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The effect of retinoic acid on radiosensitivity analyzed by linear-quadratic model
and apoptosis in head and neck squamous carcinoma cell lines
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ABSTRACT

Purpose : To evaluate the effect of all-frans-retinoic acid on radiosensitivity and radiation-induced apoptosis in
NHOK, HEp-2 and FaDu cell lines.

Material and Methods : We measured the changes in survival fraction at 2 Gy (SF2), a and f3 after treatment of
retinoic acid (1 uM) prior to irradiation with doses of 2, 4, 6 and 10 Gy and correlated the radiosensitizing effect of
retinoic acid with them. Also, apoptosis induction was assayed with the flow cytometry on days 1, 2, 3,4 and 5
after irradiation (2, 10 and 20 Gy) combined with retinoic acid.

Results and Conclusion : SF2 values for NHOK, HEp-2 and FaDu cell lines were 0.54, 0.64 and 0.41, respectively
and the cell line of FaDu was the most radiosensitive. For cell lines of NHOK and HEp-2, pretreatment of cells with
retinoic acid resulted in a significant decrease of the SF2 values. The o/f ratios of x-ray survival curve were 8.714
(NHOK), 4.098 (HEp-2) and 11.79 (FaDu). The o/p ratio for NHOK decreased on pretreatment with retinoic acid,
whereas those for HEp-2 and FaDu increased. Radiation induced apoptosis in all cell lines but, retinoic acid did not
affect the apoptosis. (Korean J Oral Maxillofac Radiol 2001; 31 : 135-43)
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SAE HEMZEAEMZZT0|M retinoic acid”} linear-quadratic PH-S 26t YA ZA L apoptosis B0l 0|X|= &t

JAzREUe T A Y FrEctd wuH e
A Ale] B3l marker W& Apols} ) Jetten 1
retinoic acid?} F74x% FzEZ 72 7189 5
Foll A AFA) E3} marker B8-S JA| ety B8}
o} =3 M E7 "] Hal= Foke] s Aol »4
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metalloproteinase (MMP)ol] ]3] o]t} retinoic acid:
EAZANZFNAN MMPEAE AR JA ALY 4%
AN 2¢EA 254 FaDuollA] MMPEA-L 7F4A] 714
GA FU Age BHHeD dA)E Boh we
retinoic acid¥= interferon?} W sJALR-A] of2] B M xS
AzFe] AAE HEARGA 2o ‘:1 ol Al spa b
QA 7 A £ YE (FaDu) A ZFE AL e 2 interferon
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Az A g Fedsls Zloz ReAZH® T2 3, HL-
60 M3 A& QA GHrdH E A& A retinoic acide]
2]t apoptosis + &3 % B U P
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7) A A} apoptosis2} 722 vlofsk uhe-& doA FFF
22 DNA 4% 383t es 37 &A4" A=2E AlA
sl Rt o]’ M ZF7] =]} apoptosise] =H§-7] A
o] to] ‘3«1—‘* 7% ok s BAE 4 ek apoptosis
2 4 WMAAES NE THHA wel o] 4o
A= 72 2252 apoptosise} HHE FHAES] 2
A =7} geksiA vepdeta B Qe WAL retinoic
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o} wRARA zAbe) &M, M E e, whAdRARF S o
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ZollA A Z9] WA F7HA|ZIe} 10226

2 A3 retinoic acid?} o8] For Lol ML
PAMIREAEE 57HA17]2 apoptosisE AT B
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2 retinoic acid o4 7} linear-quadratic 2<1-& = 8-3F ukA}
A7k4=A3 3} apoptosis fridel] vIAE of3F& dolR 1Al A
oot o] 2 s AP ENHOK)S T8 "=
o}Z A £F (HEp-2, FaDu)& wAto 2 all-trans-retinoic
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1. SR

2788 QY] NezAeA 2EE AF st Az
oFst A} QA }Z}i}/‘-llz(normal human oral keratinocyte:
NHOK)9} =AM ZFegoa] Hofhe QA FFGEA
5 (HEp-2), "Jﬂl?ﬁ A9 A 2 EA| £F (FaDu)E AL
3ot

2. M|ZZHH2F

M= 3 AzHjet

ZA ;B8 calcium ¥ magnecium-free Hank’s balanced
salt 8-<8 (CMF-HBSS: Gibco/BRL, Grand Island, NY)el| &
23 39 wHEFS AnEAne 287 98 colla
genase (type II, 1.0 mg/ml: Sigma Chemical Co., U.S.A.)%}
dispase (grade II, 2.4 mg/ml: Boehringer-Mannheim, U.S.A.)
2 53 CMF-HBSSe] 9087} 37°C 5% CO, 7oA
v oFstgict. dxb vl oFgk NHOKE: H2]d AulzzjeA o
o] 0.15mM Z42 AlAAAS B33 Keratinocyte growth
medium (KGM: Clonetics Corp., U.S. A) A H.Z3}c}7} 60
mm petri dish @ 1x10° |28 747} wjokst 5 A
AHast) 918 25 Were A ske.

HEp-2¢} FaDuA| £33 Dulbeco’s modified Eagle’s me-
dium (DMEM, Gibco, U.S.A)oll 10% fetal bovine serum
(FBS, Gibco BRL, U.S.A))=} 100 U/ml penicillin, 100 mg/ml
streptomycing H7}sled AR&sld T A ZujFr]lM 5%
CO, ¥ 37°C =71 2.2 wieksloct.

3. HARMZE AR} retinoic acid 509

1) EAMMEARR
NHOK, HEp-2 18] 3 FaDuA| 32 60 mm petri dishe]]
A 29 $ob ST MAURAES Cs-137 A EA}
7] (IBL 437C, France)Z A}-&-38le] Al2-ol|lA] 538 Gy/min®]
AFER 2,10,20GyE 23] 2AIIH. v A= AR
A AFG PAREA 39 F nBAG Ars P

HzAbE A gaie

2) HIAFMZTALR} retinoic acid 042
NHOK, HEp-2 18|31 FaDus| ZFo] all-trans-retinoic
acid (Sigma, R2625), 1 uyM-& F-od3}o] 60 mm petri dishel) 4]
48 A1 ot wiokE WhAMAMS 2, 10,20 Gy &3] zAFstel o}
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HIARA 24 A 2ol 3 & x| 2 washA] retinoic acid
B AFogslgt. 22 retinoic acidt B3t vlA}

AzAbe A ekt

4. MIZEMZ=ZM (cell survival curve) Z=A}

all-frans-retinoic acid Fo 9} vAM =ALS 4 3 A4
o} wAtA zAME 8t A8 AR A 5HE FYPAA
2F (colony formation assay) o2 2XA13slgdv}. M ZE 3-54)
qeol] ZAA] wekale] A)4~2=2] (exponential growth)el] o] =
A & ¥ 005% trypsin/0.53 mM EDTAZ M| 23 Ea sl
v oFolel] 7}t At AL M AAE B A=
£ 6-well culture plate (Falcon, Becton Dickinson, U.S.A.)|
whe dl % (250-500 cells/well) 2 seedingd)al WIAFAIRE =
A}Ele & retinoic acid o glo] wpARATL 2,4, 6, 10 Gy
2 ©3] zA}slgl.om, retinoic acid Fod 9} HIAM Z=ALE
g s 2 all-trans-retinoic acidE 1 uM ¥ =2 484]
o) Foldt 5 2,4,6,10Gye] PAUE kil zAlsa]
o

Colony & 3ASES 1447t viekat ¥ A ZE methanol
2 VAL trypan blueE A steiv}. B33 u} A (Olympus
CK 40) 1009) ] &= Bashe] Ax7h 504 o 4al Mt
48 AN AT ol Fzstel 42ATEE P2l
At A vEE AAaksldleor HELXES WA
AP ol i sle] EFw]A18 37 (standard nonlinear re-
gression)¥}2] o)) )5} linear-quadratic (LQ) A &FA o2 A
FAF. o] FAHL Z HZAAEE Fholl A v FE
FA A ast pEiAHSE B S oz AT

2GyellMe] MzAEE (SF2)H a9t B3t AARS stan-
dard procedure™e]] wlz} Fslglon] MEAYEEH o) B
AR FAE o Aoz ekl ast e 731
Aot 714 ax ME AYEZA9 linear componentZA]
AEZAY 27] 71€71E vEpH, e MZ AEFAHY
quadratic component2 A} TAIEF Rjer] PJE2TAe] F
oA =5 9hEH.

survival (S) = exp (-aD-BD?)

5. Flow cytometric analysis

WA AR WRAMd 2ALS) retinoic aied Fof Fell
shed Z+zb WA 2A} 1,2,3,4,59 Zo)] trypsin-EDTAZ
3|48} A ZE 15ml tubes] @3 phosphate buffered saline
(PBS, ph 7.4, Gibco BRL, US.A)e 5 A3 & 1 x10%)
o] M EZE 70% ethanol SmlE A3 5] 4°CollA] ¢ 7d
7+ A3 YAl Ee]sto] ethanolS A A 3}3 0.1% bovine
serum albumin (BSA, Amresco, US.A)E #7138t 5mle)
PBSZ2 AH &g} 7b tubed 25wl Propidium lodide (PI,

Sigma, Germany)/25 nl RNase (Sigma, Germany)/200 ul PBS
£9E Y F 58 AlE SAEA 127 ool
A Z R 7] (FAC Star plus flowcytometry, Becton Dickinson,
USA)Z pre-G17]9] ¥f-F-8-& T3t

z o
1. GARdZEd Eot

NHOK, HEp-2, FaDu M| 58] A ZA&FA-& WAz
Aepel Z7katel dhet AZAEEe] FAT Aashs
W]A18 3] (non-linear regression) eSS K.t} retinoic
acidd Fo48 A NZEAEE] o "dojx A 7]
€77} v 7hae RS BT (Fig. D).

Retinoic acid® Fo35}A] 9432 2Gy2] vkl e ZA
2 Ao M ZAZEe] NHOK7} 054, HEp-27} 0.64 18]
T FaDuellA] 0412 e} FaDu Ml Z37} 73 HRAbA
7t o] w9kt 1 M) all-rrans-retinoic acid Fo] ¥ 48
Az el MARE 2AME A% SF2QGylN AZYE
) 7+ NHOK7} ¢ 27%, HEp-27} ©F 50%, FaDu7} ok

Table 1. SF2 in NHOK, HEp-2 and FaDu cells exposed to 1 uM
of retinoic acid

Cell lines

OK -
Group NH HEp-2 FaDu
Irradiation only 054£007 0641+005 041+0.14
Irradiation+RA 0.39+0.10¥ 032+0.07* 0284008

Survival fraction at 2 Gy (SF2) were calculated from the linear-quadratic
fit of the dose-response curves. Data shown represent the mean values +
SD. p>0.05 (n=5) * (statistical significance)

Table 2. Changes in o and B values in NHOK, HEp-2 and FaDu
cells exposed to 1 uM of retinoic acid

Cell lines NHOK  HEp2  FaDu
Group
0.244 0.168 0.342
lod + =+ +
0.064 0.049 0.110
Irradiation only 0.028 0.041 0.029
B + + +
0.005 0.004 0.011
a/f 8.714 4.098 11.793
0.258 0.259 0471
a + + =+
0.057 0.065 0.020%*
Irradiation+RA 0.038 0.040 0.031
+ + +
0.010 0.007 0.002
o/f 6.789 6475 15.193

Data were calculated from the linear-quadratic fit of the dose-response
curves. Numbers shown represent the average = SD of the « and 8 values.
p>0.05 (n=5) *(statistical significance)
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FAF HIYMZEASMEZFO|M retinoic acid7} linear-quadratic 2dl€ M=}

31% 7FA¥ $Ae} (Table 1).

Table 2& 7t AZ2F] AE a9} S el Zloz
retinoic acid 5«3 2 Q3] pzke] W= =x] okor} aghel
Wsboh AR AUT ZA) aghe NHOK7} 0244,
HEp-27} 0.168, FaDu7} 0.3429] 21 retinoic acid 5o A]
EE A zFNAM FUkehs HFS 2elew 53] FaDuo)
ME FAAUA Z71sHA (p>0.05). BARAEE 2AHA] B

AR Z 3t apoptosis RO DIX|= He

-2¢} FaDuelMe w7} Aol ot whabAel zApA]
a/p7kS- NHOK7} 8.714, HEp-27} 4.098, FaDu7} 11.794)
o™ retinoic acid ¥ A] NHOK&| M= 7HAstgd o}
HEp-2¢} FaDuej A= Z7}3}¢i o).

2. Apoptosis 72 I}

10Gy 2} 20 Gy2] HFAMAZAMA] RE A ZZ|A 2T

7r2 NHOK~} 0.028, HEp-27} 0.041, FaDu7} 0.029¢] o
o Rt} apoptosis £e] Z7}sle Figs. 2-4). NHOK+
retinoic acid %o§ A] NHOKel| A= T4 Z7}18l¢] .2} HEp poP el 27k (Fig )
NHOK HEp~2 FaDu
18 1
0.1 01
$ 5 S
g 3 g
& oot g oo A
g E g
2 > 2
: : :
7] i a @
0ot * 0.001
|
|
0.0001 L—*— —_—— 00001 - —— o ——
0 2 4 8 8 10 o 2 4 & 8 10 0 2 4 & 8 10
Irradiation Dose(Gy) Irradiation Dose(Gy) irradiation Dose(Gy)
a b c

Fig. 1. Survival curve of NHOK (a), HEp-2 (b) and FaDu (c) cells untreated (A ) and treated with 1 uM ( @) all-trans-retinoic acid. Relative
cell survival was calculated on the basis of colony-formation assay. Data were fitted to a linear-quadratic model.
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Fig. 2. Pre-G1 peak of NHOK. Cells were not irradiated (a) and were irradiated with doses of 10 Gy (b).
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Fig. 3. Pre-G1 peak of HEp-2. Cells were not irradiated (a) and were irradiated with doses of 10 Gy (b).
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Fig. 4. Pre-G1 peak of FaDu. Cells were not irradiated (a) and were irradiated with doses of 10 Gy (b).

apoptosis fie] 5ol ol 23 e (Fig. 5a), HEp-2 Retinoic acid F¢] 2. 1§t NHOK, HEp-2, FaDu A £52]
MEZFE 10Gy A1 Z2AA] 49 Zof| apoptosis7} 2 apoptosis - ¢19] 0™, retinoic acid o] F WA &

of °o]2% 31, 20 Gy 2AMellE 3d Foll FH o] FHP FZAREE AS-olls, 2AF 59 Foll wRAMATE 2AVEE 79
(Fig. 6a). FaDu Al ZFl| & 10 Gy WA 2AFA] 49 Fof v|3] apoptosis7} Z7lsh= Ak Holovt EAEH &
apoptosis7} | 2ol DT 20 Gy ZAAelE 5Y Fo FH o)Al2 ¢lelo} (Figs. 5b, 6b, 7b) Wilcoxon rank sum test
J1¢]] o] 2.3} (Fig. 7a). (p>0.05).
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FA5 HEMEJSM A retinoic acid7} linear-quadratic 222
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Fig. 5. Relative percentage of pre-G1 phase according to the irradiation dose on NHOK. Cells were untreated (2) and treated with 1 uM,

all-trans-retinoic acid (b).
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Fig. 6. Relaive percentage of pre-G1 phase according to the irradiation dose on HEp-2. Cells were untreated (a) and treated with 1 uM, all-

trans-retinoic acid (b).

o

£ g F+= retinoic acid §-o7} T4 HAGA| 2 EA 2
F9) WpApizkadel mAE Jake Tolur] sisted W
A AgA] £ 2"z F2 08483 e 26y
oo} A EAEL (SF2)E F8ledch. retinoic acidE =
32| okw 2Gy9] WMAE zAElS AL A ZAEREe
NHOK~} 0.54, HEp-27} 0.64 18] 1 FaDu”} 0.412. FaDu
M EzF7} 743 BAMIZA o] A Wbt} Retinoic acid
& WAz} 242170 o] T3 gt A goln A xS A}

AzipAdel ¥ of3ks Fx] B3l B 73171 g)le] retinoic
acidi= WMARA ‘_5—*]' 48A17F Aol FoJ3lRv). BE M EF
oAl 1uM] all-trans-retinoic acid (ATRA) Fof & ulabA]
4% SF27ke] A= 53] HEp-2 25
A& 50%7}A] ZFA=] o] retinoic acid ¢4 7} HEp-2 M 25
o WAHREAE A FANAEE T > A4t
linear-quadratic ¥} Alel] 23t M EAZF )M linear
componentql o single-hit response® YR 31 2 A 2ol
A 29 A48 el AETAY 27 712718 AR

328 4 gl &A% 9n]|3h} quadratic component?] B

L ZAE A
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Fig. 7. Relative percentage of pre-G1 phase according to the irradiation dose on FaDu. Cells were untreated (a) and treated with 1 uM, all-

trans-retinoic acid (b).

E DA% BSeA AEFAY bendings dodlE A4
A FEF 4 g &AL 9v] 3! retinoic acid o
HEp -2, FaDuM| 32| ko] £ W37} glx agte] 3
it AL B-type &S A E@RAF 7175l 3
% 4 Sl "M o-type &4 AAF WA F
2 A7 ol g™z oqnrt e Al A
EE 2-& v}ehiit}. & retinoic acid 37} HEp-
ZFaDuH}E-r"ﬂ/ﬂ M ZzAEZAY 27) 71718 2AA 3}
%= linear parameterd] oS Z7}A]Z=49 o]+ potentially
lethal damage®] 3]8-o] HJAIP-& n)det =3k A ZYE
Aol AR o8-S F+ quadratic term?l fE
retinoic acid 2 Z W3}yl glglem = retinoic acid &
A7} A A EA] N PARAASAE Z7HA7
€ 9Ju|3}al retinoic acid”} radiosensitizerzle] H&&&
¥ 4 e Aoz A Eo. =3 a/fzte] HEp-2, FaDuA
zFdMEe F7F5tg 2 NHOK AlzejM: 7:}51':?’431“ <
alfzte] R AL A =AM, apFre] ¥ A
FA dhaAdA G Ad HERA *ﬂi—?’ﬂ o]
=AY g i 271 (3A4) w222 w2 7"33}
£ Mz s ZAER? Foke o/p R
wEE Role AA ARG & e 7}7“‘:}33—’ §H°
w FA4 A ¥ afiE T AL EHAE
7} WA H o2 sublethal damage?] 38L& 23}7] W&o
2 B335 A a} g HE:F7)e wet gte] o
Sl A= b Mz o MEF)E ZA Az whad gt
A8 DetAlv. J8l2= linear-quadratic 2@ o) A7k
of 2 Agdcsie HrHE o/fF-S AAzE A e
e ol R 27] dbgzA M w8 130 linear-

quadratic 2"l o] wlwH Zhghsp AP NZAESIA

-.-}NHU

of & sl B3] MAFaANE A 7|EdAT olHT
4= 9ot
oqu] Aol retinoic acid FeiTte.2x HEp-2, FaDu
M EF| A retinoic acid U] Fod Z R} M EAIAFo] ¢F 25-
40% A= ¢} retinoic acid ¥ F 10UA| o) A ZzAAA
AA7F A2l A =Estm == 209 ©]A} retinoic acidE
FoAE 2 NZAAG JA $Ee] Bl SR go
o retinoic acid o] FA] A Z Z2]o] w2 A 3Lz o]
oA W2 a2 AE FAEH Zelade B} Q)
o}. o] A& retinoic acidel] €3+ M= AJA A7} apoptosis
v FAtel 22 A AL o Fo] elEl 7E A<l cytostasis
HEo 2 WA a3ea JAFR o retinoic acid o9
F9A WG Wk Pl o)F AL H¥se] ma
7-]] }47(]-‘3].}_—_ 01-91 EZ) & 771-7-]] % 7—]0]___1 3‘]—01- z]_g_\,]-
Z W AL olFE sheAE Ik & Zlon.
5‘:_3:1- 9-cis-retinoic acid®} 13-cis-retinoic acid”} ATRAX T}
29 HzFoA AEFHA Ao o Fot A=zAA
A o] o HoPST shein}. o= RARO| retinoic acid}
9-cis-retinoic acid®} Z &3} ¥l RXRE 9-cis-retinoic
acidel| 9t ZA &3} retinoide] A& RARI} RXRel] £l
w7457) WEoleh, 2F, ATRAZM %2 RAR $448
A A7) A] 5, uM =AM f7r¢] ATRAE 9-cis-
retinoic acid= A} o] RAR#} RXR $84] =252 g4
A2 4~ )t} Retinoic acidol] 23t M= Z4] A9}
WA A Z71 = retinoic acid o 27} 27E 4=
o8 A3t} o} 3} retinoic acide] A= 24 A
AR A 1Y) A 71 BEAIA] ggront
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