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Down-regulation of grainyhead-like protein 2 promotes drug resistance of tumor cell to gefitinib by inducing
epithelial-mesenchymal transformation
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[Abstract] Objective To explore the role and possible mechanism of grainyhead-like protein 2 (GRHL2) down-
regulation in acquired drug resistance to tumor-targeted therapeutic drug gefitinib, an epidermal growth factor receptor
tyrosine kinase inhibitor (EGFR-TKI). Methods Human colon cancer cell line DiFi and human lung adenocarcinoma cell
line HCC4006 were cultured in a stepwise increasing concentration of gefitinib to obtain gefitinib-resistant cell lines. The
differentially expressed genes between gefitinib-resistant cell lines and parent cells were selected by RNA sequencing and
verified by real-time fluorescent quantitative PCR (qQRT-PCR). The pcDNA3.1-GRHL2 plasmid was transfected into the
gefitinib-resistant cell lines to overexpress GRHL2, and the sensitivity of the cells to gefitinib was detected by CCK-8 method.
The expression of epithelial marker (E-cadherin) and mesenchymal marker (Vimentin) in the gefitinib-resistant cells was
detected by Western blotting. The relationship between GRHL2 expression and expression of E-cadherin and Vimentin in 60
human tumor cell lines was analyzed by CellMiner™ database. Results We successfully obtained two gefitinib-resistant cell
lines. RNA sequencing and qRT-PCR confirmed that the expression of GRHL2 in the gefitinib-resistant cells was decreased,
while the sensitivity of the cells to gefitinib was restored after overexpressing GRHL2 in the gefitinib-resistant cells. Western
blotting analysis showed that the E-cadherin expression was decreased and the Vimentin expression was increased in the

gefitinib-resistant cell line. CellMiner™ database analysis showed that the expression of GRHL2 was highly consistent with
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the ratio of E-cadherin to Vimentin. Conclusion Down-regulation of GRHL2 mediates drug resistance of tumor cell to

gefitinib by inducing epithelial-mesenchymal transition.

[Key words] targeted therapy; secondary resistance; gefitinib; grainyhead-like protein 2; epithelial-mesenchymal

transition
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B AR T 32 R R R R
( epidermal growth factor receptor-tyrosine kinase
inhibitor, EGFR-TKI) #%)" & N JH T AE /N0
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E-cadherin, Vimentin, GRHL2 Hi{&llE [ Sigma-
Aldrich A A5 B-actin JUARM FAL 5 A2 &4 £
W AR BRAF] 5 e Bl Ak 2% KO0 [ 58
Millipore A ; 35 AR e g A 5 [ i 37 A1)
ol BRIFEIARSE YR F] Lipofectamine™ 2000 11
H 32 [E Thermo Fisher Scientific /A F], pcDNA3.1-
GRHL2 ALK R

1.2 wmie¥d  DiFi KGR T 10% FBS 19
DMEM };i 55, HCC4006 40555 T 10%
FBS 1 RPMI 1640 I, B3 &M H
37 C. 5% CO,. FEBIE WM T AL A K
ARIRE, B 1~2 d 510 1 &k, BOEUEKIN
SR A T

1.3 wfhmiatrey iz RN EED B
D7 R TR SN S 25 AN i ik . BOW B K TR
DiFi 4l HCC4006 4ifig, A& HIEREH
Wi, AR MR 20 nmol/L FH4fR,
R MBI, FFRIGFRW, MRS ik
( phosphate buffer saline, PBS) ¥t 3 5,
AN B 24 1) 1) B A R AR S R RO . B
i E AR R R, B R EIER L
R, Zad 8 NHE, HEANMEEAE 1.0 pmol/L
FHAEE R PR AR, &2 2540tk DiFi-
GR. HCC4006-GR1 F1 HCC4006-GR2.,

1.4 CCK-8 sAeml g ey w25 bk UGB K40
(R, i A TR T BB 20 L B, R At g
WREE 4X10YmL, AR T 96 LAk, AL
100 uL, }55% 24 h JFMFAIEFRI, K& AR E
AR B B IR O A IR L. 53R 48 h e
W3 SR OT ] PBS T PE, BFLIA 100 pL &
10% CCK-8 MYIEFRMIFT 37 C Wefh RO &
1.5 ho BUBiEFRMR, FEEAR G E 450 nm P4
IS FLCERE (D) {H, Wi, it
SRS A LA PR R (half maximal
inhibitory concentration, ICs,)
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NCI-60 /' EMT #5211 E-cadherin 5 Vimentin
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K CCK-8 kIt 245 240 Jig X} =5 JE 25 e ) f ek
Pk, RN 2 AT AR e AE R T AT ) S0 R
SAMOAH L] W EsR . 2 T5, DiFi 4000 1Cs, A
52 nmol/L, M54tk DiFi-GR i) IC5, 4
1 600 nmol/L; HCC4006 4HftAY ICs, 24 112 nmol/L,
i 25 40 i Ak HCC4006-GR1 F1 HCC4006-GR2 11
1Cs, 43519 19 000 #7118 000 nmol/L .,

2.2 FARAmMBAGH@MBEFEEKRR G
ik A RNA TR )7 L ER DiFi 5 DiFi-
GR. HCC4006 5 HCC4006-GR1 f{HEH F ki
255, ARG 51 SRR 25 R AR IR R . X2
S RIS AT RIS AL I 9O E 5 PCR 5
UE, RIS Ras MOCH 1 Rab25 | 55k A+
GRHL2 U}t b Fi#54rF Claudind Fl E-cadherin
EHAER T 254 ik DiFi-GR . HCC4006-
GR1, HCC4006-GR2 "33k N, fiifa] fibr i 5
B Vimentin TSR T ZEBI F55 HE (E 1) .
2.3 itk ik GRHL2 3% & a2h smpe st & IEH Ry
BB 1F DiFi-GR #il HCC4006-GR1 4 it %%
Ut pcDNA3.1-GRHL2 ki), &M FENBHras
REWPANME S GRHL2 Fik =B FH&, CCK-8
S0 235 S 2 W AT B0 R R JE Y SRR B
(& 2) . i GRHL2 J& DiFi-GR Hl HCC4006-
GR1 T 254 B 2 —

2.4 wrEmia kA EMT  FI & (A B Bl A
M EMT K FRIFRE, 458 BT 25400 DiFi-
GR. HCC4006-GR1, HCC4006-GR2 H I fzbr
[ E-cadherin 35 M1, WA FFrES Vimentin
Fik B (E3) o UESEmi 254l &4 T EMT,
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Fig1 Differentially expressed gene screening in DiFi and HCC4006 cells and corresponding gefitinib-resistant cell lines
A: Clustering analysis; B: Quantitative real-time PCR. DiFi-GR and HCC4006-GR1 cells are the gefitinib-resistant cell lines. GRHL2:
Grainyhead-like protein 2. "P<<0.05 vs DiFi cell or HCC4006 cell, respectively. n=3, x+s

Relative mRNA expression

Y

C006 HCC4006 GR1

Q[

DiFi-GR H

=
oz

I
W N N $
& O DiFi-GR S & O HCC4006-GR 1
& &~ 1501 MDIFi-GR-GRHL2 S & - 1501 mHCC4006-GR1-GRHL2
& zE & & 2B
> 9 = £ 100 T =E 100
(72 000) =5 50 (72 000) d %5 50
(42 000) 0 (42 000) 0 B

10 50 100 200 10 50 100 500 1000

Gefitinib c/(nmol + L™ Gefitinib ¢,/(nmol * L")
2 id3Ri%X GRHL2 158 DiFi-GR #1 HCC4006-GR1 A3t & 3E 5 B F st i
Fig2 Overexpression of GRHL2 enhances sensitivity of DiFi-GR and HCC4006-GR1 cells to gefitinib
A: Gefitinib-resistant cell line DiFi-GR; B: Gefitinib-resistant cell line HCC4006-GR1. GRHL2: Grainyhead-like protein 2. "P<<0.05
vs DiFi-GR cell or HCC4006-GR1 cell, respectively. n=3, x*s
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(12 000)
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B-Actin—
pan D D | WS -

3 ZEARENH%MKN E-cadherin 1 Vimentin 7£ DiFi-GR. HCC4006-GR1 1 HCC4006-GR2 ZHffIh R R%
Fig3 Expression of E-cadherin and Vimentin in DiFi-GR, HCC4006-GR1 and HCC4006-GR2 cells by Western blotting
DiFi-GR, HCC4006-GR1 and HCC4006-GR2 cells are the gefitinib-resistant cell lines

2.5 GRHL2 (2 Fi5 EMT £ R &Eda % F ZEOTESI ) NCI-60 H' E-cadherin/Vimentin [ H{f
] CellMiner™ %45 72/ #F GRHL2 1£ NCI-60 40 E—5 (E 4) . W GRHL2 Fik FiHA e
MR L, 4558 B8 GRHL2 Ak Park i 245 20 i & A= EMIT 3 17 i 245 14 JE R
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Fig4 GRHL2 expression is consistent with EMT phenotype of NCI-60 cell lines

The ratio of E-cadherin to Vimentin was examined by Park, et al"”,

and the GRHL2 expression was available at CellMiner™ database

(https://discover.nci.nih.gov/cellminer/CellMiner). GRHL2: Grainyhead-like protein 2; EMT: Epithelial-mesenchymal transition
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5L (fn HER-2 F1 HER-3 ) FLHAh A= K K732 44
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FIFH RNA 7477 35%F DiFi 5 DiFi-GR.,
HCC4006 5 HCC4006-GR1 F{HEER ki g1 71t
g8, RIS T 51 D HLREIAY2E SRR . 320
Xf 2 S R IR L N REHATR K HT, KT —
AN B SEIN T GRHL2, £S5 9867 PCR
Bk, 2o FTEM 2540 i bk DiFi-GR. HCC4006-
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