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The direct movement of viruses between contacting cells as a mode of dissemination distinct from 

the release of cell-free virions was hinted at in pioneering experiments first reported almost eighty 

years ago  [1], and confirmed and extended 30 years later  [2,3]. This early work was carried out using 

the tools of the time in the absence of the modern cell biological, immunological and virological 

techniques available today. As such, although many of the basic concepts were established for cell-to-

cell spread prior to the discovery of retroviruses, descriptions of the molecular and cellular 

mechanisms underlying this phenomenon were lacking. Papers from two decades ago revealed that  

HIV-1 could spread between cultured lymphocytes by cell-to-cell spread  [4], proposed that this 

mechanism of dissemination was substantially more efficient than diffusion-limited spread of cell-free 

virions  [5,6], and suggested that this might be a mechanism of evasion from antibody 

neutralization [4].  

Investigation of the cell-to-cell spread of viruses, and particularly retroviruses, has seen a 

renaissance in the past five years with the discovery of a multi-molecular structure termed the 

virological, or infectious, synapse  [7-10]. The definition of this structure was to a great extent based 

upon the paradigm established by two other well-established synaptic junctions, neural and 

immunological synapses  [11], and the virological synapse shares features of these synapses. Foremost 

amongst these shared features are the relatively stable adhesive junction formed between the pre-

synaptic (virus infected donor) cell and the post-synaptic (receptor-expressing target) cell, and the 

cytoskeleton-dependent directed release of intercellular information, which in the case of the 

virological synapse is infectious material in the form of virions. Thus the virological synapse becomes 

a ‘third synapse’, distinct from the neural and immunological synapses in that it transfers ‘pathogenic 

information’ between cells. Although first described for retroviruses, other viruses can use virological 

synapses for spread between immune cells  [12], and the list will no doubt grow longer. 
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Although we do not yet have direct evidence supporting a role for retroviral cell-to-cell spread in 

vivo, its importance seems certain. HTLV-1 is almost non-infectious in vitro in a cell-free form, 

strongly implying that the predominant means of spread in vitro and in vivo is cell-to-cell, and helping 

to explain in vivo viral tropism  [13]. In the early stages of HIV-1 infection the virus infects and kills 

CD4+ T cells so rapidly that the comparatively slow dissemination by cell-free virus is unlikely to 

account for this  [14]. Moreover, HIV-1 preferentially targets CD4+ T cells with T cell receptors 

specific for itself, implying that the virus is able to infect such cells across immunological 

synapses  [15]. Finally, the focal distribution of SIV and HIV-1 infected cells in secondary lymphoid 

tissue and the multiplicity of infection implied by multiple integration events are consistent with direct 

movement of virus between contacting cells  [16-18]. 

Several other virus families including rhabdo, herpes, pox, paramyxo, Flavi and African Swine 

Fever can travel by directed cell-to-cell spread via diverse mechanisms  [8]. The induction of 

virological synapses dictates interaction between the host cell cytoskeleton and the pathogen in ways 

similar to, but distinct from that described for these other viruses and for intracellular bacteria  [19]. 

Understanding microbial entry and spread reveals a lot about the pathogenesis of the infectious agent, 

but we can learn as much about host molecular cell biology using pathogens as functional probes, as 

we can about the pathogens themselves. This will be the case for the virological synapse, which will 

shed light not only on processes relating to intercellular communication including immunological 

synapse assembly and function, but may help identify potential molecular targets for intervention in 

the virus life cycle. 

Many of the central questions relating to the cellular and molecular basis of virological synapse 

structure and function have been, or are being, addressed, and the concept of cell-to-cell spread by 

these and related structures is well established. Nevertheless, substantial gaps remain in our 

knowledge, and several of the key concepts relating to this mode of viral spread are controversial and 

remain to be confirmed or properly understood. This issue of Viruses presents a series of state-of-the 

art reviews of the field from experts in the major areas of retroviral virological synapse research, 

discussing areas of particular interest and highlighting significant lacunae in our understanding. 

Acknowledgements 

Q.S. is supported by grants from the MRC UK, The Bill and Melinda Gates Foundation, The 

Wellcome Trust, The International AIDS Vaccine Initiative Neutralizing antibody Consortium, the 

European Union Network of Excellence EUROPRISE, and he is a Jenner Vaccine Institute fellow. 

References 

1. Rous, P.; McMaster, P.D.; Hudack, S.S. The Fixation and Protection of Viruses by the Cells of 

Susceptible Animals. J. Exp. Med. 1935, 61, 657-688. 

2. Weller, T.H. Serial propagation in vitro of agents producing inclusion bodies derived from 

varicella and herpes zoster. Proc. Soc. Exp. Biol. Med. 1953, 83, 340-346. 

3. Black, F.L.; Melnick, J.L. Microepidemiology of poliomyelitis and herpes-B infections: spread of 

the viruses within tissue cultures. J. Immunol. 1955, 74, 236-242. 



Viruses 2010, 2                            

 

 

1010

4. Gupta, P.; Balachandran, R.; Ho, M.; Enrico, A.; Rinaldo, C. Cell-to-cell transmission of human 

immunodeficiency virus type 1 in the presence of azidothymidine and neutralizing antibody.  

J. Virol. 1989, 63, 2361-2365. 

5. Sato, H.; Orenstein, J.; Dimitrov, D.; Martin, M. Cell-to-cell spread of HIV-1 occurs within 

minutes and may not involve the participation of virus particles. Virology 1992, 186, 712-724. 

6. Dimitrov, D.S.; Willey, R.L.; Sato, H.; Chang, L.J.; Blumenthal, R.; Martin, M.A. Quantitation of 

human immunodeficiency virus type 1 infection kinetics. J. Virol. 1993, 67, 2182-2190. 

7. McDonald, D.; Wu, L.; Bohks, S.M.; KewalRamani, V.N.; Unutmaz, D.; Hope, T.J. Recruitment 

of HIV and its receptors to dendritic cell-T cell junctions. Science 2003, 300, 1295-1297. 

8. Sattentau, Q. Avoiding the void: cell-to-cell spread of human viruses. Nat. Rev. Microbiol. 2008, 

6, 815-826. 

9. Igakura, T.; Stinchcombe, J.C.; Goon, P.K.; Taylor, G.P.; Weber, J.N.; Griffiths, G.M.; Tanaka, 

Y.; Osame, M.; Bangham, C.R. Spread of HTLV-I between lymphocytes by virus-induced 

polarization of the cytoskeleton. Science 2003, 299, 1713-1716. 

10. Jolly, C.; Kashefi, K.; Hollinshead, M.; Sattentau, Q.J. HIV-1 cell to cell transfer across an Env-

induced, actin-dependent synapse. J. Exp. Med. 2004, 199, 283-293. 

11. Dustin, M.L.; Colman, D.R. Neural and immunological synaptic relations. Science 2002, 298, 

785-789. 

12. Aubert, M.; Yoon, M.; Sloan, D.D.; Spear, P.G.; Jerome, K.R. The virological synapse facilitates 

herpes simplex virus entry into T cells. J. Virol. 2009, 83, 6171-6183. 

13. Bangham, C.R. The immune control and cell-to-cell spread of human T-lymphotropic virus type 

1. J. Gen. Virol. 2003, 84, 3177-3189. 

14. Brenchley, J.M.; Price, D.A.; Douek, D.C. HIV disease: fallout from a mucosal catastrophe?  

Nat. Immunol. 2006, 7, 235-239. 

15. Douek, D.C.; Brenchley, J.M.; Betts, M.R.; Ambrozak, D.R.; Hill, B.J.; Okamoto, Y.; Casazza, 

J.P.; Kuruppu, J.; Kunstman, K.; Wolinsky, S.; Grossman, Z.; Dybul, M.; Oxenius, A.; Price, 

D.A.; Connors, M.; Koup, R.A. HIV preferentially infects HIV-specific CD4+ T cells. Nature 

2002, 417, 95-98. 

16. Haase, A.T. Population biology of HIV-1 infection: viral and CD4+ T cell demographics and 

dynamics in lymphatic tissues. Annu. Rev. Immunol. 1999, 17, 625-656. 

17. Dixit, N.M.; Perelson, A.S. Multiplicity of human immunodeficiency virus infections in lymphoid 

tissue. J. Virol. 2004, 78, 8942-8945. 

18. Grossman, Z.; Feinberg, M.B.; Paul, W.E. Multiple modes of cellular activation and virus 

transmission in HIV infection: a role for chronically and latently infected cells in sustaining viral 

replication. Proc. Natl. Acad. Sci. U. S. A. 1998, 95, 6314-6319. 

19. Gouin, E.; Welch, M.D.; Cossart, P. Actin-based motility of intracellular pathogens. Curr. Opin. 

Microbiol. 2005, 8, 35-45. 

 

© 2010 by the authors; licensee Molecular Diversity Preservation International, Basel, Switzerland. 

This article is an Open Access article distributed under the terms and conditions of the Creative 

Commons Attribution license (http://creativecommons.org/licenses/by/3.0/). 


