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Table 1. Characteristics of TLS in human cancers  

Tumor type Nb of cases TLS detection 
% of cases featuring 

TLS or high expression 
of TLS marker 

Prognostic value 

Correlation 
between TLS 

maturation and 
recurrence 

Predictive impact of TLS Ref 

Breast 248 IHC 42% Favorable in HER2+ 
tumors   (39) 

  Breast 146 IHC HEV or DC-
Lamp 33% Favorable   (40, 41) 

Breast 769 HE 93 
Favorable; TLS add 
prognostic value to 

T cells 
  (44) 

ccRCC (lung 
metastases) 57 IHC DC-Lamp 53 Favorable   (49) 

Colorectal 351 HE 79% 

Favorable in 
patients without 

lymph node 
metastasis 

  (43) 

Colorectal 109 IHC 
97% (62% have at 

least 1 SFL-TLS; 38% 
have none) 

Favorable 

Lower risk of 
recurrence in 

patients with at 
least one SFL-TLS as 
compared to those 

who had none 

TIL-TLS score predictive of 
pCR in stage III patients 

treated with neoadjuvant 
chemotherapy 

(11) 

Colorectal (lung 
metastases) 57 HE 79% No impact  No influence of neoadjuvant 

chemotherapy (47) 

Colorectal (lung 
metastases) 192 IHC DC-Lamp NA Favorable   (49) 



Hepatoblastoma 12 APC-HB, 15 
non APC-HB 

HE and IHC 
CD3 

12/12 APC-HB have 
PFL-TLS; 3/15 non 

APC-HB have PFL-TLS 
and 12/15 have E-TLS 

NA 

11/11 APC-HB have 
PFL-TLS after 
neoadjuvant 

chemotherapy; 0/5 
APC-HB 

prechemotherapy 
have TLS 

 (96) 

Hepatocellular 273 HE 47% (56% E-TLS, 33% 
PFL-TLS, 11%SFL-TLS) Favorable 

Lower risk of 
recurrence and 

survival in patients 
with PFL and SFL-

TLS as compared to 
those who had E-

TLS 

 (35) 

Hepatocellular 462 HE 34% Favorable 

lower risk of 
recurrence and 

shorter survival in 
patients with 

increased 
maturation stages 

 (34) 

GIST 118 and 69 HE 
44,9%; (33%, 5.9%, 
5.9%), 47,8; (43%, 

4,3%, 4,3%) 
Favorable  TLS presence associated with 

lower imatinib resistance (38) 

Liver metastases of 
colorectal cancer 65 IHC C20 69% Favorable  TLS prognostic after 

neoadjuvant chemotherapy (48) 

Lung 74 IHC DC-Lamp NA Favorable   (33) 

Lung 74 IHC C20 NA Favorable   (29) 



Lung 151 IHC DC-Lamp 
and CD8 

 Favorable  After neoadjuvant 
chemotherapy (53) 

Lung 
 362 IHC DC-Lamp 54% Favorable   (14) 

Lung squamous 138 HE >95% Favorable  

Prognostic impact lost in 
patients treated by 

neoadjuvant chemotherapy; 
TLS decrease upon 

corticosteroid treatment 

(12) 

Melanoma 82 
IHC DC-Lamp 

and CD3+T 
cells 

NA Favorable   (42) 

Melanoma 22 

IHC CD20 and 
H&E, 

CD20/CD21/C
D23; multiplex 

IF 

NA NA 

Vast majority of 
SFL-TLS in R 

patients (primary 
tumors and 
extranodal 

metastases) 

Increased TLS densities   
associated with response to 
nivolumab and ipilimumab, 

particularly on early on 
treatment samples 

(16) 

Melanoma 177 (15 primary 
tumors) 

 44% (11% with SFL-
TLS) Favorable   (15) 

Oral (squamous) 80 IHC 21% Favorable   (37) 

Ovary 147 IHC DC-Lamp 
and CD20 50% Favorable   (36) 

Ovary (metastases) 172 IHC 20% Favorable   (30) 

Pancreas 140 IHC 91% Favorable  TLS predictive of 
chemotherapeutic response (52) 



Pancreas 308 HE 16% Favorable   (46) 

Pancreas 104 IHC CD20 NA Favorable   (45) 

RCC 18 

IHC CD20 and 
H&E, 

CD20/CD21/C
D23 and 

multiplex IF 

NA NA  
Increased TLS densities   

associated with response to 
nivolumab 

(16) 

Soft tissue 
sarcoma 

 IHC CD3/CD20 

12%; E-TLS 60.5%, PFL-
TLS 21.1%; SFL-TLS 

18.3% of all TLS 
analysed differences 
between histologies   

UPS having only 16.7% 
of E-TLS. 

Favorable   (13) 
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Highlights (3 to 5, 85 char incl space each) 

 

TLS are active sites for the generation and activation of adaptive immune responses in tumors. 

B cells and TLS have a favorable impact on patient’s prognosis and response to 

immunotherapy. 

The impact of the T cells infiltrate on the prognostic value of B cells is tumor dependent. 

Chemotherapy and immunotherapy induce TLS formation. 

B cells may function via antigen-presentation, antibody production and generation of memory 

cells. 
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TLS: tertiary lymphoid structures ; BC : breast carcinoma, CRC : colorectal carcinoma, GBM : 

glioblastoma, ccRCC : clear cell renal cell cancer, NSCLC : non squamous cell lung cancer, STS : 

soft tissue sarcoma  

  



 

Abstract 

 

Tumors progression is under the control of an heterogeneous microenvironment composed 

of immune cells, fibroblasts, blood and lymphatic vessels, in which T cells have been 

demonstrated to be major actors, through their cytotoxic and cytokine producing effector 

functions and their long term memory that protects against metastasis. In this scenario, 

lessons from mouse models taught that B cells exert a protumoral role, via macrophage-

dependent activation of inflammation. However, it became progressively evident from studies 

in patients with human cancers that the anti-tumor responses can be generated and 

controlled in tertiary lymphoid structures (TLS) that concentrate most of the intratumoral B 

cells and where B cells can differentiate into plasma cells and memory cells. Furthermore, 

recent studies demonstrated that the presence in tumors of B cells and TLS are associated 

with favorable outcome in patients treated by immunotherapy, unraveling TLS as a new 

predictive marker of anti-tumor response human cancers. This review encompasses the 

characteristics and functions of TLS and of B cells in human tumors, their prognostic and 

theranostic impact and summarizes the mouse models used to induce TLS neogenesis in 

tumors.  

 

  



 

Tumors form an ecosystem in which malignant cells are entangled in a tumor 

microenvironment (TME) containing cells which interact directly and/or indirectly through 

chemokine and cytokine production with the tumor cells. Both tumor promoting and tumor 

containing forces are exerted by the TME. Fibroblasts, as well as the majority of myeloid cells 

(MDSC (myeloïd-derived suppressor cells), M2 macrophages, neutrophils, mast cells), and 

some lymphocytic (Treg, Th17) populations favor tumor growth whereas most T cell 

populations (Th1, Tfh, T cytotoxic) yield anti-tumor effects. The impact of NK and B cells is 

context dependent. It is striking that the efficient anti-tumoral immune responses are exerted 

by CD8+ cytotoxic T cells particularly dense in tumors with high mutational burden, such as 

MSI (microsatellite instable) cancers, UV induced melanomas or with gene modifying adducts 

such as in lung cancers. It is also striking that these cancers are the most responsive to 

immunotherapy with immune checkpoint inhibitors (ICI) such as antibodies against CTLA-4, 

PD-1 or PD-L1. Thus, adaptive immune responses towards tumor-associated antigens are not 

only a major mechanism of tumor control but are also targets for efficient immunotherapies.  

The question of the generation of anti-tumor immunity and its impact in cancers with low 

mutational burden is therefore of prominent interest. Draining lymph nodes (LN) are obvious 

sites for the generation of anti-tumor immunity but increasing evidence demonstrate that it 

could also take place in the TME where the tumor-associated chronic inflammation promotes 

the formation of Tertiary Lymphoid Structures (TLS). The latter are very similar to Secondary 

Lymphoid Organs (SLO) found in reactive LN [1]. Both are composed of a T cell zone and a B 

cell zone forming a germinal center (GC) in mature TLS and SLO. Inside TLS, antigen-presenting 

cells (APC) interact with T and B cells where, in conjunction with Th and Tfh cells, they instruct 

T and B cells towards tumor-associated antigens, inducing their activation, proliferation and 

differentiation into memory and effector T cells and into memory B cells and antibody 

producing plasma cells. Importantly, as for SLO, TLS are surrounded by High Endothelial 

Venules (HEV) allowing a direct entry of naïve T and B cells, thus escaping the 

immunosuppressive and inflammatory milieu of the rest of the TME. Podoplanin+ lymphatic 

vessels producing CCL21, a chemokine that could favor emigration of lymphocytes from TLS 

to draining lymph nodes, are also located close to TLS [2]. Altogether these observations 

support the concept that the TME, as the reactive LNs, can be considered as an anti-cancer 

« lymphoid » organ.  



 

1. Characteristics of Tertiary Lymphoid Structures in human cancers:  

1.1 TLS formation and composition  

TLS presence is associated with antigen persistence and chronic inflammation in diseased 

tissues. Most of what is known on the mechanisms of TLS formation has been learned from 

sites of chronic infections, inflammatory diseases, chronic graft rejection and mice invalidated 

for genes involved in LN formation. Thus, TLS are formed in inflamed sites, starting upon 

contact between IL-7-secreting stromal cells acting as lymphoid tissue organizer cell (LTo) and 

a lymphoid tissue inducer cell (LTi) in an environment with CXCL13, a B cell chemoattractant 

expressed in LN [3–6]. Tissue resident monocytic cells, Th17 or B cells can function as LTi  [7–

9] CCL21 and CXCL12 participate in lymphocytes recruitment, while CXCL13 and CCL19, 

together with adhesion molecules, govern the structural organization of the forming TLS [10]. 

The infiltrating immune cells form aggregates with a T cell rich zone where mature DC present 

MHC-Cl II peptides to CD4+ T cells, promoting their activation, proliferation and differentiation 

into T effector cells secreting cytokines, including Tfh expressing the CXCL13 receptor, CXCR5. 

The Tfh migrate to the CXCL13-rich B cell zone where they induce the activation, proliferation 

and differentiation of antigen-specific B cells into plasmablasts or their migration into follicles 

to form GCs where B cells undergo class switch recombination (CSR).  TLS include a series of 

heterogenous structures from lymphoid aggregates of T and B cells to structures including 

follicles of B cells. Three TLS “maturation” steps have been identified recently in CRC [11] and 

SCLC [12] and soft tissue sarcoma [13], according to the expression level of two markers 

expressed in B cell follicles, CD21 on follicular dendritic cells, capable to bind C3d complexes 

fixed on immune complexes and CD23 on follicular dendritic cells as well as on unswitched B 

cells. This classification allows the ranking of TLS from the early lymphoid aggregates, CD21-

CD23- (E-TLS), to primary follicle-like TLS (PFL-TLS) containing a network of CD21+ follicular 

dendritic cells (FDC) and secondary follicle-like TLS (SFL-TLS) containing a GC including a 

network of CD21+CD23+ follicular dendritic cells (FDC).  

 

1.2 TLS govern T cell education within tumors  

The TLS-rich tumors are more infiltrated by CD4+ T cells and CD8+ T cells of both naïve and 

effector memory phenotypes as shown in several tumor types (NSCLC, BC, melanoma), 

reflecting T cell entry and differentiation into tumors.   



The activation and differentiation of T cells within TLS allows to profoundly modulate their 

functionality in the TME outside TLS. Thus, in Non-Small Lung Cancer (NSCLC), the number of 

T cells, particularly CD8+ T cells is higher in TLS rich than in TLS poor tumors. Moreover, in TLS 

rich tumors, TLS have a high expression of genes linked to activation and Th1 orientation, T 

cell chemotaxis, as well as in cytotoxicity, characteristic of « good » prognostic signatures. 

Analysis of micro-dissected TLS in NSCLC revealed strong correlations between the mature 

dendritic cell marker DC-LAMP and Th1 polarization, and cytotoxicity set of genes, 

demonstrating that T cell differentiation occurs within TLS [14].  The spatial influence of TLS 

on T cell activation and polarization in the TME was further evidenced by transcriptomic 

analyses [14–16]. In melanoma, TLS were found to contain CD4+ T cells whereas CD8+ T cells 

are located outside, but the presence of TLS was in all cases associated with tumor associated-

CD8+T cells. Whether CD8+ T cells are activated directly by cross-presenting mature DC such 

as in anti-viral responses or need CD4+ T cell help remains to be determined. Little is known 

about the precise influence of TLS the expression of inhibitory molecules in the TME. Negative 

correlations have been found between densities of TLS and PD1+ or PD-L1+ cells in ccRCC [17] 

and HCC [9] and TLS presence is associated with lower expression of PD-1, Tim3, GZB genes in 

melanoma [15], whereas an association between TLS presence and expression of PD-1 and 

Lag3 and Tim3 has been observed in BC [18].  

 

 

1.3 B cells and TLS   

In contrast to T cells which are often scattered within tumors sometimes in close contact with 

tumor cells, most B lymphocytes, localize together forming clusters with varying size, cellular 

composition and maturation degree with T cells, from a loose aggregate juxtaposing a T cell 

cluster in E-PFL, to denser follicular aggregates in PFL- and SFL- TLS.  In SFL-TLS, CD20+ B cells 

are located within and at the periphery of GCs. Similarly to GCs in SLOs, TLS-GCs are 

characterized by a dark and a light zone. The dark zone is dense, contains proliferating Ki67+ 

B cells and expresses BCl6, the master regulator of GC reaction, and activation-induced 

deaminase (AID), the enzyme regulating class switch and somatic hypermutation. In the light 

zone, which has a lesser cell density, B cells establish contacts with the network of 

CD21+/CD23+ FDC that sequester antigen via immune complexes, allowing clonal selection of 

B cells based on affinity of the BCR for antigen. Analysis of the BCR repertoire in micro-



dissected follicles, compared with peripheral B cells, reveals clonal amplification, suggesting 

the development of an antigen-driven B-cell response occurring within TLS-GC [19–25].  Those 

B cells that successfully bind antigen receive CD40-mediated help from Tfh, survive and exit 

the GC as long-lived plasma cells or memory B cells. Indeed, CD4+, PD-1Hi, ICOS+, CXCR5+ Tfh 

have been detected in GC from BC and STS [13,26]. In BC, Tfh cells were found to produce not 

only CXCL13 but also IL-21, an essential cytokine for B cell activation, expansion and terminal 

differentiation as well as for CSR [26,27]. Their presence correlates with that GC-B cells. They 

are located close to a population of CD4+PD-1+ICOS+(iCTLA4+)FOXP3+ Treg which may 

influence their expansion [26]. An additional subset of PD-1Hi CD8+ T cells that secrete CXCL13 

was also detected in the light B cell zone in NSCLC tumors [28]. Plasma cells (CD138+) located 

at the periphery of GC have been detected in NSCLC, BC and ovarian cancers [21,26,29]. In 

NSCLC, a significant correlation between the percentages of PCs and GC-B cells has been 

observed, suggesting that most PCs were differentiated within TLS [29,30]. Notably B cells 

populations differ in HNSCC tumors according to HPV infection. In HNSCC HPV+ tumors, B cells 

display centroblast phenotypes characteristic of GC B cells from tonsils and putative 

interactions between B cells and CD4+ Tfh cells, unlike B cells found in HPV- tumors which 

present plasmablasts or switched memory B cells only and lack these interactions [31]. These 

findings may highlight the key role of exposure to infectious agents in TLS formation. 

In situ and single cell RNAseq analyses have shown that within TLS, a fraction of the affinity 

matured B cells also undergo AID-dependent CSR that regulates isotype switching [15,29]. 

Recent works suggest that in SLO this process could occur prior to differentiation of B cells 

into GC B cells or plasmablasts, rather than within GC as previously suggested [32]. At which 

step of TLSs maturation does CSR occur remains an open question. Scattered mature DC 

characterized by expression of the DC-Lamp marker can be detected at each TLS maturation 

step, in close contact with the T cells and in some B cell follicles, allowing local antigen 

presentation [22,33]. 

Tumors contain variable proportions of TLS and of their different maturation steps [11–

13,15](Table 1). The proportion of TLS varies according to tumor types from around 10%-20% 

in HCC [34,35], ovarian cancer [36] and oral squamous cancer [37], 50% in NSCLC [14], GIST 

[38], breast [39–41], melanoma [15,16,42], up to be present in more than 80% of tumors such 

as in CRC [11,12,43] and lung squamous cell carcinoma [12] or TNBC [44] primary tumors. 

Discordant results have been found in pancreatic tumors [45,46]. In any case, these 



percentages should be interpreted with caution, because of the use of different technologies 

for detection of TLS. TLS have been detected in metastases in CRC [47,48], ovarian cancer [30] 

and ccRCC [49]. Notably, variable degrees of expression levels of the 12 chemokines gene 

signature characteristic of TLS [50] was also observed in samples of the 9980 tumors from 30 

cancer types of the TCGA cohorts, from low levels in tumors located in immune-privileged 

sites (glioblastoma, ocular melanoma) to high levels in tumors present in mucosal tissues such 

as CRC or lung cancers [2]. The proportion of mature TLS also seems to vary in the different 

cancer types. Thus SFL-TLS can represent either a small proportion of TLS such as in GIST (10%), 

HCC and melanoma (11%) or STS (18%) or a higher one such as in CRC [11] (Table 1). These 

results need to be confirmed using a uniformed TLS detection method. Further investigations 

are needed to better understand the different roles of chemokines involved in the process of 

TLS formation and maturation in human tumors as well as the context of the tissue 

microenvironment which may influence such patterns.  

 

2. Clinical impact of TLS in cancer 

 

2.1 Prognostic impact of TLS  

Since TLS are likely sites of generation of anti-tumor immunity [51], their impact on cancer 

outcome increasingly becomes a focus of many analyses. Early after their discovery in the TME 

of human cancers, their prognostic impact has been questioned. In NSCLC, BC, ovarian cancer, 

it has been reported that higher TLS densities correlate with longer PFS and OS. In NSCLC, TLS 

rich tumors have a Th1/cytotoxic functional orientation and high density of CD8+ T cells 

correlates with longer PFS and OS. In TLS poor tumors, the favorable prognostic impact of 

CD8+ T cells was decreased [14]. It was later found that the density of  B cells follicles present 

in TLS were also associated with PFS and OS [29]. These findings have been extended to a large 

array of cancers and a favorable prognostic impact has been reported in SCLC [12], BC 

[39,40,44], CRC [11,43], GIST [38], HCC  [34,35], melanoma [15,16,42], pancreatic cancers 

[45,46,52], oral squamous [37] and ovarian cancer [30,36] (Table 1). After neoadjuvant 

chemotherapy, a similar TLS pattern was found that the one found in chemotherapy-naive 

patients, with comparable densities of tumor-infiltrating CD8+ and DC-LAMP+ cells, a similar 

spatial organization and a favorable association with outcome in NSCLC [53]. 



A few studies have compared the prognostic impact of TLS at different maturation stages 

(Table 1). In CRC, were a high proportion of TLS+ tumors have been detected (97%) as 

compared to the other cancers, a significant lower risk of recurrence (9,5%) was found in 

patients (62%) who had at least one SFL-TLS as compared to 28,5% in the 38% who did not 

have any GC-harboring TLS. Low SFL-TLS was associated with a 4-fold higher risk of recurrence 

after multivariable adjustment for age, ECOG performance status, stage and adjuvant 

chemotherapy [11]. In HCC, where TLS have been detected in 47% tumors, the few patients 

presenting primary and secondary follicles seem to have a lower risk of recurrence than those 

with loose aggregates [35]. In GIST, significant differences in survival and recurrence were also 

observed between patients with E-TLS, PFL-TLS and SFL-TLS, SFL-TLS been associated with 

more favorable disease outcome [38] 

Hepatocellular carcinoma (HCC) represents a special case of tumors in terms of etiology and 

microenvironment. HCC generates and develops in cirrhotic liver in which chronic 

inflammation is induced and maintained by alcohol, HBV, HCV infection or NASH. TLS are thus 

present in the stroma, but not in healthy nodules, in the inflammatory liver long before the 

malignant transformation and persists there during the different steps of liver carcinogenesis. 

In this environment, some hepatic nodules are transformed, and different stages have been 

characterized, progressing from low grade dysplasic nodules (LGDN) to high grade dysplasic 

nodules (HGDN) to early HCC (eHCC) to small and progressive HCC (spHCC) [54]. A recent 

publication analyzed the TLS content and immune activation occurring inside nodules at these 

different steps. Absent in healthy nodules and in LGDN, TLS number peaks at HGDN and still 

persist at later stages of carcinogenesis, together with intra-nodular immune activation. TLS 

found at these early stages are immature, in the form of lymphoid aggregates with no full B 

GC-containing B cell zone. Indeed, the presence of these immature TLS correlates with 

immune activation but strikingly with markers of inflammation (IL1β, IL6, IL32, LTΒ), immune 

suppression (TGFβ, IL10R, LILRΒ2) and immune exhaustion (CTLA-4, PD-1, TIM3, PD-L2) as well 

as the membrane expression of PD-L1 [55]. Therefore, in the early stages of liver 

carcinogenesis, full TLS formation aborts and cannot sustain an efficient immune reaction thus 

allowing tumor progression. In progressive HCC, the situation appears to be different. TLS 

present in the cirrhotic stroma may serve as niche for metastatic tumor cells, favoring 

metastasis and their density correlates with poor prognosis [9]. In contrast, the density of 

tumor-associated TLS, particularly when they are mature with a fully formed GC, correlates 



with recurrence-free and Overall Survival [35]. The mechanisms underlying these different 

behaviors such as the presence of T or B regulatory cells are being explored, and liver 

carcinogenesis represent an interesting model for other cancers developing in a chronically 

inflamed tissue. 

 

 

2.2 Prognostic impact of B cells  

 The prognostic impact of B cells has been analyzed independently of that of TLS. Although 

mouse studies militated to support a deleterious role for B cells, in human high densities of 

CD20+ B cells in the TME correlate with good prognosis in the majority of cancers including 

Biliary tract cancer [56], BC [57], CRC [58–60], HCC [61,62], Head and Neck cancer [63], 

cutaneous [64] and metastatic melanoma [15,16], ovarian cancer [65,66], STS [13], and 

urothelial urinary bladder cancer [67](Table 2). Expression of B cell signatures were also found 

positively associated with survival in BC, lung cancer, melanoma and STS [13,15,16,68,69] 

whereas no significant impact on survival was found in ccRCC TCGA data set [16]. In CRC, 

densities of CD138+ PCs and of IGKC+ (immunoglobulin kappa chain) cells were also positively 

associated with prognosis [70][59]. IGKC was consistently associated with metastasis-free 

survival across different molecular subtypes in BC, NSCLC and colorectal cancer [68,71]. The 

presence of infiltrating PCs was found to be relevant for the association with prognosis in 

ovarian cancer [30].The prognostic impact of macrophages attenuates that of B cells in STS 

[72] and B cell density was associated with poor prognosis in ccRCC [73]. 

 

Notably, the impact of T cells infiltrate on the prognostic value of B cells seems to be tumor 

dependent.  In STS, a tumor type where CD8 and cytotoxic signatures did not correlate with 

survival, B cell lineage signature was found associated with longer OS independently of CD8+ 

Tcell and cytotoxic cell signatures [13]. In ovarian cancer, tumors positive for both CD8 and 

CD20 TIL showed markedly greater disease-specific survival compared with those positive for 

CD8 TIL alone suggesting that CD20 TIL can potently enhance the antitumor effect of CD8 TIL 

in this tumor type [21]. In CRC, a high correlation was found between CD20+ B cells and CD8+ 

T cells, CD20+ B cells only slightly increased the prognostic value of CD8+ T cells. In HCC, a 

correlation between CD20+ B cells and CD8+ or CD3+ T cells was also observed and patients 

with high densities of both B and T cell populations had longer survival compared to those 



with low density of both subsets [61,62]. In melanoma as well, co-occurrence of tumor 

associated CD8+ T cells and CD20+ B cells are the best prognosticator of survival [15]. In this 

tumor type, TLS contain predominantly CD4+ T cells whereas CD8+ T cells are located outside 

TLS and single cell analyses showed that B cell rich tumors contain more CD4+ and CD8+ T cells 

with naïve and memory-like characteristics (expressing TCF7 and IL7R) as compared to B cell 

poor samples [15]. In HNSCC, an RNA signature identifying Tfh interacting with GC-B cells was 

associated with better survival in HPV+ patients [31]. 

The positive influence of CD20+ cells including PCs on CD8+ T cells infiltrate on patient’s survival 

occurring in many cancer has been interpreted as a reflection of a direct cooperation between 

CD20+ B cells and CD8+ T cells [21,74]. Tumor specific antibodies could greatly facilitate antigen 

uptake and cross-presentation to CD8+ T cells has been described for NY-ESO-1 [75]. the 

expression of CD40 by B cells in the TME may further enhance the help of CD4+ T cell for 

activation of CD40L+CD8+ T cells as shown in anti-viral responses [76,77] or enhance CD4+ T 

cell help. The mechanistic processes sustaining presentation of MHC Class I-associated 

peptides to CD8+ T cells in anti-tumor responses need comprehensive investigations. Another 

possibility would be that DC-LAMP+ mature DC shown to be capable of enhancing the 

favorable prognostic value of CD20+ B cells such as in NSCLC play a role via cross presentation 

of antigen activated by immune complexes to CD8+T cells. A correlation between B cells, DC-

LAMP+ DC and the expression of granzyme A and perforin has been observed in omental 

metastases of ovarian cancer [22].   

A few studies addressed the question of the role of B regulatory cells in human cancers. The 

frequencies of CD19+IL-10+ Breg correlates with shorter OS and is prognostic factor 

independent of clinicopathologic characteristics in GC [78] and the coexistence of Breg with 

Treg correlates with shorter metastasis free survival in BC [79]. 

Early studies based on the differential expression of IgD and CD38 showed that memory B cells 

represented the predominant B-cell subset in fresh tumors, the second major population 

being PCs [29]. Both non class switched CD27+IgM+ and class switched (CD27+IgM- and CD27-

IgM-) memory phenotypes have been detected in ovarian cancer omental metastases [22]. 

Recent in depth phenotypic and molecular analyses in melanoma tumors [16,80] showed that 

TIL B cells contain a mixture of B cells including immature, activated, GC and memory 

phenotypes and of plasmablasts and plasma cells, refining their previous characterization in 



NSCLC and high serous ovarian cancer. A subset of BC, medullary carcinoma of the breast, is 

characterized by high numbers of oligoclonal plasma cells [24].  

In HCC, the density of TIL-B cells correlates with the density of apoptotic tumor cells identified 

by activated caspase-3+ tumor cells whereas the density of TIL-B cells inversely correlates with 

the density of proliferating tumor cells identified by their expression of Ki-67, suggesting an 

anti-proliferative and proapoptotic effect directed towards tumor cells which may occur in 

situ [62]. One study showing that human B cells from healthy donors can secrete granzyme A 

and B upon stimulation by IL-21 and that this process is enhanced by BCR or TLR9 stimulation 

suggest that a direct action of B cells on tumor cells cannot be excluded [81]. A series of 

indirect mechanisms could sustain the anti-tumor effect of TIL-B cells. The TIL-B cells express 

MHC Class II (HLA-DR) and costimulatory molecules (CD80, CD86, CD40) for cooperation with 

CD4+ T cells. Functional analyses show that they are capable of responding to antigen 

stimulation ex vivo, to allow antigen presentation to CD4+ T cells [15,82,83]. Two populations 

of CD69+DR+ TIL-B cells, differing on the expression of CD27 and CD21 markers have been 

described in NSCLC, the coculture with CD4+ T cells of the positive ones inducing activation of 

T cells into an T effector phenotype secreting IL-2/IFN-g whereas the negative ones inducing 

a Treg phenotype [82].  

 

The TIL-B cells secrete antibodies when cultured ex vivo, producing IgM, IgG and IgA 

antibodies. Antibodies directed against tumor antigens such as LAGE-1, MAGE antigens and 

NY-ESO-1 were detected in supernatants of TIL-B cells from half of the patients in NSCLC [29]. 

Antibodies against the tumor-associated antigen MUC1 overexpressed in tumors under an 

unglycosylated form and against ganglioside GD3, CEA, MUC1 and FN1 have been detected in 

BC and ovarian cancer [22,24,83,84]. These antibodies may have opposite effects, depending 

on their isotype and on the tumoral context. Indeed, IgG antibodies may favor ADCC exerted 

by macrophages or NK cells against tumor cells. The IgG antibodies may also result in the 

formation of immune complexes which could be taken up by DCs. It is well established that 

immune complexes are far more efficient to present antigen from DC to T cells (1000 times 

less antigen needed) than antigen alone  [85]. This mechanism may be operating in tumors 

with low mutational burden, such as STS, diminishing the threshold of antigen needed to 

induce the anti-tumoral response. The IgG antibodies may also have a deleterious effect by 

binding the first complement component C1q produced by M2 macrophages. In the presence 



of more distal complement components (C1r, C1s, C4, C2, C3…) produced by tumor or other 

cells in the TME, C3 is cleaved, promoting inflammation and angiogenesis resulting in 

deleterious clinical outcome. It is the case in ccRCC in which complement is activated 

intratumorally by tumor bound IgG binding macrophage-produced C1q, which activates the 

classical complement cascade utilizing tumor cell produced complement components 

resulting in sustained inflammation but not tumor cell killing by the C5b-C9 lytic complex since 

tumor cells have high levels of complement inhibitors [86,87]. 

In general, the IgA isotype is often characteristic of the Breg/Treg circuit that regulate mucosal 

inflammation, Treg cells producing transforming growth factor-β (TGFβ), which mediates 

isotype class switching to IgA [88]. In HCC, IgA+ B cells inhibit cytotoxic T cells responses that 

prevent hepatocarcinogenesis in the inflamed liver [89]. Bregs producing IL-10 and 

CD4+Foxp3+ Treg have been detected within TLS in BC and  both cell populations correlate 

with each other and with shorter metastasis free survival in BC patients [79]. Recent findings 

suggest that exosomes expressing PD-L1 can mediate immunosuppression locally upon 

interaction with PD1+ immune cells [90]. In GBM, the capacity of B cells to suppress CD8+ T cell 

activation and acquisition of an effector phenotype may depend upon transfer of membrane-

bound PD-L1 originating from MDSC [91]. In GC, where a suppressive population of 

CD19+CD24hiCD27+ B cells inhibiting the production of IFN-g by CD4+ T cells has been detected 

ex vivo, the frequency of CD19+IL-10+ Bregs correlates with shorter OS and is prognostic factor 

independent of clinicopathologic characteristics [78]. Further investigations are needed to 

better understand these circuits, including the role of PD-L1 expressed by Bregs and which 

may closely associate with their immunoregulatory function [89,92].  

Thus, although favorable in most cases, the impact of B cells and antibodies is modulated by 

the other components of the TME. 

 

2.3 Theranostic impact of TLS and B cells  

The presence and density of TLS and B cells correlate with responses to various anti-cancer 

therapies.  

 

2.3.1 Chemotherapy :  

Early studies analysis of the expression of metagene signatures of proliferating B cells (60 

genes) showed an association with metastasis free survival in node-negative BC (n = 965) [68]. 



Further studies identified IGKC as the representative marker of good prognosis in this 

metagene and of response to neoadjuvant chemotherapy in data from BC (1800 tumors), 

NSCLC (1000 tumors) and CRC (500 tumors) [71]. An eight gene Tfh signature, as well as the 

CXCL13 gene and a Th1 cell signature predicted complete pathological response in patients 

with BC treated by neoadjuvant chemotherapy [27]. Similar findings were reported in patients 

with TNBC or with HER2+ BC treated with adjuvant trastuzumab [93,94]. Neo-adjuvant 

chemotherapy results in the induction of an ICOSL+/CCR2+ B cell subset as well as TLS in the 

responding tumors in BC, especially TNBC. The proposed mechanism of action is that 

chemotherapy, by increasing antigen release from dying tumor cells and promoting 

inflammation, provokes the activation of the complement component C3 which activates the 

Complement Receptor 2 (CR2) bearing B cells to express ICOSL, resulting in activation of Th1 

and cytotoxic T cells [95]. The proportions of TLS were also found to be higher and predictive 

of response in group of patients with pancreatic cancer treated by neoadjuvant therapy than 

in those treated by surgery first [52]. In Hepatoblastoma (HB) pathological reviewing identified 

massive intratumor TLS of the primary follicle like type, containing both lymphocytes and 

antigen-presenting cells in all APC (Adenomatous Polyposis Coli germline mutated) - HB (11) 

cases who received cisplatin-based neoadjuvant chemotherapy but not in five pre-

chemotherapy samples (four paired biopsies and one patient resected without 

chemotherapy), indicating that these TLS are induced by chemotherapy up to an incomplete 

maturation stage. The number of lymphocytes outside TLS was also increased after cisplatin 

treatment. Notably all APC-HB had complete remission after chemotherapy. All non-mutated 

tumors also exhibited TLS but with a majority of E-TLS, the frequency of PFL-TLS being lower 

as compared to the mutated tumors (3/15 versus 11/11), suggesting that APC alterations have 

a major role in the induction of an active tumor immune response after cisplatin 

chemotherapy [96]. 

 

 

2.3.2 Immunotherapy:  

TLS and B cells are induced by immunotherapy and their increase may be associated with 

therapeutic responses. Notably, desmoplastic melanoma, a tumor type characterized by high 

frequencies of TLS, exhibit a high response rate to PD-1 blockade [97]. Treatment with 

Ipilimumab, an anti-CTLA-4 antibody, combined with a demethylating agent which favors 



tumor cell immunogenicity, highly increased the B cell infiltrate in melanoma tumors [98]. In 

melanoma and RCC, ICI increases TLS density and infiltration of B cells in tumors from patients 

responding to PD-1 and/or CTLA-4 blockade, while the increase of T cells did not correlate 

with response [16]. The effect is more pronounced on early treatment samples suggesting 

that immune infiltrate seems far more predictive of the response to ICI than assessment of 

pretreatment samples [16]. Using MCP-counter, a tool which quantifies infiltrating immune 

and non-immune cells in the TME from bulk transcriptomic data, STS have been classified in 5 

immune classes (SIC), SIC E being highly infiltrated by B and T cells. Fifty percent of patients 

with SIC E tumors, characterized, as opposed to the other SIC, by the presence of TLS, respond 

to immunotherapy with Pembrolizumab, an anti-PD-1 antibody [13]. In melanoma, the 

presence and densities of intratumoral TLS and B cells correlate with responses to ICI with 

anti-PD-1 and anti-CTLA-4 antibodies, independently [16] or in conjunction with [15] CD8+ T 

cells. In RCC as well increased TLS densities are associated with response to nivolumab [16]. 

The vast majority of TLS in responding patients with melanoma were SFL-TLS and contained 

both CD4+ and CD8+ T cells [16]. It is thus tempting to postulate that the presence of fully 

mature TLS in a tumor highly favors the responses to ICI [99]. A memory B cell signature and 

a TLS gene signatures also correlated with response in patients treated with anti-PD-L1 

antibodies in urothelial cancer [100]. Regarding B cell secreted antibodies, anti-melanoma Ig 

were found in the serum of patients responding to ICI [101] and anti-HPV antibodies were 

detected in the serum of patients responding to PD-1 blockade [102]. 

 

 

3. Therapeutic modulation of TLS and B cells  

 

3.1 Preclinical cancer mouse models for TLS formation 

TLS and B cells are not only markers of therapeutic responses; they also exert anti-tumor 

activities that could be therapeutically induced and modulated [103]. For this purpose, pre-

clinical models are critical. Unfortunately, the fast-growing transplanted tumor models rarely 

harbor TLS and thus, can hardly be used for this purpose. TLS have been found in more slowly 

developing models, more representative of the human situation such as the P53- induced lung 

cancer model developed by Tyler Jacks. 



Different induction models of TLS are established, mainly in lung models due to the natural 

high immune infiltrate of lungs. First, in a mouse model of small cell lung cancer (SCLC), the 

gene p107 was identified as a tumor suppressor gene and loss of this gene using the CRISPR-

Cas9 technology significantly accelerates tumor progression. Numerous TLS were observed in 

the TME in lungs of the mice infected with sgRNAs targeting p107 indicating an increase in 

immune cell infiltration in sgp107 tumors compared to controls [104]. Another study showed 

that Treg ablation in a spontaneous mouse model of tumor (KrasLox-STOP-LOX-G12D/WT; 

p53Flox/Flox (KP)) was associated with TLS formation in lung cancer. In this mouse model, 

increased rate of costimulatory ligand expression by DCs and effector T cell proliferation and 

responses were observed leading to tumor destruction [105], suggesting that Treg depletion 

might be a promising method of in disrupting TLS development and preventing tumor 

progression. In the liver, TLS are associated with chronic hepatitis. The HCC mouse model 

developed by Finkin et al [9], displayed TLS which were defined as niches for malignant 

hepatocyte progenitor cells, which may lead to tumor recurrence in a complex cellular and 

cytokine environment. The IKKβ(EE)Hep model provided functional information for TLS, 

showing that they provide a unique microenvironment supporting growth of tumor progenitor 

cells.  

 

3.2 Induction of TLS neogenesis  

3.2.1 Use of immune cells for TLS neogenesis 

Other studies highlighted the importance of immune cells in TLS neogenesis. For instance, 

activated CD3+CD4+ T cells can interact with DCs in a Hashimoto thyroiditis mouse model, 

resulting in TLS formation [106]. Th17 are associated with TLS formation in several human 

diseases [107]. In a mouse model of experimental autoimmune encephalomyelitis (EAE), Th17 

cells can induce TLS formation, which is in turn dependent on IL-17 and podoplanin [8,108]. 

Delivery of DCs engineered to express the T cell specific T box transcription factor T-bet into 

sarcoma tumour lesions (MCA205 xenografts) of mice promotes lymphocyte infiltration, Th1 

cell skewing and the development of TLS and slows tumour growth [109,110]. 

 

3.2.1 Use of stromal cells for TLS neogenesis 

 Different mouse models of TLS were created by implanting lymph node-derived stromal cells 

that express markers of fibroblast reticular cells.  The subcutaneous injection of stromal cell 



line induces TLS that attract infiltration of host immune cell subsets and can improve the anti-

tumour immune response against MC38 colon cancer xenografts in mice with a significant 

suppression of tumor growth in TLS-bearing compared with control mice. In addition, TILs 

from TLS-bearing mice demonstrated significantly higher IFN-γ release than that in control, 

suggesting the presence of TLS could improve the antitumor activity of TILs in adjacent MC38 

tumors [111].  

Another model of lymph nodes-derived stromal cells use transfection of LTα pulsed with 

dendritic cells to induce the formation of TLS. In order to increase the induction rate of TLS in 

this model, the injection is performed in collagen sponges containing additional cytokines 

allowing the establishment of proper lymphoid structure after 3 weeks [112].  

 

3.2.2 Use of cytokines and chemokines for TLS neogenesis 

Over-expression of lymphokines, chemokines or factors are also used in conditional transgenic 

mice [113,114] by adenovirus delivery [115], or via tissue engineering and biomaterials 

delivery [112]. The development of TLS in tumours including the use of LTβ receptor (LTβR) 

ligands (LIGHT-VTP)  that induces the formation of intra-tumoral TLS and prolongs survival in 

combination with immune checkpoint inhibitors in mice [116]. In addition, the treatment of 

an autoantibody-mediated cardiac allograft mouse model, with an inhibitory LTβR-Ig fusion 

protein abolished TLS formation and markedly inhibited effector antibody responses [117]. 

The induction of CXCL13 can be locally increased by the transgenic expression of IL-6 and IL-

6R forming lymphoid structures in lungs [118]. IL-7 overexpression can also increase the 

amount of LTi cells in the spleen, pancreas and salivary gland [119]. Furthermore, TLR 1 and 2 

ligands (Pam3CSK4) [120] as well as TLR4 ligand (LPS) [121] are also used for TLS genesis in 

vivo in several mice models of cancers [122]. Further development of mouse models is 

essential for a better understanding of TLS neogenesis in cancer and for preclinical studies 

aiming to unravel new therapeutic targets originating from TLS. 

 

 

Conclusions 

 

Recent studies unveiled the importance of B cells and TLS in control of tumor progression and 

in patient’s response to immunotherapy with immune check point inhibitors. These advances 



open new perspectives for treatment of patients with immune desertic and/or low mutation 

burden tumors and unravel new predictive markers  for immunotherapies.   
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