CN, o] ZAE MEEEE2 ATZ 54 Fofol
°|5H S7t5tict ATRA 10uM = 25uME 48A12F M2l F ROS= chx=Ztof wls 24zt 154, 28 S7tst

, 4 Gyet ATRAS| ¥l Fol M= 258 S715I9HCEH ATRASE HrAlM ol W20 ol £7I8 ROSE= ATZO
—loH A=At

A B ATRAO ofsf Frsls FIER2INE YA E S d4AFIX] genf, 233 ROSe S7tol 2fs)
YAMZ M S MSAIZICEH w2t ATRASE BHAM o] W82 wZ 2ol x| 2o 783 geio] & = A A

o=z =l

A0 ElAM =B TS, et

1

=
N B Fool® EFeta FHALE7IZel 9~ 13/0P o], 51
o 5

BAEA el A gt ghaiFadete A delliaA =
off gfalrd 20021del] f-eluthetoll A AR WA M EFF o] A eyt
A= AR WA 1%, AA| & AL 1.9%F AA| g all-trans-retinoic acid (ATRA; tretinoin) = 2% ¢+e] X8
oh) A B Foke] 35~45% = b4 mFolu, o] F oF 1 o ool ALHI Yu, A W TEY uFAEY F
50~85%7F A LRAEFI} T A aFe F

9 Aol w3} gl Ao wad u Qe 2ehd A4 9
A A Agel Avke ae 253 vkl ZPct 0 ATRAE
retinoic acid receptor (RAR)Oﬂ Z3l#Eo] Zon, ATRAC]

=]
HgzA oz Yglol TAH AAY BhEe L, YA

o] =EE 20059 119 19 HFate] 20004 129 59 AL o3 BA3E RARS AE3H 2L 2 retinoid X
£ d7e 20029 S ASAY A G g Eg- 382 ALY JJrXi
Aste Ey A o
W5: EO0008, 414-¥&: ROS-2002-000-00786-019) Afiez o7  recopor (RXR)SE e%fa g3to] o]FolAdl, RXRY o}
SN A ZAAZEE WEm D = ;].45].11]&/5_].&&4/‘_9.24]
YA B &, FEUGAHA AT S =g 710
Tel: 043)269-6376, Fax: 043)269-6387 (peroxisome proliferation-activating receptor; PPAR) 53} 742
E-mail: wynpark@ chungbuk.ac.kr vhekgt & 322 4&-l(nuclear hormonal receptor)2} 735}

— 211 —



CHEHL AL S 285K 2005:23(4):211~216

o

gob') md ATRAE AJEA WollA] 9-cis-retinoic  acid
(OcRAYE AL wigkslm], 9cRAE = o] RAR I RXR
of Agtste] g 2&& Fubeiel

ATRAE superoxide dismutase (SOD), $+93 glutathione
(GSH), 7}2e} A|(catalase), y-glutamyl-cysteine synthetase ( y-
GCS) 55 FEstne AA ~EHAZRE AELE
Tale Aol Bolshe ez Ao g
ATRAL A4S ZA71E A2 deld o
H, o]g] 7o gE WAL RA F AAAAEA 382
AAl, AEF7 287 23t G5 Fo| FAR e}
a2} ATRAG] & §55&
AE7ket FAo] QleAl= BasEl vl givh. ATRAC) 3t
WAL B ATRA Al <18 ATZ 4]
39 tEo] A543 2L (supra-additive effect)- 7) o8t
4 vk 3k ATRAC o3 At E 47l Zrhh v free
radical g si/NE sh= WAA Y 2A4E 24 FE 9
o} whebA B odfolA = ATRAG] 93 S5+ sieket
A7b WAAZFA Ol X = dekS Yol iz} &19ic).
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1. A|o}

All trans-retinoic acid (ATRA) (Sigma, St. Louis, MO, ©]
)& DMSOA] o1 1 mM] stockg& F1]131 3 3-amino-1,
2, 4-iriazole (ATZ) (Sigma, St. Louis, MO, u|Z-)-2 PBSo]|
=4¢1t}. Rainbow protein molecular weight marker, ECL re-
agents kit®} ECL X-ray film-2 Amersham Biosciences Corp
(Picataway, NJ, u]=h)ol| A ]38} 3L glycine, glycerol, Tris,
2-mercaptoethanol, sodium dodecyl sulfate (SDS), acrylamide,
bis-acrylamide, ammonium persulfate, N, N, N’, N’-tetrame-
thy-lethylenediamine (TEMED), protein standard (bovine serum
albumin) & 7]€} A]eF2 Sigma Chemical Co. (St. Louis,

MO, ]34 Felehole
2. MEZe} NZHQ

WA oA ] Eoka| £ 50 36B10x w3+ University of
Iowa®] Larry Oberley <ollAl4] 712 wieke}.'*'” 36Bi0
+ Dulbecco‘s modified Eagle mediume]] 10% fetal bovine se-
rum, 100 Ujml€] penicillin®} 100 zg/ml2] streptomycine] &
o] Q& wickal(o]3h 10% DMEM whokelo] e} ok3dh.o.
E 5% COy37°CE FAH = AE sk oA whkslgl on
2~3du}lc} 0.05% trypsin/0.53 mM EDTAZ A 2jsle] Al
aleketeleh. AEuoboll A8H 2E A9 Gibeo BRLA

(Grand Island, ®| =)ol A Fd+}9ick.

3. HFAFM X ALG} retinoic acid® £0{

kg 71014 e AT WAL ZAE MV A3
7}4:7)(Siemens, CA, v]=)E A-g38lo] 5.38 Gy/mine] A=k

B2 A4 A5t ATRAE DMSOo] 6] 1 mM
9} stock solutiong o8}, HQ3 EEubZ ujokolo)
s149%t0] A&ekoleh. AE W) e DMSOY| FEL
0.1% olsh2 s5ieh. ATRAY: 4ol sizkelo] Wel] :24)
B4 HelE A3k = gleng IFulE Ul 44
o & —20°C Aol Bl om, A& 4] dol =&
A AEE S F Aol A&tk

:?:
4. UM EE2FASHM SO ZH(Clonogenic assay)

LA EF-FHE qhEo] colony AlZroll Z gt 429 A
E3Z 60 mm sk Aol A3 g FE(ATRA+/—ATZ)
Ae] 1A7F & A 248 81 colony7) BEE w7t
A wljeksleie}. el n] 7 (Olympus CK 40, U E)ol|4] 100
o vlE 2 BEste] AF7E 5070 o)<l colony] 5 Al
et AZAMEEE (surfviving fraction; SF)-& tzFof o
3k Al¥lF9] plating efficiency (B Zbufjord &) v 2 AAbst
ek

SF=plating efficiency of treated dishes/plating efficiency of

control dishes
5. 7IEtetd EME0 53

Superoxide anion©. ZX-E] SODel| 93l 4% hydrogen
peroxide (H,02)& A AslE 4491 catalase 242 H,0,9)
£HE 2|4 B3t T AUV Spectrophotometer, w1 3-) 5
240 nmof[4] HA st WS ol &l A el ch240 nM
o A} H,0,2] molar extinction coefficient= 43.6 M 'em™").
12 mM H,0,, 1 mM EDTAE ¢33t 50 mM potassium pho-
phate buffer (pH 7.0) 3 mlel] A& 5 ulE ¥l 30°C, 240 nm
ool FHE WHIE J)Felo] 1E Fokel 1umoled)
HB0E AAY & dv 49 &S | mices Hsg)

T;]— 19)

6. Reactive oxygen species (ROS)Q| =X

2

2x10'] MEZ 96 well plate (Nunc, glnf=)ol] 2% =
thad g Folstel AalF Az S wiokstgich. Al
ZE PBSE F ¥ AF F 40 M2 2°, 7’-dichlorofluorescin
diacetate (DCF-DA) & 37°Col|4] 304 £} xg] 3. PBS®=

S e ¥ PBS 50418 WA AR 24 T ulel A%
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£ Fluorescence reader (Bio-Rad, Y E)Z 8 332] A|7]E 485

nm excitation/530 nm emissionol] 4] 245193}
a o
1. ATRAOI 25t FIE2IR BMZQ| W3}

ATRA Foiof 93t st 459 wW3tE Kzt
A E wiokHol] ATRAE FEHE Heslo] GAAIZL wiek
shgdeh. 0, 10, 25, 50 xM] ATRAS] =of 4847+ 7 &
7eetAd] G4 5= ATRAS] Fxol| wet F7heiela, 7t
gdalae] 338 oA (chemical inhibitor)?) ATZS) EX%
(1, 10 mM)ol] w2} ZrAzslodch(Fig. 1).

2. ATRA & ATZ9| HE0| 28 WAMZAT4Ol B3t

ATRAO| &g WAAZGA o wstE Wz 10 xM9
ATRAS} 4 Gy w4 S vl 8slgit). 10 xM2) ATRA ©F
Zol| 2|3t SF&= 05, 4 Gy¢] WA =z A glZof] 238t SF&
0.39¢3t}. 10 xMS] ATRAS} 4 Gy2 &30S uf] SF&= 0.08
2 A=A (supra-additive) 0. 2 7FAsl9ich &, ATRAC| 9
3 WA A o] Futelsdet. ATRAC o] 8F WAL Z=F
Aol Z7tet shedetAle ARAdE gotl i ATRASH W
A4 o] Bgtoll 1 mM B 10 mMe] ATZE 4] Foi3l
gy A& 2] {oslAl Frkeksickzhzt p=0.0080, p=
0.0039). Z, ATZel| 9J3t 7letetA] EAJe] A= ATRAY)
HAALFA F7 AHE F4AZ ) o] ATRAC ¢

4000 -

3,500 T
}3 3,000 4 I T
>
22,500+
& 2,000
[sh]

Catala

—_ =S

=]

(o] (] o

[en] o o (&

1 L 1

Control }——<

< < + + N
cZ 23232 £ £2 B2
EFOS Fn RO 3 = <
<+~ N 00 O~ OO0 ~

By B=
<Lk <N
E< eq
T Z

Fig 1. Catalase activity was increased as the concentration of
ATRA increased from 10 to 50 #M for 48 hrs. Aminotriazole
(ATZ) decreased catalase activity dose dependently (1, 10 mM)
in both ATRA treated and untreated groups. Data are average

of four independent experiments.
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Fig. 2. Clonogenic cell survival. ATRA (10 #M) increased ra-
diosensitivity, but ATZ (1, 10 mM) decreased the combined
effect of radiation (4 Gy) and ATRA. ATZ alone did not affect
on the cell survival and radiosensitivity. Data are average of
four independent experiments.
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Fig. 3. Generation of reactive oxygen species (ROS) in response
to ATRA, radiation and/or ATZ. ATZ decreased the ROS pro-
duced by radiation and ATRA. The levels of fluorescence in-
side the cells were determined by spectrophotometry. Data are
average of four independent experiments.
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3. ATRA L ATZS WAIMol HE0 2Ft reactive
oxygen species (ROS)2 W3}

ATRA®|| o3t A4 9} St ROS7E fofshe
A oobiy] $laf ATRASH WAAZA § ROSS WS
ZAslgich. ATRA 10uM £t 25ME 4847 Hel &
ROSE thzToll vlal 22k 150, 28] Z7bstelx, 4 Gyst
ATRAS] W&FellAl e 2.5 F7hstgleh. ol ROS A4
9 F7h7k ATRAC & WAARsA $7¢) 71AdS
AAshs Zloleh. ATZE 4 Gyst ATRAS] W&ol o3 &
7td ROSE ZaAlzied, dzg Ex @Al &A%
ROSY} ¥ishe zeliebAl = Qgkeh(Fig. 3). &, ATZol o
FheebAl A9 74 ATRAG 98 Z7H€ ROS2|
&% zdsln, ol shdebAlz} ROS Aol HoigE A
Azt

ook gl HE

ATRAS AEZFAAAH L WA Fi] ATFelA
o A 2FE AEF AT IA F&E|o] ATRAS
AR Z A 9B AR wQck PP 2y 94X
ufok A Lol A= ATRASY AEZAAAHo| 2 AR
B v ATRAVE ob4 2% 9 X242 444 75
AL oA s EAghct.

stegaAls £2 AT W BASAel Es)=dl 24
A= A4 A¥FAHlong chain fatty acid) B v} 53E3} A
ulate] tiA, Z & AebZ-ghdd (prostaglanding 3 F#|2HF
gHAof] Tho gk weka] shgetAle A4 tiALY
AEQ] FASFAH0NE B ALE ARATIE 9F
g F3sA "ok B Aol 3EE ul ATRAC] 2%
gherelAle] =71 ATRA Wi 9cRA] o3 #A33tE
RAR-RXR i RXR-RXR9} 7%= PPARe]| )3k #Aks)
A2l ZAol 7]9she Ao 228 4 Yk Cimini 57
% A% HA T A EF0] Lipariol| 4 ATRAC ]l 7}
gl z7t Z71sbn ol PPARZMLE mi/NE & FAFShA
o] ZAo|| o8t AL Bt uf Qi) shgetAle] 24
T ROS7} ©o| AAEE 7 HEF, A% 9F FellA
zon, ¥ AL Y& Aoz Bugn Aok Li-
pari¢} 36B102] FEA L thZ A Eofl ulsl] 71A] FFellA
FreelAle] SAS7} =3, ¥ AEdZzell FASHA7E
s A wheatE Ao g Holn, o] F AIEIF AAA
Eol|A BAaAsA S 75 ATl F8¢ AME E F UE
< AlAkgiet

=
=

o]
u
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Fraedle BadrLE EE A7 2R, ROS A4
S AE e WAL HohE e Ao A4
4 gtk 2 B AT e tegeiAle] St BT
b3 ATRAL MALLFAE 2ol2 Z7HAR ol
ATRAS 93 hdebale) 27k SANRFY e Hehn
B edle] ZAAATE Ade] Belsh Aoz A
2= gt} Heck 52 PMM 212 keratinocyteol] UVBE &AL
71 ROSE] 4ol Z7kstidl Adebalst of ROS A4
o] source & Bt v} gk o] AE W] ROS &
o Bojelys Aoz g7 FAeetAl 7152 paradigm]
wistolth. ® od Fol| 4 E ATRAC] 23l 7teetA|et ROSS
Z717b Aol PR, FhdehAle] 33 AL
ATZdl| &l 7H2etAgl ROSTL Aol ZHasE Aoz
ol Fpgalalsl ROSS] 4o Poldhg Ak Aol
. 99, Heck 5& ATZol SI4F ROS 448] 2715 w2
sl o), B Aol A= ATZol| 93] ROSS AB4e] A+t
S, AT AEE $PATE Aoz B e
A7} catalatic B peroxidatic 28-S allA= A4}
EolHog 73te 4 9l& binding siter} 3}, ATZ
= o] binding site® BEAFAFE Ao dHA Ut
Heck S-2 UVB off ¢J3F ROS9] FAlo] ATZell o3l tf &
ZoE o8 ekl 98 Sga ATl
AA7F ATZel] o3& A=Y wFoz Aiside. 18
L} B ol ol ATRAo] 28 ROS9| “§4 o] ATZd| 9
3 dAEE Aog Hol ATZY I#AA &2 & s
o §e Aoz 22t webdl shgetalel o ROSS]
A4 ATZS) 4ol ot Bk AEQE A7 e
c}.

Sanford SV A&} mkzsloHoll ] isotretinoino] oA 4
of 93l dMEA ] £AL A3t B asbH A isotret-
noine] HHARAol| 9j&) wAEl ROSS AAE 1 7|AeE
Awetsleh. ATRAZE FRAZAE HAAREHE 5
M7 2, BAAEel AL o) F FEAIZITH X 8olH
Z=(therapeutic gain factonZ& Z7HAZ 4= & wi% 83
S b = e o

A2 0 7, 36Bl0o1A] ATRAC) 2|3t 7letetA|e] F7he=
WAAREAS ARATA kn 2alel ZAATIR ol
ROS AAIe] Z7)oll 7lolsl= Aoz Frtrlcl 36B104A]
ATRAS] 913 7422l W ROSS] 7He vl HolAlel &
Aoz, H AF Ayt ATRAS A2 Hele] 454 &
& A4 2 sraAe A5e AR delel St ¢
o] ot g X gl ZHH oz AL HlAE AL

ol Wi Hrk @ oldlet Aol aFRekn Halek
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——— Abstract

Increased Catalase Activity by All-trans Retinoic Acid and
Its Effect on Radiosensitivity in Rat Glioma Cells

Hua Jin*, Ha Yeun JeonT, Woo-Yoon Park, M.D.", Won-Dong Kim, M.D.",
Hee-Yul Ahn, Ph.D.* and Jae-Ran Yu, M.D., Ph.D."

Departments of "Radiation Oncology and *Pharmacology,
Chungbuk National University College of Medicine and *"Medical Research Institute, Cheongiju,
TDepartment of Parasitology, Konkuk University College of Medicine, Chungju, Korea

Purpose: It has been reported that al-trans retinoic acid (ATRA) can inhibit glioma growing in vitro. However,
clinical trials with ATRA alone in gliomas revealed modest results. ATRA has been shown to increase radio—
sensitivity in other tumor types, so combining radiation and ATRA would be one of alternatives 1o increase the—
rapeutic efficacy in malignant gliomas. Thus, we intended to know the role of catalase, which is induced by
ATRA, for radiosensitivity. If radiation-reduced reactive oxygen species (ROS) is removed by catalase, the ef-
fect of radiation will be reduced.

Materials and Methods: A rat glioma cell line (36B10) was used for this study. The change of catalase
activity and radiosensitivity by ATRA, with or without 3-amino-1, 2, 4-triazole (ATZ), a chemical inhibitor of
catalase were measured. Catalase activity was measured by the decomposition of HxO» spectrophotometrically.
Radiosensitivity was measured with clonogenic assay. Also ROS was measured using a 2, 7-dichlorofluores—
cein diacetate spectrophotometrically.

Results: When 36B10 cells were exposed to 10, 25 and 50 M of ATRA for 48 h, the expression of catalase
activity were increased with increasing concentration and incubation time of ATRA. Catalase activity was de-
creased with increasing the concentration of AT (1, 10 mM) dose—dependently. ROS was increased with ATRA
and it was augmented with the combination of ATRA and radiation. ATZ decreased ROS production and in—
creased cell survival in combination of ATRA and radiation despite the reduction of catalase.

Conclusion: The increase of ROS is one of the reasons for the increased radiosensitivity in combination with
ATRA. The catalase that is induced by ATRA doesn't decrease ROS production and radiosensitivity.

Key Words: Retinoic acid, Glioma, Radiosensitivity, Catalase
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