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Effect of GRHL1 on the malignant biological behavior of breast cancer cells by
regulating the Wnt/3-catenin signaling pathway
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Abstract Objective To investigate the effect of GRHL1 on the malignant biological behavior of breast cancer cells by regulating
the Wnt/B-catenin signaling pathway. Methods Breast cancer MDA-MB-231 cells were divided into control, GRHLI low-expression,
GRHLI overexpression, Wnt overexpression,and GRHLI overexpression + Wnt overexpression groups. The mRNA and protein expre-
ssion levels of GRHL1 , Wnt ,and B-catenin were detected using real-time PCR and Western blotting, respectively. The colony forming assay
was used to assess cell clonogenicity,and Transwell assay was used to assess cell invasion. Results Compared with MCF-10A cells,
the expression level of GRHLI mRNA in MDA-MB-231 cells decreased, and the expression levels of Wnt and B-catenin mRNA increased
(P < 0.05). Compared with the control group,the expression level of the GRHL1 protein in MDA-MB-231 cells in the GRHLI low-expre-
ssion group decreased , the expression levels of Wnt and B-catenin proteins increased (P < 0.05), and cell proliferation and invasion ability
were enhanced (P < 0.05). Compared with the GRHLI low-expression group, the changes of the above indicators in MDA-MB-231 cells in
the GRHLI overexpression group were opposite. Compared with the control group,the expression levels of Wnt and B-catenin proteins in
MDA-MB-231 cells in the Wnt overexpression group increased (P < 0.05),and the cell proliferation and invasion ability were enhanced
(P < 0.05). Compared with the Wnt overexpression group , the expression levels of Wnt and B-catenin proteins in MDA-MB-231 cells in the
GRHLI overexpression + Wnt overexpression group decreased (P < 0.05),and the cell proliferation and invasion ability also decreased
(P < 0.05). Conclusion Low expression of GRHLI can promote the invasion and proliferation of breast cancer cells by activating the
Wnt/B-catenin signaling pathway.
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GRHLI$i &  Wntfi /& B-catenin$ii /& .GAPDH
U, W [ 3 [ Affinity Biosciences’\ 7 ; BCAZE |4 &
A & Transwell/ N2, 14 H 98 [E Coring A ] 5 45 i
LU, W A I R FERHE A BRA A Pro-Flex™
PCRAY, W H 3£ [E ThermoFisher ScientificZ\ 7]
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JIR 95 40 RMDA-MB-231, ¥ 5 [ R} 2 g L 750
B i e Dy o L%, 737 CCREFRAR P Ik s
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1.3 SEEJE
1.3.1  432H ¥ MDA-MB-23 141 g 43 g % BB 2H A% 3%
IKGRHLIA | i 3¢ SAGRHLIA | itk 32 1K Wnt#H 1 3
FIRGRHLI+3 32 iAWt o % 8 28 40 g AN AL b5
I, AT S Ye b B B F37 CCHEFRAE IR H
i o ARRIKGRHLIA R HIGRHLI T4 i B4 & i

T A JeasR A TG G | B i TG 10T 55 73 Ak
BT AW, S IR 15 min)5 A 40 5 55K
R, R k2 5724 h, f AR e ISR IAGRHLIY)
MDA-MB-2314i ffl . i e IKGRHLIA i F3KGRHLI+
i FR W0 S0 A GRHLI i3 3305 R AT By () 5%
Ui, e B LR AR [ Qe i R R, 15 5R24 h, 1
# 5 FeIKGRHLIFUMDA-MB-23 141 i ; b, i 2k
GRHLI+3: 22 35 Wt [5) I il A Wi 3235 JFokr, 52
PR PR e dok 3R 3K o R GA Wne 4 B0 I A Wneiok
PR BB AN YR, e Yy e 159724 h M Rk
Wat{JMDA-MB-2314 i,

132 SEATE HPCRAEMIGRHALL  Wnt FllB-catenin
mRNAZK - JEEAN M P B RNA R 054 5% A eDNA,
K HPCRALY 4 eDNA , Z: BURGR G B 5, 1% 5 2
F£ 95 CZETEL0 min, 95 CAETELS 5,60 CiB 420
s,72 CIEM40 s, SL28 MG LIGAPDH N Z: 5|
Y5 : GRHLI, iF [1)5° -GTAGCATCGTCGGCTAGT
GATC-3’, JZ [1]5”-CCTAGCAAGTGCATGCGTGCAG-
3’ ;Wat, IE 5’ -AATCGCGCCGTACGTGCTAGCG-
3, L[5’ -CTTG CAGTGCAAATGCAGTGCAA-3" ;
B-catenin, 1F. [115° - CTATAGCGATCGTTCCTAATAG-
37, ]2 I15° -GTGTCCGCACTCAGTCAGGAATG-3 5
GAPDH, iF 75’ -CACTAGCTAGTCGTTAAATGCG-
37, ]2 15" -GATGGTGCAAACGCACTTAAACC3
FFH2 4 A YE 4 HTGRHLI Wt FIB-catenin mRNAZE
KK

1.3.3  Western blotting# | GRHL1 . WntFIB-catenin
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AP, 20 CLRAFE FH o BL i 43 B s Ak 4 e, 25 FL
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S A GRHL1 . Wnt \B-cateninFl P ZGAPDH—$i4
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BRI 40, PBSTHEA3 UK, 10 min/IK o INA G
Bt B 52 , SR Image] A0 HT 45 28 1 4% KL
1.3.4  £EVETE WL S B kI MD A -MB-23 1 41 it %) 3 58
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1.3.5  Transwel 32 55 A& MDA -MB-23 141 jfd {7 28
BE 1 BGE = R, I A Transwel/NE /) 2=
(100 wL/AL), HABEFZFE T H30 min. Fr4fAEA 1
Z285% e A, WA 20, i 25 A 400 if B - K6 200 pl
AR N A %, R & A 600 pulE 77 3G
7724 ho FIPBSER R Mk - 220K, A & 2 30 min,
PBSHPVESE , # /N A B A5 0.19%45 S 5E 1 T L
o, Q430 min, PBSMPYESS 76 s T WSS HARR
1.4 G

K FHSPSS 23.0%% 44 #4752 1t 43 Bt , R H Graph-
Pad Prism 9.08 22 ] 1T REBOR X = s8R, 241 L0
BER TV ST BEAR G 6, 22441 i) H AR P B PR 3 25
I3 AT, 2D P LR HILSD-t4 56 . P < 0.05
RO FE L.

2 #R

2.1 FNEAN P GRHLI \WntFl B-catenin mRNAZR
KK

EJMCF-10AZ1 g #H Lt , MDA-MB-2314jil fifd RGRHLI
mRNAZEE KL (P < 0.05), Wnt F1 B-catenin mRNA
FIRAKETHE (P<0.05) LKL

*1 MCF-10AFAIMDA-MB-23140f R GRHL 1, WhntHiB-catenin mRNAZ 1% 7K F & bk %
Tab.1 Comparison of the expression levels of GRHL1, Wnt, and B-catenin mRNA in MCF-10A and MDA-MB-231 cells

Cell GRHLI mRNA Wnt mRNA B-catenin mRNA
MCF-10A 1.00 +0.02 0.98 +0.01 0.99 +0.02
MDA-MB-231 0.33+0.14" 2.68 +0.49" 237+0.41"
1) P < 0.05 vs. MCF-10A cells.
2.2 GRHLIXZLIRSE 40 s H GRHL1 . Wnt HlIB-catenin 1 2 3

EHEF Sy @ a0l
555 B2 A L, KR IAGRHLIZIMDA-MB-231
AL P GRHL1AR 1 R3A KV B, Wit FIB-catenin i
H# kKT (P < 0.05) o S51KFIKCGRALIA A
I, i # IAGRHLIZIMDA-MB-23141 it FGRHL1%E
FIZRIKIKV- T, WntFIB-cateningf 13535 7K P REAIG
(P<0.05) . UWLKEI1.%2,
2.3 GRHLIXTZL MR 40 B3 5 AR 22 68 1 (0 520
5%t B4 L, 32 IAGRHL1ZAIMDA-MB-231
2 6L ) 3 RN A= 22 e T B 5R (P < 0.05) o HRKIA
GRHLIZAM L , i3 ZRIEGRHLIZ4IMDA-MB-23 141 jig
(358 A 2288 IR (P < 0.05) o WLEEI2 (363,

GRHL] | s e 0 x 10’

Wnt | — S e 37 (0]

B-catenin | —— — — 33 (0’

GAPDH | cHNEED EEED TS 3610’

1, control group;2, GRHLI low-expression group; 3, GRHLI overexpres-
sion group.
E1  Western blotting#&MGRHL 11 & & F1id &% FMDA-MB-231
MR GRHL1. WntfiB-catenin® B &K%
Fig.1 Expression of GRHL1, Wnt, and B-catenin proteins in
MDA-MB-231 cells after GRHL1 low-expression and over-
expression detected by Western blotting

#R2 GRHL1{EFRIENITRIEFMDA-MB-231 fAfHGRHL1, WntFAB-catenin® B FRixKFRILLEE
Tab.2 Comparison of the expression levels of GRHL1, Wnt, and B-catenin proteins in MDA-MB-231 cells after GRHL 1 low-expression

and overexpression

Group GRHL1 protein Wnt protein {-catenin protein
Control 1.00 +0.01 0.99 +0.02 0.98 +0.02
GRHLI low-expression 0.28 £0.11" 2.56 +0.42" 1.78 +0.32"
GRHLI overexpression 1.35+0.27” 1.24 £0.16” 1.36 = 0.32”

1) P < 0.05 vs. control group;2) P < 0.05 vs. GRHLI low-expression.
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Control

GRHLI low-expression

GRHLI overexpression

A, colony forming assay; B, Transwell assay.
B2 &£EMB M Transwel ERNIGRHL 1R R L it Fik EMDA-MB-231 A HIIEHEZEAE S x 100
Fig.2 Proliferation and invasion of MDA-MB-231 cells after GRHL1 low-expression and overexpression detected by colony forming and

Transwell assays x 100

R3 RFiEFNTRIZGRHL 1 IFMDA-MB-231 40 Bl £ 3% 4 i} FE 22 B 2 B B L 3%

Tab.3 Comparison of the number of colony formation and invasive cells in MDA-MB-231 cells after GRHL1 low-expression and overex-

pression
Group Relative number of colonies Relative number of invasive cells
Control 1.00 £ 0.02 0.99 +0.01
GRHLI low-expression 3.41£0.54" 2.93+0.41"
GRHLI overexpression 1.75 +0.36” 1.58 +0.27”
1) P < 0.05 vs. control group;2) P < 0.05 vs. GRHLI low-expression group.
24 iF FRIKGRHLIT % i3 K Wnokd FL IR 240 I ! 2 3

Wt FIB-cateninZ ik FY) 521

5% BELH A 1L, 33 2 AWt I MDA-MB-23141 g
HHWntFIB-catenin [ 5 KF- T+ (P < 0.05) 5
i RIEWntZHAH I, i R IBGRHLI +3d 3Rk Wnt 21
MDA-MB-23141 fitd Wt FlIB-cateninfE [ 3 15 7K
B (P <0.05) o WLIEI3 . 4.
2.5 I FRIKGRHLING % i) 3R Wit LI s 240 it b
B AR ZEHE ST 1 52

55X BRI 1L, 2 ik Wnt ZHMDA-MB-23 141 /iy
BT FIIRZEHE J1 4858 (P < 0.05) 5 533 F6k WnrZH M
LY, i FRIKGRHLI +i 335 WntZHMDA-MB-231 4 s
HOFE AR ZZRE AR (P < 0.05) L34 K4,

Wit | e CHED - .0

B-catenin | C— =) P 88 x 10°

CAPDH | QD @D | 6 10

1, control group;2, Wnt overexpression group;3,GRHLI overexpres-
sion+Wnt overexpression group.
E3 Western blotting#&ifllid & ik Wntfnid RiIEGRHL1+id &K%
Wnt/zMDA-MB-2314 il WntFnB-cateninE B & ix
Fig.3 Expression of Wnt and B-catenin in MDA-MB-231 cells af-
ter Wnt overexpression and GRHL1 overexpression+Wnt

overexpression detected by Western blotting
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R4 TRIEWntFIE RIZEGRHL 1 +i3FRIEWnt/iEMDA-MB-231 48 Wnt#iB-catenin®E B R i& K F AR EEF K F{E A MEE R LR
Tab.4 Comparison of the expression levels of Wnt and B-catenin proteins and the number of colony forming and invasive cells in MDA-

MB-231 cells after Wnt overexpression and GRHL1 overexpression + Wnt overexpression

Relative number of Relative number of

Group Wnt protein B-catenin protein colonies invasive cells
Control 1.00 +0.02 0.99 £ 0.01 1.00 +0.02 0.99 +0.02
Wat overexpression 2.67+0.37" 2.21+0.15" 3.25+0.62" 2.17£0.31"
GRHLI overexpression + Wnt overexpression 1.45+0.22” 137+0.117 2.31 £0.45” 1.65 £0.22”

1) P < 0.05 vs. control group;2) P < 0.05 vs. Wnt overexpression group.

Control

Wnt overexpression

GRHLI overexpression+

Wnt overexpression

A, colony forming assay; B, Transwell assay.
B4 TERERR M Transwel SE3#6 Ml RiX WntAnid RiXGRHL 1+13 F3EWntIEMDA-MB-231 4 15 AR ZEE S x 100
Fig.4 Proliferation and invasion of MDA-MB-231 cells after Wnt overexpression and GRHL1 overexpression + Wnt overexpression de-

tected by colony formation and Transwell assays x 100
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WA Wntf 5B, 4T (B-catenin KR 70 B W 1R
M A7 3R - BRI A R A , 40 B-catenin
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KW BN, Wnt/B-cateninf 5 18 1 1) S5 5 S0 &
FLIRIER 2 A VR S rAZ O AL 2 — 12238 (i v 3 ik
PEEE T WL L DN A 20k, fie 7L R A M A L 1
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