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It has been 25 years since acquired immune deficiency syndrome (AIDS) was first
identified, and our knowledge about the disease and the causative agent, human immunodeficiency
virus (HIV-1), has grown enormously. Unfortunately, however, we have not yet developed an
effective prophylactic measure or a thorough therapeutic intervention, and AIDS remains top
priority among global public health agenda.

To develop preventive or therapeutic measures for AIDS, we need experimental model
systems for HIV-1 infection. From the beginning of the epidemics, HIV-1 has been known for its
narrow host range. To overcome the narrow host range of HIV-1 and develop a dependable animal
model for AIDS, our laboratory, first in the world, engineered chimeric simian-human
immunodeficiency virus (SHIV), that carries HIV-1 derived tat, rev, vpu and env genes in the
background of simian immunodeficiency virus, a closely related virus to HIV-1. Since then,
SHIV/macaque model has been further developed and there are currently several SHIV strains
available in the field and some of them cause acute disease followed by AIDS-like clinical
manifestations.

We had been pursuing the following subjects in the past,

1. Development and improvement of SHIV/macaque models,

2. SHIV-induced pathogenesis,

3. Development of novel vaccines and evaluation using SHIV/macaque system,
4. Analysis of live-attenuated vaccine induced protective mechanism.

Recently, we are focusing on the subjects 2. and 4.

1) Loss of naive cells accompanies memory CD4" T cell depletion during longtermprogression
to AIDS in SIV infected macaques: Nishimura, Y., Igarashi, T., Buckler-White, A., Buckler,
C., Imamichi, H., Goeken, R.M., Lee, W.R., Lafont, B.A., Byrum, R., Lane, H.C., Hirsch,
V.M., and Martin, M.A.

Human immunodeficiency virus and simian immunodeficiency virus (SIV) induce a slow
progressive disease, characterized by the massive loss of memory CD4" T cells during the acute
infection followed by a recovery phase in which virus replication is partially controlled. However,

because the initial injury is so severe and virus production persists, the immune system eventually



collapses and a symptomatic fatal disease invariably occurs. We have assessed CD4" T-cell
dynamics and disease progression in 12 SlV-infected rhesus monkeys for nearly 2 years. Three
macaques exhibiting a rapid progressor phenotype experienced rapid and irreversible loss of
memory, but not naive, CD4" T lymphocytes from peripheral blood and secondary lymphoid tissues
and died within the first 6 months of virus inoculation. In contrast, SIV-infected conventional
progressor animals sustained marked but incomplete depletions of memory CD4" T cells and
continuous activation/proliferation of this T-lymphocyte subset. This was associated with a
profound loss of naive CD4" T cells from peripheral blood and secondary lymphoid tissues, which
declined at rates that correlated with disease progression. These data suggest that the persistent loss
of memory CD4" T cells, which are being eliminated by direct virus killing and activation-induced
cell death, requires the continuous differentiation of naive into memory CD4" T cells. This
unrelenting replenishment process eventually leads to the exhaustion of the naive CD4" T-cell pool
and the development of disease.

2) Although macrophage-tropic simian/human immunodeficiency viruses canexhibit a range
of pathogenic phenotypes, a majority of isolates induce no clinical disease in
immunocompetent macaques: lgarashi, T., Donau, O.K., Imamichi, H., Nishimura, Y.,
Theodore, T.S., lyengar, R., Erb, C., Buckler-White, A., Buckler, C.E., and Martin, M.A.

Unlike prototypical lentiviruses like visna and caprine arthritis-encephalitis viruses,
which are mainly macrophage tropic (M-tropic), primate lentiviruses primarily target CD4" T
lymphocytes. We previously reported that during the late phase of highly pathogenic chimeric
simian/human immunodeficiency virus (SHIV) infections of rhesus macaques, when CD4" T cells
have been systemically eliminated, high levels of viremia are maintained from productively infected
macrophages. The availability of several different M-tropic SHIVs from such late-stage
immunocompromised animals provided the opportunity to assess whether they might contribute to
the immune deficiency induced by their T-cell-tropic parental viruses or possibly cause a distinct
disease based on their capacity to infect macrophages. Pairs of rhesus monkeys were therefore
inoculated intravenously with six different M-tropic SHIV preparations, and their plasma viral RNA
loads, circulating lymphocyte subset numbers, and eventual disease outcomes were monitored.
Only one of these six M-tropic SHIVs induced any disease; the disease phenotype observed was the
typical rapid, complete, and irreversible depletion of CD4" T cells induced by pathogenic SHIVs.

An analysis of two asymptomatic monkeys, previously inoculated with an M-tropic SHIV



recovered directly from alveolar macrophages, revealed that this inoculum targeted alveolar
macrophages in vivo, compared to a T-cell-tropic virus, yet no clinical disease occurred. Although
one isolate did, in fact, induce the prototypical rapid, irreversible, and complete loss of CD4" T cells,
indicating that M-tropism and pathogenicity may not be inversely related, the majority of M-tropic

SHIVs induced no clinical disease in immunocompetent macaques.

3) Human immunodeficiency virus type 1 derivative with 7% simian immunodeficiency virus
genetic content is able to establish infections in pig-tailed macaques: Igarashi, T., lyengar,
R., Byrum, R.A., Buckler-White, A., Dewar, R.L., Buckler, C.E., Lane, H.C., Kamada, K.,
Adachi, A, and Martin M.A.

A human immunodeficiency virus type 1 (HIV-1) derivative (HIVnL-pTsr) containing
sequences encoding a 7-amino-acid segment of CA and the entire vif gene from simian
immunodeficiency virus (SIV) was previously shown to establish spreading infections in cultured
macaque peripheral blood mononuclear cells. To assess its replicative and disease-inducing
properties in vivo, HIV nptsr Was inoculated into pig-tailed macaques. HIV i -ptsr generated
plasma viremia in all five of the monkeys and elicited humoral responses against all of the HIV-1
structural proteins but did not cause CD4" T-lymphocyte depletion or clinical disease. Additional
adaptation will be required to optimize infectivity in vivo.

4) Construction of a novel SHIV having an HIV-1-derived protease gene and its infection to
rhesus macaques: a useful tool for in vivo efficacy tests of protease inhibitors: Ishimatsu,
M., Suzuki, H., Akiyama, H., Miura, T., Hayami, M., and Ido, E.

We generated a novel SHIV (termed SHIV-pr) that possesses the HIV-1-derived protease
(PR) gene in the corresponding position in the SIVmac genome. SHIV-pr is replication-competent
in human and monkey CD4" T lymphoid cell lines as well as rhesus macaque PBMCs. The viral
growth of SHIV-pr was completely blocked in the presence of a peptide-analog PR inhibitor at the
tissue culture level. When SHIV-pr was intravenously inoculated into two rhesus macaques, it
resulted in a weak but long-lasting persistent infection in one monkey, whereas the infection of
another was only temporary. To enhance the viral growth competence by adaptation, we then
passaged the virus in vivo from a monkey up to the fourth generation. The initial peak values of

plasma viral loads as well as the setpoint values increased generation by generation and reached



those of a parental virus SIVmac. When a medication using the content of Kaletra capsule (a
mixture of two PR inhibitors, lopinavir and ritonavir) was orally given to three SHIV-pr-infected
monkeys for 4 weeks, plasma viral loads dropped to near or below the detection limit and quickly
rebounded after the cessation of medication. The results suggest that SHIV-pr can be used to

evaluate PR inhibitors using monkeys.

5) Contribution of monocytes to viral replication in macaques during acute infection with
simian immunodeficiency virus: Kuwata, T., Kodama, M., Sato, A., Suzuki, H., Miyazaki,
Y., Miura, T., and Hayami, M.

Monocytes are known as an alternative target for HIV/SIV infection, but the contribution
of monocytes to viral spread in a host is unclear. In this study, CD14" monocytes were monitored in
6 macaques until six weeks postinfection (wpi) with SIVmac239 to evaluate their contribution to
viral load. The monocyte count in blood significantly increased with peak viremia at 2 wpi and the
expression level of CD14 on monocytes significantly decreased at 1-2 wpi, though the number of
CD4" T cells was stable in these macaques. The number of CD14" monocytes and the expression
level of CD14 on monocytes at 2 wpi were also significantly related to the extent of viremia in
plasma. An increased number of monocytes at 2 wpi was associated with a lower postacute viral
load, suggesting that monocytes have a role in suppressing the virus. The lower expression level of
CD14 in monocytes at 2 wpi was associated with a higher viral load and greater degree of infection
of monocytes. This correlation suggests that monocytes with a low level of CD14 may be more
susceptible to SIV and may enhance viral replication. The analysis of monocytes in persistently
infected macaques revealed that the expression level of CD14 was also significantly low during
persistent infection compared with naive macaques, though the monocyte count was within the
normal range. Monocytes may suppress viruses, perhaps by their immune function, during acute

infection. However, infection of monocytes may increase the viral load and spread viruses in a host.

6) A genetically engineered live-attenuated simian-human immunodeficiency virus that
co-expresses the RANTES gene improves the magnitude of cellular immunity in rhesus
macaques: Shimizu, Y., Inaba, K., Kaneyasu, K., Ibuki, K., Himeno, A., Okoba, M., Goto,
Y., Hayami, M., Miura, T., and Haga, T.



Regulated-on-activation-normal-T-cell-expressed-and-secreted (RANTES), a
CC-chemokine, enhances antigen-specific T helper (Th) type-1 responses against HIV-1. To
evaluate the adjuvant effects of RANTES against HIV vaccine candidate in SHIV-macaque models,
we genetically engineered a live-attenuated SHIV to express the RANTES gene (SHIV-RANTEYS)
and characterized the virus's properties in vivo. After the vaccination, the plasma viral loads were
same in the SHIV-RANTES-inoculated monkeys and the parental nef-deleted SHIV
(SHIV-NI)-inoculated monkeys. SHIV-RANTES provided some immunity in monkeys by
remarkably increasing the antigen-specific CD4" Th cellproliferative response and by inducing an
antigen-specific IFN-y ELISpot response. The magnitude of the immunity in SHIV-RANTES
immunized animals, however, failed to afford greater protection against a heterologous pathogenic
SHIV (SHIV-C2/1) challenge compared to control SHIV-NI-immunized animals. SHIV-RANTES
immunized monkeys, elicited robust cellular CD4" Th responses and IFN-y ELISpot responses
after SHIV-C2/1 challenge. These findings suggest that the chemokine RANTES can augment

vaccine-elicited, HIV-specific CD4" T cell responses.
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