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Human T-lymphotropic virus type 1 (HTLV-1) is the etiological agent of adult T-cell leukemia/lymphoma and
HTLV-1-associated myelopathy. In patients, the provirus is detected in CD4% T cells. HTLV-1 also infects blood
or monocyte-derived dendritic cells (DCs) in vitro. Since DCs are more susceptible to HTLV-1 infection than
autologous T cells, it has been suggested that they might be intermediaries for the viral spread to lymphocyrtes.
DCs can switch from an immature to a mature state after contact with pathogens. In other viral infection, mature
DCs are more efficient than immature DCs in viral transmission to T cells. In this editorial, we highlight a work
demonstrating that mature DCs are unable to transmit HTLV-1 to T cells and discuss the mechanism of such
restriction.

HTLV-1 was identified as the first human oncogenic retrovirus [1,2]. It is the etiological agent of adult T-cell
leukemia (ATL), an oligoclonal malignancy of infected CD4" T lymphocytes, and of tropical spastic paraparesis,
a chronic progressive inflammatory disease. Five to ten million individuals are HTLV-1 carriers worldwide (3], a
probably underestimated number. HTLV-1 inter-individual transmission relies on mother-to-child transmission
through prolonged breastfeeding, on sexual transmission and on transmission with contaminated blood products [4].

In chronically infected individuals, HTLV-1 proviral DNA is mainly found in CD4™ T cells, but several reports
have demonstrated that others immune cell types are infected by HTLV-1 in vivo [5-7). These cell types include DCs,
which are specialized antigen-presenting cells and essential mediators in shaping innate and adaptive immunity [8].
In vitro studies conducted by our lab and others confirmed that HTLV-1 productively infects myeloid blood
DC:s [71 and monocyte-derived DCs (MDDCs) [9-111. Of note, exposure of target cells to cell-free viruses only leads
to very low levels of productive infection (9], consistent with the observation that efficient infection of target cells
requires close cell-to-cell contacts with infected donor cells [12]. Viral entry in T cells requires expression of the
HTLV-1 receptor complex, in other words, neuropilin-1 and heparan sulfate proteoglycans, used for binding (13],
and the glucose transporter Glut-1, required for fusion [14], while viral binding to DCs was also shown to require
DC-SIGN [11].

Importantly, we demonstrated that primary MDDCs are more susceptible to productive HTLV-1 infection than
their autologous T cells [91. Given that productively infected MDDC:s are able to transfer HTLV-1 to T cells (7,9,11],
it is thus proposed that DCs might be important intermediaries for HTLV-1 spread to T cells in newly infected
individuals.

Upon stimulation, DCs can switch from an immature to a mature state characterized by morphological,
phenotypic and functional changes [15). Interestingly, in the context of HIV-1, another retrovirus that spreads from
DCs to T cells in newly infected individuals, mature DCs have been shown to be more efficient than immature
DCs in viral transmission to T cells [16]. Since interaction of HTLV-1 with mature DCs has not been described
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yet, we examined in a recent work whether immature or mature MDDCs have the same susceptibilicy to HTLV-1
infection and replication and whether they have the same ability to transfer HTLV-1 to T cells [17).

Immature MDDCs were differentiated from primary monocytes in the presence of IL-4 and GM-CSE Matura-
tion was induced either by replacing IL-4 by IEN-a in the differentiation medium (IFN-o DCs), or by stimulating
immature IL-4 DCs with lipopolysaccharide (LPS), a toll-like receptor 4 agonist [18]. While immature DCs were
productively infected by HTLV-1, LPS-matured DCs and IFN-a DCs were three- and sixfold less susceptible,
respectively. More importantly, although HTLV-1 capture was higher in mature DCs compared with immature
DCs, viral transfer to T cells was much reduced in these subsets. Thus, in contrast to immature DCs, mature DCs
subsets capture HTLV-1 efficiently, but then restrict both HTLV-1 productive infection and HTLV-1 transmission
to T cells.

To further characterize how DC maturation could affect susceptibility to HTLV-1 infection, immature DCs
were treated with different toll-like receptor agonists, known to induce distinct maturation phenotypes [18]. This led
to the observation that the strength of HTLV-1 restriction correlates the level of DC maturation. Because mature
DCs produce high amounts of IFN-a and because it is well established that IFN-o has anti-HTLV-1 activity in
other cell types (19,201, we then asked whether HTLV-1 restriction in mature DCs was due to the antiviral effect of
IFN-a. Surprisingly, neither treatment of immature DCs with recombinant IFN-a nor culture with supernatant
from mature DCs (that contains high amounts of physiological type I IFNs) was able to restrict HTLV-1 infection.
This is in contrast with previous studies [19,20] and suggests that therapeutic failure of type I IFN therapy used in
some ATL chemotherapy protocols [21] could be due to resistance of DCs to IFN-a treatment. This hypothesis
would need confirmation through clinical trials monitoring the proviral load in DCs from ATL patients throughout
anti-viral therapy.

To decipher the mechanism of HTLV-1 restriction in mature DCs, we analyzed the localization of captured
HTLV-1 particles in immature or mature DCs. In all DC subsets, confocal imaging localized HTLV-1 in vesicles
positive for CD82, a tetraspanin marker located in multivesicular bodies, but negative for early endosome antigen
marker (EEA1). Of note, CD82 is known to localize at the plasma membrane and to interact with HTLV-1 envelope
SU glycoprotein in T cells [221. Thus, in addition to its interaction with HTLV-1 receptor complex containing
Glut-1 23], HTLV-1 Env interaction with CD82 could direct HTLV-1 to unconventional compartments. However,
because HTLV-1 localization is similar in immature and mature DCs, targeting of incoming particles to specific
compartments cannot explain viral restriction in mature DCs. We next hypothesized that different trafficking routes
might deliver HTLV-1 to vesicles with similar markers, yet with distinct physical properties. We determined viral
trafficking pathways in the different DCs subsets using pharmacological inhibitors that block clathrin-mediated
endocytosis, caveolin-mediated endocytosis or macropinocytosis. These pathways are used by several viruses as main
entry pathways in DCs [24]. In immature DCs, HTLV-1 entry followed both clathrin-mediated endocytosis and
macropinocytosis, while in IFN-a DCs, HTLV-1 entry followed only clathrin-mediated endocytosis. Moreover,
although HTLV-1 entry in LPS-matured DCs used macropinocytosis as in immature DCs, HTLV-1 capture
decreased more strongly after treatment with tyrosine kinase receptor inhibitors, PKC inhibitor or Rac 1 inhibitors
in LPS-matured DCs than in immature DCs. These results suggest that HTLV-1 entry in mature DCs might follow
a different trafficking route and that this could impact the infection outcome.

Low pH of endocytosis vesicles is characteristic of mature DCs [25]. Using pharmacological agents that modify
pH of vesicles, we showed that productive infection of immature DCs is abolished upon vesicle acidification.
In contrast, vesicles neutralization in matured DCs (both LPS-treated DCs and IFN-a0 DCs) partially restored
their productive infection as well as their ability to transmit HTLV-1 to T cells. This shows that the pH of the
compartments in which HTLV-1 is stored after capture determines the efficiency of productive infection. This
could be due to instability of HTLV-1 envelope under acidic conditions, thus impairing the subsequent Glut-1-
dependent fusion with the cellular membrane and viral capsid release in the cell cytoplasm [23]. This would explain
the absence of proviral DNA detection in mature DCs [10].

Taken together, our results suggest that restriction of HTLV-1 infection in mature DCs occurs after viral capture
but before viral integration. Because neutralization of vesicles in mature DCs only partially restores productive
infection, it can be hypothesized that complete restriction might also rely on the expression of some restriction
factors, or on the lack of expression of cellular factors required for infection, in mature DCs. Indeed, it has
been shown that different DC subsets or differently activated DCs have distinct transcriptomic programs [18]. One
candidate could be the binding protein DC-SIGN. Interestingly, we observed that its expression is high in immature
DCs but decreases in LPS-matured DCs and IFN-o DCs. Furthermore, signaling through DC-SIGN is required

10.2217/fvI-2017-0075

Future Virol. (Epub ahead of print) future science group



How does susceptibility to HTLV-1 infection varies with the maturation state of DCs?  Editorial

for HIV-1 productive infection in DCs [26]. Thus, interaction with and/or signaling through DC-SIGN could be
required not only for HTLV-1 entry (1], but also for productive infection of immature DCs. If so, DC-SIGN
blockade could constitute a potential targeted therapy for limiting the productive infection of immature DCs and
also the subsequent viral transmission to T cells.

In conclusion, our work is the first to our knowledge to describe differences in susceptibility among DC
subtypes to HTLV-1 infection, thus providing a better understanding of HTLV-1 interactions with DCs. Because
such interactions might be crucial for the in vivo spread of HTLV-1 and for the progression from asymptomatic
carriage towards development of HTLV-1-related diseases, targeting infection of DCs could offer new therapeutic
approaches.
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