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Abstract
Tumor microenvironment (TME) takes an essential part in the bladder cancer progression, which is associated 
with intercellular cross-talk between stroma cells and cancer. We aimed use bioinformatics tools to analyze 
tumor microenvironment remodeling in bladder cancer. CIBERSORT and ESTIMATE are bioinformatics tools based 
on deconvolution for calculating proportions of tumor-infiltrating immune cells and stromal components in 
TME. We utilized these two algorithms to analyze the immune components of 433 bladder cancer cases from 
The Cancer Genome Atlas database, aiming to compensate for the current lack of large-sample single-cell 
information. Then we used Cox regression to analyze the prognostic value of differentially expressed genes, and 
the protein–protein interaction network was constructed. Matrix Metalloproteinase-9 (MMP9) was identified as 
a predictive biomarker related to immune microenvironment. Using Gene Set Enrichment Analysis, the genes 
from the group with high MMP9 expression gathered in items related to immune diseases, and genes in the 
group with low MMP9 expression were negatively associated with valine, leucine and isoleucine degradation 
and glycosylphosphatidylinositol anchor biosynthesis. MMP9 expression and presence of macrophages M0 were 
positively correlated, while naïve B cells, activated dendritic cells, monocytes and plasma cells were negatively 
correlated. The results were confirmed by brightfield and multiplex fluorescence immunohistochemistry using 
stained bladder cancer and normal tissue.
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Introduction
Bladder cancer (BLC), which is one of the leading uro-
genital malignancies, ranks as the 9th most popular 
cancer in the world and the 13th highest mortality in 
all types of cancer [1]. It accounts for approximately 4% 
of all new cancer diagnoses in the United States and is 
responsible for an estimated 16,840 deaths annually [2]. 
Treatment options for BLC include cystectomy, immuno-
therapy, bladder preservation followed by chemotherapy 
and radiation, among others [3]. However, the overall 
survival rate is 66% at 5 years for patients undergoing 
radical cystectomy and extensive lymph node dissection, 
and only 50% for those receiving bladder preservation 
therapy [4]. Therefore, further exploration of the carcino-
genesis and therapeutics of BLC is essential.

Previous studies have shown that the tumor microenvi-
ronment (TME) plays a crucial role in tumor progression, 
involving factors such as the immune microenvironment 
and intercellular communication between stromal cells 
and cancer cells [5, 6]. The TME functions at all stages of 
tumor progression, including cell invasion, extravasation, 
survival, and growth [7]. Research suggests that the TME 
significantly influences treatment response and clinical 
outcomes for patients, with tumor-infiltrating immune 
cells (TICs) in the TME reported to be associated with 
survival in patients with BLC, leading to improvements 
in immune-based therapeutics [8, 9]. However, despite 
the benefits reported from checkpoint inhibitor therapy, 
there are opportunities to improve response rates and 
treatment outcomes [10].

We deconvoluted the constituents of TICs and distin-
guished stromal and immune components in BLC sam-
ples from The Cancer Genome Atlas (TCGA). Matrix 
Metalloproteinase-9 (MMP9), one of the calcium-depen-
dent, zinc-containing endopeptidases [11], was identified 
as a predictor for TICs and prognosis. MMP9 has gained 
increasing attention due to its correlation with the tumor 
microenvironment and angiogenesis. A previous study 
suggested that tissue-infiltrating neutrophils might be an 
important source of MMP9 in the TME [12]. Addition-
ally, it has been reported that the invasion of BLC cells 
can be promoted by epithelial-mesenchymal transition 
through increased expression of MMP9 [13]. Therefore, 
we conducted this research by comparing immune and 
stromal components in BLC samples to confirm that 
MMP9 might indicate TME remodeling based on TCGA 
data mining.

Materials and methods
Raw data acquisition
A total of 433 BLC cases (19 normal samples, 414 tumor 
samples) and corresponding clinical characteristics data 
were obtained from the TCGA database ​(​​​h​t​​t​p​s​​:​/​/​p​​o​r​​t​a​l​.​g​
d​c​.​c​a​n​c​e​r​.​g​o​v​/​​​​​) [14].

Survival analysis
Survival analysis was conducted using the R packages 
‘survminer’ ​(​​​h​t​​t​p​s​​:​/​/​c​​r​a​​n​.​r​-​p​r​o​j​e​c​t​.​o​r​g​/​w​e​b​/​p​a​c​k​a​g​e​s​/​s​u​
r​v​m​i​n​e​r​/​​​​​) and ‘Survival’ ​(​​​h​t​​t​p​s​​:​/​/​c​​r​a​​n​.​r​-​p​r​o​j​e​c​t​.​o​r​g​/​w​e​b​/​
p​a​c​k​a​g​e​s​/​s​u​r​v​i​v​a​l​/​​​​​) in R version 3.5.1 ​(​​​h​t​t​p​s​:​/​/​c​r​a​n​.​r​-​p​r​o​
j​e​c​t​.​o​r​g​/​​​​​)​. Univariate Cox regression was used to evalu-
ate the prognostic value of immune-related genes. The 
survival curve was generated using the Kaplan-Meier 
method, and the p-value was calculated using the Log-
rank test, with significance set at < 0.05.

Generation of tumor microenvironment scores
ImmuneScore, StromalScore, and EstimateScore are 
metrics derived from bioinformatics algorithms that pro-
vide insights into the tumor microenvironment (TME) 
and its composition in the context of cancer. These scores 
are positively associated with the proportion of immune, 
stromal components, and their combined total, respec-
tively. ImmuneScore, StromalScore, and EstimateScore 
were generated using the R package ‘estimate’ ​(​​​h​t​​t​p​s​​:​/​/​
r​​-​f​​o​r​g​e​.​r​-​p​r​o​j​e​c​t​.​o​r​g​/​​​​​)​, with the ESTIMATE algorithm 
being employed [15].

Generation of differentially expressed genes
Classified with the median score of ImmuneScore and 
StromalScore, 414 tumor samples were divided into two 
groups expressing high and low MMP9 respectively. Dif-
ferential gene expression analysis was conducted using 
the R package ‘limma’ ​(​​​h​t​​t​p​s​​:​/​/​c​​r​a​​n​.​r​-​p​r​o​j​e​c​t​.​o​r​g​/​w​e​b​/​p​
a​c​k​a​g​e​s​/​l​i​m​m​a​/​​​​​)​. Differentially expressed genes (DEGs) 
were transformed using log2 (high-score group/low-
score group), with significance set at > 1. The false dis-
covery rate (FDR) was considered statistically significant 
if < 0.05.

Pathway enrichment analyses
Gene Ontology (GO) [16] and Kyoto Encyclopedia of 
Genes and Genomes (KEGG) [17] enrichment analyses 
were performed using the R packages enrichplot, cluster-
Profiler, and ggplot2. Results were considered significant 
when both p- and q-values were < 0.05.

Gene Set Enrichment Analysis (GSEA) was conducted 
using Hallmark and C7 gene sets downloaded from the 
Molecular Signatures Database ​(​​​h​t​​t​p​s​​:​/​/​w​​w​w​​.​g​s​e​a​-​m​s​i​g​
d​b​.​o​r​g​/​g​s​e​a​/​m​s​i​g​d​b​/​h​u​m​a​n​/​​​​​)​. Results were considered 
significant if NOM p < 0.05 and FDR < 0.06 in gene sets.

Difference analysis in scores based on clinical stages
Samples were grouped based on clinical stages and path-
ological stages, including clinical stage I-II vs. stage III-
IV, pathological T0-2 vs. T3-4, as well as pathological 
N ≥ 1 vs. N0. Differential analysis was conducted using R 
tools, with the Wilcoxon test used for significance testing.

https://portal.gdc.cancer.gov/
https://portal.gdc.cancer.gov/
https://cran.r-project.org/web/packages/survminer/
https://cran.r-project.org/web/packages/survminer/
https://cran.r-project.org/web/packages/survival/
https://cran.r-project.org/web/packages/survival/
https://cran.r-project.org/
https://cran.r-project.org/
https://r-forge.r-project.org/
https://r-forge.r-project.org/
https://cran.r-project.org/web/packages/limma/
https://cran.r-project.org/web/packages/limma/
https://www.gsea-msigdb.org/gsea/msigdb/human/
https://www.gsea-msigdb.org/gsea/msigdb/human/
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Heatmaps
The R package ‘pheatmap’ ​(​​​h​t​​t​p​s​​:​/​/​c​​r​a​​n​.​r​-​p​r​o​j​e​c​t​.​o​r​g​/​w​e​b​
/​p​a​c​k​a​g​e​s​/​p​h​e​a​t​m​a​p​/​​​​​) was used to generate heatmaps to 
display the expression profiles of the top 100 most signifi-
cantly DEGs between the two groups in each comparison 
method, based on the RNA-seq data from TCGA BLC 
samples.

Construction of protein–protein interaction network
For network reconstruction, we used the STRING data-
base (https://string-db.org/) [18] and Cytoscape software 
[19], version 3.6. In the network construction, protein 
nodes were selected based on a criterion where the con-
fidence of their interactive relationships exceeded 0.95 
(Confidence threshold of 95%). This ensured that only 
interactions with a high level of certainty were included 
in the network analysis, providing a robust and reliable 
representation of the relationships between the proteins.

Tumor-infiltrating immune cells profile
The assessment of the tumor-infiltrating immune cells 
(TICs) abundance profile in all tumor samples was con-
ducted by CIBERSORT algorithm, using ‘CIBERSORT’ 
R package (https:/​/github​.com/Mo​oner​ss/CIBERSORT) 
[20]. Using gene expression data from RNA-seq of BLC 
sample from TCGA and referring datasets that contain 
gene expression profiles of 22 pure immune cell popula-
tions (B cell naïve, B cell memory, Plasma cells, T cells 
CD8, T cells CD4 naïve, T cell CD4 memory resting, T 
cells memory activated, T cells follicular helper, Tregs, T 
cells gamma delta, NK cells resting, NK cells activated, 
Monocytes, Macrophages M0, Macrophages M1, Mac-
rophages M2, Dendritic cells resting, Dendritic cells acti-
vated, Mast cells resting, Mast cells activated, Eosinophils 
and Neutrophils), we applies deconvolution algorithm of 
machine learning to estimate the relative proportions and 
abundance of each cell type in the tissue of interest.

Immunohistochemistry (IHC) and multiplex fluorescence 
IHC
BLC tissues and adjacent normal bladder tissues were 
obtained from ex vivo specimens after radical cystec-
tomy. All patients signed an informed consent form 
authorizing the use of surgical specimens for the study. 
The specimens were embedded in paraffin and sectioned 
for IHC testing. Postoperatively, BLC (n = 10) and normal 
tissue (n = 2) from 10 different patients were stained using 
brightfield and multiplex fluorescence IHC. The 4 μm cut 
of tissue sections was used for IHC. For brightfield, tis-
sue sections were dewaxed and incubated for 5 min in an 
autoclave at 121 °C in Tris-EDTA pH 7.8 antigen retrieval 
solution. Endogenous peroxidase was blocked, and anti-
bodies were incubated. For multiplex fluorescence IHC, 
antibody staining was conducted in several procedures, 

including peroxidase blocking, primary antibody appli-
cation, secondary HRP-conjugated antibody testing, 
fluorescence dye testing, and microwave application 
to remove bound antibodies. Three different antibod-
ies were stained three times in each experiment. Slides 
were then counterstained with diamidino-2-phenylindole 
(DAPI) and mounted in antifade solution.

The specifications of all antibodies used and the criteria 
for positive IHC score are listed as follows:

Antibodies: MMP9, GB11132, Servicebio, 1:1000; 
CD14, GB11254, Servicebio, 1:500; CD138, ab128936, 
Abcam, 1:1000; CD19, GB11061, Servicebio, 1:800; 
CD11c, GB11059, Servicebio, 1:400; CD168, GB113109, 
Servicebio, 1:400.

Criteria: (a) No staining as 0, weak as 1, moderate as 
2, and 3 for strong staining; (b) score 1 if less than 25% 
of cancer cells were stained, 25–75% as 2, and more than 
75% as 3. The final score was recorded as sum of both 
scores, and the tissue core was recognized as positively 
stained if the final score was more than 4.

Results
Analysis process
A total of 433 BLC cases with transcriptome RNA-seq 
data were acquired to accomplish the calculation of the 
TICs proportion and the ratio of immune and stromal 
parts with the use of TCGA database. The ESTIMATE 
algorithm was utilized to calculate the ImmuneScore, 
StromalScore, and EstimateScore for each sample of BLC 
from TCGA, in order to assess the infiltration of over-
all immune cells and stromal cells in the samples. Based 
on the median scores, enriched and depleted immune 
infiltration phenotypes were inferred, and samples were 
grouped accordingly for subsequent differential gene 
screening. On the other hand, the CIBERSORT algo-
rithm was employed to deconvolute the infiltration abun-
dance and proportion of 22 immune cell populations 
for each case, to evaluate the correlation between the 
genes of interest and the infiltration of various types of 
immune cells. Protein–protein interaction (PPI) network 
and univariate Cox regression analysis were constructed 
using differentially expressed genes (DEGs). The main 
nodes achieved from PPI network and critical factors in 
the analysis of Cox regression were used to perform the 
intersection analysis. As a result, MMP9 was chosen 
for the subsequent analysis, including the association 
between clinicopathological characteristics and survival, 
GSEA, Cox regression, as well as the relation with TICs. 
The whole analysis process is concluded and shown in 
Fig. 1.

Survival rate was associated with scores in BLC patients
Kaplan-Meier survival analysis was conducted in Immu-
neScore, StromalScore, and EstimateScore respectively 

https://cran.r-project.org/web/packages/pheatmap/
https://cran.r-project.org/web/packages/pheatmap/
https://string-db.org/
https://github.com/Moonerss/CIBERSORT
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to search for the relation between the immune and stro-
mal components and the survival results of BLC patients. 
EstimateScore was the comprehensive proportion of 
two parts in TME, summing up ImmuneScore and Stro-
malScore. Based on the Kaplan-Meier analyses, we found 

that BLC patients with higher StromalScore have poorer 
overall survival (Log-rank p = 0.039), while the Immune-
Score (Log-rank p = 0.617) and EstimateScore (Log-rank 
p = 0.088) had no significant association with the overall 
survival (Fig. 2A-C).

Fig. 1  Analysis workflow of this study
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Clinic-pathological staging was related to scores in BLC 
samples
The clinical information of BLC patients accordingly was 
obtained from TCGA to determine the whether the pro-
portion of immune and stromal parts is associated with 
the clinicopathological characteristics. It showed that 
StromalScore was higher in clinical stage III-IV than that 
in clinical stage I-II (p = 6.8e-10), and it was also higher 

in advanced pathological T3-4 stage (p = 4e-8) and path-
ological N ≥ 1 stage (p = 0.0011) (Fig.  2E), indicating the 
stromal part in BLC may related to progressive clinical 
features. What’s more, we also found that higher Esti-
mateScore was established in advanced clinical stage 
(p = 2.5e-5), higher pathological T stage (p = 7.9e-5) and 
higher pathological N stage (p = 0.049), which meant the 
overall distribution of cells in the microenvironment 

Fig. 2  Association between scores and the prognosis of BLC patients. (A) Kaplan–Meier survival analysis for ImmuneScore in BLC patient with different 
scores. p = 0.617. (B) Survival analysis of Kaplan–Meier for StromalScore with p = 0.039. (C) Kaplan–Meier survival curve for ESTIMATEScore with p = 0.088. 
(D) Association between ImmuneScore and staging characteristics in clinicopathology by Kruskal–Wallis rank sum test. (E) Correlation of StromalScore 
with clinicopathological staging characteristics by Kruskal–Wallis rank sum test. (F) Correlation of ESTIMATEScore with clinicopathological staging char-
acteristics by Kruskal–Wallis rank sum test
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could also indicate the clinical and pathological charac-
teristics of BLC (Fig. 2F).

DEGs and enriched pathways of immune-related genes
The samples with high score and low score were com-
pared, in order to investigate the precise alterations 
of gene profile in immune and stromal parts in TME. 
A total of 950 genes were gained from ImmuneScore, 
in which 819 were up-regulated genes while 131 were 
down-regulated (Fig.  3A, C). In terms of StromalScore, 
848 genes were gained, and 787 of them were up-regu-
lated and 61 were down-regulated (Fig. 3B, C). As shown 
Venn plot in Fig.  4C, there was an intersection in 496 
up-regulated genes in both immune and stromal compo-
nents, as well as 32 down-regulated genes. A total of 528 
genes were possibly associated with TME was eventually 
screened. As were shown in the bubbleplot and barplot 
of GO pathway enrichment analysis, we found the DEGs 
functioned mainly in immune response, including acti-
vating cell surface receptor signaling pathway and signal 
transduction (Fig. 3D, F). In circleplot of GO, DEGs was 
considered to be related in immune response, comple-
ment activation, B cell mediated immunity (Fig. 3H). The 
bubbleplot, barplot and circleplot of KEGG enrichment 
analysis showed the gathering of cytokine receptor inter-
action (Fig. 3E, G, I).

PPI network and Cox regression
We conducted a PPI analysis on the 528 DEGs to con-
struct a proteinic interaction network. In this network, 
each node represents a protein molecule, and each con-
necting line indicates an interaction between two pro-
teins. Ultimately, based on the analysis, we identified 
120 proteins that had more than two pairs of interac-
tion relationships, forming a complex protein interaction 
network (Fig.  4A). Furthermore, we included the 528 
DEGs in a univariate Cox regression analysis to identify 
prognostic factors. The results showed that high expres-
sion of MMP9, COMP, F13A1 and CXCL12 were associ-
ated with poor overall survival in BLC patients (Fig. 4B). 
After overlapping the prognosis-predictive genes and 
PPI-functional genes, MMP9 and CXCL12 were identi-
fied as two immune-related functional prognostic genes 
(Fig.  4C). Since that CXCL12 has been reported to be 
immune-related prognostic gene in BLC in a previous 
study [27, 28], MMP9 was chosen to be the target gene 
for subsequent analyses.

The associated between MMP9 expression and clinical 
characteristics in BLC patients
According to the expression of MMP9 compared with 
median expression in BLC samples, all the samples were 
divided into two groups with high-expression and low-
expression MMP9. The survival analysis suggested that 

BLC patients tended to have longer survival time in low-
expression group (Fig.  4F). As the Wilcoxon rank sum 
test showed in Fig. 4D, the expression of MMP9 in tumor 
samples was distinctly higher compared with normal 
samples. The analysis was then conducted in the same 
patient, and the result was similar to before (Fig.  4E). 
Also, the expression of MMP9 was distinctly related 
to gender, tumor stage and T, N stage of BLC patients 
(Fig. 4G-K).

The correlation of MMP9 with TME and TICs
GSEA was performed in group with high MMP9 expres-
sion, and the results suggested that the genes in this 
group gathered in items related to immune diseases, 
including allograft rejection and graft versus host disease 
(Fig. 5A), and genes in the group expressing low MMP9 
were negatively associated with valine leucine and isoleu-
cine degradation and glycosylphosphatidylinositol anchor 
biosynthesis (Fig. 5B). Then, the CIBERSORT algorithm 
was applied in 22 types of immune cell profiles in BLC 
samples (Fig.  5C, D). Difference analysis was shown in 
Fig.  6A, and a total of 7 kinds of TICs were found sig-
nificant. After the intersection analysis in difference and 
correlation tests, 5 kinds of TICs including B cells naïve, 
dendritic cells activated, macrophages M0, monocytes 
and plasma cells were found related to the expression of 
MMP9 (Fig.  6B). Among these TICs, macrophage M0 
showed positive association to MMP9 expression and 
B cells naïve, dendritic cells activated, monocytes and 
plasma cells were on the contrary (Fig. 6C-G).

Immunohistochemistry (IHC) and multiplex fluorescence 
IHC
IHC showed that the expression of MMP9 differed in 
different patients (Fig.  7A). According to the results of 
fluorescence multiplex IHC, monocytes, B cells naïve, 
dendritic cells activated and plasma cells showed nega-
tive correlation with MMP9 expression, while the 
macrophage M0 had positive association with MMP9 
expression (Fig.  7B, C), which were consistent with the 
results generated from database.

Discussion
In the present study, MMP9 was found to be correlated 
with the prognostic results and the classification of TNM 
stages in BLC patients, involving the immune activities. 
Previous studies demonstrated that MMP9 was related to 
tumor angiogenesis and metastasis in avascular tumors 
[21] and mediation of the progression and preserva-
tion of neovascular networks that sustain the tumor cell 
intravasation [22]. Tissue infiltrating neutrophils have 
been reported to be an essential source of MMP9 in TME 
[12].
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Fig. 3  Analyses with the methods of gene ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) in DEGs. (A) Heatmap for DEGs ac-
quired by comparing the different expression of ImmuneScore of genes in two groups, by Wilcoxon rank sum test. (B) Heatmap for DEGs generated by 
comparing the different expression of StromalScore of genes. (C) Venn plots of DEGs which were up-regulated or down-regulated in both ImmuneScore 
and StromalScore, terms with q < 0.05 and q > 1 after log2 calculation were significant. (D, F, H) Enrichment analysis in Bubbleplot, Barplot and Circleplot 
of GO for 528 DEGs, and p and q < 0.05 were the significance filtering threshold. (E, G, I) KEGG enrichment analysis in Bubbleplot, Barplot and Circleplot 
for 528 DEGs, and p and q < 0.05 were the significance filtering threshold
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Fig. 4  Protein–protein interaction network (PPI), Cox analysis for DEGs, MMP9 expressions in different samples and their association with prognosis and 
clinical characteristics of BLC patients. (A) PPI generated using the nodes whose interaction confidence value were beyond 0.95. (B) Univariate Cox regres-
sion analysis for 528 DEGs, and the most significant genes were listed. (C) Venn plot indicating the genes in both the top 120 nodes from PPI and most 
significant genes in Cox regression. (D) MMP9 expressions in the samples from all normal and BLC tissues. (E) MMP9 expressions in the samples from both 
normal and BLC tissues in one patient. (F) Association between prognosis and MMP9 expressions in BLC patients by survival analysis. (F–K) The associa-
tion between the expressions of MMP9 and gender, as well as staging characteristics in clinicopathology, using Wilcoxon rank sum or Kruskal–Wallis rank 
sum test to set the significance filtering threshold
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Fig. 5  GSEA for normal and BLC tissues with different MMP9 expressions, TIC profile in tumor samples and correlation analysis. (A) The most leading 
gene-rich sets were shown in Hallmark [31] collection with samples highly expressing MMP9, and NOM p < 0.05 and FDR < 0.06 were set to be the signifi-
cance filtering threshold. (B) The gene-rich sets in tissues expressing MMP9 lowly. (C) Barplot indicated the constitute of TICs in 22 types in BLC tissues. 
(D) Heatmap indicated the association of TICs. The figures represented the p value of association between two TICs. Pearson coefficient was chosen to 
set the significance filtering threshold
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ImmuneScore, StromalScore, and EstimateScore are 
crucial in the context of bladder cancer marker search 
as they offer a quantitative approach to characterize the 
TME. The differences in ESTIMATE scores between 
groups largely depend on the expression of tumor 
DEGs. Understanding the ImmuneScore and Stro-
malScore in bladder cancer can help identify potential 
biomarkers associated with immune response and stro-
mal interactions, which may predict patient outcomes 
and response to treatment. By analyzing these scores, 
researchers can uncover novel therapeutic targets and 
develop more effective treatment strategies tailored to 
the specific immune and stromal landscape of individual 
tumors. This approach aligns with the aim of the study 
to discover new bladder cancer biomarkers and under-
stand the TME’s role in disease progression and therapy 
response. In this study, the proportion of stromal parts 
was found to have negative correlation with overall sur-
vival rate. Consistent with the previous studies, evidence 
showed that the TME was related to tumor development 
and metastasis [23], in which the stromal cells such as 

fibroblasts, are associated with the exocrine pheno-
type of T cells in tumor microenvironment [24]. DEGs 
from ImmuneScore and StromalScore were shown to be 
associated with immune response, which indicated the 
potential in immunotherapy. In cancer immunotherapy, 
there are two strategies, including improving the general 
immune response and inhibiting the immune suppres-
sor functions. Bladder cancer patients benefit a lot from 
standard therapeutic methods, such as bacillus Calmette-
Guérin (BCG) and anti-PD-1/PD-L1 immunotherapies, 
which makes BLC suitable for testing the immunotherapy 
[25]. In a previous review by McConkey et al., the infil-
trated subtype, which is one of four molecular subtypes 
of muscle invasive bladder cancer, was reported to be 
sensitive to immune checkpoint inhibitors [26]. Thus, we 
started from the transcriptomic data of BLC from TCGA, 
and found that the increased expression of MMP9 was 
related to the more advanced clinical stages and poorer 
survival outcomes. In conclusion, it’s shown that MMP9 
could play the role as a potential prognostic indicator and 
a target for immunotherapy TME in BLC.

Fig. 6  Association between TICs proportion and MMP9 expression. (A) Violin plot indicated the ratio differentiation of TICs between BLC tumor samples 
expressing MMP9 highly or lowly, and the significance filtering threshold was set by Wilcoxon rank sum. (B) Venn plot indicated five kinds of TICs associ-
ated with MMP9 expression using difference and correlation tests. (C) Scatter plot displayed the association between 5 kinds of TICs proportion and 
MMP9 expression (p < 0.05). The blue line represented the proportion tropism of the TICs with MMP9 expression
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Fig. 7  Correlation between MMP9 and TICs biomarkers in BLC and normal tissue specimens. (A) Immunohistochemistry (IHC) staining was used to ana-
lyze MMP9 expression in 1 normal tissue and 3 BLC specimens. (B) Multiplex fluorescence IHC was used to analyze the biomarkers of monocytes, plasma 
cells, B cells naïve and dendritic cells, and MMP9. (C) Multiplex fluorescence IHC was used to analyze the biomarker of M0 macrophages and MMP9
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MMP9 is one of calcium-dependent, zinc-containing 
endopeptidases, which has proved to have relationship 
with tumor angiogenesis and metastasis, maintain the 
stability of distinct neovascular networks and sustain 
the tumor cell intravasation [19]. However, consider-
ing the previous failed clinical trials, there still exists 
limitations on clinical utility of broad-spectrum MMP 
inhibitors, leading to the demand for development of 
inhibitors selective for individual MMPs [27]. A previ-
ous study investigating the role of MMP9 in promoting 
breast cancer, found that MMP9 inhibition decreased 
tumor volume and suppressed metastases in obese mice 
significantly [28], which may not due to the direct inter-
action between MMP9 and tumor cells, but to do with 
microenvironment modulation. The cancer-promoting 
effects of MMP9 can be exerted with multiple mecha-
nisms including degrading basement membranes [29], 
which inhibited the tumor invasion into surrounding tis-
sues. In a study on recruited mast cells in TME in blad-
der cancer, it’s shown that infiltrated mast cells in TME 
accelerate the metastases of BLC via stimulating ERβ/
CCL2/CCR2 EMT/MMP9 signals both in vitro and vivo 
[13]. However, the association between MMP9 and TICs 
in TME is still not clear. V Juric et al. demonstrated that 
the combined inhibition of MMP9 and PD-L1 increased 
the tumoral infiltration of effector T cells and the diver-
sity of TILs (PMID 30500835). However, no significant 
difference was found between in vivo anti-PD-L1 and 
combination treatment with anti-MMP9 in this study, 
which implies that there may be other mechanisms 
involved. A recent study found that the poor antigen-
presenting cell status leaded to ineffective presentation 
of antigen to CD8 + T cells and included high infiltration 
of naïve B cells and low T follicular helper cell and den-
dritic cells activation, which resulted in poorer progno-
sis [30]. In our study, MMP9 was reported to be highly 
expressed, with considerable variability among individu-
als, in BLC compared to normal tissue, and positively 
related to B cells naïve, while it has negative correlation 
with dendritic cells activated, monocytes and plasma 
cells. Therefore, the positive association between B cells 
naïve and MMP9, and the negative association between 
dendritic cells and MMP9 might be responsible for the 
poor prognosis in patients with high MMP9 expression, 
which provides potential therapeutic targets in further 
combination therapy of BLC.

There are still several limitations to this study. Firstly, 
the sample size of the IHC analyses was relatively small, 
which may limit the generalizability of the findings. Sec-
ondly, the reliance on publicly available datasets, such as 
TCGA, while providing a rich resource, also introduces 
potential biases inherent in retrospective data analysis. 
Additionally, due to the objective restriction, the func-
tional validation of the identified biomarkers, MMP9, was 

not performed in vitro or in vivo, which is essential for 
establishing causality. Lastly, the study primarily focuses 
on the correlation between MMP9 expression and 
immune cell infiltration, and further research is needed 
to elucidate the underlying mechanisms and potential 
therapeutic applications. Despite these limitations, the 
study provides valuable insights into the role of MMP9 in 
the tumor microenvironment of bladder cancer.

We found out the TME-related genes in BLC with 
ESTIMATE algorithm through the functional enrich-
ment analysis of BLC samples from TCGA database, and 
considered MMP9 to be a potential prognostic factor for 
BLC patients. The GSEA was performed, and immuno-
histochemistry together with multiplex fluorescence 
immunohistochemistry further verified the association 
between TICs and MMP9, which may provide a novel 
direction for researches in the role of MMP9 in TME and 
targeted therapy for BLC.
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