J South Med Uniy, 2021, 41(7): 995-1001 doi 10.12122/j.issn.1673-4254.2021.07.05 © 995 -

SHOX2

MO ARE w3 AR RRE XN AR
‘ar BRI K TS B ER RSN, TR TN 5106302 R S — AR ER RSN, TR R 526020

THE: B BB/ NRIE &S 2(SHOX2) X A BB 40T RS (22208 J1 1T AR PR if g i BT RENL R . Fa3% 430
TCGA g8 2 H SHOX 2 3 P 7E [ A bR AR A 5506 FEBRAR A 222K 175100 , R GEPTA I X TCGA i H i) SHOX 2
LRI BTN AT B R R AAE 0T, 1A GSEA R P T L T BB A A= W2 DBk o 3B BBOG B0 A 1 A I B W38 40 ik 24, R
SHOX2 shRNA & SHOX?2 - 335 Bk 43 Btk ik 3535 SHOX2 LA, FH Western blot Kl SHOX2 25 |4 63k &, il it RIlJR 528 |
Transwell {ZZESCIATIANIA TR RIBRE ST, B IT ARk SR AL S AR A i) A0t . FEREE T ANk,
I Western blot MMM I i 18] 78 i Ak (EMT) b 431 E-cadherin , Vimentin 85 F F 14 7t 9728 (6 FI TGF-P{ 53 i o B 40
PETRR-1ZE A FIA TS, SR SRSB4 U [ , SHOX2 L [H7E TCGA BN LH 4V h 20k THE (P=0.01) , ZERCR B2
It g L0 2 rp B I 55 (P=0.001) , SHOX2 L 5K 5 A AR B2 ARG (P=0.01) ; GSEA k7R SHOX2 A %545 5 EMT (P=
0.002, P=0.03) & T4l il 514 (P=0.006, P=0.008) £ IEAH G o 78 JB5 98 40 i T24 b, AP AN [R] 119 SHOX2 shRNA 4 5 FEAIE
SHOX2 17 1357k F- (shSHOX2-1, P=0.004; shSHOX2-2, P=0.03) , SHOX2 3t 15 JFoki I 4 25 SHOX2 197 11 357K -
(P=0.007), RIJES:E Transwell 222520045 B G, 144 SHOX2 Fik J5 I e 40 it 4% (P<0.001, P=0.02) {222 (P=0.002,
P=0.003)HE 7 5 JAKG , 11 SHOX2 3o ek 4R i s e i A i) 3288 (P<0.001) R Z8(P=0.004)BE 1. BVRAER TR BLSL Y
SR AN SHOX2 235 J B (T Ja a5 b e 48 240 B 1) 4t B (P=0.002, P=0.007, P<0.001) ; I SHOX2 12 FE ik M55 % [
FEAMM AT AN AR (P=0.002, P<0.001) . AN, i SHOX2 FEik ] flf it & A b B ARIEASEAE , i SHOX2 it 23k r (i 41 iy
A ) 0 SRR T 245 2025 5 Western blot 2528 7 , 1l SHOX2 & 3 mI i Jb% fif Ji 201 i+ 1Y) E-cadherin 85 1 &35 7K - T =i (P<
0.001) , Vimentin (P<0.001, P=0.01) . TRR-1(P=0.03, P=0.02) £& [ 2% 1k /K F-B&AIC ; 1 SHOX2 if & 75 ] {8 i Jok 4 41 B o 1)
Vimentin(P=0.04) \ TR-I(P=0.003) & H 5K TR . 4518 SHOX2 7Bt s 2o N : SHOX2 S5 B e Ji 40 T
% (BRI AT AR , AR HIHLHI T 85 TGF-B(R -l S 5 EMT A ¢

KHEIR : SHOX2; Befbbdia ; iBH% s 1258 TANMRRIE ; 12 RIFE S 1k s TGF-BI5 =ik

SHOX2 promotes migration, invasion and stemness of bladder cancer cells in vitro
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Abstract: Objective To explore the role of human short stature homeobox 2 (SHOX2) in regulating the migration, invasion and
stemness of human bladder cancer cells. Methods We analyzed SHOX2 gene expression in bladder cancer and adjacent tissues
based on TCGA database. Univariate survival analysis of SHOX2 gene expression in TCGA-BLCA data was performed using
GEPIA. The probable function of SHOX2 was predicted using GSEA. Human bladder cancer T24 cell models of SHOX2
knockdown or overexpression were assessed for changes in migration and invasion abilities using wound healing assay and
Transwell assay, and their cancer stem cell-like characteristics were evaluated using tumorsphere formation assay and colony
formation assay. Western blotting was used to detect the expressions of epithelial mesenchymal transition (EMT) markers E-
cadherin and vimentin and the TGF-$ signaling network component TBR-I in the cells. Results SHOX2 expression was
significantly higher in bladder cancer tissues than in the adjacent tissues (P<0.05), especially in paired tissue specimens (P<
0.01), and was negatively correlated with the overall survival of the patients (P<0.05). SHOX2 gene expression was correlated
positively with EMT-related (P<0.05) and stemness-related gene signatures (P<0.01). In T24 cells, SHOX2 knockdown
significantly suppressed cell migration and invasion, which was significantly enhanced by SHOX2 overexpression (P<0.01).
The cancer stem cell-like characteristics of T24 cells was repressed by SHOX2 knockdown but significantly enhanced by
SHOX2 overexpression (P<0.01). SHOX2 knockdown induced morphological changes of the cells into epithelioid cells, whereas
SHOX2 overexpression induced a mesenchymal morphology of the cells. SHOX2 knockdown increased E-cadherin expression
and decreased vimentin and TBR-I expression, while SHOX2 overexpression increased the expressions of vimentin and TBR-I
in the cells. Conclusion SHOX2 promotes the migration, invasion and stemness of human bladder cancer cells possibly by
regulating EMT via the TGF-3 signaling pathway.
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Fig.1 SHOX2 gene expression was significantly elevated in bladder cancer tissues based on TCGA-BLCA datasets and was
associated with poor survival of the patients. A: Relative SHOX2 mRNA expression in bladder cancer tissues (n=408) and
adjacent bladder tissues (1=19, *P=0.01). B: Relative SHOX2 mRNA expression in bladder cancer tissues (#=18) and paired
adjacent tissues (1=18, **P=0.001). C: Kaplan-Meier survival analysis of overall survival of patients with bladder cancer
with high and low SHOX2 expression level using GEPIA (P=0.01).
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Fig.2 SHOX2 gene expression is positively correlated with EMT-related and stemness-related gene signatures of bladder cancer based on
GSEA database. A: Data from GSEA indicate significant correlations between SHOX2 gene expression and EMT-related gene signatures
of bladder cancer (HALLMARK_EPITHELIAL_MESENCHYMAL_TRANSITION, P=0.002; GO_EPITHELIAL_TO_MESENCHYMAL _
TRANSITION, P=0.03). B: SHOX2 gene expression was significantly correlated with stemness-related gene signatures of bladder cancer
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Fig.4 SHOX2 promotes migration and invasion of bladder cancer cells. A: Wound healing assay of T24 cells transfected with SHOX2
shRNA or scramble shRNA (Original magnification: x40) and quantitative analysis (***P<0.001, **P=0.02 vs scramble). B: Wound
healing assay of T24 cells transfected with SHOX2 lentivirus or the control vector (x40) and quantitative analysis (***P<0.001). C:
Transwell assay in T24 cells transfected with SHOX2 shRNA or scramble shRNA (x200) and quantitative analysis (shSHOX2-1, **P=
0.002 vs scramble; shSHOX2-2, **P=0.003 vs scramble). D: Transwell assay ofn T24 cells transfected with SHOX2 lentivirus or the control
vector (x200) and quantitative analysis (**P=0.004).
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Fig.5 SHOX2 enhances cancer stem cell-like characteristics of bladder cancer cells. A: Tumorsphere formation assay of T24 cells
transfected with SHOX2 shRNA or scramble shRNA (x100) (shSHOX2-1, **P=0.002 vs scramble; shSHOX2-2, **P=0.007 vs scramble); B:
Tumorsphere formation assay of T24 cells transfected with SHOX2 lentivirus or the control vector (x 100) (**P=0.002). C: Colony
formation assay of T24 cells transfected with SHOX2 shRNA or scramble shRNA (***P<0.001 vs scramble); D: Colony formation assay of
T24 cells transfected with SHOX2 lentivirus or the control vector (***P<0.001 vs vector).
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Fig.6 SHOX2 induces EMT through TGEF-f signaling pathway. A: Morphology of T24 cells transfected with SHOX2 shRNA or
scramble shRNA (x 200); B: Morphology of T24 cells transfected with SHOX2 lentivirus or the control vector (Original
magnification: x200); C: Effect of SHOX2 shRNA and scramble shRNA on E-cadherin (*#*P<0.001), vimentin (***P<0.001, *P=
0.01) and TBR-I (shSHOX2-1, *P=0.03; shSHOX2-2, *P=0.02) expressions in T24 cells detected by Western blotting; D: Effect of
SHOX2 lentivirus and the control vector on vimentin (*P=0.04 vs vector) and TER-I (**P=0.003 vs vector) expression in T24 cells

detected by Western blotting.
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