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miRNA-182-5p promotes human bladder cancer proliferation and migration 
through the FOXF2/SHH axis 
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Increasing evidence suggests that microRNAs (miRNAs) play critical roles in bladder tumorigenesis and development by 
combining with the 3’ untranslated regions (3’-UTRs) of the corresponding mRNAs to negatively regulate gene expression. 
The role of miR-182-5p in bladder cancer (BC) remains unclear. Therefore, this study aimed to clarify the functional role of 
miR-182-5p in BC. We predicted candidate mRNAs for miR-182-5p via three databases (TarBase, ENCORI, and miRDB). 
Dual-luciferase reporter assays and target prediction confirmed FOXF2 as a potential target of miR-182-5p. Quantitative 
RT-PCR (qRT-PCR) showed that endogenous miR-182-5p expression was significantly upregulated in BC cell lines and 
clinical samples of BC patients. IHC, western blotting, and qRT-PCR assays indicated that FOXF2 expression was concur-
rently downregulated in BC tissues and BC cell lines. Gain- and loss-of-function studies showed that the overexpression 
of miR-182-5p enhanced the proliferation and migration of BC cells, while the downregulation of miR-182-5p showed the 
opposite results. The effects induced by miR-182-5p were attenuated with the restoration of FOXF2 expression. In BC cells, 
the upregulation of miR-182-5p not only decreased FOXF2 expression but also markedly increased Sonic hedgehog (SHH) 
pathway levels. These findings suggested that FOXF2 directly binds to miR-182-5p and that miR-182-5p acts as a tumor 
promoter in BC genesis and metastasis by targeting FOXF2. In addition, miR-182-5p plays a pro-cancer role by downregu-
lating FOXF2 and activating the SHH pathway.
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The incidence of bladder cancer (BC) has been on the rise 
in recent years and accounts for a significant proportion of 
cancer-related deaths [1]. There are two common types of BC 
with different biological properties as follows: non-muscle-
invasive BC (NMIBC) and muscle-invasive BC (MIBC) [2]. 
More than 70% of patients are diagnosed with NMIBC, and 
the recurrence rate is as high as 50–70% [3]. If diagnosed as 
a high-grade invasive muscle tumor, the disease can rapidly 
progress to metastasis and even death. Currently, surgical 
resection is considered to be the primary treatment option for 
NMIBC [4, 5], while multimodality therapy, such as radical 
cystectomy combined with neoadjuvant chemotherapy, 
offers the best chance of survival for MIBC [6, 7]. The overall 
survival of metastatic BC remains low despite the availability 
of multiple treatment regimens [8]. Therefore, it is impor-
tant to further understand the molecular mechanisms of BC 

occurrence and metastasis to identify new preventive and 
therapeutic strategies to improve the prognosis of patients.

miRNAs are only 18–22 nucleotides in length [9], and many 
studies have shown that miRNAs inhibit or promote drug 
resistance, apoptosis, proliferation, and other phenotypes 
in different types of tumors by regulating tumor suppressor 
genes or oncogenes [10]. For example, in bladder cancer cells, 
miR-626 inhibits EYA4, thereby promoting proliferation [11]. 
miR-558 promotes bladder cancer invasion, migration, and 
angiogenesis by decreasing the expression level of heparanase 
(HPSE) [12]. Therefore, miRNAs have attracted increasing 
attention as potential targets for the treatment of BC.

miR-182-5p has been reported to play an important role 
in a variety of cancers. For instance, miR-182-5p inhibits 
tumorigenesis, lymphangiogenesis, and angiogenesis in 
colon cancer [13], and it reverses cisplatin resistance in lung 
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cancer [14]. In addition, miR-182-5p promotes cell migra-
tion, proliferation, and colony formation in breast cancer 
[15], and it inhibits FOXO3a to promote hepatocellular carci-
noma progression [16]. However, there are few studies on the 
function of miR-182-5p in BC and its related mechanisms.

FOXF2 has been reported as a tumor suppressor gene 
in other cancer types. For example, FOXF2 gene deficiency 
has been demonstrated to promote epithelial-mesenchymal 
transformation and aggressiveness in breast [17] and lung 
cancer [18]. However, FOXF2 has not been reported in BC. 
It has been reported that miR-182-5p targets the FOXF2 
gene and regulates the proliferation and invasive ability of 
ovarian cancer [19], but its regulatory mechanism in BC has 
not been elucidated. In the present study, we demonstrated 
that FOXF2 is a direct downstream target of miR-182-5p and 
that FOXF2 suppresses the proliferation and migration of BC 
cells. We also found that miR-182-5p enhances the malig-
nant behavior of BC cells by promoting the Sonic hedgehog 
(SHH) pathway. Our study suggests that miR-182-5p has 
potential as a diagnostic and therapeutic target for BC.

Patients and methods

Clinical samples. A total of 36 pairs of adjacent normal 
tissues (at least 3 cm from the tumor) and BC tissues were 
collected at the First Affiliated Yijishan Hospital of Wannan 
Medical University from 2019 to 2021. All samples were 
identified by the Department of Pathology of the First Affili-
ated Hospital of Wannan Medical College. All samples were 
collected after informed consent was obtained. The present 
study received approval from the Ethics Committee of 
Wannan Medical College.

Cell culture. Bladder cancer cell lines (BIU-87, 5637, EJ, 
and T24) and SV-HUC-1 cells (normal human urothelial 
cells) were purchased from the Chinese Academy of Sciences 
Cell Bank (Shanghai, China). Bladder cancer cell lines were 
cultured in RPMI-1640 medium (HyClone, Beijing, China), 
and SV-HUC-1 cells were cultured in an F-12 K medium 
(Gibco, USA). Both media contained 10% fetal bovine serum 
(FBS; Yesen, Shanghai, China). Cells were maintained at 
37  °C with 5% CO2.

qRT-PCR. Total RNA was isolated from BC tissues with 
TRIzol reagent (Invitrogen), and miRNA reverse transcrip-
tion was performed using a reverse transcription kit 
(TianGen, Beijing, China). For miRNA qRT-PCR analysis, 
cDNA samples were analyzed using the miRNA qPCR 
Detection Kit (SYBR Green) following the manufacturer’s 
protocol (TIANGEN). The relative expression of genes was 
determined with the 2–∆∆CT method. Detailed information is 
presented in the attached list.

Western blotting. Total tissue or cellular protein was 
extracted with RIPA lysis buffer. Protein lysates were 
subjected to 10% SDS-PAGE (Cat# PG112, EpiZyme Biotech-
nology, China), and proteins were transferred to polyvinyli-
dene fluoride (PVDF) membranes by electrophoresis. The 

antibodies used in this study included anti-FOXF2 (1:2000, 
#36859, SAB), anti-SHH (1:3000, DF7747, Affinity Biosci-
ences, Changzhou, China), anti-SMO (1:1000, DF5152, 
Affinity), anti-GLI1 (1:3000, DF7523, Affinity), anti-β-actin 
(1:10000, AF7018, Affinity), and goat anti-rabbit secondary 
antibody (1:10000, BA1054, Boster, China). Endogenous 
actin was used as a reference for normalization.

EdU assay for proliferation. To detect cell proliferation, 
we used the EdU Cell Proliferation Assay Kit purchased from 
RiboBio (Guangzhou, China) according to the manufac-
turer’s protocol. The results were observed and imaged using 
an inverted fluorescence microscope (Nikon Corp., Tokyo, 
Japan) with 460–550 nm excitation wavelengths. The results 
were quantitatively analyzed using ImageJ software.

Colony formation assay. A total of 5×102 T24/5637 cells 
(48 h after transfection) were plated in 6-well plates. After 
12 days when the cells formed obvious colonies, the colonies 
were washed with phosphate-buffered saline (PBS), fixed 
with 4% paraformaldehyde for 15 min, and stained with 0.1% 
crystal violet for 15 min.

Wound-healing assay. After transfection for 48 h, 1×105 
T24/5637 cells were plated into 6-well plates and cultured for 
24 to 48 h, until they formed a monolayer. A 200 µl pipette tip 
was used to scratch the cell monolayer and cells were washed 
twice with PBS to remove detached cells. A fresh medium 
with 2% serum was added and cells were cultured for 24 h to 
allow wound closure.

Transwell cell migration assay. A Transwell migration 
chamber was used for migration experiments. Cells (1×104) 
were seeded into the upper chamber and 500 µl of medium 
containing 10% FBS was added to the lower chamber. Cells 
were cultured for 24 h, fixed with methanol, and stained with 
0.1% crystal violet.

IHC staining. For immunohistochemical staining, 
paraffin-embedded sections were used. Paraffin sections of 
BC were incubated with an anti-FOXF2 antibody (1:200, 
#36859, SAB), and the percentage of FOXF2-positive cell 
area was quantified using ImageJ.

Luciferase reporter assay. T24 cells were seeded into 
24-well plates. When cells reached 70–80% confluence, 
miR-182-5p mimics or negative control (NC), as well as 
wild-type FOXF2 (FOXF2-WT) or mutant FOXF2 (FOXF2-
MUT) plasmids, were co-transfected using the Lipofectamine 
8000 transfection reagent (Beyotime, Shanghai, China). 
The dual-luciferase plasmid was purchased from Shanghai 
GenePharma (Shanghai, China). A dual-luciferase reporter 
gene assay kit (GenePharma) was used for luciferase reporter 
detection 48 h after transfection.

Tumor xenografts in nude mice. All animal experi-
ments were approved by the Animal Care Committee of 
Wannan Medical College. All experimental procedures 
followed ARRIVE (http://www.nc3rs.org.uk/arrive). Four-
week-old female BALB/c athymic nude mice were obtained 
from the Model Animal Research Center of Nanjing 
University (Nanjing, Jiangsu, China). T24 cells transfected 
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with negative control or miR-182-5p 
mimics were harvested and resus-
pended in PBS. Cells (1×107 cells) 
were injected subcutaneously into 
the right axilla of each nude mouse. 
Tumor length (L) and width (I) were 
measured weekly with calipers to 
calculate the tumor volume.

Statistical analysis. Data are 
expressed as the mean ± SD. Differ-
ences between groups were estimated 
using the χ2-test or Student’s t-test. A 
p-value <0.05 was considered statis-
tically significant. All results were 
analyzed using Prism 8.0 and SPSS 
25.0.

Results

miR-182-5p is highly expressed in 
BC cell lines and tissues. We detected 
the expression level of miR-182-5p 
in BC cells and 36 pairs of BC tissues 
using qRT-PCR, and we demonstrated 
that miR-182-5p was highly expressed 
in BC tissues and cells (Figures 1A, 
1B). We also used The Cancer Genome 
Atlas (TCGA) database to analyze the 
differential expression of miR-182-5p 
between adjacent normal tissues and 
tumor tissues in BC (Figure 1C). 
TCGA database showed that the area 
under the curve (AUC) value was close 
to 0.915, suggesting that miR-182-5p 
has a potential diagnostic value for BC 
(Figure 1D). The data showed that the 
difference in miR-182-5p expression 
was nonsignificant in patients grouped 
by age and sex but was significant in 
patients grouped by pathological stage, 
grade, and lymphatic metastasis status. 
Thus, these findings suggested that 
miR-182-5p may be a potential molec-
ular target of BC (Table 1).

miR-182-5p increases BC cell 
proliferation and migration in vitro. 
To investigate the effects of miR-182-5p 
in BC cells, 5637 and T24 cells were 
transfected with a miR-182-5p 
mimics or inhibitor, and the expres-
sion of miR-182-5p was detected by 
qRT-PCR. The expression level of 
miR-182-5p was significantly higher 
in miR-182-5p mimic-transfected cells 
than in NC mimic-transfected cells 

Table 1. Clinicopathological features of 36 BC patients and the expression of miR-182-5p.

Parameter Cases
miR-182-5p expression p-value

Low % High %
Sex

Male 22 5 23 17 77 0.927
Female 14 3 21 11 79

Age at surgery
<60 17 3 18 14 82 0.423
≥60 19 5 26 14 74

Pathological
pTa-T1 12 7 58 5 42 0.000
pT2-T4 24 1 4 23 96

Grade
Low 10 5 50 5 50 0.013
High 26 3 12 23 88

Lymph node metastasis
Absent 10 6 60 4 40 0.001
Present 26 2 8 24 92

Total 36 8 28

Figure 1. miR-182-5p is highly expressed in BC tissues and cells. A, B) Quantitative real-time 
PCR (qRT-PCR) revealed that miR-182-5p was upregulated in BC tissues (n=36) and cell lines 
(5637, EJ, T24, and BIU-87). The error bars represent the SEM (n=3). **p<0.01 (Student’s t-test). 
C) TCGA data expression analysis of miR-182-5p in 19 BC tissues and adjacent nonmalignant 
BC tissues. D) Receiver operating characteristic (ROC) curves for miR-182-5p in TCGA dataset.
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and 5637 cells were transfected with a miR-182-5p mimic, 
inhibitor, or control. We found that FOXF2 mRNA levels 
were downregulated in the mimic group and upregulated in 
the inhibitor group (Figures 3B, 3C). Luciferase reporter gene 
analysis showed that miR-182-5p significantly reduced the 
luciferase activity of the FoxF2 luciferase plasmid in the WT 
group compared to that in the MUT group (Figures 3D, 3E). 
These data demonstrated that FOXF2 is a direct downstream 
target of miR-182-5p.

FOXF2 is a tumor suppressor gene with low expression 
in BC tissues and cells. We used qRT-PCR to detect FOXF2 
expression in BC cell lines and 36 pairs of BC tissues to deter-
mine its expression patterns. The results showed that FOXF2 
expression was significantly reduced in BC cell lines and 
tissues (Figures 4A, 4B), suggesting that FOXF2 may act as a 
tumor suppressor gene in BC. Similarly, we further explored 
the change in FOXF2 at the protein level through IHC, and 
the results showed that FOXF2 was expressed at low levels in 
BC tissues (Figure 4C).

(p<0.05, Figure 2A). The wound-healing assay showed that 
miR-182-5p overexpression promoted migration (Figure 2B) 
and that the downregulation of miR-182-5p inhibited 
the migration of BC cells (Supplementary Figure S1A). 
These results were further confirmed through Transwell 
assays (Figure 2C, Supplementary Figure 1B). EdU and 
colony formation experiments showed that upregula-
tion of miR-182-5p promoted the proliferation of BC cells 
(Figures 2D, 2E), while downregulation of miR-182-5p had 
the opposite effect (Supplementary Figures 1C, 1D). In 
summary, our results indicated that miR-182-5p promotes 
the migration and proliferation of BC cells.

FOXF2 is the direct downstream target gene of 
miR-182-5p in BC. To obtain more accurate prediction 
results, we selected target genes with high prediction scores in 
the database. The intersection of the TarBase, ENCORI, and 
miRDB predictions revealed a single potential mRNA candi-
date, namely, FOXF2 (Figure 3A). To confirm the miRNA-
target relationship between miR-182-5p and FOXF2, T24 

Figure 2. miR-182-5p increases BC cell migration and proliferation in vitro. A) qRT-PCR detection showed that miR-182-5p was significantly increased 
in the overexpression group. B, C) Wound-healing and Transwell assays showed that miR-182-5p promoted the migration of T24 and 5637 cells. D, E) 
miR-182-5p enhanced the proliferation of T24 and 5637 cells. **p<0.01
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We next used a FOXF2 overexpression plasmid and FOXF2 
siRNA to further verify this hypothesis at the mRNA and 
protein levels (Figure 4D, Supplementary Figures S2A-S2D). 
FOXF2 inhibited BC cell migration in the wound-healing 
assay, and FOXF2 downregulation accelerated BC cell migra-
tion, which was further confirmed by the Transwell assay 
(Figures 4E, 4F, Supplementary Figures 3A, 3B). Colony 
formation and EdU experiments showed that overexpression 
of FOXF2 inhibited the proliferation of BC while silencing 
FOXF2 expression accelerated the proliferation of BC cells 
(Figures 4G, 4H, Supplementary Figures S3C, S3D). The 
above experimental studies suggested that FOXF2 is a tumor 
suppressor gene in BC.

miR-182-5p and FOXF2 mediate proliferation and 
migration via the SHH signaling pathway. The SHH 
pathway has been reported to promote tumor progres-
sion. Western blotting analysis demonstrated that the 
SHH pathway was highly expressed in T24 and 5637 cells 
compared to SV-HUC-1 cells (Supplementary Figure S4A). 
Western blotting assays also demonstrated that the 
miR-182-5p mimics reduced the expression of FOXF2 but 
increased the expression of SHH, SMO, and Gli1. Accord-
ingly, the miR-182-5p inhibitor increased FOXF2 expression 
but decreased the SHH, SMO, and Gli1 expression levels in 
BC cells (Figures 5A, 5B). We also transfected the FOXF2 

overexpression plasmid and FOXF2 siRNA into 5637 and 
T24 cells. FOXF2 overexpression significantly increased 
FOXF2 protein expression and inhibited the SHH pathway. 
In contrast, silencing FOXF2 significantly decreased FOXF2 
expression and activated the SHH pathway (Figures 5C, 5D).

To further explore the mechanism, we designed a series of 
rescue experiments. The results showed that FOXF2 overex-
pression significantly restored the miR-182-5p-induced 
reduction in migration (Figures 5E–5G) and proliferation 
(Figures 5H, 5I) of BC cells. Moreover, western blotting 
analysis demonstrated that FOXF2 attenuated the activation 
of the SHH pathway induced by the miR-182-5p mimics at 
the protein level (Figures 5J, 5K).

miR-182-5p increases BC cell proliferation and migra-
tion in vivo. To evaluate whether miR-182-5p impacts tumor-
igenicity in vivo, we used T24 cells for subsequent in vivo 
mouse experiments. After euthanizing the mice after 4 weeks 
of growth, we found that the volume and weight of the tumors 
were higher in the miR-182-5p mimic group compared to 
the NC mimic group (Figures 6A, 6B). Compared to the 
NC mimic group, the expression of FOXF2 was significantly 
decreased in the miR-182-5p mimic group, and the expres-
sion of SHH pathway components was increased (Figure 6C). 
These results suggested that miR-182-5p may enhance the 
proliferation and migration of BC cells.

Figure 3. FOXF2 is the direct downstream target gene of miR-182-5p in BC. A) Schematic illustration showing overlapping of the target mRNA of 
miR-182-5p predicted by TarBase, ENCORI, and miRDB. B, C) miR-182-5p regulated the expression of FOXF2. D, E) Luciferase reporter assay in T24 
cells cotransfected with miR-182-5p or NC mimics as well as psiCHECK-2-wild type FOXF2 (FOXF2-wt) or psiCHECk-2-mutant type FOXF2 (FOXF2-
mut) plasmids. **p<0.01
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Figure 4. FOXF2 is a tumor suppressor gene with low expression in BC tissues and cells. A) FOXF2 was expressed at low levels in T24 and 5637 cells. 
B) qRT-PCR data revealed that FOXF2 was downregulated in BC tissues. C, D) Immunohistochemical staining revealed that FOXF2 was expressed at 
low levels in BC tissues. E) The overexpression of FOXF2 in T24 and 5637 cells was verified by qRT-PCR. F) Wound-healing assay showed that FOXF2 
overexpression inhibited the migration of T24 and 5637 cells. G) Transwell assays demonstrated that overexpression of FOXF2 inhibited the migra-
tion of T24 and 5637 cells. H) Overexpression of FOXF2 in T24 and 5637 cells inhibited their colony formation ability. EdU assay showed that FOXF2 
inhibited the proliferation of T24/5637 cells. **p<0.01
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Figure 5. miR-182-5P/FOXF2 affects proliferation and migration through the regulation of the SHH signaling pathway. A, B) miR-182-5p regulates 
FOXF2. miR-182-5p upregulated the expression of SHH, SMO, and Gli1 in T24 and 5637 cells, while In-miR-182-5p downregulated the expression 
of SHH, SMO, and Gli1. C, D) FOXF2 overexpression downregulated the expression of SHH, SMO, and Gli1 in T24 and 5637 cells, while siFOXF2 
upregulated the expression of SHH, SMO, and Gli1. E-G) FOXF2 counteracted the enhanced effect of the miR-182-5p mimics on cell migration. H, I) 
FOXF2 counteracted the enhanced effect of the miR-182-5p mimics on cell proliferation. J, K) Western blot indicating that FOXF2 counteracted the 
upregulation effect of miR-182-5p on SHH, SMO, and Gli1. **p<0.01
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Discussion

Recent findings have suggested that miRNAs play 
an important role in BC and other malignancies. Many 
studies  have confirmed the miRNA pathways of action 
of BC [20]. It is well known that through the complete or 
incomplete pairing of miRNAs with the 3’UTR of mRNAs, 
miRNAs block translation or promote the degradation of 
target mRNAs, thereby reducing the expression of the corre-
sponding proteins to achieve their biological functions. 
The dysregulation of miRNAs and their target genes is an 
important factor affecting the development of tumors [10]. 
However, the exact role of miRNA dysregulation in the 
pathogenesis of BC is still unclear and needs to be further 
explored. In our study, the expression level of miR-182-5p 
was significantly increased in BC tissues and cells compared 
to adjacent normal tissues and SU-HUC-1 cell lines, respec-
tively. Furthermore, the mechanism by which miR-182-5p 
promotes BC development was further studied.

In the present study, bioinformatics algorithms (TarBase 
[21], ENCORI [22], and miRDB [23]) determined that 
FOXF2 is a candidate target for miR-182-5p. Forkhead box 

transcription factor F2 (FOXF2) belongs to the FOX family 
and is a key transcription factor that regulates the differen-
tiation of tissue cell mesenchyme. FOXF2 regulates gene 
expression by regulating the transcriptional activity of genes, 
thereby regulating cellular biological processes [24]. FOXF2 
affects epithelial-mesenchymal transition, but the exact 
mechanism is not clear [25]. The role and mechanism of the 
FOXF2 gene in BC have not been previously reported. In the 
present study, through gain- or loss- of-function analyses, we 
found that FOXF2 inhibited the migration and proliferation 
of BC cells. To further investigate the mechanism of FOXF2 
in BC, we investigated FOXF2 together with EMT-related 
pathways, and we found that FOXF2 was involved in the 
regulation of the SHH pathway.

The SHH pathway plays a protumor role in a variety of 
cancers [26], including non-small cell lung cancer [27] and 
liver cancer [28], but the mechanism of the SHH pathway in 
BC has not been elucidated. In BC tissues and cells, SHH is 
abnormally expressed and associated with progression and 
pathogenesis [29]. SHH belongs to the hedgehog protein 
family [30]. Hedgehog proteins activate SMO and promote 
nuclear translocation of the Gli1 transcription factor, thus 

Figure 6. miR-182-5p increases BC proliferation and migration in vivo. A, B) T24 cells transfected with NC and miR-182-5p mimics were subcutane-
ously injected into nude mice to observe the effect of miR-182-5p on tumor growth. Compared to the NC group, the tumor growth rate and weight 
significantly increased in miR-182-5p mimic-treated nude mice compared to the NC mimic-treated nude mice. C) FOXF2 in the miR-182-5p overex-
pression group was decreased, and the SHH pathway was activated. **p<0.01
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affecting downstream target gene expression [31]. In the 
present study, we found that the SHH signaling pathway was 
involved in the development and progression of BC. Through 
gain- or loss-of-function analyses, we demonstrated that 
miR-182-5p/FOXF2 regulated BC through the SHH pathway. 
However, the exact mechanism of the effect of FOXF2 on the 
SHH pathway is still unknown and will be further explored 
in our future studies.

In conclusion, we found that miR-182-5p effectively 
inhibits the expression of FOXF2 in BC tissues and cells. We 
also demonstrated that miR-182-5p promotes the prolifera-
tion and invasion of BC cells by targeting the FOXF2/SHH 
axis. Our findings suggested that miR-182-5p/FOXF2 may 
serve as new targets for the treatment of BC, and our results 
may have potential clinical implications.

Supplementary information is available in the online version 
of the paper.
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Supplementary Information

Supplementary Figure S1. Inhibition of the expression of miR-182-5p can inhibit the proliferation and migration of bladder cancer. A, B) Wound-
healing and transwell experiments showed that miR-182-5p inhibitor suppress T24 and 5637 cells migration. C, D) Clonal formation assay and EDU 
demonstrated that inhibition of miR-182-5p could inhibit the proliferation of bladder cancer. **p<0.01
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Supplementary Figure S3. Inhibition of FOXF2 expression can promote the proliferation and migration of bladder cancer. A, B) Wound-healing and 
transwell experiments showed that interfering with FOXF2 expression promote T24/5637 cell migration. C, D) Clonal formation assay and EDU dem-
onstrated that inhibition of FOXF2 could promote the proliferation of bladder cancer. **p<0.01

Supplementary Figure S2. siFOXF2 can effectively inhibit the expression of FOXF2. A, C) The interference effect of siFOXF2 was verified in T24 and 
5637 cell lines. B, D) Western blotting to verify the interference effect of siFOXF2 in T24 and 5637 cell lines. **p<0.01
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Supplementary Figure S4. The expression of the SHH pathway is elevated in bladder cancer cells. Compared with SV-HUC-1 cells, SHH pathway ex-
pression was increased in T24, 5637 cell lines.


