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[HE] =588 DIEKERKETZK (epidermal growth factor receptor, EGFR ) Al i i) 43 H 1] iR
JELEAE/ NIt ( non-small cell lung cancer, NSCLC ) [HiAY7 R EZEMIMEA . EGFRZEAE (W 84 X EGFR%
SR ( EGFR-tyrosine kinase inhibitor, EGFR-TKI ) JG¥7 8UE . Jr e, (RIS iyraianfr, &
H R AR R R AT 2 . KR WFSTAIFSE, EGFRIER [ IR 9848 (' T790M ) 2 E T 2 1) 33 Jgi A
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W8S ORE NI N39.20% . LI LB AR S  FEAINNSCLCAN MR T790M IS AR Ir S I TR 2, ASLIG b oT 25
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Ionizing Radiation Reduces TKI Resistance Caused by T790M Mutation in NSCLC

Cell Lines
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[ Abstract ] Background and objective Epidermal growth factor receptor-tyrosine kinase inhibitor (EGFR-TKI),
which targets EGFR, plays an important role in non-small cell lung cancer (NSCLC) treatment. Patients with somatic acti-
vating mutations in the EGFR gene exhibit significant initial response but eventually develop resistance to TKI. The second
mutation (T790M) of the EGFR gene is the possible main cause of drug resistance. The aim of this study is to investigate the
effect of ionizing radiation on EGFR-TKI resistance caused by T790M mutation in NSCLC cell lines. Methods We selected
H1975 and H3255 as research subjects and tested the mutation states by real-time PCR analysis. Radiosensitivity was deter-
mined by clone-forming test, and drug resistance was detected in different groups by MIT assay. Results H197S is an EGFR
double mutant (L85S8R plus T790M), whereas H325S is an EGFR single mutant (L858R). The cell survival fractions of H1975
and H325S did not vary in different treatment groups (P=0.952). Thus, T790M mutation did not affect the radiosensitivity of
NSCLC cell lines. The IC,, of H1975 in the 2.5 Gy group [(0.678; 240.373) pmol/L] was statistically significant compared
with that in the 0 Gy normal control group [(3.520+0.821) pmol/L] (P=0.008). The drug tolerance of the H197S cell line by
89.5 dropped to 39.2 times. Conclusion Ionizing radiation can reduce TKI resistance caused by T790M mutation in NSCLC
cell lines. Our results provide a research basis for future in vivo and clinical studies. Radiotherapy combined with EGFR-TKI
treatment can be a promising strategy to overcome T790M-mediated drug resistance.
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This study was supported by the grant from Jinling Hospital (N0.2014049).

A5 X R R R B2 T (No.2014049 ) BEH)
EFHAN: 210002 FERT, R RSB A0 R 2E e pE l X it B s B CGIIRAVERS : KRB, E-mail: zhuxixu@hotmail.com )



* 476 ¢ oo ] i 2 5 20154E8 4 18%: % 8] Chin J Lung Cancer, August 20185, Vol.18, No.8

DL AER B AR 1 2 B A K IR 7 52 A IR L
57 ( epidermal growth factor receptor-tyrosine kinase
inhibitor, EGFR-TKI ) 2l i0y7 AR5 2, JUHXS
EGFREZZHY . AW . WA Lotk i, Hy7 R0t i
F i R EBEE RS ISR A HERS . TRIAYTE 2545 AT
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S0% YT 25 A . FIHT, EGFR-TKIMR 24 8 #5 /Y )i 42
TRYT IR AR R ) E S (R TR T A N it
J&% ( non-small cell lung cancer, NSCLC ) JAY7 AU B Z ik,
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L1 A ffabk S =250 A AREEH197S . H325 S bk
B Tk st b g B A W H R W ST B . EGFREE R 28748
o ) T ) SR A R R A A L E AR
Je ( Gefitinib ) #3504 T K%k X CAEWHARAGRA A

DMEM#5 57 38 2 [ GIBCOZA Fl )™ i . DNA#E B
&R 92 E Omegas w77 il . MTTHR 5 by 52 ] Sigma /A ] 7~
dh o ELR I AR A E L BERRA A w7 OB R R
5 A H A Olymupus /A F] 77 iy . PCRY 3 {LABI17900°4 32
FE|ABIA A 77 i . FEFR{Y Micoplate Reader 450k 3% [F Bio-
Rad/3 F] 77 i o

1.2 SEDGEREPCR M EA KIHAYHL975 . H325540 1Y
FDNAFR G & 45/ 2D BRPE U UDNA I Hok
5 KPR DNA R Ak B 2 2R B2 ng/uL; %
HE EGFRHE K 28 A8 Ry 0] G A A0 8K, e, B AL,

PCRIZMZ5MEN : 5—BrE: 95 °C S min IMEH; 55—
MirBr: 95°C25s, 64°C20s, 72°C20s, ISPEFR; 45—
M. 93°C25s, 60°C35s, 72°C20s, 31MER; (55
WegE: 55 —FrEr60 *CHPIAEFAMAIHEX (E(VIC) {55,

PATSZIRPCR, RAF3CHE; e 3R,

1.3 FEREIE S OB AE R I A, +ie FRXER AR It
FR R W A [T 5 E A 248 53 ) 2 R T 60 mum 241 i 4% 5% 1L
H1 (0Gy. 2Gy. 4 Gy. 6 Gy, 8 GyRRIILFLFN 2 M %5 53
W3004 . 600, 2x10°4, Sx10*4~. 1x10%)~, FA4

R A B3N PATAL, LR ER3R ) 5 AMIGEES 6
MV-XELHATIRST, B T37 °C. S%CO, 748 4k 2Lk
F210 d-14 d, @B YR AT WA A sE R, Sk
Fige bk, PBSMIE3M, 4%Z R HIEEEE 1S min; fIIALE
TS R YR 620 minZE Ay, K VR R BRYYR,
FIRACE AT TR FUE BT TR LA i e R
BRSO B s [ )« TR BR G AL ve PR TE
% (plating efficicy, PE ) FIEAN50 5T 940 A7 15 704K
('survival fraction, SF ) , PE= (0 Gy#l|i& FTE A Fa %K
/AR EERNEL ) x100%, SF=HE— 5 B 5T 41 B TE LAY
SERER A AMERMEEIXPE ) |
1.4 MTTSCEG BOMEUA KA, ks, %M
5,000 FEFL I 2 BE e Rl Fo6f LAl P, E F37 °C. $%CO,
FERF PGSR 24 hy AHONGEE S FH 6 MV-X4Zk 43 1] 4% 0
Gy. 1 Gy, L5Gy, 2 Gy, 2.5 Gy 7HRE}; K Gefitinib
TR (DMSO ) %, #EATRT LR RS Lo
A E R Gefitinib, i BE £ I 20 TAEME . — Bk
SAS-7A RSB (S5 iR AR 70902« 100 wmol /L
10 pmol/L | 1 pmol/L, 1x10" pmol/L | 1x107 pumol/L | 1
x10° pmol/L, 1x10™ ymol/L, 1x10° ymol/L) , %EfL100
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S TR20 pLARZE 4 hy ZAk¥ESR, WAILNKRREE, &
FLIN150 uLAYDMSO & 45 K F K H# R 10 min, 45 54%) 78
NIRIE, TR (570 nm ) JE & FLIYMOEEE (A
i) 5 WaETREFL . XRAL; # DU ASTH R 2% b
e A PR A 1 25

i ge A L A AR = (1SS 2 AJE/ %) BEZH AL )
x100%; BFEPEAL PSS, F)F Graph Pad Prism SEA41144
IC,, (CRETmierE ) ¥,
1.5 Giil2# )71 R FGraph Pad Prism SE{4:HISPSS 13.05%
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2.1 H1975, H32SSIEGFRE RASIRE R SLIF 28
e BPCRYE, XFSZE U I AYH32SS . H197S4H A ik ik
ATEGFRIEER RGN 5 25 JL501IE 55 50 e 5 A H197 S 4 i Ay
L858R+T790M M ZE 75 #k . H325S4M i JyL8S8RFALZL AR ff
(K1) .

2.2 T790MZR AL i 5 BB i E ) SERETE N SE B0 45
R RH197S 5H32S S A% SF2{H 43 51 4 0.62F10.64 .
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TEAHF S5 FARBRS , PRk A M A A7 o B C Wl B 22 =
(P=0.952, K2, K3) . Z5RE#RT790MZEZEXINSCLC
2 AR PR TS B T R

2.3 LB HR XS T790M %8 7% i 37 8 2 Tt 24 14 52
MTT 3 A W AS [ 551 o X 2k G 5 35 AR B JE XTH1975 |
H325 S bk 38 78 05 P 0 52, 5 e o i) ok
ICqo REAXLIRGIHHII7SIIIC,H (3.520+0.821 ) pmol/
L, %2.5 Gy XA 5 A% (0.678+0.373 ) umol/L,
EFAGI R L (P=0.008) ; RZXLHREFHH32SSHY
IC;, 7 (0.041£0.020 ) umol/L, %52.5 Gy XER4E 55 F#AI%
7 (0.017£0.009 ) umol/L ( P=0.224 ) ; ARJEF7H B4R 5T
B}, H197SIIC, JEH3255185.96%, 4:2.5Gy XLk n

% 1 H1975. H3255 kR R AAIC,,
Tab 1 The IC,, of H1975 and H3255 in different treatment groups

Meh39.24% (1) o DL F45 5 T790M 28 A8 FENSCLC
Y1 R 2 ) EE D R 5 F B R T P R IRNS CLC A i Bk
T790M7%E 75 I £ A EGFR-TKIffi 25k

AR, XFFNSCLCHIAYT, ST AR R &
AR, (BT CET S, B =R RN
BRI TG R o B )y g7 R AT 8 97 48 HL Rt A
ARV, © BN 32 TE R A B IR IT ik 2z
oM 7 409%-809%NSCLC ) B 8 A EGFRILIN , 2
KA RIEROCHENZR, OB IMEIR YT 1 O A5

Radiation dose (Gy) IC,, of H1975 (umol/L) IC,, of H3255 (umol/L) a:b*
0 3.520+0.821 0.041%+0.020 85.9
1 2.685%1.129 0.036£0.013 74.2
1.5 1.939+0.627 0.029£0.007 66.2
2 1.079+0.801 0.022+0.011 48.2
2.5 0.678+0.373 0.017%0.009 39.2
*a:b stand for the ratio of IC;; measured by A and B. IC,: inhibitory concentration 50%.
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Cycle Cycle

B 1 H1975. H3255 4Rk HIEGFRR LM TE (A, E:L858RILFAMEFTIZMLE ) B. D H19754AAEM 2% ; C: T790MR LRI Bz dhZk | F - H3255 4R 2%) .
Fig 1 The EGFR mutation curves of H1975 and H3255 (A, E: positive quality control curves of L858R mutation; B, D: curve of H1975 cell lines; C:

positive quality control curves of T790M mutation; F: curve of H3255 cell lines). EGFR: epidermal growth factor receptor.
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Cell survival fractions (Log)

B 2 H3255. H19754 Bk B Se PE LR 1B L. A: H325540 Atk ; B:
H197548 itk

Fig 2 The cell clone situation of H3255 and H1975. A: H3255 cell
lines; B: H1975 cell lines.
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G,

XF FEGFR-TKIM 24 J5 16 57 14 12 SO0 A iE B2 2 UE 45
b, — RGN AT EAE A T . — 00 [P 5
PRIT T EGFR-TKIVAYT H B U S J5 iRy i, AR
SRR BB R T] | fegg 67 A U8 28 I RAE AR 63504 £
Hor gk CBRERI=3 N, SRR L,
JirE G fr PRGN, PSRRI ) . R (5
JtEtl=6 A, SUAEPEAEARLE , g S R g
FERTESr <143 ) FRRdER (BemiEm=3 N, 07T
P AP R A N RS, RIS <143 ) =Rl R O
Ko ERILRENE om0k R 1) BB d Ak SE TR
JEEAAITY . AR, AN BN B A LT
HBLE MR IR YT R B ] SR A . R A kL
ERFMIGHENIRIT S, MR e R E
L BRI VR BOR 22 4 e AR [ B4 43 A 4

1' 3 H3255%AH 197548 A 31 8 - 7 i 2 P
Fig 3 The dose-survival curve of H3255 and H1975
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R E A Rt U HB255 /004, ARSI 45 5 5 Pao %



o ] i 2 25201548 H A 1844 8] Chin J Lung Cancer, August 2015, Vol.18, No.8

<479 -

WFFEEE AR, HE— A I0AIE T T790M %825 JENSCLC H %%
EGFR-TKITiif 24 {5 25 K . ] FH 6 MV-XZE % 9 # 21 ifg
PR TAS R R0 S i, O VO e A B o 5 R e e 1)
Asfk, SR RH1975 5 H325 S TC B G 7 5 11k
BT SHRG R 2.5 Gy, H3255 5 H197540 ]
PRIICZ [, i8S 95 RN 39.24% 5 Ui B o s 5 ml
PABEAIENSCLCAN IR T790MZE A T B TR BT 2451 . F
BRAT AT A T790M AR T B AL R e i 25 K AR g, K
PLEL M AR, 75 B0 Z IR A MRS, AN,
Herh—FiaT R i B AR ST EGFRZ AL T4 = kgAY
T Gerlinger% ™ it W5 WA Ay £ T e e 40 JfO 7778 35 14 3
G SN, H BRI T H 197 S A T790M %8 745 15 A % [
ik,

i LTk, MR R RIRIEZIN . ZME. £
R, ZMREAE. 2B ETEER R,
FALHE AT N RESCEL MR ARTA MR IR IT I B . BRE
7 T SR YT T A A R IR IR T R SRRt Z B
AW GG FAL A FRAT T iE— 25 F 5% H B 4 S B AN T KT 24
FIRTREMLI, WEGFR-TKIMH 24 f 3 BA TR — A 7
BIRIT RN, LU MZEA TR T BRI RO o 41t
LSz S8

2 % X W

1 Cao FF, Zhang LL, Wang S, et al. Effectiveness of EGFR-TKIs versus
chemotherapy as first-line treatment for advanced non-small cell lung
cancer: A meta-analysis. Zhongguo Fei Ai Za Zhi, 20185, 20(3): 146-154. [
R, SRIIE, F L, S5 EGFR-TKIs A0S 7 LA — 2Ry r=lE/Nan i i
TS TR meta 3BT v [ AR AR, 2015, 20(3): 146-154.]

2 Liu M, Lu MX, Zhou CZ, et al. Retreatment of non-small cell lung cancer
with EGFR-tyrosine kinase inhibitor. Zhonghua Zhong Liu Fang Zhi Za Zhi,
2014, 21(S): 325-328. [XIH, FiATE, JA ARG, 45, A/ N LI EGFR-
TKIFHRYT SO R LG M ALRIR TS A g B ia A4, 2014,
21(5): 325-328.]

3 Pao W, Girard N. New driver mutations in non-small-cell lung cancer.
Lancet Oncol, 2011, 12(2): 175-180.

4 Han B, Zhou X, Zhang RX, et al. Mutations of the epidermal growth factor
receptor gene in NSCLC patients. Oncol Lett, 2011, 2(6): 1233-1237.

S Chang CC, Chi KH, Kao SJ, et al. Upfront gefitinib/erlotinib treatment
followed by concomitant radiotherapy for advanced lung cancer: a mono-
institutional experience. Lung Cancer, 2011, 73(2): 189-194.

6  Weickhardt AJ, Scheier B, Burke JM, et al. Local ablative therapy of
oligoprogressive disease prolongs disease control by tyrosine kinase
inhibitors in oncogene addicted non-small cell lung cancer. J Thorac Oncol,
2012, 7(12): 1807-1814.

7 Helena AY, Sima CS, Huang J, et al. Local therapy with continued EGFR

10

11

12

13

14

15

16

17

18

19

20

21

tyrosine kinase inhibitor therapy as a treatment strategy in EGFR mutant
advanced lung cancers that have developed acquired resistance to EGFR
tyrosine kinase inhibitors. ] Thorac Oncol, 2013, 8(3): 346-351.

Jiang M, Zhang C, Wang J, et al. Adenosine A(2A)R modulates
cardiovascular function by activating ERK1/2 signal in the rostral
ventrolateral medulla of acute myocardial ischemic rats. Life Sci, 2011,
89(5-6): 182-187.

Jiang M, Wang Q, Karasawa T, ef al. Sodium-glucose transporter-2 (SGLT2;
SLCSA2) enhances cellular uptake of aminoglycosides. PLoS One, 2014,
9(9): e108941.

Jemal A, Bray F, Center MM, et al. Global cancer statistics. CA Cancer J
Clin, 2011, 61(2): 69-90.

Wu GM, Zhou CC, Qian GS, et al. Experts consensus of molecular targeted
therapy for advanced non small cell lung cancer. Zhonghua Jie He He Hu Xi
Za Zhi, 2014, 37(3): 177-183. [ 5 [= B, JERAT, oA, 45, wa Ik /N
NI o T HE IR 7 ZS . PRI AL, 2014, 37(3):
177-183.]

Mok TS, Wu YL, Thongprasert S, et al. Gefitinib or carboplatin-paclitaxel in
pulmonary adenocarcinoma. N Engl ] Med, 2009, 361(10): 947-957.
Mitsudomi T, Morita S, Yatabe Y, et al. Gefitinib versus cisplatin plus
docetaxel in patients with non-small-cell lung cancer harbouring mutations
of the epidermal growth factor receptor (WJTOG3405): an open label,
randomised phase 3 trial. Lancet Oncol, 2010, 11(2): 121-128.

Zhou C, Wu YL, Chen G, et al. Erlotinib versus chemotherapy as first-line
treatment for patients with advanced EGFR mutation-positive non-small-
cell lung cancer (OPTIMAL, CTONG-0802): a multicentre, open-label,
randomised, phase 3 study. Lancet Oncol, 2011, 12(8): 735-742.

Rosell R, Carcereny E, Gervais R, et al. Erlotinib versus standard
chemotherapy as first-line treatment for European patients with advanced
EGFR mutation-positive non-small-cell lung cancer (EURTAC): a
multicentre, open-label, randomised phase 3 trial. Lancet Oncol, 2012,
13(3): 239-246.

Maemondo M, Inoue A, Kobayashi K, et al. Gefitinib or chemotherapy
for non-small-cell lung cancer with mutated EGFR. N Engl J Med, 2010,
362(25): 2380-2388.

Yang JJ, Chen HJ, Yan HH, et al. Clinical modes of EGFR tyrosine kinase
inhibitor failure and subsequent management in advanced non-small cell
lung cancer. Lung Cancer, 2013, 79(1): 33-39.

Gerlinger M, Swanton C. How Darwinian models inform therapeutic failure
initiated by clonal heterogeneity in cancer medicine. Br J Cancer, 2010,
103(8): 1139-1143.

Das AK, Sato M, Story MD, et al. Non-small cell lung cancers with kinase
domain mutations in the epidermal growth factor receptor are sensitive to
ionizing radiation. Cancer Res, 2006, 66(19): 9601-9608.

Pao W, Miller VA, Politi KA, et al. Acquired resistance of lung
adenocarcinomas to gefitinib or erlotinib is associated with a second
mutation in the EGFR kinase domain. PLoS Med, 2005, 2(3): e73.

Zhang XN, Zou W, Ma JA, et al. Change of radiosensitivity and reversal of

drug resistance in gefitinib-resistant lung adenocarcinoma cell caused by



* 480 o [ il 2 5 20154E8 B 18 %% 8] Chin J Lung Cancer, August 20185, Vol.18, No.8

T790M mutation. Zhongguo Quan Ke Yi Xue, 2014, 10(30): 3570-3574. branched evolution revealed by multiregion sequencing. N Engl ] Med,

(KAt rs, AR5, Hhik e, 45, T790MIEAL BBl {4 e iif 24 i i /i 2012, 366(10): 883-892.
40 L TS I P A S T 25 PR e O 5. TP A B BR 2, 2014,

10(30): 3570-3574.] (WifE . 2015-04-20 f&[E]. 2015-06-25 )

22 Gerlinger M, Rowan AJ, Horswell S, et al. Intratumor heterogeneity and (At THE)



