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all-trans-retinoic acid (ATRA; tretinoin) & 2+ el X =&
g oo AMEEI 3, AFE 3 FEY WFAE
A7 g3} e Aew Bug v ok ey AA 9
A NFe) Avks g 22T el 2P000 ATRAE
retinoic acid receptor (RAR)d X3 o] =om, ATRAS]
o3 &Astd RARS AE3F ZE2 FE retinoid X
receptor (RXR)2} 23S F35}o] o]Fox=H], RXR< t}
A 7]—7\1-/\-]§_EE. BEY D & HAEA| Z= 218 A 84
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(peroxisome proliferation-activating receptor; PPAR) 53} 2
thekst 8 52 48 (nuclear hormonal receptor)®} 23t
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(OcRA)Z 435 W33, 9cRAE ¥ W9 RAR =& RXR
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All trans-retinoic acid (ATRA) (Sigma, St. Louis, MO, ¥]
)E DMSOY =4 1 mM9 stock2 £HI| L 3-amino-1,
2, 4-triazole (ATZ) (Sigma, St. Louis, MO, ©]=r)<& PBSl
=T} Rainbow protein molecular weight marker, ECL re-
agents kit®} ECL X-ray film Amersham Biosciences Corp
(Picataway, NJ, t]=)oll A T4} 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]E} A]2F2 Sigma Chemical Co. (St. Louis,

MO, v=h)oll A FY3FHA
2. MZZF2l MZHHF

WA et FSFMEFQ 36BI0E V= University of
TIowa®] Larry Oberley n5=ol| A4 71& wuokth'*'” 36B10
& Dulbecco‘s modified Eagle medium®l] 10% fetal bovine se-
rum, 100 U/ml9] penicillin®} 100ug/ml<] streptomycin®] &
o] 3l ¥ (ol3}l 10% DMEM Hjkooleta ek gk o
Z 5% COy37°CE FA == Al d7]o) A v Fatglon

~3¢vlt} 0.05% trypsin/0.53 mM EDTAZ 2|3} At
wj ot ATk A Zuf el AMEE BE Al%FE Gibco BRLAF
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3. 2HARM Z AR} retinoic acide| E04

w F&71 A Agte AE HARY ZARE 6MV A3
7}4:7](Siemens, CA, U] =)5 AFE-3}9] 5.38 Gy/min<] *j%t

&2 QLo FALEATH ATRAS DMSOY| =4 I m
9] stock solutions FH|3tx, W3 FZ=wE uje
3| Mste] ARSI M Hkd Ule] DMSO9]
0.1% ©]3tZ 3lith ATRAE Wl ¥lzhsle] W] =2
Hgy Je 2 [AgE & gloenz GFujg s A4

T 20°C WA BHAFHOH, AR Al W =&
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4. HHAMZ R eI M S22l =X (Clonogenic assay)

G UM L EFAS 750 colony Aol 3 2 A
= 9 /}JI’_ 59 °FE(ATRA+/-ATZ)
= Skl colony”} ¥ wj7t
A Fak et Fstd lﬁ(OlymPUS CK 40, d&)°1A 100
vl &2 BEste] AE7} 507] 142 colonyd] FE Al
Atk AEAEE S (surfviving fraction; SF)2 2ol o
3t A9 plating efficiency (H ] FE &) B2 AXs}
93\ 1—47.18)
SF=plating efficiency of treated dishes/plating efficiency of

control dishes

5. FIEtetM Edxzol &

02

Superoxide anion.® Z F-E] ODoﬂ 9l3) A4 F = hydrogen
peroxide (H,0.)E A| A3l= E49Q catalase 42 H,0,9
2dE Aol BEFFTA(UV Spectrophotometer, F|=r)Z
240 nmoll A S st= WS o] &3] A FsHATH240 nM
oA H,0,9] molar extinction coefficients 43.6 M'cm™).
12 mM H;0,, 1 mM EDTAE &3 50 mM potassium pho-
phate buffer (pH 7.0) 3 mldl A& 5 ulE ¥ I 30°C, 240 nm
Axel FZ= WS 715st] 1E Tl lumole]
H0,E AAT & JT 49 4L 1 witZ FY3HA
g9

6. Reactive oxygen species (ROS)9| £

2x10*°7) A ZZE 96 well plate (Nunc, HrtL)ol] B3 %
=g GES -roq stof Azl AIZE St v st ATt Al
¥E PBSE F W A& % 40pMY] 2, 7’-dichlorofluorescin
diacetate (DCF-DA) & 37°CollA] 302 %9 X2 & PBSE

F ¥ A2 F PBS 50uE Hal AR A 5 vlE] AF



£ Fluorescence reader (Bio-Rad, @) &342] 47|15 485
nm excitation/530 nm emission®l| A =74 3} 3t}
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1. ATRAOI| 23t FHEEHN g9 B3}

ATRA Folo] o 7lgeix] &4xe] ¥sE B
A Z wjkbo] ATRAZS 5EHE 2 gste] DAAZE wje
3tk 0, 10, 25, 50_MS] ATRACS Fof 48417+ 73
7leetAl FAEE ATRAY w50 wat 718k,
getA 9] 384 AR (chemlcal inhibitor)?] ATZS| &
(1, 10 mMyoll @} 7F4 3 THFig. 1).

ﬂ2“~4°1‘0a+—>.i

2. ATRA & ATZO| HE0| 2fst HAMZTH ol H5}

ATRAC o1& WMARAZEGA o WskE Euzt 10iMe]
ATRAS} 4 Gyo] WAMAS ®-&3tth 10iMe] ATRA ©&
Zo] 93 SFE 0.5, 4 Gy A AL ©Eo] 93 SFE
0393tk 10iM2] ATRAS} 4 GyS &3S w] SF= 0.08
2 A< F(supra-additive) . & 7+A 8tk =, ATRA] 9
3 WARAZEAd o] 1T ATRAC o] gk AR 7
9 Z7ret FtE Al S AR S GolR Al ATRAS %
AFd o] Hge] 1 mM EE 10 mMe) ATZE 54 £43)
Uy AE 3o 094—3}74 57k AH# 2 p=0.0080, p=
0.0039). =, ATZol 93 714l &9 JAl= ATRAS
H&A}*d%}#*é =4 J’]’E‘ FAAFH . o]= ATRA| 9

10uM
ATRA
25uM

ATRA
50uM

ATRA 50pM+
ATZ

1 mM

ATZ

10 mM

Control
ATRA

ATZ 1 mM
ATRA 50puM+
ATZ 10 mM

Fig 1. Catalase activity was increased as the concentration of
ATRA increased from 10 to 50uM 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 (10uM) 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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Control
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ATRA 25uM
+ATZ 1 mM
ATZ 1 mM

ATZ 10 mM

4 Gy+ATZ 1 mM

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 %! ATZS} ShAtMel B Z0f
species (ROS)2| H#5}

O|st reactive oxygen

ATRAC] o5t WAMAZEFA 9] F71] ROS7E #ost=
2 Lol 7] 93| ATRASH WAMHZAL 3 ROSY W3EE
=439tk ATRA 10iM X+ 25ME 48417 A2 &
ROSE thZol s 2tz 1.58), 2v) $71819, 4 Gy}
ATRAS H&Fd A= 258 Z7184th o] ROS A4
o] Z717F ATRA &gt WA 74 71AdS
AAFHE Zlolth ATZE 4 Gysh ATRAS] W&o o3
7}E ROSE ZAaAZAoY, iz T HAAHe] 9
ROS9| WslE ZefatA= ok th(Fig. 3). 3, ATZd| 9
FheretAl €499 A= ATRAG 93 F71E ROSY
2E ZHeH, ol 7tEetA7 ROS Aol #AS
A ia=g

2oy ol o ofN

ATRAS AEZAAAE L WA I AEFINE =
oy A wFE AEFIMNE @A BEF o] ATRAY ¢
A2 ZEA Fol AVHYE AT 2y It
HjFA Lol = ATRAY MEZ2AAHo] &2 AHAoZ
By v ATRAZF 94 wE9 XZAZ 214" 75
Ae A3 EA S
7tgetAls T2 AX Ul BitsAe] EAjst=d it
A= A4 AAHlong chain fatty acid) 2 ©f X3} A
Wako]l tjA}, Z 2 2 ElZ @ (prostaglandin) 2 | ~H &
o) Aol TP webr FhgelAls Ak tiALY
EQ BT LH0)E B ALE AT E 9
S S @k 2 Aol #EE bl ATRAC o
FleEbA o] Z71E ATRA 5 9cRAY] I3 EA3t=
RAR-RXR & RXR-RXR9} ZF % PPARC] 9|d 74t}
xﬂ# ZAd) 71938 Ao =23 4 9lth Cimini 5
A 9 AT EAHEFQ Lipariol Al ATRAS ]3] 7}
%3}11]7} S7tetH o= PPARZWHE i/l E & #HikshA]
of F2o ot RIS Hug vh Uk FtEEA o] &4
T ROS7F ol AAHE 7 A7, A% I FolA
Fon, ¥ 2HdMe Y Aog Rudgu Yo Li-
pari® 36B109] %532 ThE Alx o] vl 7|A FFEA
HeEAY 47 3, ¥ 2Ed 2o HiksiA s}
B A WHEste AoZ HolH, ol F AE7F AZA
Fo| A HatgA e 75 ATl 8¢ A5 2 5 e
< AAMgH
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7tgegAe s FLE =
R st WA a8 7
Atk 2HY B dAFoM e tgeA Y Srtde B
3l3l ATRAE WARIAFAS 2318 S7MAAT o=
ATRAC] 9t 7tgetAle] F7te A9 AR
Oe 238 F77E 71dd #odte AR AT
4 AUTH Heck 52 PMM 212 keratinocyte®] UVBE ZAb
st ROSS] Aol F7tetetd 7tEetAl7L o] ROS A4
9] source ¥ B3 bl Yk o] A X U ROS HA
of Bojates Ao LA JlEetA 7159 paradigme]
walolth B Ao X% ATRAY] <& 71eHetA] 9 ROSY
S7H7F S #EEAD, FrEEA Y 35hE A A A<
ATZA 93 7l2etA ¢t ROS7F B0 ZAHE A=
Kol 7t etAl7F ROSY Ao #ATS AAbste Aol
t}. ¢H, Heck 52 ATZd| gk ROS A9 S7HE #
ot B AF e ATZA 93] ROSY Aol Ast
Ha, Alx AES FATE ZoE #EHJT. 7t
A7} catalatic & peroxidatic 2F8-2 ¢ = FAatsAT)
Eolygog A3 4 )& binding site?} ZL23H, ATZ
£ o] binding siteZ E&43}A 7= Ao dHA Yt
Heck 52 UVB 9 2|3 ROS2 AJA o] ATZ o3 H5
S7tete ol E Mg E A 9 FEAU HitEE
AAZE ATZO 93] A7) oz At} 1
U B A A= ATRAY 2]3 ROS] A Aol ATZd ¢
3 AdAHE AoE Hol ATZO] EHAA &L gE 7%
o] A& Ao FZHth wetA FEEtAe] 2§ ROSY
AT ATZ] e tist Bt A=9de AF7F 283t

=3
Sanford 5V At T A A isotretinoin®] 92~
of o3t GMEA S &3S JARTT HAFHA isotret-
noin®] WARAG & @A EH ROSY AAZ 1 V|Ho=w
Attt ATRAZF THAZANNE PAAZFAESE 5
A

4

-

WA 1, BAAZANE oS %‘i/ﬂﬂt}‘ﬁ A F O] 5A
< (therapeutic gain factor)E Z7HA1Z4 F = W &3
SFAZE B Aot

AEZF o 2 36B10%] 4 ATRA®] <3
WAVATGdE ASIA7IA g 2388
o2 fHo
_Z.

7heeAl Y 7=

F7M7IH ole
ROS XA 2] F7td 71918t AL =t} 36B109] Al
ATRA®] 93+ 7}etebA] 2 ROSY 71 mf$- E0]49 &
Aog B A7 Ade= ATRAY NMES o =2 &
£ 714 2t e 715e AA S dE o=yt ¢
o ot @ X8 axF o AMEHT Y E e A
of g Bok B o]afet AAe] ek a3
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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 Jeon', 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, Cheongju,
i Department of Parasitology, Konkuk University College of Medicine, Chungju, Korea

Purpose: It has been reported that all-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 to 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 H.0, 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 50uM 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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