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In another report [19], vitamin D (1,25-dihydroxyvitamin D3)
receptor (VDR) (NM_01466), caspase 3 (NM_004346), activating
transcription factor 6 (ATF6) (NM_005171) and presenilin 1 {Alz-
heimer disease 3) (PSEN1) (NM_007319) were expressed in the
PEL cells more highly than in pre-B cells, GC B cells mostly includ-
ing BL cell lines, and post-GC B cells. Our results, however, do not
necessarily prove that the expression of these four genes expres-
sion was the higher in the PEL cells; i.e.,, VDR and caspase 3 were
indeed expressed more highly in the PEL cells but ATF6 was ex-
pressed at lower levels and PSEN1 were equivalent (Fig. 3A).

Another report [29} has shown that the expression of angio-
poietin 2 (ang-2) (NM_001147), chemokine (C~C motif) ligand 5
(CCL5) (NM_002985), chemokine (C-C motif) receptor 5 (CCR5)
(NM_000579) and so on were up-regulated in the Kaposi's sarcoma
(XS) [4], but such genes were not characteristically expressed in
the KSHV-infected PEL cell lines in our analysis (data not shown),
suggesting that the difference in cell origin affected the gene
expression profile, even though both KS and PEL were usually
infected with KSHV.

3.3. Angiopoietin 1 (Ang-1) (NM_001146) is expressed more highly in
the PEL cell lines

Ang-1, which is an angiogenic secretory protein and has about
60% amino acid sequence similarity to Ang-2 (NM_001147)
[18,30,31], appeared to be expressed more highly in the PEL cell
lines than in the TCL or BL cell lines (Figs. 2A and 3B). The level
of Ang-2 expression in the PEL cell lines was almost the same as
in the normal PBMCs (Fig. 3B). Ang-1 shares a receptor, Tie2 (also
called Tek1) (NM_005424) with Ang-2 [30,32]. Ang-1 acts as a par-
acrine agonist inducing Tie-2 phosphorylation and subsequent ves-
sel stabilization. On the other hand, Ang-2 acts as an autocrine
antagonist of Ang-1-mediated Tie-2 activation [33]. The outcome
via the ligand-receptor mediated signaling is different, the reason
for which remains unclear. It is still unclear how each factor signals
to target cells. It has been reported that Ang-2 was expressed well
in the KS, in which KSHV-mediated activation of AP-1 and Ets-1
responsive elements seemed to have the functional roles [29,34].
Another report showed that Tiel as well as Tie2, and angiopoietins
1, 2, and 4 were expressed highly in the KS lesions [35]. Further-

more, it has been reported that KSHV reprogrammed the gene -

expression profile of blood vascular endothelial cells upon infect-

_ing them [29,36,37]. Thus, ang-1 could be more favorable for
expression in the PEL cell environment, though there has been no
report investigating their expression in PELs. We confirmed that
ang-1 was surely expressed at higher levels in the PEL cell lines
than in the T-cell lymphoma or BL cell lines by RT-PCR (Fig. 3C).
On the other hand, expression of the receptor, Tie2 expression
was higher rather in the BL cell lines (Fig. 3B), suggesting that an
autocrine mechanism should not be effective for PEL cells as noted
for the role of Ang-2 [33], even if Ang-1 may function as a real po-
sitive growth factor for endothelial cells.

3.4. Genes expressed either lower or higher in the all tumor cell lines
except normal PBMC

We mined our data to find genes expressed either at lower or
higher levels in all the tumor cell lines examined in this analysis,
since genes expressed in common in various kinds of cell lines
might reflect general tumor or immortalized phenotype. We found
that there were many repressed genes (data not shown) and a lim-
ited number of activated genes compared with normal PBMCs
(data not shown). The information was indeed informative in
terms of characteristic features of these kinds of blood cell cancers,
but we are currently unable to specify the function of these genes

or the meanings of each gene to form tumor phenotype and further
investigation will be needed to answer these questions.

In conclusion, three types of cell lines showed distinct gene
expression profiles. The function and significance of higher or low-
er expressing genes in typical cell lines should be clarified to
understand mechanism of cancer formation and effect of viral
infection.
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We established a series of stable transfectants expressing wild-type and three mutant LANA; amino ter-
minus, carboxyl terminus and amino terminus plus DNA binding domain, as a new strategy to assess sys-
tematically the interactions and binding domains with cellular proteins. Using the system, we reported
that LANA specifically bound to p53 via DNA binding domain. As for LANA function in the regulation

Keywords: of p53 through the interaction, we showed that polyubiquitylation of p53 in the presence of LANA was
SSX obviously increased. LANA also associated with Cullin 5 and Rbx1, active subunit of E3 ubiquitin ligase
Stable transfectants complex. Taken together, the present study suggests that LANA induce enhancement of p53 ubiquityla-
p53 tion and degradation into proteasome, consequently contributing to latent persistence.

Ubiquitylation © 2010 Elsevier Inc. All rights reserved.

1. Introduction

The Kaposi's sarcoma-associated herpesvirus (KSHV), known as
human herpesvirus 8 (HHV8), is a double-strand DNA virus that
classified as a y-herpesvirus and the most recently discovered hu-
man tumor virus [1]. KSHV is associated with Kaposi's sarcoma and
two B cell lymphoproliferative diseases: primary effusion lym-
phoma and some forms of multicentric Castleman’s disease [2].
Most tumor cells derived from these malignancies are latently in-
fected with KSHV, and hence latent infection is thought to play an
important role in the development of KSHV-associated neoplasms
[3].

In latent infection, viral gene expression is restricted to a small
number of genes, one of which is latency-associated nuclear anti-
gen (LANA), encoded by open reading frame 73 (ORF73). LANA spe-
cifically binds to an origin sequence within the viral terminal
repeats (TRs) through its carboxyl (C)-terminal DNA binding do-
main (DBD), contributing to latent episome replication using host
DNA synthesis machinery [4,5]. LANA also tethers viral episomes
to host chromosomes through its amino (N) terminus, thereby
ensuring efficient segregation of viral genome during mitosis [6].
Furthermore, LANA has known to be involved in the regulation of
cellular processes, as viral and cellular gene expression and prolif-

* Corresponding author at: Research Team for Viral Diseases, National Institute of
Animal Health, 3-1-5 Kannondai, Tsukuba, Ibaraki 305-0856, Japan. Fax: +81 29 838
7844,

E-mail address: tohru_suzuki@affrc.go.jp (T. Suzuki).

0006-291X/$ - see front matter © 2010 Elsevier Inc. All rights reserved.
doi:10.1016/j.bbrc.2010.11.004

eration, by interacting with a variety of host cellular proteins via its
N- or C-domains [7]. Notably, LANA is thought to specifically bind
to tumor suppressor proteins, as retinoblastoma protein (pRb) and
p53, thereby promoting cell cycle progression, chromosome insta-
bility and cell immortalization [8,9].

Selective protein degradation pathways seem to be utilized by
viruses to establish an environment which suitable for their prop-
agation and tumorigenesis. Surprisingly, many DNA tumor viruses
such as Human papillomavirus (HPV), adenovirus and Epstein-Barr
virus (EBV) have evolved strategies to control the selective protein
degradation which targeting tumor-associated proteins by mim-
icking and blocking the activity of ubiquitin—proteasome system
[10-12]. E6 protein of HPV type 16, which is associated with a high
risk of malignant progression, has abilities to bind and enhance
p53 degradation by the ubiquitin-directed system [13]. Two prod-
ucts of early regions 1B and 4 encoded by adenovirus, E1B55K and
E4orf6, collaborate to target p53 for degradation throughout the
Cullin-based E3 ubiquitin ligase complex composed of their pro-
teins [14]. By contrast, Epstein-Barr virus nuclear antigen 1
(EBNA1) of EBV directly interacts with ubiquitin-specific protease
(USP7/HAUSP) where interfering with the stabilization of p53 by
USP7, resulting in the increased ubiquitination and destabilization
of p53 [15]. )

LANA of KSHV physically interacted with p53, thus it suggests
that LANA might involve in the regulation of p53 [9]. Recently,
LANA associates with Elongin BC and Cullin 5 (Cul5) via suppressor
of cytokine signaling box-like motif, and hence LANA is shown to
form ECS E3 ubiquitin ligase complex [16]. On the other hand,
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LANA has structural and functional similarities with EBNA1 of EBY,
which belongs to subfamily y-herpesvirus as KSHV [17]. Therefore,
it still remains a possibility that KSHV has similar machinery to
other herpesvirus in the control of p53 [18]. In the present study,
we established a new system to screen the interactions between
LANA and cellular proteins, and tried to verify the mechanism reg-
ulating p53 by LANA using our system.

2. Materials and methods
2.1. Cell culture, plasmids and transfection

Two hundred ninety-three cells were maintained in Dulbecco’s
modified Eagle's medium supplemented with 10% fetal bovine ser-
um and antibiotics, Constructs expressing amino-terminal en-
hanced green fluorescent protein (EGFP)-fused full-length LANA
(LANA-FL, 1-1162), N terminus (LANA-N, 1-280), C terminus
(LANA-C, 280-1162) and N terminus plus DNA binding domain
(LANA-NDBD, 1-280 921-1162) were inserted into retroviral vec-
tors. After transfection those vectors with 293 cells, stable trans-
_ fectants were isolated by limiting dilution and screening through
the observation of GFP expression level. Expression plasmids,
pCGN-HA-ubiquitin and FLAG-p53 were described in our previous
reports [19]. Plasmid transfections were performed using the cal-
cium phosphate method.

2.2. Immunoprecipitation, immunoblot and in vivo ubiquitylation
assays

Cells were lysed in lysis buffer (50 mM Tris-HCl [pH 7.2],
250 mM NaCl, 10% glycerol, 0.1% Triton X-100, 2 mM EDTA,
10 mM 2-mercaptoethanol, protease inhibitor cocktail {Sigma]).
The cell lysates were homogenized in Dounce homogenizer (30

250 -

GFP LANA-C

LANA-N LANA-FL

156 —

75 =

50 =

stokes) at 4 °C for 30 min, followed by centrifugation and overnight
incubation supernatant with anti-GFP antibody. The antibody com-
plex was precipitated after gentle rotation (4 °C for 1 h) with Pro-
tein G-Sepharose beads (GE Healthcare). After the beads were
washed three times in lysis buffer, proteins were eluted in Lae-
mmli’s sample buffer and loaded onto 4-12% Bis-Tris gels (Bio-
Rad Laboratories) for subsequent immunoblotting.

For in vivo ubiquitylation assays, cell lysates were denatured
by treatment with 2% SDS and 5% 2-mercaptoethanol at 100 °C
to dissociate non-covalent protein associations prior to
immunoprecipitation.

2.3. Immunofluorescence assay

Cells grown on coverslips were washed in phosphate-buffered
saline (PBS), and fixed in 4% paraformaldehyde-PBS for 30 min at
room temperature. After fixation, the cells were permeabilized in
PBS containing 0.1% Tween 20 for 15 min. Cellular DNA was
stained with 0.5 pM DAPI (4',6'-diamidino-2-phenylindole). The
slides were visualized by Fluorescence confocal microscopy system
(FluoView FV1000; Olympus).

3. Results and discussion

We firstly attempted to establish a set of stable transfectants
expressing EGFP-fused LANA-FL and three different truncated
forms of LANA; LANA-N, LANA-C and LANA-NDBD, in order to sys-
tematically investigate the interaction and binding domain be~
tween LANA and cellular proteins. The expression of LANA in
four types of stable transfectants was confirmed by immunofluo-
rescence assay (IFA) and by immunoprecipitation (IP) and immu-
noblot (IB) assays targeting GFP. By confocal microscopy, GFP
expression in the control was observed uniformly throughout cell

IP: GFP

—

IB: GFP

1. GFP

2. LANA-N
3.LANA-C
4. LANA-FL

Fig. 1. Expressions of control GFP and three types of LANA. After 293 cells were transfected with retroviral vectors derived from GFP, full-length (LANA-FL) and two truncated
LANA (LANA-N and LANA-C), some stable transfectants were obtained by limiting dilution and screening through the observation of GFP expression. (A) A representation of
stable transfectant was confirmed the level of GFP expression by immunofluorescence assay. DNA in the nucleus was counterstained with 0.5 pM DAPI (4',6'-diamidino-2-
phenylindole). Original magnification, 20x. (B) The cells were harvested, lysed and immunoprecipitated with anti-GFP antibody (Nacalai tesque, Inc.), and then

immunoblotted with anti-GFP antibody (Nacalai tesque, Inc.).
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IP: GFP 1. GFP
2.LANA-N
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: : IB: HAUAP/USP7 4. LANA-NDBD
L 2 3 5 5.LANA-FL

Fig. 2. LANA interacts with p53, but not USP7 in vivo. (A) Equal amount of whole
cell extracts were immunoprecipitated with anti-GFP antibody and immunoblotted
with anti-p53 DO-1 antibody (Santa Cruz Biotechnology). (B) Equal amount of
whole cell extracts were immunoprecipitated with anti-GFP antibody and immu-
noblotted with anti-USP7 antibody (Cell Signaling Technology).

(Fig. 1A). The pattern of GFP expression in LANA-N, LANA-FL and
LANA-NDBD (data not shown) localized to the nucleus, because
there was nuclear localization site (NLS) in N terminal domain of
LANA {20]. By contrast, GFP expression in LANA-C was mainly re-
stricted within cytoplasm. In the IP and IB assays, cell lysate from
LANA-FL expressed the band of molecular size of approximate
230 kDa (Fig. 1B). Moreover, lysates from control and two mutant
types of LANA exhibited the bands of molecular size to be esti-
mated from deletion of amino acids, respectively.

Using the series of stable transfectants, we investigated the
interactions of p53 with LANA by IP and IB assays (Fig. 2A). LANA
specifically interacted with p53 via C-terminal domain as previ-
ously reported [9]. In addition, this study notably demonstrated
that the DBD domain was responsible for binding to p53 as similar
as the domain interacting p53 with herpesvirus saimiri (HVS)
ORF73, a homologue of KSHV-encoded LANA [21]. p53 is a tran-
scriptional regulator of cell growth whose induction leads either
to cell-cycle arrest or apoptosis [22]. LANA is a multi-functional
factor activating or repressing viral and cellular processes through
interactions with several host cellular proteins [23]. Therefore,

T. Suzuki et al./Biochemical and Biophysical Research Communications 403 (2010) 194-197

A IP: GFP B IP: GFP
IB: Cullin 5 IB: Rbx1
1 2 3 4 1 2 3 4
1. GFP
2. LANA-N
3.LANA-C
4, LANA-FL

Fig. 4. LANA interacts with Cul5 and Rbx1. (A) Equal amount of cell lysates from
each transfectants were immunoprecipitated with anti-GFP antibody and immu-
noblotted with anti-Cullin5 antibody (Millipore). (B) Equal amount of cell lysates
from each transfectants were immunoprecipitated with anti-GFP antxbody and
immunoblotted with anti-Rbx1 antibody (Invitrogen).

these data suggest the possibility that LANA might control p53
function to maintain in a latent infection.

As a result of IP and IB assay targeting USP7, there was no spe-
cific interactions between LANA and USP7 (Fig. 2B). Thus, the fact
suggests that LANA might function in the regulation of p53 by a
different way from EBNA-1 which directly interact with USP7,
and thereby induce p53 destabilization.

To assess the hypothesis that LANA can mediate p53 repression,
we observed and compared levels of ubiquitylation of p53 with or
without LANA. Two hundred ninety-three cells were co-transfected
with different combinations of Flag-p53, HA (hemagglutinin)-
ubiquitin and GFP-LANA as indicated in Fig. 3. At 48 h post-trans-
fection, the transfected cells were harvested, lysed and protein
normalized. Subsequently, equal amounts of whole cell extracts
were subjected to denature, and then immunoprecipitated and
analyzed by IB assay with antibody against Flag. The IB data by Flag
antibody showed that equal total protein after treated with IP
following denaturation was loaded onto SDS-PAGE (Fig. 3A).
Although the transfection efficiency of GFP-LANA was less than
that of GFP, polyubiquitylation of p53 was obviously enhanced in
the presence of LANA (Fig. 3A and B). Therefore, these data suggest
that LANA induces the degradation of p53.

As for potential mechanism for LANA-mediated regulation of
p53 function, Robertson’s group reported that LANA functions as

A Denature B Whole cell extracts (WCE) Whole cell extracts (WCE)
—IRiFlag Flag-ps3 P Flag-p53 +
Flag-p53 + o+ HA-Ub + o+ o+ HA-Ub + o+ o+
HA-Ub + o+ 4+ GFP-LANA 4 GFP-LANA FEI
GFP-LANA + o+ w———-——-——ﬁ{-
GFP-LANAT) -
IB:HA
(Ub) 82
GFPC
64-—
4 IB:HA
(Ub)

Fig. 3. LANA enhances polyubiquitylation of p53. Two hundred ninety-three cells were co-transfected with the indicated plasmids. After 48 h, the cells were harvested
following 20 oM MG-132 treatment. (A) Cells were lysed and denatured with Laemmli’s sample buffer containing SDS and 2-mercaptoethanol to dissociate proteins non-
covalently associated with p53. The samples were diluted, and subsequently immunoprecipitated with anti-FLAG antibody (M2: Sigma). Immunoprecipitates were
immunoblotted with HA (3F10: Roche Applied Science) and FLAG antibodies. (B) Whole cell extracts prior to immunoprecipitation were subjected to immunoblotting against
GFP and HA antibodies. The asterisks () indicate the cells was transfected with control GFP plasmid, instead of GFP-LANA plasmid.
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a subunit of the E3 ubiquitin ligase complex composed of Elongin
BC and Cul5/Rbx [16]. To confirm whether LANA interacted with
Cul5 and Rbx1, an active subunit of E3 ubiquitin ligase complex,
we investigated those interactions using the set of stable transfec-
tants again. LANA associated with Cul5 and Rbx1, in particular via
C-terminal domain (Fig. 4A and B). Therefore, these findings sup-
port that LANA form E3 ubiquitin ligase complex. Taken together,
it suggests that LANA functions as a p53 recognition subunit of
E3 ubiquitin ligase composed of Elongin BC, Cullin 5 and Rbxl1,
and hence ubiquitylation of p53 in the presence of LANA was dra-
matically increased. The polyubiquitylated p53 are targeted for
degradation into proteasome. Loss of p53 function can induce cell
growth control to favor viral replication and cell transformation.
Consequently, LANA would contribute to viral persistence through
its ability to prompt cell survival by modulating p53 function.
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— STEALTHING, PERSISTING %4 V20—

LM R

BEERLCREBERNRBICTONSRRICEST, ROARR, BREQIVE
O— WS EICEHLTH S, BICBREERS SV HEBRORET, E<EER
=S A DREREICHIDPEIICIVZ, BEOEEIEFREENSL, £hEDR
BORT, YA LAPAERTIRERTLOOULOOWKELTIOLSETOERE
BEEETERLEZLONDY, ZORMBEANALERBICRRLATNE, BEH
ERNENTSRCBREOHNIZEEASKNTHS D, FHATE, BRBIOHE
BREFHETBRROEY AR, @HICHREST, BRENDICEITESHEOREO

—B&E Ll

 Key Words : stealthing - U/ persisting (VR /1RAERE .

I BLHIC

BLDOTANVAREBCBAR, b8
ISR A VAR EETBBBICAS, JOLD
2GSRI OR S BN TC—EORTRE
&, FOFTEELBY, ESWTREEL
DELANLY A VAL LTOMBHIEL, &Y
AR LB bR R TV T2 bDE%E
255, RNAKY A5 —E@ DNAKY A5
B HARER B Sh, Zhatlie, i
RIS LA TREBL TV S EEHRmLTY
BrbErbhD,

RNA & SHREORENSFL &h, BETS
U4 NAREDIEY S EORICKEDOESYIE
FRAIEMNTRE, DY, KIBELEOHM
MFSEGHETIHIEDRNA NSV {DPDH
VRZEFRLI Y, KYFuFA L LTER
%, ToeATIHEEMAITLEA, £S5

P S C OWBE RNA A VAL H LB
BThb.

I D4 ZADERERE

—%,DNA & 4 W AR 4 288 % Z DLEE
Bizb DO hav4 LR, FOFRBERIZZ
FECBEMROBECKRET 2, Tabs, B
FeAFETIEMAPELSECELEZEILGR
5, 5bB3A, DNAUANVZORTH RNA DA
WP BB OB EFERPEL YA VA
LTFETBH5, ~RAT AV ARERCEEL
HEETIRBRBBE VI BEEEE L, ~r
AT A NWABRBRTE, TANVARY / LEEE
V7 LO—ROTELSTFET5H, TOREBTHR
BB cHEshTHs, LPL, CcOZ2FE
RLET B L, DVANXDEEBE dead-end T
bH, vANZERBOBEBICS S 3hbhl
WV, DEDUANAELTE, FREFOLDIC

Mysteries of stealthing and persisting viruses
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BIRBROBE BEAICH>TL2LEND
Bo —ff, EDXD ABMCBRBRLHTL,
E0, WRSRAOWIEE (BiEtl) ofss

'ﬂcfwawwvmmu§<@m%ﬁ&@ba
B, BLHTHEOBVWSuLAThHE,

8DDAWRITA WA, L ita, B, v
NVRIAGA N RATEDPEBEIRLZ D EBb
B, ~IRRD A N R DR IEYe b T RRRSe
EORBEBA = AL BB E OBz OWTR
ﬁom%%ﬁ5«<‘@moﬁﬁm&m%%cﬂ

CEEREELL,

EhzBETE Vv Oy A LA, human T-
lymphotropic (or T-cell leukemia) virus type 1
(HTLV-1) & human immunodeficiency virus
type LHIV-1) Cd 32, w4 L RADEEREIZ~
NMARATANADBRERE RYLRRY, &
KUANZEEE L B3R, &2,
HTLV-1 L HIV-1 THi0db 2 DL Bbh
B0, ThEDTANARE MY ) M ADR
B, FELE MDY/ LAD—EE > TR
R 08T, SHLRBREChhboTL
5o ARG, TANAEE, UA4ANARETHE
RLMBBELNEOL SR HE00, &
DHTRKRCHMBTHY, ZORKPBHORS
ZLOSBEOREM TR 2 ADORRNTIRE
ICRBEV L,

BRIFFRTANR (HBV) & CHIFLT 4 L2
(HCV) OBE, DAV A LAPE b L

UL RRLRESIIRE S, WERE LK

EEMRESSRMIE L, 23 CHBBIVRE
BUIUT B, Thbb, VA VABEBEESH
Biaents, BEBGORBERRMEL ¢V
O, BENETHVAORECHET 3L S
%o APREMBICEHT 5 WH L, DNA U A VA
ERNADANAE NS A VAR RTERN
ZRBODDH LY, RNEERBEZLLMRCH
PHOSBVERER(TRAIBISER LI
T, HBRMHZ HOERDNE, TOBRE
EOHEY, VA NVAORED, H3OEFED
BYERAGOC LT HREIhZOM?
LLIbEDE S RMBE, NI VABEDS

¥ ~ STEALTHING, PERSISTING % JLADkE—

FEERELTVZ00? BETHE 2 LIH
WY, BRI REEBICEAKFOMBETH
5. TOMBRERFOMBRRSHLEDELK
RMBIRE I BEO L,
BFTANAPE b RY F—2 DL VAT E
SRS IS NALEL LY, &
DEBIZTEL EHZL, #F D £ V21 RNA
TANATHDH, BiE, £05 /7 LAOFHE
BT/ bhcHh b CEDBES i, 1,
BRERREHNT, COBFEEE 22D Y
DRVEEZENTELE MR F =2 AN
&, AL ORI RE S h, EEEIPATY
3, TRETHBRREVANALZBLOH X IR
5%, BELEEL LU TAMEICEARSETL
R, MEMO 2 AOBIREF MBS IIEL:,

I ERY SHE

BhTRb20 0, BHEILHET M5
DERIBH, HEWRTH S, FEMEHEUSR,
F2ALB, ABBRESRRLEDO LS 08
VLTV, ks, BHEEBROBAOREIZS
B & 3 BAEDRRTH Y, BHICE->TIRE
HEYOWMHHE S h, HHLFENEOMTE
REACERLTORY, B3, BEHOERER
PROYBDEL, EDEIBEELRLZ00
EFol{ Do THELT, BRTZMBE v
MAEZS> TV EE>TLVDTREVPER
Jo T, BVIFUEMCEXZEDB LA
%2\ 2%, BCG (Bacille de Calmette et Guerin)
BEDISLERTIIFVELTRET 20
b, ROl FHPLE>TVLES D, HHH%
Hule & UTEEDOHR & RRBIE & OB OMD
EE-ROTREDOBE L,

NV byl

W24 P ThHS BRGNS BEk 55
HP PR LB OH Y LT s, BHHETH
D EFiF—vit, HA, BikEE GBRLS
Eh Db ERBREDS > & b BRELNE L%
ATV3, PLTH, %%@%&@&%@Em@
SE L hiTsE YTbh B

(1179) 23



|
3
g}
o1
|

(8] mprmsemE

{L3E PP vol. 26, No. 6, 2010

6. HEVHEBREHEAVRAT AL VA (KSHV) D
R, WML wWE

LmBER

KSHY I3, A8l (Kaposi's sarcoma:KS), &4 BHIREEO—~BTHS primary
effusion lymphoma (PEL), DR+ v 27 2 (multicentric Castleman’s dis-
ease: MCD) DREICEIRICEET S DNAEBO AN ATHD, ChODREBIIHITD
BRBEIROTAE BRBRTHDH, KSHY OFARGTHIERBREEFTHEZL

BExDE, TO—EERMICERL, BREBR-FEIALTIIEITRMENSD, #
REBHh SEEERL, RRERABEBIEZINEOBETRIALALRAY P
BB EFUT DA, HEBEE < FHET, BEIEEND,

U Rep Words : KSHV /Y NUSZOA VR /BIRGR/ Bt/ DARE

I @ELHIC

KSHV (4 R JHIEBME AN RAD 4 WR) (3554
I bh OBREDERE LTHRETS L EX6NT
VW KS (Kaposi's sarcoma) %5, Moore, Chang
bick>T 1994 k> THRSHBERD
B R ALRAY A VATHE ", BEEAOHYIO
#5E Bpstein-Barr virus (EBV) % herpesvirus
saimiri (HVS) & OABRES RV T &b b, IBHEFE
L BEAMNME DL ELLNE Y NVRAY
A WAD—HTH B EUEDT bR, BET
53D00/%bH 5 L‘Giﬂﬁ%mﬁi%‘ﬂi KSHV &
BRBIRBIZH Y,

LisL,EBVO YA zvx{%% HHS— AR
AD B0%I R, KSHY O 4 WAREFHE N
B e OEL, 2~3%CE 2B HD
D BEN D B Z L PEESHTLE), Thb
FRTDOYANABEECHALGERICHET S
rRElEEL bR Vo ERERT S L, G

2, BREBR-FEPAOERRR Y LR
bha, T, —BE0 LS BT KSHV B
BHRHFAELTETOTHHIN? COHHD
PR, RBT, BRRERE & CHRER L
BRBRAOREEE, T 4bbEEL LR
MErBiicRETs oL@k ognBi.
bbb oA, BRERIFEVADFEMIEEXT
WEEELBRBETLEIERESIETHR
{, BRBPTHER - BELTVLE VA ALAMEE
FH—EOEMART Yy M boTEEHR
BENTWS, MTE, AEZTCHESLL
WRBRPEELDO A X5, KSHY »AM
BFOBECOVLTBHL, BEOFHERA L
HE, SHOPRRRAEERLTVELNERS,

T KSHV DR

1. KSHY BRBECETDRIEFRIREE
KSHV #ABRYRBIC B VTR, VA VARE
FORBGR/NMNBCHBHSH, B0KHZ VAV

Vol. 26, No. 6, 2010 LR VIR

6. NRINMEMEANSRZTCIVA (KSHY) ORIAGR, BEEEEHKS

Heterochromatin?

kaposin v-FLIP ‘v-CYC

Heterochmmaun 1

1 KSHY BRBRTERLL TS BEFAE

KSHV #REBRTH OB NIGREFOA (LANA, v-CYC, v-FLIP, kaposin, v-IRF3) #5E8
LT3, KSHY &/ AR5 THRRALAVEREFERE, AT/ RvF Vb3 0RATFOY
VT URCEMSTYA L X5 0B, BT 5MET L BRLAVRET £ RT3 MY

ZERMHBEFEET S SO LBbhs,

KSHV : AR IR~ L2 D A VA, LANA ! latency-associated nuclear antigen

AREFOI B, —HIE4MET (LANA, v-CYC,
v-FLIP, kaposin) & IMEREohBS3&I3

ALY B virf3 DHHTHL, BRRECTE.

fLahTv3d (B1), HWIFHAEO DNA YA IV
2ERE-TH, T EH 1T70kb OBFD Pz

BORKDOBEFHNULDNTH S REEREFO.

BETTOIOERE, HLERTOKLREHR
T, EHOTHMELMEBMI L TAEEREH
ROLEITHS, BIE, ZoMBoRMzOw
TIRARCH S HS, FBMOFEMLHE T,
BRI Z-ICI 0ok v AV b ESAL,
RSy D RMETEL A Y, EUMMES
T2&, RABMET TS & o BMERRT
EHHDLEEITVS PRSI, BETRRA
DFERARZ Z—-OMWPFCSBRMNETHE I,

e, KSHV BRIBHMIATIE, BERETR

GRELER)

HHKSHV KHEEhTVE I b TE
fzo KSHV DMEFHRT 07 7 A VORZER,

‘EBV &0 & Efr, $4bH,; PEL (primary effu-
sion lymphoma) 2434 >T KSHV & EBV %4

BUTVAHIBECHEY, KSHY ORBEXRON
L MB b EbhBY, TORRKE,KSHY
BRO %V PEL OBEFHRASa7 7/ 1L D
HBSE 2T ik, 85 0RM»H
HysyDEBbhb,

BRISRIRIC B0 3 0 A4 VAREFE, Ak
DTEL BbOTREATVETERS, Thb
DA NARETEYC L 2BERETFHEA /0
77 A MDEEHBES S, LANA I DNAK
BRITT, UANRY ) ARTERBRER
50> LANA-bindig sites (LBS) <#&& LT,
CBP (CREB {cAMP response element binding

KSHY (2 A48 S BIRBE AV A 4 M R)

Pathogenesis in latent and reactivation cycle of Kaposi's sarcoma-associated herpesvirus
’kﬁk%kﬁﬁﬁﬁﬁ%m%ﬂ@%ﬁﬁﬁﬁﬁm-7 A AR iR Keiji Ueda

62 (1218)

KS (Kaposi's sarcoma)
EBV (Epstein-Barr virus) . HVS (herpesvirus saimiri)
LBS (LANA-bindig sites)

CBP (CREB (cAMP response element binding protein}-binding protein}

PEL (primary effusion tymphoma)

(1o1a1 a2
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pmtexn] bmdmg protein), mSin3A P MeCP2
% &:’ R4 0)5’&5{%’5-?%?4’ WRY ) BEAN

Y 2= b LTOA LARGTFORRLHET S

LR, BERGHY ) LACHREL, BE
BETFORRHEE S hboTE JLHEE
13, v-CYC HIBURHOMET 2 AL, v-

FLIP- & NF-kB (nuclear factor kappa B) %%
A% 467, kaposin & MAPK (mitogen-activated -

protein kinase)” VAT LEEELT Y REL
T, B¢ OBEMETORRT 0T 7 4 Ml
birb o T3 & Bibis KSHY 854 PEL #ilk
T, BENAETELOLETTEb0bHB

hs, ﬁ‘l%%qﬂlukﬁi%%w‘&ﬁ%&mv.ﬂf. 7
_m%ﬁn@@%ﬁt%@ﬁh%@ﬁ%u SO
L HiREDHTWS,

2. K&N@ﬁﬁ@%&ﬁﬁ%

KSHY OBHR BRI BAD BT ik LANA

(latency-associated nuclear antigen) T %,
LANAK S 2 S e EERTFLHAERRL TS
AERERRIML TV L ELLAED, bokb
BEAMIEE, V4VAY ) AOBY - S - #

Fioh 5. LANA BEEMMAESE (pre-rep-
lication complex : pre-RC) OMEEFTHS
" origin recognition complexes (ORCs) L HE{E
AL, YANVAS ) LEDori-Pc Y A~
BIET, UANAY ) WOBRBRCBGBH

WHARISZE-> T3 EHESRTVS, L
La#sh, ori-P i LBS # Tk {, £hickid
32bp M EhHT GC LBAKEN b HET, &
@ GC rich seg-
ment BB O ETHBRELERTVZL,
$ Fo A QM TIX, LANA X ORCs & DEAE
BEERIhTOEL,

23, BREYUC B 5 KSHV 7/ LOBN
OBMOBE, T4bb, LANA S KSHV o ori-
P#, BT hUy s AL B RRLT L

BETHIZEVIRHEBATLEY &Y D

© Y w2 Aic it ORCs b B FK e (L
€< 50T, LANA-ori-PH&HI L LD EDE
KEEDECACEMNEAETHY, pre-RCEBED
10 GCrich segment LICTBREWD LEZT
V5, B{RBLE, GC rich segment B IC HiE
EELAboTRE L, ERTSBEMIBRS L
TWTEA, BROBCEIT 3 HNERCER
HROLOMDHS (B2),

—RRIZ, NIRRT A VAR in vitro BRI IS
WTRBRIBROBRRRE L 545, EBVY
KSHV % £ 0 y ~NVR A2 AV A4 in vitro TRH:
T HBRBAARIENES, Thbb, MRREC
HEARBEMBR BV THHREROBREL S
BEANDBEELBATHS, KSHY OFRREAR

BRETTHS RTA(rephcat:on and transcrip-

tion activator) (XRIIHBECREL, —KE
BB OMRE R, BRBRETETE
%\ abortive BRTEEIhB LEXABATY
B, SO RRBICHZBADU L DN, BR
BROUETF LANA Oz X 3 b L BESH
TWwWg v, ' ,
LANA 335k, #BRBIRETFT, BE~NTT
ruvFVETEHERBLTYAVAY S L%
caFuzaesofl, bLBANTFosavSy
BICERL, TAVARETFRBE N 5 HE
PhoTs M, —ATRTAICLSHEELLR
T, in vitro BRRICBVOTHERBREERITL X
3T HHMMHLANA OFRPFEHL T, BRO
CRRBOAEICHIT 3 L EXbhE. KR,
LANAD 7 v 2 X7 P RIEBRO A W ADIER
KBTI, in vitro BHR CHRIBRIORBH LF
TEILMREShTNE P,
~75 T, NF-«B OEHEL ARSI ORI )
VTR VI EEI DB, BRBETHRALT
W5 vflip 1, FADD/T RADD (Fas associated
death domain/TNF (tumor necrosis-factor]-
_ R1 associated death domain) /pro-caspase 8

‘NE-kB (nuclear factor kapba‘ B)

LANA, (latency-associated nuclear antigen)
ORCs (origin recognition complexes)

R4 (1220}

MAPK (mitogen-activated protein kinase)
pre-RC (pre-replication complex ; BEMBAHEER)
RTA {replication and transcription activator)

Vol. 26, No. 6, 2010 {b2EH M

6. DHUBEBEAILAZY (LR KSHY) ORRBSR, BEGLEAS

ARG

#IEG1

S

n,  KSHVHJL g

~f @ Replisomes

[\@ Cdc6
o pre-RC
Vb, o
‘ < Origin firing

o Elongation

(PCNA, . DNApol etc.)

B2 KSHv @W@ﬁéh&ﬁ'é?&!ﬂ%?‘)b )

KSHV R R TR, e bV v 2 2H58 DT MBIk BRI B % 524t LTV3 }:#z.'c
Va5, LANA BHIRAMAEZBELTYT b Y v 2 ZISFEL, 00 Gl W5 578 GLIIc AT T,
ZOLBS ~NOREEEIC LY ori-P 212 VHFE, BebY v ALAMIBa w3, ORGs #3401
IRBIAZERAFIEI ori-P BICERE LTI 3 A 5h TV 34, ORCL BEIMMBEEE &N
G1 {2 ORCas &L, BERMIC pre-RC #5BMEE, v b Vv 2 A LICHBEFTH 5 PCNA
# DNA Y A F—+ (DNApoD 2BGRATLFY V- AR ML, BMEMET 5. FRCER
Shiz DNA BT AP Y wxuxasﬁna '?'?Zcz‘:’r;, Hebly 9:(1:1*&3@::@20)

BPRITTE bOLBDIS,

© KSHV : R PIRBEEA AR 2D £ WA, LANA : latency-associated nuclear anngen
ORC origin recognition complex, MCM : minichromosome maintenance -
~pre-RC ! pre-replication complex, PCNA ! proliferating cell nuclear antigen

BWEHHZDY 4> K %Z T pro-caspase 8
PHEERO caspase 82 Y, FHRP—T A%
BT B A A — FRYEYT 5 L FERHC, NF-kB
OFBRBERO L CHRABREHFLTY
%9, NF-kB OBEEES &, KSHY 8% PEL #

RE7R =YX BB T2, 4, NF-kB -

(XM L OWE)

OIEE{LIRIB L RTA ORBE M 2 IM513-2 9, &8

B BEORETE, BRBRTERLLTVS

BRBARET RS LANAB L EL—HR4E

EFHAHET) WCHERLTY3 17 @0 KSHY

micro RNA @ 5.5 0, miR-K1 »* IkBa © 3'UTR
(untranslated region) ##ic LT % O%BR

FADD (Fas associated death domain).

TRADD (TNF (tumor necrosis-factor) -R1 associated death domain)

(1221) 65
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B TFW5 T ET, NF-«B OEELCHFS LTV
EOHES Dok, Y ERROMBHIIET
i, HTLV-1 28059 5 B ALY T @00 & 0 %

T, NF-«B Ok 2 DMBMROEFHE

FHEEETHELSAT, FRC, KSHV MR
ROMFCHIOT B, NF-kB OREHALEIEN,
BEFRROBELEOWIEET % ECHiiiT s

ENSEMT, RICHEYT 5 MENREFNHLH L

FRRECERCH B, v-FLIP ¥ NF-kB 2%
b5 &, AP-1 (activating protein-1) &
B e RIECT 2 ETADRBE TS,

I KSHV BRmRA S DEE LR

1. BDABBET O & BGBRIY

KSHY M @RIGHRRB L5 BEELT S LT,
RTA OFBEMNBEECH S C LR 4 0 B
%, KSHV M3 PEL g% B 7R Ti, TPA
(12-0-tetradecanoylphorbol 13-acetate) % so-
dium butylate F Q¥R AV TEE L BN
LTV a4, BBV TEDE SRy Y
b RTA OFHALIC b TVWEDPEHEY
E o T, DE Y, EENEELTH
Br{ RMAOBEAC b BFE 2 NRRES
ATk, 20HT, Notch 299 /D
M EFREERICFEY 5 RBP-Ik OB ETN
Y RBP-Ik itndpboTWa T 58EMD
29 UL Ladts, FOHETR, Aoar
F 4 ¥ a3 YTRBETRRE Y 5 RBP-Jk 2%
RTA LHBEMERTZ Lo & 2T, RIAEDHOD
P RIA OBPREFEFER LB L, Thab
%, RTA OECEHRLBHIRI ATV EDHA
¢, Noctch Y # R C RTA #5EH{LT 2 0¥ S
PRRERTVEY,

RTA- DB OB LIV ED2H 5T,
Z iz it OCT-1 (octamer binding protein-1) %%
M5 LTV 5, RTA ORISBIHEBICE OCT-1 #7
#E&% 5, Vb® 3 octamer binding YA %

Y, RBP-Jx LEI4E, &3k, BEEELMME Y
723, B/ B QEFE LA RS R
OCT-1 &£ RTAOWEERIC LY, H 5V RTA
# transacting I\ T RTA ¥ B 381167 3
TehBEERS (B3). OCT-1 N ¥ 3%,
herpes simplex virus type 1 (HSV-1) @ VP-16

& OCT-1 OMEMFEAIC L 2EEERCHU OB

T HEEE,

RTA BB = & {, KSHY &Rk o8 HF
T, CORTFHHEHRT L EFOMBBREFHHA
= FRICTERFB LT, BMBREEE3YES
FEANIL « RTA O—RKIZRIRETFES, K-bZIP,
ORF57 (K-MTA), PAN, v-IRF 2 ¥, YERAER TS
BRI 2B ETNERO L anbE{ &L
N5, BEMICE, UHEEFOIREALHMNRTA
ORRPEEFCE> TV ETE-THARETRYE
Vi, b OMHETFHIEEIC X, RTA i E s
ETARNEHDHD, B3 RBP-IkHEE
Tl D60, Tk bDbOWFET 5. RTA
DIFEFRBEIIENITH S, HEWAICHEL
THRMCEBE2E LT 20380805,
promiscuous Y & FEGELT S, S5 ol
WML, ST IR SR LIRS A 5
1.5 RBP-Jk AWM EKEFEL TV 3026 LN
U,

K-bZIP (X EBV @ ZTA Y T 3/ EFT, 5
WA 2 OMBEHEEBET I 2 BE- oA
STy N—-DEREET A0, BIREHE ori-
gin lori-Lyt) %2 ¥, @5 1ORFICHRMCES
L, BEEE2ECHEETIbOLBEI ML
h3, ERECHL, ori-Lyt C#ET 5% & C/EBP
{CCAAT/enhancer-binding protein) %t L7z
MIERALOTHY, BEMNICRE TR D,
FHEAFHYT 5, RTA O8E L K-bZIP OaEdt
ED &I E - TIHIRBRE HRVONET TS
D, ori-Lyt DRBENSGED T, FEBHRYT
~NRE LB, K-DZIP RIEEMCRACHTEL,

UTR (untranslated region)
TPA (12-0-tetradecanoylphorbol 13-acetate)
HSV-1 (herpes simplex virus type 1)

a6 (1222)

AP-1 (activating protein-1)
OCT-1 (octamer binding protein-1)
C/EBP (CCAAT/enhancer-binding protein)

Vol. 26, No. 6, 2010 {bHE i

6. NDRIAMBBEANARZT AR (KSHY) ORRBS, HEttemn

HRER
(LANA, v-CYC, v-FLIP, "k

H3 KSHV OEELHNERmnIEE

KSHY QBRI BRBREERL TV I IR ATV S, BRBRTHRILTLS ni-
croRNA ® 5 &, miR-Kl RATLEFEYTHS v-FLIP, LANA MBHRER A BT 54 -
BMEEL TV 2, i, miR-K1 & v-FLIP i NF-«B #3232 & THEEE{EET RTA OFBR
BRMLT, BERLERH VTV, B, BELMNEC 5 &, K1, v-GPCR, K15 L YD KSHY
BHAMEFHFRLTL 3. —HT, LANA bEFEIELTS 6 CRBEREI R & &b b RINC
RS, MICBRBRYRST AR CRIET 2 LI 5ME, &5 o B RBIIRIMEN
& O BRI SER & 1B BB ME { & 9, abortive/nonpermissive A RITHHE U B T, KSHV
FHARETORDABEIBRBIBETRE & bichoT, SPACHCERELTLS,

KSHV : 7 SRBBENL_ 2w £ LR, LANA : latency-associated nuclear antigen

NF-xB : nuclear factor kappa B, RTA : replication and transcription activator

TPA ¢ 12-0-tetradecanoylphorbol 13-acetate

HMEEE G1-S OBAFER TSI L VIFL
ENMSOLIARETHS I, KbZIP iz it
SUMO B85 9, SUMOt%S8@3 3z kTC
MEDERERTODEERLRTS,

—% T, RTA B RSS2 BT 2950 % &>
LANA b Z O &5 5, WREER DR X ¢
BATT B, WRBHRERST 2B EE 6D
A WAREBETF R BT 5 S L R—RFHL T

(BRETER)

3LOCBAB, &¥, KSHV R Z O &5 il
b0 T 5002 ORI MENS NG,

IV BER L RBRE

ARG A W ZADEFEEAL U LI E %
RELTEMORBCBELTOVS, a2
DANACGEENS HSV-1 OOB~L~_Z
%, KEY A4 VA (varicella zoster virus : VZV)

VZV (varicella zoster virus)

(1223) 67
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DHRBEB LR b b EVOPITHE, BF
: T
B SR SR B B 20 ESEAL Ly,

BCEZE, BEOBUET COEEMSLIcLsY
ANABEES LB YANAREGBTERI, £4
OFBERLELUEEBEC L Y EICHRS

MEHEACEOTVILOEELLNS, .

KSHV OBE, ho & Li-diimse & 25me
SER, BIEMCEDRBE DML EE S
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