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[ Abstract ] Background and objective Non-small cell lung cancer (NSCLC) presents the highest morbidity and
mortality among malignant tumors worldwide. The overall effective rate of epidermal growth factor receptor-tyrosine kinase
inhibitor (EGFR-TKI) is 30% to 40%, and PFS (progression-free sruvival) is 12 months. However, EGFR-TKI resistance is
typical in clinical observations, and this phenomenon significantly affects tumor suppression. To overcome this resistance,
a new prognostic factor associated with lung cancer drug resistance should be discovered. This study investigated the rela-
tionship between the inhibitor of differentiation 1 (ID1) and non-small cell lung cancer EGFR-TKI resistance in vivo and in
vitro to determine any statistical significance and discuss the underlying mechanism. Methods Western blot and gRT-PCR
were used to quantify the expression of ID1 in lung cancer. IHC was used to detect the expression of ID1 in pathological
tissues (lung cancer tissues and adjacent tissues). MTT was used to detect cell proliferation, in which the cells were treated
with gefitinib after being transfected by ID1 slow virus vector. Lung cancer cells were inoculated in nude mice until the tu-
mor diameter grew to certain measurement. Gefitinib treatment was started, and the tumor volume was estimated. Results
ID1 was highly expressed in NSCLC (P<0.05). Both ID1 expression and drug resistance of EGFR-TKI in NSCLC were
positively correlated (P<0.0S). The treatment group with gefitinib showed obviously less expression than the control group.
Conclusion ID1 is highly expressed in NSCLC. ID1 expression was positively related to drug resistance of EGFR-TKI in
NSCLC. Gefitinib can be used to effectively treat NSCLC, and the mechanism may be associated with an increased level of
STAT3 phosphorylation.
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K R A7 4 - % 2 TR P A i1 77 ( epidermal growth factor
receptor-tyrosine kinase inhibitors, EGFR-TKI ) (¥ S T
. REP L. B3N ) BB AT 2 ARG R 2y
SEpRIE RS, Rk, A e IR 254 T E
B 2530y T R EEREY . AMEAHIA T ( differentiation
inhibitory factor, ID ) SRR TS P IEAR BB
FERW], IDHE LR & A SOk T ad v 4% T E AR
FIM . IDUMERIDE (IR, £ R oR b 5 &
ik, R AR Y A AN ID 1L i
JEEHE ) 25T 25 A0 G, (HAHSCHGE LD, BARS FHLH AR
Ui

1 R 575%

L1 F2 5 Il 40 AR HS22 . H197S .
AS549. PC-9. PC-9Rp b i} = B 0o i 0 = 42
fit . HAPC-9 HEGFR-TKIFHFL, PC-9R"HJEGFR-TKI
PAFPEmT 258k, H1975 8 T790M%E AFEGFR-TKIf 24 4% ,
AS549 . HS22HEGFR-TKUg &I 250k, SRR B i T
REFIWAL LI H AL, FHE . SHEEWA LGt
B2l w] ;s Trizolid )4 A Invitrogen’/y 7 ; SYBR Green
PCRIAF & H TAKARA/ZNF] ; RNaselll) H Fermentas/
Al AT TREDLIRIA H Abcam/A F] 5 BSAIY H L&
HKEEMBHARA A HIEERIWH KIEFEL; Real
time {4 H ABIY F] 5 3 204N AL { 1 H Backman Coul-
ter/AH)

1.2 iRl 5% HS22, H1975, AS49, PC-9. PC-9RZ
Ji FH 109% DMEM % XA 35 57 W 76 240 B 1 38 355 2 40 (I
JER37 *CHAZS%CO, ) Hsse, WHIRWK ., WIREN
90%EMEM, 10%fiG4-1fiE . 0.25%ERE-EDTATN LA,
JIT A IR 34 2R OO B A K 2 A

1.3 ID1 siRNAM Y #E 8 1A S ID 11k Fe 35 18 5 R4 (1 #g
ID1 siRNAMZ R EE 2R A7 . shRNAJFE1: S-CATGAACG-
GCTGTTACTCA-3; WissiWifiF: 8x10° U/mL, [w)mHy st
BT A 8, ID 1) RIBIS IR AR A . ID1JE
HABSIY) . Fi#S-GAGGATCCCCGGGTACCGGTCGC-
CACCATGAAAGTCGCCAGTGGCAG-3"; Fi#S-TCCTT-
GTAGTCCATACCGCGACACAAGATGCGATC-3’, Wit
JE: 2x10° U/mL, [f) i Fa e B B i 2 . BRI Ak
KL A, AR AR A s U AR A
B, 2Ot BN ESOERIBE L

1.4 MTTiER AN MG FE A0 H 5, TR Ak B,

F AL 29100 uL, LLS,000 /FLEERNF 9671 4N i 15 5%
Hrrr, 37 °C. COMESR24 hy FEEFREE, IIAG AR
JEFAERE (0 pmol/L, 0.01 umol/L, 0.0S ymol/L, 0.1
pumol/L, 0.5 pmol/L, 1 pmol/L, Spmol/L, 10 pmol/L, 20
pmol/L | 30 pmol/L, 40 pymol/L, S0 y.mol/L) RO B FERE Ak
72 hy BFLIIAS mg/mL MTTYW20 uL, 37 °CH;
Frahy WA I, A200 L= HELEAR (DMSO )

45 S FE o s R PR BR AR I S 70 nm Y WS FE
(A) fl, BHBANEASL; LT AR 40 54 58
2 [ (BFHAVOLEFBE-DMSOZS A H1E ) -
( H 4 FHE-DMSOZ 4 FME ) ]/ (A4
{E-DMSOZS 141 F-H4ME ) x100%=4il % ; R B[l H
A YRR B (half maximal inhibitory con-
centration, IC, ) B, SCEGEE 3K,

1.5 Real-Time PCRAG 4% 41 M7 4 HIID 1 mRNA ) R TE
B T B A R AL, TrizoliL 4 HURNA

W SR A5 cDNA, Kl 48 47 ) cDNAEF TPCRY 1, ID1
LFiERIYIES . $-AAACGTGCTGCTCTACGACA-3’, IDI
THRIFES . 5-GGAACGCATGCCGCCT-3’, GAPDH
s YF4): 5-CACCCACTCCTCCACCTTTG-3’,

GAPDH Fil5|#F%%): 5-CCACCACCCTGTTGCTG-
TAG-3'; 95°CAEPE10 minfi, 4% NI 40 HER,

95°C, 15s; 60°C, 45s; 60°CHEffi1 min,

1.6 G ALK INID 1R A FRIE e liObr A 28109 FH TEE[4]
BT, WA YA, B4 um. RIS AL
SPYk, FHPBSHACHE: —PiE A BIMxT B, 4 B 156 I
P THAE . ZEARAIWT . BT D) R YR B RS ¥ B AL
S B R U N 56 o IDIBAPERIA YA 60 T 4t L A
MRS, SEVRE . B AR A LR 10 E A B
M (40015 ) , BAUETELLTH 0040, Stk
1,000 . 5 i e 3 LA 2% €058 5 R0 M 4 L 48 1 4553
ZRPEATHIWT . oY aIt04y, S5Y AL, AR E
w025y, SRPEID35T; PRI <S%IC04), $%-25%ic
14y, 26%-50%iC255, >50%iC34)r, R WIRE A,

<303 MBATE, =343 R B

1.7 Western bloths Il A5G EE 1R O K 2
SIRINAME R 15 28 14 J ID 1ok R 38 P 5 23 A G L T HS 22 |

H1975. A549. PC-9. PC-9RZHA, B 4 g i 42 Bt
M. BCAWENEMIBRRY E N &R, WEEREN
JiiLA12% SDS-PAGEVL /) B -4 ZPVDFIE |, DIy
FEPUIR4 "CRl s & Lkl AR 1 (p-ERK, ERK,

p-AKT . AKT ., p-STAT3, STAT3. p-EGFR, EGFR) ,
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GAPDHYE RS, Pbk—Pl, DIHRPERED —H =ik
BFE2h, YRS AECLIH & i n S BN 457 o

1.8 B KR4I PC-9, PC-9/ID1-OE, PC-9/
R, PC-9/R/ID1-KDAfffIHFN Z75 em A5 FRMi T, Ff
4G 22 90%, JERGH AL, HeFhZBALB/c-nuff WK
T BRI 10 NI R T A S 56 B 4 451
AP B AR e AL . fROR AR K E3 mm A
Ak, 28 AR RR AL B A BRER K 5 iRYY, HARE el
SR e B iRyT (N2 mg/kg/d) , RRHEH
—IR, Fgkai; 4f)a, BHEBLELANTE, 0B R 4
21, Mg RN

1.9 Giiteg ik SRAISPSS 20.048 i1 4t it 41
M, B BRI L MeabtSDZE /5, PR 19 41 6] Wk He
BERMGGY, PIP<0.0SH 22 A gt o

2 R

2.1 1D L7l 98 240 M bk b s ik il A B bk HS 22
H1975. A549, PC-9. PC-9RFHYID1 mRNAMAT £ ik
(K1) . ifEZH4ID1 mRNARYF K 20 20h i
At 25 (P<0.05) (KE2A) . i AIDIE N
FRIK s HA M RIA S, A%t #2E5% (P<0.05)
(E2B) .

2.2 ID1S TR HE R 245 X &R PC-ORANffI - ID1 mRNAZ
ik TPC-oO4M, HEASIE X (P<0.05) (K
1, K3) o MWD E mPCRAVIZIRSS R, HEHEPC-94
MR L ID 13 ik 18 #E #kfk (ID1-OE) , HS22,
H1975. AS549. PC-ORAHMIHKIEYLID 1 T-H 12 ik 15 4
72 W5 9 AR ES , 45 2 H B L R 1 K T790%,
FFE TSRk o MT TIN5 R Je X 45 4 4t f 34
FEAMTIAVE . SEI0 45 5 W /RPC-94i il R YL ID 11k ik 18
SRS , X AR JE BYIC(H 40.64 pmol /L, X HRZH
(0.08 pmol/L ) A —E AW . PC-ORAIIRILIDI
TR, X IERJEMIC[E #1.14 umol /L, %
XHEZH (5.05 pmol/L) A —ERERY T (£1) o MM
AS49 ., HS22, HI197SHNfAE I RIDI TRl , X
S IC, [ TC ] i ez

2.3 A HAMMIRAEIRIID LTI EE )5, ID1KRIAN
M MR RS, HS22, H1975. PC-9R. AS5494lfifl
ID1RIL TR, PC-9O4iiEhIDIFKRIL -+ (Kl4) . IDI1-
siRNAE G RR I YLPC-9R 5, p-ERK, p-AKT, p-STAT3,
p-EGFRA A[FFLE T/, ERK, AKT, STAT3, EGFRJG

BBk ; HIE 0P, ID1-siRNAZHERK , AKT,
EGFREEFR AL FE BB FE LT B SR PR AIG . ID1-OBAE 5 7 Jek
YLPC-9f5, MR M ERSFRERK . AKT . STAT3. EGFRY
TR UE; HAEF IS, PC-9-ID1-OE4AKT
STAT 3 BR LR P 5t B A — e R T (&S )

2.4 FYSLILER PC-OSII A R AR R S0.8
mm®, X HEZH R 7 241K F3,283.6 mm®, i 41 i
798.5%; PC-9 (ID1 OE ) 5254 filvisd -2 FH 4 465.5
mm’, X FEZH g B AR F y 1,084.7 mm®, i 41 ] 5
H57.1%, HEFTES 25 (F£2) o PC-9/REK
S bR SE AR A 81.2 mm®, PC-9/R% HE £ by - 24 4
FR371.8 mm® ([KISA) , e H]Z% 478.2%; PC-9/R
(ID1 siRNA ) SEH2H g P-4 F 0, Xof BEZH i -1
PIRBA85.3 mm® ([EISB) , g il 3k 100%, 4i[H]
fESIFES (£2) , HAFTFEEMZE, IDIEETR
J& . PC-9/RIMIEARKAM et , 28 AU 0.9,

3 it

AWFFEUESE T ID 12 5 Ak /N it X EGFR-TKIiif
Zy, H5FREBEVEHL, FEHEIIDUE RS 5
0 ) 25T 25 AR DRI G v, R AT T PCO X PC-9/R
H1975 . AS49, HS22Z AN 40k HID1 mRNA, &3
PC-9ififi HID1 mRNAFFXT LK AL, MPC-9/RAHfig ]
W1 FhE, UEHIID 1S i EGFR-TKIM 25 4HC o [RlA
RIIH1975 . AS49 ., HS22Z 4 i 4 ik P ID 1 3k,
OB /N i s T AR A S 2 4 Ak S RT-PCRAGI , 12
/NID LEE Ml 4l b e E R 2L B TH R (P<0.0S) 5
IYEHT R, RIS RURID 130 B L, TR
B REREERE; RN SIDIRE T KM 148
OSHIDIRA /R, IDISHEWEHHC, F—%
PRITID 15 /N4 g i 43 X EGFR-TKIMH 24 A Sk i
FAMEE R TR AR, 2 ek K it BR A 20 B AR ID 3 A
ik, FRIIDIFE MR EN, 250 E/R: PC-o4l
UYL ID 13 Tk M 755 , W35 AR JE IIIC,{E 40.64
umol/L, HXFREL (0.0S pymol/L) A —EFEEEN BT,
VLB PC-9BURPEFE AR ; PC-9/RANUERYLID 1 T4 18 0% 75
J&, AR BYIC(EH A1.14 pmol /L, HXFHRAL (15.05
umol/L ) A —EFE M T, ULBIPC-9/Rifi 2 14 FE A%
(1) o MR SLIRZE % . PC-9 IDI-OEFH JE#: 2 H
G RFR FPC-9d R e G4 . [Fmf R 3L, 3
e AL FESS, ID1-siRNAZHERK, AKT, EGFRUFRILFE
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B 1 A pa#kH522. H1975. A549. PC-9. PC-9RHAYIDT mRNAERT
FitE (P<0.05)
Fig 1 Relative expression of ID1 mRNA in H522, H1975, A549, PC-9 and

PC-9R lung cancer cell lines (P<0.05)

P<0.05

0.8
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0.4

Relative expression of mRNA

0.2

0.0

PC-9 PC-9/R

[ 3 PC-9RZEAFIDT mRNARILEHFPC-94M (P<0.05) .
Fig 3 The expression of ID1 mRNA in PC-9/R cell lines is higher than
that in PC-9 cell lines (P<0.05).

B A0 R B A, ID1-OEZHAKT , STAT3WRfb %
JEBO IR —E BT o X UL ID1RIE & S il
JEGFR-TKIN 2 VE 52 IE ARG ;. STAT3 AJ i ik IR f AL
2 SEGFR-TKIMN 24, A5 &P, STAT3[#siRNAGY
SO0 0 38 3 B0 T STAT 3% , MG 1 it 4t e xof 5t Al %
JE R . B H BT STAT 34 S 75 AR 2 JE i 25 ML il i

A P<0.05

Relative expression of mRNA

Carcinoma Para-carcinoma

B P<0.05

iOD (*10°)

Carcinoma Para-carcinoma

B 2 ID1EMBHEASEZEANENRIERE (P<0.05) . A: MEHR
ID1 mRNAMIRIZEELEZHLARIDT mRNAKERIZER (P<0.05) ;B!

EALIDIZEAMRELEZALAPIDIZEAMNEKIES (P<0.05) .

Fig 2 Relative expression of ID1 in lung cancer tissues and adjacent tis-
sues. A: The expression of ID1 mRNA in lung cancer tissues is relatively
higher than that in adjacent tissues (P<0.05); B, C: The expression of
ID1 protein in lung cancer tissues is higher than that in adjacent tissues
(P<0.05).i0D: integral optical density.

AR, TEH B

AT 5T 1 R N A SIS AR . BRI R AR A TR
ARV TIDLS i Z Rl SC R, UESEID 7R it 41 21
s, HA LR IC AR, HID1Z 53k i il
JEXTEGFR-TKIf AR AF MM 25 . ID 15l m i Ay I /)N 248 it ff
FEAT A ARSI H 75 1D 12 5 i X EGFR-TKI ) fiff
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A H522 H1975 PC-9 PC-9/R A549 A
ID1
H522 H1975 PC-9 PC-9/R A549
siRNA  siRNA OE siRNA siRNA
ID1
GAPDH
B PC-9R PCYR PCOR PCOR PCYR PCO PC9 PCY9 PC9  PCIY
NC siRNA NC siRNA NC OE OE NC g
Gefitinib - - - + + - - - + +
p-ERK
ERX
p-AKT
AKT
p-STAT3
STAT3
p-EGFR
EGFR
GAPDH

B 4 BRSEERE, SHABIDIAREFERURPC-IRF L EIESIE K E
RKIEER. A IBRERER, H522. H1975. PC-9R. A5494fHID1FRIE
TB, PC-9OARAIDIFRILLFA ; B ID1-siRNAEHFEHELEPC-I9RE, p-ERK.
p-AKT. p-STAT3. p-EGFREA R ZE TF, ERK. AKT. STAT3. EGFREMHE
T HIEBRLER, ID1-siRNAZHERK. AKT. EGFREEER{LIZEHTHEZHA
RM{K. ID1-OE8fHmEFHALPCIE, BifgRIEMBEIERK. AKT. STAT3. EGFRY
TRBNET ; FIEERLIER, PC-9-ID1-OEZBAKT. STAT3REER(LIZE NI R
BHE—EEEHRE.
Fig 4 After slow viral infection, groups of cells expressed the ID1 enzyme in
different signaling pathways of PC-9R. A: After infection of ID1-siRNA; ID1 ex-
pression decreases in H522, H1975, PC-9R, and A549 while increasing in PC-9;
B: After infection of ID1-siRNA in PC-9R, p-ERK, p-AKT, p-STAT3 and p-EGFR
decreased, whereas ERK, AKT, STAT3 and EGFR showed no change. Following
gefitinib treatment, the extent of phosphorylation of ERK, AKT and EGFR in
ID1-siRNA is lower than that in the control group. After infection of ID1-OE in
PC-9, the extent of phosphorylation or non-phosphorylation of ERK, AKT and
EGFR showed no change. After gefitinib treatment, the extent of phosphory-
lation of AKT and STAT3 in PC-9-ID1-OE is higher than that in the control

group.

B 5 sHEREER, A PC-9/R (ID1-OF) KR (BRRLEFH,
E—17 WA BEME  $217  BSAFHEME) B PCIR
(ID1-siRNA) SRHEHR (FRRLEFR, #£—17 }BAREME, %
7 EBEEMEEEX, BET)  BEREIENE, DIEELR
f&, PC-9R (ID1siRNA) BEBERKIRAZR, 28KNIE10.91%,
Fig 5 Animal experiment. A: Experimental result of PC-9/R (ID1-OE)
(Above scale, first line: control group stripping tumor, second line:
lavage group stripping tumor); B: Experimental result of PC-9/R
(ID1-siRNA) (Above scale, first line: control group stripping tumor,
second line: when the tumor disappears, the lavage group is zero).
Notably, with silence of the ID1 gene, tumor growth is very slow in
PC-9R (ID1 siRNA), which grew only 0.9 times after 28 days.

HRERERERERE
www.lungca.org



o ] i g 4 iR 20164E 12 /] %19%’;@12%@ Chin J Lung Cancer, December 2016, Vol.19, No.12 * 869

=1 SEMBERIC, BNEFERABEATE

Tab 1 1C,; value in groups of tumor cells and apoptosis rate after treatment with gefitinib

Group IC,, Apoptosis rate after treatment with gefitinib of 10 ymol/L
PC-9 blank control group 0.05 65

PC-9 NC group 0.05 65

PC-91D1 OE 0.64 55

PC-9/R blank control group 5.84 49

PC-9/R NC group 5.05 52

PC-9/R-ID1-siRNA 1.14 58

P <0.05 <0.05

PC-9 NC: PC-9 negative control; PC-9 ID1 OE: PC-9 ID1 over expression; PC-9R NC: PC-9R negative control. IC,: half maximal inhibitory

concentration.

% 2 HiEBRRTES M BAR BRI S ER

Tab 2 Gefitinib treatment group and control group in the volume of tumors and inhibitory rate

Group Average tumor volume (mm?) Inhibition rate

Treatment group of gefitinib

Control group

PC-9 50.8
PC-91D1 OE 465.5
PC-9/R 81.2
PC-9/R ID1 siRNA 0.0
P <0.05

3,283.6 98.5%
1,084.7 57.1%
371.8 78.2%
85.3 100%
<0.05 <0.05

2y, "TRESSTATIMBEMRIL A %, HAANLHLEATEHRAT 8
P RERA B,

2 % X W
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