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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

6K 1CTPUWAE - The arrest is almost the same

correlated with an increased expression of pl and p2
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, MKK?7, or MKK6) expressed epidermis did not reproduce the invasion induced by both E7
and H-ras expressions completely. It is suggested that HP V-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 ES: 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. ES5 is a highly
hydrophobic membrane-bound protein, and influences cellular signal transduction pathways. But,
the details of E4 and ES5 function remain unclear. We consider that E4 or ES5 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 ES.

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
B-catenin. Without the stimulation of Wnt, 3-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 (3-catenin.

Growth factor receptor-bound protein (GRB) 10, GRB7, and GRBI14 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
B-catenin-induced TCF-dependent-reporter activities in HEK293T cells, suggesting that GRB10
functions upstream of B-catenin. Actually, GRB10 overexpression attenuated the Wnt3a-induced
accumulation of B-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 GRBIO.
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 GRBI0 are required to inhibit Wnt3a- and LRP6-induced TCF-dependent reporter
activities effectively. Upon GRBI10 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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LAEEEIIVEEDN D A U R—DETIIH D AR, B DT=0DI2, BAEDRFFERE DRERL
FRH L CREET, AX v 7ILEH - IO NT, KEFERE L L UIEMB R
CHTRT D AR (D3), #RAET (M2), 0y (M2), Tk (M2), ZL
TEFERICEHEREE (D2), AR (D2), ¥ T 6 ANEHELTVWET, 22
ICHEEEEN S HIER & L TEBROFLRNEZ LTSN TWAHMEA, BASA (&)
IZREEFRL 3 EA) b > TWET,

(1) B M r—<TA /LA (HPV) YL X 2 BEVEE I RS o fii B

HPV IR JGROREE72 & 00 b B/ D BL AR U, IR a v ——
72 EONEGEZFHFT AWIREKNTF TH D, Y LGS TH ARG L R 2568034 <,
FHIRINTESE D BRI T 25ANELEAETH DN, FTEREEICERT S Z &
M HILTN D, FRCTFEHRETIE, 13& A EORIER T HPV O #R S, HPV
YT T E I EIED EE R YR T 7 7 X —ThbHEEZ LN TS, 2Oz, LA
AN AP E N AR D HNSCC (head & neck squamous cell carcinoma) J&JE~D 5.
HLIEH SN TEY, HPVide FZEN E LEREFENR (BATA LA O—DThD,

HPV &Y 2 k2 BHEBEERICIE, YAV ADa—RK+5 B6 & E7 L) —oD
transforming gene NEE/p&E 2 £7- LT\ D, TIUTIFETEIL, b DBEMETEDH
i O FB 22 N AINHEILFPES T D pb3 & pRb 2 RiELT HHERENE - L T\ 5,
p53 & pRb 1%, W &MY T = v 7 #EICE S LTk, DNA HE R i
L, A B L A7 S0 T, flanR 22 1E S Sy e finNEREORIE 2390 50,
LU ITHlaE 284 5 2 & CREMZRET H2EEICEE L T\wd, E6 L E7I12X
D 2 S ONRAMHIFREN DIV TV D 2 & T, HPV EYSHa I qe R B2 OB, B
Rl BERERIZ R L CTEFICR Y, ZORER, BREFF o 7o iin 2  RYSEALIZERE L,
ZOHNLEMEPE 2 A LMl BT 560 EE XN,

E6 & E7 1 3ffans A bicBao 503, HPV EEsia i LML 32 £ T2 10 L EDE N
HMZEST 22N Z0, ZOMICEEEEFOERNEHEL, BENPEZERST L LE
ZHNDD, EREEBRGFIEREINTWRY, A IINAMIE TS ZRAPRED B
% ras\Z{FEHE L, ras fREOIEMEIIC X 2 EMERE OBEIZE L TRET L7, 8% O ML
fC ras $EE 215 L4 % &, premature senescence 723ihiE X AUHIMIEEEAME IE 5,
Z @ senescence (£ E7 |2 & % pRb & O ANERIC IV EET 5 Z LN AIEETH -7, E7
EiEME(L Ras Z#%BlT 2 EET NVEER AR TIE, ERMEORMENHR T, Z0iRH
REDEFFIT 1T MAPK #2385 % /1 L 72 MMP OIEMEAL NG L TV 5 ATREME S R ST,

HPV EYuiE 133197 STD (Sexually Transmitted Disease : #E&YwiE) TH Y . JA<
EIELTWDZERMBITND, TD7=®, HPV YT X 203 A b%B5 <7201zl



HPV Oy « HERIZMEIT 5 Z ENPRTH DL EEZHND, L HPV ol - &
[z FRELOHENL, ERMEOSMEIZRKAE L TRV, i OMikEE T HPV o4&
IRREZFH TE R0, ZORIEEEIZIZE A Eoho> TRy, Fx iZBEICKEE
TAREESZREZ AT, HPV OB AR T THHRL TS, ZOREZ I HICHESHE
L, MEOHPV L7 Y a8 L, 213 1< HPV O R - BRI BN 4 AT
T 5 FREERFTL TS, £—H T, HiEDO L oo T o A L ZHEE R T,
K2 B4 L B ICiEA L, RO OEMEEORIELZTTH TS, T OEE THRE)
O, UANVAEROFREHEREZIRY | BLY A LV AFIBRFR O A R L7z,

(2) HIV-1 OFE 1 BLEEAE 0O fif AT

HIV-1 13t hO=A XOFEERFFRN - TH D, HIV-1 IV by A L AOMETH D
N, FOTa M ATz MULV (=7 ZAEMBET AL R) ITHRBE, %< Ol
B A RSIZa—RLTWD, ZAbOERT & EFEMRFOMAAEML, HIV-1 OFfF
ROFRIE O BUE AN TOWRRIL, WEMER SICEEG L TWD LB BN D,

7o b OWF5EE Tl HIV OfE R 1 O EWIEMEICHR 2 K Bt 21T > TV 508, Bl
TR HIV-1 12 X 5 MR sERE SR O © D T\ D, FFIC, JEYSHIa)EL o CD4 [tk
i)Y apoptosis #E I K - THIfEIET % “ bystander cell death” & FREi 25 HfufEE
BRICBEILC, 2OV A NAUDOERZH 62T 2 EFRIRFC, £ ZICBET 216 F MK
FOREZ B LTI 21T > T D, ALV AMIOZER L LT, Env, Nef, Vpr, Tat
RENEZLNTEY, 07T Vpr & Nef iICBI L THistZ Mz Tn5, NeflIcBIL T
LM RFZEEE T Vpu & OBRER 2 BIEAVR STV A DT, Vpu it LT b, £ OMEERH
AT = RANEHT LT 5,

(3) Wnt > 7 FIRERRIL. B OFRESCHERRD D WITELLOBEEITHENT, B
BB Z R TWa, BJIIEEIT Canonical Wnt FEE& DfEHT Z1TV), Casein kinase Io/)
B-catenin/Arm Z ) (L L. EDO0fRzE{EE L TW5%H {EMBO J. 21,32353, (2002). Mol.
Cell. Biol., 24, 2012, (2004)} 7sEZB5MTLTE . ML FHIF. 2 0 0 541 Wnt
FEHE DRERL B DvI2 % Bait & L7z Yeast two hybrid screen Z17\), DV f5GHEHE L THiZ
IZ Growth factor receptor bound protein 10 (Grb10) FEHZ[FE L7z, 2 0 0 6 fFIZFEM 2T
ZATo IzfESE. Grbl0 X Wnt @ co-receptor T DFEEES > /X7 Low density lipoprotein
receptor related protein 6 (LRP6) & HFEET 5FHZ2 AH L7z, Grbl0 EHIL, ZARMFO L
> FF —+ (Insulin, IGF-1 OZB/IEKE K ET AT Y Ty —nTELTREEIN,
Pro-rich region, Ras-associated-like domain, #&H D5 7EZ (€9 % Pleckstrin homology (PH)
domain,Z U CIHRARFOL IZHAT D SH2 domain 75 EREEAI/SHEGE R X 1 > 2 Ff D,
Grb10 D F7s8HE & L T, Insulin % IGF-1 12 K A HifE5E S 7 )L DA OHI#IK T TH %
FERHHSNTNS,

F4 1L, Grbl0 A% Canonical Wnt fFR&Z R < HIHIT2HEZHSNIL TS, ThabDH



Wnt3a, DvI2 &% Widk LRP6 DOFRHIFEIC XL D FE I N/= TCF KFEM DR EIE L 2.
Grbl10 1J5R < BHET 578, —F4. EHEIIEELE D B-catenin DIRFIFEIIT XL % TCF K7 1%
DIRBEIEMEAL 2 & < IHT 2 FHITH KN > 72, 7> T Grbl0 OEA FIE. B-catenin £ D
FRTHoT, ZOREEMIEL T, Grbl0 Z5&HIFH L 7/lgic B W T, EFEMEICLt
N, Wnt3a FIIIC & D B-catenin DFEIFIE L <HHE 2 5072, S 51T RNAIIZE > T Grbl0
OFBZMH TS &, Wntda K D FHE I Nz TCF KE DIEEEOEENR SNz, i
> T Grbl0 I IEFHIIZITAWT, EERIZ Wnt FREEOADOHIEIR T & L TEW TS EH)E
5MMZ755 /7. LRP6 13 Grbl0 D4 FHRIICHEEG T 2D TH %M. Grbl0 12L& D Wnt FE %
OMHNTIX, Z D C-Kuii® SH2 domain &N N-KRinDNHETH > 77,

Wnt Fl#KI2 L > T, LRP6 OFMIIEE R A 22 Axin VU Z)b— b 3N5b &, Axin 1T
B—catenin 73 FEE G R D Scaffold & U TOMREZ FBHEHIRR 72D, ZDOH5R. p-catenin D
HBENNOZERENEC2ENH SN TS, REHIEBIEICK D, Fxld, Wnt &KFEHE
@D LRP6 ~D Axin DFEEM, Grbl0 OFRFIRIIC L > THESINS2EZ R L77Z, LRP6
DOHIfE R A1 > 2> T Grbl0 & Axin NHAE L TNHHDEEZEZ S5, ZHNH Grblo 1T
£% Wit BEOMHIO FHEETH A5 EHRL TW5B,



