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The role of CD4+CXCR5+ T follicular helper cells in the induction of 
antibody-producing B cells against human respiratory syncytial virus 

 
Respiratory syncytial virus (RSV) is a ubiquitous pathogen and a major cause of lower 

respiratory tract infections in infants, the elderly and immunosuppressed persons. It is 

estimated by the WHO that RSV infects 64 million people per annum and causes 160,000 

deaths, mostly in resource poor settings
1
. To date, there is no vaccine for human use, and only 

poorly effective antiviral drugs.  
 

RSV is an enveloped, non-segmented negative-sense RNA virus that expresses two major 

surface glycoproteins, G and F. G is an attachment protein that is heavily glycosylated and 

highly variable, making it a doubtful choice for vaccine development. Conversely, the F 

protein is relatively conserved and can activate Toll-like receptor (TLR) 4 signalling
2
. It is 

responsible for fusion of the viral and cellular membranes and is essential for infectivity
3
. F 

protein is synthesized as an inactive precursor (pre-triggered) whose cleavage to a triggered 

conformation leads to fusion of adjoining membranes. A commercial humanised mouse 

monoclonal antibody (mAb) palivizumab, recognises a neutralizing epitope within the 

triggered F protein
4
. It is the only licenced product that has specific effects on RSV infection, 

but is only useful in preventing infection at high dose and, due to cost, is reserved for 

prophylaxis in babies at highest risk
1
. A vaccine that induces an appropriate antibody 

response against both pre-triggered and triggered F may therefore have the most potential for 

durable protective immunity against RSV. 

 

Respiratory tract infection by RSV triggers a complex immune cascade. Initially, innate cells 

produce soluble mediators (e.g. interferons) which in turn promote adaptive immunity. 

Activated dendritic cells carry viral antigen to the regional lymph nodes and present antigenic 

peptides to CD4
+

 T cells.  Once primed and divided, daughter CD4
+
 T cells migrate to the 

respiratory mucosa and release further mediators, recruiting eosinophils, CD8
+
 T cells and B 

cells
5
. Virus-specific B cells differentiate and proliferate to form short-lived plasmablasts, 

which are responsible for an acute rise in antibody titre; most then rapidly apoptose, leaving 

only memory B cells and long-lived plasma cells to maintain humoral responses long-term. 

The process of affinity maturation and memory B cell formation occurs within germinal 

centres (GCs) that require the presence of a subset of CD4
+
 T cells, T follicular helper (TFH) 



cells, in order to form. In the lymphoid tissue of mice, TFH cells are identified by the 

expression of CXCR5, PD-1, ICOS, Bcl-6 and IL-21
6
. Once primed, TFH cells migrate to the 

B cell follicles where they form cognate interactions with B cells. The chemokine receptor 

CXCR5 is therefore crucial in allowing homing of TFH and B cells
7
. In humans, it virtually im 

possible to observe or sample lymphoid structures directly, making TFH cells difficult to 

study. However, CXCR5
+
CD4

+
 T cells are detectable in peripheral blood where they 

comprise three subsets (Th1, Th2 and Th17). Th2 and Th17 TFH (but not Th1 TFH) have been 

shown support antibody production ex vivo
7
.  

 

Since cognate interactions between CD4
+
 T cells and B cells are essential for high affinity 

long-lasting antibody production, a successful vaccine should promote both TFH and B cells. 

In this project, we will examine the epitope specificity of the human CD4
+
CXCR5

+ 
TFH-like 

cells from PBMC in parallel with the antibody-secreting cell repertoire induced following 

experimental human challenge with RSV. Identifying TFH-like cells by FACS in human 

PBMCs is possible, but not easy.  

 

However, using the expertise of Professor Openshaw (who developed the technique of 

intracellular cytokine analysis by FACS during a sabbatical at DNAX, California USA
8
) and 

the antibodies for ImmunoTools, we hope to identify these cells and to study additional 

expression markers. This will provide a way of identifying human TFH cells in this model. It is 

worth highlighting that our department has made seminal contributions to the field by the use 

of novel FACS methods over many years 
9,10,11,12,13

; we anticipate that the method will aid our 

understanding regarding the role of TFH cells in human RSV disease, and also be of 

widespread use in other disease models where the study of B cell responses is important. We 

have a state of the art professionally run FACS facility which is part of our department.  
 

 

References: 
1. Habibi, M. S. & Openshaw, P. J. M. Benefit and harm from immunity to respiratory syncytial virus: 

implications for treatment. Curr. Opin. Infect. Dis. 25:687-694 (2012). 
2. Collins, P. L. & Melero, J. A. Progress in understanding and controlling respiratory syncytial virus: 

still crazy after all these years. Virus Res. 162, 80–99 (2011). 
3. Ruiz-Argüello, M. B. et al. Thermostability of the human respiratory syncytial virus fusion protein 

before and after activation: implications for the membrane-fusion mechanism. J. Gen. Virol. 85, 
3677–3687 (2004). 

4. Blanco, J. C. G., Boukhvalova, M. S., Shirey, K. A., Prince, G. A. & Vogel, S. N. New insights for 
development of a safe and protective RSV vaccine. Hum Vaccin 6, 482–492 (2010). 

5. Openshaw, P. J. M. & Tregoning, J. S. Immune responses and disease enhancement during 
respiratory syncytial virus infection. Clin. Microbiol. Rev. 18, 541–555 (2005). 

6. Kassiotis, G. & O'Garra, A. Establishing the follicular helper identity. Immunity 31, 450–452 (2009). 
7. Morita, R. et al. Human Blood CXCR5+CD4+ T Cells Are Counterparts of T Follicular Cells and 

Contain Specific Subsets that Differentially Support Antibody Secretion. Immunity 34, 108–121 
(2011). 

8. Openshaw, P., Murphy, E.E., Hosken, N.A., Maino, V., Davis, K., Murphy, K and O’Garra, A. 
Heterogeneity of intracellular cytokine synthesis at the single-cell level in polarized T helper 1 
and T helper 2 populations. J. Exp. Med. 182, 1357-1367 (1995).  

9. Prussin, C., and Openshaw, P.J.M. Detection of intracellular cytokines by flow cytomotry. Current 
Protocols in Immunology 6.24.1-6.24.11 (1998). 

10. Pennycok, A., Pala, P., Matthews, S., Hussell, T. and Openshaw, P.J.M. Flow cytometric detection of 
intracellular cytokines. In Cytokine cell biology: a practical approach. F Balkwill editor. Oxford 
University Press, 171-180 (2000). 

11. Lee, D.C., Harker, J.A., Tregoning, J.S., Atabani, S.F., Johansson, C., Schwarze, J. and Openshaw, P.J.M. 
CD25+ natural regulatory T cells are critical in limiting innate and adaptive immunity and 
resolving disease following respiratory syncytial virus infection. J.Virol. 84:8790–8798 (2010).
     

12. Wack, A., Openshaw, P., O’Garra, A. Contribution of cytokines to pathology and protection in virus 



infection. Current Opinion in Virology 1:184-195 (2011). 
13. Loebbermann, J., Thornton, H., Johansson, C. and Openshaw, P.J.M. 2012. Defective 

immunoregulation in vaccine-augmented viral lung disease, restored by selective 
chemoattraction of regulatory T cells. Proc Natl Acad Sci USA 
www.pnas.org/cgi/doi/10.1073/pnas.1217580110 

 
 
 

ImmunoTools IT-Box-139.2 for Aleks Kamer Guvenel includes 100 antibodies 

FITC - conjugated anti-human CD1a, CD3, CD4, CD5, CD6, CD7, CD8, CD14, CD15, CD16, 
CD19, CD21, CD25, CD29, CD35, CD36, CD41a, CD42b, CD45, CD45RA, CD45RB, 
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PE - conjugated anti-human CD3, CD4, CD8, CD11b, CD15, CD14, CD18, CD19, CD20, 
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