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ABSTRACT

KEY WORDS

Objective: Bladder cancer is one of the most common urothelial tumors with high
incidence and mortality rates. Although it has been reported that microRNA (miR)-133b
can regulate tumorigenesis of bladder cancer, the mechanism remains unclear. Sex-
determining region Y-box transcription factor 4 (SOX4) exhibits an important role in
tumorigenesis, but it is unclear whether SOX4 and miR-133b are associated with regulation
of pathogenesis of bladder cancer. This study aims to determine the expressions of SOX4
and miR-133b in bladder cancer tissues and cells, investigate their effects on the
proliferation, colony formation, and invasion of bladder cancer cells, and to explore the
association between miR-133b and SOX4 in regulating biological featurss of bladder
cancer cells.

Methods: The bladder cancer and adjacent tissue samples of 10 patients who underwent
surgical resection in the Second Xiangya Hospital of Central South Universty from Januray
to June 2015 were obtained. The levels of miR-133b were tested by real-time PCR, and the
protein levels of SOX4 were evaluated using Western blotting in bladder cancer tissues,
matched adjacent tissues, and cell lines. The correlation between miR-133b expression and
SOX4 expression in bladder cancer tissues was analyzed. Using the online database
TargetScan, the relationship between SOX4 and miR-133b was predicted. MiR-133b
mimics, miR-133b inhibitor, and short hairpin RNA (shRNA)-SOX4 were transfected into
T24 cells by Lipofectamine 2000. The relationship between miR-133b and SOX4 was also
verified by a dual-luciferase reporter assay. The proliferation of T24 cells cultured for 0, 12,
48, 72, and 96 h was evaluated by cell counting kit-8 (CCK-8) assay. The colony formation
capacity of bladder cancer cells was tested after 14-day culture, and cell invasion capacity
was evaluated with Transwell invasion assay.

Results: Bladder cancer tissue and bladder cancer cells had low level of miR-133b but high
level of SOX4, compared with matched adjacent tissues and normal bladder epithelial cells.
A negative correlation between miR-133b mRNA and SOX4 protein levels in bladder
cancer tissues was also found (=-0.84). The results of online database TargetScan showed
that miR-133b targets at SOX4, and overexpression of miR-133b significantly attenuated
the expression of SOX4 in T24 cells. Both overexpression of miR-133b and knockdown of
SOX4 significantly inhibited the proliferation, colony formation, and invasion capacity of
bladder cancer cells in vitro. SOX4 down-regulation restored the effects of miR-133b
inhibitor on the proliferation, colony formation, and invasion capacity of T24 cells.
Conclusion: The up-regulation of SOX4 contributes to the progression of bladder cancer,
and miR-133b can regulate the proliferation, colony formation, and invasion of bladder
cancer cells via inhibiting SOX4.

bladder cancer; miR-133b; sex determining region Y-box transcription factor 4

JI% e A s THE SRS L P 22 0 2 AR B R 2 5 i 1) H w06 s e g A& A2 & R ML A T sk + A FR .
e 22— 2012 4%, G b s g HR it RNA(microRNA, miRNA, miR)J&— 4155 19 3E %
A3 T3], [RIAEBE T B e des i) HR B 16.5 T3 ), SR, i3 RNA, HAEE A A 2R AW G sh, f4Ek
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I 55 4L 20 1 20 L (% JDe 9 A0 M 3R 5637 . T24 R SW780
K IE H B e b Kz 40 2 SV-HUC-1) 42 U RNA
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2 41 (1.55+0.42 vs 2.85£0.80, P<0.01; [ 1A). 5
SV-HUC-1 4 Jig (3.28+0.32) HL # , 5637 41 Ji (2.19+
0.49). T24 4ilfifd(1.01£0.10) F1 SW780 41l ifZ (1.810.26)
H Y miR-133b mRNA 7K F- 2 F F (3 P<0.05), HL
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Figure 1 Down-regulation of miR-133b in bladder cancer tissues and cell lines

A: Comparison of the level of miR-133b in bladder cancer tissues and adjacent tissues; B: Comparison of the level of miR-133b in
bladder cancer cell lines 5637, T24, SW780 and normal bladder epithelial cell line SV-HUC-1. *P<0.05, **P<0.01 vs adjacent

tissues or SV-HUC-1 cells.

2.2 MiR-133b XTI FE Bt T24 (RBEIETE . &5 AN
BEE R

S5 NCHAMEL, HYmiR-133b AU REDS &0
il 1A A B % 12 h(0.48+0.01 vs 0.51+0.02, P<0.05).

24 h(0.50+0.01 vs 0.57+£0.02, P<0.01). 48 h(0.53+
0.01 vs 0.64+0.02, P<0.01). 72 h(0.57+0.02 vs 0.79+
0.01, P<0.01)Fl 96 h(10.55+0.02 vs 0.92+0.01, P<
0.01) i T24 4l g A 38 78 (] 2A) . T FETE IR [(4.43+
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QWO
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Figure 2 Overexpression of miR-133b inhibits the proliferation, colony formation, and invasion

A: Proliferation rate of T24 cells treated with NC or miR-133b mimics transfection at different time of cell culture; B: Colony
formation rate of T24 cells treated with NC or miR-133b mimics transfection; C: Invasion capacity of T24 cells treated with NC or
miR-133b mimics transfection. *P<0.05, ** P<0.01 vs NC group.

- 0.5 1.0
=0 jan) sk N b
L O »
3 o B
<= O 5 N iy
3 02 > 3 04 .
5 0.1 SOX4- 35 02
38 2] 2}
g 3 & &* &q,b‘ CJ’X
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AV X
& F C %4 D
Cjb v&‘b

B3 EEMEEAFMAERSRIESOX4

Figure 3 Up-regulated SOX4 expression in bladder cancer tissues and cells

A: Western blotting results of SOX4 protein in bladder cancer tissues and adjacent tissues; B: Relative expression of SOX4 protein
in bladder cancer tissues and adjacent tissues; C: Western blotting results of SOX4 in SV-HUC-1 cells and T24 cells; D: Relative
expression of SOX4 in SV-HUC-1 cells and T24 cells. **P<0.01 vs adjacent tissues or T24 cells.
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(0.44+0.01 vs 0.47+0.01, P<0.01). 24 h(0.46+0.01 vs
0.57£0.01, P<0.01). 48 h(0.50+£0.01 vs 0.64+0.01,
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(0.50£0.01 vs 0.92+0.01, P<0.01) s} (1) 4H Jifd 3 5 (/&
4A). TEFEIE R F[(6.48£0.06)% vs (3.69£0.39)%, P<
0.01; [& 4B)] X 12 22 fE J1[(45.33+3.86) 4~ vs (17.00+
1.63)1, P<0.01; [K4C).,

1.0F —A— NC o
_ 08} O~ ShRNA-SOX4 .
=) Kk
= 0.6 ki
|
?5 0.4
S 02
0 1 1 1 1 1 1
0 12 24 48 72 96
Time/h A
ShRNA-SOX4 g g
T == g
= 6
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= 5k
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NC ShRNA-SOX4
B NNE. IS T
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Figure 4 SOX4 promotes the proliferation, colony formation, and invasion of bladder cancer cells

A: Proliferation of T24 cells transfected with negative control (NC) or shRNA-SOX4 at different time of cell culture; B: Colony
formation rate of T24 cells after negative control (NC) or shRNA-SOX4 transfection; C: Invasion capacity of T24 cells after
negative control (NC) or shRNA-SOX4 transfection. **P<0.01 vs NC group.

2.5 MiR-133b 3|5t 4 A B SOX4 IRk
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2.6 MiR-133b i& T #] % SOX4 7 7 & Bt 5 40 B 19
HE, REERFEEEN

5L miR-133b A AH [, miR-133b #1114l
) F SARNA-SOX4 4% Y &) 254101 i) T24 48 e 7F 35 57
12 h(0.45+0.01 vs 0.53+0.01, P<0.01). 24 h(0.47+
0.01 vs 0.59+0.01, P<0.01), 48 h(0.50+0.01 vs 0.69+
0.01, P<0.01). 72 h(0.53+0.01 vs 0.88+0.01, P<
0.01) 196 h(0.51+0.01 vs 0.83+0.01, P<0.01) Y
(B 6A). FEREIEBZR[(3.50+0.10)% vs (8.32:+0.08)%,
P<0.01] F1 = 22 € 11 [(15.3342.87) 4~ vs (70.33+3.69)
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Figure 5 MiR-133b inhibits SOX4 expression in bladder cancer cells
A: MiR-133b levels are negatively correlated with the protein level of SOX4 in bladder cancer tissues. B: Binding target was

SOX4

GAPDH

predicted using the online database TargetScan. C: Renilla and firefly luciferase activities in T24 cells were measured after
transfected with miR-133b mimics or negative control (NC). **P<0.01 vs the NC group. D: Levels of SOX4 in T24 cells after

transfected with miR-133b mimics or negative control (NC) were detected with Western blotling.
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Figure 6 MiR-133b regulates the proliferation, colony formation, and invasion capacity of bladder cancer cells via SOX4

A: Proliferation of T24 cells treated with miR-133b-inhibitor (inhibitor) or miR-133b-inhibitor together with shRNA-SOX4
(inhibitor+SOX4) transfection at different time of cell culture; B: Colony formation rate of T24 cells after miR-133b-inhibitor
(inhibitor) or miR-133b-inhibitor together with siRNA-SOX4 (inhibitor+SOX4) transfection; C: Invasion capacity of T24 cells after
miR-133b-inhibitor (inhibitor) or miR-133b-inhibitor together with shARNA-SOX4 (inhibitor+SOX4) transfection. **P<0.01 vs miR-

133b-inhibitor.
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