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[ Abstract ] Background and objective It has been proven that chemotherapy combined with epidermal growth
factor receptor-tyrosine kinase inhibitors (EGFR-TKIs) could not increase response for advanced non-small cell lung cancer
(NSCLC), but its cellular mechanism was not well known. The aim of this study is to assess the effects of sequential administra-
tion of docetaxel and gefitinib on the cell proliferation and signal pathway of lung adenocarcinoma cell SPC-A1 and its cellular
mechanism. Methods The mutation of EGFR and K-ras gene were examined by qPCR-HRM. MTT assay was used to measure
the cell proliferation. The expression and phosphorylation of EGFR, ERK, AKT and IGF-1R were determined by Western
blot. Results No EGFR or K-ras gene mutation was found in SPC-ALl cells. Compared with docetaxel or gefitinib alone, no
synergistic effects on the cell proliferation were observed in cells treated with docetaxel and gefitinib concomitantly or gefi-
tinib followed by docetaxel. However, sequential administration of gefitinib following docetaxel could remarkably increase the
inhibition of docetaxel on cell proliferation. Docetaxel increased, and gefitinib decreased, the phosphorylation of EGFR and
ERK respectively. The suppression of pEGFR and pERK induced by gefitinib could not be activated by docetaxel, whether
simultaneously or subsequently. No significant effects on the expression of AKT and p-AKT were found when docetaxel and
gefitinib were administered simultaneously or sequentially. Docetaxel decreased the expression of IGF-1R. Conclusion The
phosphorylation of both EGFR and ERK, not the phosphorylation of AKT or the expression of IGFR, may contribute to the
synergistic effects of EFGR-TKI following chemotherapy on the cell proliferation of NSCLC.
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g7 AR B A A TR 7 s 2 IR A A 1) 5 ( epidermal
growth factor receptor-tyrosine kinase inhibitors, EGFR-TKIs )
SEMIHAE /N YRS ( non-small cell lung cancer, NSCLC )
IR EEOAT TB, ZEEMALEIARTE, e EECE
N HRE A SUAE R, (HZ O ImIRPFR 2R3, )7
254 S5 EGFR-TKIs R IR 1 TR R8O A A B ARG T Bl
fRI7, oAby ) ¥ BV T EGER-TKIs A BE 7™ A b [F] 34 5%
PR, [ I R ™ A 335 F 5 EGFR-TKIs 41l A
JASA R A A BERARAN M A7 25 Wy Bt A7 5 ), (R
JeAbd 7 G BN FHEGER-TKIs ™ A= bl ] 384 251 5 4 i
JRAARAR TGS, FLRh DI M A AL A 15 P B

EGFR-TKIsifl 1 41l il EGER K . T li# A 5B g 1ok AL
—RRHL P/ B FEB ( phosphatidyl inositol -3-kinase and
protein kinase B, PI3K/Akt ) N 22 B8 505 Ak B 1 e/ 2
AMES PRI 1/2 ( mitogen-activated protein kinases/extra
cellular signal-regulated kinases, MAPK/Erk1/2 ) &5, i
g s . 1R2E . R RN BRIERIBIIEEIE
N, ST 258 S EGER-TKIsY) ] MM EGER S R 5
S HE AL, 7EREGFR T790M %A X EGFR-TKIs /£
Ak i 25 NSCLCA I, k)7 )5 F BN FHEGFR-TKIs
7oA DM RIS AR T 5 AT 25 2 i EGFRIEIR fh A7 <00,
R 9] 5 s O EGFREF A RUNSCLCAM A2 75 it F i
ARWARE . Hi, AR H B0 T EGFRE 4
TN i g SPC-A LA MU FE AL T 2541 15 EGFR-TKIs AN [F]
J 520 A AE K RIEGFR B L 5 S 15 R ki
AR FR, T FH R S 25 A EBGFRIF A= HINSCLC
A B Y w] BEA A S BILAR

WFFR R B, A FENSCLCTE N 11 2 T g 25
HFAEE RS ZRAE KT (insulin-like growth factor, IGF )
17 (IGE-1R) #ik, IGF-1RFIEGFRH#E i #415
PI3K/AktHIMAPK/Erkfe IR AL E 1, FEAnIE S 515
SHEBLIRE EAATEAEAE T . A EMAF KR . IGE-IR
FR 5 AN XHEI7 X EGFR-TKIsHUBMEAR 0021 T3
2 ITGE- 1R IR BIGE- IR 77 AT L 2 25 NSCLCAH i xf
I7 259 S EGFR-TKIs U, LIS ey 245 W) Uk
PES I PIBK/ART R R4, L2, EGFR-TKIsH
NATGE-1RFIEIY, Aby7 25 W) a0 2 DY fb B85 i e 40 e 4
T HLHIIRALHE T XFIGE- 1RGP 0315, fbF7 5 EGFR-TKIs
P BHRITIT AR A 5 8 MHIGE-1REE [ 5 38 B 52 1 A5
K, HETENARIARE ., ik, AR 1~ Hr
ST A 22 V4 At TN 75 {2 JE AN [] 45 24 s I3 X6 N it i i 4
JISPC-A1AK M ANMIEGFR . ERK . AKTZR ik M BERR ALY

S, (AU R IGE-1RFE IR 54, LI RIGE-1R
FERTE AN 2AAU P BFE R, A H AT R AS FEAR Y
NSCLCHRZ B IR TT 7 T 2B AKE

1 MRE7A%

1.1 Bk AR AN e sPC-A1 H RN E AN A
TR ME . MTT. DMSOW H Sigma/A Fl . 7 LR JE Al
22 VG A B 53 531) el BT 35 R B T 245 PR W) S 95 i 2 i)
A, H%FDMSOH, LLSx10° mol/LABTET-20 °Cl4
ffo IGF-IR—¥{. B-actin, pEGFR—¥i. ERK1/2—HT .
pAKT—HT Lk S pERK1 /2 H Cell Signaling/A 7], EGFR—
Y. AKT—¥Hi H Santa Cruz/A 7], I & BRI Bk B
Jackson Immuno/A ], BCAIRF & H Pirce/AF . ECLAL
kIR F A M H GE HealthcareZy 1) . DNARBGAF] &
W B RABAY A A HBIKAL S A2 KOG IR & 58 HBio-
Rad/A E]™ i, B G2 AN R Biocell20 1024 Fl 7™ i
1.2 ik

1.2.1 4iEREE AR A ISP C-A 1R 37 T35 109% i 2 1L
THIIRPMI-1640 ( GibcoA ] ) $557WK, HHLE T37°C.
S%CO,JEFRAA T, AL A2 RE A, SRR AR RO
A RPN R KA, REEH AR, .
1.2.2 4JfiSPC-A1H EGFRFNIK-rasHt [F 275 B4 kb T
X ECAE R P AN B R AL, 0 EE R R R AL ZHDNA
PEEGAF G U A E SR HDNA, BUA4fISPC-A1 DNA=4)
8 LA T HEL UK 1296 B A58 e R VK AS DU A2 BBUSSCR, . 24t
EGFR X K-ras &7 il 1% o o8 BLA W) B2 245K FH i o0 e s
iR HTH AR ( Quantitative PCR high-resolution melting,
qPCR-HRM ) 2.

1.2.3 MTIIERIN 2505 4 i SPC-A 1A KA HIFZ M H100
uLXT B K SPC-ALAL, #25x103/FLIERN 296 fL 15 57
Me, A FATESL, MIENGEES, PR iZisRk o5
T 100 uL 7% A AN [F Ve BE 1 Z2 PO A8 AN/ sl 75 AR Je i 1%
Frhk, SR BT AR AR R 25 SR L, T
FRASGI 5 R AL AN ML ODE o 2 1T 1] B FL N ILAMTT 20
uL (Sg/L) , WEH4hEF 5, JIA150 uL DMSO, #ik
115 minJi5 BRI E 492 nm KR B FLIROGIE ., 115524
Y i AEs e R HIC (. LT : (1)
PR (TC2iPER) (C) 5 (2) ZPEfhFEs e
72h# (D) 5 (3) WA RHAMIEN72 b4 (G) ;
(4) [FWAZ54172 0 (D+G) 5 (5) ZPilFEMER24
WP B dER E48 hddl (DG) 5 (6) FHIEREE/EH48 h
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FFEt L2 3EE 24 h (GD) o SLEREEIK, AfiR=
( FHZG4HODME-Z5 X HRODAE ) / ( %FHR4LODIE-ZS F Xt
BHODME ) .

1.2.4 Western blotRiil 25976 40 {55 525 52 21 it
FEVTT o AR 250 PR, B D5 33 k3 W] et TR Ak 1 10
Y50y, RPBSYE3IR, LA AT AR B0 il 7 R iR
A0 B 1 I 0 ) SRR UK AR EEE 11, BCAYLINE 2R
FIHeRE, 55 FFE, 10%SDS-PAGEHLTK, ¥ ZEPVDFJK,

S92 M3 8 F & IR B A2 h, —9t (1:400-1:1,000 ) 4 °C
PEPRF B 17, TBSTPEAR10 minx3¥%, —#i (1:3,000)

FIRPERIFE 1 h, TBSTEEM10 minx3¥X, ECLE )51k
HRNWAR R AR . LiBand Scan RS kb k4 TR
G AR ST

1.3 Giitefab R SR FHSPSS 13.08 kA4t F b, 4%
2 18] 22 5041 R FH One-way ANOVAKG B, AP<0.05°M 7% 53
HAGI R

2 ZR

2.1 SPC-AIIfflEGFRFK-rasKE ARSI R qPCR-HRM X
NI SPC-AT ML EGFRIEF 18 . 19, 20, 214MEFHI
KraskeH2 . 35MR FHEAT9ARKGI , 45 R WoR . HEAYY
LRI —3, JCRAE, SPC-A141 M EGFRFNK-ras3k K
BohEr AR () .

2.2 ZVfhFE S AR e X SsPC-A1 40 AE K 1R R
TR T BRI SPC-AL AN i A 1 52 JCBR o, 52 K ik A XY
BAERW (K2) o ZP0Mh3E 55 e BiisPc-Al
AN AR, A 2 R AR P ol B AR . 7 —
FEMRPEETEE, ZP0fh3E (1x10*mol/L-1x102mol/L) 5
FAEE . (1x10*mol/L-1x10" mol/L ) ¥ BE AR 141 1
SPC-AL4fffIA K (E3) . ZPiMIEMEIERE/EA72h

XFSPC-A LA I IV FHBUIC, fEL53 5124 1.96x 107 mol /LA
2.01x10°mol/L,

2.3 £ P 55 AR e Rl it K ¥ 510 X SPC-A 140 il
AR B 2 PUAFE RN AR JEIC (B Ry 9 24 [ B
FP BN WS, fEI72 he ZVE b3R5 7 AR e X 4
HEKSPC-ALEIE R 510 (Kl4) . 27034 (D)
57.32%; HAREREA (G) 54.94%; AR R L Pl
FERIE 4L (G+D ) 54.30%; £ M3 5 AE &
Jedl (DG) 43.27%; FHAERERIFHZVHMhTEd] (GD)
55.16%. FHAERE M Z P MIEREHA (G+D) Mk
AR IF B ZVMbFE (GD ) 4 AE K A7 A 5 o
244 (GE{D ) A E25] (P>0.05) . ZFfhFEF 5
R E 4l (DG ) XA A: K B30 V5 A S5 T B
S RIRF 25 2540 (P<0.05) o

2.4 Z P9 FE 5 A R [R]iF K 50 A X SPC-A 141 Jfd
EGFR. ERK. AKTZiANHBRRL . IGF-1RE K5
WmEsHR, ZVhIEmmE AR e X SPC-A140 il w1k
fELIJEGFR. ERKMAKTHIATCH B ; 2P
R JE A G SR AR EGFR S ERKIOBE R 1L . AL 274
hFE, Zrih3E SRR e R HEGFRFIERKHE R {L
T Bk, ZV5 b5 T A EGFRAIERKHE IR LB 1 B
R AR Rl . M IR, e RZE
P FEXTEGFRFIERKIEER L TG B ARk, 2P fthFe 5
A5 S R Ik K e 57 JH %o ARTT e U 1R Ak TG W (i 5
ZTUfhFE T IGE-1RFK L, HIERJEXIGE-1RE AL
W, M2 PIER), 2V Iy E IR e X
IGF-1REIATCH B A8k

3 g

AR AR W, IR i kR SPC-A1 W EGFREF
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Fig 2 Proliferation curve of SPC-A1 cells
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Fig 4 Effect of different combinations of gefitinib and docetaxel on
the proliferation of SPC-A1 cells. C: Without treatment; D: Docetaxel
alone; G: Gefitinib alone; D+G: Docetaxel plus Gefitinib; DG: Docetaxel
followed by Gefitinib; GD: Gefitinib followed by Docetaxel. #: compare
to control group, P<0.05; *: compare to D and G groups, P<0.05.

AT, Z VG AR AR JE A — o TR BV Y R K
HPEINHISPC-A14N 345, SPC-A1JyIEEGFR-TKIHUE
PEARMIRR, T ARE e XA E R 2 T s, 53X
BRUOTHGE — B, LT LA 5k FEGEREF A U4 i
HEATIRSE . (1) BEAERBALST ¥ ST EGFR-TKIs H-Pp[A] 1
BVE B BL Rl BT 8 2 ok  EGEREFAE BINSCLCAIAE , I
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Fig 3 Effects of gefitinib and docetaxel on the proliferation of SPC-A1 cells
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MALSY . Jetbyy Y BEEGFR-TKIRES R s A RieR, K
Toyi it FE A R ik e A8 B AR AR

ELUESE, EGFR-TKIs 3 23 i il PI3K-AKRT
MARK/ERKX W MEGFRF 544 T M 4 il s 2 A= 4
AR BN, FHARR I SPC-A1 4 A K i [l it
IHEGFR . ERKIWBEIR LK, HRMSUEAKT 195 R
1k, DTS AERJE 2 il i M Raf/ MEK/ ERKGX M5 5 18
PEADHISPC-AL IR A M G, il 3E i I PISK /AR T2
FHE . STEGFREFA AU A PR [RINSCLCAHM, A
JE X PI3K-AKT FIRaf/ MEK/ERK 1 il 4 FH X 40 A [T
Sl

XHALIT R P BYEGER-TKIs B 7] 38 2508 F A9 41 i 24 AL
i, BEAERSEALASE BN, FEEGFR T790M %S X EGFR-
TKIsy= A= 4k % i 25 FUNSCLCANAE X Al bl [a] 38 550
5467 2595 WM EGFRA M N5 5 1 B I 3RIAAH G
AR R, ZVHFEREN] W5 HiSPC-AL4
EGFR. ERKEFBALACT-IEE R SRR — 3, BR
ZVUhFESN, HeIr 2y an s rsme . g . 2 P fhie
HIRE 56 i ZE AR BE EJNSCLCANEGFR &% Hifis 546 A
R Ak eo2e), A7 24590175 5 b 4 B EGFR S ILAE 5 85 1
BERRALALTE LI . BToIME . RERE MBS
Z Mg TR A B TZ AR SE s AT 2 )i S I AR S
SR PR RR AL T Sk S e 440 i 3 1 5 EGFR/ERK A
I RIS AL ET TGS, HeEE YT B ARG VE R R
Ao, AWM, SeHZP IR T A AR e
EGFRAFERKH R L /K- I 8 4 22 P fh 38 5 5 A e [l st
I FH SN 22 PE A A%, X FPEGFRFIERKEERR fk /K
SEF AR AL AP EA EGFRFIERKAIE N, &5 Ui ALy 7 i
EGFRMERKBERRAL, i AR JE M il EGFR A ERKAUS N
Bt AT e B AR JE B I R AP FH ) 20 B ML
Z—o X—45 5 5 Giovannetti® flVan Schaeybroeck 5[ &
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AT 4 EGFRIEIR 1L ( pEGFR ) 7K E48 % A4 HE M 45
B AR R IRIT P kR, NS EGFRE B AFfERAL S 1
Tk, ARG E R, MEZmsE, SEEe52
G [F] Bk 10 FH S50 35 AR JE 5 T BT 22 PO At 8 %o 44t A
KICW W52, 35 4R e I EGFRFERK#E R AL /E IR
ANRERE [T a7 B0 A 0 2 Ve e i, 25 R U0 2 7Y
by B8 A 8 iR T AR Je 1 i 4 M A= 4 A T PT BB 5 EGFRAFN
ERKIEMR AR T A 2, A5 CRIETESS B e 4
Ha T I EGFRBERR 1k /KT GE F BLEGFR-TKI 5 4 il w4k
ST AR

A5 SPC-A1AN I FIRIGE-1R, 5 BEAE A4 52—
o ST 25 2 VG M FE AR IS W] W A I IGE- 1REE 111 3R 38 1T
H AL e X IGE-IRE IR TC R, ZVihFE 55 IER e
B 5558 22 VA A 38 I ) B R R e 38 N JRIGE-1RER 1
ik, ERYIL UL 2 08 3T BT AR e I E R AL
YERI T i SIGE-IRFIE LK, J&H HIGF-1R I A
SR OB KIRANESEA 78— 50T .

ARG R BoR, ST P STEGFR-TKIXfEGFR
7 A= FUNSCLCHY & FAIL T 5 457 b 98 e 4H i EGFR
MERKIBERR LA C, HIGE-1REIXTCK, (EHAF =M
S, ABFSE HNEE T —FEGEREF A I, AR 7E LA
NSCLCZH A I EATESE
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