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Abstract

In the landscape of tumor immunotherapy, T cell-mediated immune responses have consistently
captured the attention, while the contributions of B cells have been neglected. Nevertheless, growing
evidence underscores the pivotal role of tumor-infiltrating B cells and plasma cells, collectively termed
tumor-infiltrating B lymphocytes (TIL-B), in cancer treatment. These cells not only contribute signifi-
cantly to therapeutic outcomes and prognostication in the realms of standard treatment and immune
checkpoint inhibition but also open avenues for novel immunotherapeutic strategies. Interestingly,
the heterogeneity within TIL-B populations, marked by diverse phenotypic subgroups, provides them with
the capacity to exert both antitumor and protumor influences. Therefore, a comprehensive understanding
of TIL-B interactions with tumors would be helpful for harnessing TIL-B as targets in tumor immuno-
therapy. Here, we survey the current state of TIL-B research with the aim of elucidating their role in
tumor immunotherapy and offering insights for the development of TIL-B-based therapeutic approaches.
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Overview of tumor-infiltrating
B lymphocytes

Classification of B cell subpopulations
and the emerging range of tumor-infiltrating
B lymphocyte phenotypes

Early studies of human cancers demonstrated that
the tumor-infiltrating B lymphocytes (TIL-B) phenotype
includes naive B cells, activated B cells, memory B cells,
germinal center B cells, plasma cells (PC) and their inter-
mediates. In general, the described TIL-B phenotype aligns
with canonical B cell subsets identified in healthy donors,
yet shows greater heterogeneity in certain subpopulations
[1]. Memory B cells and plasma cells exhibit the most pro-
nounced heterogeneity [2, 3], with plasma cell heteroge-
neity notably reflected in their antibody class switching,
closely linked to tumor immunity. TIL-B can be broadly
classified into antibody-secreting tumor infiltrating plasma
cells (TIL-PLC), regulatory B cells (Breg) and antigen-pre-
senting B cells (APB) based on their function within
the tumor [4], each potentially exerting differing impacts
on the tumor. The highly specific recognition capability
of tumor-associated antigen (TAA) positions TIL-PLC as
central players in the anti-tumor immune response. Stud-
ies have confirmed that plasma cells are capable of pro-
ducing antibodies that specifically recognize and bind to

(Cent Eur J Immunol 2025; 50 (2): 124-134)

TAA across a variety of cancers [5]. Breg, in particular,
have garnered significant attention, sharing similarities
with those observed in autoimmunity, and can be derived
from memory cells, plasmablasts, and PC [4]. The dif-
ferentiation of Breg is considered a crucial source of
B cell-mediated tumor-promoting effects [4], often char-
acterized by their competence in producing interleukin
(IL)-10 and transforming growth factor B (TGF-). Studies
have demonstrated that in vitro stimulation with recombi-
nant CD40 ligand and toll-like receptor agonists can induce
the production of IL-10 by Breg [6]. B10 cells are a signif-
icant subset within Breg, known for their tumor-promot-
ing capabilities through IL-10 production and involvement
in various immune disorders. The latest studies suggest
that B-1 cells have also become potential players in tumor
immunity in various subpopulations of TIL-B [7]. Fur-
thermore, multiple factors influence the TIL-B phenotype,
including the B cell’s microenvironment, disease stage, and
tumor type. A study highlighted a transition from naive to
PC-like B cells in advanced lung cancers [8], indicating
the importance of considering B-cell subpopulation changes
due to disease progression or type in future research.

Tumor-infiltrating B lymphocyte community

Within the complex ecosystem of the tumor microen-
vironment (TME), TIL-B establish their presence in dis-
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tinct niches, each characterized by its unique organization
and cellular composition. These areas not only indicate
the adaptive localization of TIL-B in response to the evolv-
ing tumor landscape but also highlight their multifaceted
roles in cancer immunity. Here we describe the three pri-
mary regions where TIL-B exert their influence.

Tertiary lymphoid structures

Tertiary lymphoid structures (TLS) are lymph node-
like structures and ectopic lymphoid organs. TIL-B are
often colocalized with T cells or other immune cells (such
as dendritic cells) in the organized lymphoid aggregate [9].
They can be actively involved in initiating and maintain-
ing adaptive immune responses. Some researchers believe
that any lymphoid aggregates can be described as TLS,
but strictly speaking, although TLS share many similar-
ities with lymph nodes, their structural differences may
still have a significant impact on the TIL-B response. For
example, TLS may produce a TIL-B response with differ-
ent antigenic specificity, whereas lymph nodes cannot. In
conclusion, TLS may induce auto-reactive B cells and PC,
which underlie autoimmune-mediated toxicity associated
with immune checkpoint blockade. But on the other hand,
TLS may relax the self-tolerance mechanism and allow
the body to produce auto-reactive antibodies as a way to
counteract neoantigens and other tumor-specific antigens
[10]. The presence of TLS is often correlated with im-
proved patient prognosis, underscoring their significance
in fostering a potent antitumor immune response.

Lymphocyte-myeloid aggregates

Representing a less organized but equally pivotal form
of immune cell congregation, lymphocyte-myeloid aggre-
gates (LMAs) comprise a heterogeneous mix of TIL-B,
T cells, and macrophages [11]. These collections facilitate
dynamic interactions between immune cells and the tumor
cells, allowing for the exchange of cytokines, chemokines,
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and other mediators that shape the immune landscape.
The formation of LMAs reflects the immune system’s
adaptability in ascending a response despite the suppres-
sive conditions influenced by the TME [12, 13].

Intra-epithelial infiltrates

In the fight against tumor cells, TIL-B, along with T cells
and macrophages, infiltrate the epithelial layers of the tu-
mor, positioning themselves within striking distance of their
target. This infiltration indicates an aggressive stance by
the immune system, aiming to suppress tumor growth and
prevent metastasis. The interaction of TIL-B with tumor
cells in this region is crucial for the direct killing of tumor
cells, antibody-dependent cellular cytotoxicity (ADCC), and
the regulation of a localized immune response.

In each of these regions, TIL-B engage in a complex
interplay with other immune cells and the tumor itself,
shaping the course of the immune response through direct
contact and mediated signaling. The strategic positioning
of TIL-B within these distinct areas of the TME highlights
their multi-function and critical role in modulating cancer
progression and the effectiveness of immunotherapeu-
tic strategies. Understanding the dynamics of the TIL-B
community within these environments opens new ways for
enhancing their potential in cancer treatment and provides
insights into the mechanisms of successful antitumor im-
munity [10] (Table 1).

Immunological mechanism of tumor-
infiltrating B lymphocytes

The immunological mechanisms of TIL-B can be
broadly classified into anti-tumor and pro-tumor immu-
nity. The effect of TIL-B on tumor growth or inhibition
depends mainly on the tumor microenvironment as well as
on certain B-cell subsets.

Table 1. Three main regions in which tumor-infiltrating B lymphocytes (TIL-B) exert their effects

Variable TLS LMA Intra-epithelial infiltrates
Structural Organized lymphoid Heterogeneous mixture [11] Infiltrate into the epithelial layers
organization aggregate [9] of the tumor
Composition TIL-B, T cells, TIL-B, T cells, macrophages [11] TIL-B, T cell, macrophages

of immune cells dendritic cells [9]

Initiation and maintenance
of adaptive
immune responses

Function

Facilitate dynamic interactions
between immune cells and
the tumor cells

Suppress tumor growth and prevent
metastasis [10]

Immune response Fostering a robust anti-tumor

immune response [10]

Facilitate dynamic interactions
between immune cells and
the tumor cells [12]

Direct killing of tumor cells, ADCC,
and the regulation of a localized
immune response

Effects on tumors May be associated with
autoimmune-mediated toxicity
associated with immune

checkpoint blockade [10]

Subject to TME suppression
conditions [12]

Directly acting on tumor cells [10]
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Tumor suppressive effect of tumor-infiltrating
B lymphocytes

Generation of complement signals
or co-stimulatory signals

It has been shown that inducible costimulatory molec-
ular ligand (ICOSL) in B cells enhances antitumor immu-
nity by enhancing the effector to regulatory T cell ratio and
strengthening the effect of T cells. The distinct ICOSL sig-
nature on B cells is a result of complement-CR2 signaling,
initiated in response to immunogenic cell death. Further-
more, the ICOS-ICOSL co-stimulatory pathway is instru-
mental in triggering the secretion of T helper cell 1 (Th1)
and T helper cell 2 (Th2) cytokines, thereby amplifying
the immune response through the potentiation of CD28/
B7-1/B7-2 signaling pathways. This mechanism is crucial
for the activation of T cell-dependent B cell responses. No-
tably, an increased presence of ICOSL-expressing B cells
within the tumor microenvironment has been associated
with significant improvements in both disease-free and
overall survival among breast cancer patients undergoing
neoadjuvant chemotherapy, underscoring the therapeutic
potential of targeting this pathway.

The synergistic effect of B cells and T cells

Many studies have shown that B cells and T cells play
a joint role in anti-tumor immunity. In addition to sup-
porting the function of T cells in immune killing through
the induction of co-stimulator (ICOS) ligands CD80 and
CD86 [9], B cells can also play a key role in the tumor
immune response by triggering the tumor killing action of
T cell through co-stimulatory signals (such as CD40/
CDA40L) [14]. B cells were also found to promote TLS
formation through the secretion of chemokine (C-X-C
motif) ligand 13 (CXCL13) and cytotoxic factors [14]. All
of these results suggest that B cells can achieve tumor sup-
pression by activating and inducing T cells.

Release of cytokines

Tumor-infiltrating B lymphocytes are responsive to
B cell receptor (BCR) stimulation ex vivo, express activa-
tion markers, and produce cytokines and immunoglobulins
(Igs) despite reduced expression of the antigen-presenting
molecules human leukocyte antigen-DR (HLA-DR) and
CD40 [15]. In addition, the cytokines produced not only
promote B cell development and isotype switching but also
play a major role in supporting the differentiation and pro-
liferation of T cells and natural killer cells [16].

Secretion of specific antibodies and antibody-
dependent intracellular neutralization

According to the research of Fridman, TIL-B can in-
duce apoptosis of tumor cells by self-producing antibodies
to proteins on the surface of tumor cells. Meanwhile, TLS
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in tumors can promote antibody production and maintain
B-cell maturation, which can have a direct anti-tumor ef-
fect [17]. In addition, antibody-dependent intracellular
neutralization may also help to exert tumor suppressive
effects. Antibody-dependent intracellular neutralization
is a process that utilizes antibodies to induce intracellular
proteasomal degradation [18, 19]. By studying TIL-B-de-
rived IgG in lung cancer, researchers demonstrated that
the degradation of tumor cells can be promoted through
antibody-dependent intracellular neutralization [8].

Involvement in antigen presentation

B cells within the tumor TLS act as specialized an-
tigen-presenting cells (APC) that can achieve antigen
presentation through direct or indirect cross-presentation.
They exhibit high expression levels of major histocom-
patibility complex (MHC) class I and II molecules, along
with co-stimulatory molecules, thereby processing and
presenting antigens to both CD8* and CD4* T cells [20].
This process not only shapes but also amplifies the T cell
responses, playing a crucial role in the immune system’s
fight against cancer. Recently, it has also been reported
that tumor-specific B-cell presentation of antigens can be
observed in mice that have been used with model antigens,
leading to a T-cell response to the tumor [21]. In addition,
other studies further reinforce this perspective. For exam-
ple, B cells that are activated by CD40 and then pulsed
with exogenous antigens develop functional and molec-
ular abilities that can present MHC class II epitopes, thus
making them antigen-presenting cells that produce specific
T cells [22]. Wennhold also showed that CD40-activated
B cell are effective antigen-presenting cells that can acti-
vate and expand naive and memory CD4* and CD8* T cells
and homing to secondary lymphoid organs [23].

Cytotoxic effects

Fas/FasL and perforin pathways can enhance anti-tu-
mor immune responses. It has been found that tumor-drain-
ing lymph node (TDLN) B cells can express FasL and act
directly on 4T1 tumor cells after in vitro bacterial lipo-
polysaccharide/anti-CD40 activation, and the interaction
between TDLN B cells and 4T1 leads to increased levels
of FasL expression on the surface of B cells, while tumor
cells express high levels of Fas. Therefore, the effector
B cells directly kill the target cells through the Fas/FasL
pathway [24]. In addition, some researchers found that
if both FasL and chemokine (C-X-C motif) receptor 4
(CXCR4) action pathways were blocked, the killing ef-
fect of B cells on tumor cells was inhibited, which also
suggested that both Fas/FasL and CXCL12/CXCR4 ac-
tion pathways were involved in the killing effect of TDLN
B cells on 4T1 cells. In contrast, the transwell assay
showed that TDLN B cells can produce perforin, which
allows them to directly kill tumor cells without contacting
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them and subsequently enhance their cytotoxic effect on
tumor cells [25]. Although some scholars believe that there
is no direct evidence so far that TIL-B-derived antibodies
induce ADCC, we can still take this direction as an entry
point for tumor immunology therapy.

Transcytosis

Some researchers have suggested that immunoglobu-
lin A (IgA) transmigration could serve as a novel mech-
anism for TIL-B-mediated anti-tumor immunotherapy.
The surface of mucosal epithelial cells was shown to ex-
press polymeric immunoglobulin receptors (pIgR) that
bind to and are internalized by PC-derived IgA. In ovarian
tumor lines, in vitro exposure of IgA by pIgR inhibited
oncogenic signaling and promoted T cell-mediated killing
through a pIgR-dependent mechanism [26].

Tumor-suppressive effects of B-1 cells

In the realm of innate immune responses, B-1 cells
play a pivotal role in the antitumor immune response upon
encountering stimuli triggered by toll-like receptor (TLR)
agonists or microbial pathogens, which enables them to
produce a substantial amount of natural antibodies (NAbs),
predominantly IgM, that are crucial for defending against
infections [27]. These characteristics position B-1 cells as
a vital component of the first line of immune defense. B-1
cells exhibit their antitumor activity by secreting NAbs that
specifically target mouse and TAA [7]. These NAbs can
eliminate tumor cells through various mechanisms, includ-
ing ADCC, complement-dependent cytotoxicity (CDC),
and complement-independent cytotoxicity (CIC). Further-
more, natural IgM plays a key role in recognizing tumor
neoantigens and activating adaptive immune responses
against tumor cells [7]. Studies also suggest that B-1 cells
can function as APC and phagocytes, yet their potential
in this regard warrants further investigation and explora-
tion.

Tumor-promoting effect of tumor-infiltrating
B lymphocytes
Immunosuppressive cytokines

Breg, a subpopulation of TIL-B, is a subpopulation
of B cells similar to regulatory T cells (Treg). It is an im-
munosuppressive cell that negatively regulates the immune
response by releasing immunosuppressive factors such as
IL-10, IL-35, TGF-f and even gamma-aminobutyric acid
(GABA). Interleukin 10 can lead to overexpression of IL-4
by dendritic cells (DC) and a reduction in the production
of IL-12, downregulating the expression of CD80/CD86
on the surface of DC, thereby reducing the activation of
T cells. Additionally, IL-10 inhibits the activity of inflam-
matory cells such as macrophages and can promote the dif-
ferentiation of tumor-associated macrophages into the M2
phenotype, ultimately suppressing the activity of effector
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T cells and natural killer cells [28, 29]. Breg have been de-
tected in the peripheral blood of gastric cancer patients and
mediate tumor cell escape through IL-10 signaling [30].
Interleukin 35 plays a significant role in immune suppres-
sion by promoting the differentiation of T cells into Treg,
inducing exhaustion in effector T cells, inhibiting apopto-
sis in tumor cells, and downregulating the antigen-present-
ing capacity of B cells [31]. In a clinical study of chronic
myeloid leukemia, tumor-produced TGF-3 induced an
immunosuppressive phenotype in Breg, resulting in accel-
erated tumor progression [9]. TGF-f plays a multifaceted
role in promoting the proliferation and migration of en-
dothelial cells, thereby inducing angiogenesis [32]. Addi-
tionally, TGF-f is capable of converting CD4* T cells into
Treg, limiting the proliferation and function of effector
T cells, and enhancing the expression of FoxP3 and
CTLA-4, which in turn promotes tumor growth and me-
tastasis [33].

Interaction with T cells

The interaction between T cells and B cells sometimes
has an anti-tumor effect, but sometimes promotes a tu-
mor-promoting effect. It has been shown that the suppres-
sive effect of Breg is directly mediated by the secretion
of IL-10 and the interaction of B cells with pathogenic
T cells; thus Breg play a tumor-promoting role while pro-
moting the development of Treg [24]. It has also been
shown that Breg can play an immunosuppressive role by
inhibiting the secretion of interferon y (IFN-y) and tumor
necrosis factor oo (TNF-a) by CD4 Th cells and also in-
hibiting the secretion of cytokines by T cells to promote
the conversion of T cells into Treg [34].

Trigger programmed death cell

This tumor-promoting subpopulation of B cells, which
constitutively express high levels of programmed death-1
(PD-1), acquires regulatory functions when encountering
programmed cell death ligand-1 (PD-L1)(+) cells or expe-
riencing PD-1 triggering, and thus suppresses tumor-spe-
cific T cell immunity and promotes tumor cell growth
through IL-10 signaling [29]. This is based on the blocking
of the activation of immunosuppressive receptors.

BI10 cells

Recent investigations have increasingly highlighted
the pivotal role of B10 cells, a subset of B cells, as crucial
suppressors within the complex network of the body’s anti-
tumor immune defense. These cells collaborate extensively
with a diverse array of immune cells spanning both the in-
nate and adaptive immune responses, orchestrating a con-
ducive environment that inadvertently promotes tumor
growth and facilitates metastasis. By engaging in compre-
hensive interactions, B10 cells not only amplify the regu-
latory mechanisms that suppress anti-tumor immunity but
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Fig. 1. Breg promote tumor development by secreting immunosuppressive cytokines. Breg secrete IL-10, make DC
overexpress IL-4 and reduce production of IL-12, downregulate CD80/CD86 expression on DC surface and thereby
reduce T cell activation, and also promote differentiation of tumor-associated macrophages into the M2 phenotype and
ultimately suppress effector T cells and NK cells. IL-35 secreted by Breg can promote the differentiation of T cells into
Treg cells, induce effector T-cell depletion, and inhibit apoptosis of tumor cells. TGF-f3 secreted by Breg can transform
CD4* T cells into Treg and is also able to induce angiogenesis

also enhance conditions that favor tumor progression and
the spread of metastatic cells. This multifaceted involve-
ment of B10 cells in modulating the immune response un-
derscores their significant role in cancer biology, offering
new insights into the dualistic nature of immune responses
in the context of cancer and highlighting potential targets
for therapeutic intervention. Their ability to interface with
various immune cell types underscores the complexity
of tumor-immune dynamics, suggesting that modulating
B10 cell activity could provide a novel way for enhancing
the efficacy of cancer immunotherapies [35].

Antibodies produced by plasma cells

Antibodies produced by PC may have pro-tumor ef-
fects, mainly including IgG variants and IgA. In a colorec-
tal cancer study, IgG4 induced activation of M2 macro-
phages, impairing anticancer effects and promoting tumor
development [36]. Regarding the tumor-promoting effect
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of IgA, it has been found that the concentration of IgA
is positively correlated with a poor prognosis in hepato-
cellular carcinoma [37, 38]. This also suggests that [gA
can modulate the immune function of T cells and lead to
decreased anti-tumor capacity. This evidence highlights
the potential for targeted therapeutic strategies that allevi-
ate the pro-tumor effects of specific antibody classes.

Tumor-promoting effects of Bl cells

B1 cells not only exert tumor-suppressing effects,
but also promote tumor growth at times. Recent studies
have indicated that B-1 cells display immunosuppressive
functions that may undermine antitumor immunity or fa-
cilitate tumor progression [7]. The interaction between
B-1 cells and tumor cells enhances their ability to secrete
IL-10, which in turn boosts the vitality, proliferation, and
resistance to cell death of B-1 cells [7]. In addition to
IL-10, a variety of immunosuppressive cytokines includ-
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ing TGF- and IL-35 are associated with the suppression
of antitumor immunity [39, 40].

Tumor-infiltrating B lymphocytes-based
therapeutic approach

Most of the TIL-B-based tumor immunotherapies
are still in the preclinical research stage. Currently, there
are two main directions: one is to enhance the anti-tumor
effect of TIL-B, and the other is to inhibit the pro-tumor
effect of Breg and others in vivo.

Enhancement of the antitumor effect
of tumor-infiltrating B lymphocytes

Tumor-infiltrating B lymphocytes works
with chemotherapy and targeted drugs

Studies by Lu ez al. and Hollern et al. showed that
the density of TIL-B was positively correlated with che-
motherapy response in a mouse model [34, 41], and TIL-B
could improve the efficacy of chemotherapeutic drugs.
Meanwhile, chemotherapy can further increase TIL-B den-
sity, co-stimulatory molecule expression, and induce TLS
[34, 42, 43]. In mouse melanoma models, STING agonists
can contribute to the formation of immature TLS and may
be used in combination with drugs that induce TLS mat-
uration [44]. Another study showed that the efficiency
of chemotherapy was significantly higher in the lympho-
cyte group with higher infiltration than in the low infil-
tration group, which suggests that the infiltration degree
of TIL-B can also be used as an important reference indi-
cator for the effectiveness of chemotherapy [45, 46].

The effect of antibodies

Several clinical studies have demonstrated a signifi-
cant correlation between antibodies produced by TIL-B in
the treatment and survival of tumor patients. For example,
overall survival of breast cancer patients after chemother-
apy showed a significant correlation with mucin-specific
IgG antibody levels [47], while IgG* and IgM* B lympho-
cytes were denser in cancers with a high degree of TIL-B
infiltration compared to normal mammary glands [48]. In
triple-negative breast cancer patients, Ig gene expression
was positively correlated with disease-free survival [49],
which further indicates the important role of antibodies in
tumor treatment.

Relay transfer B-cell therapy

Targeted approaches that augment conventional B cells
with B cell ligand stimulation are effective in suppress-
ing tumor growth, while CpG-activated B cells and tu-
mor-draining lymph node B cells (TDLN-B cell) also show
enhanced immune properties after metastasis. In a mouse
model of breast cancer constructed by researchers, in vitro
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bacterial lipopolysaccharides (LPS) and CD40-stimulated
B cells could limit lung metastasis upon metastasis, and
the effect was more pronounced when combined with met-
astatic T cells [50].

Activation of anti-tumor B cells

Direct activation of B cells in vivo can also show po-
tent tumor suppression. For example, CXCL13-coupled
CpG oligonucleotide (CpG-ODN) stimulation of CX-
CR5-expressing B cells can activate antitumor B cells.
Meanwhile, non-specific immune activators such as cyto-
kines and endotoxins can also be used to activate B cells.
However, this method takes a long time for treatment, has
more side effects, and its application is more limited [51].

Immune checkpoint blockade

It has been shown that targeting immune checkpoint
blockade with PD-1 or PD-L1 may directly affect TIL-B.
There is substantial evidence that anti-CTLA-4 and anti-
PD-1 antibody blockade has a positive effect on TIL-B
and TLS. In a mouse melanoma model constructed by re-
searchers, blockade of immune checkpoints was found to
improve the number and characterization of TLS, along
with a greater improvement in the efficacy of melanoma
[52]. In other tumor models, an increase in the number
of TLS and improved tumor control after treatment with
anti-PD-1 antibody were also observed. This also demon-
strates that immune checkpoint blockade can offer a new
approach for the treatment of tumors.

Inhibition of the pro-tumor effects of Breg

Studies have shown that Breg may promote tumor
growth, so researchers have attempted to treat tumors by
depleting Breg. Current research has found that anti-CD20
antibodies can help deplete Breg and improve the survival
rate of tumor patients [53]. But at the same time, the meth-
od is time-sensitive. In an established mouse model, it was
found that treatment with anti-CD20 antibody after tumor
establishment resulted in increased metastasis of tumor
cells in mice, while using it just before tumor attack result-
ed in decreased metastasis. This may be due to the deple-
tion of immunostimulatory CD20* B cells and anti-CD20
antibody-mediated enrichment of CD20 Breg after tumor
establishment. The same results were not obtained after
applying the anti-CD20 antibody depletion Breg cell strat-
egy, possibly because this strategy was ineffective for Breg
subpopulation treatment [54]. Therefore, selective deple-
tion of Breg may be a more effective approach compared
to the depletion of pan-B cells using anti-CD20 antibodies.

Another way that Breg can be depleted is by target-
ing CpG-ODN with CXCRS, inactivating resveratrol with
stat3, or depleting IL.-10, which can inhibit Breg-depen-
dent Treg transformation [55]. This will lead to the deple-
tion of Breg and exert a pro-tumor effect.
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Fig. 2. Role of relay transfer B-cell therapy in a mouse model of breast cancer. In vitro bacterial lipopolysaccharides and
CDA40-stimulated B cells, which can limit lung metastasis of tumor cells in a mouse model of breast cancer, were more

effective when combined with metastatic T cells

The role of tumor-infiltrating B lymphocytes
as a biomarker in auxiliary diagnosis

Tumor-infiltrating B lymphocytes serve as multidimen-
sional biomarkers in cancer patients, particularly in auxiliary
diagnosis and prognosis within the context of tumor treat-
ment. TIL-B facilitate T cell-mediated antitumor immuni-
ty through their unique antigen presentation mechanisms
[10], which aid physicians in understanding the immune
status of tumors, thereby enabling the formulation of more
effective treatment strategies. Of course, their significance
in prognosis should not be overlooked, often providing phy-
sicians with vital information regarding the disease progres-
sion and potential treatment responses of patients [45].

Clinical and prognostic significance
of tumor-infiltrating B lymphocytes

Researchers have studied a variety of tumors includ-
ing breast cancer, lung cancer, hepatocellular carcinoma,
cutaneous melanoma, and epithelial ovarian cancer, thus
providing insight into the therapeutic and prognostic sig-
nificance of TIL-B.
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Clinical significance

By analyzing a large number of samples, researchers
found that TIL-B density was significantly increased in tu-
mor tissues compared to normal tissues [15]. And high densi-
ty of TIL-B tended to be significantly associated with higher
survival, disease-free survival (DFS), overall survival (OS),
and polymerase chain reaction (PCR) rates. And in tumor
tissues, the infiltration of TIL-B is significantly higher than in
surrounding tissues or other non-tumor tissues, which may be
because the localization of TIL-B would be highly controlled
by signals or stimuli in the tumor microenvironment [50].
In recent years, more and more studies have also shown that
TIL-B can regulate T cell activation, expansion, and memory
formation, both of which can act synergistically on tumor
tissues to prolong patient survival [50]. For example, in their
observation of cutaneous melanoma, researchers found that
patients with high infiltrating B cells and high activated T
cells exhibited the highest 5-year survival in the cohort, while
patients from the low B cell/low activated T cell subgroup
exhibited the worst survival among all subgroups [56]. Also,
well-organized TIL is associated with sustained humoral im-
mune responses and elevation, suggesting a clinically im-
portant role for TIL-B in antitumor immunity.
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Prognostic significance

Tertiary lymphoid structures represent a critical sub-
set of TIL-B, emerging as a significant prognostic marker
within the tumor microenvironment. The antibodies pro-
duced by PC can also be used as a prognostic indicator
[9]. The presence, abundance, and maturity of TLS not
only serve as a barometer for the immune system’s engage-
ment with the tumor but also have been identified as potent
predictors of patient outcomes. Remarkably, the antibodies
generated by PC, particularly those associated with TLS,
have been acknowledged as reliable prognostic indicators,
offering a new insight into the tumor’s future development
[57]. The complicated relationship between the prognostic
implications of TIL-B and its spatial distribution within tu-
mor tissues has been well documented. Research on breast
cancer progression showed that a dispersed distribution
of TIL-B correlates with a notably favorable prognosis,
in contrast to a more confined distribution, which suggest
a poorer outcome. This observation underscores the ability
of a widely distributed B cell population to assess tumor
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dissemination more effectively, thereby leading to a more
optimistic prognosis.

Moreover, the infiltration of TIL-B within the tumor
and the prognostic outcome are also related. Generally, high
infiltration of TIL-B is associated with a better prognostic
profile [45]. For example, in hepatocellular carcinoma,
researchers evaluated the relationship between the expres-
sion of six B cell-related genes and the survival and prog-
nosis of hepatocellular carcinoma patients with the help
of the TCGA (The Cancer Genome Atlas) database. High
infiltration and high expression of these six B cell-related
genes were found to be associated with improved survival
and prognosis of hepatocellular carcinoma [58].

Although TIL-B is associated with a better prognostic
profile in most tumor tissues, the prognostic significance
of TIL-B varies between tumor types or different periods
of the same tumor. For example, no significant correlation
between TIL-B and prognosis was observed in small cell
carcinoma of the lung, while most studies on non-small
cell carcinoma revealed a better prognostic outcome [50].
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This also indicates that TIL-B has different prognostic
significance in different situations, and further studies are
needed.

Significance for the treatment of cancer patients

Recent advancements in the study of TIL-B have present-
ed multifaceted potential benefits for the treatment of can-
cer patients. Firstly, TIL-B promote antitumor immunity by
modulating T cell activation, expansion, and memory forma-
tion, and the synergistic action of these two cell types helps
to prolong patient survival [59]. Concurrently, the interaction
between TIL-B and T cells in TLS may stimulate functional
and protective cooperation, which is conducive to the activa-
tion of adaptive immune responses and the generation of im-
mune memory [60], potentially having a significant impact
on responses to immunotherapy. Moreover, the presence
of PD-1+ and PD-L1+ TIL-B in various human cancers has
been reported, preliminarily indicating that TIL-B may be
directly affected by PD-1 and/or PD-L1-targeted immune
checkpoint blockade [10]. This suggests that chemothera-
py or targeted therapy aimed at specific B cell subsets may
hold value, offering possibilities for the development of new
treatment strategies. The role of TIL-B as novel biomarkers
should not be overlooked, as they not only assist in predicting
treatment outcomes and patient prognosis [47], but also guide
the formulation of treatment strategies and the development
of new therapeutic targets. The diversity and functional status
of TIL-B, including effector B cells and Breg subsets, also
provide new perspectives and potential therapeutic targets
for cancer treatment.

Conclusions

Tumor-infiltrating B lymphocytes constitute a pivotal
yet underexplored element within the tumor microenviron-
ment, exerting a significant influence on cancer immuno-
therapy. The functional diversity of TIL-B, which includes
their dual roles in both promoting and suppressing tumor
growth, as well as their potential as biomarkers and ther-
apeutic targets, underscores the necessity for further re-
search in this domain. TIL-B secrete and release cytokines
and antigens specific to tumors, interact with immune cells
such as T cells, and exhibit distinct functions in various
ecological niches. Studies focusing on these aspects may
uncover novel mechanisms of immune regulation, there-
by laying the theoretical groundwork for the development
of combined immunotherapy strategies.

Although the mechanisms of TIL-B action in tumor
immunity remain incompletely elucidated, their interac-
tions with tumor antigens and differentiation processes
within the tumor microenvironment may account for their
functional heterogeneity. Addressing this fundamental
question could significantly advance our understanding
of the role of B cells in tumor immune responses.
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It is noteworthy that the distribution, function, and im-
pact of TIL-B on tumor prognosis and therapeutic response
may vary significantly across different types of cancer.
This necessitates consideration of tumor type heterogene-
ity in research, with particular attention to their potential
application in high-mortality cancers such as lung and pan-
creatic cancers. Concurrently, advancements in gene-edit-
ing technologies, such as CRISPR/Cas9, enable research-
ers to genetically modify TIL-B to enhance their ability to
recognize and attack tumor cells. Furthermore, develop-
ments in genomic sequencing technologies have allowed
researchers to more accurately identify tumor-specific
antigens, thereby improving the precision and efficacy
of TIL-B therapies and providing personalized and precise
treatment plans for patients. As research continues to ad-
vance, we can anticipate the development of more precise
cancer immunotherapy strategies. This will not only bring
groundbreaking progress to the field of oncology but also
offer renewed hope to patients worldwide.

In summary, a thorough comprehension of the func-
tional heterogeneity of TIL-B and their molecular regu-
latory mechanisms is invaluable for propelling the ad-
vancement of the field of cancer immunotherapy. Future
research should further investigate the mechanistic roles
of TIL-B within the tumor microenvironment. Exploring
the combination of TIL-B with immune checkpoint inhib-
itors, cytokine therapies, or other immunotherapies will be
instrumental in elucidating the synergistic effects of TIL-B
in tumor control, overcoming the immune evasion mech-
anisms of tumors, and providing a theoretical foundation
for the development of new therapeutic strategies. Con-
currently, attention must be paid to the development and
validation of new biomarkers to predict patient responses
to TIL-B-related treatments. These biomarkers can assist
physicians in selecting patients who are most likely to
benefit from TIL-B therapies and provide a basis for per-
sonalized treatment. The potential of TIL-B as therapeutic
targets should not be overlooked, including their roles in
tumor immune editing and tumor heterogeneity, thereby
facilitating the development of novel immunotherapies tar-
geting specific B cell subsets. Currently, deciphering and
more precisely characterizing the various cellular neigh-
borhoods of TIL-B through multiple immunohistochemical
methods is of significant importance for a deeper under-
standing of the tumor immune microenvironment, the de-
velopment of new therapies, and the enhancement of treat-
ment efficacy. Additionally, fostering seamless integration
between basic research, clinical development, and patient
care is essential. This integration is crucial for achieving
the full potential of TIL-B in oncology and optimizing
cancer immunotherapy strategies. Through interdisciplin-
ary collaboration and innovative research approaches, we
can expect more breakthroughs in the field of tumor im-
munotherapy, ultimately achieving more effective cancer
treatment and significant improvements in patient survival.
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