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Kaposi’s sarcoma (KS) was originally described in 1872 by the Hungarian dermatologist Moritz Kaposi
as an idiopathic, multiple pigmented sarcoma of the skin. This type of KS, later classified as classic
KS, predominantly occurred in elderly people, particularly men of Mediterranean, Eastern European,
or Jewish descent. A high occurrence of African or endemic KS was reported during the early 1950’s
in equatorial African countries, while during the 1960’s KS emerged among immune-suppressed patients
following organ transplantation. A tremendous increase in the incidence of KS was noticed during the
early 1980’s in parallel with the acquired immunodeficiency syndrome (AIDS) epidemic, leading to a
formal recognition of KS as an AIDS-associated malignancy. The geographic variations in the incidence
of KS together with the relatively high occurrence of AIDS-KS, particularly among homosexual men,
suggested the existence of a unique KS infectious agent (7, 8). In 1994 Chang and colleagues, amplified
two novel DNA sequences from an AIDS-associated KS lesion, by using a subtractive hybridization
technique (representational difference analysis (RDA)). These sequences displayed homology to
herpesviral capsid and tegument genes and led to the complete sequencing of the 165 Kbp viral genome
of the newly discovered virus, Kaposi’s Sarcoma-Associated Herpesvirus (KSHV) or human herpesvirus
8 (HHV-8). KSHV was established as being present in virtually all pathologically confirmed KS
specimens (11, 12).

Treatment with highly active antiretroviral therapy (HAART) has been associated with a dramatic
decline in the incidence of KS (31), so that AIDS-associated KS is uncommon overall in the Western
world. Sub-Saharan Africa has the highest rates of infection (due mostly to the high rates of AIDS) with
many countries experiencing sera-prevalence rates exceeding 60%, so that in certain African countries
it is now the most common cancer in adult men, and the second most common in adult women (44).
The incidence of KS among transplant recipients is proportional to the ethno-geographical prevalence
of KSHYV, ranging from 0.5% in most Western countries to 5.3% in Saudi Arabia (50). In addition to
KS, which is a tumour of endothelial cell origin, several haematological predominantly B cell disorders
are also associated with KSHV. The two most well characterized are AIDS-associated primary effusion
lymphomas (PEL) and a subset of multicentric Castleman’s disease (MCD), an aggressive lymphopro-
liferative disorder.

PELSs are monoclonal, non-Hodgkin’s B cell lymphomas that are commonly co-infected with EBV.
Cell lines established from PEL, unlike KS tumour explants, stably maintain viral episomes at high
copy number (30—-150 copies per cell) and are the source of virus for most virologic and serologic
studies. Most studies on latency of gammaherpesviruses (EBV) used lymphoblastoid cell lines that
were derived from lymphomas or were established by in vitro infection/immortalization of peripheral
blood lymphocytes. In vitro immortalized cells lines can be cultured indefinitely. PEL cell lines that
carry latent KSHV have been successfully established, although no in vitro immortalization of B lym-
phocytes has been reported yet (10, 44).

KSHYV viral genome consists of a ~140kb long unique coding region flanked by a multiple GC
rich ~800bp TRs (terminal repeats) giving a total estimated size of around 170kb (57, 60). In analogy
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with the biology of EBV, it was shown early on
after the discovery of KSHV DNA by Chang et al.
(11) that the restricted gene expression of KSHV
in KS-lesions exhibited properties of a latent infec-
tion (73). In situ hybridization and RT-PCR
revealed that the majority of cells in KS lesions
(10), and in PEL-derived cell lines are latently
infected (58), although only around 10% of spindle
and endothelial cells are KSHV positive (20, 30).
In late stage nodular lesions around 90% of spindle
cells contain KSHV suggesting that the virus pro-
vides a growth advantage to infected cells (10, 57,
66, 67). Primary infection by KSHV leads to the
persistence of the viral genome as a circular DNA
episome in the host cell.

The majority of latently infected cells express
only a few viral genes, which play an important
role in maintaining and replicating the latent viral
episome, as well as evading the immune response.
The antigen was named latency-associated nuclear
antigen (LANA1) (23, 34), and is encoded by open
reading frame 73 (ORF73) of KSHV (33, 35, 55).
The ORF73 gene is located in a cluster of four
latency-associated genes and is expressed from a
bi-cistronic singly spliced mRNA of 5.7kb that also
encodes ORF72, a viral cyclinD homologue,
ORF71, a v-FLIP protein and the kaposin gene (12,
18, 73). LANAI is a multifunctional protein
involved in viral episomal replication and mainte-
nance by tethering the genome to host chromo-
somes in addition to its function as a transcription
regulator (4, 68). LANAI transforms cells by tar-
geting p53 and preventing its induced cell death
(22). In addition, LANA1 binds to the retinoblas-
toma protein (pRb), enabling the transcription of
genes needed for cell cycle progression (54).
LANAZ2 encoded by ORF K10.5 is expressed
latently in B cells but not in KS cells. This protein
inhibits p53 mediated trans-activation and apop-
tosis (59). vCyc encoded by ORF72 is a viral
homologue of the human Cyclin D, able of mim-
icking its function by binding to cyclin dependent
kinase 6 (Cdk6) and inactivating pRb, causing cell
cycle progression (46). ORF K13, also termed
ORF71, encodes the anti-apoptotic Fas-ligand IL-
1 B-converting enzyme inhibitory protein (VFLIP),
a homologue of the cellular protein FLIP. vFLIP
is thought to protect cells from Fas and tumour
necrosis factor receptor (TNFR1)-mediated apop-
tosis and activate NF-«kB, enabling the establish-
ment of tumours (19). LAMP is a membrane
protein with similarity to LMP1 and LMP2A

proteins of EBV (25). ORF K12 encodes for
Kaposin A, expressed in most KSHV infected cells
(36,37, 38). These are just some examples of work

with proteins which have a role in the interaction
and replication of KSHV.

Replication of the KSHV Genome
Long-term maintenance of viral DNA in latently
infected cells can be divided into two steps. First,
viral DNA needs to be replicated by the cellular
replication machinery and in second, viral genomes
have to be faithfully segregated during mitosis.
Ballestas et al. showed that plasmids containing
two copies of terminal repeats (TR) sustain LANA1
dependent long term maintenance in BJAB (human
lymphoid) cells (4). Several laboratories prepared
TR containing plasmids and tested their replication
in the presence and absence of LANAI in several
cell lines (13, 27, 29, 39). These experiments
showed that replication of plasmids containing two
copies of TR is strictly dependent of the presence
of LANAL, indicating that LANA1 mediates epi-
somal replication through DNA sequences that are
located within the TR. Later on, deletion analysis
showed that a 105bp TR sub-fragment replicates
with identical activity of the full TR when in the
presence of LANA1 (29).

LANAT1 can be divided into three domains (see
fig. 1): a proline and serine rich N terminal region
(312aa); a variable central region (differs between
isolates), that is composed of several acidic repeats
including a leucine zipper motif (allows oligomer-
ization of DNA binding proteins); and a conserved
C-terminal domain, containing both a proline-rich
region and a region rich in charged and hydropho-
bic amino acids.

LANA1 and the Cell Cycle
LANAI1 is able to modulate several cellular path-
ways involved in cell cycle regulation and progres-
sion, particularly those involving the tumour
suppressor’s p53 and pRb proteins, just like other
gammaherpesvirus proteins (9, 40, 48, 49). It
interacts with the pRb (54) and the p53 protein (22,
32), through the region containing the C-terminus
of LANA’s leucine zipper of LANA. These are
crucial targets for DNA virus oncogenic proteins
as they are responsible for important functions in
the regulation of cell cycle (42, 43).

Activation of p53 results on transcription of the
p21¢"® cdk inhibitor that binds to and inhibits
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Figure 1. Functional protein domains of LANA1. Aminoacid residues are indicated for the boundaries of protein domains for DNA binding,
dimerization, chromosome binding sites (CBS), nuclear localization signals (NLS), or protein-protein interactions (as indicated). LANA ami-
noacid sequence is based on sequence published by Russo et al. (Russo, 1996). Figure adapted from Lieberman et al.

cyclin-dependent kinases (cdks) resulting in the
hypophosphorylation of pRb. When unphosphory-
lated, pRb interacts with E2F transcription factors
preventing their release and therefore, blocking the
GI-S cell cycle transition (3, 61). When phos-
phorylated by cdks, pRb no longer binds to E2F
and the cell cycle proceeds through G1-S check-
point (see Fig. 2).

The interaction of LANA1 with p53 represses
its transcriptional activity and its ability to induce
cell death, but does not influence p53 DNA-binding
ability nor induces its degradation (22). This was
also shown for EBV LMPI protein, except that
repression is not through direct interaction but
through the NF-kB pathway (40). The interaction
of LANA1 with pRb leads to the up-regulation of
elongation factor 2 (E2F)-dependent transcription,
activating genes that are required for progression
into S phase of the cell cycle (56, 54). EBV
EBNA3C can also interact with pRb and provide
resistance to p1 6™ over-expression in fibroblasts
(49). In addition, LANA1 expression was shown
to protect lymphoid cells from p16™** _induced
cell cycle arrest and induce S-phase entry (2).
The targeting of this cdk inhibitor is also common
to EBV (47, 52). LMPI is able to suppress the
senescence-associated induction of p1 6INK4a and
its expression in fibroblasts (69, 71), occurring in
part by blocking the downstream mediator of the
pl6™%4 _RB pathway, that belongs to the E2F
family of transcription factors (45) and therefore
providing the virus with another mean to induce
carcinogenesis. More recently, it was demonstrated
that constitutive expression of LANA1, particularly
its C-terminus domain, induces chromosomal

instability through inhibition of p53 function
generating an increase in cell proliferation and
entry into S phase (64). Consistent with the inter-
ference with the p53 and pRb pathways, LANA1
has been shown to induce primary rat embryo
fibroblast cells transformation (54), corroborating
its oncogenic potential. In agreement with p53
inhibition, Curreli and colleagues demonstrated
that down-regulation of LANAT expression in
KSHV-infected B cells by glicyrihizic acid restores
p53 transcriptional function and consequently
induces cell cycle arrest at the G1 checkpoint and
triggers apoptotic signals (16).

The inactivation of both the p53 and pRb tumour
suppressors and its pathways are common to DNA
oncogenic viruses for cell proliferation induction
and cancer development. Thus, by altering
regulation of these cell cycle checkpoints and
apoptotic regulators, LANA1 promotes cell
survival, contributing to cell proliferation and to
viral persistence during latency. For that reason,
inhibition of these LANAI functions would be
important to overcome KSHV-associated cancers
(74, 75).

LANAA1 Inhibition

LANAI1 displays a punctuate staining pattern in
the nucleus of KSHV infected cells in an immu-
nofluorescence antibody assay (IFA) (23, 33, 35,
55). Such patterning is due to the co-localization
of LANAT1 with KSHV episomes on cellular chro-
mosomes, implicating LANAT1s involvement in
the replication and maintenance of KSHV episomes
in latently infected cells (4). In PEL-derived cell
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Figure 2. Role of LANA1 in the p53 and pRb-E2F pathways. LANA1 interacts with p53 therefore blocking p53-mediated apoptosis and G1
cell cycle arrest. Interaction with pRb releases E2F and leads to S phase entry. LANA1 interference with p16INK4a also conduces to cell

cycle progression.

lines, some 30 to 150 copies of the episome are
maintained in the nucleus of each infected cell as
circular mini-chromosomes. Indeed, LANA1
alone, is thought to be sufficient for the mainte-
nance, replication and segregation of terminal
repeat (TR)-containing plasmids via binding of'it’s
C-terminal domain to the TR sequence of the plas-
mids, which are then tethered to cellular chromo-
somes via it’s N-terminal domain (4, 5, 15, 21, 24,
27,51, 63). The relationship between chromosome
tethering and other known LANA1 functions, such
as regulation of gene expression, has not been
clearly elaborated.

The pivotal role of LANA 1 in the life cycle of
KSHV makes it a desirable target for antiviral
therapy. The inability to generate large amounts of
virions makes the development of vaccines for
KSHV composed of killed viruses impractical.
This failure underscores the importance of target-
ing cells latently infected with KSHV for use in
antiviral therapies.

Intrabodies in a format of single-chain variable
region antibody fragments can be expressed
intracellularly and can bind to viral proteins, and

other targets interfering with biological processes
that take place inside the cell, representing a valuable
tool in functional genomics at the protein level (ex.
proteomics). Compared to other gene manipulation
methods, such as gene knock-out or RNA-based
technologies (ribozyme, antisense RNA or RNA
interference), intrabodies have the unique advantage
of targeting proteins in different cellular
compartments as well as specific structural or func-
tional motifs of a protein. Several LANA1 specific
chimeric Fab antibodies from immunized rabbits
were constructed by phage display technology, and
converted to single chain antibodies which were
linked through a peptidic bridge allowing the correct
folding in sufficient amounts to be active as cyto-
plasmic intrabodies. The genetic approach described
inhibited viral latency by interaction of the scFvs
with LANAI, thereby inhibiting the segregation of
KSHYV DNA to daughter cells (14).

While progress has been made in specifically
treating lytic herpesviral infections using viral
DNA pol targeting, there is no effective therapy to
target latent KSHV infection. RNAi approaches to
inhibiting KSHV latency have been described
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which also show therapeutic promise (26).
Surprisingly, RNAi against LANAL is ineffective,
although the authors demonstrated that the amount
of LANA1 by western blot analysis was diminished.
It is likely that this is due to the prolonged half-life
of LANAI protein (unpublished data, R. Sarid, Y.
Chang) allowing even small amounts of LANA1
mRNA to code for sufficient protein to allow main-
tenance of the viral episome.

Upon interaction with the protein target, intra-
bodies are unique in their ability to modulate target
protein function and/or achieve phenotypic/func-
tional knock-out by several different mechanisms
including accelerating target protein degradation
and sequestering the target protein in a non-
physiologic sub-cellular compartment. Innovative
selection methods are now being used including
array screening for high-avidity antibodies (17)
and recovery of internalized phage from live cells
to select against internalizing (human) receptors
(53). Phage technology has been applied to com-
plete proteome analysis using membrane-based
screening (41). Other mechanisms of intrabody
mediated gene inactivation are more dependent on
the actual epitope to which the intrabody is
directed, such as binding to the catalytic site on a
target protein or to epitopes that are involved in
critical protein-protein, protein-DNA or protein-
RNA interactions. In this way, intrabodies have
several advantages over gene inactivation strate-
gies that globally disrupt target gene transcription
(ex. antisense, ribozymes, siRNA) and generally
do not dissect these type of molecular interactions
(62, 70). In addition, by further exploiting their
potential to be expressed in a spatially and
temporally controlled manner through the use of
inducible expression, for ex. of lentiviral or
adenoviral (72) vectors, the use of these intrabod-
ies as gene therapy in the future may be realized.

RNA interference is also being exploited to treat
or prevent infection, and as a therapeutic against
cancer. One use of RNAI is based on injecting large
quantities of synthetic double stranded RNA
(dsRNA) or DNA encoding short hairpin RNA
(shRNA) intravenously or by transfection, which
is not realistic for the treatment of human disease.
The efficient delivery of therapies that knock-down
specific RNA remains an obstacle to translate
RNAI into a realistic treatment for human disease.
Antisense RNA provides less inhibition of gene
expression compared to RNAI1, but the direct
delivery of antisense RNA to treat CM V-retinitis

has already been applied clinically with success.
The incorporation of these ShRNA or RNAI into
lentiviral or adenoviral vectors offers the
opportunity to use these vectors to target RNA
efficiently in vivo.

However, the use of lentiviral delivered RNA
interference to inhibit the multi-functional proteins
like LANAI1, opposed to other proteins maybe
appropriate only in specific circumstances. RNAi
is a phenomenon allowing sequence specific target-
ing and silencing of exogenous and endogenous
gene expression. We have shown by mapping of
LANAI that several epitopes are recognized by the
anti-LANA1 BM9 and BM10 that are effective in
neutralizing LANA1’s chromosome binding func-
tion. Others have shown that LANA1’s turnover is
very low (Patrick Moore, unpublished observation).
Taking these two facts into consideration, we can
conclude that RNAi inactivation of LANA1 would
not be as effective as intrabody strategies, as
LANAL is expressed during a long time. This is
confirmed by the results obtained by Godfrey et al.
(26). The effectiveness of these relatively low bind-
ing affinity scFv in inhibiting latent KSHV infection
provides a proof-of-principle for the feasibility of
using engineered intracellular antibodies as a novel
therapy against latent viral infections. Intrabody
fragments could be delivered through gene therapy
allowing direct treatment of latently-infected cells.
In situ lysis of latently infected cells may provoke
a protective immune response against viral antigens
that could extend the efficacy of this form of treat-
ment. The development of high-affinity anti-
LANAT1 scFv antibodies might result in even more
efficacious anti-KSHYV agents.

References

[1]  Ablashi, D.V., Chatlynne, L.G., Whitman, J.E. Jr. and Cesarman, E.
2002. Clin. Microbiol. Rev., 15:439-64.

[2]  An, F.Q., Compitello, N., Horwitz, E., Sramkoski, M., Knudsen, E.S.
and Renne, R. 2005. J. Biol. Chem., 280:3862—74.

[31 Backet,J. and Lucas, J. 2001. FEBS Lett., 490:117-22.
Ballestas, M.E., Chatis, P.A. and Kaye, K.M. 1999. Science,
284:641-4.

[5] Ballestas, M.E. and Kaye, K.M. 2001. J. Virol., 75:3250-8.

[6]  Bartomioli, M.A. et al. 2004. Journal of Medical Virology, 72:661-7.

[71 Beral, V. 1991. Cancer Surv, 10:5-22.

[8] Beral, V., Peterman, T.A., Berkelman, R.L. and Jaffe, H.W. 1990.
Lancet, 335:123-8.

[91 Borah, S., Verma, S.C. and Robertson, E.S. 2004. J. Virol.,
78:10336-47.

[10] Boshoff, C., Schulz, T.F., Kennedy, M., Graham, A.K., Fisher, C.,
Thomas, A., McGee, J.O., Weiss, R.A. and O’Leary, J.J. 1995.
Nat. Med., 1:1274-8.

[11] Chang, Y., Cesarman, E., Pessin, M.S., Lee, F., Culpepper, J.,
Knowles, D.M. and Moore, P.S. 1994. Science, 266:1865-9.

Virology: Research and Treatment 2008:|

47



Corte-Real et al

[12]
[13]

[14]

[15]
[16]
[17]
(18]
[19]

[20]

[21]
[22]

[23]

[24]
[25]
[26]

[27]
[28]

[29]
[30]

[31]

(32]
[33]

[34]
[35]
[36]
[37]
[38]
[39]
[40]
[41]
[42]
[43]

[44]
[45]

Chang, Y. and Moore, P.S. 1996. Infect. Agents Dis., 5:215-22.
Collins, C.M. and Medveczky, P.G. 2002. Advances in Cancer
Research.

Corte-Real, S., Collins, C., Aires da Silva, F., Simas, J.P., Barbas,
C.F. 3rd, Chang, Y., Moore, P. and Goncalves, J. 2005. Blood,
106:3797-802.

Cotter, M.A. and 2nd and Robertson, E.S. 1999. Virology,
264:254-64.

Curreli, F., Friedman-Kien, A.E. and Flore, O. 2005. J. Clin. Invest.,
115:642-52.

de Wildt, R.M., Tomlinson, .M., Ong, J.L. and Holliger, P. 2002.
Proc. Natl. Acad. Sci. U.S.A., 99:8530-5.

Dittmer, D., Lagunoff, M., Renne, R., Staskus, K., Haase, A. and
Ganem, D. 1998. J. Virol, 72:8309-15.

Djerbi, M., Screpanti, V., Catrina, A.IL., Bogen, B., Biberfeld, P. and
Grandien, A. 1999. J. Exp. Med., 190:1025-32.

Dupin, N., Fisher, C., Kellam, P., Ariad, S., Tulliez, M., Franck, N., van
Marck, E., Salmon, D., Gorin, 1., Escande, J.P., Weiss, R.A., Alitalo, K.
and Boshoff, C. 1999. Proc. Natl. Acad. Sci. U.S.A., 96:4546-51.
Fejer, G., Medveczky, M.M., Horvath, E., Lane, B., Chang, Y. and
Medveczky, P.G. 2003. J. Gen Virol, 84:1451-62.

Friborg, J. Jr., Kong, W., Hottiger, M.O. and Nabel, G.J. 1999. Nature,
402:889-94.

Gao, S.J., Kingsley, L., Li, M., Zheng, W., Parravicini, C., Ziegler,
J., Newton, R., Rinaldo, C.R., Saah, A., Phair, J., Detels, R., Chang,
Y. and Moore, P.S. 1996. Nat. Med., 2:925-8.

Garber, A.C., Shu, M.A., Hu, J. and Renne, R. 2001. J. Virol,
75:7882-92.

Glenn, M., Rainbow, L., Aurade, F., Davison, A. and Schulz, T.F.
1999. J. Virol, 73:6953-63.

Godfrey, A., Anderson, J., Papanastasiou, A., Takeuchi, Y. and
Boshoff, C. 2004. Blood, 105:2510-18.

Grundhoff, A. and Ganem, D. 2003. J. Virol, 77:2779-83.

Hengge, U.R., Ruzicka, T., Tyring, S.K., Stuschke, M., Roggendorf, M.,
Schwartz, R.A. and Seeber, S. 2002. Lancet Infect. Dis., 2:344-52.
Hu, J., Garber, A.C. and Renne, R. 2002. J. Virol, 76:11677-87.
Jenner, R.G. and Boshoff, C. 2002. Biochim. Biophys. Acta.,
1602:1-22.

Jones, J.L., Hanson, D.L., Dworkin, M.S., Ward, J.W. and Jaffe, H.W.
1999. J. Acquir. Immune. Defic. Syndr., 21(Suppl(1):S11-7.
Katano, H., Sato, Y. and Sata, T. 2001. Cancer, 92:3076-84.
Kedes, D.H., Lagunoff, M., Renne, R. and Ganem, D. 1997. J. Clin.
Invest., 100:2606—10.

Kedes, D.M., Operskalski, E., Busch, M., Kohn, R., Flood, J. and
Ganem, D. 1996. Nat. Med., 2:918-24.

Kellam, P., Boshoff, C., Whitby, D., Matthews, S., Weiss, R.A. and
Talbot, S.J. 1997. J. Hum. Virol, 1:19-29.

Kliche, S., Nagel, W., Kremmer, E., Atzler, C., Ege, A., Knorr, T.,
Koszinowski, U., Kolanus, W. and Haas, J. 2001. Mol. Cell., 7:833-43.
Krithivas, A., Fujimuro, M., Weidner, M., Young, D.B. and Hayward,
S.D. 2002. J. Virol, 76:11596—604.

Lim, C., Gwack, Y., Hwang, S., Kim, S. and Choe, J. 2001. J. Biol.
Chem., 276:31016-22.

Lim, C., Sohn, H., Lee, D., Gwack, Y. and Choe, J. 2002. J. Virol,
76:10320-31.

Liu, M.T., Chang, Y.T., Chen, S.C., Chuang, Y.C., Chen, Y.R., Lin,
C.S. and Chen, J.Y. 2005. Oncogene, 24:2635-46.

Liu, B., Huang, L., Sihlbom, C., Burlingame, A. and Marks, J.D.
2002. J. Mol. Biol., 315:1063-73.

Lu, F., Zhou, J., Wiedmer, A., Madden, K., Yuan, Y. and Liecberman,
P.M. 2003. J. Virol, 77:11425-35.

Mhashilkar, A.M., Bagley, J., Chen, S.Y., Szilvay, A.M., Helland,
D.G. and Marasco, W.A. 1995. Embo J., 14:1542-51.

Moore, PSM. and Chang, Y. 2003. Annu. rev. Microbiol., 57:609-39.
Ohtani, N., Brennan, P., Gaubatz, S., Sanij, E., Hertzog, P., Wolvetang,
E., Ghysdael, J., Rowe, M. and Hara, E. 2003. J. Cell. Biol.,
162:173-83.

[46]

[47]
(48]
[49]

[50]
[51]

[52]
[53]
[54]

[55]

[61]
[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]
[70]
[71]

(72]
[73]

[74]

[75]

[76]

[77]

Ojala, P.M., Tiainen, M., Salven, P., Veikkola, T., Castanos-Velez,
E., Sarid, R., Biberfeld, P. and Makela, T.P. 1999. Cancer Res.,
59:4984-9.

Olsen, S.J., Sarid, R., Chang, Y. and Moore, P.S. 2000. J. Infect. Dis.,
182:306-10.

Park, J., Seo, T., Hwang, S., Lee, D., Gwack, Y. and Choe, J. 2000.
J. Virol., 74:11977-82.

Parker, G.A., Crook, T., Bain, M., Sara, E.A., Farrell, P.J. and Allday,
M.J. 1996. Oncogene, 13:2541-9.

Penn, 1. 1997. Transplantation, 64:669-73.

Piolot, T., Tramier, M., Coppey, M., Nicolas, J.C. and Marechal, V.
2001. J. Virol, 75:3948-59.

Platt, G.M., Simpson, G.R., Mittnacht, S. and Schulz, T.F. 1999.
J. Virol, 73:9789-95.

Poul, M.A., Becerril, B., Nielsen, U.B., Morisson, P. and Marks, J.D.
2000. J. Mol. Biol., 301:1149-61.

Radkov, S.A., Kellam, P. and Boshoff, C. 2000. Nat. Med.,
6:1121-7.

Rainbow, L., Platt, G.M., Simpson, G.R., Sarid, R., Gao, S.J., Stoiber,
H., Herrington, C.S., Moore, P.S. and Schulz, T.F. 1997. J. Virol,
71:5915-21.

Rajpal, A. and Turi, T.G. 2001. J. Biol. Chem., 276:33139-46.
Renne, R., Lagunoff, M., Zhong, W. and Ganem, D. 1996a. J. Virol,
70:8151-4.

Renne, R., Zhong, W., Herndier, B., McGrath, M., Abbey, N., Kedes,
D. and Ganem, D. 1996b. Nat. Med., 2:342—6.

Rivas, C., Thlick, A.E., Parravicini, C., Moore, P.S. and Chang, Y.
2001. J. Virol, 75:429-38.

Russo, J.J., Bohenzky, R.A., Chien, M.C., Chen, J., Yan, M., Mad-
dalena, D., Parry, J.P., Perruzi, D., Edelman, L.S., Chang, Y. and
Moore, P.S. 1996. Proc. Natl. Acad. Sci. U.S.A., 93:14862—7.
Schafer, K.A. 1998. Vet Pathol., 35:461-78.

Scherr, M., Morgan, M.A. and Eder, M. 2003. Curr. Med. Chem.,
10:245-56.

Schwam, D.R., Luciano, R.L., Mahajan, S.S., Wong, L. and Wilson,
A.C. 2000. J. Virol, 74:8532-40.

Si, H. and Robertson, E.S. 2006. J. Virol., 80:697-709.

Soulier, J., Grollet, L., Oksenhendler, E., Cacoub, P., Cazals-Hatem,
D., Babinet, P., d’Agay, M.F., Clauvel, J.P., Raphael, M., and Degos,
L. 1995. Blood, 86:1276-80.

Staskus, K.A., Zhong, W., Gebhard, K., Herndier, B., Wang, H.,
Renne, R., Beneke, J., Pudney, J., Anderson, D.J., Ganem, D. and
Haase, A.T. 1997. J. Virol, 71:715-9.

Sturzl, M., Hohenadl, C., Zietz, C., Castanos-Velez, E., Wunderlich,
A., Ascherl, G., Biberfeld, P., Monini, P., Browning, P.J. and Ensoli,
B. 1999. J. Natl. Cancer Inst., 91:1725-33.

Szekely, L., Kiss, C., Mattsson, K., Kashuba, E., Pokrovskaja, K.,
Juhasz, A., Holmvall, P. and Klein, G. 1999. J. Gen Virol,
80(Pt 11):2889-900.

Tanaka, T. and Rabbitts, T.H. 2003. Embo J., 22:1025-35.
Thompson, J.D. 2002. Drug Discov Today, 7:912—7.

Yang, X., He, Z., Xin, B. and Cao, L. 2000. Oncogene,
19:2002-13.

Wagner, R.W. and Flanagan, W.M. 1997. Mol. Med. Today, 3:31-8.
Zhong, W., Wang, H., Hernidier, B. and Ganem, D. 1996. Proct. Natl.
Acad. Sci. U.S.A., 93:6641-6.

Zhou, F.C., Zhang, Y.J., Deng, J.H., Wang, X.P., Pan, H.Y., Hettler,
E. and Gao, S.J. 2002. J. Virol, 76:6185-96.

Zhu, Q., Zeng, C., Huhalov, A., Yao, J., Turi, T.G., Danley, D., Hynes,
T., Cong, Y., DiMattia, D., Kennedy, S., Daumy, G., Schaeffer, E.,
Marasco, W.A. and Huston, J.S. 1999. J. Immunol. Methods,
231:207-22.

Lu, F., Day, L., Gao, S.J. and Lieberman, P.M. 2006. J. Virol,
80(11):5273-82.

Fujimuro, M., Wu, F.Y., ApRhys, C., Kajumbula, H., Young, D.B.,
Hayward, G.S. and Hayward, S.D. 2003. Nat. Med., 9(3):300-6.

48

Virology: Research and Treatment 2008: |




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


