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Introduction to TFH Cells 

Tangye et al 2013 Nat Rev Imm 

•  Subset of CD4+ T-cells 

•  Required to differentiate B-cells to antibody 

secreting B-cells 

 Therefore necessary to generate serological 

memory responses to pathogens and 

vaccines 

Introduction to TFH Cells 

•  First described in humans by Breitfield et al (J Exp Med 2000) as 

CD4+ T-cells in secondary lymphoid tissue that expressed the B-

cell homing chemokine receptor CXCR5. 

•  Therefore TFH localise to B-cell follicles and germinal centres 

Introduction to TFH Cells 

•  CD4+CXCR5+ T-cells are more efficient at inducing B-

cell class switching and antibody production compared 

with CD4+ CXCR5- T-cells 

•  Currently TFH cells are defined as CD4+ T-cells that 

migrate to follicles and interact with antigen-specific 

cells to support their differentiation. 

•  Practically it is difficult to study these cells given this 

anatomical definition 

•  More commonly TFH are defines as CD4+CXCR5highICOS

+PD-1+ 

•  TFH are also Bcl-6+CCR7-CD127- 

TFH in Germinal Centre 

Tangye et al 2013 Nat Rev Imm 

Important molecules for TFH cell function 

Vinuesa et al Nat Rav Immunol 2005 
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TFH cells express high levels of ICOS 

•  ICOS KO mice are unable to produce CXCR5+ T-cells 
•  Homozygous loss of ICOS is associated with CVID 

Development of TFH Cells 

•  TFH cells are generated from naïve CD4+ T-cells following 

interactions with follicular dendritic cells and also 

activated B-cells 

Tangye et al 2013 Nat Rev Imm 

Requirements for TFH formation 

•  TNF receptor super-family 

 Sustained BAFF-BAFFR-NIK signaling in B-cells 

maintains ICOSL expression on B-cells 

  ICOSL/ICOS binding required for TFH differentiation 

•  SLAM family (especially CD84 SLAMF5) 

 Recruit SAP on CD4+T-cells which activate signaling 

intermediates 

 SAP deficient Naïve CD4+T-cells can not form 

conjugates with B-cells and are unable to differentiate 

into TFH cells 

 Pts with XLP have SH2D1A mutations in SAP and have 

poor humeral immunity 

Requirements for TFH formation 

•  PD-1 

 Highly expressed on TFH cells 

 PD-1 inhibits TFH differentiation 

 PD-1 KO mice have increased TFH cells 

•  Cytokines 

  IL-6 and IL-21 

  IL-10 and IL-2 are negative regulators  

Real-time RT-PCR analysis of TFH-specific genes 

Nurieva et al 2008 Immunity 

TFH Cell Memory 

•  The fate of TFH cells following GC reactions is unclear 

•  Some data suggests former TFH cells differentiate into 

memory cells and down-regular CXCR5, PD-1 and BCL-6 

and re-express CCR7, CD127 and CD62L 

•  Unclear if TFH are short lived or can differentiate into long 

lived cells that can resume a TFH phenotype upon re-

exposure to antigen 



3 

The expanding universe of TFH-like cells 

•  Extra-follicular TFH cells 

 Do not express CXCR5 

 Are CXCR4-CXCL12+ 

•  NKTFH cells 

•  Yd TFH cells 

•  Follicular T-reg cells 

•  Circulating TFH-like cells 

 CD4+CXCR5+ 

The expanding universe of TFH-like cells 

Tangye et al 2013 Nat Rev Imm 

pTFH Cells as a biomarker of humeral immunity 

•  Circulating %TFH cells is not altered with HIV 

infection 

•  Healthy controls and HIV+ vaccine responders to 

H1N1 flu vaccine display TFH cell division and 

increased secretion of IL-21 and CXCL13 not seen in 

HIV+ vaccine non-responders 

Pallikkuth et al 2009 Blood 

pTFH Cells as a biomarker of humeral immunity 

•  %TFH cells correlated with % memory B-cells and 

H1N1 Ab titre post vaccination 

Pallikkuth et al 2009 Blood 

Role of TFH cells in Autoimmunity 

"   TFH may contribute to autoimmunity through the generation of 
autoAb or via the production of cross-reactive Ab 

Tangye et al 2013 Nat Rev Imm 

TFH in Autoimmunity 

•  Increased TFH correlates with autoimmunity 

Tangye et al 2013 Nat Rev Imm 
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TFH cells in Immunodeficiency 

Tangye et al 2013 Nat Rev Imm 

TFH Cells and Malignancy 

Tangye et al 2013 Nat Rev Imm 

Identifying TFH cells by Flow cytometry 

•  Human Peripheral Blood 

•  CD3+4+CXCR5+ 

Pallikkuth et al 2009 Blood 

Identifying TFH cells by Flow cytometry 

•  Human PBMCs in patients with active and 
inactive SLE 

•  CD3+4+PD-1+CXCR5+ 

Identifying TFH cells by Flow cytometry 

•  Macaque LN 

•  CD3+4+PD-1highCD127-  

Xu et al Jour Immunol Meth 2013 

TFH Cells: Summary and Conclusions 

•  TFH are a subset of CD4+ T-cells necessary for B-cell 

differentiation to antibody producing cells. 

•  Classically they are anatomically defined as T-cells in 

the GC, practically identified as CD4+CXCR5highICOS

+PD1+ 

•  Have high levels of expression of molecules involved in 

the T/B-cell interface 

•  Produce IL-21 and Bcl-6 



5 

TFH Cells: Summary and Conclusions 

•  It is unclear if TFH are cells short lived after GC reactions 

or whether they revert phenotype but are long lived and 

able to revert to TFH phenotype 

•  Identifying further subsets of “TFH-like” cells (including 

circulating TFH) remains an area of current research 

•  Circulating TFH may be a biomarker of humeral immunity 

TFH Cells: Summary and Conclusions 

•  Increased TFH have been associated with autoimmunity 

and malignancy while deficits are associated with 

immunodeficiency 

•  Flow cytometric identification of TFH is occurring in  

research settings 

•  ?Role in diagnostic immunopathology 

Thank you 

•  Questions? 


