EXPERIMENTAL RESEARCH CENTER FOR INFECTIOUS DISEASES
LABORATORY OF PRIMATE MODEL

The long-standing research objective of this laboratory headed by Prof. M. Hayamai is to understand the
molecular basis of pathogenesis by human retroviruses, HTLV and HIV, and to explore the ways to the cure and
prevention of the diseases caused by these viruses. The following three main projects are currently under way 1)
Phylogenetic analysis of HTLV and HIV and their related simian virus STLV and SIV. This project includes
studies on the origin, evolution and mutation of the member of the whole primate retrovirus family. 2) AIDS
animal model using monkeys and SIV/HIV chimeric viruses(SHIV).  Currently we are focusing to elucidate
the early virological and immunological events that occur in various tissues of macaques intraretally inoculated
with a pathogenic SHIV strain. In addition, some chemical and reagents are tested in vivo for their anti-viral
efficacies using SHIV- or SIV-infected monkeys housed in a P3-level animal facility in this animal model
project. 3) Development of AIDS vaccines by use of either live-attenuated viruses or semi-live attenuated
viruses that can produce non-infectious viral particles.

1) Early virological events in various tissues of newborn monkeys after intrarectal infection with
pathogenic simian human immunodeficiency virus : Miyake A, Ibuki K, Suzuki H, Horiuchi R,
Saito N, Motohara M, Hayami M, Miura T.

Children infected with human immunodeficiency virus type 1 often have higher viral loads and progress to
acquired immunodeficiency syndrome more rapidly than adults. In our previous study of simian-human
immunodeficiency virus (SHIV)-infected adult monkeys, immature CD4CD8 double-positive T cells in the
thymus and jejunum decreased faster than mature CD4 single-positive T cells. We examined the effect of virus
replication on immature T cells from the same SHIV-inoculated newborn monkeys having more immature T
cells than adults. The infectious viruses were more abundantly detected in the thymus than in other tissues at
both 13 and 26 days post-infection (dpi). However, mature CD4(+) T cells in the thymus declined after 13 dpi
and immature CD3(-) CD4 single-positive T cells remained at 26 dpi. These results suggested that many
immature CD4(+) T cells in the thymus of newborns support the production of infectious viruses even after the
depletion of mature CD4(+) T cells.

2) Induction of immune response in macaque monkeys infected with simian-human
immunodeficiency virus having the TNF-alpha gene at an early stage of infection : Shimizu Y,
Miyazaki Y, Ibuki K, Suzuki H, Kaneyasu K, Goto Y, Hayami M, Miura T, Haga T.

TNF-alpha has been implicated in the pathogenesis of, and the immune response against, HIV-1 infection.
To clarify the roles of TNF-alpha against HIV-1-related virus infection in an SHIV-macaque model, we
genetically engineered an SHIV to express the TNF-alpha gene (SHIV-TNF) and characterized the virus's



properties in vivo. After the acute viremic stage, the plasma viral loads declined earlier in the
SHIV-TNF-inoculated monkeys than in the parental SHIV (SHIV-NI)-inoculated monkeys. SHIV-TNF
induced cell death in the lymph nodes without depletion of circulating CD4(+) T cells. SHIV-TNF provided
some immunity in monkeys by increasing the production of the chemokine RANTES and by inducing an
antigen-specific proliferation of lymphocytes. The monkeys immunized with SHIV-TNF were partly protected
against a pathogenic SHIV (SHIV-C2/1) challenge. These findings suggest that TNF-alpha contributes to the
induction of an effective immune response against HIV-1 rather than to the progression of disease at the early
stage of infection.

3) Protective efficacy of nonpathogenic nef-deleted SHIV vaccination combined with recombinant
IFN-gamma administration against a pathogenic SHIV challenge in rhesus monkeys : Kaneyasu K,
Kita M, Ohkura S, Yamamoto T, Ibuki K, Enose Y, Sato A, Kodama M, Miura T, Hayami M.

We previously reported that a nef-deleted SHIV (SHIV-NI) is nonpathogenic and gave macagues
protection from challenge infection with pathogenic SHIV-C2/1. To investigate whether IFN-gamma augments
the immune response induced by this vaccination, we examined the antiviral and adjuvant effect of recombinant
human IFN-gamma (rIFN-gamma) in vaccinated and unvaccinated monkeys. Nine monkeys were vaccinated
with nef-deleted nonpathogenic SHIV-NI. Four of them were administered with rIFN-gamma and the other five
monkeys were administered with placebo. After the challenge with pathogenic SHIV-C2/1, CD4(+) T-cell
counts were maintained similarly in monkeys of both groups, while those of the unvaccinated monkeys
decreased dramatically at 2 weeks after challenge. However, the peaks of plasma viral load were reduced to
100-fold in SHIV-NI vaccinated monkeys combined with rIFN-gamma compared with those in SHIV-NI
vaccinated monkeys without rlFN-gamma. The peaks of plasma viral load were inversely correlated with the
number of SIV Gag-specific IFN-gamma-producing cells. In SHIV-NI-vaccinated monkeys with rIFN-gamma,
the number of SIV Gag-specific IFN-gamma-producing cells of PBMCs increased 2-fold compared with those
in SHIV-NI-vaccinated monkeys without rIFN-gamma, and the NK activity and MIP-1alpha production of
PBMCs were also enhanced. Thus, vaccination of SHIV-NI in combination with rIFN-gamma was more
effective in modulating the antiviral immune system into a Th1 type response than SHIV-NI vaccination alone.
These results suggest that IFN-gamma augmented the anti-viral effect by enhancing innate immunity and
shifting the immune response to Th1.

4) Intrathymic effect of acute pathogenic SHIV infection on T-lineage cells in newborn macaques :
Suzuki H, Motohara M, Miyake A, Ibuki K, Fukazawa Y, Inaba K, Masuda K, Minato N,
Kawamoto H, Hayami M, Miura T.

We intrarectally infected newborn macaques with a pathogenic simian/human immunodeficiency virus
(SHIV) that induced rapid and profound CD4 (+) T cell depletion, and examined the early effects of this SHIV



on the thymus. After intrarectal infection, viral loads were much higher in the thymus than in other lymphoid
tissues in newborns. In contrast, no clear difference was seen in the viral loads of different tissues in adults.
Histological and immunohistochemical observations showed severe thymic involution. Depletion of CD4 (+)
thymocytes began in the medulla at 2 weeks post infection and spread over the whole thymus. After in vivo
infection, the CD2 (+) subpopulation, which represents a relatively later stage of T cell progenitors, was
selectively reduced and development of thymocytes from CD3 (-) CD4 (-) CD8 (-) cells to CD4 (+) CD8 (+)
cells was impaired. These results suggest that profound and irreversible loss of CD4 (+) cells that are observed
in the peripheral blood of SHIV-infected monkeys are due to destruction of the thymus and impaired
thymopoiesis as a result of SHIV infection in the thymus.

5) A novel simian immunodeficiency virus from black mangabey (Lophocebus aterrimus) in the
Democratic Republic of Congo : Takemura T, Ekwalanga M, Bikandou B, Ido E,
Yamaguchi-Kabata Y, Ohkura S, Harada H, Takehisa J, Ichimura H, Parra HJ, Nende M, Mubwo
E, Sepole M, Hayami M, MiuraT.

In order to understand primate lentivirus evolution, characterization of additional simian
immunodeficiency virus (SIV) strains is essential. An SIV from a black mangabey (Lophocebus aterrimus)
originating from the Democratic Republic of Congo was analysed phylogenetically. The monkey had
cross-reactive antibodies against human immunodeficiency virus type 1 (HIV-1) and HIV-2. The viral pol
region sequence was amplified by nested PCR and sequence analysis confirmed that it was related to known
SIV sequences. This is the first report to characterize genetically an SIV from the monkey genus Lophocebus.
Phylogenetic analysis of the pol region revealed that this novel SIV, designated SIVbkm, fell into the SIVsyk
and SIVgsn virus group, containing viruses isolated from the genus Cercopithecus, and suggests that
cross-species transmission has occurred between species of the genera Lophocebus and Cercopithecus.

6) Phylogenetic heterogeneity of new HTLV type 1 isolates from southern India in subgroup A :
Ohkura S, Yamashita M, Ishida T, Babu PG, Koyanagi Y, Yamamoto N, Miura T, Hayami M.

Seven isolates of human T cell leukemia virus type 1 (HTLV-1) were taken in southern India and
phylogenetically analyzed to gain new insights into the origin and dissemination of HTLV-1 in the subcontinent.
The new Indian HTLV-1s were found to be members of subgroup A (Transcontinental subgroup) of the
Cosmopolitan group. They formed three different clusters (South African/Caribbean, Middle Eastern, and East
Asian clusters). These results demonstrate that Indian HTLV-1s are genetically heterogeneous and include the
most divergent strain of subgroup A. On the basis of these results, we speculate that subgroup A HTLV- 1s may
have been present for thousands of years in India.
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