
REVIEW ARTICLE

Annals of Medicine
2024, VOL. 56, NO. 1, 2400314

Tertiary lymphoid structures in colorectal cancer

Jianyu Lva#, Xiuyu Zhanga#, Mi Zhoua, Junbin Yana, Guanqun Chaob and Shuo Zhanga

aDepartment of Gastroenterology, The Second Affiliated Hospital, Zhejiang Chinese Medical University, Zhejiang, China; bDepartment of 
General Practice, Sir Run Run Shaw Hospital, Zhejiang University, China

ABSTRACT
Background:  Tertiary lymphoid structures (TLS) are ectopic clusters of immune cells found in 
non-lymphoid tissues, particularly within the tumor microenvironment (TME). These structures 
resemble secondary lymphoid organs and have been identified in various solid tumors, including 
colorectal cancer (CRC), where they are associated with favorable prognosis. The role of TLS in 
modulating the immune response within the TME and their impact on cancer prognosis has 
garnered increasing attention in recent years.
Objective:  This review aims to summarize the current understanding of TLS in CRC, focusing on 
their formation, function, and potential as prognostic markers and therapeutic targets. We explore 
the mechanisms by which TLS influence the immune response within the TME and their correlation 
with clinical outcomes in CRC patients.
Methods: We conducted a comprehensive review of recent studies that investigated the presence 
and role of TLS in CRC. The review includes data from histopathological analyses, 
immunohistochemical studies, and clinical trials, examining the association between TLS density, 
composition, and CRC prognosis. Additionally, we explored emerging therapeutic strategies 
targeting TLS formation and function within the TME.
Results:  The presence of TLS in CRC is generally associated with an improved prognosis, 
particularly in early-stage disease. TLS formation is driven by chronic inflammation and is 
characterized by the organization of B and T cell zones, high endothelial venules (HEVs), and 
follicular dendritic cells (FDCs). The density and maturity of TLS are linked to better patient 
outcomes, including reduced recurrence rates and increased survival. Furthermore, the interplay 
between TLS and immune checkpoint inhibitors (ICIs) suggests potential therapeutic implications 
for enhancing anti-tumor immunity in CRC.
Conclusions: TLS represent a significant prognostic marker in CRC, with their presence correlating 
with favorable clinical outcomes. Ongoing research is required to fully understand the mechanisms 
by which TLS modulate the immune response within the TME and to develop effective therapies 
that harness their potential. The integration of TLS-focused strategies in CRC treatment could lead 
to improved patient management and outcomes.

1.  Introduction

Lymphoid organs, such as the thymus, spleen, and 
lymph nodes (LN), are a core component of the mam-
malian immune system [1]. They are divided into pri-
mary lymphoid organs (thymus and bone marrow) and 
SLOs (such as the spleen and LN), which are responsi-
ble for generating lymphocytes from immature progen-
itor cells and coordinating immune responses, 
organizing interactions of effector immune cells in 
space [2]. Tertiary lymphoid structures (TLS), referred to 

as tertiary lymphoid organs or ectopic lymphoid struc-
tures, are clusters of immune cells found in non-lymphoid 
tissues. These structures exhibit both structural and 
functional characteristics that closely resemble those of 
SLOs like LN. This includes the presence of the T cell 
zone containing mature dendritic cells (DC), the germi-
nal center populated by follicular dendritic cells (FDC), 
as well as proliferating B cells and high endothelial 
venules (HEV) [3]. TLS is produced in an immune-driven 
inflammatory environment, such as infection, transplant 
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rejection, autoimmune diseases, and tumors, as a 
response to immune-driven inflammation [4].

Tumors develop in a complex tumor microenviron-
ment (TME). Cells surrounding or within the tumor, 
such as stromal cells, endothelial cells, innate cells, and 
lymphocytes, can interact with tumor cells to regulate 
tumor growth, invasion, and metastasis [5,6]. A suc-
cessful immune response against tumors necessitates 
the activation, presence, and co-stimulation of all ele-
ments in the lymphatic system. The identification of 
TLS inside tumors validates this idea, establishing a 
nearby immune microenvironment that stimulates cel-
lular and humoral immune responses against tumors, 
thus initiating enhanced immune responses [7]. TLS 
has been observed in different types of tumors, such 
as hepatocellular carcinoma [8], lung cancer [9], col-
orectal cancer (CRC) [10], and breast cancer [11].

In 2020, there were more than 1.88 million new 
cases of CRC, a prevalent malignant tumor in the 
digestive tract, resulting in 910,000 deaths, as reported 
in global cancer statistics [12]. CRC is currently one of 
the main malignant tumors. Global cancer data for 
2020 shows that the incidence rate of CRC is about 
10% (10393/100,000), ranking third in the world’s can-
cer incidence rate, and the mortality rate is about 9.2% 
(9256/100,000), ranking second in the world’s cancer 
mortality rate [12]. The lack of reliable prognostic 
markers and treatment strategies has always been a 
bottleneck in the diagnosis and treatment of CRC. 
Increasing evidence supports the importance of the 
immune microenvironment in cancer development 
[13]. The TME and immune monitoring status repre-
sent key prognostic markers for CRC. Manipulation of 
TLS neogenesis and maintenance may lead to per-
sistent adaptive anti-tumor responses, which may rep-
resent an effective treatment strategy for CRC.

2.  CRC and TILs

The TME consists of a mix of cancer cells, stromal cells, 
immune/inflammatory cells, extracellular matrix, blood 
vessels, secreted proteins, signaling molecules, and 
RNA [14–19]. This complex mixture plays a crucial role 
in tumor progression and treatment resistance. The 
complex components of TME interact with each other 
in a non-autonomous manner, affecting tumor biology 
and immune therapeutic responses, regulating tumor 
cell proliferation, cell death, angiogenesis, energy 
metabolism, immune evasion, promoting inflammation, 
invasion, and metastasis, all of which contribute to 
tumor progression [20–23]. In CRC, the communication 
between cells in the TME plays a crucial role in the 

progression of the disease. Inflammation plays a key 
role in driving the plasticity of tumor cells and sur-
rounding cells within the TME, impacting different 
stages of tumor development. This interaction between 
cells and inflammation in the TME is a significant factor 
in the aggressiveness of CRC [24]. The inflammatory 
environment is of significant importance throughout all 
the stages of CRC. TME is a local site of inflammation, 
and epithelial tumor tissue continuously interacts with 
TME cells through cytokines, chemokines, and growth 
factors. The inflammatory environment plays a dual 
role in tumor development. On the one hand, it con-
tributes to tumorigenesis by producing reactive oxygen 
species and inducing epigenetic changes. On the other 
hand, it promotes tumor growth by providing growth 
factors and pro-inflammatory cytokines.

Infiltrating immune cells within tumors, known as 
tumor-infiltrating lymphocytes (TILs), display a diverse 
range across patients. This cellular mix encompasses 
various types such as T lymphocytes, B lymphocytes, 
natural killer (NK) cells, macrophages, and additional 
components of the innate immune system. Variations 
in the quantity, classification, and functionality of TILs 
can have a significant impact on a tumor’s vulnerability 
to immune-mediated countermeasures [25]. Pre
dominantly, TILs consist of T and B lymphocytes along 
with NK cells [26]. Among these, T and B lymphocytes 
constitute the bulk of the immune cell population 
found within TLS. Therefore, the following discussion 
will focus on detailing the roles of these two predom-
inant TIL subsets within the colorectal TME.

2.1.  T Cells

A substantial body of evidence indicates that T cells 
play a pivotal role in anti-tumor immune responses. T 
cells represent the most prevalent immune cells in 
CRC and are subdivided into CD8+ T cells and CD4+ T 
cells. The majority of T cells possess T cell receptors 
comprising two chains: α chain and β chain [27]. In 
the context of the CRC TME, TILs represent a heteroge-
neous mixture of adaptive immune cells, comprising 
mainly anti-tumour T cells (CD4+ and CD8+ subsets) 
and suppressive CD4+ T cells (Treg) [28]. T cells are 
responsible for the prevention of tumour growth by 
attacking cancer cells. CD8+ T cells, also known as 
cytotoxic T lymphocytes (CTLs), recognize antigens 
presented by MHC class I molecules on the surface of 
APCs, usually DCs. CTLs are instrumental in the destruc-
tion of cancerous cells, predominantly utilizing the 
Fas-FasL and perforin-granzyme mechanisms, comple-
mented by the action of cytokines interleukin-2 (IL-2), 
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interleukin-12 (IL-12), and interferon-gamma (IFNG) 
[29]. A heightened presence of CTLs within the tumor 
milieu correlates positively with counteracting tumor 
growth and is indicative of enhanced patient out-
comes across a spectrum of cancer types [30]. 
Conversely, as the severity of the tumor escalates, the 
density of CTLs tends to diminish [31]. In CRC, the 
spectrum of CD4+ T cells include Th1, Th2, Th17, Th22, 
regulatory T cells, and T follicular helper (Tfh) cells 
[32]. Th1 cells are pivotal in the secretion of IL-2, TNF, 
and IFNG, all of which are integral to the immune 
response against tumors [33]. The activation of CD8+ T 
cells by Th1 cells is a key mechanism through  
which they exert their anti-tumor influence [34]. Th2 
cells, in contrast, are characterized by their secretion  
of interleukin-4 (IL-4), interleukin-5 (IL-5), and 
interleukin-13 (IL-13), which can contribute to the tran-
sition from colitis to cancer [35]. Th17 cells are impli-
cated in fostering tumor growth in CRC and other 
malignancies [36]. The cytokines interleukin-17 (IL-17) 
and interleukin-22 (IL-22), key players in Th17 cell func-
tion, with IL-17A, a variant of IL-17, being particularly 
implicated in the advancement and angiogenesis of 
CRC through the signal transducer and activator of 
transcription 6 (STAT6) signaling pathway [37]. In 
human CRC, Th22 cell infiltration is associated with 
favorable prognosis [38]. The role of Treg cells in  
CRC remains controversial, and analysis of TILs in 
human CRC has shown that two heterogeneous sub-
populations of forkhead box P3 (FOXP3) + T cells are 
associated with patient prognosis [39]. CRCs with 
abundant FOXP3(lo) T cell infiltration show significantly 
better prognosis than those with mainly FOXP3(hi) 
Treg cell infiltration, producing a strong pro- 
inflammatory environment by secreting inflammatory 
cytokines such as transforming growth factor-beta 
(TGF-β), IL-12, and TNF [39]. A large number of Tfh 
cells in CRC is associated with good prognosis [40]. Tfh 
cells promote B cell activation and antibody conver-
sion into anti-tumor IgG1 and IgG3 through IL-21, 
thereby promoting B cell-mediated humoral anti-tumor 
immunity [41] (Table 1).

2.2.  B Cells

B lymphocytes play a pivotal role in the adaptive 
immune system, contributing to various immune func-
tions and primarily acting as effectors in humoral 
immunity. In individuals with CRC, the B cell popula-
tions found in peripheral blood, mesenteric LN, and at 
the site of the primary tumor differ markedly from 
those in healthy subjects, suggesting an activation of 
B cells within the TME [42]. Notably, in cases of meta-
static CRC, there is a substantial decrease in B cell 
counts [43]. B cells are diverse, with subsets such as 
IgA + IGLC2+ plasma cells being correlated with an 
unfavorable outcome in CRC patients. On the other 
hand, the presence of vigorously dividing IGLC2 plasma 
cells and circulating B cells is indicative of a more pos-
itive prognosis [44].

3.  CRC and TLS

3.1.  Formation of TLSs

TLS are immune cell conglomerates that form in tis-
sues typically not involved in lymphatic function, often 
in the context of ongoing inflammation. This can be 
triggered by a range of conditions such as persistent 
viral infections, autoimmune reactions, following tissue 
grafts, or in the presence of cancer [4,45,46]. TLS 
exhibit architectural and operational parallels with 
SLOs, exemplified by the presence of a T cell region 
populated by mature DCs, germinal centers (GCs) 
teeming with FDCs, along with active B cell prolifera-
tion and the presence of HEVs [3]. As TLS develop, 
both the B and T cell regions undergo enhancement 
with an increase in FDCs [47]. Unlike SLOs, NK are not 
present in TLS [48]. TLS is present in various types of 
solid tumors and is generally associated with improved 
prognosis [8–10]. TLS has been found in the mucosa of 
CRC patients, and pathological studies have shown 
that TLS in the mucosa of CRC patients exhibits a 
highly organized structure with clear T cell and B cell 
zones, indicating that it may maintain an effective 
immune response [49]. In colon inflammation-related 
cancer models, the expansion of lymphoid tissue 
during the process of inflammation-driven polyp for-
mation suggests that it may maintain inflammation or 
help suppress anti-tumor immune responses [49].

SLOs, which include the spleen, LN, tonsils, Peyer’s 
patches, and mucosa-associated lymphoid tissues, 
develop through a complex interplay between lym-
phoid tissue- inducer (LTi) cells and stromal elements. 
Akin to SLOs, the emergence of TLS is orchestrated by 
a network of chemokines, cytokines, and molecules 
that facilitate cell adhesion. The initial phase of TLS 

Table 1.  The cytokines secreted by T cell subpopulations and 
their impact on tumor production.
T cell 
subpopulation Cytokines

Impact on 
tumors Reference

Th1 IL-2, TNF, IFNG Inhibit Schmitt et  al. 2015 [33]
Th2 IL-4, IL-5, IL-13 Inhibit Braumüller et  al. 2022 [35]
Th17 IL-17, IL-22, IL-3, 

IL-68A
Promote Robert et  al. 2011 [36]

Treg TGF-β, IL-12, TNF Promote Saito et  al. 2016 [39]
Tfh IL-21 Inhibit Niogret et  al. 2021 [41]
CTL IL-2, IL-12, IFNG Inhibit Hiam-Galvez et  al. 2021 [29]
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development is significantly influenced by the aber-
rant expression of dendritic cell-secreted factors [50]. 
These factors that encourage TLS formation are instru-
mental in drawing LTi cells to the affected area [51]. 
LTi cells express the lymphotoxin α1β2 ligand (LTα1β2) 
on their surface, which interacts with the lymphotoxin 
β receptor (LTβR) present on lymphoid tissues and 
stromal cells. Upon this interaction with LTi cells, the 
secretion of vascular endothelial growth factors, partic-
ularly vascular endothelial growth factor A (VEGFA) 
and vascular endothelial growth factor C (VEGFC), is 
triggered, leading to the genesis of high endothelial 
venules (HEVs) [52]. Other vascular adhesion mole-
cules, including vascular cell adhesion molecule 1 
(VCAM1) and mucosal vascular addressin cell adhesion 
molecule 1 (MADCAM1), play a role in attracting 
immune cells to TLS and in their subsequent retention 
[52]. Furthermore, the secretion of the cytokine IL-36γ 
by macrophages and endothelial cells enhances the 
expression of VCAM1 and intercellular adhesion mole-
cule 1 (ICAM-1) on stromal and vascular endothelial 
cells. This, in conjunction with chemokines such as 
chemokine (C-C motif ) ligand 2 (CCL2) and chemokine 
(C-C motif ) ligand 20 (CCL20), augments the capacity 
of HEV to recruit lymphocytes, thus fostering the 

development and maturation of TLS within the context 
of human CRC [53,54] (Figure 1).

3.2.  Features and functions of TLS

The T cell zone of TLS is mainly composed of T cells, 
including CD8+ cytotoxic T cells, CD4+ Th1 cells, and 
regulatory T cells [26]. The density of T cells is consid-
ered a prognostic marker for CRC patients [55]. 
Previous studies have found that the number of T cells 
in TLS significantly increases during inflammation-driven 
colon cancer, indicating that the occurrence of TLS is 
related to T cell infiltration and has potential prognos-
tic value [10]. One study found that the density of Th 
cells (especially the Th2 effector subgroup) and macro-
phages in TLS of recurrent patients was significantly 
higher than that of non-recurrent patients, and a 
higher proportion of Th cells may be an independent 
risk factor for recurrence [56]. Another study found 
that plasmacytoid DCs were present in TLS associated 
with colon cancer and were preferentially located near 
CD4 T cells in the T cell zone [57]. The presence of a 
large number of activated phenotypes of plasmacytoid 
DCs suggests that CD4 effector T cells may promote 
anti-tumor immunity by enhancing the ability of DCs 
to induce CD8 T cell responses and directly promoting 

Figure 1. F ormation of TLSs. DCs release promotional factors that collect LTi cells to the site of injury, where LTi cells express 
LT-α2β1 and interact with LTβR on lymphoid tissue. Upon interaction, LTi cells secrete VEGFA/VEGFC and induce HEV formation. 
Furthermore, the cytokine IL-36γ secreted by macrophages and endothelial cells enhances HEV-mediated lymphocyte recruitment, 
leading to the development of a tertiary lymphoid structure. Draw by Figdraw.



Annals of Medicine 5

the expansion of CD8 T cells [57,58]. Helicobacter 
hepaticus (Hhep) is an adherent bacterium primarily 
found in the cecum and colon. It is known for induc-
ing local immune responses, which vary depending on 
the immune status of the host. A recent study found 
that Hhep colonization can induce the generation of 
Hhep-specific Tfh and support the maturation of ter-
tiary lymphoid structures adjacent to Hhep + tumors 
[55]. This result suggests that Hhep-specific Tfh cells 
have the potential to promote TLS and anti-tumor 
immunity, providing a new approach for future 
anti-tumor immune therapy for CRC.

Historically, B lymphocytes have been acknowl-
edged for their central role in humoral immunity and 
their contribution to combating tumors. Recent 
research has shed light on the regulatory function of 
B cells within the immune system’s reaction to cancer-
ous growths and lymphoid cancers [59]. The prevailing 
view is that B cells are pivotal in the production of 
antibodies instrumental in the destruction of malig-
nant cells through mechanisms such as antibody- 
dependent cellular cytotoxicity and phagocytic pro-
cesses [60]. Emerging findings on tumor-associated 
TLS indicate that B cells within these structures cor-
relate with improved patient outcomes and a positive 
response to immunotherapeutic interventions. Within 
TLS, B cells undergo differentiation and maturation, 
serving as antigen-presenting entities that engage 
CD8+ T cells, thereby amplifying an immune reaction 
[61]. CD20+ B cells, predominant in the B cell zones of 
TLS, are noted for their substantial presence in CRC 
and are linked to enhanced prognoses [62]. An ele-
vated IgG ratio has been correlated with heightened 
clonality and extensive mutation within tumor tissues 
[63]. Research has pinpointed IgG plasma cells pre-
dominantly in areas external to TLS and tumor stroma 
in the CRC TME, suggesting that CD20+ B cells may 
evolve into IgG plasma cells, relocating to the tumor 
stroma to generate antibodies that bolster anti-tumor 
immunity [25]. CD86+ B cells have been shown to 
increase in the TME of CRC [64]. B cells with strong 
antigen-presenting ability are enriched in the CD21- 
subset [65]. A recent study found a physiologically rel-
evant B cell subset BAPC with immunostimulatory 
properties, which has strong antigen-presenting ability, 
characterized by upregulation of CD86 and downregu-
lation of CD21[66]. A study found that BAPCs located 
in lymphoid follicles in TLS co-localize with T cells in 
TLS, and the density of BAPCs increases in high TLS 
samples [67]. Further in vitro experiments have shown 
that BAPCs induce tumor antigen-specific responses in 
autologous T cells of CRC patients, demonstrating the 
antigen-presenting ability of BAPCs in cancer patients 

and the potential to induce anti-tumor T cell responses 
[67]. CD68 macrophages in TLS are called tingible 
body macrophages and act as scavengers of apoptotic 
lymphocytes [68]. A study found that the density of 
CD68 macrophages in recurrent patients significantly 
increased, indicating that a higher tingible body mac-
rophages density may be an independent risk factor 
for recurrence [56].

HEV, integral to the composition of tertiary lymphoid 
structures, play a pivotal role in the process of immune 
cell extravasation from the bloodstream, as well as in 
the release of various chemotactic cytokines, including 
CCL19, CCL21, CXCL10, CXCL12, and CXCL13. These 
venules have the capacity to present peripheral lymph 
node addressin, which is the binding partner for the 
L-selectin/CD62L complex on leukocytes, facilitating the 
infiltration of immune cells and promoting anti-tumor 
activities [69,70]. A wealth of research has demonstrated 
a positive correlation between the presence of HEV and 
favorable clinical prognoses across a spectrum of cancer 
types, such as in cases of breast, melanoma, pancreatic, 
brain, and oral squamous cell carcinomas [71–75]. In 
contrast to their absence in healthy colonic tissue, HEVs 
have been identified at the periphery of tumor infil-
trates in CRC, where their presence is indicative of an 
adverse prognosis [76,77]. Although they are distributed 
differently, HEV in the tumor and peritumor areas have 
no morphological differences [78]. HEV is also a prog-
nostic biomarker in CRC. It depends on the presence of 
tumor-infiltrating lymphocytes [10]. HEV is a vessel used 
for lymphocyte transport, and MSI CRC has significantly 
higher HEV density than MSS CRC [78,79]. Recent stud-
ies have shown that elevated HEV/TLS can reduce TNM 
stage, prolong OS and DFS, and recruit more immune 
cells, such as CD3+ T cells, CD8+ T cells and M1 macro-
phages, thereby improving the tumor immune microen-
vironment [80]. IL-36γ is an IL-1 family cytokine that 
participates in the polarization of type 1 immune 
responses [81]. Previous studies have found that high 
levels of IL-36γ production are correlated with low sur-
vival rates in CRC patients [82]. In a mouse model of 
colon cancer, Weinstein et  al. supported this conclusion 
and found that the main cells expressing IL-36γ in TLS 
were HEV-related VECs and observed that HEV con-
trolled the formation of TLS by producing IL-36γ [54].

NKp44 + ILC3 is the most common ILC subset in the 
human intestine [83]. Atsuyo et  al. found that 
NKp44 + ILC3 exists in the tumor tissue of CRC and 
decreases with tumor progression [84]. Further studies 
have shown that the decrease in the number of 
NKp44 + ILC3 is accompanied by a decrease in TLS 
density and the expression of genes related to lym-
phoid structure formation in these cells [84]. This 
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finding reveals the role of ILC in the tumor immune 
microenvironment of CRC, and further research is 
needed to investigate the significance of ILC-induced 
TLS in anti-tumor therapy for CRC. Chemokines are a 
large family of cytokines that can induce immune cells 
in the TME to regulate the host’s immune response to 
cancer [85]. The effect of 12-chemokine features (CCL-2, 
−3, −4, −5, −8, −18, −19, −21, CXCL-9, −10, −11, −13) 
as a predictor of TLS expression has been validated in 
CRC [86]. A study conducted an examination of a data-
base comprising 975 cases of resected CRC from three 
distinct cohorts in France, Japan, and the United 
States. The findings indicated that an elevated status 
of a 12-chemokine signature was linked to a reduced 
rate of recurrence, an increased expression of local 
TLS, and several key characteristics of CRC, including 
tumors located on the right side, BRAF gene muta-
tions, high CpG island methylator phenotype status, 
and high microsatellite instability status. These results 
imply that the 12-chemokine signature status might 
be indicative of the host’s capacity to oversee the 
immune response to CRC, and it appears to be sepa-
rate from the progression state of the tumor [87].

3.3.  Patient prognosis

The concept of Crohn’s-like lymphoid reaction (CLR) is 
characterized by dense lymphoid aggregates at the inva-
sive margin of tumors, which typically lack the classic ger-
minal centers and are considered unorganized lymphoid 
infiltrates. The assessment of CLR in H&E (hematoxylin 
and eosin)-stained sections has been proven to be a valu-
able method for evaluating the immune response in CRC 
[88]. The presence of CLR can serve as an indirect indica-
tor, suggesting immune activity within the tumor micro-
environment and potentially indicating the presence of 
TLS. Therefore, TLS can be assessed using H&E-stained 
sections, providing an accessible routine method for his-
topathological evaluation. However, as noted in a study, 
qualitative assessments of TLSs may suffer from observer 
variability, whereas quantitative methods, which focus on 
the density and distribution of TLS, have shown stronger 
correlations with patient outcomes, providing greater 
prognostic value [89].

Compared to H&E staining, immunohistochemistry 
offers the ability to finely differentiate between various 
cell types within TLSs, allowing for a more detailed 
understanding of the specific roles different immune 
cell types play in the tumor immune response. Based 
on this approach, to better study the association 
between the structure of TLS and CRC prognosis,  
some scholars have proposed different classifications. 

Yamaguchi et  al. analyzed 67 TLS found in 353 CRC 
patients and divided TLS in CRC tissue into five types 
based on the density of cell components: GC-rich TLS, 
T-helper (Th)-cell-rich TLS, B-cell-rich TLS, FDC-rich TLS, 
and CTL/B/Th-TLS. They found that the density of Th-rich 
type was significantly associated with disease recur-
rence, while the density of immune cells composed of 
GC B cells and Tfh cells was not related to prognosis 
[56]. Posch et  al. reviewed 109 non-metastatic stage II 
and III CRC patients and divided TLS into three mature 
subtypes based on FDC and GC: early TLS (E-TLS, undif-
ferentiated FDC), primary follicular-like TLS (PFL-TLS, 
FDC present but no GC), and secondary follicular-like 
TLS (SFL-TLS, with GC). They subsequently confirmed 
that low SFL-TLS was associated with an increased risk 
of recurrence, indicating that the degree of TLS maturity 
has significant prognostic and potential predictive value 
[90]. The proportion of tumor stroma (TSP) is closely 
related to the prognosis of certain cancer patients, with 
a high TSP (greater than 50%) linked to advanced T 
stage, lymph node metastasis, vascular invasion, a 
higher rate of recurrence, and a shorter lifespan [91,92]. 
Wang and colleagues integrated TSP with the classifica-
tion system suggested by Posch and his team, positing 
that a high density of P-TLS and a low TSP (L-TSP) are 
independent and advantageous prognostic indicators 
for patients with non-metastatic CRC [93].

Salama and colleagues examined the prevalence of 
FoxP3+ cells within TLS in stage II colon cancer, iden-
tifying a high concentration of these cells in TLS as an 
unfavorable prognostic indicator for overall survival 
[94]. Thomas et  al. analyzed the presence and compo-
sition of TLS in CRC lung metastasis and demonstrated 
that high levels of CD8+ cells and high CD8/FoxP3 
ratio in TLS were positively correlated with OS of 
patients after CRC lung metastasis resection. The bal-
ance between CD8+ and FoxP3+ cells in TLS appears 
to be a key factor for the survival of CRC patients [95]. 
Zhang and colleagues conducted an analysis of the 
occurrence and characteristics of TLS in liver metasta-
ses of CRC, discovering a significant correlation 
between the spread and quantity of TLS and the 
relapse-free survival and overall survival of patients 
with CRC liver metastasis. Utilizing the distribution and 
prevalence of TLS, they developed an immune scoring 
system that integrates the T score and P score to fore-
cast the prognosis of CRC liver metastasis patients [96].

4.  Potential clinical applications

The formation of TLS is associated with good patient 
prognosis and therefore has potential applications in 
anti-tumor therapy. In CRC, T-bet expressing DCs have 
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been used to induce T lymphocyte infiltration and TLS 
formation [97]. This anti-tumor effect is dependent on 
IL-36γ and can be inhibited by IL-36 receptor antago-
nists or by a deficiency of the IL-36 receptor.

ICIs are able to induce the formation of TLS in the 
TME, which have an anti-tumor effect [98]. According 
to the latest research results released at the annual 
meeting of the Cancer Immunotherapy Society, PD-L1 
targeted drugs combined with multi-kinase inhibitors 
with anti-angiogenic activity have produced clinical 
responses in TLS-positive tumor patients, even in can-
cer types that are usually considered resistant to 
checkpoint inhibitors [99]. This result confirms the 
potential of tertiary lymphoid structures as a predic-
tive biomarker for drug response based on immune 
checkpoint inhibitors. A study found that in patients 
with renal cell carcinoma receiving immune check-
point inhibitor therapy, treatment response and 
progression-free survival were associated with IgG 
staining of tumor cells, indicating that intratumorally 
TLS is associated with immune therapy response [100]. 
For CRC, a retrospective analysis found that high 
expression of programmed cell death receptor 1 at the 
invasive margin was significantly associated with the 
presence of TLS [101]. Therefore, immune checkpoint 
inhibitors related to TLS may be an effective treatment 
for CRC, and it is foreseeable that this will be a hot 
direction for CRC immunotherapy.

There is growing evidence that metformin can 
reduce the incidence and mortality from CRC. Saito 
found that metformin treatment significantly increased 
the density of TLS in the tumor stroma of CRC patients, 
indicating that metformin may induce TLS to increase 
the limited lymphatic spread of tumor cells with 
anti-tumor properties of TIL [102]. This result reveals a 
new application of metformin in CRC. However, this 
conclusion needs further research to confirm.

5.  Summary and discussion

In summary, CRC-related TLS occurs in localized areas 
of the tumor and is an important component of 
anti-tumor immunity in the TME. Current research sug-
gests that the related components of TLSs, such as 
HEV, B-cell zone, T-cell zone, and related factors, are 
associated with CRC prognosis, but their contributions 
and related mechanisms have only recently been pre-
liminarily understood and require further in-depth 
research. For instance, although most studies present 
IL-36γ as a positive prognostic factor in CRC, conflict-
ing reports suggest it may correlate with lower sur-
vival rates in certain contexts. This discrepancy 
highlights the complexity of IL-36γ's role, which may 

vary depending on specific TME, necessitating further 
studies to clarify its prognostic significance.

The presence of TLSs generally correlates with a 
favorable prognosis in CRC, and improved classification 
systems could enhance predictions and mitigate risks 
related to metastasis and recurrence. Moreover, recent 
clinical trial outcomes have underscored the potential 
of TLSs as predictive biomarkers for drug response, 
particularly in the context of immune checkpoint 
inhibitors. However, these findings still require valida-
tion through further clinical trials.

Currently, the detection of TLSs primarily relies on 
multiplex immunohistochemistry or immunofluores-
cence to stain immune cell lineage markers within tis-
sue samples. Recent studies have also utilized machine 
learning to quantify CLR density in whole-slide images 
of HE-stained sections, demonstrating that fully auto-
mated CLR density quantification serves as an inde-
pendent prognostic factor (discovery cohort HR: 0.58, 
validation cohort HR: 0.45). High CLR density has been 
associated with improved overall survival [103]. 
Additionally, new machine learning models capable of 
automatically detecting, counting, and classifying  
TLS in HE-stained sections have been developed. 
Importantly, the TLS score derived from these models 
functions independently of traditional tumor prognos-
tic factors such as staging and grading, suggesting 
that integrating this score into current evaluation pro-
cesses could refine staging systems and improve risk 
stratification [104].

Despite these advancements, IHC remains invalu-
able in TLS research. The specific identification of cell 
types via IHC is crucial for a deeper understanding of 
TLS function within immune responses. Moreover, 
assessing the functional status of cells through IHC is 
essential for evaluating the activity of tumor immune 
evasion mechanisms. IHC also facilitates quantitative 
analysis and pathway studies, which are key to under-
standing TLS roles across different tumor environments. 
Furthermore, the high-resolution spatial information 
provided by IHC is indispensable for studying TLS 
within the context of spatial omics.

In conclusion, while the integration of machine 
learning with traditional staining methods has 
expanded the toolkit for TLS analysis, the irreplaceable 
contributions of IHC in cell type specificity, functional 
analysis, and spatial resolution ensure its continued 
relevance in both current and future TLS research.
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