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1) Identification of Novel Physiological Functions of Human Papillomavirus E7: K.
SASAKI, S. YOSHIDA, N. KAJITANI, A. SATSUKA, H. NAKAMURA and H.
SAKAI

Human papillomaviruses (HPVs) are small DNA viruses which replicate and induce
hyperplasia in epithelial cells, both mucosal and cutaneous. HPVs are classified into ‘low-risk’
types (such as HPV-6 and -11) which cause benign warts and ‘high-risk’ types (such as HPV-16
and -18) which are associated with malignant tumors, especially cervical carcinomas.

The E7 protein of high-risk HPVs is considered to be one of the oncoproteins encoded by
the viruses and has been reported to interact with a number of cellular proteins, including Rb-family
proteins (pRb, pl107 and p130). These interactions have been suggested to play roles in
HPV-mediated cellular transformation or in the viral life cycle.

We carried out a yeast two-hybrid screen and identified MADD (MAP-kinase activating
death-domain containing protein) and TRIP (TRAF-interacting protein) as additional binding
partners of HPV-18 E7 and HPV-11 E7, respectively. They interacted with both E7s in vitro
binding assay. They were previously reported to be involved in TNF signaling, which is one of the
cytokine signalings important for the regulation of immune and/or inflammatory responses. We
then examined the effects of E7 on TNF signaling and found that E7 promoted TNF-alpha-mediated
apoptosis and suppressed TNF-alpha-induced ERK/MAPK and NF-kappa B activation in normal
human fibroblasts. We are now investigating the detailed mechanism and physiological roles of
those E7’s effects.

ref: Nishimura, A. et al., Microbes Infect. (in press, 2006)

2) Modulation of HPV-infected Cell Proliferation and Invasion by oncogenic Ras
Protein: S. YOSHIDA, K. SASAKI, A. SATSUKA, N. KAJITANI, H. NAKAMURA
and H. SAKAI

The Ras proto-oncoprotein is activated in approximately 30% human cancers, and also
activated in about 10% cervical cancer. Oncogenic Ras can transform established rodent cell lines
but fails to transform primary cells. Transformation of primary cells also requires the cooperation of
genes such dominant-defective forms of p53, adenoviral E1A, SV40 large T antigen, which
facilitate the immortalization of cells. The expression of Ras in normal fibroblasts results in a G1
arrest that is correlated with an increased expression of p16™** and p21"""A*, The arrest is almost

the same as the replicative cellular senescence. Ras is related to the cancer metastasis. Ras induces



matrix metalloproteases, which degrade cell matrix and are activated in aggressive cancer. Ras also
activates rac and rho, upregulating cell motility. HPVs are small DNA viruses that require
unscheduled S-phase entry in terminally differentiated epithelial keratinocytes for viral genome
amplification. The HPV E7 protein binds and degrades pRb, inducing cell cycle progression
through the GI1-S transition. E7 abolishes G1 arrest induced by DNA damage, epithelial
differentiation. E6 protein binds and degrades, cooperating with the ubiquitin ligase E6AP, cell
cycle regulator p53.

First, we are investigating how Ras protein regulates cell proliferation and metastasis in the
E6 or E7 (or E6/E7) expressed cells. We introduced Ha-ras protein overexpression on in HPV
oncoproteins expressed cell lines. The established cell lines are analyzed in regard to the cell growth
potential and the regulators for cell cycle checkpoints. We found that E7 expressed keratinocytes
escape ras-induced senescence. It was indicated that pRb degradation was important for ras-induced
senescence in keratinocytes. Second, we analyzed the effect of ras on the skin formation of HPV
oncogenes expressed keratinocytes using the (organotypic) raft culture system. We found that E7
and Ha-ras expressed epidermis invaded basal layer. This invasion results from MMP2 and
MT1-MMP induced by Ha-ras and MMP9 induced by E7. This invasion was suppressed by MEK
inhibitor and MAPK inhibitor. It is indicated that HPV-infected cell acquires metastasis by ras
activation through MAPK pathway.

ref: Ueno, T. et al., Oncogene (in press, 2006)

3) Molecular mechanisms of bystander cell death induced by HIV-1 infected cells: H.
NAKAMURA, A. SATSUKA, N. KAJITANI, S, YOSHIDA, K. SASAKI and H.
SAKAI

Human immunodeficiency virus type 1 is a causative agent for human AIDS. HIV-1
infection induces drastic decrease of CD4-pisitive T cell, which is considered one of major
determinants for AIDS. Although the infection of HIV-1 directly causes the cell death, bystander
apoptotic cell death is induced, resulting in the massive loss of CD4-positive T cells in the infected
individuals. To clarify the bases of AIDS pathogenesis, it is essential to understand the biological
mechanisms of the bystander cell death.

In order to investigate the molecular bases of the bystander cell death induced by HIV-1
infected cells, we have developed a novel assay system by which it is possible to analyze a effect of
a single infected cell on the adjacent cells. By using the assay system, the key viral and/or cellular
factors involved in the bystander cell death will be elucidated.

4) Identification of Novel Function of Human Papillomavirus E4 or ES: N. KAJITANI, A.
SATSUKA, S. YOSHIDA, H. NAKAMURA, K. SASAKI and H. SAKAI



HPV infection begins in the basal cells of the epithelium, and as these cells divide,
differentiate, and migrate toward the surface of the epithelium, the virus is able to complete its life
cycle. The expression of E4 occurs in the upper layers of the epithelium, coordinating with the onset
of virus genome amplification. E4 can induce the collapse of the cytokeratin filament networks, and
it has been proposed that disruption of the keratin networks could facilitate viral egress. It is also
known that E4 induce the modification of cell cycle. ES is a highly hydrophobic membrane-bound
protein, and influences signal transduction pathways. In addition to the major oncoproteins E6 and
E7, ES possesses weak oncogenic properties. But, it is not understood well about details of E4 and
ES5. We consider that E4 or ES is associated with the activities involved in HPV specific lifecycle
and with the transformation of the cells, so try to investigate novel functions of E4 or ES.

ref: Nakahara, T. et al., J. Virol. 76: 10914-20, 2002; Nakahara T., et al., J. Virol.

79: 13150-65, 2005

S) Mechanism of HPV life cycle: A. SATSUKA, N. KAJITANI, S. YOSHIDA, H.
NAKAMURA, K. SASAKI and H. SAKAI

The tumorigenesis induced by human papillomavirus (HPV) infection is one of the models
for multistage cancer development. However, the molecular mechanism has not been fully
understood. Furthermore the details of the regulatory mechanisms for the HPV replication and gene
expression in differentiating epithelium remains unclear, even by using an organotypic culture
system (raft culture) that is used as a system capable of reproducing the differentiation dependent
replication cycle of HPV.

In order to examine the molecular mechanism underlying the HPV replication and the
cancer development, we construct the high risk and row risk HPV plasmid with high expression

ability, and then analyze the viral replication and its effects on the host cells.

6) Regulation of canonical Wnt signaling pathway by Grb10, an adaptor protein for
receptor tyrosine Kinases----a likely mediator for interaction between Wnt signaling
and growth factor-mediated signaling: N. TEZUKA, and S. YANAGAWA.

The canonical Wnt signaling pathway is highly conserved throughout the animal kingdom
and controls a number of developmental processes. In addition, numerous mutations in components
of the Wnt pathway, such as apc, axin, b-catenin, are oncogenic. The Grb10 protein (growth factor
receptor-bound protein 10), on the other hand, is a cellular adapter protein, which can bind to
numerous receptor (and non-receptor) tyrosine kinases, as well as several intracellular proteins.

Grb10 has distinctive structural features including src-homology 2 (SH2)-, pleckstrin-homology



(PH)-, and RA-like-domains. Like other adapters, Grb10 have been shown to mediate the coupling
of various cell surface receptors with specific downstream signaling pathways.

With yeast two hybrid screen using mouse DvI2 (mouse homologue of Drosophila
Dishevelled, major positive regulator of Wnt/wingless signaling pathway) as a bait, we have
identified the Grb10 as a novel interacting protein of DvI2. Indeed, interaction of Dv12 and Grb10
was confirmed by co-immunoprecipitation experiments in tissue culture cells. Tcf-dependent
luciferase reporter assay (specific assay for canonical Wnt pathway) in HEK293T cells revealed
that overexpression of Grb10 protein severely suppresses Wnt3a-, LRP6 (low-density lipoprotein
receptor related protein 6, a co- receptor for Wnt)-, and DvI2- induced elevation of luciferase
activities. In contrast, Tcf reporter activity induce by b-catenin was not affected by Grbl0
expression, suggesting that Grb 10 functions upstream of b-catenin. Further more, the binding of
Grb10 with LRP6 was found, indicating a molecular mechanisms underlining how Grb10 inhibit
Whnt signaling. Upon stimulation with growth factors (such as insulin EGF, HGF etc), recruitment
of Grbl0 to intracellular domain of receptor tyrosine kinases are well documented. Thus we are
exploring interaction between Wnt signaling and growth factor-mediated signaling through Grb10

adaptor protein.
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