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EXPERIMENTAL RESEARCH CENTER FOR INFECTIOUS DISEASES 
LABORATORY OF PRIMATE MODEL 
 
To pave the road to develop preventive and therapeutic measures against AIDS, animal model system of the 
disease is doubtlessly a requisite. Nonetheless, HIV can infect only human beings although there exist some 
exceptions like chimpanzees. Such expensive and endangered primate species, however, are not suitable to be 
used as experimental animals. SIV-monkey system might be an alternative model, but this virus is genetically 
and virologically different from HIV as revealed by the above-mentioned phylogenetic studies. Construction of 
HIV-1/SIV chimeric virus (SHIV) and its experimental infection into monkeys are major contributions of our 
research group because the usefulness of SHIV is now widely appreciated and many researchers in the world 
are utilizing this tool to clarify the pathogenic nature of HIV using monkeys. This project also aims at 
developing AIDS vaccines. Some SHIV strains induced dramatic CD4 reduction to lead to lethal pathogenesis 
in inoculated monkeys, whereas other SHIV strains induced sufficient protective humoral and cellular 
immunity in the animals with only temporary CD4 reduction. The finding of the latter phenomenon provides a 
model for analyzing a live-attenuated vaccine against AIDS. Thus, current research efforts are focusing on how 
to ensure the safety of the vaccine in addition to how to increase its effectiveness. 
 
1) Impaired T cell differentiation in the thymus at the early stages of acute pathogenic SHIV infection 

in contrast to less pathogenic SHIV infection: Motohara, M., Ibuki, K., Miyake, A., Fukazawa, Y., 
Inaba, K., Suzuki, H., Masuda, K., Minato, N., Kawamoto, H., Nakasone, T., Honda, M., Hayami, 
M., and Miura, T.        

 
    One of the mechanisms by which HIV infection induces the depletion of CD4• T cells has been suggested 
to be impairment of T-cell development in the thymus, although there is no direct evidence that this occurs. To 
examine this possibility, we compared T-cell maturation in the intrathymic progenitors between macaques 
infected with an acute pathogenic chimeric simianehuman immunodeficiency virus (SHIV), which causes 
profound and irreversible CD4• T-cell depletion, and macaques infected with a less pathogenic SHIV, which 
causes only a transient CD4• T-cell decline. Within 27 days post-inoculation (dpi), the two virus infections 
caused similar increases in plasma viral loads and similar decreases in CD4• T-cell counts. However, in the 
thymus, the acute pathogenic SHIV resulted in increased thymic involution, atrophy and the depletion of 
immature T cells including CD4•CD8• double-positive (DP) cells, whereas the less pathogenic SHIV did not 
have these effects. Ex vivo differentiation of CD3 CD4 CD8  triple-negative (TN) intrathymic progenitors to 
DP cells was assessed by a monkeyemouse xenogenic fetal thymus organ culture system. Differentiation was 
impaired in the TN intrathymic progenitors of the acute pathogenic SHIV-infected monkeys, while 
differentiation was not impaired in the TN intrathymic progenitors of the less pathogenic SHIV-infected 
monkeys. These differences suggest that dysfunction of thymic maturation makes an important contribution to 
the irreversible depletion of circulating CD4• T cells in vivo. 



 
2) Rapid dissemination of a pathogenic simian/human immunodeficiency virus to systemic organs and 

active replication in lymphoid tissues following intrarectal infection: Miyake, A., Ibuki, K., Enose, 
Y., Suzuki, Y., Horiuchi, R., Motohara, M., Saito, N., Nakasone, T., Honda, M., Watanabe, T., 
Miura, T., and Hayami, M. 

 
    A better understanding of virological events during the early phase of human immunodeficiency virus 1 
(HIV-1) infection is important for development of effective antiviral vaccines. In this study, by using 
quantitative PCR and an infectious plaque assay, virus distribution and replication were examined in various 
internal organs of rhesus macaques for almost 1 month after intrarectal inoculation of a pathogenic simian 
immunodeficiency virus/HIV chimeric virus (SHIV-C2/ 1-KS661c). At 3 days post-inoculation (p.i.), proviral 
DNA was detected in the rectum, thymus and axillary lymph node. In lymphoid tissues, infectious virus was 
first detected at 6 days p.i. and a high level of proviral DNA and infectious virus were both detected at 13 days 
p.i. By 27 days p.i., levels of infectious virus decreased dramatically, although proviral DNA load remained 
unaltered. In the intestinal tract, levels of infectious virus detected were much lower than in lymphoid tissues, 
whereas proviral DNA was detected at the same level as in lymphoid tissues throughout the infection. In the 
thymus and jejunum, CD4CD8 double-positive T cells were depleted earlier than CD4 single-positive cells. 
These results show that the virus spread quickly to systemic tissues after mucosal transmission. Thereafter, 
infectious virus was actively produced in the lymphoid tissues, but levels decreased significantly after the peak 
of viraemia. In contrast, in the intestinal tract, infectious virus was produced at low levels from the beginning of 
infection. Moreover, virus pathogenesis differed in CD4 single-positive and CD4CD8 double-positive T cells. 

3) DNA vaccination of macaques by a full-genome SHIV plasmid that has an IL-2 gene and Produces 
non-infectious virus particles: Horiuchi, R., Akahata, W., Kuwata, T., Enose, Y., Ido, E., Suzuki, H., 
Miyake, A., Saito, N., Ibuki, K., Goto,T., Miura,T., and Hayami, M. 

 
    We previously reported that a mutant full-sized plasmid DNA vaccine regime in macaques was effective 
against a homologous challenge 
[Akahata W, Ido E, Shimada T, Katsuyama K, Yamamoto H, Uesaka H, et al. DNA vaccination of macaques 
by a full genome HIV-1 plasmid which produces non-infectious virus particles. Virology 2000;275:116–24; 
Akahata W, Ido E, Akiyama H, Uesaka H, Enose Y, Horiuchi R, et al. DNA vaccination of macaques by a full 
genome SHIV-1 plasmid that produces non-infectious virus particles. J Gen Virol 2003;84:2237–44]. In this 
study, to evaluate the DNA vaccination regime against a heterologous challenge, a novel plasmid named 
pSHIV-ZF1*IL-2 was constructed. Four monkeys were intramuscularly and intradermally injected four times 
with the pSHIV-ZF1*IL-2. Vaccinated monkeys were intravenously challenged with a highly pathogenic, 
heterologous SHIV at 11 weeks post vaccination. All the vaccinated monkeys suppressed the challenge virus 
rapidly under the detectable level by 16 weeks post challenge. One vaccinated monkey was protected from a 



loss of CD4+ T cells. These results suggest pSHIV-ZF1*IL-2 alone seems partially effective even against a 
challenge with a heterologous, pathogenic virus. 
 
4) Construction and in vitro characterization of a chimeric simian and human immunodeficiency 

virus with the RANTES gene: Shimizu, Y., Okoba, M., Yamazaki, N, Goto, Y., Miura, T., Hayami, 
M., Hoshino, H., and Haga, T. 

 
    Chimeric simian-human immunodeficiency virus (SHIV) containing the env gene of HIV-1 infects 
macaque monkeys and provides basic information on HIV-1 vaccine developments. 
Regulated-on-activation-normal-T-cell-expressed-and-secreted (RANTES), a CC-chemokine, enhances 
antigen-specific T helper type-1 responses against HIV-1. With the final goal of testing the adjuvant effects of 
RANTES in SHIV-macaque models, we constructed a SHIV having the RANTES gene (SHIV-RANTES) and 
characterized its properties in vitro. SHIV-RANTES replicated both in human and monkey T cell lines. Along 
with SHIV-RANTES replication, RANTES was detected in supernatant of the human and monkey cell cultures, 
at the maximum level of 98.5 ng/ml and 4.1 ng/ml, respectively. A flow cytometric analysis showed that the 
expressed RANTES induced the down-modulation of CC-chemokine receptor 5 (CCR5) on PM1 cells, which 
was restored by adding anti-RANTES antibody. UV-irradiated culture supernatants from the 
SHIV-RANTES-infected cells suppressed replication of CCR5-tropic HIV-1 BaL in PM-1 cells. 
Differentiating real-time RTPCR showed that pre-infection of SHIV-RANTES in C8166 cells expressing 
CCR5 suppressed the replication of HIV-1 BaL. Biological activity of the expressed RANTES and the inserted 
RANTES gene in SHIV-RANTES remained stable after 10 passages. These results suggest that 
SHIV-RANTES is worth to test in macaque models. 

 
 
5) In vitro and in vivo stability of plasmids in attenuated Salmonella enterica serovar Typhimurium 

used as a carrier of DNA vaccine is associated with its replication origin: Haga, T., Kumabe, S., 
Ikejiri, A., Shimizu, Y., Li, H., Goto, Y., Matsui, H., Miyata, H., and Miura, T. 

 
Abilities of live attenuated Salmonella enterica serovar Typhimurium (S. typhimurium)  as a carrier of 

DNA vaccine were evaluated using model plasmid encoding beta-galactosidase (� -Gal) and BALB/c mice. 
Expression of � -gal was occasionally observed in macrophage-like cells from pCMV�  delivered by two 
strains (� 3306 phoP and SL7207) of S. typhimurium. We constructed pBRCMV� � -Gal expression 
apparatushaving replication origin from low copy pBR322. Comparison of the plasmid stability showed that 
pBRCMV�  remained stable in Salmonella even after oral administration, while pCMV�  tended to be lost 
quickly.  However, titers for � -gal specific IgG in sera did not significantly increase in mice orally 
administrated with S. typhimurium having either pBRCMV�  or pCMV� .  These data suggest that further 
studies are required to rationally establish this methodology. 



 
6) Whole genome sequence data of an infectious molecular clone of the SIVagm TYO-1 strain: Miura, 

T., Matsuyama, M., Ogatsu, F., and Hayami, M. 
 

    We first sequenced a full genome of simian immunodeficiency virus isolated from African green monkey 
(SIVagm) but the clone sequenced was found not to be biologically active. We subsequently succeeded in 
reconstructing a full genome infectious molecular clone, named pSA212. The infectious pSA212 clone (known 
as the TYO-1 strain of SIVagm) has been distributed widely for research analysis of SIVagm but its genome 
has never been fully sequenced. Here, we report the whole genome sequence of the infectious pSA212. 
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