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Effect of retinoic acid on the radiosensitivity of normal human oral keratinocyte
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ABSTRACT

Purpose : To evaluate the effect of all-trans-retinoic acid (ATRA) on the radiosensitivity of normal human oral
keratinocyte (NHOK).

Materials and methods : Relative cell survival fraction including SF2 (survival fraction at 2 Gy) was calculated on
the basis of colony formation assay. Data were fitted to the linear-quadratic model to establish the survival curve
and calculate o and B values. Using flow cytometry at 1, 2, 3, 4, and 5 days after exposure to 2 and 10 Gy irradia-
tion, cell cycle arrest and apoptosis were analysed. To understand the molecular mechanism of the radiosensitiza-
tion of ATRA on NHOK, proteins related with apoptosis and cell cycle arrest were investigated by Western blot
analysis.

Results : Treatment with ATRA resulted in a significant decrease of SF2 value for NHOK from 0.63 to 0.27, and
increased o and B value, indicating that ATRA increased radiosensitivity of NHOK. ATRA increased LDH
significantly, but increasing irradiation dose decreased LDH, suggesting that the radiosensitizing effect of ATRA is
not directly related with increasing cell necrosis by ATRA. ATRA did not induce appotosis but increased G2 arrest
after 10 Gy irradiation, implying that the increased radiosensitivity of NHOK may be due to a decrease in mitosis
casued by increasing G2 arrest. ATRA inhibited the reduction of p53 at 3 days after 10 Gy irradiation and increased
p21 at 1 day after 10 Gy irradiation. Further study is required to determine the precise relationship between this
effect and the radiosensitizing effect of ATRA.

Conclusion : These results suggested that ATRA increase radiosensitivity by inhibiting mitosis caused by
increasing G2 arrest. (Korean J Oral Maxillofac Radiol 2003; 33 : 97-105)

KEY WORDS : kerainocyte; radiation, ionizing; retinoids

718 ARz AAS EEE Adrl= et A=
Atelle AMEFALS} R A EAR apoptosis7h §lom
Aol o8 fr=d AEAbe R AES TRl o
g oA vephdg!

AAE FASHE Axst 242 g AP
Holed ol Axrt 7z e 2H ARz

M

AZ7} DNA &€ o8 4 sl Aegatdent &
el =2HNE W HEE AZAe] o)A HMEF

A4 120033 3% 209; AAFY 12003 39 21; A 20039 44 302
Correspondence to: Prof. Sam-Sun Lee

Department of Oral and Maxillofacial Radiology College of Dentistry, Seoul
National University 28, Yeongon-Deong, Jongno-Gu, Seoul, 110-749, KOREA

Tel) 82-2-760-3978, Fax) 82-2-744-3919

E-mail) raylee @snu.ac.kr

s wpatdel] g A 358 sle FHA Aelst
Q7] wEolck? Al xe] T3 v L wAIE
Ab o] F AlEFd el e ookt Whgel e vAR?

— 97—



Retinoic acid7} Atz Hab 7ZZSMZe| HAIMZ YO DIXlE S0 2et 37

Az F57 B3 =9 RA7) et dubg oz A
Fof w8 M EI] B3ld MERc ulRstd Mzr)
A 2R A} ARz o] e A e
A Qo e 2 Azes RN dT Az
o] ¥hg2 WAt FAlE oldelm Mz A =7
I AbAESte} 2=} e FAME 8.4l kAl el A
o 274 e B ald osiM = ZeEkd 4 9k

retinoic acid: vitamin A9] {AMA = A el o)A 9} Aly]
A z2 33 ookdt Mz E31 9 Aol 38kS 1l
A} w8t zxpA Aol 2= vitamin A2} A vitamin
A A AAE Aol BuE < all-rrans-
retinoic acid (ATRA)= At AAF AHE-wMxel W3 A4
EAZ, AR A E, AR AR A E, B
FoA ol s WA S SV AoR o
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geks WA A EEEA] madelr] Bo= A
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AL W ozy o|Fix = Aoz YAHY w5s)
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o] £Be] Fd &3l 1 uM ATRAZS =235 NHOK

T8 B ZEH 56l IS 2AE o 2
GydlA o] M EAHEE SF27} ATRAE Fo93lx] ¢
2ol ¥s] Fo)A A A1 NHOKS] whAAdZh
$AE 2779w B ostgdh 28y} ATRAZE NHOK
oA WA S F7HATIE Z1He dEiME oFF
A odelA QA ghel & dFe M= ATRA FeJA] NHOK
ANA vehts wpaRIZERA S A E2FT) ARG, AlE
#| A}, apoptosis2} oH TH o] YA R AL 3}

NHOKe®] 1M ATRAE F3F F v S FALS]e
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CHO (chinese hamster ovarian)M Zel 6.7 x 107> M2]
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S8 Tl Al PAAISY el bl 97
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A=
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773k Aol e 22 AL Zed ntavge]
oJ¢)x] ¢t-2 Hank’s balanced salt £ (CMF-HBSS: Gibco/
BRL, Grand Island, NY, USA)el| @23 33] w3t}
Al zATE 23] s AgzAE AAT F colla-
genase (type I, 1.0 mg/ml: Sigma, St. Louis, MO, USA)2}
dispase (grade II, 2.4 mg/ml: Boehringer-Mannheim, India-
napolis, IN, USA)E 343 CMFE-HBSSe| 37°Col|A] 908
7t A= stgeh Eelg Auls A 2l 0.05% trypsin/
0.53 mM EDTA (trypsin-EDTA) (Gibco/BRL, Grand Island,
NY, USA)2 Helstel 2328 2ejshadnh dlojal Az
= AAIAE B3} keratinocyte growth medium (KGM:
Clonetics Co., San Diego, CA, USA)el 4e] 60 mm ®j 2}
Al 1x10°708) HMzg 5t 797 vk 5 23
Wi oFstHd et ATRA Fed 2 Wabd2AF 29 Aol ATRA
(R2625, Sigma, St. Louis, MO, USA)7} 1 uMe] =7} 5
=% WAl YolFct

2. HEARMZEAL

LDH 24, fAl 2 #A, Western ¥4& 98 #Ad=
A= Cs-137 "FA 2 A}7] (IBL 437C, France)S AF2-3)o]
Al2oA] 5.38Gy/min®] AF&=2 2Gys} 10GyE w3 =
AR T AP FE A8 YA EAR: 2,4, 6, 10Gy
E 22 Agez 93 zApsigah WA gl Al A
9L WAL 2AF 3 Fof] A 3} o

3. MEHNEUT NESEDH

00

ATRAZ} NHOKS| #pabizEaAdel m2: eke 57}
37 fistel AAYRRE AAeGh ALE 6-well
culture plate (Falcon, Becton Dickinson, Franklin Lakes, NJ,
USA)el] w2 2% (250-500 cells/wel) 2 233} 3 o) E7H
WoFE & bR 2AbsRe 23 ATRA Relzos o
F9lom, ATRA o2& 1 uM ATRAS ¥o5t1 48417k
of AdF wpHIE B3 zAlslTh A Y=
1447t vjokst ¥} M| £E methanol2 A3} trypan blue
2 g8 383 u]7 (Olympus CK40, Tokyo, Japan)
22 Alz7t 507 o)<l AF5E Ao
AZAEIFAE T2207) A5t AZAZES ITA=
& skA] ¢ AHA4E 12 By o8 Az G4
& 2o A vlgz Al FYskden) 1 X5

W Yste] EFu]A13) 3] (standard nonlinear regression)s}
Alefl ]38}t linear-quadratic (LQ) modele] #-8-3}o] H}ARA
ZAMI ] A8 2 2= I3 2 GyelA g A
ZYEE (SF)E 313 ot BREE F3i4 D Gy=
23 A A eI

Cell survival (S)=exp (—oD—[pD?)

4. LDH 24

AR AR AEE 1,2,3,4,597 wjokgt 3 60
mm =] SFG Al A i A] 1 mlE o] 96-well plateo] 50l
£ Y& & gsubstrate mix (Promega, Cytotox 96R Non-
radioactivity Cytotoxicity Assay) 50 upl& Ar}stgdc} W&
gt F Aol A 3087 wieF ¥ 7] welld] 50l
o] uk-gA RN & Y51 ELISA readers. 490 nme| A optical
density (OD)& 27 3}5ich

5. FMZ B4

WA 2A} 1, 2, 3,4, 59 Fe| trypsin-EDTAZ 343}
M| 3ZE phosphate buffered saline (PBS, pH 7.4 Gibco/BRL,
Grand Island, NY, USA)e 2 MZ 3 & 1x10°7]9] M E&
70% cold ethanol 5 ml2 A 3}+E ). 0.1% bovine serum
albumin (BSA, Amresco, Cleveland, OH, USA)3} PBS=. 4]
A8t & 7} tubeel] 25l propidium iodine (PI, Sigma, St.
Louis, MO, USA)/25 ul RNAse (Sigma, St. Louis, MO, USA)
/20001 PBSE Y2 F o] 5% AHE FA3HA 1412
o] Yol £-4] 54 7] (FAC Star plus Flowcytometry, Becton
Dickenson, Franklin Lakes, NJ, USA)2. DNA &4 8| A% 1
#& 2 DNAGH S HE-&E Tt A EF7]2 apop-
tosisE A3t}

6. CHEA Z4Z (Western blot analysis)

10 Gy WA A F 143 3449 Az dejxl
whilE] 20 ugg o]-8-3Fe] 12% sodium dodecyl sulfate-poly-
acrylamide gel electrophoresisE A]3J3F & nitrocellulose
membrane 2.2 ThAo] o] FH=F 3t W& AZ|
AlZ] #e¢]] membrane2 primary antibody solutionol| 2] 1A]
7} Zot wk2-A)Zlv}. primary antibody: p53, bel-2, bax,
p21, cyclin Blel] w}&F mouse monoclonal antibody (San-
tacruz Biothechnology, Santacruz, CA, USA)Z o] &-3}¢r}.
AlA3H & horseradish peroxidase conjugated secondary
antibody (Amersham pharmacia biotech, Uppsla, Sweden)E&-
wk-g-A1 7] o v, ECL™ (Amersham pharmacia biotech, Uppsla,
Sweden)& olgste] WA WMAE HAEFT AP
e ARsgs
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Fig. 2. Optical density (OD) values of untreated and ATRA-

Fig. 1. Survival curve of untreated (A) and ATRA-treated NHOK treated NHOK.

( ®). Relative cell survival fraction was calculated on the basis of
colony formation assay. Data were fitted to a linear-quadratic

model. Table 2. LDH analysis of untreated and ATRA-treated NHOK
day 2 day 3 day 4 day 5
Table 1. a and bvalues in cell survival curve of untreated and NHOK 0.204 0.396 0.450 0.549
ATRA-treated NHOK Control +0.014 £0.070 +0.048 0.080
ATRA- 0.495 0.590 0.983 1.198
NHOK RA-NHOK NHOK  +0.047% +0090* +0051%* +0.157*
a 0.222£0.048 0.246 £0.084 0.202 0.220 0.302 0.703
B 0.017 £0.003 0.028 £0.021 G NHOK 10031 +0029 +0050 +0.095
Data were calculated from the linear-quadratic fit of the dose-response y ATRA- 0.373 0.503 0.806 1.231
curves. Number represent average value +SD (n=3). NHOK +0.008* £0.018* +0.056* £0.014*
0.240 '0.290 0.444 0.642
06 NHOK 10003 +0.004 +0025 =+0.100
Y ATRA- 0.270 0.338 0.689 0.877
4 = NHOK  +0.007* £0.055 +0.045% =+0.088%
_ - Data represent average OD value £SD (n=4).
1. MZUESM W SF2 *: statistically significant between untreated and ATRA-treated NHOK
(p<0.05).
AZAEZHAN ATRA Fof o} FAglo] AU A}
o] Z7bgel wet AZMEEel Pashglon ATRAZ
Folg Aol o4 FAT AEAEEY o Yt W ATRAZ FIF Aot LDHZL 94 0 27k

93t} (Table 2). ATRAE
AEAREERNTE
A%E R Fig 2).

=8 79 10Gye] v ZA}
oke. Ao ud) LDH7} ZAshe

5

(Fig. 1).
ATRA $oiA AZAZZHANN otz Bahel =5 2
7¥eka BRke] Wl s azbe] Wt o =r7=]] el

ot BAA #9942 ek (Table ). A& 2ALSHA]

A ASE 12 H3e 1 ATRA -roﬂ'{h_ii A7) 3. M=EFT| 24

05622 %4 A ﬁi%}gat} SF2= ATRAZ Fest AL ZARE ATRA B pre-Gl7)e] EA8= A=z
A e 7%l 0.63, ATRAE g Aol 0272 - T LS

o) Wy 3L v|AA dsteh WAME AN &1
2,3,4,54A AxF7e ¥MT A3 Al zAlge] &
Z¥etel]l @} 8719k G171 Fasta G707t F7h8ke 2
2 el siet (Table 3-5). 10 Gy AR EARA] G27] A

Jeht AZAEES] S48 A Bass

2. LDH 244

2E AzzolA WAHMZALZ Q% LDH 27k 32 A7b weiahl faEyen, 55 2AF 3 194 Fx
B2 egkort vlopAlzle] A4S LDHA Zkskgle  A® eI Alzke] ARl me} G2r] AEe PR
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Fig. 3. Relative percentage of untreated
(®) and ATRA-treated ( m) NHOK in
G1 and G2 phase.

a. G1 Phase b. G2 Phase
Table 3. Percentage of NHOK in GO-G1 period
day 1 day 2 day 3 day 4 day 5
Control 37.612.7 461+3.8 477+£11.8 3401106 44277
NHOK 2Gy 413170 4441838 441498 385115 40.5+13.1
10Gy 32.1%£83 373+120 38.0£9.8 42.6+123 455+13.1
Control 354£16 414%1.6 51.5+4.7 49127 51.3%£53
ATRA-NHOK 2Gy 355%£25 410134 49.1+2.7 442432 483+1.5
10 Gy 20.8+3.8 265134 28.9+23 28.1+3.6 29.7+£4.8
Data represent the percentage of untreated and ATRA-treated NHOK in GO-G1 period+SD (n=3).
Table 4. Percentage of NHOK in G2-M period
day 1 day 2 day 3 day 4 day 5
Control 36.5+4.6 349473 38.1+£14.9 40.5+£13.8 394482
NHOK 2Gy 39.3+6.7 39.0+10.1 44.0+12.1 4224+10.6 449+14.7
10Gy 63.0+7.6 596+ 104 579+9.1 526+11.6 522112
Control 352420 3744£27 39.1+5.5 42.5+3.0 382173
ATRA-NHOK 2Gy 41.2+4.2 442+1.6 443+49 50.5+4.38 432+42
10 Gy 69.7+7.8 68.0x3.5 66.2+0.2 68.5+7.2 63.7£7.8
Data represent the percentage of untreated and ATRA-treated NHOK in G2-M period £ SD (n=3).
Table 5. Percentage of NHOK in S period
day 1 day 2 day 3 day 4 day 5
Control 259%2.6 19.0%5.0 142437 25.6+19.3 164+5.7
NHOK 2 Gy 19.4£0.6 16534 11.8+3.7 19.3+13.3 14.61+10.1
10 Gy 4.9+23 28+24 42128 4.8+43 7.1£27
Control 294+1.1 213442 94+1.4 85+04 10.5+4.5
ATRA-NHOK 2Gy 234422 149+49 10.9x6.4 53%26 8.5+33
10Gy 9.36%5.5 55+08 49420 34+04 6.61+3.9

Data represent the percentage of untreated and ATRA-treated NHOK in S period +SD (n=3).
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NHOK ATRA-NHOK NHOK
c b c a b

a b
p53

bax

p21 bcl-2

Cyclin B1

ZaF 3 GI7] MzS7t A3 F7HEe Fe vl
G27] HA=2r¥ 35"E AAsksic (Fig. 3a, b). 34
ATRAZ AAT 7ol Wbl Al o2 G27]
7Vt |4 Z2A) b}EP»b_, G27] AA2HES] &l
841 F3ket (Fig. 3b).
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10Gy WA 2AF F 3UA o p53 A o] ZA ZHAas}
o Ael BAHA dskeh p21 e PAAEA F 1AL
A oro) Z71E|g]rt. ¥ cyclin Bl, bax, bel-23&= ¥FA}
A ZAt) S8 7 M o] WsEA Uskeh ATRA

E 5% 7S AT Wkt ATRAE qufs}
A ke 79t ZA H=2A dgrort wiut p53e) A
YA 2AL 3R o] ©hd o) ofe] FA| FAIAE AR
o} (Fig. 4)
n %
2 7oA AFPAF 72T SF22 v wslgls
W ATRAS Fois}2] ¢& A$E 063, ATRAE S8

AL 027324 2Gy WA A 3 NHOK®] M|z &8
o] ZA At AR AAFAE dgtort AEA
¥iz vlms] B9re d: 2Gy vAMdRA} 3 ATRAS
Folqt 7Sel dAz BN ELI} o AgE B
Qo FAIAE Ui o] Kol ATRAVE M ZEALR
oe AZzF7) AdH 2 AzEd 53 AAE )
HEQEE F3FE vAE ez 4T ol dF
oA WARAE 2ARSEA] T 1 uMe] ATRARF Fo3|=
A zAEE] Fadgdedl ol You 579 d3xE7e)
X x5l o™ retinoic acid7} NHOKe| ddiA Al xZ
AGA ZHE 7RG B 4 loh ol dFelM ATRA
G5AE A Wi 3LA ol F FAHoR fIAE 4%

5 AR

s
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ATRA-NHOK Fig. 4. Expression of p53, p21,

cyclin B1, bax and bcl-2 in

b NHOK.

Cc a c

a: control, 1 day
b: 1 day after 10 Gy irradiation
¢: 3 day after 10 Gy irradiation
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o o]t webx G27]7F AAHNE W& apoptosis7t
Z7ksted ATEeA o] BV caffeines) 22 ok
2> FHLGAEAAM G27]15 BA 3 HEAEEE 5
of WA AHE ZIIARS T AR £ AT
E rast} mycE. transfectionA]| & wl& G27)7} Z7lstx
A AR 2 A o] Zhehe nE Qe

olfl A7 10GyE =AI8IE W ATRAS F
& 797t ATRAE Foi31A] o2 75l vt G27)%=
2718k A5t apoptosis g0l ¥t giglom, WAt
Mzpardol WolAlxl ghm el Z7tekleh & a7l
A7l QHIZE o 43 ATHES R0V AP o]
$E BeAE den), ouls 4R Az Fold 7
o2 A7 PHZ AeE PAUEAL ol Fol wiz
MEZAE dog|A] ¢k3 G27|7} A|AEHA FEFH T A
%34 2N 7158 2oPue Aoz Azt NHOK
£ G27]ol| M M ZEEDR o3l M x2 vlge] ¥ A
ZEEE Fvjetz o) Fel o o MEEdE ¥ 4 9
t Azt 8 Aoz ¥tk Hep3BHZF+ HzdolA
G174 Q)= A= uv]go] 50% o]AFeld retinoic acid&
10uM AL = GI7)E Fa3ta G2rle F718l e
™, apoptosis®  F7Fetdeh? wetr G27)7F FrhEkear
S14 #H=A) apoplosis7h RHadkE A shishs AbE
o 4 UL A ZE:F7)6 A Glojvt G27]e] A= MZ7}
Wed) 2T Bashitie AT Az7]
A A 2] FH AEekde] B8 Fad Aoz wlh,
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