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Many viruses spread more efficiently from cell to cell by direct cell-cell contact rather than by
using a cell-free mode. Cell-to-cell spread permits rapid spreading as well as evasion of neutralizing
antibodies [1]. The human T cell leukemia virus type 1 (HTLV-1) could well represent the champion
among cell-cell contact-dependent viruses. It is poorly infectious as cell-free virus, but efficiently
spreads in cultures of lymphocytes [2]. HTLV-1's almost complete dependence on cell-cell contact
predicts a rich biology by which cell-cell contact promotes HTLV-1 transmission. In a recent report in
Nature Medicine, Pais-Correia, Thoulouze and colleagues propose that HTLV-1 particles move from
cell to cell in complex with numerous extracellular matrix (ECM) components, forming large surface
associated biofilm-like structures [3].
Using confocal and electron microscopy, Pais-Correia and colleagues observed that HTLV-1
accumulates at the surface of infected cells in a meshwork of virally induced extracellular matrix
containing ECM components such as collagen and galectin-3 [3] (Figure 1A). Interestingly, tetherin,
identified as an antiviral factor that prevents cell-free release of viruses from infected cells [4], is also
part of these large structures and may play a role in the retention of HTLV-1 at the surface of infected
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cells. The co-localization of these extracellular components with HTLV-1 to large assemblies that can
be seen at the surface of infected T cells by scanning electron microscopy is striking and very
convincing [3]. Importantly, these structures were detected on uninfected target cells following
co-culture with infected cells (Figure 1A). Removing these extracellular viral assemblies
mechanically, by extensive pipetting, or by treatment with heparin reduced the efficiency of HTLV-1
spreading. ECM components are known to locally enrich signaling molecules thereby critically
influencing cellular signal transduction pathways. ECM components may similarly function to
concentrate HTLV-1 virions, thereby enhancing overall infectivity. Furthermore, ECM components
are rich in carbohydrates that may serve to shelter released extracellular HTLV particles from immune
surveillance. The authors liken these structures to bacterial biofilms rich in bacterially produced
polysaccharides.
A surface-based mechanism for HTLV-1 transmission contrasts with a previously proposed model
for polarized HTLV-1 assembly and spread at sites of cell-cell contact (Figure 1B versus 1A) [5-8]. In
2003, Igakura, Bangham and colleagues observed the accumulation of HTLV-1 Gag, Env and genome
at the interface between primary HTLV-1 infected and uninfected T cells and subsequently detected
viral transfer to the uninfected cell [5]. The movement of viral components to the cell-cell interface
was accompanied by a reorientation of the microtubule organizing center (MTOC) as well as
accumulation of the cytoskeletal effector protein talin at the zone of cell-cell contact (Figure 1B).
Because of similarities to the accumulation of antigen and the polarization observed in the
immunological synapse, the authors called these cell-cell interfaces virological synapses [5].
Subsequent work by the same group demonstrated an important role for the HTLV-1 accessory protein
Tax in the up-regulation of ICAM-1, that further contributes to the formation of polarized
synapses [7,8]. Electron tomography of cell-cell contact sites revealed HTLV particles released into
synaptic clefts between infected and uninfected primary lymphocytes, supporting a model involving
polarized virus assembly and transmission across the synapse for efficient transmission
(Figure 1B) [6].
While it is interesting that both groups have arrived at different conclusions studying the same virus
and using related techniques, we emphasize that mechanisms of surface transmission and polarized
assembly may not be mutually exclusive and that both processes will likely contribute to the spread of
many viruses, not just HTLV-1. For instance, our group has observed contributions from either
pathway to the spreading of the murine leukemia virus (MLV) in fibroblast cells (Figure 1C, D) [9,10].
We recently observed the tendency of nascently assembled MLV virions to remain associated with the
surface of producer cells after budding, at least in part due to heparin-sensitive virus-cell interactions
with cell surface glycosylaminoglycans (and not unlike interactions observed between HTLV-1 and
ECM compoenents). Surface retained viruses were competent for transfer to uninfected target cells
during transient episodes of contact between infected and uninfected cells (Figure 1C) [10].
Additionally, we have also observed the establishment of long-term interactions between infected
and uninfected target cells, regulated by strong binding of viral Env proteins on the infected cell
surface to specific receptor molecules on the uninfected cell surface [11]. For many interactions
lasting more than 30 min, virus assembly was preferentially directed to sites of cell-cell contact, a
phenomenon requiring that the integrity of the cytosolic tail of Env be intact (Figure 1D) [9].
Assembly at Env-enriched cell-cell contacts was up to 55-fold more prevalent than at other regions of
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the plasma membrane. Thus, studying MLV cell-to-cell transmission, we have documented cellular
mechanisms of lateral, surface-based exchange governed by extracellular moeities as well as polarized
assembly and transmission at the cell-cell interface likely regulated by intracellular signaling
(Figure 1C, D).
Figure 1. Models of retrovirus cell-to-cell transmission. A. HTLV particles released
from infected T cells form biofilm like-structure enriched with extracellular matrix
components on the cell surface [3]. When infected cells contact uninfected cells,
extracellular viral particles spread from cell to cell at the periphery of the viral synapse.
B. HTLV virus budding is polarized towards the viral synapse [5,6]. Viruses are released
into synaptic clefts to infect neighboring T cells. In the infected cells, the MTOC (dark
green ovals) is reoriented towards the synapse indicating cell polarity. C. Completely
budded MLV particles are retained on the cell surface of chronically infected
fibroblasts [10]. Upon contact with uninfected cells, particles can spread to uninfected
cells via transient fingertip-like cell-cell contacts. D. MLV assembly and budding are
polarized towards a long-lived and stabilized cell-cell contact zone formed between
infected and uninfected fibroblasts [9]. De novo assembled viral particles go onto to infect
neighboring cells.

Viruses 2010, 2

604

For the human immunodeficiency virus (HIV), evidence for surface transmission was first obtained
during the study of the ability of dendritic cells to capture and transfer HIV to T cells, a mechanism
mediated by C-type lectins resident at the surface of the dendritic cell [12-15]. Moreover, in striking
similarity to HTLV-1, an accumulation of evidence supports polarized assembly and egress at
virological synapses formed between infected and uninfected T cells [16,17]. The recent description
of polysynapses formed between infected cells and multiple target cells argues against the idea that
MTOC reorientation is a broad requirement for polarized virus transmission [18]. However, these
observations do reinforce the notion that mechanisms of surface-based transfer and polarized egress
both contribute to the efficiency of HIV-1 spread. In general, we predict that in the case of a
chronically infected cell, viruses may be sequestered at the surface of infected cells and be passed on
at a later time point when cells transiently interact with uninfected cells. In contrast, if cells interact
with uninfected target cells early after infection or for prolonged periods of time, virus assembly can
be polarized towards the cell-cell interface [9]. Interestingly, the electron tomography study of
HTLV-1 spreading performed by Bangham group revealed released particles accumulating both at the
periphery of the synapse and within the synaptic cleft for a continuously infected cell line. However,
particles from naturally infected CD4+ T cells were found only at the synaptic cleft [6].
In the end, we believe that the work by Pais-Correia, Thoulouze and colleagues will be remembered
as an intriguing and stimulating report that sheds light on the role of extracellular matrix components
in viral spreading. Given that ~80% of virus infections enter people at mucosal surfaces [19], the role
of the complex ECM is massively understudied. Early work suggests that extracellular components
may exhibit enhancing as well as inhibitory roles in viral transmission [20,21]. Clearly, it can be
expected that the role of the ECM in virus transmission will become a very fruitful area of study.
References and Notes
1.
2.
3.

4.
5.

6.

7.

Sattentau, Q. Avoiding the void: cell-to-cell spread of human viruses. Nat. Rev. Microbiol. 2008,
6, 815-826.
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.
Pais-Correia, A.M.; Sachse, M.; Guadagnini, S.; Robbiati, V.; Lasserre, R.; Gessain, A.; Gout, O.;
Alcover, A.; Thoulouze, M.I. Biofilm-like extracellular viral assemblies mediate HTLV-1 cell-tocell transmission at virological synapses. Nat. Med. 2010, 16, 83-89.
Neil, S.J.; Zang, T.; Bieniasz, P.D. Tetherin inhibits retrovirus release and is antagonized by
HIV-1 Vpu. Nature 2008, 451, 425-430.
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.
Majorovits, E.; Nejmeddine, M.; Tanaka, Y.; Taylor, G.P.; Fuller, S.D.; Bangham, C.R. Human
T-lymphotropic virus-1 visualized at the virological synapse by electron tomography. PLoS One
2008, 3, e2251.
Nejmeddine, M.; Negi, V.S.; Mukherjee, S.; Tanaka, Y.; Orth, K.; Taylor, G.P.; Bangham, C.R.
HTLV-1-Tax and ICAM-1 act on T-cell signal pathways to polarize the microtubule-organizing
center at the virological synapse. Blood 2009, 114, 1016-1025.

Viruses 2010, 2
8.

9.
10.
11.

12.
13.

14.

15.
16.
17.
18.

19.
20.

21.

605

Barnard, A.L.; Igakura, T.; Tanaka, Y.; Taylor, G.P.; Bangham, C.R. Engagement of specific
T-cell surface molecules regulates cytoskeletal polarization in HTLV-1-infected lymphocytes.
Blood 2005, 106, 988-995.
Jin, J.; Sherer, N.M.; Heidecker, G.; Derse, D.; Mothes, W. Assembly of the murine leukemia
virus is directed towards sites of cell-cell contact. PLoS Biol. 2009, 7, e1000163.
Sherer, N.M.; Jin, J.; Mothes, W. Directional Spread of Surface Associated Retroviruses
Regulated by Differential Virus-Cell Interactions. J. Virol. 2010, doi:10.1128/JVI.02155-09.
Sherer, N.M.; Lehmann, M.J.; Jimenez-Soto, L.F.; Horensavitz, C.; Pypaert, M.; Mothes, W.
Retroviruses can establish filopodial bridges for efficient cell-to-cell transmission. Nat. Cell Biol.
2007, 9, 310-315.
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.
Yu, H.J.; Reuter, M.A.; McDonald, D. HIV traffics through a specialized, surface-accessible
intracellular compartment during trans-infection of T cells by mature dendritic cells. PLoS
Pathog. 2008, 4, e1000134.
Geijtenbeek, T.B.; Kwon, D.S.; Torensma, R.; van Vliet, S.J.; van Duijnhoven, G.C.; Middel, J.;
Cornelissen, I.L.; Nottet, H.S.; KewalRamani, V.N.; Littman, D.R.; Figdor, C.G.; van Kooyk, Y.
DC-SIGN, a dendritic cell-specific HIV-1-binding protein that enhances trans-infection of T cells.
Cell 2000, 100, 587-597.
Cavrois, M.; Neidleman, J.; Greene, W.C. The achilles heel of the trojan horse model of HIV-1
trans-infection. PLoS Pathog. 2008, 4, e1000051.
Phillips, D.M. The role of cell-to-cell transmission in HIV infection. Aids 1994, 8, 719-731.
Jolly, C.; Kashefi, K.; Hollinshead, M.; Sattentau, Q.J. HIV-1 cell to cell transfer across an Envinduced, actin-dependent synapse. J. Exp. Med. 2004, 199, 283-293.
Rudnicka, D.; Feldman, J.; Porrot, F.; Wietgrefe, S.; Guadagnini, S.; Prevost, M.C.; Estaquier, J.;
Haase, A.T.; Sol-Foulon, N.; Schwartz, O. Simultaneous cell-to-cell transmission of human
immunodeficiency virus to multiple tragets through polysynapses. J. Virol. 2009, 83, 6234-6246.
Haase, A.T. Perils at mucosal front lines for HIV and SIV and their hosts. Nat Rev Immunol 2005,
5, 783-792.
Munch, J.; Rucker, E.; Standker, L.; Adermann, K.; Goffinet, C.; Schindler, M.; Wildum, S.;
Chinnadurai, R.; Rajan, D.; Specht, A.; Gimenez-Gallego, G.; Sanchez, P.C.; Fowler, D.M.;
Koulov, A.; Kelly, J.W.; Mothes, W.; Grivel, J.C.; Margolis, L.; Keppler, O.T.; Forssmann, W.G.;
Kirchhoff, F. Semen-Derived Amyloid Fibrils Drastically Enhance HIV Infection. Cell 2007, 131,
1059-1071.
Lai, S.K.; Hida, K.; Shukair, S.; Wang, Y.Y.; Figueiredo, A.; Cone, R.; Hope, T.J.; Hanes, J.
Human immunodeficiency virus type 1 is trapped by acidic but not by neutralized human
cervicovaginal mucus. J. Virol. 2009, 83, 11196-11200.

© 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/).

