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The Effect of Irradiation and Epidermal Growth Factor on Cell Cycle and Apoptosis
Induction in Human Epithelial Tumor Cell Lines

Won-Jeong Han, Min-Suk Heo, Sam-Sun Lee, Soon-Chul Choi, Tae-Won Park
Department of Oral and Maxillofacial Radiology & Dental Research Institute, College of Dentistry, Seoul National University

ABSTRACT

Purpose : This study was aimed to evaluate the cell cycle arrest and apoptosis induction after irradiation and
epidermal growth factor (EGF) treatment in three human epithelial tumor cell lines (A431, Siha, KB).

Materials and Methods : Single irradiation of 2, 5 and 10 Gy was done on three cell lines with 5.38 Gy/min dose
rate using Cs-137 irradiator at room temperature. Also, EGF of 10 ng/ml was added immediately after 10 Gy
irradiation. Cell growth was evaluated by counting the living cell number using a hemocytometer at 1 day, 2 days, 3
days, 4 days and 5 days after irradiation. Cell cycle arrest and apoptosis induction were assayed with the flow
cytometry at 8 hours, 12 hours, 1 day, 2 days, 3 days, 4 days and 5 days after irradiation.

Results : Growth of irradiated three cell lines were inhibited in proportion to radiation dose. EGF treatment after
irradiation showed various results according to cell lines. On all cell lines, G2 arrest was detected after 8 hours and
maximized after 12 hours or 1 day. Amount of G2 arrest was positively dose dependent. However, EGF showed no
significant change on G2 arrest. G2 arrest was recovered with time at 2 Gy and 5 Gy irradiation. However, at 10 Gy
irradiation, G2 arrest was continued. Apoptosis was detected at 10 Gy irradiation. On EGF treated group after
irradiation, A431 and Siha cell lines showed slightly increased apoptosis but there was no statistically significant
difference. KB cell line showed no marked change of apoptosis induction.

Conclusion : Irradiation effects on cell cycle arrest and apoptosis induction in three human epithelial tumor cell
lines, however epidermal growth factor doesn’t effect on. (Korean J Oral Maxillofac Radiol 2000 ; 30 : 71-79)

KEY WORDS : G2 arrest, apoptosis, cell cycle, irradiation, epidermal growth factor
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1) MIZHH2E
ul} 2] 3= Dulbecco’s Modified Eagle’s Media (DEME, Gibco
BRL, Grand Island, N.Y., USA)9] 10% fetal bovine serum
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ml tubeo)] 2 37 phosphate buffered saline (PBS, ph 7.4, Gibco
BRL, USA)e 2 MA3 & 1x 1067H-°;] A E2Z 70% cold
ethanol 5 ml2 4°Cel|A] 3}34F =l AR A)Fc 44 &
g 8led ethanol® A #8t3 0.1% bovine serum albumin
(BSA, Amresco, USA)S % 7}3t 5mle] PBS=E. A& 3}
7} tubed 25 ul propidium iodide (PI, Sigma, Germany)/25 pl
RNase (Sigma, Germany)/200 ul PBS &8 Y& ¥ o%
& B $AHEA 147 o]l SHE BA7] FAC
Star plus flowcytometry, Becton Dickinson, USA)Z DNA £
M5 ~=a9e o DNA §49 Wies 7ot

5. apoptosis R+ =&

WA 2R} B AAQIAE T 8AIZE, 124]7F, 14, 2
Q. 39,49 59 & 1x 105708 ME2 F38}ed 70% cold
ethanol 2 3148} 31 ethanolS A| 73+ % 0.1% BSAE 7}
g PBSZ MMt Pl 4doz QAT 5 fAZ £4
712 pre-G17]¢] ¥ E-&& F3dch
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1. ME NESe| Wt

A431, Siha, KB Al 25 2% RAlgFo] Z71d4E dizx
ol vsiA AE M EH7F A (Figs. 1, 2, 3).

10 Gy2] MM A} Fof] mI|AAIALE T8 74
o] A431 M ZF= HRAA T AL ARG QS HE2s
7} 743193 Siha A 252 AE N Z2H7E S8k et
94 e Zele 9= P>0.05). KB N Z2F:E F o
7kl & Aol F HolA] ¢kskt} (Figs. 4,5, 6).
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Fig. 1. Living cell number of irradiated A431. Each value repre-
sents an average of at least three experiments. The bar at each
point is the standard deviation.
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Fig. 2. Living cell number of irradiated Siha. Each value repre-
sents an average of at least three experiments. The bar at each
point is the standard deviation.
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Fig. 3. Living cell number of irradiated KB. Each value represents
an average of at least three experiments. The bar at each point is
the standard deviation.
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Fig. 4. Living cell number of A431 which was irradiated 10 Gy
dose only and added to 10 ng/ml EGF after irradiation. Each value
represents an average of at least three experiments. The bar at
each point is the standard deviation.
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Fig. 5. Living cell number of Siha which was irradiated 10 Gy
dose only and added to 10 ng/ml EGF after irradiation. Each value
represents an average of at least three experiments. The bar at
each point is the standard deviation.
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Fig. 6. Living cell number of KB which was irradiated 10 Gy dose
only and added to 10 ng/ml EGF after irradiation. Each value re-
presents an average of at least three experiments. The bar at each
point is the standard deviation.
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o] F v} 5Gy A 8417 Fol] G27] EE X7} 28% =
Z745)7) Aldsted 12412 FolE 40%2 F7HE AT} 1
A (16%), 24 (17%), 34 (12%), 44 (15%), 5¢ FET%)N =
2o X3 10%9} v)&d 5] . 10Gy AL
Al 8217k Foll G27] REA7} 19%2 F74E7) Alxketed
12A)17} ZFoll:= 49%=. Hgom 1Y (31%), 2 (19%), 3%
(22%), 44 (22%), 59 Z(18%)l| = hz+2 Lx3x 10%
B} F7hE A= (Fig. 7).
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Fig. 7. G2 phase distribution of the A431 irradiated with 2, 5 and
10 Gy. Each value represents an average of at least three experi-
ments. The bar at each point is the standard deviation.
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Fig. 8. G2 phase distribution of the Siha irradiated with 2, 5 and
10 Gy. Each value represents an average of at least three experi-
ments. The bar at each point is the standard deviation.
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Fig. 9. G2 phase distribution of the KB irradiated with 2, 5 and 10
Gy. Each value represents an average of at least three experi-
ments. The bar at each point is the standard deviation.
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Fig. 10. Relative percentage of G2 phase of A431 which was irra-
diated 10 Gy dose only and added to 10 ng/ml EGF after irradia-
tion. Each value represents an average of at least three experi-
ments. The bar at each point is the standard deviation.
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Fig. 11. Relative percentage of G2 phase of Siha which was irra-
diated 10 Gy dose only and added to 10 ng/ml EGF after irradia-
tion. Each value represents an average of at least three experi-

ments. The bar at each point is the standard deviation.
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Fig. 12. Relative percentage of G2 phase of KB which was irra-
diated 10 Gy dose only and added to 10 ng/ml EGF after irradia-
tion. Each value represents an average of at least three experi-

ments. The bar at each point is the standard deviation.
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Fig. 13. Relative percentage of pre G1l-phase according to the
irradiation dose on A431. Each value represents an average of at
least three experiments. The bar at each point is the standard de-
viation.
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Fig. 14. Relative percentage of pre Gl-phase according to the
irradiation dose on Siha. Each value represents an average of at
least three experiments. The bar at each point is the standard de-
viation.
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Fig. 15. Relative percentage of pre G1-phase according to the
irradiation dose on KB. Each value represents an average of at
least three experiments. The bar at each point is the standard de-
viation.
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Fig. 16. Relative percentage of pre Gl-phase of A431 which was
irradiated 10 Gy dose only and added to 10 ng/ml EGF after
irradiation. Each value represents an average of at least three
experiments. The bar at each point is the standard deviation.

(31%), 59 F@B0%)ol = NZ2F9 BZA 14%2T =7}
g el o=t (Fig. 9).

10 Gyo] ¥ & =AM ¥ w3 dAIAE F8 7
ol Ad31 MEFE G27] E2XX7} 29 (24%), 3 (25%),
44 (30%), 598 F(20%)°ll FAIAL 2AME 42 19%,
23%, 23%, 18% R} t}i Z7)els AL Rglort E4
A f9ALe 94 (P>0.05) (Fig. 10). Sihas} KB A=
FE F 27 Aelrt A9 ¢t (Figs. 11, 12).
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A431, Siha, KB M| 5 2Fo|A 2Gys} 5Gy EAFA] 6
£ Wzl vlEA pre-G17]9] <kl E sy} glolent
10Gy &A= 1Y 3 29 $32E] Z7157] Al=tst
Aot & A431 M Z2FE= A 24 1Y 3] pre-G1714]
kol 2%= F7VH7] A=At 24 FRE] 5Y 3R 4%
FEE A8 29 (Fig. 13) Stha Al Z2F+= 1Y o 2%
2 571571 AAsle 59U Foll T%7HA 7Eg F) %
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Fig. 17. Relative percentage of pre G1-phase of Siha which was
irradiated 10 Gy dose only and added to 10 ng/ml EGF after irra-
diation. Each value represents an average of at least three experi-

ments. The bar at each point is the standard deviation.
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Fig. 18. Relative percentage of pre Gl-phase of KB which was
irradiated 10 Gy dose only and added to 10 ng/ml EGF after irra-
diation. Each value represents an average of at least three experi-
ments. The bar at each point is the standard deviation.

& B33 (Fig. 14) KB M ZF= 2d 3o 4%2 F7)5
7] A&Fete] 59 F74x] 4% = 9o} (Fig. 15).

10Gy ¥l 2AF F 23472 F+952] apoptosis
U =S 2A3 A3} A431, Siha A 5= wpARAEE =
ARE AR Frlele ARE Bdedt $A%H #9
AL 993 (P>0.05) KB Al 25+ ztol7t A9 $Adis
(Figs. 16, 17, 18).
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S7) Zel3 G27)elA deld 2 g)ch. Gl blocke THEE
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vehde vz A APEEE AZFE G27d AEZE
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3} apoptosis7} o= M EZF7|A 1A wzbe A bF-e-3}
Al B AT Qo) Bz} o] o3| 24
e AlE 7S A 24 F A A glojshs £
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tosis®] FLH =7} ol HlE Z 2holF HolA sk

-

I

o

A% 9

I A4313 Siha M| Z=F= 1Y 3HE 3A Z71sigow
KB MlZzF= 2d FHE =374 Z7131¢9 v} apoptosis W&
A1Zk2h G2 arrest WA ZF4-F v ws)] EHw A4313 KB A
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