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through mutation/adaptation/recombinations (Kirchhoff, 2009;
Sauter etal., 2009, 2010; Sharp and Hahn, 2011). Thus, Vpu and
Tetherin affect the HIV-1 species tropism, but the effect may be
relatively small.

In sum, Vif and Vpu counteract the major restriction factors
APOBECS3 proteins and Tetherin/BST-2, respectively, and repre-
sent viral determinants for the host range of HIV-1 (Tables 1
and 2). It is intriguing to note that these factors would have
shaped HIV-1 and made it unique among various primate
immunodeficiency viruses (Figure 1).

Vpx AND Vpr PROTEINS

Vpx and Vpr proteins are necessary for efficient viral replication
(Malim and Emerman, 2008; Fujita etal., 2010). In macrophages,
AVpx replication is not detectable and this defect has been shown
to be present at post-entry and before/during the reverse transcrip-
tion process (Fujita etal., 2008, 2010; Srivastava etal., 2008). Also
in some lymphocyte cell lines and in primary lymphocytes, Vpx
protein is critical for viral replication (Ueno etal., 2003; Fujita
etal., 2010; Doi etal, 2011). Because AVpr virus is somewhat
replication-defective in some cells (for both HIV-1 and HIV-
2), it is not unreasonable to assume that Vpr may play a role
in the viral growth cycle. As such, Vpx and Vpr are important
for in vivo viral replication and finally for viral pathogenicity
(Fujita etal., 2010).

Very recently, SAMHD1 and APOBEC3A have been reported
to be myeloid cell-specific restriction factors against HIV-1 coun-
teracted by Vpx (Berger etal., 2011; Hrecka etal., 2011; Laguette
etal., 2011). Whether these proteins are associated with the HIV-1
species tropism described in this review article, and whether they
can explain the in vitro and in vivo situation of HIV-2/SIVmac
mutant viruses mentioned above remain to be determined (Fujita
etal., 2010; Nomaguchi etal., 2011).

CONCLUSION

In this review, we have described the major determinants for the
species tropism of HIV-1. Structural Gag-CA and accessory Vif
and Vpu proteins are clearly involved in this host range of HIV-
1 as viral factors (Table 1). Cellular proteins that interact with
these and contribute to this tropism are definitely the restriction
factors (Table 1). In total, interplays between the viral and cel-
lular responsible factors.decide this unique and limited tropism
of HIV-1. Whether there are the other factors that affect the
HIV-1 species tropism is awaiting further investigations. In this
regard, the biology of Vpx deserves attention. Because Vpx is
present in SIVmac but not in HIV-1 (Figure 1), it may inactivate
a cellular anti-viral protein(s) which is not recognized by HIV-1
proteins.

In both basic and applicable points of view, the narrow host
range of HIV-1 is burdensome obstacle to overcome. Assuming
that HIV-1mt can grow and cause disease similarly with SIVmac
in macaques, we would be able to better perform model studies to
precisely analyze viral replication and pathogenicity in vivo, and
to establish the effective anti-HIV-1/AIDS strategies. To the best
of our knowledge, there are no such HIV-1mt clones so far (Hatzi-
ioannou etal., 2006, 2009; Kamada et al., 2006; [garashi et al., 2007;
Kuroishi et al., 2009; Saito etal,, 2011; Thippeshappa etal,, 2011).
We may further improve the ability of HIV-1mt by today’s pow-
erful methodology if we knew all the cellular determinants for the
species tropism of HIV-1. Studies in this direction are in progress
in our laboratory.
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Epidemiology of ATL : Current knowledge and future challenges
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ATLV (ATL virus) HTLV (Human T-cell leukemia virus)
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