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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 analysis on interaction of hiv-1 and host factors: T. YOSHIDA, K. SATO,
Y. SHINODA, T. KOBAYASHI, T. WATANABE, S. YAMAMOTO and Y.
KOYANAGI

Changing cellular protein trafficking may represent a novel antiviral approach. We have
discovered that an N-terminal deletion mutant of a membrane protein, CD63, (CD63AN) blocks
entry of CXCR4-using, T-cell tropic human immunodeficiency virus type 1 (X4 HIV-1) by
suppressing CXCR4 surface expression. This suppression was observed in CXCR4 but not in
CD4, CCRS, CD25, CD71, or other tetraspanin proteins. From a series of extensive analyses
including confocal and total internal reflection fluorescence microscopy examination, the
suppression of CXCR4 expression on the plasma membrane appeared to be caused by
mislocalization of CXCR4 and exclusive transportation of CXCR4 toward intracellular organelles
mainly the late endosomes/lysosomes. Our data suggest that CXCR4 trafficking is able to be
modified in terms of its recruitment to the plasma membrane without enhancing the degradation
or arresting vesicular transport of CXCR4 (Traffic, 9: 540-558, 2008). Furthermore, we found
that wild type CD63 molecule was eliminated from the plasma membrane of HIV-1-producing T
cell after activation, followed by a decrease in the amount of virion-incorporated CD63, and
oppositely, an increase in the infectivity of the released virions. On the other hand, we found that
CD63 at the cell surface was preferentially embedded on the membrane of released virions in
HIV-1 envelope protein (Env)-independent manner, and that virion-incorporated CD63 had a
potential to inhibit HIV-1 Env-mediated infection in a strain-specific manner at the
post-attachment entry step(s). In addition, these behaviors were commonly observed in the other
tetraspanin proteins, such as CD9, CD81, CD82 and CD231. However, L6 protein, which has
similar topology with tetraspanins but does not belong to tetraspanin superfamily, did not have the
potential to prevent HIV-1 infection, even though its successful incorporation into the released
particles (J. Virol., 82:1021-1033, 2008). Taken together, these results suggest that tetraspanin
proteins commonly have an unique potential to modulate HIV-1 infectivity through incorporation
into released HIV-1 particles, and our findings may provide a clue to elucidate uncovered aspects
of HIV-1 entry. We are also attempting to identify HI'V-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
and 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»%!! 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 (RS5) 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/hCD8 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 \CD45RAhCD4" T
lymphocytes, and there were marked peaks in the percentages of peripheral hCD45RAhCDS" 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 and Y. KOYANAGI



Herpes simplex virus type 1 (HSV-1) causes fatal and sporadic encephalitis in human.
The encephalitis-survivors frequently suffer from symptoms of memory deficits. It remains
unclear how HSV-1 induces tissue damages in memory formation-associated brain tissues such as
the hippocampus. In this study, we examined HSV-1 infection in the hippocampus using a rat
HSV-1 infection model. We found profound pathological changes in the hippocampus and large
numbers of HSV-1 antigen-positive cells in the dentate gyrus (DG) subfield of HSV-1-infected
rats. To understand the precise mechanism of HSV-1-induced tissue damages in the hippocampus,
we employed rat organotypic hippocampal slice cultures (OHC) as an in vitro HSV-1 infection
model. In OHC, HSV-1 infection predominated in neuronal cells and the infected neuronal cells
were severely damaged. Longitudinal analysis indicated that granule cells in DG subfield were
extremely vulnerable to HSV-1 infection among neuronal cells in the hippocampus (Microbes
Infect. 10:1514-1523, 2008). Since DG granule cells play a crucial role in memory formation,
disruption of these cells may be a primary step leading to memory deficits.

HIV-1-infected macrophages damage mature neurons in the brain, though their effect on
neuronal development has not been clarified. We show that HIV-1-infected macrophages produce
factors that impair development of neuronal precursor cells, and that soluble viral protein R (Vpr)
is one of the factors which have the ability to suppress axonal growth. Cell biological analysis
revealed that extracellularly administered recombinant Vpr (rVpr) clearly accumulated in
mitochondria where a Vpr-binding protein adenine nucleotide translocator (ANT) localizes, and
decreased mitochondrial membrane potential (AWm), which led to ATP synthesis. The depletion
of ATP synthesis reduced transportation of mitochondria within neurites. This mitochondrial
dysfunction inhibited axonal growth even when the frequency of apoptosis was not significant.
We also found that point mutations of arginine (R) residues to alanines (A) residues at positions
73, 77, and 80 rendered rVpr incapable of causing mitochondrial membrane depolarization and
axonal growth inhibition. Moreover, the Vpr-induced inhibition was suppressed after the
treatment with ubiquinone analogue (ubiquinone-10). Our results suggest that soluble Vpr is a
major viral factor that causes disturbance of neuronal development through induction of
mitochondrial dysfunction. Since ubiquinone-10 protects the neuronal plasticity in vitro, it may be
a therapeutic agent that can offer defense against HIV-1-associated neurological disease (J. Virol.
J. Virol. 82: 2528-2542, 2008). 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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