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A long standing goal of our research group is to elucidate the molecular mechanisms of virus
pathogenesis. We have been focusing on two human viruses, human immunodeficiency virus type
1 (HIV-1) and herpes simplex virus type 1 (HSV-1).

1) Molecular Interaction of HIV-1 Infection and Host Factors: T. YOSHIDA, K. SATO, Y.
SHINODA, T. KOBAYASHI, T. WATANABE, S. YAMAMOTO, Y. KOYANAGI

We previously developed a cDNA-library screening system using lentivirus vector and high level
of transduction efficiency was obtained for human T cells (J. Virol.78, 11352-11359, 2004). The
library-transduced CD4" T cells were challenged with CXCR4-using (X4) HIV-1, and cells that
acquired resistance to HIV-1-induced cytopathic effect (CPE) were selected. From this screening,
we recently found that a CD63 N-terminal deletion-mutant (CD63AN) was able to block HIV-1
infection through altering trafficking of CXCR4, but not CCR5 to the plasma membrane,
suggesting that a novel anti-HIV-1 gene was discovered (Traffic, in press). In addition, we found
that CD63, as well as many other tetraspanins (CD9, CD81, CD82, and CD231) are incorporated
into the lipid bilayer of viral envelope and that the virion-incorporated tetraspanins have a
potential to inhibit HIV-1 Env-mediated infection in a strain-specific manner at post-attachment
entry step(s) (J. Virol., 82:1021-1033, 2008). These results suggest that tetraspanins commonly
have an unique potential to modulate HIV-1 infection. We are also attempting to identify
HIV-associated host factors using a variety of genetics- and protein chemistry-based methods.
Candidate of the HIV-associated host factors under investigation are interferon, cytokines, signal
molecules, and membrane proteins.

2) HIV Pathogenesis: K. SATO, N. MISAWA, J. CHUANYI NIE, H. KITAYAMA, Y.
KOYANAGI

We developed a small animal model in which human cells (peripheral blood lymphocytes, PBL)
are transplanted into a T, B, and NK cell-deficient mouse (NOD/SCID/IL-2Ry™u mouse, NOG
mouse) Strain created in collaboration with the Central Institute for Experimental Animals in
Kanagawa. In the human PBL-transplanted mice (hu-PBL-NOG-SCID mouse), abundant human
CD4 (hCD4) cell killing was reproduced with CCR5-using (R5) HIV-1 infection and HIV-1
induced a neuropathology that resembled HIV encephalopathy observed in human patients. Using
the model, we have found that tumor necrosis factor-related apoptosis-inducing ligand (TRAIL)



but not Fas-ligand (FasL) has critical contribution in the HIV-1-induced CD4" T cell bystander
Killing as well as neuronal apoptosis in the central nervous system (CNS) (J. Exp. Med. 193,
651-659, 2001, Proc. Natl. Acad. Sci. USA. 100, 2777-2782, 2003). TRAIL could therefore be a
potential target for the therapeutic intervention of HIV-induced bystander cell Killing in
HIV-1-infected patients. However, the chimeric mice transplanted with human PBL are not fully
reconstituted with human blood cells. Thus, we recently developed a novel human-chimera mouse
model, NOG-hCD34 mice by transplanting newborn NOG mice with hCD34" cells via hepatic
injection. The longitudinal flow cytometric analyses showed that NOG-hCD34 mice were able to
support human hematopoiesis and multilineage differentiation of human leukocytes for at least 44
weeks. When infected with CCR5-tropic or CXCR4-tropic HIV-1, NOG-hCD34 mice reproduced
HIV-1-associated complications such as intrathymic infection, sequential decrease in peripheral
as well as splenic hCD4/hCDS8 ratio and depletion of splenic hCD4"hCD45RA'hCCR5" T
lymphocytes. High plasma HIV-1 RNA load was observed in CCR5-tropic HIV-1 infected mice
for prolonged period of time. The infected mice were depleted in peripheral h\CD45RAhCD4* T
lymphocytes, and there were marked peaks in the percentages of peripheral h\CD45RA'hCD8" T
lymphocytes after HIV-1 infection. In the splenic T lymphocytes positive for HIV-1 p24, severe
down-regulation of hCD4 surface expression was observed. These data suggests that
NOG-hCD34 mouse can have variety of application in long-lasting and systemic studies of HIV-1
pathogenesis, as well as in the testing of anti-HIV-1 drug candidates.

3) Mechanism of Herpes Virus and HIV-1 Neuropathogenesis: H. KITAYAMA, A. ANDO,
Y. MIURA, Y. KOYANAGI

We generated an in vitro Herpes simplex virus type 1 (HSV-1) infection model to evaluate
virus-induced CNS tissue damages using rat hippocampus slice culture. When a GFP-expressing
HSV-1 was inoculated, we were able to visibly follow the infection process. Significant cell
damage and neuron-glia cell disarrangement were detected especially in the dentate gyrus (DG)
subfield of hippocampus, where intrinsic and spontaneous neurogenesis occur. Using this slice
culture, we also found that HIV-1-infected macrophages produce factors that induce impairment
of neuronal precursor cell development (Microbiol. Immunol. in press), and that soluble viral
protein R (Vpr) is one of the viral factors which have the ability to suppress axonal growth.
Extracellularly administered recombinant Vpr (rVpr) clearly accumulated in mitochondria where
a Vpr-binding protein adenine nucleotide translocator (ANT) localizes, and reduced
mitochondrial membrane potential (A¥Ym) and ATP synthesis. ATP depletion induced the
reduction of mitochondrial transport into and within neurites (J. Virol. in press). Our results
suggest that HSV-1 itself and HIV-1 Vpr are the major factors causing disturbance of neuronal
cell development.
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