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« FEAHATSE -
EGFR A1 NRF2 X H, B 48 5 5 201 DNA
kv =Rl Al

aF k%%
PEHEFHFRLTWREFRAREFHALN, RETEAHEFS H»T#&
EFEEEEET, KZE 300192
@AZAE4: &, Email: xuchang@irm-cams.ac.cn
[HE] BH HITFREE K752k (BGFR) FIkHE 7K F B2 #H5EH T 2(NRF2) % AEY

5 HeLa 452 31| FB B FR AT 41473 )5 1) DNA it RIEE/ER . Ak W A E S HeLla 20
ffe 2 FPAb 3705020 (1) RN THE RNA @4 HeLa 40119 EGFR, SRH"™Cs y SRS}
TR IR G40 . HF HeLa 20 023 Jy % IR 2H (HeLa siCtrl) . % EGFR 4 (HeLa siEGFR), R4
(HeLa siCtrl+8 Gy). #ji[% EGFR+/8 4} 4H (HeLa siEGFR+8 Gy). K FH & 2¢ 65255 (8 Gy I 4T
J5 6. 12, 24 h) K40 PR L 41 11 H2A A8 F R (y-H2AX) foci BIEURE ; SR A S et
R G HFEE R N (RT-gPCR) il NRF2 FU#HUIER ;R A W40 AR K EGFR % HeLa 21
AR R0 5 R A% T 40 25 5L 543 B HeLa ANARAYAN BT 2L (R MIAZ R s SRR A e 0
WK NRF2, EGFR, ML HAA™ 1(HO-1), FLPr ki BNl E § sk A8 5K Rad3 #H6
ARG (ATR) Thr1989 13 55 B R fL K- . K AT A 38 1(CHK 1) £ Ser345 3 5 I B FR fL K - o
(2) R /T RNA #if% HeLa 4041 NRF2, RH'Cs y S48 IS IR IR ST 4. 5 HeLa 44
Hil 43 A %t BE 28 ( HeLa siCtrl). 7% NRF2 41 (HeLa siNRF2). HEHf4H ( HeLa siCtrl+8 Gy). mklé
NRF2+R 4f2H (HeLa siNRF2+8 Gy). R e o 6L il 4 v v-H2AX foci B . FF &
TEZS 30 (TR BORH 4 8] L3R FIR O REA i (5 265%). &R (18 Gy it 6. 12,
24 h J5, HeLa siEGFR+8 Gy Z41fi 7§ y-H2AX foci BRI Z T Hela siCtrl £ [(94.00+£1.00) %
XF(89.67+2.03) % (72.33+1.76) % %F (60.00£1.73) %. (43.00£2.31) % XJ(26.33£1.20) %], H.2%
A X (¢=3.919, 4919, 6.402, ¥ P<0.05), 5 HeLasiCtrl 414, HeLa siEGFR+8 Gy
ZH A AR G2/M 3D BELTE S 25 2 36 [(46.53+3.06) % X} (37.90+4.61) %], HERASGIHT#E X (=
4384, P<0.05), 5 HeLa siCtrl 41 %, HeLa siEGFR+8 Gy 41 HO-1 253k T [ 66.66%(1.35+
0.10 X 0.45+0.02), H2ZEFH S i12#5 X (8.782, P<0.05), % EGFR J5 4004 PY ) NRF2
KRG, S5 A NRF2 T i ATR-CHK1 1551 8835 16 K F & HO-1 78 /K 14 1%
fit. (2)8 Gy M5t 6. 12, 24 h )7, 5 HeLasiCtrl 24, HeLa siNRF2+8 Gy Z14HfiH y-H2AX
foci [ 4 & ¥ £ F HeLa siCtrl 41 [(96.670.88) % XTI (89.67+2.03) % (77.33+1.20) % X (60.00+
1.73)%. (54.3342.19) % %t (26.33£1.20) %], H2ZFHH Git% 5 X (=3.166. 4.919. 11.220,
¥ P<0.05), & LB AT, Bl EGFR AT LI/ NRF2 AR, 1 ATR-CHK1
S BT SR UREE D HO-1 BERIR, RRAIRNE B0 HeLa ZHMIAY DNA $ifh 8 EGE T,

(ki) FIHE; DNA $iffi; DNABE; REAERKETZA; ZHEFEET E2 HEHE
+2
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[ Abstract] Objective To investigate the effect of epidermal growth factor receptor (EGFR)
and nuclear factor-E2-related factor 2(NRF2) on DNA damage response and repair in human cervical
cancer HeLa cells after exposure to ionizing radiation. Methods Human cervical cancer HeLa cells
were treated in two groups. (1) EGFR was knocked down in HeLa cells using a small interfering RNA,
and the cells were irradiated using a '*’Cs y-ray irradiation source. HeLa cells were divided into control
group (HeLa siCtrl), knockdown EGFR group (HeLa siEGFR), irradiation group (HeLa siCtrl+
8 Gy), and knockdown EGFR+irradiation group (HeLa siEGFR+8 Gy). The number of phosphorylated
histone 2A variant (y-H2AX) foci in the cells was detected by immunofluorescence assay (6, 12, and
24 h after 8 Gy irradiation); the NRF2 downstream target genes were detected by real-time fluorescence
quantitative polymerase chain reaction (RT-qPCR) assay; the expression levels of flow cytometry were
used to detect the effect of EGFR on HeLa cell cycle; nucleoplasmic separation assay was used to
isolate cytoplasmic and cytosolic proteins from HeLa cells; protein immunoblotting was used to detect
the phosphorylation levels of NRF2, EGFR, HO-1, ataxia-telangiectasia mutated gene and Rad3-related
kinase (ATR) Thr1989 locus, cell cycle checkpoint kinase 1 (p-CHKI1), and Ser345 site
phosphorylation level. (2) A small interfering RNA was used to knock down NRF2 in HeLa cells, and
the cells were irradiated with a "’Cs y-ray irradiation source. HeLa cells were divided into control
group (HeLa siCtrl), knockdown NRF2 group (HeLa siNRF2), irradiation group (HeLa siCtrl+8 Gy),
and knockdown NRF2+ irradiation group (HeLa siNRF2+8 Gy). An immunofluorescence assay was
used to detect the number of YH2AX foci in HeLa cells. Inter-group comparisons of measures
conforming to normal distribution were performed by two independent sample -tests (chi-squared).
Results (1) After 8 Gy irradiation for 6, 12, and 24 h, the number of YH2AX foci in HeLa siEGFR+
8 Gy were more than that HeLa siCtrl ((94.00£1.00)% vs. (89.67+2.03)%, (72.33+1.76)% vs. (60.00+
1.73)%, (43.00+2.31)% vs. (26.33+£1.20)%), and the differences were statistically significant (/=3.919,
4.989, 6.402; all P<0.05). The HeLa siEGFR+8 Gy impaired radiation-induced G2/M phase cell cycle
block compared with the HeLa siCtrl, ((46.53+£3.06)% vs. (37.90+4.61)%), and the difference was
statistically significant (=4.384, P<0.05). Compared with the HeLa siCtrl, HeLa siEGFR+8 Gy
inhibited the radiation induced decrease in HO-1 expression by 66.66%(1.35+0.10 vs. 0.45+0.02), and
the difference was statistically significant (~=8.782, P<0.05). The level of NRF2 protein in the nucleus
was reduced after knocking down EGFR, and the radiation-induced activation level of the ATR-CHK1
signaling pathway downstream of NRF2 and the level of HO-1 protein were reduced. (2) After 8 Gy
irradiation for 6, 12, and 24 h, the number of YH2AX foci in HeLa siNRF2+8 Gy was more than that
HeLa siCtrl ((96.67+0.88)% vs. (89.67+2.03)%, (77.33+£1.20)% vs. (60.00+1.73)%, (54.33+2.19)% vs.
(26.33+£1.20)%), and all differences were statistically significant (=3.166, 4.989, 11.220; all P<0.05).
Conclusions  Under ionizing radiation conditions, knocking down EGFR can reduce the nuclear
translocation of NRF2 protein, inhibit the activation of the ATR-CHKI signaling pathway and the
downstream expression of the HO-1 gene, and decrease the DNA damage repair capacity of human
cervical cancer HeLa cells.

[ Key words ] Uterine cervical neoplasms; DNA damage; DNA repair; Epidermal growth
factor receptor; Nuclear factor-E2-related factor 2
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HET, 58U a7 s TR T T
B, B U IB3~IVB BB H TATHYTY, 2R
29 30% 2 BT B L I MM 2 RN, I,
IS5 ) B S50 40 ML TE 50T IS DNASR 1 5 1 43
FHLF P By SR T SR B A R

% B A K H F 5% I (epidermal growth factor
receptor, EGFR) J& 1 J& 9% & [ c-erbB1 4w i ) 1
T 15 R S TR U 32 AR (TKR), Hip 1210 &
BRI AL, AR BiEZ2 170 000, EGFR 7379 3
AR SEARZE G RSN F S B RELE RA
05 A I 2 R T O PR R 40 L P9 25 A . EGFR
BN R 5 ZRRAE R BUSAOC, Wk . it
Em A EEY . A5 RIE, EGFR {55 S
AL L S EE AN oAb S A L R v R A R AR
H, HAE FeIRa AR By 00 Hh & $ V8 4 A4 e 4 2
PR EH,

¥ % S R E2 A1 ¢ R T 2(nuclear factor-E2-
related factor 2, NRF2) FEfRY 4l ez a4k . 2EH
G R, AR s T
YA N AR S B AP A T A AR, A
WFFEARIEN], B 2 NRF2 #9530 7 5
AT 25 A O, A SCERGE , ERAR
FAANMIH, NRF2 7] DMt EGFR AU, M7EH
Ji 96 20 L EGFR 7] LASE i NRF2 B 30E ™, 3
FEESEANAE A, 55T EGFR Fl NRF2 7E46 51154 S
) DNA i fE 5 b i 3¢ & H ATEE WARIE . A5
5 AR DR A IS 10 S HeLa 40 /1 tf EGFR Al
NRF2 % DNA #5518 5 1 52 ) Je e — 38 2Z [ i A
HXR, NS E SR RT S AR

1 #M#EREE

1.1 EGFR 5&E 8B H AR LR

13 cBioPortal (http://www.cbioportal.org) X J&
i 5 PR 2 133 ( TCGA) B89 2 v ey 290 F8 3 o caie
AT AT
1.2 GRS s

H o WE-3-0 BR Wi A B ( glyceraldehyde-3-
phosphate dehydrogenase, GAPDH)#i{&. B-Tubulin
Pk, Lamin B Hifk . NRF2 bk, Bt & k)
B AN L P/ N R AR e ek B 1 G Cy3 #r
IE M =ET R SR R ER B G 1 T 36 [ Proteintech
/5l s EGFR {43 Santa Cruz Biotechnology

ovwly p-AL T A B AN M A Pk 58 AR S H Rad3
AH 2% ¥ M ( ataxia telangiectasia mutated gene and
Rad3-related kinase, ATR) (Thr1989)#ii{& Il T 3%
GeneTex 22 ) 3 p-#fl M Ji W Ko 4 3 Wil 1
(checkpoint kinase 1, CHK1)(Ser345) Fl .41 & %
& 1(heme oxygenase-1, HO-1) $it f& Il F 3
Cell Signaling Technology /A H]; BifRfb4H & H H2A
A 4K (phosphorylated histone 2A variant, y-H2AX)
(Ser139) HLiAIE H < E Abcam A H]; /ML RNA
(small interfering RNA, siRNA) T J5 N 7 3 3L (R
A R ) 5 RNAimaxFE LR . NE-PER i/
2N 20 o $ B 28 ] Thermo Fisher 23 A ;
JiG 4 1L7% (FBS) T H A& HAKATA A /); DMEM
WARRE TR LG T3 [E HyClone 23 7l 5 4% ZHEUH E
. AL A 1 (BSA). Opti MEM 85 32360 [
ZE[H Gibco 23 Fl 3 PBSZE i ik . Loading buffer,
Tween-20, BULNEE(PDERZ R IE . RO B
R B (Triton X-100) F R F1RE-2 &4 £
2 (EDTA) kK (0.25%) 14 A b R E R AT
BRAT]; PR RNASE G &0 T8 pa SR AR
Y TRAR A Wi R & A At 5 H =4
YVHRAT; 4, 6-JKEE-2-28 5L 05| (DAPI) &
A F AL 5 Vectorlabs 28 Al 3 = B IE 2% WK
(tris buffered saline, TBS) & KT & & 5 43
FA%EAEE LR Al MO 0 (eppendorf,
EP) T KA L FERHE AR IGE 6 B0 L
(5424R #1) W) T 74 [%] Eppendorf 2\ & ; DMI3000B
I8 9O W AUE I AR EER A F; 37°C fHRIE
FEFANE [ i ) R AR A BR A F 5 CFXConnect
SIAE B PCR AU F26E Bio-Rad AF]; Gammacell®
40 Exactor “'Cs y ¥ £& B8 &F Y5 g H i & K Best
Theratronics 23 F] .
1.3 ARSI AL BEAN 32

NE 85U HeLa 20 i v ] [ B2 27 B2 B Al
B 2= T A B g R o i . B 396 HeLa 4]
MLTES 10% Jif2F I3 i) DMEM #5323k, &1
5% CO,. 37°C WIESRANTR . BER 48 h 21X 1K,
AR AL TR R A - £ — DU 12 (EDTA) JH Ak
#(0.25%)s

i i 281Cs y S 2k BR OB IR AT BIR 8 Gy R
9, WU E%N 0.875 Gy/min.

He BT S0 HeLa 4l 4% 2 Ffid BT 2000 2 -
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(1) 2% ] siRNA #if[% HeLa 40 i EGFR, X
WICs y IR IRFTIE IR ST A0 . K HeLa 415 XTI
2 (HeLa siCtrl) . 7 % EGFR 41 ( HeLa siEGFR) .
HE G 21 (HeLa siCtrl+8 Gy) . it ¥ EGFR+HR 51 41
(HeLa siEGFR+8 Gy). & FH it & %¢ )t 52 56 6 Il
AR y-H2AX foci &t 5 >R FH i 2 4t A A DU
2 B SR I 5 R FH S I 2 S i R i A =X
(quantitative real-time polymerase chain reaction,
RT-qPCR) il NRF2 T #E 5L 5 R FHA% o1 40 5
SEH R MO MUAREE s SRR B B e BN
K NRF2, EGFR. HO-1 1 ATR 7E Thr1989 {3}
SR 1L K, CHKI 7E Ser345 {3 m5 () # iR 1k
K- (2) R siRNA i [% HeLa 4l i () NRF2,
KHCs y RIS AR A0, HF HeLa 2050
XFHEZH (HeLa siCtrl), #if% NRF2 £H(HeLa siNRF2),
18 5F 20 (HeLa siCtrl+8 Gy). il f# NRF2+8 5t 41
(HeLa siNRF2+8 Gy). >R FH 50 55 % 't 512 46 46 1l 41
i y-H2AX foci OB,
1.4 siRNA fif5g

EGFR /1 siRNA J¥51 % : 5-GGAGAUAAGU
GAUGGAGAUTT-3'

NRF2 [ siRNA J¥4125: 5'-GGCAUUUCACU
AAACACAATT-3'

HEOLRT 1 d, CRRAL TR K Y HeLa 41 At
it 5x10° AN/ALEEFR T 6 FLAR T, FREMBEE N 50%
Ay, O 1 mlEE 10% G4 S DMEM
Rig# 3, HU 4 pl siRNA 4 pl RNAimax 5% 4485
Ay WA BT 200 pl Opti MEM 532 56 rp, 4% 2 Fb
WWIR G, B EWRITIERY), SiRiCE
5 min, BFHRA WA S 10% G4 1L 7% #9 DMEM
KR, G208 A AR AL A A3y 5y, Bk
£ 37°C. 5% CO, WAL A TIEE 8 h, MA
1 ml & 10%JI5 45 1L 75 B9 DMEM 85 55 5 (R & Ak
R), MEHIRE 24 h, WEERAIHH TR 2505
1.5 AEBAr B S

IS 6 h, W4 Hela ZHH%E EP 45, ffi /1]
TR PBS ¥k 2 Ik, T PBS, MNA S & FEGT
il 391 B 20 i s $E B 5R) T (CER 1), W€ EP 4%
15 s, fii 40 B Uk 52 2 B 7% o K EP B UE VK I
J¥E 10 min, [a] EP & Hin A 40 5 $2 B 50 T
(CER II), ¢ EP & 5s; 4% EP & 78 0K I}
A 1 min, WHE S s. B EP EHEELAL(16 000xg,

4°C) "B S min, 7 BPRE_E T R (A0 M BT EEIBOR)
BER R 9 — AT EP A, A 173 (R
4xLoading buffer, &%), 100°C Zf#75¥E 10 min,
Br= R B AR PE (BRIAD S BiF T A A
Tt 00 ) 590 A0 4% B BBGRCR) (NER) HR R iR 7 1 28 4
=, IAHE 15 so BREASCZEVK EFE, & 10 min i
JiE 15s, FME 5 K. BHEARTE ELOALT DIR R H
JE(16 000xg) B> 10's, 7 EIEE L35 (AR EUR)
R AT B EP B, A 1/3 B
4xLoading buffer, T 100°C Fi#H7 10 min ZYastt,
1.6 4l e s N m

BEXT B K I HeLa 40T 1x10° 4~/FL4%ERb
2 12 FLB P BB A b, RIS SN RE S UE T
8 Gy M AT, /- BI7ERgt 6. 12, 24 h J5 B H 23
A, I PBS Bt 3 1K, HK 5 min; AIA 4% HE
EW, ZIREE 20 min, ZJ5 M PBS ¥ 3K,
BRR 5 ming i FHTUA I 0.3% B 4 5 A
fik ( Trinton X-100) = i 4b BE 4 8% /- 30 min, PBS
PE3 W, ®IK 5 min, ffH 1% BSA(PBS fic & )
4°C FHMHEI A 2 h, 1 y-H2AX Jiikd 4CHE
12h, FPBS U3 &, &K Smin. H Cy3 #ricfyil
FHURAREREERE A G ERADOEFE I 1 h;
JH PBS ¥t 3 ¥, 4K 5min, JHE 4, 6-JpkkE-2-
ORILISIe (DAPD) B Rl L K3k R &
3B 9 WA NI Sk A y-H2AX foci
AR .
1.7 SR B SR B S

K H Western blot 146l EGFR, NRF2, ATR.
p-ATR, CHKI. p-CHKI HJ % A kK. 435
PEHUAS4H HeLa 4UME RS, MR W, B
30 pg & PTG SAR RR B -2R N A R (SDS-
PAGE) HLJK 43 85, %%, # M 2 h, MA p-ATR
(Thr1989)(1 : 1000), p-CHK1(Ser345)(1 :1000).
EGFR(1 : 1000), NRF2(1 : 2000), GAPDH(1 :
5000), B-Tubulin(1 : 5000), Lamin B(1 : 5 000)
—HURBEER, 4°C IFE A, fHTH] TBST(tris buffered
saline with Tween-20) $£%% 30 min, 1A 3T (HRP
TRIBGEFLLAEST R R RRER A G)(1 = 5000),
FIRIFE 2h, TBST %% 30 min J5 B3,
1.8 RT-PCR

R P RNA $2 B0 S 52 U LS. RNA,
FHisiE G 808 RNA 558 H AN DNA(cDNA),
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Kzl EGFR, HO-1 &R, [FE R GAPDH
HEEMFRE, ERMAS. P HAM: 95C G
10 min; 95°C 48 155, 60°C iR X1 min, fE¥F 35
Ko W RT-PCR AT R B, SR 279 12
XPEBARIAT . S AE TAY TR (L) By
ABRAEGH, FIT,

GAPDH 5|¥)/751 :

1E[] 5-GTCTCCTCTGACTTCAACAGCG-3’

Rl 5-ACCACCCTGTTGCTGTAGCCAA-3'

EGFR 5|¥1751 :

1E ] 5-AGGCACGAGTAACAAGCTCAC-3'

J 1] 5-ATGAGGACATAACCAGCCACC-3'

HO-1 519751 :

1E[H] 5-CTTCTTCACCTTCCCCAACA-3’

S5 5'-AGCTCCTGCAACTCCTCAAA-3'
1.9 2SR A4S

B8 KA HeLa 40 $E 5x10° 4N /ALAEFRD
T 6 L, FRAEsE MBS, XA T 8 Gy
W, 6h JEUcsEdnite, FH PBS W&k 2 ¥k, 2% PBS
J& B 70% CEE 4°C B2 41 2 h, 4°C &0
(2 000 r/min, BN 10 cm, 5 min) £ 4
s, ffFHF0 Y PBS TH VE4H A 1 X, %BR PBS,
5 PR P BE (PT) 2% ph il B AL, 37°C skt gy
30 min, 57 3 XA A SRS 248 ] B
1.10 Gl

i [l IBM SPSS Statistics 22.0 A4 % 5035 vE47

EGFR 5% [lF°
FERAL 1 485 SC5AE (M B 45 L5 ()

o3

URHNE HRIZRAL (FESORFD | 1R 58

Gt tr. fAAEIESTA TR TR, 345 %
7N, AR HeEE SR P ST AR AR ¢ A5 (T 2255 ),
P<0.05 HESAGI2FE L,

2 #R

2.1 EGFR 5E#UEEE AR LR

B SR R P AEAE 5% 1Y EGFR JER 2848, H:
H A SR R R B R AR AL (E] 1A), HRK
A BGFR &R 2848 () 5 S0 AR A AR L, AR AR
R A A (E 1B), KL 45 R 487K EGFR X5
g B E AR B CEZL, nEN SRS
TRITHERR
2.2 EGFR. NREF2 %I HeLa 4iJfi DNA $i{i1& & fit

paLiok-Al|

Y e DL LR A R o, 7 8 Gy IS
6. 12, 24 h, HeLa siEGFR 4 fifi+ y-H2AX foci
() %5 & ¥ 2T HeLa siCtrl £ [( 94.00+1.00) % *f
(89.67+2.03) %, (72.33+1.76) % % (60.00£1.73) %
(43.00+2.31) % *F(26.33+1.20) %], HZSHH 5
Pt (1) P<0.05)(K 2A), 8 Gy BREG 6. 12,
24 h, HeLa siNRF2 2 Zfi i y-H2AX foci 1Y %5
) ZF Hela siCtrl4] [( 96.67+0.88) % %I ( 89.67+
2.03)%. (77.33£1.20) % *§(60.00+1.73) %, (54.33+
2.19) % XF(26.33£1.20) %], HZEFHBEFRITHE
(¥ P<0.05)(&l 2B), iRscghst K, mif#
EGFR 3 # NRF2 ¥ 0] AR & U5 HeLa 40 11

100 -n EGFR REAY] (n=14)
90 EGFR 274541 (n=283)
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Figure 1 Genetic alterations of epidermal growth factor receptor in cervical cancer patients and its relationship with survival rate
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