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ABSTRACT Objective: To explore the mechanism of fibroblast growth factor receptor 1 (FGFR1) in inducing NSCLC resistance to
gefitinib. Methods: Continuousinduction of PC9 cells by gefitinib to construct PC9/GR cell lines. CCK-8 assay and plate clone formation
were used to evaluate the growth of the cell. Cells migration ability was assesses through transwell experiment. Annexin V/PI staining
and flow cytometry were employed for the detection of apoptosis. QRT-PCR assay was used to detect the mRNA expression levels of the
target genes, and immunofluorescence assay and western blotting were used to detect the protein expression levels of the target genes.
Results: The proliferation, migration and gefitinib tolerance ability of PC/GR cells were significantly enhanced. The expression level of
FGFR1 in PC9/GR was significantly higher than that in PC9 cells. PD173074 treatment of PC9 cells significantly suppressed its prolifera-
tion, migration and gefitinib tolerance ability. Knocking down FGFR1 resulted in a significant decrease in Akt and mTOR phosphoryla-
tion levels. Conclusion: FGFR1 mediates the resistance of non-small cell lung(NSCLC) to gefitinib through the PISK/AKT/mTOR signal-
ing pathway.
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FEVE I ROBLE M A TE2E, ik, FRATM & T H AR e m 2510
NSCLC 4ili %, S7edi] FGFRL 415 EGFR-TKIs $R75k: if
259

1 #RAns &

11 Lie#ft
111 EFEMKF Dulbecco's Modified Eagle Medium
(DMEM)R5FEEFNGA- MEN [ GIBCO 23wl o 5 5 i &
FastStart Essential DNA Green Master #1 Annexin-V-FLUQOS
Staining Kit It [ 35 [E %' [¢/\ 7] (Roche 22 &) ), Western E[1575 s,
R &8 AT Z R EYARA R . FGFRL(#9740S) PI3K
(#4249S) .p-PI3K  (#4228S) Akt (#2920S).p-Akt (#4060S)
mMTOR (#2983S) .p-mTOR (#5536S) . GAPDH (#5174S) 41 {& It
H Cell Signaling Technology /A 7] (CST /Al ), TRIzol i3 &
Lipofectamine 2000 % 44X 7l4 § Invitrogen A 7], sSIFGFR1 fil
BR T B 5 10l 5 T S A R A Al . 7 AR R 2 (Gefi-
tinib) . & 15 Z (Rapamycin) #l FGFRL 1)l #13 (PD173074) It
H 2 Selleck /A 7], CCK-8 iRl &M [ V4 2ot WA PR A
], Tanon 5500 4 [ afifk~7 LG AR a i R4t H iR RER
HARATF ., CytoFLEX iz 4l { 4 7§ BECKMAN COUL-
TER, CFX96 SZHT%¢ )€ it PCR {I H 3 [F BIO-RAD A Fl,
FGFR1 351111 F : FR; il SFGFRL &4 41F

Sense#1: 5GCAGUGACACCACCUACUUTTS!,

Antisensetl ; 5AAGUAGGUGGUGUCACUGCTT3';

Sense#2. 5GCAGGAUGGUCCCUUGUAUTT3,

Antisense#2 . 5 AUACAAGGGACCAUCCUGCTT3;

Negative control JEFUNTF

Sense; 5UUCUCCGAACGUGUCACGUTT3,

Antisense: 5ACGUGACACGUUCGGAGAATT3;

M A T A A R Rl A e
112 HAME A PCO 41 s & W [ ATCC 41 i ¢ |
PCI/GR 4l & th AU A S8, kT A1 PCO
AMAE R TR T U W I i 3R e o B0 A6 vk B T 40 nmol/L
HAEER B, K5 2 A 2] 55 nmol/L,70 nmol/L F1 100
nmol/L . TS il EAS7E 100 nM R e iR 6 1M H .
JE AN T 4Ry PCIIGR [y 2444 , A1 A% 800 ng/mL 5 4%
JEH) DMEM il i35 .
12 LW AH*E
121 fHEAtEFHF S 10%FBS () DMEM [ ks 35 2 1
PCO Zffita; FH7 10%FBS 1 800ng/mL FHAEE 2 i DMEM kil
RIS PCUYGR M, B3R5 IREE 37C ,CO MR T,
122 SRNA Flig RIEFRRAER  RAIOH LRTIHM PCI
Y FE AT B FGFRL [ 4mAS Iy 41 i 5 751 e 51 PCD-
NA3.1(+)Fikir, i@ Lipofectamine 2000 % I 34 ki ok SR-
NA % Ju51| PCO 4Hifif .
123 CCK-83£3 O 7F 96 Lk afLEFh 100 plL 40 i
(2000 A~ 4H i ) s @ 43 5 FHAS ) v J8 114 7% Al 5 Je ). PD17307
AEFRANE 72 h; @) ARG 24 h BUH —He 40 i BE R A, e R 3,
BEALIN AR A 7 (CCK8:JT I ¥ 45 5% £ =1:10)100 L ;37°C §i
H 1 h; @ AR AE 450 nm A T Al ; © 2354 i
LSS
124 FHRTEEREE OFF 6 fLAR 8 F PCI 5

PCI/GR 4l ff % 2 mL (200 /41 fifd ) ; @ 5 40 s B Ji5 , 76 15
FREPFMA 10 nmol/L fy5 JERY S, BiBR 3 Kite— k5 IR ©
FREifs 3 B EE A IR AT I 5E [ s @ 3R R 3R, PBS Uik 2
LA 2 mL 4 %Z REHEE, IR E 15-20 min; © 77 Z R H
A 2 mL B25 SR Ye i, =R 30 min; © [l i s i 4%
Yl , FHRGEK M vhyk 6 FLIR, EET ST, BT .90
W PRAE
125 @MATEE  OFF 6 fLA 4R 2 mL PCI mk
PCO/GR 4 il ¥ ; @ 4 41 it 2 1 31 80% 42 A+ Bt , SR 1L ¥
7RI 100 nmol/L 3B Je AbBE 24 h; @) F 0.25 %[ g 2R (A fiff
B AR IS 1L T ok, K 4 i ik B R 22 31 5 (5~ 10) x 10° 4™ /mL,
B 1 mL 40,1000 r/min 4 C 8.0 10 min, 3% F3E;@© A 1 mL
Wi i PBS T £ 41 i{g, 1000 r/min 4 C &0 10 min, 3 L3,
EAZATR 20 FH 200 wL 454 52 vh il L A0, A 5 L
f) Pl A1 10 pLANnexin V-FITC, #4284, = i#E N 15
min;© /i A 300 b 56 2% W, Sz R ML
1.2.6 EHENFELIE O 6 FLARTIRANNE , 14 28 5 s 5
80%it FH Y4 1) PBS ik 2 38 ; @ AL i A 100 pl RAPI %4
FF L K - 24 10 min; @) 4% 18 ABC 2K 11t i) & 1A -k
TR A 15 @ I K R AR SR o, WK & 1 min; ©
RN s e sk - BEfL N 50 wg & 1,60 V Ik 30 min,
120V Hi ¥k 90 min; ©) %% : 300 mA 120 min; @ & —471:4C
0@ WEE —h, i 1h; @ 4 TBST P q , bk &t
[REEE el
127 ffeEssi  OF PCO s PCYGR 4 i i fh 230
R AL LA @ FR 4N B 5 3] 30-40%377 3 37 %, PBS I
U 238 5@ F 4%0) 2 BB S R [ 5E 15 ming @ 2 PBS Pk
J& F1 0.3%f1 TritonX -100 =& 4TFL 10 min; ® £ PBS ¥Eik)5
FH 1%t BSA = A 30 min; ©® 15 H —Hi . 4C A% O E
—Hi, FIREHE 1h;©0.1-1 pg/mL DAPI ZEiRE I 1 min; @ £
PBS YLikJa S R = A 0GR AR B R
1.2.8 Transwell 3236 4% Transwell & H/NEE T 24 4L
Mo, RGN 500 L 58 4xd 33 /vas NS I 200 pl JG
IR 3 R R B A (2 2% 10340 ) ;@ IE# %55 24 h;
@ Bt 5 H PBS Uk , FHAR 2 H215% P BE 20 il ; @ H 4% %
R RE T 15 ming © 7 H R, FHAS SR = R Y 20
min; © FZEE/KIIGE , BT, WAEE NI IO
1.3 GitZE o

TG BdE R F SPSS13.0 A ab B, TR BB 8
PrifE2E (xe )R, A HLAS S AR e . AR R %
IR, A SR X2 e, P<0.05 X FHASit%E Y,

2 R

2.1 PCY/GR it T HEE N EZF T

W Bk, FRATTHE PCO 41 i 52 88 T M a4 7 14 i
FE AR, B SRR e 25 40 & PCIYGR(E 1A).
FF CC-K8 szuar il PC9 F1 PCI/GR 4 fififr) OD {E, 45HE 4%
7R 72 /NifJE PCO/IGR 41 ififiY) OD {24k PCO 4l iy 1.72 1%
(K 1B), BJ5 , 34 @ transwell 52364 1~ PCO Fil PCY/GR
MMEREREE S, 4R BRI IE L5 58+ 54~ PCI 41
Ji A 146+ 8 4~ PCY/GR (1l 1C), #Ja , FATEM 1k
2 (10 nmol/L )%} PC9 Hl PCY/GR 4l A4 41 3 K T il B 11 14
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Fig.1 The proliferation and migration ability of PCI/GR cells were significantly enhanced compared with those of PC9 cells
7E:A. PCO #n PCY/GR 2l 27 ; B. CCK-8 33§44 PCO 1 PCI/GR 4H Al By 5B AE 77 ; C. Transwell 323648 PCO Fn PCY/GR 4 i gy iE#86E 71 ;D.
THE ST A ST A% R XF PCO #1 PCY/GR £H A& sa st UM &I/ A, (**P<0.01)
Note: A. Cell morphology of PC9 and PC9/GR; B. CCK-8 assay was used to detect the proliferation capacity of PC9 and PCY/GR cells; C. Transwell
experiment was used to detect the migration ability of PC9 and PC9/GR cells; D. Plate clone formation was used to evaluated the inhibition effect of
gefitinib on the growth of PC9 and PC9/GR cdlls. **P<0.01.

2.2 FGFR1 7£ PCY/GR ¢ifirh & %1% FRATI MG A R A 30 S 06 RN A S 2 SR Sl — 2B A T
J9 T HESE FGFRL ZE il 4 e e M2 & 5k #88E FGFRL R FAI7E LR PI BRI T iy 357K, 45 R k7R PCY/GR
FAEH, BT R AR SLIRK I T FGFRL 75 PCO Al PCO/GR 41 il v FGFRL W H £ B /K F 2 F & T PCO 41l (&
AR5 B, FATEL qRT-PCR S2IGAGI 7 RIkk4Ee  2B&C), #i7s FGFRL A fi 553k /)N 4 i i i 40 fitd o) 75 5 Je 10
' FGFR1 mRNA [ ik /K, 4508 Wox PCIUGR 40l b WA,
FGFRL mRNA [ 3Rk /K .38 & F PCO 4ifiu (18] 2A) . BJs,
A Cc

FGFR1

ko

Merge DAPI FGFR1
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Relative mRNA levils
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[ 2 FGFRL 7£ PCY/GR #iffi iy Fik 7k P H7E PCO fIH BEF B
Fig.2 The expression level of FGFR1 in PC9/GR was s gnificantly higher than that in PC9 cells
7¥:A. gRT-PCR il FGFR1 mRNA 7£ PC9 #1 PCO/GR ZHBIH R4 7K F ; B. & A ENESEI#& FGFRL 7 PCI 1 PCY/GR ZHAt Fh 9 & B Rk K
F;C gHfE e St SRIG4 | FGFR1 72 PCO #1 PCI/GR #liffl & ARk Kk F, (**P<0.01)
Note: A. ThemRNA expression level FGFR1 was detected by qRT-PCR assay; B& C. Immunofluorescence assay and immunobl ot assay were used to
detect the protein expression level of FGFRL1. **P<0.01.
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2.3 FGFR1 5 PC9 a8 T BB EFH N EH
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Jo T BTG FGRRL XF=E /N il Jga 240 B o3 5 . AR
ToRE IR, FRATHEAT T AT . & 56, AT FGFRL ()
57 PD173074(25 nmol/L ) Fixt fE i 57 %+ PCO 4l g itk 47 4k
B, SR )58 CCK-8 SZEa 6 40 i) OD {H , 4521 R PCO 41
122 PD173074 kbEE 72 /Nt J5 OD {H 25 X HRZH 1Y 61.8%( &
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Ja . AT W FGFRL X 3E /N 200 i il i 40 A7 R 5 i), 3RAT 143
s [ i F 5 A28 F PDA73074 Ab B PCO 4L , 7F I3 4
Bk 24 /Nt L 38 Annexin VP G @ fn 5 =S4 i ARAS , 53 Hr
FGFRL Xt=E/Mu it A T- A . 45R 8w, SR

fie . ek PCO 4Ry T, H.4 PD173074 Ab P 4R A T
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i A PR T M %ot 5 AR TR A2 P O o
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Fig.3 PD173074 treatment of PC9 cells significantly suppressed its proliferation, migration and promoted the apoptosis

¥ :A.CCK-8 L& 44l PD173074 &b IE Xt PCO 4H 58 At 1 =
C. Transwel| SE36 46 PD173074 Ab3E PCO ZHAAIT R AE

S0 5 B. AR 52 BERS R SRR A PD173074 4bIExE PCO 48 A1 IE5H 4 71 B 40
#0; D. AR AT

PCO 4Bt T-RE S, (**P<0.01)

Note: A&B. CCK-8 assay and plate colony formation were used to eval uate the growth of PD173074-treated PC9 cdlls; C. Transwell experiment was used
to detect the migration ability of PD173074-treated PCO cells; D. The anti-gpoptosis ability of PC9 cells was detected by flow cytometry. ** P<0.01.
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FEAH S, T B PIBK/AKYMTOR 3 B 7E /N A Fifi i
X AR Je i 52 HERR R R HEVE A FAT A AR 1 B I S
FIEH e 5 9 G S kIl 1 Akt p-Akt,mTOR Fl p-mTOR
FekIK T ZER IR AKT Fl mTOR 7 PC9 F1 PCI/GR 41 fifg
TR K E 2SS, [H p-AKT F1 p-mTOR 7E PCIY/GR 4 fifi
i ARk (E 4),

7 % FGFRL 2

S/ ERaffE S

B P PIBK/AKUMTOR i i/ S 4E

/N X AR SR i 25, FATI7E PCO A Pt SIR-
A FIk FGFRL (33X, [l it #e ik FGRRY, i ik £ [ B 3 52
KA Akt, p-Akt,mTOR Fil p-mTOR 3k /K V-1 25 1k 455 i
s, E PCO 4l /g 1 Ak FGFRL J5 Akt 1 mTOR (357K 7
%75k, p-AKL Al pMTOR kK-35 W% 1 PCO 41y
rhﬁi'%ii FGFRL J5 Akt fil mTOR & ik /K JC i 3% 75 1k,
p-Akt il pmMTOR % ik k¥ i & 7+ 5 (F 5). S T Wl
PI3K/AKYMTOR 3 f5 Jb /NI A g 15 8 T A o T A i
Jirgszma, FATH mTOR ff 28 82401 i 77) 25 1 2% 2% (10 nmol/L )
A3 PCO 4HI, $4J5 3 CCK-8 Sci i ANl OD fif , 45 5
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ARG ERIE RO 72 /N, PN OD HL % MK, 4301 T A8 2 XH=E /N0 I i3 A0 A R T e 45
TRZH 1Y) 56.2%( &l 6A ), BJ , IRATEZIT T PAR R AL SE S, RE/R, SN R AE (e PCO AT, HATH NG R
5B won PCO AL TR E R (10 nmol/L) 58 FLIEAL 25+ AbBUS AT /K B2 H= (1 6C), b5 REER, FGFRLE
6 NFokE W IR LT IR AL 79+ 11 ATk, R E i PIBK/AKYmMTOR 3 i A Sk /N e %o 755 S ERR e A 24
2 (8] 6B ) o ), AT T Annexin V/PI L R 2

A B A B
PC3 PCI/GR & q‘l’p ;@' &
ﬁ ,;‘&a o
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Akt| E— — ] Akt .. - & FGFR1 EI
A e e | .. P P I
mT-DR| — = | prMIE p-Akt E

e "l e =
— .. pmron [ == =] pmror [—— =—]
GAPDH [ | GAPDH [ s |

5 BRI RIX FGFRL 3T Akt 1 mTOR & 2R BRI /K T KIS0
Fig.5 Effectsof knockdown or over expression of FGFR1 on tota and

GAPDH |

4 Akt F1 mTOR 7£ PCO/GR 41 i U BEER 1L B £ = T PCO 4
Fig.4 The phosphorylation level of Akt and mTOR in PC9/GR cells were
significantly higher than that in PC9 cells
7E:A 1 B. & B EN i SE 36 040 A S 8 56 S SR IR 4 Akt, p-Akt, mTOR
# p-mTOR Ky RikKFo
Note: A&B. Immunofluorescence assay and western blotting were used to

phosphorylation levels of Akt and mTOR
iE:A. B FGFRL J5 Akt #1 mTOR B SR EREERL k F B ZFEAK;B.
i$ %% FGFR1 /5 Akt #1 mMTOR BREFATHE LK EREH S,
detect the protein expression levels of Akt, p-Akt, mTOR and p-mTOR. Note: A. Knocking down FGFR1 had no effect on total Akt and mTOR,
but their phosphorylation levels were significantly decreased;
B. Overexpressing FGFR1 had no effect on total Akt and mTOR, but their

phosphorylation level swere significantly increased.
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Fig.6 Rapamycin treatment of PC9 cells significantly suppressed its proliferation and promoted the apoptosis
i£:A.CCK-8 LIl T 1A B R AL IERT PCO 4AAfIL sHAL 18500 ; B. AR SE PR A SEIR A0 M T IR AL IE T PCO 4R ML s AE S0 C. X4l
Fa AR PCO 4iMpIHIA TS, (**P<0.01)
Note: A&B. CCK-8 assay and plate colony formation were used to eval uate the growth of rapamycin-treated PC9 cells; C. The anti-apoptosis ability of

PC9 cellswas detected by flow cytometry. **P<0.01.
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KA B i 9 = A, AR AR AR R Ak 18% 45 A, R 2
65%f1) NSCLC & iz A TR, BARF ARG
NSCLC i 7E 1A MR IR s £5 , (A —/ N /M AR & - 1L
2EVRIT PSR T R R L iRYY NSCLC iy FHF-BL, SR
NSCLC %7 Ffb s AU 2 AT 3 5 B BRI AU T
LA FE R R,

T AR R AEIE R e A 5 —1% EGFR-TKIS, i+ JLAF >k
eI /R i NSCLC B 1 —ZRIBYT TS, iR iy
P NSCLC B 45 I B3, 5450 10y7 7 SAE L
EGFR-TKIs BEf% A 2L NSCLC B3 1) TTiltk A fr i, 24
80% % w EGFR1 i 7f % 28 4% i NSCLC B #% &% — R
EGFR-TKIs JA¥7 5 Joitk A TR AE K 24 9.7 4 H |, Fl4x 20%7:
fH) B H M EGFR-TKIs R B 90 fn bt e M. 2R i,
EGFR-TKIs $R A3 P 25 JLT- AN Al bt o 9, 3t 7™ 2 52 1 5]
NSCLC #L [l J5Y7 FIRCR 551, T790M 28748 13, Met § 1419,
TTEN F£™@ IGF-IR i 5521 Jz AXLEF] Slug™@H gk iA iR
& EGFR-TKI i 25 REIW e K . 7E4252 EGFR-TKISIRYY
B NSCLC &, 297 31.5%H) A2 H B T790M 2875 | X it
B IZ 28 48 5 0 B T 2 B A DG B9, 7E EGFR BH M 28 48 19
NSCLC 40 hi#iG ARk A2, 2 Met 3198k IGRIR 5 ik
@ s 540 Hg %) EGFR-TKIs i 24 . b #h ,PTEN £ 2% K&
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