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HIBERR AL H2AX (y-H2AX ) K EGFREE G7EANNE 92 1K 10, Western blot kA ey i ML 5 M A% 2 1 FHEGFRAY 3=
Bo BRI, H3SSAN S M 50 IRALTEA 0T ] A5 A SF2{E 7351 4 0.355710.433; HCC8274 iy 512
B 55 % BEAL R 45 0T 70 it A A SF2 M 43 31 0.223 110242, 220R I . O IR A2 BB LA BE U4 Gy e 4515t i)
Broemn HH3S SN g H2AXBE A LU IREHZ 22, HLRRE i (R B . 1T XF FRZH RIS 36 2H T HC C82 740 fifd g-H2AX
BESTEA IR BOF IO W 22 575 WOLILIR A G WA IR 4 Gy )i X IRZHHBSSIWEGFRIE I EL hg AR, T35k
B Je A FSEGFRIE LT ARARZG s SCB2H Kodf B HCC27 4 il (UEGFRFE A B I T, A% ih AR el
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[ Abstract ] Background and objective The epidermal growth factor receptor (EGFR) is an important determinant
of tumor response to ionizing radiation. Elevated levels of EGFR expression and activity are frequently correlated with the
radiotherapy resistance of tumors, including that of non-small cell lung cancer (NSCLC). The molecular inhibition of EGFR
signaling is a promising therapeutic strategy for enhancing the cytotoxic effects of radiotherapy. The aim of the present study is
to determine whether gefitinib, a selective EGFR tyrosine kinase inhibitor, can radiosensitize the NSCLC H358 and HCC827
cell lines. The study also aims to elucidate the mechanism, by which this drug restores the radiosensitivity of NSCLC cells.
Methods The two cell lines were divided into two groups, the X-ray and gefitinib-interfering groups. The former was irradi-
ated with X-rays only, and the latter was treated with 1 umol/L gefitinib for 24 h before irradiation under the same conditions
as those for the first group. Clonogenic cell survival assay was performed to determine the radiosensitivity of both cell groups.
Immunostaining for confocal microscopy was performed to observe nuclear y-H2AX repair and EGFR foci after irradiation.
Nuclear EGFR expression was also detected by Western blot analysis after radiotherapy. Results The clonogenic cell survival
assay revealed that the surviving fraction at 2 Gy (SF2) of the gefitinib-interfering group (0.355) was lower than that of the
X-ray group (0.433) in H358 cells. There was no significant difference between the SF2 values of the two respective groups in
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HCC827 cells (0.223 vs 0.242). The confocal microscopy results found that gefitinib increased the average number of y-H2AX
foci after irradiation in H358 cells, but did not affect the foci in HCC827 cells. Based on confocal microscopy and Western blot

analyses, gefitinib also inhibited the translocation of EFGR into the nuclei of H358 cells. However, EGFR was not observed

in the nuclei of HCC827 cells for both treatment groups. Conclusion Gefitinib enhances the radioresponse of H358 cells,

which may be attributed to the suppression of EGFR transport into the nucleus. However, gefitinib does not affect HCC827

cells, where EGFR remains in the cytoplasm after irradiation.

[ Keywords ] Epidermal growth factor receptor; Lung neoplasms; Radiation tolerance; Gefitinib
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BURIAYT, RS R A 15% . Fp AR K
T2 ( epidermal growth factor receptor, EGFR ) 7E KL% |-
BRI Mg vh b e 22, G B 33k 5 R 20 L e 48
LS. 22 BTN AR NG, A s
KU, EGFREERBHMMIGITIIA —EXR, &7
FM R A LS AT AN U R, IR EGFRER A
S HET RIS FC) 38 S AT RE 2 0 0 e e A 0 s e
P T RS IAE/ NI IEMiE ( non-small cell lung cancer,
NSCLC) B# R MG T-B, SR ik&
TE 3G 0T ik J6 200 B A 5 4 P % Tm] e 1 2t i =2
s B LS HRAREE R 25 W S 0 7 I R B v e R Y SR
R I A Z — . A2 (ZDI839, IRESSA,
Gefitinib, ZHiiih ) & —Fh FIR A 28 B A K 32 14
5 ( epidermal growth factor receptor tyrosine kinase
inhibitors, EGFR-TKIs ) , #%FH TMHINSCLCHy —Zkak =
LIBYTF, T AT S EGER [ B RERR 1k S H W i 0
WG, RERR R AN B, ERIE TS R R G
T E IS bl BESSHE SRNSCLCIRYr UK . ASEE
B WM, AR R J2 S B X NSCLC A i Rk HC C827 11
H3S8A7 i 7 1 B I L R I

1 R 57R%

1.1 #kB ANSCLCHHEARNCI-H3S8FHIHCCS827, Il [
o ] B8 2 B A e Bl R 2 i BT B Al B 2 L ot . 3
HINCI-H3S8 N EGFREFA AU, BELPIK P REY 1Y, X
AEEs JE U ; HCC827 HEGFRIYE746-A750% Ikl ok

X AR e, L AR e, BT A A
Y, FREDHER TDMSO, 29K 410 mmol/L, 433
J5i-20 ‘CLRAF A . RPMI-16405555 3R 5 i AE WA PR
" P2, Histone—¥$1 A Biovision/A H 7= 5, A A% 3K &
o s P B G o 2 = RIS B, R

FE A H AR Olympus /3 1] 7 it

1.2 ik

1.2.1 #iffil55E ANSCLCHIMIARNCI-H3S8 FIHCC8274%
FP 27100 mL/LATFK SR A MLIERPMI-16405¢ 42 55 F7 1K
B, EF37°C. SO mL/L CO,. AN E 0% 1 4 il ks 5
FEThEETE, ARG REAR G, O R A R A T 52
1.2.2 IR ST BRSO K A AR B 0.5 e M)
b K E LM AR LA B 180, LALRUEAR[R] R Y
F AR X o 6 MV XER$4 Fr i 77 H i Hh 500 U
1.2.3 SEREIE L B0 75 I E R JE XTH3 S8 FTHCC82 74 il
PTGV E T OB E KA, FHPBSYE 28 /5,
AT B A M o P A O 5505 s R A i 3] 53
BEE, PR AN [ B R S A 5 A M 23 60 mm A2
AL, B SR S 1 3 R AL o 4t A BE J 0 BE 2H I 48
W, 2RRANMIHCCS27FIH3S8I 23 il 43 M2 4H . BaliX Lk I
SR XE+FAER e, RN pmol /L ER JEAE
FH24 W5 400 Gy, 2 Gy, 4Gy. 6Gy. 8 Gy§tkHrst,
SRIG BIEFRAR IR 1014k, LB AT 1R 21K . T+
FiFR B4R, PBSTEGE S FHHBELE E 20 min, 0.1%45 4
YA min, [ AR TR ANAT B T 1T E=501 4t il
MIFLRER . LLO Gyd T s B P B % ( plating efficicy,
PE) , AN HIE T WA E R (survival fraction,
SF) , PE= (0 Gyjfl| & MAE&E/ AR ) x 100%,
SF=2E— 5| 5 RE S 2 4 MR 1) el / (I 2 2 B o
BIxPE ) , MRYEHAE ZHSF2=exp (-aD-BD*) 15 HH
Lt AR RISFfE, HE3K,

1.2.4 9t R LA i s Fh 244 LAk, (140 7E
SR FIGREAE A, MR H3 S8 FIHCC827 43 )il 43
N2 FAEXZ BRI . X+ AR e 4L, St ddm
1 umol/LH AL JEfEH24 h, LU4 Gy XERBRSS )5 T LAPBS
Uk, 492 5 T 07 Ja AN [A] s B8] 151 72 15 min, PBS{E
33, 0.2% Triton X-100Z% JEAEAI1S min, PBSEE3i, 5%
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IAEE P ME %L b, JN#T1:80 (r-H2AX; EGFR) 4 °C
T, PBSYE3ME, #EOGFITC-IIHE (1:50) 37 °CHEE S0
min, PBSYE, 1y.g/mLHoechst33342§é$ZlS min, PBSPE,
HmdE R, WERSI b, BOURE, BotiRER
R MEL

1.2.5 Pl L4 Gy XERBROTANIL, XL+ AR ed
A1 pmol/LEAER JE 4211124 hTAALEE, LLIFCT J5 AS ) it
(R AL, B ORI, i 2 v H R SR P A% 2
M, BCAEIEE Mk B M. Tl & sw%ildiie, 8%
JBE, Lh60 ugfi BAE, HiJK, 5180 mAF%J90 min,
350 mAF% 90 min, HUIMEGFRIEL, S%/FiAgH5Hy % il df 4]
90 min, I$i ( EGER 1:1,000; histone 1:500 ) 4 °C3:f %, PBS
¥, HRP-IHiZ= R H2h, PBSPE, ECLZE RS min, T
YRS

L3 etttk SRAISPSS 1L.SGei kit A4 . 30
7SR BB R FHMean+SDRIR , S 2H 5 % FRA A9 2H
(] 2% 5 H A R R I 40 B, P<0.05 R 25 S AT Se 2425
X

2 HR

2.1 SRR R ELA R AE AR AR e IE B R A,

IR, X+ B2 4 H3 S84 A b BR 2t X2k 20 i A AF
Mk R 225, WAL Z ARk (FL) |, %
B, BEARBR AT R, PARAR R SEEECH 5L, W&l
Fim, XZ&+359E% 2 41H3S8 1 SEE B i /N TF PR Al jicy7
H, THEHISFAE, PALEXZRZHSF2{E 40.433, fNZ41SF2
{8 40.355, 150 B 24 40 H3 S840 M Xof e 7 B 40R% . i %of
THCC8274M i, XZk+7 L8 e 4l ML ali X2k 4 1) A= A7
ML B 225 (K2) , HAHASEE, Maijiir
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Fig 1 H358 cells dose-survival curve

40223, 24140242, LTI SE A A AR R JE T RE X
HCC8274f iy T B o (1) iy 7 34 Fsss i

2.2 POt R AR BB WS IS AN ] s (8] B4 A Y
Y-H2AXF RGO HO6IEIR AE WA WL O 7 i A [ i
] BeAZ% N y-H2AXAE 5, XFTFH3SSANM, E3hiE s
AMEAZ, SRS R y-H2AXEE L, S52RBIR, Halixek
A (FEIBA) y-H2AXEE S T 0T 530 min N FFLR 4, 1
h y-H2AXEE S Bk M g, MG Z#iE/>, #l12 WLk
A, 24 hERWAT . XL+ AER e dl (E3B) y-H2AX £
SUTEAS BT (B B H B AT L 2, T 5 4 b AT LA
Zy-H2AXEE L, 20T G 24 h y-H2AXEE SR A7 7E

XFFHCC8274i i, [Fl4rh ik (A A iud% , S Eh
Y-H2AXFE S G5 EoR, FRAiXgd] (El4A) FIXZ+E
el (4B ) W4 ] y-H2AXEE s 26 0T J5 45 B )
BRI B 225 .

2.3 WOt A BB WA T IS EGFRALIE I ottt
R4 DB UER T IFEGFRAARZ, X TH3s84lff, &S
T AR AR, ZIBNIEGER, 25 IR, HaliX
A4 (EISA) EGFRTEMUT F30 minF Ui AR%, 7E1 hibik
g, XE+FHAER el (EISB) EGFRYEA A B
ZUEMMT R ERIK, AR XFHCCS2741, &
6 (A A, 1D NEGER, S5H IR, HAIXEZL
4 (E6A) FXk+HIER e 4l (&Kl6B ) EGFRTE4S T[]
BERIBIE A2, RIS FE b 32k, HIEAR
Bi/lE 38

2.4 Western blotkil 07 5 AU 3% A% HH EGFRE A AE L1
. Western blot45 5 i n, XFTH3S84HME, 794X
4l (E7A) EGFRIERUT G A ARG, WE RN,

MBS JE 1S minJFUREGFRTE MU h ik £, 21 hib sk
WIRIRR, RIS, MK P EGFRAEIATE A I [a] B

1e°

Survival fraction
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Fig 2 HCC827 cells dose-survival curve
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ROh R30 min R1h R4 h ROh

R30 min R1h R4 h

R6 h R12h R24 h R6 h R12h R24h

B 3 HALRERMBENEHI584M4 GyRITE AR B R AMZA y -H2AXE R HIES. AT BEXEAE B X&+5IEERA,
Fig 3 Immunostaining for confocal microscopy testing for nuclear y-H2AX foci of H358 cells after 4 Gy X-ray. A: X-ray group; B: X-ray+Gefitinib

group.

A
RO h R30 min RT1h R4 h ROh R30 min R1h R4 h

R6 h R12h R24h R6 h R12h R24 h

4 HAARERMBENRHCCE27 A4 Gy i fr RAEIRT B ERABBEAZ A y -H2AXE S B, AL BREEXZRAE | B X+ H IR A,
Fig 4 Immunostaining for confocal microscopy testing for nuclear y-H2AX foci of HCC827 cells after 4 Gy X-ray. A: X-ray group; B: X-ray+Gefitinib

group.
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5 HMALRERMBENEH358MM4 Gy R TR E R EEREGFRAIZIEN. AL RAIXEA | B XK +HIEERA.
Fig 5 Immunostaining for confocal microscopy testing for nuclear EGFR foci of H358 cells after 4 Gy X-ray. A: X-ray group; B: X-ray+Gefitinib group.
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B
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E45 min E60 min

6 MOLHRERHIENRHCCE274/4 Gy R fT EAE AT EIEREGFRAMZIE . A REIXE A | B: XK +HIFERAE.
Fig 6 Immunostaining for confocal microscopy testing for nuclear EGFR foci of H358 cells after 4 Gy X-ray. A: X-ray group; B: X-ray+Gefitinib group.
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Fig 7 Western blot testing for cytoplasm and nuclear EGFR of H358
cells after 4 Gy X-ray. A: X-ray group; B: X-ray+Gefitinib group; C: The

densitometric analysis of EGFR expression.
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Fig 8 Western blot testing for cytoplasm and nuclear EGFR of HCC827
cells after 4 Gy X-ray. A: X-ray group; B: X-ray+Gefitinib group; C: The
densitometric analysis of EGFR expression.
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WS 5y A A, U BHE GERAE ST J5 ML E A A% .
XL+ e e 4l (E7B) EGFRIMIMZEMNK &k, A
LW 255, NEGERFE KR, R HBER %
JREERE it RGTIEAS S B BEAE, ISk (]
7C) , AR TR, ZRASRIHEX
(P=0.031) , X MM KEMEIETERIAH, XUt
H3SSHNMIAE ST IS 1 hiN, FEASASAHIE A B ] A, XER+
FH AR JE A MM AZEGFRE IR /DT rAAXZe 2], PIRER
T R e Al 42 B EGFRAT e % . X T
HCC8274fijifd, HaliXZkd (KI8A) FIXLK+H AL JEdH
([#I8B ) WiZHEGFRYEA I A B TE e vh 35ik, iz
RAHAFTE, B P SF o H 25 . RABEK
IG5 i RGBS K EE L, AUk A
(KE8C) , XTSI TROX R 36, 2255 a4
X (P=032) , XULHIHCCS2741MIFETIE1 hiN, TE&
AR A AR B 10 5, BAAli X 2R 2 FIXZR + 35 AR - Je 4 X 4
HEGFR#EAIF TS, HEGFREE [17E Mk th 3k i
DT

3 it

EGFRIE I M 2 2 ARErb-BRIG B1 Z—, BT
i 2 PR A Tl A A TR -2 A, SIS A2 AR LE R A48 R
SRR B — e B RIS, SAMRGsE . ik
AT A A AR UIA G . HEGFR AN B (1
EGF, TNF-a, Neuregulin®f ) 25& ol 782 T H iR 41 .
AN iR ZEERE PR, S5 2SI R
PEERIE T RIEX, BN ARG, ek
ZAR A SRR AL, WO T UL S5 P W Ras/Raf/ MEK/
ERK. PLCv/DAG/PKC. JAK/SRC/STATLJ )2 PBK/AKT
R, RN SR A A A AR L I A R T IR
R AR T UMY R T R AT R s A
NSCLCIARMEIRYT 158, HL BRI AT 5] i DNAK A= 4% F
KII A, o XU 2e ( double strands break, DSB )
EREIIE A, B, YT E DSBS A Y
o e A S RO A D IR . R RIMF R B
EGFRZ Y5 [ DSBH#IHIEE il #2, fetgilit ZFikiz
SR M R A4 L ) ISR SR . B TR R AR, AT LA
WUSEGER, A% 51 EGFRAE AR BC A (1917 B B #E A
A%, S5 DSBIEK Y % I DNA-PKIE s H
A, {EEDNA-PReR ML, SCIDSBIERE ", 5
Hb, EGFRULATIE S T e i, WiRas/Raf/MEK/

ERK/MAPK }2 PI3K/PDK1/Akt ( PKB ) 3 % 3 I8 15 40 i )i
T2, HEEE . FIATEER, JFS2unDSBAS A OCHE A LA
Bk, TSI U@ B AT AT EGERIHE [i]
IBIT EMCNSCLCIRYT B A . EGFRHLITRESLIARC22S
C A2l S 1k PG T IR IR . ALk
BRI A R SCC-13YFE X4, WA R BN IR & FRIR
HESTA R BB SY, C22S34m] FRAR A1 408, 38 ik
SR AN T, RIS RO . A aFs
KB, C228il i i yT J5 EGFR A K 5 DNAE & AH ¢
HEFIDNA-PKES G, G T fili 6 40 it ik A S 49 1 7L i 98 4
JIPEMDA MB23 10T RS . ARFR B AT H AR
Je A A 5 C22 S AHRLI Tl ST 38 BB, B AT R BB

A S I BRNSCLCA Mu bk, 43Il )2 H3S8F1
HCC827, H P H3S8 EGFREFAEAY, FERLA/KP- K&
W X E AR B U ; HCC827 NEGFRAYE746-A750%4 %
FRERIG, X AR JEBUS . AR P AR A0 IR AT IC A S 7
AR JE i, PRI pg/mL AR R/ Ok

A S 5 AR A 7 A R RO S e BT A L TR
SE(EZ MR AEAF I 2 . T LLUE BIH3 S840 Xk +75 3F
B IR LA AT ) A0 B A R I XER AL, SF2{E L[]
FEGII . BEWTRTE T fE R A ESE T AR 2 TS
H, ORISR R T AR S AR KRR AN REIE
WO, BV AR e A H3S SN I 1 T B in . T
HCC8274 iy 52 56 241 Ko Xt BEZH SF2AE I T B 22 57 . vl
TE 1S ik B 555 AR JE AT $ e 20 AR H3 S 8 1Y IO T ek
PR, T ZE AR HCC827 0 B S i 7 SO

20 # [TH2AXTEDNA % A DSBH & AL ik, R
FEITH2AXZ: 5 DNASU G S FAER RN AR e v BT
Y-H2AXAE e 5 DNASS 3 B A A —— XTI G R
DK, y-H2AXAT DAAE SR AR et 2 s S e i
JEPER AR T NI AR e R A RO R
SEMDNASHIMER , FA T i e SR AR O B s
FE T TIOT JE AN R EF T) B 4 MU A% N y-H2AX I 3R ik . 4521
WoR, XFTH3S8AMML, LI TSR HT I A0EA% A
Y-H2AXHY IR, BAEBUTIR L hik 3w, JeBil .
XL +7 A8 JE 2 1 y-H2AXHE 2 7545 1B R] 2 34 1 ik
ZFHaiXZd, HEpZmtmER, XUl 7 IERRE
A IGIET IF DSBS, (145 H3S8 41 M ity JS DSBIE
W2, JEAER TDNAMM R, I YT R
YEM . XFTFHCC8274M ML, WiZHy-H2AXAE sl (04810 S ¢
LRI ICRRR 22 57, LT R PRZLDSB R EUAH A,
AR JE 8 950 A RO AR 1S INHC C827 241 i 11 ik S 80 Jek
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e

R o PR O S R A EGFR AR, K
7138 1 A SR AR B RS T PR 4N M 0T T )5 EGFR I
TR E AN . SR TR, X TH3S8uM, Faix
LA EGFRIENUT 51 hNHE A AMIAZ, FFAEL hAbik 3 &
W TIXZR+7 JE R JE 4L EGERYG 5 76 45 A I 1] B JLF-#6
ST N, A AR D SCAAAE . T THCC827
YA, PIZHAYEGERTEL hN AN [R] ] ] 5 5 76 40 A o vh &
ik, WM NIRD ST, WAIFTOR R 25 5. XUt
BT JE H3S8AIEGFR A B, 1ITHCC827 i i EGFRA
Ao ARSI A o, WA REGERIETY T Al
A, HHHDNAK K [IDNA-PKEE A 58 T J DSBIY
&5, MR BET IR AR 9828 BEGFRT 5
ANARZ, ANBEHDNA-PRESHS, DT B H X 7 i 5
&, WA R, RS RUEGER AT TR
Z I HT A RINSCLCHNNL,  HRHWT#T A= RIEGFRIV T PR
YEH, 45 58 RIEGFRIZ M M AS L R B0 L0 L AT i
JPPRIPPERER, I E™ A T B BT S 0

Sy itk — 20 B IR W AR A0 ST SIS EGFR AR O, FK
fiTfWestern blot#5 Il 1 AST 5 IR A AL BT . A%
EGFRIRIA . 4R EIR, XTH3S84HM, FRAiXLLTE
Jiy7 JE 1 hiN LK EGFRFE IARERT a3 /b, Mii%EGFRE 1A
BT AYE 2, 781 hik B s, MXZ+5 IR JE 4IEGFR
BIfe g kik, Hoe sy, 4z NR sl
WAHEGFRFEL; X THCC82741, i4HEGFRYE I E
FHIAZ ) RIS Jota i 22 5, H4l A
TRk 22 5, X 5 IR A9 i iU E P WL ) 1 45
AHA . HH T EGFRAT i SO H0E 2617 T W5 5 1
e, Hh By RIEGFRA] HAEAE T I5 A%, SDNA-
PKesZ45 #E 1 T DSBAE SR BT IR 9 IVE T, R FRAT]
ATDAHEN, 35 R e AT R il i 7 JS EGFR AL
DNAfESZ 25 FADNA-PRES 5 KGN 74800

AT B 2 bR W] 28 BINS CLC A i bk EA T T
AhsEss, S5 EoR, FRIKR AL RIEGERA 4 M X T
FP g, PTG DNAB R ZBH; miA s, #
IRk B A RUEGFR 1) 22 MR 240 B U] 18 BT T I A 30 I DNAE
52, IS H AR T EGFR W fig i i B AR AT 5 5 1 /Y
DSBS & 1l 15 O T B . AR A5 R B R,
X T RIS A TIEGFRIVANML, 7E2 3B E, 7T
DI 5 DSBIE & 1) G 8 FIDNA-PKES 4, JFl i
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