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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 cause 

disease in epithelial surfaces, 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, p107, p103). 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. These interactions were also confirmed by in 
vitro binding assay, and the binding affinities were different among E7s from several HPV types. 
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. 
 
2) Modulation of HPV-infected Cell Proliferation and Invasion by Ras Protein: S. 

YOSHIDA, K. SASAKI, A. SATSUKA, N. KAJITANI, H. NAKAMURA and H. 
SAKAI 

                                         
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 G1-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. It is understood that HPV 
infection alone is not sufficient for cancer formation.  Cervical carcinogenesis is considered as the 
multi-step process accompanied by host mutagenesis.  Ras, that is host 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.  
Ras-induced transformation of primary cells requires the cooperation of genes, such as 
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 p16INK4a and p21CIP1/WAF.  The arrest is almost the same 
as the replicative cellular senescence.  Ras is related to the cancer metastasis.  Mutated Ras is 
detected in high-grade cervical lesion.  Ras induces matrix metalloproteases, which degrade 
extra-cellular matrix and are activated in aggressive cancer.  Ras also activates rac and rho, 
up-regulating cell motility.  We are investigating how Ras protein regulates cell proliferation and 
metastasis in the E6 or E7 (or E6/E7) expressed cells.   

First, we introduced active-form of H-ras expression in primary cells expressing HPV 
oncoproteins, and analyzed the cell growth potential and the regulators for cell cycle checkpoints.  
We found that E7 expressed keratinocytes could escape ras-induced senescence.  It was indicated 
that pRb pathway was important for ras-induced senescence in keratinocytes.  Second, we 
analyzed the effect of ras activation on the HPV-infected epidermis using the (organotypic) raft 
culture system.  We found that E7 and H-ras expressed epidermis invaded basal layer.  This 
invasion resulted from up-regulations of MMP2 and MMP9 by H-ras and E7, respectively.  This 
invasion was suppressed either by MEK or MMP inhibitors.  E7 and constitutive active MAPK 
(MEK, MKK7, or MKK6) expressed epidermis did not reproduce the invasion induced by both E7 
and H-ras expressions completely.  It is suggested that HPV-infected cell could acquire metastasis 
by ras activation.   
 
3) Molecular mechanism 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 (HIV-1) infection causes rapid depletion of 

CD4-positive T cells, which is one of the hallmarks of acquired immunodeficiency syndrome 
(AIDS). Although the viral infection directly causes the cell death, it is presumed that bystander 
apoptotic cell death is also induced by the infected cells, resulting in the massive loss of 
CD4-positive T cells in infected individuals. Thus, studying the biological mechanisms of bystander 
effect of infected cells is essential to understand AIDS pathogenesis.  

In order to investigate the molecular bases of bystander cell death induced by HIV-1 
infected cells, we have developed a novel assay system by which it is possible to analyze an 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 E5: N. KAJITANI, A. 

SATSUKA, S. YOSHIDA, H. NAKAMURA, K. SASAKI and H. SAKAI 
 

The primary target of HPV infection is the basal cells of the epithelium, and as these cells 
divide, differentiate, and migrate toward the surface of the epithelium, the virus switches its 
lifecycle to the late phase of infection; viral genome amplification and virion production. The 
expression of E4 occurs in the upper layers of the epithelium, coordinating with the onset of virus 
genome amplification. It has been proposed that disruption of the keratin networks by E4 could 
facilitate viral egress. It is also known that E4 induces the modification of cell cycle. E5 is a highly 
hydrophobic membrane-bound protein, and influences cellular signal transduction pathways. But, 
the details of E4 and E5 function remain unclear. We consider that E4 or E5 is associated with the 
activities involved in HPV specific lifecycle and with the virus-induced tumor formation, so try to 
investigate novel functions of E4 or E5. We performed yeast two-hybrid assays and got several 
candidate proteins as which interacts with E4 or E5. We carry on the analysis about the interactions 
between the each candidates and E4 or E5. 

 
5) Functional Studies on Differentiation-Dependent 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 of the cancer development 
has not been fully understood. Furthermore the details of the virus life cycle, especially the 
regulatory mechanism for the virus 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 life cycle of HPV. 

In order to examine the molecular mechanism underlying the HPV life cycle, we established 
the system that could support HPV replication effectively, then we constructed mutant plasmids for 
viral regulatory genes with full-length HPV. We try to investigate the HPV life cycle by this 
system. 
 
 
6) Growth factor receptor-bound protein 10 inhibits canonical Wnt signaling through 

interaction with LRP6, the Wnt co-receptor protein: Norio Tezuka and Shin-ichi 
Yanagawa 

 
Wnt signaling regulates a variety of adult and developmental processes and mutations in 



several components of the canonical Wnt pathway are oncogenic.  In the canonical Wnt pathway, 
a key regulatory step is the phosphorylation and degradation of the transcription co-activator 
β-catenin.  Without the stimulation of Wnt, β-catenin is assembled into the Axin complex, where 
it is phosphorylated before being recruited to the ubiquitin-proteasome pathway for degradation. It 
is generally accepted that Axin binds to LRP6 in a Wnt-dependent manner and the formation of this 
LRP6-Axin complex leads to the sequestration of Axin’s function in the degradation of β-catenin.   

Growth factor receptor-bound protein (GRB) 10, GRB7, and GRB14 constitute a 
structurally related family of adapter proteins which has no intrinsic enzymatic activity but share 
numerous motifs associated with protein and lipid binding.  These motifs are; the carboxyl 
(C)-terminal SH2 (src homology 2) domain, the BPS (between the PH and SH2) domain which is 
unique among this family of proteins, the PH (pleckstrin homology) domain facilitating membrane 
localization of the proteins, the RA (Ras-association)-like domain, and a proline-rich region. The 
binding of GRB10 to numerous activated tyrosine kinase receptors, such as insulin receptor, the 
insulin like growth factor I receptor has been demonstrated thus GRB10 has been implicated in the 
binding to, and suppression of signals from, the insulin receptor and insulin like growth factor I 
receptor.   
    To identify protein partners that regulate LRP6 signaling, we performed a yeast two-hybrid 
screen with the intracellular domain of LRP6 as bait and found that GRB10 binds to LRP6.
GRB10 overexpression severely suppressed Wnt3a-, LRP6-, and Dvl-2-induced but not 
β-catenin-induced TCF-dependent-reporter activities in HEK293T cells, suggesting that GRB10 
functions upstream of β-catenin.  Actually, GRB10 overexpression attenuated the Wnt3a-induced 
accumulation of β-catenin.  Furthermore, RNAi-mediated down-regulation of endogenous GRB10 
protein stimulated Wnt3a-induced TCF-dependent reporter activities, indicating that GRB10 is 
indeed a novel negative regulator of the Wnt signaling.  To further analyze LRP6-GRB10 
interaction, we performed experiments involving a series of progressive deletions of GRB10. 
Co-immunoprecipitation showed that the central portion of GRB10 constitutes the LRP6-binding 
site, but a carboxyl-terminal src homology 2 domain as well as the 68 most amino-terminal amino 
acids of GRB10 are required to inhibit Wnt3a- and LRP6-induced TCF-dependent reporter 
activities effectively.  Upon GRB10 overexpression, the amount of Axin co-immunoprecipitated 
with LRP6 decreased markedly, suggesting that GRB10 interferes with the binding of Axin to 
LRP6. This may be the molecular mechanisms of by which the overexpression of GRB10 severely 
suppresses Wnt3a- and LRP6-induced TCF-dependent reporter activities.  These results suggest 
possible cross-talk between tyrosine kinase receptor-mediated signaling and the canonical Wnt 
signaling through the adaptor protein GRB10.  
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（３）Wnt シグナル伝達経路は、動物の発生や形態形成あるいは癌化の過程において、重
要な役割を果たしている。柳川は主に Canonical Wnt経路の解析を行い、Casein kinase Iαが
β−catenin/Armをリン酸化し、その分解を促進している事 ｛EMBO J. 21,32353, (2002)、Mol. 
Cell. Biol., 24, 2012, (2004)｝などを明らかにしてきた。 柳川、手塚は、２００５年にWnt
経路の構成員 Dvl2を Baitとした Yeast two hybrid screen を行い、Dvl2結合蛋白として新た
に Growth factor receptor bound protein 10 (Grb10) 蛋白を同定した。２００６年に詳細な解析
を行った結果、Grb10 は Wnt の co-receptor である膜貫通タンパク Low density lipoprotein 
receptor related protein 6 (LRP6)とも結合する事を見出した。Grb10蛋白は、受容体型チロシ
ンキナーゼ (Insulin, IGF-1 の受容体など)に結合するアダプター分子として見出され、
Pro-rich region, Ras-associated-like domain, 蛋白の膜局在を促進する Pleckstrin homology (PH) 
domain,そしてホスホチロシンに結合する SH2 domain など特徴的な機能ドメインを持つ。
Grb10の主な機能としては、Insulinや IGF-1による細胞増殖シグナルの負の制御因子である
事が知られている。 
我々は、Grb10 が Canonical Wnt 経路を強く抑制する事を明らかにしてきた。すなわち



Wnt3a、 Dvl2 あるいは LRP6 の強制発現により誘導された TCF 依存性の転写活性化を、
Grb10 は強く阻害するが、一方、恒常的活性化型のβ-catenin の強制発現による TCF 依存性
の転写活性化を全く抑制する事は出来なかった。従って Grb10 の作用点は、β-catenin より
上流であった。この結果と呼応して、Grb10を強制発現した細胞においては、正常細胞に比
べ、Wnt3a刺激によるβ-cateninの誘導は著しく押さえられた。さらに RNAiによって Grb10
の発現を抑制すると、Wnt3a より誘導された TCF 依存性の転写活性の高進が見られた。従
って Grb10は正常細胞に於いて、実際に Wnt経路の負の制御因子として働いている事が明
らかになった。LRP6は Grb10の分子中央部に結合するのであるが、Grb10によるWnt経路
の抑制には、その C-末端の SH2 domain及び N-末端が必要であった。 

Wnt 刺激によって、LRP6 の細胞質ドメインに Axin がリクルートされると、Axin は
β−catenin分解複合体の Scaffold としての機能を発揮出来なくなり、その結果、β−cateninの
細胞質内への蓄積が生じる事が知られている。免疫共沈殿法により、我々は、Wnt 依存性
の LRP6への Axinの結合が、Grb10の強制発現によって阻害される事を見出した。 LRP6
の細胞質ドメインを巡って Grb10と Axinが競合しているものと考えられ、これが Grb10に
よる Wnt経路の抑制の分子機構であろうと推測している。 

 
 
 
 
 
 

 


