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Purpose: Bladder cancer is one of the leading causes of cancer death all over the world, and 
half of patients are diagnosed at advanced stages with poor therapeutic response. Thus, 
developing new biomarkers for bladder cancer diagnosis and prognosis is urgently needed.
Materials and Methods: Bioinformatic and gene ontology (GO) analysis were employed 
to screen highly upregulated and secretory tumor markers in the TCGA BLCA cohort. IHC 
in tissue microarray and ELISA in cancer cell culture medium were used to validate the 
expression of putative biomarkers in bladder cancer. Bisulfite sequencing was used to detect 
DNA methylation status in the promoter of putative genes.
Results: In this study, MMP11 is first identified as one of the most differentially expressed 
genes (DEGs) in bladder cancer by meta-analysis in a TCGA bladder cancer cohort. The 
strong upregulation of MMP11 is confirmed at protein levels in both bladder cancer patients 
and cell lines. Mechanistic studies reveal that MMP11 promoter hypomethylation, but not 
genomic amplification or mutation, accounts for its enhanced expression in bladder cancer 
both in vitro and in vivo. Moreover, clinicopathological analysis indicates that MMP11 
upregulation is associated with the tumor progression and poor survival in bladder cancer 
patients.
Discussion: These findings suggest that MMP11, as a secretory protein, is a promising 
biomarker for diagnosis and prognosis in bladder cancer.
Keywords: bladder cancer, TCGA, MMP11, DEG, hypomethylation, diagnosis, prognosis

Introduction
Bladder cancer is the most common cancer of the urinary tract, with an 
estimated 80,470 new cases and 17,670 deaths projected to occur in the 
United States in 2019.1 Due to the advances in early detection and treatment 
for bladder cancer, the 5-year overall survival rate increases to 90%, whereas 
40–80% of these patients will eventually develop recurrence of disease or 
progression.2,3 At present, cystoscopy and urine cytology are the most reliable 
methods for bladder cancer diagnosis.4 However, the invasive diagnostic proce
dure in cystoscopy often leads to discomfort and distress in patients. Urine 
cytology has high specificity but low sensitivity for low-grade bladder cancer.5 

Although several other methods were approved by FDA, including BTAstat, 
BTAtrak, NMP22, FDP, ImmunoCyt, and FISH,6 none of them can replace 
cystoscopy and urine cytology in bladder cancer detection due to their low 
sensitivity or poor specificity. Thus, to develop a highly sensitive, specific, non- 
invasive, painless, low-cost, and long-term follow-up method has become a hot 
spot in bladder cancer.
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Previous studies by our group and other researchers 
have identified several deregulated genes and signaling 
pathways in BCa and normal bladder tissues.7,8 In 
a small RNA-seq cohort of bladder cancer, 17 hub genes 
including MMP11 were found to be associated with TNM 
staging and overall survival, which is correlated with the 
data from Li et al9 showing the prognostic role of MMP11 
in metastasis and poor survival in urothelial carcinomas by 
IHC study.

Matrix metalloproteinases (MMPs) are extracellular 
enzymes which break down the ECM and regulate cyto
kine and growth factor activity.10–13 MMP11, also known 
as stromelysm-3, a member of the stromelysin subgroup 
belonging to the MMPs superfamily, was initially identi
fied in invasive breast carcinoma.14 In physiological con
dition, MMP11 is involved in tissue remodeling during 
embryogenesis,15 tissue involution, wound healing,16 and 
metamorphosis.17 Meanwhile, MMP-11 is highly 
expressed in various cancers, including oral cancer,18,19 

desmoid tumors,20 lung cancer,21 esophageal 
carcinoma,22 pancreatic carcinoma,23 aggressive 
meningioma,24 ovarian carcinoma,25 and colon cancer.26 

Although some progress has been made in MMP11’s prog
nosis role in bladder cancer, its diagnosis role and under
lying mechanism are unknown.27

Here, our systemic study shows that MMP11 is highly 
expressed both in Bladder cancer tissue and cell lines, 
which is because of its promoter hypomethylation. 
Clinicopathological analysis indicates MMP11 is corre
lated with poor clinical outcomes and survival of patients 
with bladder cancer. Given its secretory property, MMP11 
is a promising biomarker for bladder cancer diagnosis and 
prognosis.

Materials and Methods
Data Collection and Data Processing
Bladder cancer gene expression RNAseq (IlluminaHiSeq 
pancan normalized) were downloaded from the TCGA 
BLCA cohort (http://xena.ucsc.edu/). After excluding 
unqualified samples, a total of 407 bladder cancer samples 
and 19 normal samples were used for the following analysis. 
The normalized and log2-transformed RNA-seq data dis
played as count number were conducted by using 
R package “DEseq.2” to screen differentially expressed 
genes (DEGs) in bladder cancer.28 The data about gene 
methylation, mutation, copy number variation, and clinico
pathological features (including sex, pathologic stage, 

T stage, N stage, metastasis, recurrence, histological grade, 
diagnosis subtype, and survival) were also retrieved from the 
TCGA BLCA cohort. In the present study, R package “max
stat” was employed for grouping samples to generate max
imal difference in patient overall survival. Meanwhile, the 
gene expression profile that MMP11 is strongly upregulated 
in cancer tissues was also considered as a critical factor to 
group samples. Thus, 0.28 was set as the optimal cutoff to 
meet both criteria mentioned above for grouping samples 
(Figure S1, Table 1). In detail, bladder cancer patients in the 
TCGA BLCA cohort were divided into a high-expression 
group (n=262) and low-expression group (n=145) 
(Supplementary Figure S1, Table 1). Association between 
MMP11 and clinicopathological parameters in bladder can
cer was examined by Chi-square (χ2) test or Fisher’s exact 
test in GraphPad Prism 8. Overall survival and recurrence 
free survival were analyzed by Kaplan-Meier curve in 
GraphPad Prism 8. Log rank test was used to determine 
the significance of difference in survival analysis. Student’s 
t-test (two tailed, unpaired unless otherwise specified) was 
used to assess significance of differences between two 
groups. All bars in figures represent means±SEM. The 
P-values are indicated as *P<0.05, **P<0.01, ***P<0.001, 
****P<0.0001, ns, not statistically significant.

Univariate and Multivariate Cox 
Regression Analysis
Univariate and multivariate Cox regression analysis were 
performed to determine the association of MMP11 with 
patient overall survival by SPSS (version 21.0). All date 
including MMP11 expression values and clinical features 
(age, sex, pathologic stage, T stage, N stage, M stage, and 
histological grade) were downloaded from a TCGA BLCA 
cohort. Clinical feathers with P<0.05 were used for multi
variate Cox analysis to adjust the correlation between 
MMP11 and overall survival.

Differentially Expressed Genes (DEGs) 
Screening and Gene Ontology (GO) 
Term Analysis
Gene expression level was compared between bladder 
cancer tissues (n=407) and adjacent normal tissues 
(n=19) to screen differentially expressed genes (DEGs) 
in TCGA-BLCA by R package “edgeR”28 P-value<0.05 
and |log2FC|≥1 were set as cutoff values, which was in 
accordance to that in most bioinformatic analysis in the 
literature.29,30 DEGs had further gene ontology (GO) term 
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cellular component analysis conducted at http://www.gen 
eontology.org/ to identify secretory biomarkers.

Cell Culture
Bladder cancer cell lines (T24, UMUC3, and 5637) and 
normal bladder cell line SV-HUC-1 were maintained at 
5% CO2, 37°C in RPMI 1640 medium supplemented with 
10% FBS. Commercialized cell lines were purchased from 
the Cell Bank of the Chinese Academy of Sciences 
(Shanghai, China).

Enzyme-Linked Immunosorbent Assay 
(ELISA)
Culture medium from 106 cells seeded for 48 hours was 
collected in a sterile container and then centrifuged at 
a speed of 2000/3000 rpm for 20 minutes. The supernatant 
was recovered and subjected to protein detection by 
MMP11 ELISA kits (m1058665; Mlbio, China). The opti
mal detection range was 5~200 ng/mL. To generate 
a standard curve, serial dilutions of standard material 
provided in ELISA kit were performed to obtain protein 
solutions at the concentrations of 150 ng/mL, 100 ng/mL, 
50 ng/mL, 25 ng/mL, and 12.5 ng/mL. Meanwhile, experi
mental samples from supernatant of cultured cells were 
seeded in the same plate. Blank wells without samples or 
ELISA reagents were also included. Then absorbance (OD 
value) at 450 nm wavelength was measured in each well 
within 15 minutes. All samples in one experiment were 

Table 1 Clinicopathological Characteristics in TCGA BLCA 
Cohort

Characteristics Level of MMP11 Gene 
Expression

P-value

Low 
(n=145)

High 
(n=262)

Sex 0.0671
Female 30 76

Male 115 186

Pathologic stage <0.0001
I 2 0

II 70 60

III 41 98

IV 31 103

N/A 1 1

T stage <0.0001
T0 1 0

T1 3 0

T2 59 60

T3 49 144

T4 15 43

TX 0 1

N/A 18 14

N stage 0.0086
N0 94 142

N1 10 36

N2 18 57

N3 1 7

NX 19 17

N/A 3 3

Recurrencea 0.0358
No 100 151

Recurrence 36 89

N/A 9 22

Metastasisb 0.0020
No 80 107

Metastasis 53 139

N/A 12 16

Histological grade <0.0001
High grade 124 259

Low grade 20 1

N/A 1 2

Diagnosis subtype <0.0001
Non-papillary 73 197

Papillary 70 62

N/A 2 3

Primary therapy outcome 0.0163c

Complete remission 93 135

Partial remission 4 17

Progressive disease 20 49

(Continued)

Table 1 (Continued). 

Characteristics Level of MMP11 Gene 
Expression

P-value

Low 
(n=145)

High 
(n=262)

Stable disease 9 20

N/A 19 41

Additional therapy 

outcome

0.0222d

Complete response 73 101

Partial response 1 5

Progressive disease 27 71

Stable disease 6 8

N/A 38 77

Notes: a Recurrence was determined by new tumor event. b Metastasis was 
determined by N stage, M stage, and new distant metastatic tumor. c Complete 
remission vs Partial remission, Progressive disease and Stable disease. d Complete 
response vs Partial response, Progressive disease and Stable disease. P-value is 
calculated by Chi-square (χ2) test or Fisher’s exact test.
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analyzed in triplicate and the experiment was repeated at 
least three times.

DNA Methylation
Genomic DNA from bladder cancer cell lines (T24, 
UMUC3, and 5637) and normal bladder cell line SV- 
HUC-1 was extracted by QIAamp DNA Mini Kit), and 
treated with sodium bisulfite according to the manufac
turer’s protocol (51034, Qiagen, NO:59104, Germany). 
Then, the resulting DNA was PCR amplified with forward 
primer (TGGGGGAATTTGTTTGTGGGTAG) and 
reverse primer (CCCCTTATAGCTTCCTCCCCAC) by 
2×Es Taq MasterMix in the reaction: 95°C for 5 minutes, 
and 45 cycles of 95°C for 30 seconds, 52°C for 30 sec
onds, 72°C for 30 seconds. The purified PCR products 
were cloned into plasmid and sequenced to determine the 
methylation status at the following CpG sites of MMP11 
gene in MMP11 promoter: −347CpG (cg22418565), 
−267CpG (cg23850277), −180CpG (cg14420645), −129CpG 
(cg21246624), and −66CpG (cg13361393). PCR reactions 
were performed using 2×Es Taq MasterMix at 95°C for 5 
minutes, and 45 cycles of 95°C for 30 seconds, 52°C for 
30 seconds, and 72°C for 30 seconds. For each cell line, 30 
clones were randomly selected for sequencing for each cell 
line in one experiment, and the data shown in Figure 1E 
were the pool of three independent experiments.

Immunohistochemistry in Tissue 
Microarray
A bladder cancer tissue microarray with 30 cancer tissues 
and 30 paracancerous tissues was purchased from the 
Shanghai Outdo Biotech Company (Shanghai China), 
and subjected to MMP11 protein detection by IHC. 
Briefly, TMA sections underwent deparaffinization, rehy
dration antigen retrieval in citrate buffer (pH 6.0) at >90°C 
for 15 minutes, and endogenous peroxidase quench by 3% 
H2O2 at room temperature for 15 minutes. After blocking, 
the sections were incubated with primary antibody (1:400, 
CSB-PA003254, CusAB), and visualized by EnVision 
FLEX+ Systems (K8002, DAKO) under microscope. 
MMP11 protein level was quantified as histochemical 
score (H-score) by two pathologists. Briefly, the percen
tage of positive cell in each sample was scored as follows: 
0 points for <5%, 1 point for 5%~25%, 2 points for 26% 
~50%, 3 points for 51%~75%, 4 points for >75%. The 
intensity of positive staining was scored as follows: 0 
points for colorless, 1 point for light yellow, 2 points for 

brown yellow, and 3 points for dark brown. MMP11 
protein level was obtained by multiplying percentage 
score and intensity score, and further defined as follows: 
0 for negative, 1~4 for weak, 5~8 for moderate, and 9~12 
for strong. Scores were averaged in both cancer tissue and 
border tissues (Figure 2B), and the clinicopathological 
characteristics are summarized in Supplementary Table 
S2. The data in patient tissues are from the public resource 
TCGA BLCA cohort, commercialized bladder cancer tis
sue microarray and cell lines, purchased from a Chinese 
Company, so they do not raise ethical issues. The Ethics 
Committee at Zhongnan Hospital of Wuhan University 
approved the study (approval number: 2015029).

Results
Big Data Analysis Reveals MMP11 
Overexpression in Bladder Cancer
To identify a putative biomarker for bladder cancer diag
nosis, big data analysis was conducted in gene expression 
profile in TCGA BLCA cohort and 4442 DEGs 
(P-value<0.05 and |log2FC|≥1) were retrieved from 
a total of 20,530 genes (Figure 3A). GO term cellular 
component analysis was performed for these DEGs 
(1712 upregulated and 2730 down-regulated), and 
revealed that MMP11 is one of the most differentially 
expressed secretory proteins in bladder cancer (Figure 
3A and B).To verify this finding, the data about MMP11 
were retrieved from a TCGA BLCA cohort. As expected, 
a ~14.9-fold increase of MMP11 expression is observed in 
bladder tumor tissues compared to adjacent normal tissues 
(Figure 3C), whereas a higher upregulation of MMP11 
expression (28.7-fold) is found in bladder cancer tissues 
compared to their matched normal tissues (Figure 3D). In 
addition, MMP11 expression level gradually increased 
along with patient tumor stage, which suggests its role in 
cancer progression (Figure 3E). Together, these data sug
gest that MMP11 is highly overexpressed in bladder 
cancer.

MMP11 is Upregulated in Bladder Cancer
To verify the upregulation of MMP11 in bladder cancer, IHC 
was first employed to detect MMP11 protein level in 
a bladder cancer tissue microarray. As expected, the 
MMP11 protein level is significantly higher in bladder cancer 
tissues compared to their adjacent normal tissues (Figure 2A 
and B, Supplementary Table S2). Since MMP11 is 
a secretory protein, ELISA was also introduced to detect the 
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Figure 1 Promoter hypomethylation of MMP11 in bladder cancer. (A) Promoter hypomethylation in MMP11 gene in bladder cancer tissues. (B) Methylation status in each 
CpG site in MMP11 promoter in bladder cancer. (C) Compared to normal bladder tissues, a significant decrease of methylation was found at −347CpG site (cg22418565) in 
MMP11 promoter in bladder cancer tissues. (D) Lower methylation level was found at −347CpG site (cg22418565) in MMP11 promoter in bladder cancer tissues compared 
to their matched normal tissues. (E) Bisulfite sequencing assays showing hypomethylation in MMP11 promoter in bladder cancer cell T24 compared to normal bladder cell 
SV-HUC-1, in particular at −347CpG, −267CpG, and −66CpG sites. Upper left: MMP11 promoter sequence and CpG sites. Right: representative bisulfite sequencing results. 
Filled circles indicate methylated CpGs, while empty circles indicate unmethylated CpGs. Student’s t-test was performed in (A, B, C, E) (two tailed, unpaired) and (D) (two 
tailed, paired). Data represent means±SEM in (A, B, C, E). *P<0.05; **P<0.01; ****P<0.0001; ns, not statistically significant.
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MMP11 protein level in culture medium from bladder cancer 
cell lines. As shown in Figure 2C, compared with normal 
bladder cell SV-HUC-1, bladder tumor cells (T24, UMUC3, 
and 5637) secreted much more MMP11 protein into extra
cellular space. Taken together, these data strongly indicate 
that MMP11 is upregulated in bladder cancer, conferring it 
is a potential biomarker for bladder cancer diagnosis.

Promoter Hypomethylation Contributes 
to MMP11 Upregulation in Bladder 
Cancer
To determine the underlying mechanism of MMP11 upre
gulation in bladder cancer, the genomic information of the 
MMP11 gene was retrieved from the TCGA BLCA cohort. 
Neither mutation nor amplification was found in the 
MMP11 gene locus (Supplementary Figure S3). However, 
compared to normal bladder tissues, a significant decrease 

in CpG methylation was found in the MMP11 promoter 
region in bladder cancer tissues, in particular at −347CpG 
site (Figure 1A–D). Consistently, bladder cancer cell T24 
also exhibited remarkably lower methylation levels at 
−347CpG, −267CpG, and −66CpG sites in MMP11 promoter 
than that in normal bladder cell SV-HUC-1 (Figure 1E). 
These data together strongly suggest that promoter hypo
methylation accounts for MMP11 upregulation in bladder 
cancer.

MMP11 Overexpression is Associated 
with Tumor Progression and Poor Patient 
Survival in Bladder Cancer
Cancer cell utilizes promoter methylation as one essential 
epigenetic tool to silence tumor suppressor gene or activate 
oncogene to promote tumorigenesis. Given increased upre
gulation of MMP11 along with tumor stage (Figure 3E) and 

Figure 2 MMP11 is upregulated in bladder cancer in vivo and in vitro. (A, B) IHC staining in tissue microarray showing increased MMP11 protein level in bladder cancer 
tissues. The representative images of IHC and HE are shown in (A), while the quantification of MMP11 protein level is summarized in (B). (C) ELISA assays showing 
increased MMP11 protein levels in culture medium from bladder cancer cell lines T24, UMUC3, and 5637, compared to normal bladder cell SV-HUC-1. Scale bar in (A), 20 
μm. Student’s t-test was performed (two-tailed, unpaired) and data represent means±SEM in (B) and (C). **P<0.01.
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Figure 3 Big data analysis reveals MMP11 expression in bladder cancer. (A) GO term cellular component analysis of DEGs. (B) Top 10 most differentially expressed genes in 
yellow part in (A). (C) 14.9-fold increase of MMP11 expression was observed in bladder tumor tissues compared to adjacent normal tissues. (D) A higher upregulation of 
MMP11 expression (28.7-fold) is found in cancer tissues in bladder cancer patients compared to their matched normal tissues. (E) MMP11 expression level gradually 
increased along with tumor stage in bladder cancer. Student’s t-test was performed in (C) and (E) (two tailed, unpaired) and (D) (two tailed, paired). Data represent means 
±SEM in (C)and (E).
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hypomethylation in MMP11 promoter (Figure 1), MMP11 is 
likely to play a pro-tumorigenic role in bladder cancer pro
gression. To prove this hypothesis, we evaluated the correla
tion between MMP11 expression and clinicopathological 
factors in bladder cancer patients from the TCGA BLCA 
cohort. As shown in Table 1, there is no significant difference 
between gender and MMP11 expression level in bladder 
cancer patients. However, a high MMP11 expression level 
is positively associated with advanced tumor stage (patholo
gical stage, T stage and N stage, P<0.01), recurrence 
(P=0.0358), metastasis (P=0.0020), high disease grade 
(P<0.0001), and non-papillary subtype (P<0.0001) (Figure 
4A–C, Table 1). Moreover, a negative correlation was found 
between MMP11 expression level and therapeutic efficacy in 
bladder cancer (primary therapy outcome: P=0.0163; addi
tional therapeutic outcome: P=0.0222) (Figure 4D, Table 1). 
Consistent with its tumor-promoting role in bladder cancer 
progression and therapeutic response, MMP11 overexpres
sion is associated with poor overall survival (HR=1.419, 
95% CI=1.040–1.937, P=0.0275) and poor recurrence free 
survival (HR=1.532, 95% CI= 0.9897–2.720, P=0.0557) in 
bladder cancer patients (Figure 4E and F). Taken together, 
these data indicate that MMP11 upregulation is associated 
with tumor progression and patient survival, conferring its 
a potential biomarker in bladder cancer prognosis.

Discussion
Bladder cancer is a malignant disease with high incidence 
and mortality rate. About half of bladder cancer patients 
were diagnosed at advanced stage with poor therapeutic 
response and decreased survival rate, while the remaining 
cases in early stage (non-invasive) had a significantly 
increased survival rate. Thus, to develop a novel diagnostic 
biomarker is urgently needed for bladder cancer patients.31

To screen the putative tumor marker for bladder cancer 
diagnosis, big data mining and bioinformatic analysis were 
performed in the TCGA BLCA cohort. In total, 4442 DEGs 
were identified (1712 upregulated and 2730 downregu
lated). Among these genes, MMP11 is one of the most 
upregulated genes in bladder cancer patients, and specifi
cally in all BLCA subtypes except luminal papillary: (neu
ronal, n=20, P<0.0001; basal squamous, n=142, P<0.0001; 
luminal, n=26, P<0.0001, luminal infiltrated, n=78, P< 
0.0001; luminal papillary, n = 142, P=0.1006) (Figure 3, 
Supplementary Figure S2), which is confirmed by previous 
studies showing the prognostic role of MMP11 and another 
10 genes in bladder cancer progression and survival.9,10 

Given that current diagnostic procedures, such as tissue 

examination and urine cytology, are invasive or insensitive 
for bladder cancer detection, particularly for those in early 
stages, MMP11 was selected as a putative diagnostic bio
marker for further study due to its secretory property and 
high upregulation (Figure 3). Indeed, a strongly elevated 
MMP11 protein level was detected in both primary bladder 
cancer tissues and culture medium from bladder cancer cell 
lines (Figure 2). These results render MMP11 promising in 
bladder cancer diagnosis.

Tumor cells utilize multiple mechanisms to regulate the 
expression of oncogene and tumor suppressor gene to 
promote tumor initiation, progression, and therapeutic 
resistance, for example, mutation, amplification/deletion, 
DNA methylation, and histone deacetylation. In the pre
sent study, promoter hypomethylation, but not mutation or 
amplification, is involved in MMP11 upregulation in blad
der cancer both in vivo and in vitro (Figure 1, 
Supplementary Figure S3). These data suggest that the 
methylation status in MMP11 promoter can also be used 
as a diagnostic and prognostic indicator in bladder cancer. 
Although much more time, effort, and patient tissues are 
required for this complicated procedure, the information 
about DNA methylation in MMP11 promoter can provide 
additional evidences for bladder cancer diagnosis and 
prognosis.

MMP11, like other members in the MMP family, func
tions as a matrix metallopeptidase to regulate the extra
cellular matrix (ECM) protein levels, suggesting a critical 
role in solid malignant tumor migration and invasion.26,32 

In 2016, Li et al10 defined a prognostic role of MMP11 in 
metastasis and poor survival in urothelial carcinomas by 
IHC study. Later on, our previous study in bladder cancer 
RNA-seq identified 11 genes including MMP11 associated 
with TNM staging and patient survival. Similarly, MMP11 
was confirmed to be positively associated with tumor stage 
(pathological, T, and N), metastasis and recurrence, and 
tumor grade, but negatively with therapeutic outcome and 
survival in the TCGA BLCA cohort (Figure 4, Table 1). In 
addition, the correlation between MMP11 and patient 
overall survival was validated by Cox regression analysis 
(HR=1.057, 95% CI=0.995~1.123, P=0.028), although 
only a trend of correlation was detected when adjusted 
by the indicated clinical features (Supplementary Table 
S1). Hence, besides the diagnostic role, MMP11 can also 
function as a prognostic biomarker in bladder cancer.

The prognostic role of MMP11 in bladder cancer is 
probably mediated by its pro-tumorigenic activity. Thus, 
the future direction will focus on the function of MMP11 
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in bladder cancer progression and therapeutic resistance. 
Given that MMP11 protein is predominantly located in the 
extracellular matrix, the inhibition targeting will be feasible 
by specific inhibitor or neutralizing antibody, which even
tually changes the tumor microenvironment to benefit can
cer therapies, including chemotherapy and immunotherapy.

The comprehensive study demonstrated that promoter 
hypomethylation-caused strong upregulation of MMP11 in 
bladder cancer is associated with worse clinical outcomes. 

With more data on patients, ELISA detection of MMP11 
protein level in urine will be a fast, sensitive, and noninva
sive method for bladder cancer diagnosis and prognosis.

Data Sharing Statement
The gene profile about expression, methylation, mutation, 
copy number, and related clinical data of bladder cancer 
were retrieved from The Cancer Genome Atlas (TCGA) 
database (http://xena.ucsc.edu/).

Figure 4 MMP11 overexpression is associated with tumor progression and poor patient survival in bladder cancer. MMP11 overexpression is associated with tumor 
progression and poor patient survival in bladder cancer. (A–C) High level of MMP11 was positively associated with advanced tumor stage, recurrence, metastasis, high 
disease grade, and non-papillary subtype. (D) MMP11 high expression was negatively correlated with therapy efficacy in bladder cancer. (E, F) Kaplan-Meier survival curve 
showing inverse association between MMP11 expression and overall survival and recurrence free survival in bladder cancer. Chi-square (χ2) test or Fisher’s exact test was 
performed in (A–D). Log rank test was performed in (E, F).
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