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Abstracts
Background: Tertiary lymphoid structures (TLSs), as ectopic
lymphoid-like tissues, are highly similar to secondary lym-
phoid organs and are not only involved in chronic inflam-
mation and autoimmune responses but are also closely
associated with tumor immunotherapy and prognosis. The
complex composition of the urological tumor microenvi-
ronment not only varies greatly in response to immuno-
therapy, but the prognostic value of TLSs in different uro-
logical tumors remains controversial. Summary: We
searched PubMed, Web of Science, and other full-text da-
tabase systems. TLSs, kidney cancer, uroepithelial cancer,
bladder cancer, and prostate cancer as keywords, relevant
literature was searched from the time the library was built to
2023. Systematically explore the role andmechanism of TLSs
in urological tumors. It includes the characteristics of TLSs,
the role and mechanism of TLSs in urological tumors, and
the clinical significance of TLSs in urological tumors. Key
Messages: The prognostic role of TLSs in different urological
tumors was significantly different. It is not only related to its
enrichment in the tumor but also highly correlated with the
location of the tumor. In addition, autoimmune toxicity may
be a potential barrier to its role in the formation of TLSs

through induction. Therefore, studying the mechanisms of
TLSs in autoimmune diseases may help in the development
of antitumor target drugs. © 2023 S. Karger AG, Basel

Introduction

As the global population ages, the incidence of uro-
logical tumors is increasing. According to the Interna-
tional Agency for Research on Cancer, there will be 4.08
million new cases worldwide in 2040, which has become
one of the major life-threatening diseases [1]. At this
stage, surgery is still the treatment of choice for solid
urological tumors, but the high recurrence rate after
surgery and resistance to chemotherapy and radiotherapy
lead to a poor prognosis for urological tumors. Therefore,
there is an urgent need for relevant and effective treat-
ments to improve the clinical prognosis of urologic tu-
mors. What is exciting is that with the success of im-
munotherapy in a variety of cancers over the last two
decades, immunotherapy for urologic tumors has shown
equally great benefits.

Autoimmune response is the body’s response to var-
ious pathological stimuli, including chronic inflamma-
tion, tumors, allografts [2]. It was previously thought that
this response process was mainly mediated by secondary
lymphoid organs (SLOs), but recent studies have revealed
that plastic tertiary lymphoid structures (TLSs) formed by
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aggregation of immune cells in multiple tumor micro-
environments can also orchestrate this response [3].
Moreover, TLSs have been found in almost all solid
urological tumors [4–6]. The process of tumor pro-
gression induces autoimmune responses in the body
through the release of multiple cytokines. This cascade of
responses can promote the infiltration and aggregation of
immune cells and the formation of TLSs to promote or
inhibit tumor growth. However, the specific role of this
lymphatic structure in urologic tumors is still poorly
understood. Here, we compare the role of TLSs in uro-
logic tumors and discuss the implications of these
findings.

Tertiary Lymphoid Structures

Composition of TLSs
TLSs are collection of lymphocytes that are ectopically

located outside of normal lymph nodes. They were ini-
tially thought to be raised in response to pathogenic
microbial infection and chronic inflammatory stimuli [2].
In recent years, a growing number of studies have
identified its presence in autoimmune diseases and
cancers alike and may influence tumor development [2,
3]. Although the exact composition of TLSs is still un-
known, they are mainly composed of high endothelial
venules (HEVs), B-cell areas, T-cell areas, and dendritic

cells (Fig. 1). It is often referred to as tertiary lymphoid
tissue because it not only has a high degree of structural
similarity to SLOs but also performs the functions of
secondary lymphoid tissues to some extent [7]. In ad-
dition, their antitumor effects differ with each stage of
maturation. Therefore, some scholars have classified TLSs
according to their stages of maturation like:
1. Early TLSs
2. Primary TLSs
3. Secondary TLSs [8–10]

Unlike SLOs, TLSs lack peripheral fibrous cystic
structures, arise secondary to them, and are not usually
localized [11–13]. Now, as research continues, it has been
found that the role of TLSs in tumors is dual. It is not only
associated with good tumor prognosis [14–16] but also
with poor prognosis in some tumors [17–19]. The cause
of this phenomenonmay not only be related to the type of
tumor but also be highly correlated with the location and
maturity of TLSs in the tumor [9, 10]. These studies above
well illustrate that TLSs vary greatly among urological
tumors and are the main cause of antitumor immune
heterogeneity.

Molecular Characteristics of TLSs
Although the exact molecular mechanisms underlying

the formation of TLSs are still unclear, a number of studies
have found a strong link with the formation of SLOs, which
are formed when lymphocytes spread and accumulate

Fig. 1. Cellular composition of TLSs. The
intermediate B cells are surrounded by
T cells, and there are characteristic high
endothelial vesicles in them. Fibroblast
reticulocytes settle at the junction of tumor
and T cells, while dendritic cells and fol-
licular dendritic cells are scattered among
them.
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outside the lymph nodes in response to various stimulating
factors. For example, tumor cells continue to release anti-
gens and inflammatory factors to promote lymphocyte
infiltration, while lymphocytes and stromal cells recruit
lymphoid tissue inducer cells by secreting CXCL13 and IL-7
[20]. Interestingly, CXCL13 has been found to act not only
as a lymphocyte inducer but also as a marker for predicting
the prognosis of treatment with immune checkpoint in-
hibitors (ICIs), which provides evidence that TLSs may be
an important marker of good tumor prognosis [21]. The
formation of lymphoid tissue inducer cells promotes the
recruitment of lymphocyte infiltration byHEVs through the
expression of TLα1β2 binding to receptors on stromal cells
or lymphoid tissue organizer cells, ultimately forming TLSs
[22] (Fig. 2). Notably, the presence of tumor necrosis factor
(TNF) receptors on stromal cells and lymphoid tissue or-
ganizer cells has been found to act synergistically with
TLα1β2 [23]. The above molecular mechanisms have also
been validated in mouse models, such as Allen [24] who

used anti-vascular endothelial growth factor receptor 2,
anti-PD-L1, and LTβR therapies to induce HEV formation,
increase intra-tumoral immune cell infiltration, and en-
hance cytolytic activity, leading to antitumor effects.
However, as most of the studies are based on conjectures
from animal experiments and have not been confirmed in
humans, further confirmation for this information in hu-
mans is needed in the future, which has far-reaching im-
plications for the development of relevant antitumor drugs.

The Role of TLSs
In most cancers, TLSs activate B-lymphocyte and

T-lymphocyte antitumor immune responses to provide a
favorable antitumor immune microenvironment. On the
one hand, the special structure of TLSs without fibrous
capsule encapsulation allows it to maximize contact with
tumor-associated antigens and produce tumor-specific
endogenous antibodies. On the other hand, the germinal
centers of TLSs can clone and differentiate antigen-bound

Fig. 2. Molecular characteristics of the formation of TLSs. Tumor cells continuously release antigen and in-
flammatory factors to stimulate lymphocytes and stromal cells to secrete CXCL13 and IL-7 and recruit lymphoid
tissue-inducing cells (LTis). The formed LTis promote lymphocyte infiltration by HEVs through the expression
of TLα1β2 and binding to receptors on stromal cells or lymphoid tissue organizer cells (LTOs), eventually
forming TLSs.
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B cells and produce the corresponding antibodies [25]. In
contrast, polyclonal IgA or IgG antibodies produced by
tumor-associated B cells can bind to the corresponding
receptors on the surface of tumor cells and release
granzyme B to inhibit tumor growth (Fig. 3). Notably, in
addition to producing cytokines and plasma cells, B cells
can also act as antigen-presenting cells to deliver antigens
to T cells to activate cytotoxic T cells and form memory
T cells, which ultimately kill tumors by releasing
interferon-γ (IFN-γ).

TLSs in Urological Tumors

Clear Cell Renal Cell Carcinoma
Clear cell renal cell carcinoma (ccRCC) is one of the

most common malignancies of the urological tract. Al-
though it has been most intensively studied, low early
detection rate, rapid progression and high postoperative

recurrence rates have led to consistently poor outcomes
in early-stage ccRCC, while the lack of an effective
therapeutic response to immunotherapy and targeted
therapy in patients with advanced ccRCC has resulted in a
5-year survival rate of only 12% for advanced ccRCC [26,
27]. One of the main reasons for this is the complex
composition of the immune microenvironment and its
mechanisms of action due to the complex molecular
characteristics and cellular morphological composition of
ccRCC [28–30]. Currently, Cabrita et al. [31] have
identified up to 12 signature genes that can be used for the
identification of TLSs in tumors. Among them, CXCL13
not only acts as a B-cell chemokine but also positively
correlates with the number of TLSs and good prognosis in
renal cell carcinoma (RCC) [32]. Interestingly, high
CXCL13 expression in ccRCC was positively correlated
with poor prognosis, suggesting that CXCL13 could be
used as an antitumor immunotherapy and prognostic
marker. In addition, T-lymph in TLSs is found in most

Fig. 3. Role of TLSs in the fight against tumors. TLSs in tumor cells activate B-lymphocyte and T-lymphocyte
antitumor immune responses. Polyclonal IgA or IgG antibodies produced by tumor-associated B cells bind to the
corresponding receptors on the surface of tumor cells and release granzyme B to inhibit tumor growth.
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solid tumors and its T-lymphocyte infiltration is posi-
tively associated with a good prognosis, but in ccRCC, it is
associated with a poor prognosis. For example, Sobottka
et al. [33] found that infiltration of TLSs and CD8+ T cells
was negatively correlated with response to immuno-
therapy in 8 patients treated with ICIs by second-
generation sequencing. This may be due to the T lym-
phocytes infiltrating the different stages of ccRCC. Fur-
ther analysis of the dynamics of lymphocytes infiltrating
ccRCC is necessary in the future to improve the stratified
treatment of ccRCC patients. All of the above studies
demonstrate the complexity of the immune microenvi-
ronment in ccRCC. The differences in the development of
TLSs in ccRCC and the regulation of antitumor immu-
notherapy are not only reflected in the molecular features
but are also closely related to the spatial location of
lymphocyte infiltration. For example, Meylan et al. [34]
found by spatial transcriptomic analysis that CXCL12-
expressing fibroblasts in close contact with tumor cells
could recruit plasma cells fromTLSs into cancer nests and
thus exert antitumor effects. In contrast, plasma cells
promote the expression of CXCR4, the receptor for
CXCXL12, and downregulate the expression of CXCR5,
the receptor for CXCL13, which is a potential marker of
poor prognosis in ccRCC [35]. In conclusion, all these
data demonstrate that the induction of TLS formation is
one of the important pathways for future ccRCC.

Urinary Bladder Cancer
Despite the effectiveness of ICIs in localized and

metastatic muscle-invasive bladder cancer, 60–85% of
patients remain nonresponsive. In contrast, TLSs are
mainly involved in tumor immune pathways such as the
PD-1 and PD-L1 immune checkpoint pathways. Cur-
rently, PD-L1 is the main predictive biomarker for the
treatment of ICIs, but unfortunately, the sensitivity and
specificity of related immunotherapy response markers
such as PD-L1, IFN-γ, and tGE8 are low [36–38]. As a
result, a great deal of research has been devoted to finding
a new biomarker to improve the prediction of response to
treatment with ICIs in bladder cancer. For example,
Groeneveld et al. [39] found that high CXCL13 expres-
sion in patients receiving immunotherapy was associated
not only with good immune response but also with better
survival, suggesting that CXCL13 could be used as a
prognostic marker for immunotherapy in bladder cancer.
As with ccRCC, it has been found that spatial differences
in TLSs are not only associated with antitumor immune
responses but also highly correlated with prognosis. For
example, van Dijk et al. [40] found that superficial TLSs
with high expression of CD4+ T cells in bladder cancer

were not associated with antitumor immune responses.
On the other hand, TLSs have been found to be highly
similar to the lymphoid aggregates formed by Hunner-
type interstitial cystitis [41–43]. Therefore, whether there
are partially nonfunctional superficial TLSs associated
with bladder inflammation needs to be thoroughly in-
vestigated in future advances. In conclusion, although the
various mechanisms of TLSs in bladder cancer are still
unclear, identifying accurate biomarkers of response is
one of the key issues that still needs to be addressed in the
future with a view to opening up new avenues for the
treatment of bladder cancer.

Prostate Cancer
The key to a response to ICIs is the strength of the

immune cell infiltrate, and ICIs are not ideal for prostate
cancer with poor immune infiltration. TLSs, a feature of
immune cell infiltration, are found not only in normal
prostate tissue but also in prostate cancer tissue [44].
Therefore, it is important to study its role in prostate
cancer. García-Hernández et al. [45] found that different
stages of prostate cancer not only had significantly dif-
ferent infiltration of TLSs but also had different cellular
characteristics and molecular markers around their TLSs.
For example, CXCL10-expressing epithelial cells are
highly expressed in early-stage prostate cancer, while a
high reduction of CXCL10+CD3+ T cells is found in
advanced prostate cancer TLSs. This cell produces a
vasopressor, CXCL10, which not only inhibits tumor
angiogenesis but also induces CXCR3+ T cells and NK
cells to clear tumor cells. However, high CXCR3A ex-
pression has been found to be associated with metastasis
and invasion of prostate cancer [46]. This may be due to
the destruction of TLSs in advanced prostate cancer
resulting in a high reduction of CXCL10+CD3+ T cells
and is an important reason for their low response to
immunotherapy [47]. In conclusion, in the future, ac-
curate stratification of prostate cancer patients with the
help of cellular and molecular characteristics of TLSs and
screening of patients with high response to immuno-
therapy will be of great significance in improving the
survival of prostate cancer patients.

Summary and Outlook

Although TLSs have been identified in many cancers,
their specific molecular mechanisms of formation remain
unclear, which not only poses a significant obstacle to
exploring the specific mechanisms of action of TLSs in
tumors but also complicates the use of TLSs to predict the
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prognostic role in different cancers. Therefore, it is
necessary to conduct in-depth studies on the specific
molecular mechanisms of TLS formation in conjunction
with their cellular and molecular composition in the
future, which will not only have far-reaching implications
for revealing the predictive role of TLS in different dis-
eases but also provide theoretical support for immuno-
therapy. In addition, although TLSs have been identified
to play a certain adaptive immune response in antitumor,
it is still unknown whether they have a synergistic or
antagonistic effect with SLOs, and addressing this issue
may be important for the future development of specific
antitumor immune drugs. Finally, by understanding the
immunotoxicity associated with TLSs, it may help
identify targets for immunotherapy.
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