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ARHGAP21 inhibits epithelial-mesenchymal transition by inactivating the WNT

signaling pathway in non-small cell lung cancer

XIE Ziping', LIU Liwei’, FANG Jincun’, ZHONG Xingyi', LIN Junhao', CHEN Fengsheng'
'Cancer Center, Integrated Hospital of Traditional Chinese Medicine, Southern Medical University, Guangzhou 510315, China; *Hexian
Memorial Hospital Affiliated to Southern Medical University, Guangzhou 511400, China

Abstract: Objective To investigate the role of Rho GTPase-activating protein 21 (ARHGAP21) in regulating the migration and
metastasis of non-small cell lung cancer (NSCLC) cells. Methods TCGA, CPTAC database were used to analyze the correlation
of ARHGAP21 expression level in NSCLC and the patients' prognosis. The expression of ARHGAP21 in clinical specimens of
NSCLC tissues was examined using Western blotting and immunohistochemistry. The effect of ARHGAP21 knockdown on
migration ability of lung cancer cell lines was examined using Transwell assay and wound healing assay. A nude mouse model
with injection of lung cancer H1299 cells via the tail vein was used to examine the effect of ARHGAP21 knockdown on the
metastatic ability of the tumor cells. The possible mechanism of ARHGAP21 was predicted by bioinformatics analysis and
verified using Western blotting. Results A low ARHGAP21 expression was associated with poor prognosis of patients with
NSCLC (P<0.05). ARHGAP21 expression was significantly downregulated in lung cancer tissues as compared with the
adjacent tissues (P<0.001). In cultured lung cancer cells, ARHGAP21 knockdown obviously promoted the migration ability of
the cells (P<0.001). In the nude mouse models, injection of H1299 cells with ARHGAP21 knockdown, as compared with the
negative control cells, resulted in a greater number of metastatic lung cancer nodules (P<0.05), which expressed higher levels
of N-cadherin and vimentin. Bioinformatic analysis showed a close correlation of ARHGAP21 with APC, GSK38, and Axin (P<
0.001). Western blotting showed that ARHGAP21 knockdown significantly decreased ubiquitination of B-catenin, upregulated
N-cadherin and activated the WNT signaling pathway in the lung cancer cells. Conclusion ARHGAP21 downregulation can
significantly promote the migration and metastatic ability of NSCLC possibly as a result of WNT signaling pathway activation,
which reduces the ubiquitination of 3-catenin by affecting the expressions of APC, GSK3f3, and Axin.

Keywords: Rho GTPase-activating protein 21; epithelial-mesenchymal transition; WNT signaling pathway; non-small cell lung
cancer
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Tab.1 Primer sequences used in this study

Primer Sequence (5'-3")

F: B-actin CATGTACGTTGCTATCCAGGC
R: B-actin CTCCTTAATGTCACGCACGAT
F: ARHGAP21 CATGGCACAGCCAGTTGAAAT
R: ARHGAP21 CCCTACCAGGTTGTGTCAGTA
F: Gsk3p GGCAGCATGAAAGTTAGCAGA
R: Gsk3pB GGCGACCAGTTCTCCTGAATC
F: Axin GACCTGGGGTATGAGCCTGA
R: Axin GGCTTATCCCATCTTGGTCATC
F: APC AAAATGTCCCTCCGTTCTTATGG
R: APC CTGAAGTTGAGCGTAATACCAGT
F: B-catenin AAAGCGGCTGTTAGTCACTGG
R: B-catenin CGAGTCATTGCATACTGTCCAT
F: GAPDH CAATGACCCCTTCATTGACC
R: GAPDH GACAAGCTTCCCGTTCTCAG
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2-AP) (B = J# ) ; anti- GSK3p (A6164). anti- AXIN1
(A16019) HL A (Z i %8 5L E W) ) 5 Anti- APC (25048,
CST).
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Fig.1 ARHGAP21 is downregulated in NSCLC. A: Heat map of tissue type and ARHGAP21 expression. B-F: Analysis of the
correlation of ARHGAP21 mRNA expression with tissue type, pathologic stage, T stage, N stage, M stage based on data from the
TCGA database. G: Analysis of correlation between ARHGAP21 protein expression and tissue type based on data from the
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CPTAC database. H-J: Immunohistochemical (IHC) staining of tissue microarrays and statistical analysis of corresponding
immunohistochemical staining scores. The tissue microarray included 77 tumor tissues and 71 normal tissues, 66 of which were
paired (scale bar: 50 um). K: Western blotting of ARHGAP21 expression in normal bronchial epithelial cell line (16HBE) and
NSCLC cell lines (A549, H1299, PC-9, H1975, H322, and H460). ***P<0.001 vs Normal.

iR, ARHGAP21 5 APC Axinl flGSK3B#GEZIE
AH(P<0.001) ,{H 5 CK 1 FIp-catenin JCAHFAE
2.5 ARHGAP21 Fifif%t WNT/Z 5 il 349380 , i
et b -8 7R AL

qPCR 455 /% , ARHGAP21 #i ik R T APC,
GSK3p.Axin flIB-catenin i) mRNA F&ik /K- (P<0.001,
K 6A~E) , Western blot 45 % g 7n 5 X B ZH A L,
ARHGAP21 @il 41 il 7 1 APC .GSK3B. Axin [ 25
KA, i B-catenin AT i EMT AHDCAR 111 N-E5%h
FEHFE L (E 6F) . b, it i ARHGAP21

%) B-catenin iz Z ALK AYAE (L A5 /R ARHGAP21
FHAK 2 A B-catenin {72 Z ALK, it —24 L 9#B-
catenin [ 7K (F 6G) ..

3 itig

Ak /N2 e s e — R LA o A R B R T R Y
AP, RO FESE TR . SR T
HIARBREE gzl SetE i 2 A e s il
T BLFBIRIT o o TR MRy TR
WS IARBOTE:Z— A B R TRITARA A



- 1326 - J South Med Univ, 2023, 43(8): 1322-1332 http://www.j-smu.com

T2 FhRREIGRFIEEHES ARHGAP2 1 RiXRIFEFEE

Tab.2 Correlation between clinicopathological features of lung adenocarcinoma and ARHGAP21 expression

Characteristics Low expression High expression Chi-square value P

Male 12 11

Gender 0.216 0.642
Female 25 18
>55 25 21

Age (year) 0.181 0.671
<55 12 8
I 24 16

Pathology grade 0.692 0.406
111 13 13
Positive 17 8

Lymphatic metastasis 0.579 0.447
Negative 15 11
1-2 27 23

T stage 1.362 0.243
3-4 10 4
0-1 21 16

N stage 3.226 0.072
2-3 3 0
1-2 20 13

Clinical stage 1.15 0.283
3-4 15 5
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Survival (month) Survival (month)
Number at risk Number at risk
Low 578 283 87 30 6 Low 572 247 57 15 1
High 566 262 52 16 0 High 572 298 82 31 5
C Univariate COX regression D Multivariate COX regression
Characteristics 4 Hazard ratio (95% CI) p Hazard ratio (95% CI)
Gender 0.144 0.852-2.994 :
Age 0.15 0.827-3.452 :
0.438 0.687-2.382
Lymph Node Metastasis 0.089 0.913-3.665
T Stage 0.026 1.102-4.544 0207  F@ooed 0.572-6.238
N Stage 0.227 0627-7.159 0358 Wi 0.052-2.921
Histological Grade 0.002 : 1.522-6.032 0.022 e L { 1287-27.737
ARHGAP21 Expression 0.038 l""t: 0.258-0.954 0.278 !I 0.193-1.605
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B2 ARHGAP21 W FASHERREX
Fig.2 ARHGAP21 downregulation of was associated with poor prognosis of NSCLC. A: Overall survival of NSCLC patients
with different ARHGAP21 expression levels based on the Km-plotter database. B: Tissue microarray IHC scores. C, D:
Univariate and multivariate Cox regression of overall survival.
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ARHGAP21 knockdown efficiency. C-F: Cell migration detected by Transwell assay and wound healing assay in
ARHGAP21 knockdown and control cell lines (scale bar: 200 um). *P<0.05; ***P<0.001 vs NC group.
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Fig.4 ARHGAP21 knockdown promotes migration of NSCLC cells in vivo. A: In vivo imaging for
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Representative image of a lung metastatic tumor and the statistical analysis of the fluorescence

area. C: IHC staining of lung metastatic tumor (scale bar: 50 um). *P<0.05 vs NC group.
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