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Abstract  

T-helper (CD4+) cell assistance is required to activate B cells, induce somatic hypermutation, switch between isotypes, and produce them. Tfh cells 
(a specialized subset of CD4+ T cells) have been linked to a better prognosis in a variety of human cancers, but the mechanism governing their prognostic 
function is still unknown. Data demonstrate a critical relationship between increased TIL (Tumor infiltrating lymphocyte) concentrations and improved 
clinical outcomes across the majority of solid tumour types. Anti-PD-1/PD-L1 inhibitors are effective in treating certain patients with tumour cells 
that do not express PD-L1, suggesting that their ability to respond to cells’ interconnection may be a key factor. Antigen presentation, T cell activation, 
cytokine secretion, complement activation, antibody-mediated tumour cell phagocytosis, antibody-dependent cell cytotoxicity, stimulation of T cells, 
and direct cancer eradication by TIL are important anti-tumour effector activities.

CXCL13/CXCR5 is a signaling axis in the tumour microenvironment that promotes Tfh recruitment at the tumour site and preserves T cell activity. 
Epitope spreading is one proposed mechanism that might aid in the emergence of autoimmunity when ICI therapy is used. Anti-CTLA-4 therapy 
encourages T cell growth, including tumor-reactive T cells. B lymphocytes in tumour tissue, such as organized tertiary lymphoid structures (TLS), are 
correlated with survival and a positive response to cancer immunotherapy. Treg cells, which contain the transcription factor FOXP3, are essential for 
maintaining immunological homeostasis. Follicular regulatory T (Tfr) cells are thought to play a crucial role in optimizing protective reactions and 
suppressing the formation of antibodies to self-antigens & allergens.

Keywords: Tfh cells; Tumor infiltrating lymphocyte (TIL); CXCL13/CXCR5; Tertiary Lymphoid Structures (TLS); Tumour microenvironment; ICI 
therapy; Tfr cells
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Introduction

 CD4+ T cell assistance is necessary to activate B cells, cause 
somatic hypermutation, switch between isotypes, and generate 
them. [1,2] Following CD40 activation, B cells proliferate and 
go towards the germinal centre where they go through somatic 
hypermutation, aiding in the development of diverse antibodies 
with different affinities. T cells can also go into the germinal 
center, where they can continue to engage in interactions with 
B cells and contribute to the development of plasma cells and 
memory B cells [3].

T follicular helper cells (Tfh), a distinct CD4+ T lymphocyte 
fraction which serves this purpose, have been identified (Figure  

 
1). Tfh cells are identified through the membrane markers 
description like Chemokine receptor 5 with the C-X-C motif 
(CXCR5) and receptor of chemokine (C-X-C motif) ligand 13 
(CXCL13), both of which are necessary for their movement 
toward the germinal center, additionally, through B cell lymphoma 
6 (BCL6), Interleukin (IL-21), PD-1, ICOS, and AchaeteScute 
family member transcription factor 2 [4]. Here the substances 
are demonstrated as crucial because they control growth of Tfh, 
emigration as well as obligation. Majorly Tfh cells (a distinct 
independent T helper cell subtypes) which differs from Th1, Th2, 
Treg, and Th17 can be reliably identified by robust expression of 
PD-1 in combination with CXCR5.
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Figure 1: Differentiation and development of different lineages of T-Helper cell & growth of T-Follicular Helper cell with their brief functional 
aspects.

Tfh cells have been linked to a better prognosis in a variety 
of human cancers, including colorectal, non-small-cell lung cancer 
(NSCLC), and breast cancer [5-8]. However, the mechanism 
governing their prognostic function is still unknown. In mouse 
models, TGF-β dependent CXCL13 production by intratumor CD8+ 

T cells was necessary for the Tfh anticancer effect, and anti-PD-1 
treatment was ineffective unless Tfh cells were present. This 
suggests that Tfh cells may be responsible for the anticancer effect 
of anti-PD-1 treatment [9-14].

Figure 2: Presence of unique T cell zone and B cell zone in mature tertiary lymphoid organs (TLSs). The T cell zone is a region where T cells 
are activated & undergo clonal expansion in response to antigenic stimulation. The B cell zone is a region where B cells undergo activation, 
Proliferation and Differentiation into antibody secreting plasma cells in response to antigenic stimulation.
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Significance of TIL & role of TLS composition

Data demonstrate a critical relationship between increased 
TIL (Tumor infiltrating lymphocyte) concentrations and improved 
clinical outcomes across most solid tumour types, but the size and 
equilibrium between immune cell subpopulations vary [15-17]. 
TILs are present in the tumour microenvironment and have an 
architecture resembling secondary lymphoid organs. Different 
maturation stages in human malignancies are reported, with 
dense lymphocytic aggregates being the source of TLS. Mature 
TLS is composed of Tfh cells, mature DC, lymphatic arteries, 
a segregated T cell zone, B cell follicle, GC B cells, follicular DC, 
and macrophages [18] (Figure 2). Some TLSs are defective or 
attenuated and have larger concentrations of regulatory cells. 
Tumor-infiltrating B cells (TIL-B) are linked to improved clinical 
outcomes and TLS [19].

The GC works in secondary lymphoid organs to create affinity-
matured and class-switched B lymphocytes that recognise cognate 
antigens and develop both humoral immunity and memory B 
cells. Global TIL, such as Tfh TIL, CD4+ TIL with a Th1 orientation, 
and TIL-B that secretes antibodies, are closely connected with 
GC B Cells [20]. Tfh TIL are quickly identified with in germinal 
center due to elevated expression of PD-1. Active TLS can also be 
identified by their functioning PD-1hi Th1-oriented Tfh TILs that 
express IFN, IL-21, and CXCL136 [21,6,22].

Role of anti PD-1/PD-L1 inhibition in clinical 
investigation

Anti-PD-1/PD-L1 inhibitors are effective in treating certain 
patients with tumour cells that do not express PD-L1, suggesting 
that their ability to respond to cells interconnection may be a key 
factor [23]. These findings suggest that elevated surface PD-1 
on TLS-resident Tfh TIL can be more related to modifying their 
functions and activities than fatigue. Antigen presentation, T cell 
activation, cytokine secretion, complement activation, antibody-
mediated tumour cell phagocytosis, antibody-dependent cell 
cytotoxicity, stimulation of T cells, and direct cancer eradication 
by TIL are important anti-tumour effector activities [24,25].

Infiltration of Tfh cells and formation of TLS

It has been observed that TIL density is associated with 
improved clinical outcomes in HER2+ and TN breast cancer. TIL 
is composed of both innate and adaptive immune cells, with T 
cells often holding a predominance [26,27]. TIL accumulations, 
such as aggregates or tertiary lymphoid structures (TLS), are 
typically found in the stroma. Tfh cells can direct migration and 
encourage GC production. The CD4+CXCR5-BC TIL (TfhX13) is the 
main source of CXCL13 and is present in normal human tonsils 
and patients with rheumatoid arthritis [17,28-30]. CXCR5-TfhX13 
TIL has an impact on TIL recruitment and TLS induction in BC and 
is capable of assisting T-dependent B cells and producing IFN-γ. 
Functional Th1-oriented Tfh TIL, a greater level of TLS activity, 
and a balance between active and inactive TLS are markers for 

tumours [19,31,32].

CXCL13/CXCR5 Signaling axis in tumour 
microenvironment

CXCL13/CXCR5 is a signaling axis in the tumour 
microenvironment that promotes Tfh recruitment at the tumour 
site and preserves T cell activity. It has a direct antitumor 
effect and is crucial for immune cell trafficking in the tumour 
microenvironment. Tfh and CXCR5+B cells are made to migrate 
to the tumour as a result of CXCL13, forming TLS [33-35]. The 
exact mechanism underlying CXCL13 and Tfh’s beneficial effects 
is not yet known, but other research suggests that Tfh may have 
a detrimental role. Therefore, the CXCL13/CXCR5 axis may 
afterwards aid in the escape of cancerous cells [36,37] (Figure 3).

Discussion

Emergence of immune-related adverse events (irAEs)

The emergence of immune-related adverse events (irAEs) 
is often associated with the effectiveness of immune checkpoint 
inhibitor (ICI) therapy. However, there is still a great deal of 
mystery around the underlying mechanisms that cause irAEs to 
be induced. Tfh and Tfh-like cells are significant members to take 
into account when attempting to connect the extremely effective 
ICI cancer treatment with the occurrence of irAEs. Epitope 
spreading is one proposed mechanism that might aid in the 
emergence of autoimmunity when ICI therapy is used. This idea 
proposes that during cytotoxic tumour cell killing, self-antigens 
are released by dead bystander cells and picked up by dendritic 
cells (DCs) and B cells, which upon movement to the draining 
lymph nodes stimulate extra self-reactive CD8+ and CD4+ T cells & 
(auto) antibody generating B lymphocytes [38,9].

ICI therapies for PD-1 or its ligand PD-L1 act on the antitumor 
immune response at various phases (Figure 4). Anti-CTLA-4 
therapy encourages T cell growth, including tumor-reactive T 
cells. B lymphocytes in tumour tissue, such as organized tertiary 
lymphoid structures (TLS), are correlated with survival and a 
positive response to cancer immunotherapy. CXCR5 expressing 
T-Follicular Helper cells support the development of antibodies 
with great affinity and formation of memory B cells and effector 
B-cells by expressing co-stimulatory molecules, co-inhibitory 
receptors, and producing IL-21 and IL-4. A tiny population of 
Tfh cells, also known as circulating Tfh cells, are also present in 
the circulation and are more prevalent in autoimmune diseases 
[39,40].

Immune checkpoint inhibitor (ICI) treatments

Immune checkpoint inhibitor (ICI) treatments can activate 
cells that express high levels of CD40L, ICOS and other co-
stimulatory molecules and increase the likelihood of cancer. In 
patients with lung cancer, Tfh cell signatures were associated 
with GCs and longer survival, and neoantigen-driven B cell and 
Tfh cell cooperation was recently found to produce powerful 
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antitumor CD8+ T cell responses [41-43]. Anti-PD-1 therapy may 
also have an impact on both CTL-mediated immune responses 
against autoantigens and humoral immunological responses. T 
cell-specific PD-1 impairment led to aberrant GC responses and 

enhanced Tfh cell population in SLOs. Generally, Tfh cell responses 
are controlled by regulatory T (Treg) cells and T follicular regulatory 
(Tfr) cells [44,45].

Figure 3: connections between dendritic cells (DCs), T follicular helper cells (Tfh), and B cells in germinal centres (GCs) on a cellular and 
molecular level. Tfh cells also interact with B cells directly by recognizing the antigen displayed on B cell receptors (BCRs) and providing necessary 
co-stimulatory signals. This interaction leads to the formation of specialized structures within GCs called germinal centers reactions, where B 
cells undergo somatic hypermutation and class-switch recombination to generate high-affinity and class-switched antibodies. Molecularly, the 
interaction between Tfh cells and B cells is mediated by various cell surface molecules and soluble factors such as CD40L, ICOS, IL-21, and IL-4. 
These molecules provide necessary co-stimulatory signals and cytokines for B cell activation and differentiation. Overall, the interaction between 
DCs, Tfh cells, and B cells in GCs is a tightly regulated process that is critical for the generation of effective humoral immune responses.

Common pathways regulate T-follicular helper cells

Differentiation & Autoimmunity

The development of Tfh cells and their assistance to B cells 
is a carefully regulated process. Because T cell development is 
more tightly regulated than B cell development, B cell tolerance 
heavily relies on limiting T cell assistance. Naive T cells are 
evaluated against self-antigens during their development, and 
transcription factors like autoimmune regulator (AIRE) represent 
several peripheral self-antigens. It has been shown that 20% 
of mature naive B cells exhibit low levels of self-reactivity [46], 
although peripheral self-antigens may be less accessible to bone 
marrow-derived B cells. Additionally open to variation within 
GCs, B cell antigen specificity outweighs any developmental 
limitations on self-reactivity. Therefore, it is vital to deny T 
lymphocytes assistance to self-reactive B cells in order to stop the 
onset of potentially harmful autoimmune reactions. For optimum 
protective immunity, it’s crucial to ensure that T cell-B cell 

cooperation is well managed. When analyzing the mechanisms 
regulating differentiation of Tfh cell, three fundamental and 
interrelated pathways involving regulatory T (Treg) cells, cytotoxic 
T lymphocyte antigen 4 (CTLA4), and IL-2 emerge.

Treg cell-mediated control of Tfh cells

Treg cells, which contain the transcription factor FOXP3, are 
essential for maintaining immunological homeostasis. Short-
term reduction of regulatory T cells promotes the production 
of T-Follicular Helper cells specific to antigens in response to 
immunization. CTLA4 is constitutively expressed by Treg cells, 
and loss of CTLA4 expression can reproduce increased Tfh 
cell differentiation [47-50]. Down regulation of CD25 (IL-2R) 
expression is required to produce BCL-6, which is antagonistic to 
BLIMP1 expression driven by IL-2. Follicular regulatory T (Tfr) 
cells are thought to play a crucial role in optimizing protective 
reactions and suppressing the formation of antibodies to self-
antigens & allergens [51,52].
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Figure 4: Possible effects of immune checkpoint inhibitor (ICI) on Tfh cell responses. One of the primary inhibitory signals in Tfh cells is the 
programmed cell death protein 1 (PD-1) receptor and its ligand, PD-L1, which are often upregulated in the tumor microenvironment to evade 
immune surveillance. ICI treatment, such as anti-PD-1 or anti-PD-L1 antibodies, blocks the interaction between PD-1 and PD-L1, leading to the 
reactivation of Tfh cells and the promotion of germinal center reactions. In terms of T follicular helper (Tfh) cell responses, CTLA-4 has been 
shown to play a critical role in regulating the germinal center reaction and antibody production. Studies have shown that CTLA-4 deficiency or 
blockade can enhance Tfh cell activation, leading to increased germinal center reactions and antibody production. Specifically, CTLA-4 has been 
shown to regulate Tfh cell differentiation and function by modulating the expression of co-stimulatory molecules on APCs, such as CD80 and 
CD86. By binding to CD80/CD86, CTLA-4 inhibits the co-stimulatory signals required for Tfh cell activation and germinal center formation. In 
the context of ICI treatment, CTLA-4 blockade by ipilimumab can enhance Tfh cell responses by relieving the inhibitory signals that limit their 
activation, leading to increased germinal center reactions and antibody production. This, in turn, can promote the generation of tumor-specific 
antibodies and improve anti-tumor immunity.

However, selective depletion of Tfr cells leads to only minor 
or temporary increases in Tfh cells. Tfr cells may use additional 
suppressive strategies along the T cell-B cell border and inside the 
follicle, such as production of neuropeptide neuritin or targeting 
of B lymphocytes metabolic pathways [48, 53-56].

Therapeutic Approach

Exhausted CD8+ T cells can be revitalized by antibodies 
targeting PD-1 or PD-L1, but the degree of early activation 
determines how effective they are. IL-21 and T-Follicular Helper 
cells may be useful tools for preserving CD8+ T lymphocytes 
activities and enhancing the effectiveness of immune checkpoint 

inhibitors in malignancies. CXCL13 intratumor production is 
sufficient to promote Tfh recruitment. New methods for ensuring 
the effectiveness of checkpoint inhibitors include adoptive transfer 
of non-specific Tfh cells and CD4+ Chimeric Antigen Receptor T 
(CAR T) cells developed into Tfh-like cells. These findings suggest 
that TGF-β creates a significant immunological loop where CD8+ T 
lymphocytes attract Tfh cells, which subsequently maintains CD8+ 
T lymphocyte activity, induces their division, and prevents these 
cells from dying [57].

These findings have a few ramifications, such as preventing 
CD8+ T cell depletion in the tumour and overriding resistance to 
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anti-PD-1 therapy. Additionally, Tfh and worn-out CD8+ cells may 
help predict the effectiveness of checkpoint inhibitors in patients 
receiving anti-PD-1/PD-L1 monotherapy and serve as a new 
predictive biomarker [58,59].

Conclusion

CD4+ T cell support plays a pivotal role in various processes 
such as activation of B lymphocytes, somatic hypermutation & 
isotype switching etc. T-Follicular Helper cells (Tfh) are identified 
by the expression of CXCR5 and CXCL13 and have been linked 
with better prognosis of different cancer types. A significant 
increase of Tfh levels is correlated with an increase in different 
cell types such as interferon γ (IFN-γ) producing Th1 cells, CD8+T 
and B lymphocytes. But Tfh-like cells found within tumor show 
an immunosuppressive mechanism & interrupts the functions of 
CD8+ and Th1 cells. Global TIL, which includes Th1-oriented CD4+ 
TIL, T-Follicular Helper (Tfh) TIL, TIL-B which secrets antibodies, 
and greater survival have been closely connected with GC B cells. 
Higher concentrations of tumor-infiltrating lymphocytes (TIL) 
are associated with improved clinical outcomes across a wide 
range of tumour types, with T cells often holding predominance. 
Tfh activity dysregulation can, in fact, cause the formation of 
pathogenic autoantibodies and has been linked to a number of 
autoimmune disorders.

Treg cells, which contain the transcription factor FOXP3, 
are essential for maintaining immunological homeostasis and 
are significantly more prevalent in secondary lymphoid organs 
in scurfy mice. Tfr cells are thought to optimise protective 
antibodies. TLS deactivation or dormancy may occur as immune 
responses progress. PD-L1 occupancy by CD80/PD-L1 silence 
on nearby antigen-presenting DC or B cells could explain why 
PD-1 does not activate in these circumstances. New methods 
for ensuring the effectiveness of checkpoint inhibitors include 
adoptive cell transfer therapy (ACT) such as transfer of Tfh cells or 
injection of IL-21, and CXCL13 intratumor production is sufficient 
to promote Tfh recruitment. This suggests that Tfh cell adoption 
or intratumor IL-21 injection therapy may be used to address 
anti-PD-1 medication resistance and may also serve as a new 
predictive biomarker. TIL levels were elevated in tumour tissues, 
promoting Tfh-induced B cell responses that aided the immune 
system’s ability to fight the tumour.

Future work

Further research into the detailed beneficence and 
development of Tfh cells and tumour-associated Tfh-like cells, 
as well as their function in the generation of irAEs, is justified 
given their involvement in both humoral and cellular antitumor 
immunity. For the present initiatives in personalized medicine, 
this is especially crucial. Only a small percentage of patients 
treated with immune-checkpoint inhibitors (ICIs) experience 
subordinate autoimmunity, raising the idea that ICI therapies 
could highlight or worsen the consequences of prior mutations 

in other pathways that have not yet manifested as vital illness. It 
would be advantageous for patients and the healthcare system if 
these processes were better understood because it would open up 
new possibilities for improving the effectiveness of ICI treatments 
as well as lowering the possibility of side effects. Epitope spreading 
is one proposed mechanism that might aid in the emergence of 
autoimmunity when ICI therapy is used. This idea proposes that 
during cytotoxic tumour cell killing, self-antigens are released 
by dead bystander cells. These self-antigens are picked up by 
dendritic cells (DCs) and B cells, which upon movement to the 
draining lymph nodes stimulate extra self-reactive CD8+ and CD4+ 
T cells & (auto) antibody generating B lymphocytes (Figure 4). 
Autoimmunity might subsequently develop as a result of these 
cells returning to the tumour microenvironment and destroying 
new tumour cells or unrelated non-malignant self-tissues. 
ICI therapies for PD-1 or its ligand PD-L1 act on the antitumor 
immune response at various phases.

References
1.	 Vinuesa CG, Linterman MA, Yu D, MacLennan IC (2016) Follicular 

Helper T Cells. Annual review of immunology 34: 335-368.

2.	 Crotty S (2011) Follicular helper CD4 T cells (TFH). Annual review of 
immunology 29: 621-663.

3.	 Weinstein JS, Herman EI, Lainez B, Limón PL, Esplugues E, et al. (2016) 
TFH cells progressively differentiate to regulate the germinal center 
response. Nature immunology 17(10): 1197-1205.

4.	 Chtanova T, Tangye SG, Newton R, Frank N, Hodge MR, et al. (2004) 
T follicular helper cells express a distinctive transcriptional profile, 
reflecting their role as non-Th1/Th2 effector cells that provide help for 
B cells. Journal of immunology 173(1): 68-78.

5.	 Haynes NM, Allen CD, Lesley R, Ansel KM, Killeen N, et al. (2007) Role 
of CXCR5 and CCR7 in follicular Th cell positioning and appearance 
of a programmed cell death gene-1high germinal center-associated 
subpopulation. Journal of immunology (Baltimore, Md.: 1950) 179(8): 
5099-5108.

6.	 Trantien CG, Loi S, Garaud S, Equeter C, Libin M, et al. (2013) CD4⁺ 
follicular helper T cell infiltration predicts breast cancer survival. The 
Journal of clinical investigation 123(7): 2873-2892.

7.	 Ma QY, Huang DY, Zhang HJ, Chen J, Miller W, et al. (2016) Function of 
follicular helper T cell is impaired and correlates with survival time 
in non-small cell lung cancer. International immunopharmacology 41: 
1-7.

8.	 Bindea G, Mlecnik B, Tosolini M, Kirilovsky A, Waldner M, et al. (2013) 
Spatiotemporal dynamics of intratumoral immune cells reveal the 
immune landscape in human cancer. Immunity 39(4): 782-795.

9.	 Zappasodi R, Budhu S, Hellmann MD, Postow MA, Senbabaoglu Y, et 
al. (2018) Non-conventional Inhibitory CD4+ Foxp3-PD-1hi T Cells as a 
Biomarker of Immune Checkpoint Blockade Activity. Cancer cell 33(6): 
1017-1032. 

10.	Fridman CS, Lawand M, Giraldo NA, Kaplon H, Germain C, et al. 
(2016) Tertiary Lymphoid Structures in Cancers: Prognostic Value, 
Regulation, and Manipulation for Therapeutic Intervention. Frontiers 
in immunology 7: 407.

11.	Fridman CS, Petitprez F, Calderaro J, Fridman WH (2019) Tertiary 
lymphoid structures in the era of cancer immunotherapy. Nature 
reviews Cancer 19(6): 307-325.

http://dx.doi.org/10.19080/APBIJ.2023.06.555697
https://www.annualreviews.org/doi/abs/10.1146/annurev-immunol-041015-055605
https://www.annualreviews.org/doi/abs/10.1146/annurev-immunol-041015-055605
https://www.annualreviews.org/doi/abs/10.1146/annurev-immunol-031210-101400
https://www.annualreviews.org/doi/abs/10.1146/annurev-immunol-031210-101400
https://pubmed.ncbi.nlm.nih.gov/27573866/
https://pubmed.ncbi.nlm.nih.gov/27573866/
https://pubmed.ncbi.nlm.nih.gov/27573866/
https://pubmed.ncbi.nlm.nih.gov/15210760/
https://pubmed.ncbi.nlm.nih.gov/15210760/
https://pubmed.ncbi.nlm.nih.gov/15210760/
https://pubmed.ncbi.nlm.nih.gov/15210760/
https://pubmed.ncbi.nlm.nih.gov/17911595/
https://pubmed.ncbi.nlm.nih.gov/17911595/
https://pubmed.ncbi.nlm.nih.gov/17911595/
https://pubmed.ncbi.nlm.nih.gov/17911595/
https://pubmed.ncbi.nlm.nih.gov/17911595/
https://pubmed.ncbi.nlm.nih.gov/23778140/
https://pubmed.ncbi.nlm.nih.gov/23778140/
https://pubmed.ncbi.nlm.nih.gov/23778140/
https://pubmed.ncbi.nlm.nih.gov/27788370/
https://pubmed.ncbi.nlm.nih.gov/27788370/
https://pubmed.ncbi.nlm.nih.gov/27788370/
https://pubmed.ncbi.nlm.nih.gov/27788370/
https://pubmed.ncbi.nlm.nih.gov/24138885/
https://pubmed.ncbi.nlm.nih.gov/24138885/
https://pubmed.ncbi.nlm.nih.gov/24138885/
https://pubmed.ncbi.nlm.nih.gov/29894689/
https://pubmed.ncbi.nlm.nih.gov/29894689/
https://pubmed.ncbi.nlm.nih.gov/29894689/
https://pubmed.ncbi.nlm.nih.gov/29894689/
https://pubmed.ncbi.nlm.nih.gov/27752258/
https://pubmed.ncbi.nlm.nih.gov/27752258/
https://pubmed.ncbi.nlm.nih.gov/27752258/
https://pubmed.ncbi.nlm.nih.gov/27752258/
https://pubmed.ncbi.nlm.nih.gov/31092904/
https://pubmed.ncbi.nlm.nih.gov/31092904/
https://pubmed.ncbi.nlm.nih.gov/31092904/


007

Anatomy Physiology & biochemistry international journal

How to cite this article:     Priti T, Sumana R, Sayan C, Poulomi K, Sarthak B, et al. Unravelling the Vital Role of T-Follicular Helper Cells in Cancer & 
Autoimmunity: A Functional Background and Overview. Anatomy Physiol Biochem Int J: 2023; 6(5): 555697. DOI: 10.19080/APBIJ.2023.06.555697

12.	Topalian SL, Drake CG, Pardoll DM (2015) Immune checkpoint 
blockade: a common denominator approach to cancer therapy. Cancer 
cell 27(4): 450-461. 

13.	Dong H, Strome SE, Salomao DR, Tamura H, Hirano F, et al. (2002) 
Tumor-associated B7-H1 promotes T-cell apoptosis: a potential 
mechanism of immune evasion. Nature medicine 8(8): 793-800.

14.	Zou W, Wolchok JD, Chen L (2016) PD-L1 (B7-H1) and PD-1 pathway 
blockade for cancer therapy: Mechanisms, response biomarkers, and 
combinations. Science translational medicine 8(328): 328.

15.	Fridman CS, Petitprez F, Calderaro J, Fridman WH (2019) Tertiary 
lymphoid structures in the era of cancer immunotherapy. Nature 
reviews. Cancer 19(6): 307-325.

16.	Posch F, Silina K, Leibl S, Mündlein A, Moch H, et al. (2017) Maturation 
of tertiary lymphoid structures and recurrence of stage II and III 
colorectal cancer. Oncoimmunology 7(2): e1378844.

17.	Trantien CG, Migliori E, Buisseret L, De Wind A, Brohée S, et al. (2017) 
CXCL13-producing TFH cells link immune suppression and adaptive 
memory in human breast cancer. JCI insight 2(11): e91487.

18.	Germain C, Gnjatic S, Tamzalit F, Knockaert S, Remark R, et al. (2014) 
Presence of B cells in tertiary lymphoid structures is associated with a 
protective immunity in patients with lung cancer. American journal of 
respiratory and critical care medicine 189(7): 832-844.

19.	Garaud S, Buisseret L, Solinas C, Trantien CG, de Wind A, et al. (2019) 
Tumor infiltrating B-cells signal functional humoral immune responses 
in breast cancer. JCI insight 5(18): e129641.

20.	Noël G, Fontsa ML, Garaud S, De Silva P, de Wind A, et al. (2021) 
Functional Th1-oriented T follicular helper cells that infiltrate human 
breast cancer promote effective adaptive immunity. The Journal of 
clinical investigation 131(19): e139905.

21.	Sharonov GV, Serebrovskaya EO, Yuzhakova DV, Britanova OV, Chudakov 
DM (2020) B cells, plasma cells and antibody repertoires in the tumour 
microenvironment. Nature reviews. Immunology 20(5): 294-307.

22.	Solinas C, Garaud S, De Silva P, Boisson A, Van den Eynden G, et al. (2017) 
Immune Checkpoint Molecules on Tumor-Infiltrating Lymphocytes 
and Their Association with Tertiary Lymphoid Structures in Human 
Breast Cancer. Frontiers in immunology 8: 1412.

23.	Kalaora S, Nagler A, Wargo JA, Samuels Y (2022) Mechanisms of 
immune activation and regulation: lessons from melanoma. Nature 
reviews Cancer 22(4): 195-207.

24.	Salemme V, Centonze G, Cavallo F, Defilippi P, Conti L (2021) The 
Crosstalk Between Tumor Cells and the Immune Microenvironment in 
Breast Cancer: Implications for Immunotherapy. Frontiers in oncology 
11: 610303.

25.	Shen X, Zhao B (2018) Efficacy of PD-1 or PD-L1 inhibitors and PD-L1 
expression status in cancer: meta-analysis. BMJ (Clinical research ed.) 
362: k3529.

26.	Paijens ST, Vledder A, de Bruyn M, Nijman HW (2021) Tumor-
infiltrating lymphocytes in the immunotherapy era. Cellular & 
molecular immunology 18(4): 842-859.

27.	Salgado R, Denkert C, Demaria S, Sirtaine N, Klauschen F, et al. (2015) 
The evaluation of tumor-infiltrating lymphocytes (TILs) in breast 
cancer: recommendations by an International TILs Working Group 
2014. Annals of oncology: official journal of the European Society for 
Medical Oncology 26(2): 259-271.

28.	Buisseret L, Garaud S, de Wind A, Van den Eynden G, Boisson A, et al. 
(2016) Tumor-infiltrating lymphocyte composition, organization and 
PD-1/ PD-L1 expression are linked in breast cancer. Oncoimmunology 

6(1): e1257452.

29.	da Graça CG, van Baarsen LGM, Mebius RE (2021) Tertiary Lymphoid 
Structures: Diversity in Their Development, Composition, and Role. 
Journal of immunology (Baltimore, Md.: 1950) 206(2): 273-281.

30.	Fridman CS, Verneau J, Sun CM, Moreira M, Chen TW, et al. (2020) 
Tertiary Lymphoid Structures and B cells: Clinical impact and 
therapeutic modulation in cancer. Seminars in immunology 48: 
101406.

31.	Rao DA, Gurish MF, Marshall JL, Slowikowski K, Fonseka CY, et al. 
(2017) Pathologically expanded peripheral T helper cell subset drives 
B cells in rheumatoid arthritis. Nature 542(7639): 110-114.

32.	Trantien CG, Gallo KW (2017) PD-1hiCXCR5-CD4+ TFH Cells Play 
Defense in Cancer and Offense in Arthritis. Trends in immunology 
38(12): 875-878.

33.	Vonderheid RH (2018) The Immune Revolution: A Case for Priming, 
Not Checkpoint. Cancer cell 33(4): 563-569.

34.	Pimenta EM, Barnes BJ (2014) Role of Tertiary Lymphoid Structures 
(TLS) in Anti-Tumor Immunity: Potential Tumor-Induced Cytokines/
Chemokines that Regulate TLS Formation in Epithelial-Derived 
Cancers. Cancers 6(2): 969-997.

35.	Pimenta EM, De S, Weiss R, Feng D, Hall K, et al. (2015) IRF5 is a 
novel regulator of CXCL13 expression in breast cancer that regulates 
CXCR5(+) B- and T-cell trafficking to tumor-conditioned media. 
Immunology and cell biology 93(5): 486-499.

36.	Dieu NMC, Goc J, Giraldo NA, Sautès FC, Fridman WH (2014) Tertiary 
lymphoid structures in cancer and beyond. Trends in immunology 
35(11): 571-580. 

37.	Trantien CG, Gallo KW (2013) Tumor-infiltrating follicular helper T 
cells: The new kids on the block. Oncoimmunology 2(10): e26066.

38.	June CH, Warshauer JT, Bluestone JA (2017) Is autoimmunity the 
Achilles’ heel of cancer immunotherapy? Nature medicine 23(5): 540-
547.

39.	Crotty S (2019) T Follicular Helper Cell Biology: A Decade of Discovery 
and Diseases. Immunity 50(5): 1132-1148.

40.	Crotty S (2014) T follicular helper cell differentiation, function, and 
roles in disease. Immunity 41(4): 529-542.

41.	Cui C, Wang J, Chen PM, Connolly KA, Damo M, et al. (2021) Neoantigen 
driven B cell and CD4+ T follicular helper cell collaboration promotes 
robust anti-tumor CD8+ T cell responses. Cell 184(5): 6101-6118.

42.	Shi J, Hou S, Fang Q, Liu X, Liu X, et al. (2018) PD-1 Controls Follicular T 
Helper Cell Positioning and Function. Immunity 49(2): 264-274.

43.	Baumjohann D, Preite S, Reboldi A, Ronchi F, Ansel KM, et al. (2013) 
Persistent antigen and germinal center B cells sustain T follicular 
helper cell responses and phenotype. Immunity 38(3): 596-605.

44.	Alonso SS, Jerez GS, Arroyo M, Hernández T, Martos MI, et al. (2020) A 
new role for circulating T follicular helper cells in humoral response 
to anti-PD-1 therapy. Journal for immunotherapy of cancer 8(2): 
e001187.

45.	Lang KS, Burow A, Kurrer M, Lang PA, Recher M (2007) The role of 
the innate immune response in autoimmune disease. Journal of 
autoimmunity 29(4): 206-212.

46.	Hao H, Nakayamada S, Yamagata K, Ohkubo N, Iwata S, et al. (2021) 
Conversion of T Follicular Helper Cells to T Follicular Regulatory Cells 
by Interleukin-2 Through Transcriptional Regulation in Systemic 
Lupus Erythematosus. Arthritis & rheumatology 73(1): 132-142.

http://dx.doi.org/10.19080/APBIJ.2023.06.555697
https://pubmed.ncbi.nlm.nih.gov/25858804/
https://pubmed.ncbi.nlm.nih.gov/25858804/
https://pubmed.ncbi.nlm.nih.gov/25858804/
https://pubmed.ncbi.nlm.nih.gov/12091876/
https://pubmed.ncbi.nlm.nih.gov/12091876/
https://pubmed.ncbi.nlm.nih.gov/12091876/
https://pubmed.ncbi.nlm.nih.gov/26936508/
https://pubmed.ncbi.nlm.nih.gov/26936508/
https://pubmed.ncbi.nlm.nih.gov/26936508/
https://pubmed.ncbi.nlm.nih.gov/31092904/
https://pubmed.ncbi.nlm.nih.gov/31092904/
https://pubmed.ncbi.nlm.nih.gov/31092904/
https://pubmed.ncbi.nlm.nih.gov/29416939/
https://pubmed.ncbi.nlm.nih.gov/29416939/
https://pubmed.ncbi.nlm.nih.gov/29416939/
https://pubmed.ncbi.nlm.nih.gov/28570278/
https://pubmed.ncbi.nlm.nih.gov/28570278/
https://pubmed.ncbi.nlm.nih.gov/28570278/
https://pubmed.ncbi.nlm.nih.gov/24484236/
https://pubmed.ncbi.nlm.nih.gov/24484236/
https://pubmed.ncbi.nlm.nih.gov/24484236/
https://pubmed.ncbi.nlm.nih.gov/24484236/
https://pubmed.ncbi.nlm.nih.gov/31408436/
https://pubmed.ncbi.nlm.nih.gov/31408436/
https://pubmed.ncbi.nlm.nih.gov/31408436/
https://pubmed.ncbi.nlm.nih.gov/34411002/
https://pubmed.ncbi.nlm.nih.gov/34411002/
https://pubmed.ncbi.nlm.nih.gov/34411002/
https://pubmed.ncbi.nlm.nih.gov/34411002/
https://pubmed.ncbi.nlm.nih.gov/31988391/
https://pubmed.ncbi.nlm.nih.gov/31988391/
https://pubmed.ncbi.nlm.nih.gov/31988391/
https://pubmed.ncbi.nlm.nih.gov/29163490/
https://pubmed.ncbi.nlm.nih.gov/29163490/
https://pubmed.ncbi.nlm.nih.gov/29163490/
https://pubmed.ncbi.nlm.nih.gov/29163490/
https://pubmed.ncbi.nlm.nih.gov/35105962/
https://pubmed.ncbi.nlm.nih.gov/35105962/
https://pubmed.ncbi.nlm.nih.gov/35105962/
https://pubmed.ncbi.nlm.nih.gov/33777750/
https://pubmed.ncbi.nlm.nih.gov/33777750/
https://pubmed.ncbi.nlm.nih.gov/33777750/
https://pubmed.ncbi.nlm.nih.gov/33777750/
https://pubmed.ncbi.nlm.nih.gov/33139907/
https://pubmed.ncbi.nlm.nih.gov/33139907/
https://pubmed.ncbi.nlm.nih.gov/33139907/
https://pubmed.ncbi.nlm.nih.gov/25214542/
https://pubmed.ncbi.nlm.nih.gov/25214542/
https://pubmed.ncbi.nlm.nih.gov/25214542/
https://pubmed.ncbi.nlm.nih.gov/25214542/
https://pubmed.ncbi.nlm.nih.gov/25214542/
https://pubmed.ncbi.nlm.nih.gov/28197375/
https://pubmed.ncbi.nlm.nih.gov/28197375/
https://pubmed.ncbi.nlm.nih.gov/28197375/
https://pubmed.ncbi.nlm.nih.gov/28197375/
https://pubmed.ncbi.nlm.nih.gov/33397741/
https://pubmed.ncbi.nlm.nih.gov/33397741/
https://pubmed.ncbi.nlm.nih.gov/33397741/
https://pubmed.ncbi.nlm.nih.gov/33248905/
https://pubmed.ncbi.nlm.nih.gov/33248905/
https://pubmed.ncbi.nlm.nih.gov/33248905/
https://pubmed.ncbi.nlm.nih.gov/33248905/
https://pubmed.ncbi.nlm.nih.gov/28150777/
https://pubmed.ncbi.nlm.nih.gov/28150777/
https://pubmed.ncbi.nlm.nih.gov/28150777/
https://pubmed.ncbi.nlm.nih.gov/29111220/
https://pubmed.ncbi.nlm.nih.gov/29111220/
https://pubmed.ncbi.nlm.nih.gov/29111220/
https://pubmed.ncbi.nlm.nih.gov/29634944/
https://pubmed.ncbi.nlm.nih.gov/29634944/
https://pubmed.ncbi.nlm.nih.gov/24762633/
https://pubmed.ncbi.nlm.nih.gov/24762633/
https://pubmed.ncbi.nlm.nih.gov/24762633/
https://pubmed.ncbi.nlm.nih.gov/24762633/
https://pubmed.ncbi.nlm.nih.gov/25533286/
https://pubmed.ncbi.nlm.nih.gov/25533286/
https://pubmed.ncbi.nlm.nih.gov/25533286/
https://pubmed.ncbi.nlm.nih.gov/25533286/
https://pubmed.ncbi.nlm.nih.gov/25443495/
https://pubmed.ncbi.nlm.nih.gov/25443495/
https://pubmed.ncbi.nlm.nih.gov/25443495/
https://pubmed.ncbi.nlm.nih.gov/24244900/
https://pubmed.ncbi.nlm.nih.gov/24244900/
https://pubmed.ncbi.nlm.nih.gov/28475571/
https://pubmed.ncbi.nlm.nih.gov/28475571/
https://pubmed.ncbi.nlm.nih.gov/28475571/
https://pubmed.ncbi.nlm.nih.gov/31117010/
https://pubmed.ncbi.nlm.nih.gov/31117010/
https://pubmed.ncbi.nlm.nih.gov/25367570/
https://pubmed.ncbi.nlm.nih.gov/25367570/
https://pubmed.ncbi.nlm.nih.gov/34852236/
https://pubmed.ncbi.nlm.nih.gov/34852236/
https://pubmed.ncbi.nlm.nih.gov/34852236/
https://pubmed.ncbi.nlm.nih.gov/30076099/
https://pubmed.ncbi.nlm.nih.gov/30076099/
https://pubmed.ncbi.nlm.nih.gov/23499493/
https://pubmed.ncbi.nlm.nih.gov/23499493/
https://pubmed.ncbi.nlm.nih.gov/23499493/
https://pubmed.ncbi.nlm.nih.gov/32900863/
https://pubmed.ncbi.nlm.nih.gov/32900863/
https://pubmed.ncbi.nlm.nih.gov/32900863/
https://pubmed.ncbi.nlm.nih.gov/32900863/
https://pubmed.ncbi.nlm.nih.gov/17904335/
https://pubmed.ncbi.nlm.nih.gov/17904335/
https://pubmed.ncbi.nlm.nih.gov/17904335/
https://pubmed.ncbi.nlm.nih.gov/32720470/
https://pubmed.ncbi.nlm.nih.gov/32720470/
https://pubmed.ncbi.nlm.nih.gov/32720470/
https://pubmed.ncbi.nlm.nih.gov/32720470/


Anatomy Physiology & biochemistry international journal

008 How to cite this article:    Priti T, Sumana R, Sayan C, Poulomi K, Sarthak B, et al. Unravelling the Vital Role of T-Follicular Helper Cells in Cancer & 
Autoimmunity: A Functional Background and Overview. Anatomy Physiol Biochem Int J: 2023; 6(5): 555697. DOI: 10.19080/APBIJ.2023.06.555697

47.	Xie MM, Liu H, Corn C, Koh BH, Kaplan MH, et al. (2019) Roles of T 
Follicular Helper Cells and T Follicular Regulatory Cells in Autoantibody 
Production in IL-2-Deficient Mice. ImmunoHorizons 3(7): 306-316.

48.	Li L, Yang SH, Yao Y, Xie YQ, Yang YQ, et al. (2016) Block of both TGF-β 
and IL-2 signaling impedes Neurophilin-1+ regulatory T cell and 
follicular regulatory T cell development. Cell death & disease 7(10): 
e2439.

49.	Schulten V, Tripple V, Seumois G, Qian Y, Scheuermann RH, et al. (2018) 
Allergen-specific immunotherapy modulates the balance of circulating 
Tfh and Tfr cells. The Journal of allergy and clinical immunology 
141(2): 775-777.e6.

50.	Ding Y, Li J, Yang P, Luo B, Wu Q, et al. (2014) Interleukin-21 promotes 
germinal center reaction by skewing the follicular regulatory T cell to 
follicular helper T cell balance in autoimmune BXD2 mice. Arthritis & 
rheumatology 66(9): 2601-2612.

51.	Linterman MA, Rigby RJ, Wong R, Silva D, Withers D, et al. (2009) 
Roquin differentiates the specialized functions of duplicated T cell 
costimulatory receptor genes CD28 and ICOS. Immunity 30(2): 228-
241.

52.	Botta D, Fuller MJ, Lago TTM, Bachus H, Bradley JE, et al. (2017) 
Dynamic regulation of T follicular regulatory cell responses by 
interleukin 2 during influenza infection. Nature immunology 18(11): 
1249-1260.

53.	Sage PT, Harel NR, Juneja VR, Sen DR, Maleri S, et al. (2016) Suppression 

by TFR cells leads to durable and selective inhibition of B cell effector 
function. Nature immunology 17(12): 1436-1446.

54.	Jandl C, Liu SM, Cañete PF, Warren J, Hughes WE, et al. (2017) IL-21 
restricts T follicular regulatory T cell proliferation through Bcl-6 
mediated inhibition of responsiveness to IL-2. Nature communications 
8: 14647.

55.	Shen E, Wang Q, Rabe H, Liu W, Cantor H, et al. (2018) Chromatin 
remodeling by the NuRD complex regulates development of follicular 
helper and regulatory T cells. Proceedings of the National Academy of 
Sciences of the United States of America 115(26): 6780-6785.

56.	Johnston RJ, Poholek AC, DiToro D, Yusuf I, Eto D, et al. (2009) Bcl6 
and Blimp-1 are reciprocal and antagonistic regulators of T follicular 
helper cell differentiation. Science 325(5943): 1006-1010.

57.	Colak S, Dijke PT (2017) Targeting TGF-β Signaling in Cancer. Trends 
in cancer 3(1): 56-71.

58.	Holmgaard RB, Schaer DA, Li Y, Castaneda SP, Murphy MY, et al. 
(2018) Targeting the TGFβ pathway with galunisertib, a TGFβRI small 
molecule inhibitor, promotes anti-tumor immunity leading to durable, 
complete responses, as monotherapy and in combination with 
checkpoint blockade. Journal for immunotherapy of cancer 6(1): 47.

59.	Tauriello DVF, Ponce SP, Stork D, Llergo AB, Ramentol JB, et al. (2018) 
TGFβ drives immune evasion in genetically reconstituted colon cancer 
metastasis. Nature 554(7693): 538-543.

This work is licensed under Creative
Commons Attribution 4.0 License
DOI: 10.19080/APBIJ.2023.06.555697

Your next submission with Juniper Publishers    
      will reach you the below assets

•	 Quality Editorial service
•	 Swift Peer Review
•	 Reprints availability
•	 E-prints Service
•	 Manuscript Podcast for convenient understanding
•	 Global attainment for your research
•	 Manuscript accessibility in different formats 

         ( Pdf, E-pub, Full TPxt, Audio) 
•	 Unceasing customer service

  Track the below URL for one-step submission 
 https://juniperpublishers.com/online-submission.php

http://dx.doi.org/10.19080/APBIJ.2023.06.555697
https://pubmed.ncbi.nlm.nih.gov/31356160/
https://pubmed.ncbi.nlm.nih.gov/31356160/
https://pubmed.ncbi.nlm.nih.gov/31356160/
https://www.nature.com/articles/cddis2016348
https://www.nature.com/articles/cddis2016348
https://www.nature.com/articles/cddis2016348
https://www.nature.com/articles/cddis2016348
https://pubmed.ncbi.nlm.nih.gov/28506846/
https://pubmed.ncbi.nlm.nih.gov/28506846/
https://pubmed.ncbi.nlm.nih.gov/28506846/
https://pubmed.ncbi.nlm.nih.gov/28506846/
https://pubmed.ncbi.nlm.nih.gov/24909430/
https://pubmed.ncbi.nlm.nih.gov/24909430/
https://pubmed.ncbi.nlm.nih.gov/24909430/
https://pubmed.ncbi.nlm.nih.gov/24909430/
https://pubmed.ncbi.nlm.nih.gov/19217324/
https://pubmed.ncbi.nlm.nih.gov/19217324/
https://pubmed.ncbi.nlm.nih.gov/19217324/
https://pubmed.ncbi.nlm.nih.gov/19217324/
https://pubmed.ncbi.nlm.nih.gov/28892471/
https://pubmed.ncbi.nlm.nih.gov/28892471/
https://pubmed.ncbi.nlm.nih.gov/28892471/
https://pubmed.ncbi.nlm.nih.gov/28892471/
https://pubmed.ncbi.nlm.nih.gov/27695002/
https://pubmed.ncbi.nlm.nih.gov/27695002/
https://pubmed.ncbi.nlm.nih.gov/27695002/
https://pubmed.ncbi.nlm.nih.gov/28303891/
https://pubmed.ncbi.nlm.nih.gov/28303891/
https://pubmed.ncbi.nlm.nih.gov/28303891/
https://pubmed.ncbi.nlm.nih.gov/28303891/
https://pubmed.ncbi.nlm.nih.gov/29891681/
https://pubmed.ncbi.nlm.nih.gov/29891681/
https://pubmed.ncbi.nlm.nih.gov/29891681/
https://pubmed.ncbi.nlm.nih.gov/29891681/
https://pubmed.ncbi.nlm.nih.gov/19608860/
https://pubmed.ncbi.nlm.nih.gov/19608860/
https://pubmed.ncbi.nlm.nih.gov/19608860/
https://pubmed.ncbi.nlm.nih.gov/28718426/
https://pubmed.ncbi.nlm.nih.gov/28718426/
https://pubmed.ncbi.nlm.nih.gov/29866156/
https://pubmed.ncbi.nlm.nih.gov/29866156/
https://pubmed.ncbi.nlm.nih.gov/29866156/
https://pubmed.ncbi.nlm.nih.gov/29866156/
https://pubmed.ncbi.nlm.nih.gov/29866156/
https://www.nature.com/articles/nature25492
https://www.nature.com/articles/nature25492
https://www.nature.com/articles/nature25492
http://dx.doi.org/10.19080/APBIJ.2018.05.555665
http://dx.doi.org/10.19080/APBIJ.2023.06.555697
https://juniperpublishers.com/online-submission.php

	_Hlk141265154
	_Hlk141359690

