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[ Abstract] Background and objective Lung cancer is the malignant tumor with the highest incidence and
mortality in China, among which non-small cell lung cancer (NSCLC) accounts for about 80%. Epidermal growth fac-
tor receptor-tyrosine kinase inhibitor (EGFR-TKI) targeted therapy has been playing an important role in treatment of
NSCLC. However, unavoidable therapeutic resistance significantly limits the clinical efficacy of EGFR-TKI. As a key
member of the forkhead box protein family, FOXC1 is aberrantly expressed in NSCLC and involved in NSCLC progres-
sion. The aim of this work is to investigate the effect and potential mechanism of FOXCI1 on gefitinib resistance in NSCLC.
Methods Western blot was performed to assess the expression of FOXC1 protein in HCC827/GR cells. Immunohisto-
chemistry (IHC) assays were performed in human NSCLC tissues with gefitinib resistance. HCC827/GR cells were trans-
fected with shRNA specifically targeting FOXC1 mRNA and stable cell lines were established. The effects of FOXC1 on
cell viability and apoptosis were analyzed using a new methyl thiazolyl tetrazolium assay (MTS assay) and flow cytometry.

Self-renewal ability was determined by mammosphere-formation analysis. Quantitative real-time PCR (QRT-PCR) and
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Western blot were employed to detect the expression of SOX2, Nanog, OCT4 and CD133. Flow cytometry analysis were
further used to detect the level of CD133. IHC assays were used to detect the levels of SOX2 and CD133 in NSCLC tissues
with genfitiinb resistance. Correlations of the expressions of FOXC1, CD133 and SOX2 with each other in lung adenocar-
cinoma samples were analyzed based on The Cancer Genome Atlas (TCGA) database. Results The expression of FOXC1
is significantly increased in HCC827/GR cells compared with HCC827 cells (P<0.0S). IHC results showed FOXC1 was
highly expressed in NSCLC tissues with gefitinib resisitance. Knockdown of FOXCI significantly increased the sensitiv-
ity of HCC827/GR cells to gefitinib. The cell viability was decreased and the apoptosis was promoted (P<0.05). Moreover,
FOXC1 knockdown apparently inhibited the expression of SOX2 and CD133, and decreased the mammosphere-forma-
tion capacity in HCC827/GR cells. In NSCLC tissues with gefitinib resistance, the expressions of SOX2 and CD133 were
significantly higher compared with gefitinib-sensitive tissues (P<0.01). Meanwhile, the expressions of FOXC1, CD133
and SOX2 with each other were positively correlated (P<0.05). Conclusion FOXC1 could increase gefitinib resitance in
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NSCLC, by which mechanism is related to the regulation of cancer stem cell properties.
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WA & 9B E B PCR ( PrimeScript RT-PCR) i
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1.4 SH 88 DU AR L 8 A ( Methyl-thiazolyldiphenyl-
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72 b5, BFALIIA20 uL MTSIAW ( Promega/AH] ) , 4k4EL
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1.5 AMAEPAT- R LA3x103/fLEEFHCC827 4 HCC827/
GRAIMI Z 6 LA, F5 R, INAE e AL FR A48 ho
WCAEA L, F% 88 Annexin V-APC/7-AAD I T 46003457 &
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JATAH O

1.6 SEAT2¢GE TEPCR A Trizo ik 71 £ HU 4H &
RNA, %Primescript RT reagent Kit 55 #8551 & Ul
PR RNA 5% 5 F1cDNA, Real-time PCRJZ W 1A &R I
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240 mRNAR A X R ik &, LLGAPDHAE N
WZ., BALHmARERRIR., soxX2 LiFsI Y75 .
5'-CCCACCTACAGCATGTCCTACTC-3', FiiFs|¥Fs .
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S“TGTTTCTTGACTGGGACCTTGTC-3'; OCT4 Fiif5 |4
J£%1: $“TTCAGCCAAACGACCATCTG-3', FilFs|¥F
5. §-CACGAGGGTTTCTGCTTTGC-3'; CD133 L5l
Y4 . $“TTACGGC-ACTCTTCACCT-3', Fiifg|¥F
4. §-TATTCCACAA-GCAGCAAA-3'; GAPDH Liif5|%)
FF41l. $'-GCACCGTCAAGGCTGAGAAC-3', Fiifg|¥FF
§: $“TGGTGAAGACGCCAGTGGA-3',
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1.8 fERIAIE e s Fohil MOk R K 5 55 . DMEM/F12
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ML <25% K158, 26%-50% K155, 51%-75%H
257, 276% K357 HRRYL AR ATT0-357; IE R
BUNFOXCLRBEA IR 053250 MIAYE, 343-540 M FH
PE, 653-95r Fn A
1.10 Seit2250 0 Frf SEge ¥ E R 3k, £ L35 bn
2% (MeantSD ) 3/, K GraphPad Prism 7.04K{F-#4T
SN, AH )25 5 LR R 56 00T o SR FH Pearson riS 38
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(P<0.05) . KM Western blotha | FOXC17E 75 JF#5 Je it
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HCC827/GRAM M i) e ik /K F i 2 & T HLAEHCC827
A F kK (P<0.05, E1B) o s dl ks il
FOXCI17ENSCLCT 85 Je i 25 41 2L MUk 41 21 iy 3%
RTEOL, S5 & BLFOXC TR AR B Je it 25 4l 21 rp (1
R THUERAS (Fic, FD) , ZRAEGITFEX
(P=0.042,3) -

2.2 THEFOXC1IEIIHCC827/GRAN X 75 3145 J& i) fr gk
PE NFHEFOXCUERA FNSCLCH IER B2y, RH
P MFOXC1 shRNAT-HE R 435l - HEHCC827/ GRITH 245 4
P EOXC1M) 15, Western blot45 £ I /s AN T 4L ki
¥ & N ITHCCS27/GRIi 2541 i HFOXC1AYERIE (&
2A) o B RHAMTS /T THLFOXC 1A AR5 e fiif 24
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B 1 FOXC1EHIEERMAMMINALAPERIE, A: MTSKIEHRMHCC27/GRAMATIETAERES (¥P<0.05) ; B: Western blot#&illFOXC1#EHCC827/
GRAAMAIFRIZIER, C RBANKENFOXCIZENSCLCEIRERMAARPHRILER, D: HEESHFOXCIENSCLCHHARRIEHBFIER.

Fig 1 FOXC1 is over-expressed in HCC827/GR cells and human NSCLC tissues with gefitinib-resistance. A: MTS assays were used to detect cell viabil-
ity of HCC827/GR cells (*P<0.05); B: Western blot was used to detect FOXC1 expression in HCC827/GR cells; C: IHC assays were performed in human
NSCLC tissues with gefitinib resistance; D: Box-plot showed that FOXC1 expression scores in human NSCLC tissues with gefitinib resistance.

FARRE AT T B RE T 5 HCC827/ GRAUMILA Tk
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B EEM IR B (50% inhibitory concentration, ICSO) %
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fiaR, SXTHRAgERAR LG, R IAFOXCLINHCC8274
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JHlAnnexin V-APC/7-AAD#H T8 & A8 I T FOXC1 1
HCC827/GRAMMIM T AF A . WIEBAFIEI3BI /R, TETCH
B RIESHEN T, THFOXC1BA XTHCC827/GRAH
WP T F= A5 TTHCC827/ GRANALZE VR M3 umol /L
AR AL T, THRFOXC i 24 40 it i Y T b R 1)

f (P<0.01, K2F) . FiRgEREFEN, ?ﬁmﬁﬁﬁ ﬁ}ﬁ (ﬁ).os) . FRGERFEN], THLFOXCIAENIY

www.lungca.org



© 542 - o Al e 2 5202 14F 8 H 524545 8]  Chin J Lung Cancer, August 2021, Vol.24, No.8

C

HCC827/GR HCC827/GR
- shControl
S A N 120 ~ - mm shControl
L & ¢ i - shFOXC1-1 4
S & & 100 I shFOXC1-1
¢ &L & = -4+ ShFOXC1-2 =
s §F 5 & 801 s M ShFOXC1-2
>
= - £
FOXCT MR e 5 90 3
] i -
; 40 !nn
8 20
B-actin
0 T T T T T T 1
—_— WP PPN
RGN
HCCB27/GR o Gefitinib (1 mol/L) O
D E HCC827 F HCC827
N
0-\&" 120 -&- pCMV 20 -
R, 1 = pCMV-FOXC1 *x
Q(J@ QO& _ 100 _—
s\; 80 - 3
FOXC1 E % 60 - E 1.0
© I
5> 407 Y 05 A
0.0
— O 1 1 1 1 1 1 1 1 “ \
¢
HCC827 WP PPN Y K Do 90‘\ ©oF
Ny d} Q- @Q’
Qo &

Gefitinib (umol/L)
2 FHFOXCTHEANHCC827/GRAAEIT HIERE R MG, A: Western blot38EFOXCTHIFHIIE, B: MTSEIE M FHHFOXC1XHCC827/GRAA AL

HIERESTHIRME (*P<0.05) ; C: HCC827/GRAAMIIC{EMIITE (¥**P<0.01) ; D: Western blotIEFOXC1RYITRIZRE,; E: MTSEIH N T RIE
FOXC13HCC827 4 A5 AE TSN (*P<0.05) ; F: HCC8274MAIIC, fEMIITE (**P<0.01) .

Fig 2 Knockdown of FOXC1 increased gefitinib sensitivity of HCC827/GR cells. A: Western blot was used to detect the interference effect of FOXC1
shRNA; B: MTS assays were used to detect cell viability of HCC827/GR cells with FOXC1 knockdown (¥*P<0.05); C: The ICs, of HCC827/GR cells were
calculated (**P<0.01); D: Western blot was used to detect the expression of FOXC1; E: MTS assays were used to detect cell viability of FOXC1-overex-
pressing HCC827 cells (*P<0.05); F: The 1Cy, of HCC827 cells were calculated (**P<0.01). MTS: Methyl-thiazolyldiphenyl-sulfophenyl-tetrazolium bro-
mideA; 1Cso: 50% inhibitory concentration.
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3 FHFOXCHEMEIFERF SHHCC827/GRAMIA T, A: MXMMAEN FHFOXCIXHCC827/GRAATHIFNI; B: HIKE X FHFOXC1F
HCC827/GRAIAE & AT HILLS] (*P<0.05) .
Fig 3 Knockdown of FOXC1 increased gefitinib-induced cell apoptosis of HCC827/GR cells. A: The effect of FOXC1 knockdown in HCC827/GR cells on

apoptosis was analyzed by flow cytometry; B: The histogﬁ anﬁis sﬁed ﬁpmﬁtioﬁapoptosis cells (*P<0.05).
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gLt Fe ik SOX2BY JTkr, Western blotZ 5 i /R SOX2 Y 7%
RAKFETFHE (ESD) o MTSSEIRAIN A BL, THrOXCl
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B 4 FHFOXC1HIHIHCC827/GRA MR ME T A4F 1%, A: qRT-PCRIEMHCC827/GRAAMICD133HIMRNARIEKF (*P<0.05) ; B: qRT-PCRI&IMF

H#FOXC1/EHCC827/GRAMCD133MIMRNARILKFE (*P<0.05) ; C:

A AN FHFOXC1/EHCC827/GRAICDI33MERRIEER, D: Bk

PR B SRR A AT FHLFOXCIRTHCC27/GRA M F AT BREMAEHNF M, E: HRESMHEIAEREE (*P<0.05)

Fig 4 Knockdown of FOXC1 inhibited cancer stem cell properties of HCC827/GR cells. A: The mRNA level of CD133 in HCC827/GR cells was detected
by gRT-PCR (¥*P<0.05); B: The mRNA level of CD133 in HCC827/GR cells with FOXC1 knockdown was detected by qRT-PCR (¥*P<0.05); C: The protein
level of CD133 in HCC827/GR cells with FOXC1 knockdown was analyzed by flow cytometry; D: The stem cell self-renewal of HCC827/GR cells with
FOXC1 knockdown was detected by microsphere formation experiments; E: The histogram analysis showed the number of microspheres (*P<0.05).

gRT-PCR: quantitative real-time PCR.

Joboood

www.lungca.org



* 544 - o T il 95 2%

Lii20214F8 H 5245 5 sl

Chin J Lung Cancer, August 2021, Vol.24, No.8

THLFOXC1AYHCCS27/GRAN M FIESOX2 5 AH L ik
SOX2RINIC [H WA Fr T (P<0.0s, [ESF) o Fik%h
RRW], TILFOXCIREMMHIHCCS27/GRAISOX 21
ik,

2.6 FOXC1., SOX2MICD1337E 5 A e 24 41 4 rp K55
PR SCHE it —0 MR N KHIEFOXCL, SOX2HICD133
FIRMKFR, RHGEH AR 1567 - e it 25 21 2
A s AR R R U LH U EFOXCL, CD133FISOX2f %
AL, SOX2HICD1337ENSCLC T JE 8 JE it 25 41 41
By IRy i 35 B T HURA S (P<0.01, [Kl6A) . FOXCI
IR HINSCLCLHZU, [AlIH Bl SOX2 5 CD 13311 i
%3k ; FOXCURFEEMAL T, SOX25CD133IK ik

WAL (EleB, EeC) o [N, el T e S E ik
( The Cancer Genome Atlas, TCGA ) 45 JZ2 b firi i g 22 2
HZHUFOXC1, CDI133MISOX2# A&, 5 =L
BIFHOCHE . GnEl6DAT/R, FOXC1. SOX2MICD133f/FRik
IR IEAR G (P<0.05) o LU EZERFEM, FOXC1,
SOX2HICD 13375 7 AR5 Je it 245 2H 2 rpr 2 35 W ) 522 1E A
P

3 g

EGFR-TKIFE RS I FEMEAE R, 7R %, 7
BIVERT /N AAE G PR NS CLCYAYT ik Sie b A7 21| & 40,

A B HCC827/GR ¢
\ N
Il shControl 0{&\0 O*O 0~\S—f\
g EviCCR 15 I shFOXC1-1 &
c B HCC827/GR i I shFOXC1-2
2 34 % S SOX2 |W S s | 35 kDa
g < 2 < 1.0 -
S g =
§E 27 3 g% ——
v s s E . Nanog w [ 42 kDa
> © v'g 05 -
g 14 2
2 < [-actin | —-—— | 43 kDa
0. € 00
SOX2 OCT4 Nanog SOX2 0CT4 Nanog HCC827/GR
D E HCC827/GR F
shFOXC1 -+ 4+ 4 cee27/ HCC827/GR
pCMV - - + - ~*-shControl 5
pCMV-SOX2 - - = =
120 7 |+shFOXC1-1+pCMV 2 47
sox2 . -.. 100 1 —+ ShFOXC1-1+pCMV-SOX2 g ;3.
X | 3
= 80 -
E i Um 2 -
FOXC1 .- —-— - 5 60 )
S 40 14
3 i
B-aCtin - i 20 0 -
0 1T T T T T 1 shFOXC1 -+ + 4+
PO H O N Y XY e
HCC827/GR 00‘5" AN A A
pCMV-SOX2 - - -+

Gefitinib (u mol/L)

B 5 FHFOXCTHIHIHCC827/GRAUAESOX2/IFiE, A: gRT-PCRIQIMHCC827/GRAAEISOX2. OCT4FANanogiImRNARKILZ/KE (**P<0.01) ; B: qRT-
PCRHM F#H FOXC1/EHCC827/GR4AAISOX2. OCT4FINanogHImRNAKIEKE (**P<0.01) ; C: Western bloti il F#:FOXC1/FHCC827/GR4AESOX2
#NanogZEBFRIEKTE; D-F: fERAFHFOXCIHIHCC827/GRAM, #HEIRETRIZSOX2MMAIER; D: Western blotiilISOX2FFOXC1HIE B RIE
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Fig 5 Knockdown of FOXC1 inhibits the expression of SOX2 in HCC827/GR cells. A: The mRNA levels of SOX2, OCT4 and Nanog in HCC827/GR cells
were detected by qRT-PCR (¥*P<0.01); B: The mRNA levels of SOX2, OCT4 and Nanog in HCC827/GR cells with FOXC1 knockdown were detected
by qRT-PCR (**P<0.01); C: The protein levels of SOX2 and Nanog in HCC827/GR cells with FOXC1 knockdown were detected by Western blot; D-F:
HCC827/GR cells with FOXC1 knockdown were stably transfected with pCMV-SOX2 and with an empty vector as a control; D: The protein levels of
SOX2 and FOXC1 were detected by Western blot; E: MTS assays were used to detect cell viability (*P<0.05); F: The IC,, of cells were calculated (*P<0.05).
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Fig 6 Correlations of the expressions of FOXC1, CD133 and SOX2 were assessed in NSCLC tissues with gefitinib resistance. A: SOX2 and CD133 ex-
pression scores in NSCLC tissues with gefitinib resistance; B: Representative examples of the FOXC1, SOX2 and CD133 staining in the same NSCLC tis-
sue set; C: Differences of expressions of FOXC1, SOX2 and CD133 in NSCLC tissues; D: Correlations of the expressions of FOXC1, CD133 and SOX2 with

each other in lung adenocarcinoma samples from TCGA database.
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