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Abstract. The tertiary lymphoid structure (TLS), also referred
to as the ectopic lymphoid structure, has recently become a
focus of attention. The TLS consists of T-cell and B-cell-rich
regions, as well as plasma cells, follicular helper T cells,
follicular dendritic cells (FDCs), germinal centers (GCs) and
high endothelial venules. TLSs can be divided into different
subtypes and mature stages according to the density of FDCs
and GCs. The TLS serves as an effective site in which an anti-
tumor inflammatory response is generated through infiltrating
immune cells. B-cell-related pathways, known as the CXC
chemokine ligand 13/CXC chemokine receptor type 5 axis and
the CC chemokine ligand (CCL)19/CCL21/CC-chemokine
receptor 7 axis, play a key role in the generation and formation
of TLSs. The aim of the present review was to systematically
summarize updated research progress on the formation,
subtypes, evaluation and B-cell-related pathways of TLSs.
Furthermore, researchers have previously reported that TLSs
are present in several types of solid cancers and that they are
associated with survival outcomes. Therefore, studies on TLS
in breast, lung, colorectal and ovarian cancers and melanoma
were summarized and compared. The TLS and B-cell-related
pathways require further investigation as important immune
signals and promising new immunotherapy targets in the era
of T-cell therapy revolution.
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1. Introduction

The development of cancer in humans is a multistep
programmed process that involves multiple gene mutations
and genetic modifications and leads to uncontrolled cell
division and apoptosis evasion. The accumulation of gene
mutations results in the expression of tumor antigens, trig-
gering the activation of innate and adaptive antitumor immune
responses aimed at eliminating tumor cells (1). The tumor
microenvironment (TME), a new concept for developing
tumor markers, has been proposed and widely recognized for
its important role (2). The dynamic interaction between tumor
cells and immune cells controls tumorigenesis, local invasion
and distant metastasis. Immune cells remain in situ or migrate
as a response to different signals, further contributing to the
formation of the overall TME (1).

The immune system of the host is the main target for anti-
tumor immunotherapy. The accumulation of tumor immune
cells contributing to tumor resistance is an important part of
tumor genetics (3). There are several types of tumor-infiltrating
immune cells, including T cells, B cells, dendritic cells (DCs),
tumor-associated macrophages (TAMs) and natural killer
(NK) cells. A core component of tumorigenesis is dysregula-
tion of the immune system (4,5). Tumor cells attempt to escape
immune surveillance in different ways, resulting in ineffective
immune surveillance. Immune cells provide a microenviron-
ment for developing inflammation and tumor metastasis.
Therefore, the basic strategy of tumor immunotherapy is always
focused on how to avoid impaired immune surveillance and
how to prevent damage to the immune system (6). The most
typical example is the finding that the tumor-promoting func-
tion of regulatory/immunosuppressive immune cells depends
on the inflammatory environment mediated by inflammatory
cells, which can aggregate and alternately induce TAMs,
regulatory T cells (Tregs) and myeloid-derived suppressor
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cells (MDSCs) (7-9). Therefore, achieving a comprehensive
understanding of the TME is crucial.

T-cell-related pathways play an important role in immuno-
therapy and have been used for targeted tumor therapies, such
as anti-programmed death 1, anti-programmed death ligand 1
(PD-L1), anti-cytotoxic T lymphocyte antigen-4 and chimeric
antigen receptor T-cell therapy (10). Numerous studies have
reported that the expression of PD-L1 is an independent risk
factor for progression-free survival (PFS) and overall survival
(OS) in patients with cancer and is negatively associated with
CD8* tumor-infiltrating lymphocytes (TILs) (10-13). It is
generally believed that the typical T-cell-mediated antitumor
immune response is initiated by DCs in the TME. At the
same time, the tumor-inducing antigen is presented to T cells
in the secondary lymphoid organs (SLOs), further activating
antitumor T cells. Then, the T cells migrate back to the tumor
tissue, thus eliminating the target antigen expressed on tumor
cells. In addition, a number of TILs, including CD8" and CD4*
TILs, are closely associated with antitumor response and
survival benefit (14-16).

As a key component of TILs, B cells also play an
important role in the immune response, which has been an
increasing focus of recent research. Tumor-infiltrating B
Ilymphocytes (TIBs) may be observed in a variety of solid
tumors (5,17). TIBs serve a role in antitumor immunity by
secreting tumor-specific antibodies and maintaining the func-
tion of the TLS. Current evidence shows that TIBs directly
kill tumor cells and indirectly secrete immunoglobulins and
proliferative T cells to inhibit tumor cell proliferation (18).
B cells can produce an immunosuppressive phenotype that
secretes IL-10, thus leading to tumor progression. Therefore, B
cells and B-cell-related pathways may serve as tumor-related
therapeutic targets, prompting future research breakthroughs
in the field of tumor immunotherapy (19,20). The association
between TLSs and B cells will be explained below.

2. Definition of the TLS

Traditional SLOs, including the spleen, lymph nodes, tonsils,
appendix and lymphoid tissues distributed throughout the
body, are important parts of the immune system. The structures
of different SLOs are nearly identical and include T-cell- and
B-cell-rich regions, different DC subgroups and special stromal
cells (21). During the development of an immune response,
SLOs are affected by central lymphoid tissue, which is where
colonization and proliferation of T cells and B cells occurs,
such as the thymus and bone marrow (20). SLOs provide a
three-dimensional environment for the interaction of different
immune cells, thus generating an effective immune response
(20). Several immune reactions occur in the spleen and this
organ exerts indirect antitumor or anti-infection effects (22).
The tertiary lymphoid structure (TLS), also referred to
as ectopic lymphoid tissue, has a structure similar to that of
typical SLOs, with certain differences. The TLS consists of
T-cell and B-cell-rich regions, as well as plasma cells (PCs),
follicular helper T (Tfh) cells, follicular dendritic cells (FDCs)
and germinal centers (GCs) (23), as shown in Fig. 1. There are
also specialized post-capillary venules, termed high endothe-
lial venules (HEVs), which are present in all SLOs and not
only in the spleen (24). NK cells are absent from the TLSs,

unlike SLOs (20,25). Under chronic inflammatory conditions,
such as autoimmune diseases, chronic infections, chronic
graft rejection and tumors, the TLS can trigger an immune
response independent of SLOs (26). The TLS serves as an
effective site for the generation of an antitumor response of the
human immune system and triggers an inflammatory response
through immune cell infiltration. It was recently demonstrated
that TLSs can be affected by the TME and factors such as
proinflammatory cytokines and corticosteroid intake, which
lead to a reduction in TLSs (27).

The development of TLSs first requires progressive matu-
ration of immune cells, including the proliferation of B cells
and differentiation to PCs, the maturation of DCs, and the
induction of cytotoxic T cells and CD4* T cells (28). The
formation of TLSs may require three key factors to mediate
B-cell and DC recruitment: i) Induction of lymphotoxin (LT)
production; ii) secretion of lymphocyte chemokines, such as
CC-chemokine ligand (CCL)19, CCL21 and CXC chemo-
kine ligand (CXCL)13; and iii) growth of HEVs (21). CD4*
lymphoid alp2 (LTalp2)-expressing lymphoid tissue inducer
(LTi) cells and LT f receptor (LTPR)-expressing interstitial
lymphoid tissue organizer (LTo) cells interact to produce adhe-
sion molecules (intercellular adhesion molecule-1 and vascular
cell adhesion molecule-1), chemokines, cytokines, HEVs and
lymphatic vessels (29). In the TME, during TLS formation,
activated chemokines induce the aggregation of T cells and
B cells mediated by HEVs and DCs via lymphatic vessels, thus
leading to homing and regionalization of lymphocytes (30).
CXCLI13, CCL19 and CCL21, in turn, promote the expression
of LTa1p32 among LTi cells, leading to a continuous and stable
cycle (29).

3. Subtypes and evaluation of the TLS

A number of researchers have discovered different TLS
subtypes, but there has been no single standard to date.
Posch et al (31) demonstrated that the formation of a TLS is
more prominent and more common in patients with colorectal
cancer (CRC) exhibiting high microsatellite instability and/or
BRAF mutation after analyzing 109 specimens from patients
with stage II or III CRC. The authors divided TLSs into three
subtypes characterized by the density of FDCs and mature
B cells as follows: i) Early TLS: Diffuse and mixed B cells
and T cells or composed of dense lymphocyte clusters without
FDC and GC reactions; ii) primary follicular-like TLS:
Dense lymphocyte clusters with FDCs but no GC reactions;
and iii) secondary follicular-like TLS: Dense lymphocyte
clusters with FDCs and active GC reactions. They system-
atically developed a TLS immune system score for effectively
identifying patients with CRC with a lower risk of recur-
rence. Similarly, Silina et al (32) evaluated 138 patients with
non-small cell lung cancer (NSCLC) and divided TLSs into
three to four subtypes. Kroeger et al (33) performed in-depth
research on the TLS structure in patients with ovarian cancer.
TLSs are divided into four subtypes characterized by their
T-cell and B-cell lymphoid aggregates: i) Type I: Small and
aggregated, including CD8* T cells, CD4* T cells, CD20*
B cells and CD208* DCs; ii) Type II: Large and diffuse,
including CD8* T cells, CD4* T cells, CD20* B cells and no
mature DCs; iii) Type III: Developmental TLSs, including
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Figure 1. Structure of TLS and B-cell-related pathways. The TLS consists of T-cell- and B cell-rich regions, as well as plasma cells, follicular helper T cells,
follicular dendritic cells and germinal centers. There are also specialized blood structures termed high endothelial venules. B-cell-related pathways serve a
key role in the generation and formation of TLSs, the CXCL13/CXCRS axis and the CCL19/CCL21/CCR?7 axis. The TLS serves as an effective site for tumor
reactions in the human immune system and triggers an inflammatory response through infiltrating immune cells. TLS, tertiary lymphoid structure; CXCL13,
CXC chemokine ligand 13; CXCRS5, CXC chemokine receptor type 5; CCL, CC chemokine ligand; CCR7, CC-chemokine receptor 7.

CD21* FDCs, GC-related B-cell follicular masses and discrete
T-cell regions; and iv) Type IV: CD20* B cells, CD21* B cells
and CD21* FDCs. These TLS subtype classifications can help
to further understand the immune structure of TLSs in detail.

The location of the TLS has not been extensively researched
in past studies. Hiraoka et al (34) evaluated the TLS by location
and found that a superior outcome was observed in patients
with an intratumoral TLS. Pancreatic cancer tissues with an
intratumoral TLS exhibited significantly higher infiltration
by T and B cells and lower infiltration by immunosuppressive
cells, as well as higher expression of Thl- and Th17-associated
genes. Thus, it is believed that the presence of an intratumoral
TLS is associated with a TME with an active immune response
and a complete vascular network.

Most recent studies reported that the presence of TLSs
is usually associated with a survival benefit in solid tumors,
but there are a few reports of TLSs as predictors of a poor
prognosis. Bento er al (35) reported that the presence of
HEVs at the infiltrative tumor margin is closely associated
with advanced-stage disease in CRC. Figenschau et al (36)
demonstrated that TLSs are associated with more aggressive
tumors. Sofopoulos et al (37) studied 112 patients with breast
cancer and found that patients with abundant peritumoral TLS
had worse PFS and OS; thus, the density of the peritumoral
TLS was a key prognostic factor. The importance of dynamic
interactions between immune cells in the TME and the area
surrounding the tumor tissues was recently emphasized.
In addition, breast cancer patients with TLSs often have
high-grade tumor pathological characteristics and a higher

frequency of lymph node metastases (36). Therefore, there is
currently no widely accepted TLS evaluation method, as these
conflicting results must be further investigated to elucidate the
underlying mechanism.

4. High endothelial venules

HEVs are specialized blood vessels found in all SLOs except
the spleen. HEVs are formed during the embryonic and
neonatal period and are mainly maintained by the lympho-
cyte microenvironment, which is the key to initiating and
maintaining immune reactions (24). HEVs can extract naive
and memory lymphocytes from the blood and transport them
to antigen-presenting cells in the lymph nodes, regardless
of the antigen receptor specificity. HEVs located outside the
lymph nodes are found in lymphoid-dense tissues, which are
called TLSs if combined with T-cell and B-cell-rich aggre-
gates (38). Similar to traditional lymph nodes, HEVs regulate
lymphocyte entry into lymphoid tissues. It has been reported
that HEVs develop in non-lymphoid organs under conditions
of chronic inflammation caused by autoimmunity, infection
or allografts (38,39). In addition, HEVs are widely found in
highly vascular solid tumors, and the presence of HEVs is
associated with reduced tumor growth and improved patient
prognosis in breast cancer and melanoma (38). The density of
HEVs is closely associated with tumor infiltration by T and
B lymphocytes (40). In a study of 146 patients with breast
cancer in situ, the density of HEVs was found to be associ-
ated with infiltration by naive, memory and granzyme-positive
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CD8* T cells, as well as their related gene expression. The
density of HEVs was associated with superior PFS and OS
in patients with breast cancer with positive lymph nodes (41).

Some researchers believe that HEV neogenesis promotes
antitumor immune reactions by accumulating immature
lymphocytes in tumors, thus leading to devastating lymph
node damage (42). Browning et al (43) indicated that triggering
LTPR in endothelial cells can induce HEV differentiation in
gene-targeted mice and that CD11c* DCs play a key role in this
process. Therefore, it is particularly important to determine
whether signal transduction by LTPR in endothelial cells drives
the development of HEVs during tumorigenesis and to explore
which molecules induce the formation of HEVs. Overall,
blockade of the LTPR leads to dedifferentiation of HEVs, but
the components of this process remain unclear (43). In addi-
tion, HEV neogenesis may aggregate immunosuppressive
cells, such as Tregs, which may suppress effective antitumor
immune responses (44). These findings have revealed a new
therapeutic approach by promoting the generation of HEVs and
demonstrated the role of HEV neogenesis in tumor immunity.

Peripheral node addressin (PNAd) is an L-secretin/
CD62 L ligand that is a specific marker of HEVs. Although
PNAd can be detected in some activated epithelial cells, it
is not commonly expressed in other lymphatic vessels or
lymphoid organs (45). It has been reported that PNAd* blood
vessels exhibit the characteristics of HEV structures in breast
cancer, ovarian cancer and melanoma (41). HEV development
with PNAd expression was reported to occur prior to adeno-
carcinoma formation in a mouse model of gastric cancer with
Helicobacter pylori infection (46). The effect of newly formed
HEVs on tumor prognosis depends on whether there are suffi-
cient DCs to present tumor-derived peptides to naive T cells in
mature tumors and to induce sufficient activation of T cells. In
a study of 225 primary melanomas, the density of HEVs was
found to be closely associated with delayed tumor growth, as
well as the presence of naive T cells, Thl-related genes and
DCs expressing the maturation marker dendritic cell lyso-
some-associated membrane glycoprotein (DC-LAMP*). The
association between HEV development and improved tumor
immunity has been validated in mouse experiments (47).
Vascular development with high PNAd expression levels is
associated with reduced tumor growth, which leads to infiltra-
tion and local expansion of naive T cells and central memory
T cells in tumors (48). Therefore, exploring the antitumor
mechanism underlying the role of HEVs and determining
whether they have the same function in multiple tumors is key
for future research.

5. Germinal centers

The generation of GCs in TLSs is associated with increased
autoimmunity, graft rejection and tumor immune responses.
This is attributed to the generation of autoreactive B cells and
HEVs (49). The GC reaction involves the migration of DCs
expressing CC-chemokine receptor (CCR)7 (activated by NK
cells) to the T-cell region of SLOs via the chemokines CCL19
and CCL21. Similarly, naive T cells expressing CCR7 are
recruited by CCL19 and CCL21 to move through the HEVs to
the T-cell region (50). DC-forming antigens respond to naive T
cells and facilitate conversion from naive T cells to Tfh cells.

DCs present the antigens to naive T cells, thus accelerating
conversion to Tfh cells. Along with the induction of CCR7
expression, CXCL13 produced by tumor mesenchymal cells
migrates to the B-cell region, and Tth cells gradually become
mature, as indicated by the expression of the cytokine receptor
CXC chemokine receptor type 5 (CXCRS5) (49). Tth cells,
B cells and FDCs collectively promote the GC response
during tumor activation, which leads to the differentiation
of B cells into memory B cells and PCs (51). Posch et al (31)
and Silina et al (32) showed that TLSs consist of CXCLI13*
peripheral blood vessels, CXCL12*" LTBR-expressing cells,
and PD-L1" epithelial cells. The GC gradually grows along
with the development of TLSs and eventually becomes an
activated mature GC. In addition, the TLS density is associ-
ated with the formation of GCs and the expression of genes
involved in the adaptive immune response. When comparing
patients with lung cancer that had been treated with neoad-
juvant chemotherapy or left untreated, GC formation was
impaired, although the structure of the TLS was similar to that
of the controls, and the prognostic ability of TLS density was
eliminated (32). As mentioned above, some researchers have
classified TLSs by GCs and FDCs and described the asso-
ciations between the different subtypes of TLSs and patient
survival (32). Therefore, GC formation in TLSs is crucial for
tumor development and treatment.

6. B-cell-related pathways in the TLS

B-cell-related pathways in the TLS. The TLS is an ectopic
lymphoid organ accompanied by a chronic inflammatory
response in non-lymphoid tissues, and B-cell-related pathways
play a key role in the generation and formation of TLSs (20,52).
As shown in Fig. 1, it has been reported that B-cell-related
pathways, such as the pathways associated with CCR7 and
CXCRS5 in tumor cells, the CXCL13/CXCRS5 axis and the
CCLI19/CCL21/CCR7 axis, promote tumor growth (20). In
addition, B-cell-related pathways play an important role in the
immune system through GCs in humans (5). Upregulation of
TLSs may lead to significant antitumor responses. Therefore,
B cells and B-cell-related pathways must be further explored
as new immunotherapy targets (53).

The CXCLI13/CXCRS5 axis is activated under the interac-
tion of B cells and Tfh cells to accelerate the GC response
and participates in the migration of TIBs and Tfh cells in the
TME (54). CXCRS is mainly expressed in B cells, Tth cells,
mature DCs and tumor cells, and is necessary for cell migra-
tion. CXCRS5* cells are attracted by CXCL13-rich B cells,
which are stimulated to mature by Tfh cells and FDCs (55).
CXCLI13, a B-lymphocyte chemotactic agent, is released from
the B-cell interstitial region of SLOs. B cells mainly secrete
LT, which promotes surrounding mesenchymal cells to induce
CXCLI13 (20,56). Furthermore, Tfh-like cells, FDCs and
tumor cells can generate CXCL13, which induces B cells and
Tfh cells to mature in the TME. Gu-Trantien et al (56) demon-
strated that CXCL13 expression is associated with the presence
of TLSs, high sensitivity to neoadjuvant chemotherapy and
more favorable prognosis in breast cancer. Therefore, TGFf
can coordinate the immune response against human tumors,
and CXCLI13*CD103*CD8" TILs play an important role in
mediating B-cell aggregation and TLS formation (54).
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On the other hand, high expression of CXCL13 and CXCRS5
has also been associated with poor prognosis in certain tumor
cells, such as CRC, gastric cancer and breast cancer cells (49).
The CXCLI13/CXCRS axis in tumor cells is also involved in
tumor cell proliferation and metastasis. It has been reported
that CXCL13 increased cell migration and tumorigenicity via
the NF-kB pathway in a mouse model of prostate cancer. In
addition, Biswas er al (57) indicated that the combined expres-
sion of CXCL13 and CXCRS5 was significantly associated with
lymph node metastasis in patients with breast cancer. A high
level of CXCL13 in the serum is considered an indicator of
good prognosis for hepatocellular carcinoma, but it is associ-
ated with poor prognosis in patients with prostate or breast
cancer. These conflicting findings regarding the CXCL13/
CXCRS5 axis may be attributed to the different TMEs, which
can promote the interaction of different cancer types, progres-
sion stages, receptor-expressing cells, immune cells and tumor
cells (58). The absence of CXCLI13 or CXCRS5 in prostate
cancer cells can also affect their migration ability and tumori-
genicity (57,58).

The CCL19/CCL21/CCR?7 axis was found to be active in
immune cells, such as T cells, B cells and DCs, and to help
cells migrate to SLOs or other tumor sites and activate the
host cell response (59). CCR7 is mainly expressed in naive T
cells, B cells and tumor cells, and it is important for cell migra-
tion (60). CCL19, an Epstein-Barr virus-induced molecular 1
ligand chemokine, is expressed by DCs and tumor cells.
CCL21, a secondary lymphoid tissue chemokine, is expressed
by HEVs, lymphatic endothelial cells (LECs) and tumor cells.
CCLI19 and CCL21 are expressed in the T-cell region of SLOs
in the tumor stroma. It has been reported that the expression
of CCL19 and CCL21 is beneficial for survival in patients
with CRC (61). The CCL19/CCL21/CCR7 axis mediates the
accumulation of immune cells in lymphoid and non-lymphoid
tissues. However, naive T cells expressing CCR7 mainly
recognize CCL19 and CCL21, which are produced by the
T-cell region of SLOs, and migrate similar to T cells via the
HEVs (59).

On the other hand, it has been reported that CCL19 or
CCL21 produced by tumor cells is associated with tumor
invasion and immune tolerance (62). The CCL19/CCL21/
CCR?7 axis is activated in this manner, in which tumor cells
are attracted towards T cells via chemokines. This leads to
lymph node metastasis and poor survival outcomes. Tumor
cells expressing CCR7 migrate towards LECs expressing
CCL21 due to CCL19 and CCL21 secretion by autocrine
tumor cells (63). In addition, intratumoral vaccination with
a CCL21-expressing gene vector can result in the induction
of systemic tumor antigen-specific immune responses (64).
Shields et al (60) knocked out CCL21 in a melanoma model and
found that CCL21-deficient tumors grew more slowly and trig-
gered tumor-specific T-cell responses. Sperveslage er al (65)
observed that CCR7 was upregulated in pancreatic ductal
adenocarcinoma (PDAC) and was associated with tumor
progression, lymph node metastasis and poor prognosis.

B-cell-related immunotherapy in the TLS. TLSs can coordinate
the infiltration and activation of immune cells to produce an
immunogenic TME to eliminate tumors. Immunotherapy that
induces the formation of TLSs has been reported, and related

immune vaccines are under development (27). Lutz et al (66)
reported that formation and increased number of TLSs were
observed in the majority of patients with PDAC treated with a
granulocyte-macrophage colony-stimulating factor-secreting,
allogeneic PDAC vaccine (GVAX) with cyclophosphamide
(Cy). The purpose of this treatment was to inhibit Tregs and
increase the numbers of Th17 cells. A corresponding study also
proved that Tregs can prevent Th17 cells from promoting the
formation of TLSs. In a phase II clinical trial, GVAX/Cy with
CRS-207 (live, attenuated Listeria monocytogenes-expressing
mesothelin) prolonged the survival of patients with PDAC (66).
In addition, neoadjuvant chemotherapy was able to restore the
formation of GCs in TLSs in patients with lung cancer, leading
to the upregulation of TLS development and improving patient
survival (32). Schrama et al (67) demonstrated that LT-o
promoted the development of TLSs in a melanin mouse model.

To develop a clinically effective immunotherapy method
for solid tumors, the key is to enhance the delivery of targeted
lymphocytes to the tumor site and ensure the full expansion
of activated lymphocytes in the immunosuppressive TME.
Johansson-Percival et al (68) established a new method for
inducing the formation of TLSs and blood vessels in tumors,
which can enhance the effectiveness of immunotherapy for
drug-resistant tumors. The authors designed a compound
composed of mouse LIGHT protein and carboxy-terminal
vascular targeting peptide (VTP) to specifically introduce
LIGHT signals into tumor blood vessels to induce the forma-
tion of TLSs in the tumor. Following injection of LIGHT-VTP,
immunohistochemistry and immunofluorescence detection
showed that TLSs appeared in pancreatic tumors. Among
proinflammatory cytokines and chemokines, 1L-6, IL-13
and CCL21 are keys to inducing TLS (1,4). Adaptive transfer
experiments show that the formation and maintenance of
TLSs require macrophages and T cells (1). In vivo studies
demonstrated that LIGHT-VIP leads to an antitumor immune
response. More immune cells infiltrate the tumor site and
induce more effector T cells and memory T cells (68). Although
LIGHT-VIP enhances the therapeutic efficacy of immune
checkpoint inhibitors, the antitumor immune response is most
effective when used in combination with tumor vaccines and
checkpoint inhibitor therapy. The fusion protein formed by the
combination of LIGHT and anti-EGFR antibody was also used
in a previous study, which can specifically target EGFR* tumor
cells (69). This treatment increases the expression of various
cytokines and chemokines in the TME by activating LTBR in
interstitial cells, leading to increased T-cell infiltration and the
formation of a proinflammatory T-cell TME.

7. Progress on the TLS in different tumors

Breast cancer. There has been substantial research progress
on TLSs in breast cancer to date (70). In HER2-positive and
triple-negative breast cancer (TNBC), the presence of a TLS is
associated with superior survival outcomes, whereas the density
and distribution of TLSs are key factors in prognosis and are
taken into consideration in the pathological diagnosis of ductal
carcinoma in situ (71). Liu et al (72) analyzed 248 patients
with breast cancer and found that TLSs were associated with
high-grade tumor pathology, apocrine phenotype, lympho-
vascular space invasion, high numbers of TILs, negativity for
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gonadal steroid hormone receptors, and positivity for HER2
and c-kit expression. In HER2* breast cancer, TLSs have been
found to be significantly associated with more favorable PFS
and have no association with TILs, indicating that TLSs may
be an independent and beneficial factor for PFS (41,72).

The relationship between breast cancer and B cells is
an attractive research topic. Garaud et al (73) analyzed the
humoral immune response and signaling pathways of TIBs
in breast cancer. In this study, the increase in TIB density
is related to highly proliferative CD4* and CD8* TILs, as
well as hormone receptor-negative disease, in which TIBs
increased most significantly. TIBs respond to the stimulation
of B-cell receptors in vitro, express activation markers and
produce cytokines, despite the reduction in antigen-presenting
HLA-DR and CD40 molecules. Finally, some authors believe
that the sustained humoral immune response is generated by
TIBs and helps to improve antitumor immunity at the tumor
site (73). Jézéquel et al (74) performed DNA chip analysis
on 238 patients with TNBC and used external data with the
same DNA chip (n=257) for verification. The external data
were obtained from Gene Expression Omnibus (GEO) and
ArrayExpress, and provided a large sample size. The study
researched the infiltration by PCs and B cells, as well as TLS
structure and neurogenesis, by histological evaluation. Three
molecular clusters in TNBC were finally identified: One
molecular apical secretion (C1) and two basal-like enrich-
ments (C2 and C3). C3 exhibited an adaptive immune response
associated with complete B-cell differentiation and immune
checkpoint upregulation in TLSs, which could represent a
specific targeted therapy (74).

The association between CXCL13 and Tregs has been
previously reported in breast cancer (37). Gu-Trantien et al (56)
found that tumor-infiltrating CXCL13 (CXCR5-) Tfh cells
(TFHX13 cells) can promote local memory B-cell differen-
tiation and are a key factor in transforming Tregs. TFHX13
cells can induce the formation of TLSs and accumulate GCs at
the tumor site, thus promoting the B-cell antitumor response.
Freier et al (75) found that the expression of CCL22 was posi-
tively associated with infiltration by FOXP3* Tregs, FOXP3
being a Treg-specific transcription factor. Gobert et al (76)
also reported that FOXP3* Treg infiltration in TLSs in
primary breast cancer suggested a higher risk of relapse and
breast cancer-related death. The main characteristic of Tregs
was the CD4*CD25"e"CD127°*FOXP3* phenotype, which
was inhibited by in vitro stimulation through CCR4. Tregs
can be selectively aggregated via CCR4 and then activated
by mature DCs through tumor-associated antigens, which
can prevent effector T-cell activation and ultimately lead to
immune escape and tumor progression (76).

Lung cancer. There has been an increasing number of reports
on TLS research in lung cancer (77). Dieu-Nosjean et al (78)
first reported the presence of TLSs in NSCLC, and they named
these structures tumor-induced bronchus-associated lymphoid
tissue (Ti-BALT). Mature DCs (DC-LAMP?*) are a specific
component of Ti-BALT, and their density is highly associated
with tumor infiltration by CD4* and T-bet" Thl cells, which
is also associated with survival outcomes. Goc et al (79)
also found that tumors infiltrated by TLS-associated mature
DCs generate a specific immune contexture characterized by

Thl cells and cytotoxic cytokines that reduces the mortality
risk. Patients with large numbers of DC-LAMP* mature
DCs exhibit improved survival, although T cells (including
naive and central memory CD4* and CD8" T cells) can be
identified in the TLS. Therefore, the density of mature DCs is
more important for response strength than the infiltration by
T cells (79).

NSCLC is characterized by a close association between
TLSs and T cells (80). Kim er al (81) retrospectively analyzed
whether high TIL number was significantly associated with
histological grade, abundant TLSs and the presence of GCs,
which is an independent factor for improved PFS. Zhu ez al (82)
performed gene analysis on samples from 47 patients with
NSCLC and found that CD4* and CD8" T-cell sequences had
higher clonality than CD19* B-cell sequences. The clonal
expansion of CD4* T-cell receptors in tumors is associated with
a high density of B cells. In addition, Tregs in tumor-associated
TLSs suppress antitumor immune responses in mouse models
of lung cancer (82). de Chaisemartin et al (83) researched the
formation and structure of TLSs in patients with NSCLC and
found that TLSs mostly consist of CD62L* and CD4* memory
T-cell phenotypes, while naive T cells are highly enriched.
The expression of specific genes, including most chemokines,
adhesion molecules and integrins, is associated with the pres-
ence of T cells in TLSs. It has been confirmed that there are
corresponding T-cell receptors in TLSs. TLSs are associated
with endothelial vessels highly expressing PNAd in tumors
and synergism with CD62L* lymphocytes.

CRC. TLSs have been observed in intratumoral spaces, peri-
tumoral areas and at the invasive tumor front in CRC. There
are several different types of immune cells in the TLS of
CRC, including T cells, B cells, CD21* FDCs, mature DCs and
CD31* cells in HEVs (84). It has been reported that the density
of TLSs is related to immune cell infiltration, which can
predict a more favorable prognosis for patients with stage II
CRC (85-87). Weinstein et al (88) studied 33 CRC cases and
found that IL-36y expression was associated with memory
CD4* T-cell infiltration, increased B-cell density and fibrous
degeneration in TLSs. The expression of IL-1F5, a signaling
antagonist of IL-36, is related to the expression of immune
checkpoint inhibitors. In addition, CD11c* DCs play a key role
in inducing lymphangiogenesis in TLSs (89).

B cells exert an important antitumor effect on CRC (5).
A T-cell rich TLS can be found in low-risk CRC, which
indicates that the presence of TLSs in the local TME
enhances the immune status for tumor rejection (90).
Meshcheryakova et al (91) studied the biological mechanism
of liver metastasis in CRC using microscopic imaging scans,
lineage markers and single-cell technology. They found that
densely infiltrating CD20* B cells and a TLS positive for
activation-induced cytidine deaminase (AID*) accumulated
near the liver tumor margin. Schweiger et al (92) studied
57 patients with CRC metastatic to the pulmonary system and
found an active immune microenvironment with infiltrating
CD3*, CD8*" and CD45RO* and FOXP3* TILs. In addition, the
formation of B-cell follicles can be observed in sites of chronic
inflammation, which is related to colorectal tumors (91).
Since chronic inflammation is involved in the development of
CRC, it is difficult to determine whether TLSs contribute to
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tumor-related inflammatory responses or antitumor effects.
TLSs may be the sites where immune cells migrate to in order
to elicit an effective antitumor immune response (87).

Ovarian cancer. There have been a number of studies on
TILs and TLSs in ovarian cancer (93). Kroeger et al (33)
thoroughly researched the TLS structure of ovarian cancer.
As previously mentioned, TLS-like lymphoid aggregates
are divided into four subtypes characterized by T cells and
B cells, ranging from small diffuse aggregates to large dense
clusters. TLSs are often surrounded by dense PC infiltration,
which accounts for 90% of the tumor stroma. PCs are asso-
ciated with large numbers of CD8*, CD4* and CD20* TILs
and a large number of cytotoxin gene products, indicating
that TLSs promote the synergistic antitumor response of T
cells and PCs (33). Truxova et al (94) studied 81 patients with
ovarian cancer and found that high-density tumor-infiltrating
DC-LAMP* DCs characterized by Thl polarization and cyto-
toxic activity are closely involved in the immune environment.
They found that mature DCs and CD20* B cells serve a key
role in the cytotoxic immune response in the ovarian cancer
TME. Gooden et al (93) retrospectively studied 270 ovarian
cancer cases and 150 cervical cancer cases and found that
the expression level of the HLA-E protein in 80% of tumor
tissues was the same or even higher compared with that in
normal epithelial tissue. When CD8" TILs are combined with
low HLA-E expression and inhibition of the CD94/NKG2A
receptor in the TME, the survival of patients with ovarian
cancer improves (93).

Melanoma. The presence of TLSs in primary melanoma is
associated with superior survival outcomes. Laddnyi et al (95)
found that dense infiltration by peritumoral CDla* and
DC-LAMP* cells is combined with high density of CD25*
and OX40* lymphocytes, which is associated with a good
survival outcome. The combination of mature DCs and acti-
vated T cells mediates a functional immune response, thus
providing prognostic information (26). Similarly, TLSs are
also associated with metastatic melanoma. Cabrita er al (26)
found that CD8* T cells and CD20* B cells effectively
cooperate to improve the survival of patients with metastatic
melanoma. CXCRS5 and CXCL13 have similar mechanisms of
action, which promotes the formation of TLSs in CD8*CD20*
tumors. Cipponi et al (96) focused on the complex structure
of the TLS in 29 metastatic melanoma cases, including the
T-cell region rich in mature DCs, unique B-cell regions,
HEVs and GCs. B-cell-mediated k-antibodies were activated
with melanoma specificity, which is required for Ig somatic
hypermutation and affinity maturation of enzymes (96).
In addition, B-cell-rich tumors are accompanied by large
numbers of TCF7* naive T cells and memory T cells. In
tumors without TLSs, T cells have a dysfunctional molecular
phenotype (26). TLSs play a key role in the immune micro-
environment of melanoma after attracting different T-cell
subtypes. The expression of chemokines in melanoma cells
is crucial for the induction of TLSs (30). Messina et al (97)
performed 12-chemokine gene expression signature (GES)
analysis of 14,492 solid tumor samples, including melanoma,
and found that the presence of TLSs is directly associated
with the 12-chemokine GES score. CCR7* LTi cells aggregate

in melanocytic tumors via CCL21 and promote the forma-
tion of TLSs. TLSs also aggregate immunosuppressive cells
(such as CD4"* Tregs and MDSCs) to suppress the antitumor
immune response. Tumor cells expressing CCL21 promote
tumor cell proliferation by changing the TME, thus trans-
forming the host's immune response from immunogenic to
drug-resistant (98).

8. Conclusion

As a special ectopic lymphoid structure, the TLS plays an
important role in the human immune system, and an associa-
tion of the TLS with survival prognosis has been observed in
different solid tumors. In-depth research on TLS formation
and constitution may help further elucidate the molecular
mechanisms at play in the TME. At present, the B-cell-related
pathways of TLSs, known as the CXCL13/CXCRS5 axis and
the CCL19/CCL21/CCR?7 axis, are extensively investigated.
Inducing the formation of TLSs and inhibiting tumorigenesis
via TLSs are expected to become research directions in the
future. The TLS and corresponding B-cell pathways may
come to represent novel antitumor targets in the era of T-cell
therapy revolution.
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