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Abstract

Tumor microenvironment (TME) is a huge network, composed by tumor cells, tumor
associated stromal cells, immune cells, cytokines and chemokines secreted by these cells, in
which various cells communicate with each other. Bladder cancer is characterized of tendency
of relapse, progression, metastasis because of the role of TME. With the application and
development of new technologies recently, such as tumor bulk RNA-sequencing and single-
cell transcriptome sequencing, the composition of TME for bladder cancer is increasingly
clear and the complex cell-to-cell communication network is fully duged, which provides a
new vision for the therapy of bladder cancer. This paper reviewed and further analysed the
research hotspots of cellular components and extracellular matrix components of bladder
cancer on the basis of the latest research progress.
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Introduction

Bladder cancer (BC) is one of the most common malignancies
of the genitourinary system. Worldwide, about 430,000 new
cases of BC are diagnosed each year and more than 165,000 BC
deaths occur. According to the depth of tumor invasion, BC can
be divided into non-muscle invasive bladder cancer (NMIBC)
and muscle invasive bladder cancer (MIBC). About 70% of new
bladder tumors are NMIBC. the standard treatment for NMIBC is
transurethral resection of the bladder tumor (TURBT) combined
with intravesical infusion of chemotherapy drugs. However, even
with standard treatment, 30% of patients with TURBT still relapse
and progress to invasive bladder cancer after surgery, requiring
rigorous follow-up [1].

In recent years, advances in gene sequencing technology have
provided new horizons for cancer research, in which the tumor
microenvironment (TME) is believed to play an important role
in the occurrence and development of BC. TME is a complex
system composed of tumor cells, immune and inflammatory cells
within the tumor, tumor-associated fibroblasts, nearby interstitial
tissue, microvessels, and various cytokines and chemokines.
The formation and evolution of TME are closely related to the
biological behavior of tumor and the prognosis of disease. In this
paper, we will systematically review the important effects of
TME on BC from the aspects of cell components and extracellular
matrix components, and point out the direction for further research
in this field.

Cellular composition of TME
Tumor-associated macrophages

Macrophages are a major component of immune infiltration
in cancer and can influence tumor behavior. It is differentiated
from mononuclear macrophage lineage and recruited to the
tumor area under the action of various cytokines, chemokines
and extracellular matrix released by tumor cells. In general,
macrophages can polarize into two phenotypes due to different
factors in the tumor microenvironment [2]. Liu et al. [3] found that
Polyporus polysaccharide can regulate toll like receptor 2(TLR2)/
nuclear factor-kappa B (nuclear factor-kappa B, NF-kB)/NLRP3
pathway to promote tumor-associated macrophages (tumor-
associated macrophages, TAMs) Polarize to M1, secrete pro-
inflammatory factors to improve the tumor microenvironment;
bladder tumor cell-derived exosomes induce macrophage
M2 polarization by down-regulating phosphatase and tensin
homolog(PTEN) and activating AKT/STAT3/6 signaling pathway
[4]. Among them, M1 type has pro-inflammatory and anti-
tumor effects, M2 type has pro-tumor and immunosuppressive
effects. In the bladder cancer tumor microenvironment, TAMs
are influenced by tumor cells and other stromal cells, and most
of them are polarized into M2-like phenotypes. Multiple studies
have shown that M2-type TAMs increase infiltration in bladder
tumors, shorten the survival of patients, and have a poor prognosis
[5-7]. TAMs promote the development of bladder cancer through
multiple mechanisms.

TAMs maintain the characteristics of tumor stem cells and
promote tumor growth by secreting cytokines and activating
signaling pathways. TAMs promotes the proliferation of BC
cells by promoting the phosphorylation of protein kinase B
(protein kinase B, AKT), activating the AKT signaling cascade
amplification pathway, and promoting the cell cycle transition.
And activate the pro-survival integrin a2p1/PI3K/AKT signaling
pathway to maintain the characteristics of tumor stem cells and
promote tumor growth [8].At the same time, TAMs can secrete
type I collagen and activate the pro-survival integrin a2f1/
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PI3K/AKT signaling pathway to maintain the characteristics of
tumor stem cells and promote tumor growth [9]. In addition, the
chemokine CXCLI1 produced by TAMs can help the adhesion
and interaction between cancer cells and stromal cells, and can
enhance the invasion ability of cancer cells, thus promoting the
progress of BC. By establishing a nude mouse model of bladder
cancer, Miyake et al. [10] injected CXCLI-expressing TAMs into
the skin of nude mice, and found that the subcutaneous tumor size
was significantly different from that of the control group.

TAMs can promote invasion and metastasis of bladder cancer
by epithelial-mesenchymal transition (EMT), extracellular matrix
remodeling, formation of blood vessels and lymphatics. Wu et
al. [11] found that with the infiltration of TAMs in TME, CXCLS8
levels were significantly increased, which further promoted
the secretion of vascular endothelial growth factor (VEGF) by
bladder cancer cells and induced the formation of blood vessels
in tumor tissues. In addition, abnormal activation of the NF-xB
signaling pathway promotes EMT, distant metastasis, and tumor
stem cell generation. Zhang et al. [12] found through the co-
culture of TAMs and BC cells, accompanied by the expression
of EMT and metastasis-related markers Snail, NF-kB, vimentin,
and VEGF increased, and tumor cells showed enhanced migration
and invasion abilities. Lymph node metastasis is one of the early
metastasis pathways of BC, and its metastasis determines the
treatment plan and the long-term survival of patients. Lymph node
metastasis-associated transcript 1 in tumor cells can enhance
the transcription of chemokine CCL2, promote the infiltration of
TAMs, and produce higher levels of VEGF-C, thereby promoting
the formation of lymphatic vessels and lymphatic metastasis of
tumor cells. Chen et al. [13] analyzed the correlation between
the expression level of CCL2 in tumor tissue and the status of
lymph nodes in a nude mouse lymph node metastasis model and
found that the expression level of CCL2 in the positive lymph
node metastasis group was higher than that in the negative group,
which indirectly proved that the density of TAMs was positively
correlated with lymph node metastasis. However, another study
found that the lymph node metastasis rate (58%) of the group with
weak M2 macrophage infiltration in bladder cancer was greater
than that of the strong group (36%), showing a negative correlation
between macrophage infiltration and lymph node metastasis [14].
The possible reason is that the ratio of macrophages to tumor cells
is different in the two experiments because when the number of
macrophages exceeds a certain level, its tumor suppressive effect
will be weakened.

TAMs can promote tumor progression by inhibiting immune
cell function. Xu et al. [15] found that the infiltration of signal
regulatory protein a+TAMs can induce CD8+ T cell dysfunction
and enhance the expression of immune checkpoints. M2 TAMs
can enhance the expression of immune-related genes such
as STAT1, CACYBP, and CALR in bladder cancer cells by
secreting transforming growth factor-f1 (transforming growth
factor-B1, TGF-B1) and affect the formation of BC immune
microenvironment, thereby promoting the recurrence and
progression of BC [16]. Xu et al. [17] found that interleukin-10
(interleukin-10, IL-10) TAMs exhibited an immunosuppressive
M2-like phenotype, and TAMs were closely associated with
exhausted CD8+ T cells through single-cell transcriptome
sequencing technology. The above studies show that M2 TAMs
can inhibit the cell-killing function of CD8+ T cells, thereby
forming an immunosuppressive microenvironment. Nevertheless,
the specific molecular mechanism is still unclear, and further
experimental exploration is needed.

In summary, TAMs are differentiated into two subtypes under
the influence of TME, and play a role in inhibiting or promoting
the growth, invasion and metastasis of tumor cells. Therefore,
inducing TAMs to differentiate in the direction of cancer inhibition



N. Cui et al./Annals of Urologic Oncology 2023; 6: 15

() Healthy Epithelial Cell éi.i; Dendritic Cell
B 1)

. T-Cell
@ B-Cell

=@ Fibroblast

) Tumor Cell
@ Neutrophil
. Macrophage

Figure 1. Diagram for tumor microenvironment.

or inhibiting the cancer-promoting effect of M2-type macrophages
is the breakthrough point to study the treatment of bladder cancer.

Tumor-associated fibroblasts

Cancer-associated fibroblasts (CAFs) are mainly derived from
normal fibroblasts and are an important part of the tumor
microenvironment. CAFs are closely related to tumor cells. Tumor
cells initiate and maintain the activation of CAFs, while CAFs
promote the proliferation and metastasis of tumor cells [18].

CAFs promote BC cell growth by secreting a variety of
cytokines and increasing energy supply. Autophagy is a kind of
behavior that realizes the metabolic needs of cells and the renewal
of organelles.. Dong et al. [19] enhanced autophagy in CAFs
with rapamycin, and then co-cultured with bladder cancer cells,
observed that enhanced autophagy in CAFs induced increased
expression of matrix metalloproteinase-9 (MMP9) in cancer
cells. The expression levels of proteases MCT1, MCT4, HK2 and
SLC2A1 related to energy metabolism pathway such as glycolysis
were increased, and lactic acid levels were increased in tumor
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microenvironment. The study showed that cancer cells are able
to induce the Weinberg effect in neighboring fibroblasts, so that
aerobic metabolism is affected, and the lactic acid and pyruvate
secreted by these fibroblasts are absorbed by cancer cells for
energy supply, promoting tumor growth. By analyzing the single-
cell transcriptome RNA sequencing data of 8§ BC patients, Chen et
al. [20] found that inflammatory tumor-associated fibroblasts could
promote tumor cell proliferation. When it was co-cultured with
bladder cancer cells, the tumor cells showed a higher proliferation
capacity. They also found that inflammatory tumor-associated
fibroblasts produce VEGEF, including VEGFA and VEGFB, while
tumor cells themselves express high levels of VEGFA, which
binds to receptors on endothelial cells to promote angiogenesis and
increase the supply of nutrients to tumor areas, leading to tumor
cell proliferation and metastasis.

High infiltration of CAFs is also associated with tumor
progression and poor prognosis. Cafs-related transcription factor
RUNX2 is overexpressed in bladder cancer, promoting EMT
and inducing tumor cells to express MMP, destroying basement
membrane and type IV collagen, and remodeling extracellular
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matrix to promote the migration and invasion of cancer cells [21].
In addition, CAFs can also help regulate immune infiltration
in tumor areas. In the study of single-cell transcriptome RNA
sequencing, Chen et al. [20] found that inflammatory tumor-
associated fibroblasts had more interactions with other cells and
expressed CXCL12 at a higher level through the construction
of cell-cell interaction networks, and its receptors CXCR4 and
CXCR3 were widely expressed in immune cells, indicating that
they were related to the immune infiltrating state of BC.

In conclusion, CAFs can promote the progression of bladder
cancer through multiple approaches. Compared with other types of
stromal cells in the tumor microenvironment, CAFs exhibit more
close and complex interactions with tumor cells, so clarifying the
interaction network between CAFs and cancer cells is of great
significance for exploring new therapeutic strategies.

Lymphocytes

T lymphocytes are an important component of the
microenvironment of bladder cancer. There are many subtypes of T
lymphocytes, which can promote or inhibit tumor growth. Among
them, CD8+ T cells are restricted by MHC class I molecules and
differentiate into cytotoxic T cells after activation, which plays
an important role in anti-tumor immunity. It recognizes tumor-
associated antigens and exerts cytotoxic effects through two
killing mechanisms: it directly targets and kills tumor cells by
secreting cytotoxic molecules such as granase and perforin; The
apoptosis of target cells is induced by the expression of FasL or
the secretion of TNF-a, which binds to Fas or TNF receptors
on the surface of target cells, respectively [22].CD4+ T cells are
classified into helper T cells (Th), cytotoxic T cells and regulatory
T cells (TreGs) according to their functional characteristics.
The initial CD4+ T cells unstimulated by antigen were ThO,
differentiated into Thl under the induction of tumor antigen, and
secreted gamma interferon to enhance the function of CD8+ T
cells and induce macrophages to M1 type polarization [23]. CD8+
T cells and CD4+ Th cells synergistically play an anti-tumor role.
Studies have shown that patients with tumor tissue enrichment of
CD8+ T cells and CD4 + T cells have a better prognosis [24, 25].
In addition, cytotoxic CD4+ T cells secrete killer cytokines that
effectively kill tumor cells. Oh et al. [26] conducted single-cell
transcriptome sequencing and paired T-cell receptor sequencing
for myoinvasive bladder cancer, and found that cytotoxic CD4+ T
cells were significantly enriched in bladder cancer compared with
non-malignant tissues, while CD8+ T cells showed no significant
difference between malignant and non-malignant tissues. These
cells can recognize bladder tumor antigens and express cytolytic
proteins to lyse tumor cells by means of MHC-class I1.

However, the above antitumor T cell activity is easily inhibited
by the tumor microenvironment. Tumor cells can express
programmed cell death 1 ligand 1(PDL1), bind to PD-1 on the
surface of T cells, and initiate the programmed cell death [27].
In the immunotherapy of bladder cancer, anti-PD-1 /PD-L1
antibodies enhance the cytotoxic activity of CD8+ T cells in
bladder cancer patients precisely by blocking the binding of the
two [28]. In addition, Treg cells also play a role in inhibiting the
activity of anti-tumor T cells.

Tregs produced by CD4+ T cell differentiation are currently
a hot topic in the field of bladder cancer. Also known as
CD4+CD25+Foxp3+ T cells, they negatively regulate the immune
response in two ways. (1) Direct contact inhibited target cell
activation; (2) Secreting cytokines such as TGF-f and IL-10 to
inhibit immune response. According to cell origin, Tregs can be
classified into natural regulatory T cells and induced regulatory
T cells. Among them, inducing the expansion of regulatory T
cells under the action of tumor antigens and cytokines (such as
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TGF-B or IL-10) is the main reason for suppressing tumor immune
response and tumor escape [29]. Horn et al. [30] found that patients
with a high density of Tregs infiltration in bladder cancer had a
shorter overall survival time, which might be due to the negative
regulation of Tregs on tumor immunity. Tregs in bladder tumors
maintain their stability and enhance their immunosuppressive
function by up-regulating the expression of transcription factors
FOXOI and C-MAF through chemokine receptor CCRS [31].

Tregs have long been known to inhibit the immune response of
tumors, however, studies have shown that they can inhibit tumor
inflammation and positively influence the prognosis of bladder
cancer. Winerdal et al. [32] found that Tregs down-regulated
MMP2 expression in M2 macrophages and invasive bladder
cancer cell lines by interfering with the extracellular signal
regulated kinase (ERK) and NF-«kB pathways. Inhibition of tumor
inflammatory response, thereby reducing the aggressiveness of
tumor cells. In addition, in colon and breast cancer, Tregs protect
the body from tissue damage and inhibit tumor development by
producing adenosine or prostaglandin E2 to down-regulate the
inflammatory response [33].

At present, there are few studies on the mechanism of inhibiting
tumor inflammatory response by Tregs. In addition, further
experiments are needed to clarify how Tregs affect tumor immune
and inflammatory responses at various stages of tumor occurrence
and development. By constructing the cell interaction network of
Tregs, we can understand the influence of microenvironment on
the function of TREgs and explore its role in bladder tumors.

Figure 1 shows that the cellular composition of TME.

Extracellular matrix components of TME
Hypoxic microenvironment

Hypoxia is an important feature of solid tumors, which can activate
related genes of tumor cells to adapt to the microenvironment.
Cellular response to the hypoxic microenvironment occurs mainly
through the hypoxiainducible factor (HIF) family. The HIFI,
HIF2, and HIF3 families have been discovered so far. Among
them, HIF-1o/B can promote the expression of metabolism-related
genes, and HIF-2a/B can affect the expression of genes related to
the occurrence, migration and invasion of EMT, and also affect
the expression of stem cell-related genes [34]. Wang et al. [35]
found that HIF-1a can enhance the transcription and expression
of pyruvate kinase isoenzyme M2 gene directly or indirectly
through Aly/REF output factors, thereby promoting the glycolysis
and proliferation of bladder cancer cells. Guan et al. [36] exposed
BC cells transfected with plasmids overexpressing hypoxia-
associated factor (HAF) to hypoxia environment and found that
HAF drives HIF-1a to HIF-2a by activating the NFkB pathway. It
also leads to the enhancement of malignant ability of tumor cells
and the maintenance of stem cell markers. Therefore, inhibiting
the production of HIF can not only block the energy supply of
tumor cells, but also reduce their proliferation and invasion ability.
In addition, the expression of urothelial carcinoma-associated
1(UCA1) is up-regulated in bladder cancer cells under hypoxia,
which triggers EMT and leads to tumor growth and progression
[37]. At the same time, overexpression of UCA1 makes PD-L1
not inhibited by miRNA, which contributes to immune escape of
tumor cells [38].

Exosomes

Exosomes, a type of extracellular vesicle, are rich in biomolecules
such as nucleic acids, proteins, and lipids, which are involved in
intercellular communication and play a key role in tumorigenesis.
In bladder cancer, exosomes play an important role in the
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Figure 2. The dynamic action of different cell types creating the mature tumor microenvironment (TME) in bladder cancer. The diverse
cells in the TME interact with each other, resulting in tumor growth and prognosis. Bladder cancer (BC) cells metastasis is through
autocrine signaling pathways, regarding the production of tumor-promoting and pro-inflammatory cytokines such as IL-6, TNF,
and IL-1. BC cells secrete extracellular vescicles (EVs), which can further activate tumor cells in a positive loop and induce tumor cell
metastasis, especially through the delivery of non-coding RNAs. Tumor-derived EVs also fuel an immunosuppressive environment
via recruiting and activating tumor-infiltrating fibroblasts. These cancer-associated fibroblasts (CAFs) and pro-tumorigenic immune
cells, such as Myeloid-derived suppressor cells (MDSCs) and tumor-associated Macrophages (TAMs), are recruited to the TME by the
cytokines and chemokines secreted by the BC cells. Once in the TME, these cells provide feedback to the tumor cells by secreting soluble
molecules and also inactivate other immune cells, such as T-cells, by increasing the levels of exhaustion markers. BC cells also recruit
and activate endothelial cells (angiogenesis) through the secretion of soluble factors such as IL-1, IL-8, and vascular endothelial growth
factor (VEGF), as well as long intergenic non-coding RNAs such as LINC00482. These activated endothelial cells form disorganised
networks of blood vessels, which are leaky and supply the tumor cells with life-sustaining nutrients. Endothelial cells, adipocytes, and
neurons, in turn, influence the tumor cells by secreting inflammatory cytokines, chemokines, growth factors, hormones, and other
signaling peptides.

communication between stromal cells, cancer cells and immune  LncRNA and miRNA, as components of bladder cancer exosomes,

cells, and can play a role in promoting and suppressing cancer. promote the invasion and metastasis of cancer cells by inducing
EMT. Huang et al. [39] found that Inc00960 and Inc02470 derived
Cancer-promoting effect from exosomes of high-grade bladder cancer cells can inhibit the

expression of e-cadherin and enhance the expression of n-cadherin
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and vimentin by up-regulating the -catenin signaling pathway,
Notch signaling pathway and Smad2/3 signaling pathway, thus
promoting EMT. Enhance the migration and invasion ability of
low-grade bladder cancer cells. Yin et al. [40] found that the level
of circulating exosome miR663b was significantly increased in
patients with bladder cancer, which promoted cell proliferation and
EMT by targeting the transcription factor Ets2 inhibitor. It is worth
noting that tumor cells can secrete angiogenic-related factors
through exosomes to promote angiogenesis in target organs.
Yoshida et al. [41] found that receptor tyrosine kinase, together
with its key regulatory factor CT10 kinase regulator, is transferred
to the endothelial cells of the target organ through exosomes,
and promotes vascular proliferation and leakage by inducing the
activation of FAK and PI3K/AKT signals, creating conditions for
distant metastasis.

Anticancer effect

There are also down-regulated expressions of some Incrnas and
mirnas in patients with bladder cancer, and up-regulation of these
genes can inhibit the proliferation, invasion and migration of
cancer cells. Zheng et al. [42] found that the transfer of exosomes
containing IncRNA PTENP1 secreted by normal cells to bladder
cancer cells can increase the apoptosis of tumor cells and reduce
the ability of cell invasion and migration. Li et al. [43] found that
down-regulated miRNA375-3p in tumor cells can inhibit the
expression of Frizzled-8 gene, block the Wnt/B-catenin pathway,
down-regulate the downstream molecules cyclin D1 and C-MYC,
thus inhibiting the proliferation of tumor cells and increasing the
expression of apoptotic protein.

Exosomes are communication tools between various types of
cells in the tumor microenvironment, and their contents determine
the function of exosomes. We can use this property to identify
exosomes of tumor cell origin for the diagnosis of bladder cancer
and load relevant molecules into exosomes for the treatment of
bladder cancer.

Figure 2 shows that the dynamic action of different cell types
creating the mature tumor microenvironment (TME) in bladder
cancer.

Conclusion

The tumor microenvironment has a great influence on the
development of bladder tumors. The heterogeneity of the tumor
microenvironment among different patients complicates the
treatment of bladder cancer. In recent years, with the application
of single-cell sequencing technology in the field of tumor, the
composition of tumor microenvironment is becoming clearer,
but the research of this technology in bladder cancer is still
limited. Therefore, we hope to explore the composition of the
tumor microenvironment of bladder cancer through more precise
techniques to better guide the treatment of bladder cancer.
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