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ABSTRACT

Purpose : To investigate the radiosensitivity of the normal human oral keratinocytes (NHOK), and the effect of
irradiation on cell cycle and protein expression.

Materials and Methods : To evaluate the radiosensitivity of NHOK, the number of colonies and cells were counted
after irradiation and the SF2 (survival fraction at 2 Gy) value, and the cell survival curve fitted on a linear-quadratic
model were obtained. LDH analysis was carried out to evaluate the necrosis of NHOK at 1, 2, 3, and 4 days after 2,
10, and 20 Gy irradiation. Cell cycle arrest and the induction of apoptosis were analyzed using flow cytometry at 1,
2, 3, and 4 days after 2, 10, and 20 Gy irradiation. Finally, proteins related cell cycle arrest and apoptosis were anal-
ysed by Western blot.

Results : The number of survived cell was significantly decreased in a dose-dependent manner. The cell survival
curve showed SF2, o, and B values to be 0.568, 0.209, and 0.020 respectively. At 20 Gy irradiated cells showed
higher optical density than the control group. After irradiation, apoptosis was not observed but G2 arrest was obser-
ved in the NHOK cells. 1 day after 10 Gy irradiation, the expression of p53 remained unchanged, the p21WAF!/Cipl
increased and the mdm?2 decreased. The expression of bax, bcl-2, cyclin B1, and cyclin D remained unchanged.
Conclusion : These results indicate that NHOK responds to irradiation by G2 arrest, which is possibly mediated by
the expression of p21VAF"“P' and that cell necrosis occurs by high dose irradiation. (Korean J Oral Maxillofac
Radiol 2003; 33 : 143-9)
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SAITADE AR T4 PU2B HES| HERV|, HMEA R 25 &

W 2dE oA Azbshg AR H8ER] gtow MR
d =& Alzsl AldaA geh A zalells A ZHAl
-3 A ZA}, apoptosis7} 9lek AR el o3 M A} o] 9
N MZx &8 FEI) A7 gAY sE A=z
F714 A2 gt DNAZE 48 ke 4% A28 £/
o w2} apoptosis7t LAY £ )3 AZFIIHAL @
A7) = shed] FZF5 apoptosis7t AT AFEA

= Gl A7} g =3 e AZofME E£4-L
7hele B oty GE ub-g JeERic G2 AAe
FAHEE S S ZE MziA FAEY 2 2R #
T olE} M Zof] vl 1 Gy o]le] Bt FALEk 9
A= FAHG G2 AR k2 Wb Al vlH E A
Zotste Bl MEAd o] Qe M EFE G2 AHA] ool
o Zck G2 AA 717he Ax £4be] AEHA 42 A=
& A7} sleny olea G2 AAx WA A
7} okt M Ee) W ARSA Rele ARY FF, 13
Rx, FAE% 2471 gt o2 vfepdh dub
oz AN Z uls FgM oL F3brt A " Azud
o) B3 27}, gl =Rt Al Ert a4 of
ot 4EA vk 2y 22 Alzels Wbzl
Her A mube-e A FpalFojeloe Mz A
Z7, A4 #5h 24 37 Sl wet dekd 4 gl

Abgd AA} F737HEA] 2 (normal human oral keratinocytes:
NHOK)¥ 7|HAEAAM feste] Az 23ty 2%
o7 o)FE: Ay G¥HA ot 2 712 T 3
b o} BasZoe) wWsleg sle] B, HAn3
(replicative senescence), HZ23}F, 2.2 apoptosis?} LAY}
W E2A e3bel B3pabo)o] 3RS oA 7bx] HEEHA A
o=z sk, $3he] wl iAol A LA =& apoptosis
s} HF E3s19) WA= ¥Wex o)’ Kang 02
NHOK: 26.6+3.5A7k2] wi7MA|zko = 209 %<t X4
g ow FAE st 3 olF, 18Y FeF HA ksl
Eoi7icka shga, W) 22.1£2.8 population doublings
(pds)E 7}Avkar shdch

TS ABE D = Az AL A=
=AM Az A A7)0 A A EL} gk
Axzol gk A7 Al R o s e ReAZ] A
FFo| T AT So] FubslA AsiEe] gt T,
NHOK¥ dzpujofe] G4 o] Fo)xx] Z3dle] 77} &
wabA APFR] 23kack 1991 Park £'Ye] NHOK9)
wiofo] Ad3& AFHA A} NHOKE ofg8 77"
o] el mmEgivh a8, o] 4752 F2 NHOKY
E4e ¥EE ARl Gujuluva %] A A=
NHOK$} HPV-immortalized AV T34 20 UVE
ZAA M E2F719 AFHe wiXe I3k} pS3, gaddiss,
gadd45 -zt &g AR Aok Azt
NHOKe®l| 8rAMA & 2AbSIAM Mlz2] Hbe-3 ol w3

NHOKol #Atie 2Alg & #zs|
AR, A EE7] WEe A AL R ols) BAY
; ]

ME Y uy
1. A ZHEF

AX BAF AR AR AR AR T FA
ol A} Z2zx2] AHL AHFH5le] calciumI} magnesiumeo]
Zaee] 9Ix] ¢-& Hanks® balanced salt solution (CMF-
HRBSS, Gibco/BRL, Grand Island, NY, USAye.2 33] A3
stalct. AulzAle Fus 2oz A7 e
A &8 224 collagenase (type 11, 1.0 mg/ml: Sigma Che-
mical Co., St. Louis, MO, USA)¢} dispase (grade 11, 2.4 mg/
ml, Boehringer-Mannheim, Indianapolis, IN, USA)7} Z3+=
CMF-HBSS& Ab&-3le 37°C, 95%<) 371, 5% CO, &
Aspl A 0027 A ¥el D AT zAelA o] Al
9%} whoFsk NHOKE 0.15mM Z43 »nx AAA
(supplementary growth factor bullet kit, Clonetics Corp., San
Diego, CA, USA)7} 2Z3§F%l keratinocyte growth medium
(KGM; Clonetics Corp., San Diego, CA, USA)ollA] wlj oFslgd
o} o 70% A=z WAFHYE o, X} wfkgk NHOKE 60
mm ) FHAA 1 X102 e 792 YT H 2
2} ujesle] 249 Ml zg Ao Abgstydeh

2. WARMZ=AL

NHOKE 1x10°8 %¥%2 60mm vFgAlolA wiost
329 & Cs-137 WA 2AE) (IBL437C, France)E Al-4
3oy Aleola] 5.38 Gy/min®] AL 2,10, 20Gy] 9}
AME 7t i3] 2ARIE T MEAETAHE AR
95ke) WAL 2, 4,6, 10,20 CGyE 93 2Absig v
A g 24484 ¢ NHOKE dzFo® g

A

3. MEMEST E2F

J!

WA ZAY 1,2, 3,49 Fol] JEAEPE SAIAST
A ZZ 0.05% trypsin/0.53 mM EDTA R X&) ste] ufof47]
S|l ¥alAlzl 3 0.4% trypan blue2 G4 oh& A
(Marienfield, Germany) & o]-8-3}ed Q&2 258 ZA3)9]
o EARH ez fodE Hzslr] #Asl SPSS for Win-
dow v10.0 (SPSS Inc, Chicago, IN, USA) T2 135 o] 435}
o] ANOVA B4 & Algisldo).

4, M|ZAIZ=ZTM (cell survival curve) A}

MZE 354l AR wlokste] 2| 43-4] (exponential
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growth)el] o|2A 3 & 0.05% trypsin/0.53 mM EDTA=Z
AMZE FEjste wifde] ©rb Afsiedch =9 3N
A& 23] MEEF 6-well culture plate (Falcon, Becton
Dickinson, NJ, USA)¢l] Y& w1l % (250-500 cells/wel) 2 A
3t WA S 23] =AM F A PAEEF 149
7t wloFst . Al £Z methanol2 1A 3} trypan blue2 4
Aslodrt. 38 ¥n)7d (Olympus CK40, Tokyo, Japan)3d}el]
Al 100w] B]E=2 FEsled AlEsL 5070 olakel AYeE
Adet. Jehaol] 7| zste] M ZAY2ES hazol 3t
Alg e vgz Al on daexEe WA RA
2kol] t|3le] = Fu]| 413 5]9 (standard nonlinear regression)
ulAlel]l )8 linear-quadratic (LQ) A&FM o2 AFA|Z
ot o] AL T MEAYEE Fho AHAQ v|FE FA
Hw ot B i ESE ¥4 e Alsketg ok 2 Gyell
Mo MEAYEE (SF2)7 ot B3t A =239 v
A6l we} sstelon], AEAEET ag B ulfESe
HAE g5 Aoz vele] a9} BRE e 714
o= MEAYEZAE] linear component2A] A EZA L) =
7} 71&71E oviskd, B MEAQAEFAY quadratic com-
ponent2A] FTA T Holo Ao MEILH 7]L&7]|E 2n)

e

Survival (S)=exp (—oD—BD?)

5. LDH (Lactate dehydrogenase) £

HNEZEE Omm wjFg el 1 x 1022 HFF F oF
Zb wf ekt o WAL ZAFY O WA RA} 1, 2,3, 4
dA el 96 well plateol] vl Fel, &3 =]} 1/10,0002. 3]
ME oFAY 2 S0uldE Y-S & substrate mix (Cytotox
96R Non-radioactivity cytotoxicity Assay, Promega, WI,
USA) 50 ulE A7kt o8 A2 AN 3087 §7)
st 2 F 9kgA A8 50 ulE @ ELISA reader®
490nmelA FHE Zhe AT TAH e o4
& 58] st ttestd Alst

6. FMZE 24

AR 2 AL & 1, 2, 3, 44A 4] 0.05% trypsin/0.53 mM
EDTA - 4Na& A}4-3le] AH2E 3484 15 ml cornical
tubeell @37 phosphate buffered saline (PBS, pH 7.4, Gibco/
BRL, Grand Island, NY, USA)e 2 = 10mlE 2F &
ARSI PBSE ARl B4 AZE FolE o
& A7HE 70% ethanol SmlE W1 4°ColA sl w3
stalvh mA et w22 AARe] (1,800 rpm, 45 T F
ethanol& A A&l PBS# 0.1% BSA (bovine serum albu-
min, Amresco, OH, USA) 5ml-& Y1 ©}A] AR es)y
v}. PBS2} 0.1% BSA=Z 23 M= & A A% T 33 A=

Z0jof ¢

+ AF Fo]F 31 propidium iodide (200 ul PBS/25 cell P1/25
il RNase/tube) &€ 9§32 o} S¢ el 14]7F ol
FACScan %4 %54 7] (Becton Dickinson, NJ, USA)Z A
TE7)S BT pre-Gl peake] DNA £3 o] Wi g
& 7ok BANoR fodE WEHA] A Wil
coxon rank sum testZ A] 3§ s}gi}.

7. SRl = (Western blot analysis)

10Gy®] HARd AL F 199 M=ol A wiA 5 A 73}
At Wi x)e] & WAL AAsE] $1she] PBS 10miz
ARstz gal4 HF 50uE Arksted dgelA 30%
7 BAY F QAR (10,000 pm, SF, 4°Cyshe] A3
W mob WA sl Bud ARe 99 Ame
AMste] 10plS F0)5t & 1:5002 3|48 BSAS 200
WA 93 2BoA) 3087kl F ST0mmelA FRE
e 25k DAL AR

At 20uge] Az Bzl ZX|AE 10% Sodium
Dodecyl Sulfate-polyacrylamide gel (SDS-PAG)el| 2-5}5}e]
100V, 20mAel| A 2A17F gt A7)dgstdeh A7) %o
Bd AL Bl AWM 2efz] A& AAE 5 A F
ZA] (Protran, Bremen, Germany), 354 & Zijo] oA 7
Ed] @1 o]A ¢+ (39 mM Glycine, 48 mM Tris, 0.037
% SDS, 20% Methanol)& |-& 3= 250 Vol|x] 247+ E3)
A7) e|Astsict sl o)A o] Eit F FAAE Ae]
TTBS (10 mM Tris Base, 150 mM NaCl, 0.1% Tween-20)=
Ao FAXE= A5 L9 (5% dry milk, 10% TBS,
1% BSA/TTBS)ol] Y31 AlgellA 1A]7F o] EEch
P53, bax, bcl-2, mdm2, cyclin D, cyclin BI, p21VAF/Crl 2. =
A7) s Azt AR AR 2ddFEA FAE 1%
BSA/TTBS £-8¢] 1:10000.2 3]X 3l 1A]7F 9 &5
of W3- A7l & TTBSeIA 1087t £Eo] A= ¢
2 A2 AN A3ttt o2} &)= anti-flurorescent horse-
radish peroxidase conjugate RPN 3B22E- 1% BSA/TTBS £-
Aoz 1:100002 3|A3ted o)z} ZAdA)Z) = TTBS9
A 1087 £50] AFHA %L FAE Aol W
Enzyme substrateE "feol] T3 W & CHP HE Ale)
o AAE vk e W3 XA BEE

A5 AA71NAM s

dol AT ¥

2 o

1. AHEM|ZS

PR mel AEAEST Bashe PAE B
e, 195t 3QAN AL Hzzel Wla) 10, 20 Gyl
H. 299} 4R sl Az o) wlal 2, 10,20 Gysi A A
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Fig. 1. Cell numbers of NHOK after irradiation ( X 10*). Values
represent means £ SD of six independent experiments. *: Statisti-
cally significant compared with control group at p=0.05 level.
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Fig. 2. Survival curve of NHOK after irradiation. Relative cell
survival was calculated on the basis of colony-forming assay. Data
were fitted to a linear-quadratic model.

EA x4 oA A AT (p<0.05) (Fig. 1).

2. MEMEZN

NHOK®| A ZAEFAL WAt zA o] F7)glel o)
g AlEAEE] FA3lE vlA 3 3 H (non-linear regres-
sion) e S BTt 2Gy WA S ARSI A4S M=
AZEEo] 05680t NEYEZTHAA agh2 0.2090]%]
2, BIHE 0.0200]%15h (Fig. 2). 20 Gys] WALS ZA}g
AT AMEp7E 5074 o) oz FAER Ao glelM A
el Al A 2Bt

3. MZZA}

g ztel el HAE Aze 2487 59

|‘:_|.

ki

Optical density

Day

Fig. 3. Optical density of the LDH concentration according to the
irradiation dose. Values represent means #+ SD of four independent
experiments. *: Statistically significant compared with control
group at p=0.05 level

LDH 244 & Agstgeh A zA £ 1956l £9)
4 gl WEh e gghont 29sol: 10Gysk 20
Gyl F=gtel Haol Hlsl 214 WA ¥%eHe
<005). 397 %} 4AHNAE 20Gysl A zgel w3
FR=gkel Ho4 oA ¥4 (p<0.05) (Fig. 3).

4. NZEZF7| M

pre-G1 peak?] £A1& =3 M E2 apoptosis A =F =
A& A7} apoptosis= WA E R okt GO-G17]9] N
5 PAERAL F 397 HEeRd gaste ARE
Hojort 4dAqo = 20GyZ& A3t WA 2 ARl
A dezEro st AskE M9dv (Fig. 4a). G2-M7]
o] MESE 10Gy A AL & 19 R] 9} 20Gy WA =
Al F- 29 Aol df2TR; MEST) o (92 F71Eke
| 23k& B (Fig. 4b). o] H s AAHo= G27] A

3 F7HEE Azt wiet A} zhasisdet S7] xS
¥ EE RN wapdzAREe] dzel vls] ZFas)
= A Bych(Fig 4c). NHOK:= 2Gyo] HApdS =
AR e A 2F7) WEs) =A) ok 10,206y A
& A AEF7] F G2 AR EA s

5. Western £44

Western $-4% A% A3} ps3 e e A EA} |
A2 WAME-E ZAPEA] b2 1A Afelel] HE Ao
7b 99l et (Fig. Sa), p21™ 7O e vkt 2L £ 1A
ol A WRAMAE 2AFEEA] R 1A w|E) WEe] Ft
33t} (Fig. 5b). mdm2E #HAMdEAL 3 1A oA B
&+ ZAREA] 2 1dAle] wls) Lale] zRasiylv (Fig.
5¢). cyclin B1, cyclin D, bax, bel-23= HIAA S 2 A3
FAPSEA] k2 7 Abololl WA ztel7} i} (Fig. Sd-g).

J-o-
=
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Fig. 4. Percentages of cells in a) GO-G1, by G2-M, and c¢) S phase.
Values represent means £ S.D. of three independent experiments.
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MRS ZAPRES AEE 48 AAsta 16 43
g e sl A olei® Bee AT FFol we
S2sl ehde Hela A28 BAto= Wzt o
& AEAETH AR o2 PAMRSA ATl ol
AETHel o433 gIeh RA ARA BT EAF
o2 F2 o|§H3 9 2GydlHe] AEAEE] AZ
Fo| AR S AYSHE 228 H=sh Bek NHOK
o) SF2 0.56801%Ed YA AbgH AL

Z0jo} 9

-— p53

-— 21 WAF1/Cip1

~— mdm?2

~&— cyclin B1

~-— cyclinD

f AR <
9) - bel-2
con 10 Gy

Fig. 5. Western blot analysis of electrophoretically separated pro-
teins from normal human oral keratinocytes unexposed (con) and
at | day after 10 Gy irradiation (10 Gy). a) p53, b) p21 VAFVCPL - ¢y
mdm?2, d) cyclin B, e) cyclin D, f) bax, and g) bcl-2

SF2ql 0.02-0.23°xc} MzA&Ee] A Jeh} HH=
Azvet Aol Aol S5 o 4 ANt =7 GA)
253 F ipardel A3 Hol= HNSC-143 Al 22 ozt
0.3285} Bzk 0.003"' & WMlms B® 2] WS =S el
= agk2 NHOK~7} 0.209% NHOK7} whARAe] | =lzbs)k
H2-e w4 om, Bz NHOK7} 0.0202.2 HNSC-143 A
zroy A3 WAt o) RIS Bgdd.

HIAMA A A RA 29 P27 A- o2} oFF
o2 o kg vehiiAd Hn® FHze SRl ot
gt Wb =AF & apoptosis®] WEAA =7} k2o apop-
tosist WA ZAL A Fe veld = 93 G2 AA F
o veld $x glen & o)aty AERGo] o]Fo
A Fo ved = Qo FAAE, A= 7, AR
e vpARAef g7 Ml E WA RA A F AE BY
sle) wh=7) apoptosis7} A gch Tauchi S2-& £33 <)
WA 2ol HRAE ARSI G2 HA7F EEE B
323}%] 32 apoptosis®] - G2 FAI7F E2lx AlAANA F
Zhdets spodvt o] ¥A wha A LAHE apoptosisehe
2] Yanagihara $7-& Apge] ) AFT)FfA oA WAL
A 2AHA] apoptosis7h G2 FA7F Fele Al A E
Ab 3 124]7b0] Xt Foll ZF7)El7] AlEEIA 72-96A17F
oA FHdel| o]l2FH&E Rusigs v EAL £ A
A ME Fde] o Foll Hh] apoptosis7} LAY A
apoptosis7} ¥4 M =2ALS HFHHA + e S
A A sk . 4148 apoptosisiE: DNAS] o] 1Al F-d o)
oA fEE T KDY apoptosiss FAA Wole] )3
A Z2RHE Aoz ol 1, 2143 apoptosist pS3
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LYAMMZTAR L At Fed ER

AL ZkZEst NS MIEFT|, MIZAL
o el we} Asddm shdoh” B Aol uhat
AlzAtell 28] apoptosis A o] F71EA] gken, o] A
#Fg Helsh] g8 AR e B zAM
ey o] wEEA gott of A vz
oA FEUA MZAZE3} apoplosisE kH oz ARAA
E AFolA whAzAL F A ®EALR) 2238 A 27) apop-
osisBoHE £4 AzAlel] o8 AzAlete d7An
o} x|z

MEF71E BA% A & d7¢AE NHOKY) 2Gy
9] WAt ZARA o= Al ZF7] Wsy) 22 gsket 10
Gy$} 20 Gye] whapAzARA o= 19A e 2R G2
AR 7¢ T2 sHA DAkl G2 A7 3UA e ZHA3)
A3 4dAdE vl T84 vebdoh Gujuluva ¢
2 NHOK¢] UVE A& o Gl A7} whabdza ¥
36A1zke] xjubHA RS Vel 72417Fe] A b A
Nz A FAe) A2F7)E Mok sk 2
NHOK o] A5} UVel] oJsiXE Gl A7} oyt wiabAd
o &A= G2 AA|7L delwton UVell 27 Gl AA] A
Zho] MpAMAel o8t G2 AR AR F2& o4 4 9
o} G2 AA 7} 815 vebd 10Gye] B 2=AF 1A
ol p53, cyclin B, cyclin D=tz B]s] 3ol x}o|7}
dslont p2WARCR e Wl o] ZrlalgdTt. o A
= & W G2 AA 7} ps3F ;A LA s p21" T
I BT BPo] gl& Aoz A7Ac) Kastan 579
7= o AAE A=, YA RA Fel] e
G2 AA7} p53 5AdAS] Adel e} FadslA HATE B

shedeh. ubwel] DNA €4 3o A3l G2 AA7} pS33
FAedo] Qb= AF= vk Hermeking 52 AAF=| A}k

Azl At AV Gl AR e} G2 FA)7F o
oo, oja) Wash= Gl FAE ps3 el o4 =
AEe p21"AT o) olat Aol a G2 AT ps3
of 23] LP=EE 14-3-30 FA A 28] 3T 3k
o p2 "R A2 24 eAlstT AAE s A
3P 25 AM Gl AXNE gz geA gl #HT
ol p21™ATP o] GI A B ohdeh G2 Ao el
e lom geid Qe p21"e ng A2F)
A4 Bz Agshe dh FARGS fEshs ATl
A LYo EAAGE B Yok ol 2] Mz
SArRdS A5k T)E glejA] p21 VAT ko) 2
2 A QA gt G2 FAe| FeJshe ez

A s A 2 cyclin B9} p34°“?7} 9]} Muschel 5o
A7 vlell 9sbd S7)ell 3l Hela A Eof wWpabMzA}

o) G2 A7} HAE ALY oW G2 HAE FEATE
7)1A-& cyclin B mRNA 28 <jA|o] o)g 2 & A A5
3, G271l dE Mol WAL 2ARE A= cyclin B
mRNAS] Wl Z7le| = BF3T cyclin B shfi o] oFol
Zras|A G2 AA7E delde Baslglct o] Adje)] wha

E|_|-H

=
a7

=}

lo
ne

B0 0|x|= &

ﬁ
o

o

A A xe] HzF7)o mebi] mRNA &

2 oA cyclin B9 28-& JAFS & 5 9l
3 Az} FHol whek G2 ARl p34? Qlaks} Wl
7} Belel? e Azel selsts &4 2 2L
25l o2t G2 A9 4140l e 4+ Ux LA
F714A) 712k AEAL] weke WA 4 Ak Ben-
hard 542 caffeine |1} staurosporine © 2 G2 A#] 7|7+&
iAoz ¥4 MZAPE F2 dAsE Hela A%
oA MZALS] 72E apoptosisZ HFAF =T e
# Q7 3 NHOK: Hela Alzshe 9ol whapizsl
9] G2 AA7} cyclin B, p34°*?s} o] glo] WAsh:
Aoz Hree,

2 Q7e)4 NHOK: 20 Gy ZAskol i Al 23417k
Qolskom) WA EA] S8 apoptosis7t LAEH|nE}
£ G2 A7} BAshelnh G2 AL ps3 ) ez
FkspA p21"AFIC ehil o) ko] )3 Aoz A7k
o & NHOK: HAbiZEAl] 918 AZAbe) $7427}
apoptosis it Ed MzAlz AT} G2 AR Fof
DNA &8 A2 3834 23 J fAHEd ol A5
AV 2 we] FARRE F AlZAbe ojz2v #d AMEA
7} Aste] oz qla] MEAFIHA o] Zhaidhe Aoz
A7tee}. Aoz 24 AEzAPL AxFAlz 2 AR

A&
u_ﬂ Al 4=

0
B

o
ey

£ o cH

—

7} A A s apoptosisE 4 A7} sl EAle] o
g Aq7t A olojof & Aoz AAZIG. =3 FH
chill o] o] mRNA $FoA 2AEHEA| a4
oM -] HEA 7] M F o B d771 2
asle]et Azl
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