
Treatment of Epstein-Barr Virus-associated Diseases
Technical Field The present invention relates to
methods, vaccines, immunological compositions and
synthetic polypeptides for treating and/or preventing
Epstein-Barr Virus (EBV)- associated diseases, and to
associated methods for modulating an immune response.
Background Art The lack of a safe and efficient
vaccine strategy that can provide substantially
complete immunological coverage against EBV-associated
diseases is an important problem, and one that has
prevented progress in treatments for several
EBV-associated diseases such as post-transplant
lymphoproliferative disease (PTLD), nasopharyngeal
carcinoma (NPC) and Hodgkin's lymphoma (HL). For each
of these diseases, cytotoxic T lymphocytes (CTL) are
an important effector mechanism in control of EBV
infection, and the possibility of immunological
intervention in ongoing EBV-associated malignancy has
been considerably enhanced in recent years by the
observation that adoptive transfer of EBV-specific CTL
activated in vitro by autologous lymphoblastoid cell
lines can be used to treat PTLD which occasionally
arise in graft recipients. In this instance, the CTL
bulk cultures that are adoptively transferred are
dominated by effector cells with specificity towards
the immunodominant EBV nuclear proteins, EBNAs 3, 4
and 6. However, the option of extending this strategy
for application to NPC and HL has been hampered by the
more limited range of potential virus-encoded targets
expressed in these malignancies, namely EBNAl, LMPl
and LMP2. Of these, LMPl and LMP2 are the only
potential targets, because EBNAl is poorly processed
and poorly presented by virus-infected cells through
the MHC class I pathway. Further difficulties in
formulating new treatments for NPC and HL arise due to
the limited possibility of using LMPl to expand
effector cells for adoptive transfer because of the
low precursor frequency to these epitopes in healthy
individuals. Moreover, the use of full-length LMP
proteins in a clinical setting is hampered since these
proteins can independently initiate an oncogenic
process in normal cells. The present invention is
predicated on the surprising and unexpected finding
that EBV-associated diseases can be treated and/or
prevented using a scrambled antigen vaccine, or
"SAVINE".Summary of the Invention According to a first
aspect of the present invention, there is provided a
vaccine for the treatment or prevention of an
EBV-associated disease in a subject, wherein said
vaccine comprises a synthetic polypeptide comprising a
plurality of different segments of at least 



one parent EBV polypeptide, and wherein the segments
are linked together in a different relationship
relative to their linkage in the at least one parent
EBV polypeptide. The at least one parent EBV
polypeptide may be selected from the group including
EBNAl, LMPl and LMP2. The EBV-associated disease may
be cancer. The cancer may be selected from the group
including nasopharyngeal carcinoma (NPC), Hodgkin's
lymphoma (HL) and post-transplant lymphoproliferative
disease (PTLD). The synthetic polypeptide may consist
essentially of different segments of a single parent
EBV polypeptide. Alternatively, the synthetic
polypeptide may consist essentially of different
segments of a plurality of different parent EBV
polypeptides. The segments in said synthetic
polypeptide may be linked sequentially in a different
order or arrangement relative to that of corresponding
segments in said at least one parent EBV polypeptide.
At least one of said segments may comprise partial
sequence identity or homology to one or more other
said segments. The sequence identity or homology may
be contained at one or both ends of said at least one
segment. According to a second aspect of the present
invention, there is provided a synthetic polypeptide,
wherein said polypeptide comprises a plurality of
different segments of at least one parent EBV
polypeptide, and wherein the segments are linked
together in a different relationship relative to their
linkage in the at least one parent EBV polypeptide.
According to a third aspect of the present invention,
there is provided a synthetic polynucleotide encoding
the synthetic polypeptide of the second aspect. The
synthetic polypeptide may comprise the sequence as set
forth at SEQ ID NO:1. According to a fourth aspect of
the present invention, there is provided a synthetic
construct comprising the polynucleotide of the third
aspect operably linked to a regulatory polynucleotide.
According to a fifth aspect of the present invention,
there is provided a method for producing the synthetic
polynucleotide of the third aspect, comprising linking
together in the same reading frame a plurality of
nucleic acid sequences encoding different segmentsof
at least one parent EBV polypeptide to form a
synthetic polynucleotide whose sequence encodes said
segments linked together in a different relationship
relative to their linkage in the at least one parent
EBV polypeptide. The method may further comprise
fragmenting the sequence of a respective parent EBV
polypeptide into fragments and linking said fragments
together in a different 



relationship relative to their linkage in said parent
EBV polypeptide sequence. The fragments may be
randomly linked together. The method may further
comprise reverse translating the sequence of a
respective parent EBV polypeptide or a segment thereof
to provide a nucleic acid sequence encoding said
parent EBV polypeptide or said segment. An amino acid
of said parent EBV polypeptide sequence may be reverse
translated to provide a codon which has higher
translational efficiency than other synonymous codons
in a cell of interest. Additionally or alternatively,
an amino acid of said parent EBV polypeptide sequence
may be reverse translated to provide a codon which, in
the context of adjacent or local sequence elements,
has a lower propensity of forming an undesirable
sequence that is refractory to the execution of a
task. The undesirable sequence may be a palindromic
sequence or a duplicated sequence. The task maybe
cloning, sequencing, enhancing the stability of the
polynucleotide or enhancing in vivo translation.
According to a sixth aspect of the present invention,
there is provided a composition comprising an
immunopotentiating agent selected from the group
consisting of the vaccine of the first aspect, the
synthetic polypeptide of the second aspect, the
synthetic polynucleotide of the third aspect and the
synthetic construct of the fourth aspect, together
with a pharmaceutically acceptable carrier. The
composition may optionally comprise an adjuvant.
According to a seventh aspect of the present
invention, there is provided a method for modulating
an immune response, which response is directed against
an EBV-associated disease, comprising administering to
a patient in need of such treatment an effective
amount of an immunopotentiating agent selected from
the group consisting of the vaccine of the first
aspect, the synthetic polypeptide of the second
aspect, the synthetic polynucleotide of the third
aspect, the synthetic construct of the fourth aspect,
or the composition of the sixth aspect. According to
an eighth aspect of the present invention, there is
provided a method for treatment and/or prophylaxis of
an EBV-associated disease, comprising administering to
apatient in need of such treatment an effective amount
of an immunopotentiating agent selected from the group
consisting of the vaccine of the first aspect, the
synthetic polypeptide of the second aspect, the
synthetic polynucleotide of the third aspect, the
synthetic construct of the fourth aspect, or the
composition of the sixth aspect. According to a ninth
aspect of the present invention, there is provided use
of the vaccine of the first aspect, the synthetic
polypeptide of the second aspect, the synthetic 



polynucleotide of the third aspect, the synthetic
construct of the fourth aspect and the composition of
the sixth aspect for the modulation of an immune
response. According to a tenth aspect of the present
invention, there is provided use of the vaccine of the
first aspect, the synthetic polypeptide of the second
aspect, the synthetic polynucleotide of the third
aspect, the synthetic construct of the fourth aspect
and the composition of the sixth aspect for the
manufacture of a medicament for the treatment of an
EBV-associated disease. According to an eleventh
aspect of the present invention, there is provided a
vaccine comprising the synthetic polypeptide of the
second aspect, the synthetic polynucleotide of the
third aspect, the synthetic construct of the fourth
aspect or the composition of the sixth aspect for use
in the treatment of an EBV-associated disease. Brief
Description of the Drawings The present invention will
now be described, by way of example only, with
reference to the following drawings. Figure 1.
Schematic representation of NPC SAVINE that encodes
overlapping peptide sets spanning LMPl, LMP2 and EBNAl
proteins randomly joined together. The DNA sequence
encoding these 3 proteins was constructed using
sequence-specific overlapping oligonucleotides varying
in length from 20 to lOObp. Sequences were joined
together by stepwise asymmetric PCR to create
subcassettes. These subcassettes were joined together
using restriction digestion and PCR to develop the
final NPC SAVINE construct of 6.8 kb. This construct
was then cloned into replication deficient adenovirus
vector (Ad5F35). The recombinant adenovirus (AdSAVINE)
expressing SAVINE construct was obtained by
transfecting into HEK293 cells. This SAVINE construct
was also inserted into vaccinia and fowl pox virus
delivery vectors (see Thomson S.A., Jaramillo A.B.,
Shoobridge M., Dunstan KJ., Everett B., Ranasinghe C ,
Kent SJ., Gao K., Medveckzy CJ., French R.A., Ramshaw
I.A.. Development Of A Synthetic Consensus Sequence
Scrambled Antigen HIV-I Vaccine Designed for Global
Use (2005) Vaccine, 23(38) 4647-57).Figure 2.
Processing and presentation of defined epitopes within
SAVINE construct. LMPl, LMP2 and EBNAl -peptide
specific CTL kill targets infected with SAVINE. The
defined epitope-specific CTL polyclonal lines or CTL
clones within EBNAl (HPV, HLA-B35 restricted), LMPl
(YLL and YLQ, HLA A2-restricted; IAL, s HLA
B35-restricted) and LMP2 (CLG, LTA and LLS, HLA
A2-restricted; PYL, HLAA23- restricted; IED,
HLA-B40-restricted) antigens were generated from four
EBV seropositive healthy donors. The specificity of
these CTL was tested against the defined
epitope-loaded PHA blasts in a cytolytic assay.
Subsequently, to find out whether the 



defined epitopes within EBNAl, LMPl and LMP2 antigens
were endogenously io processed, HLA-matched
fibroblasts were first infected with vaccinia, fowl
pox or adenovirus vectors expressing SAVINE construct
(MOI, 10:1). The target fibroblasts infected with
vaccinia TK-, empty adenovirus or uninfected
fibroblasts were used as controls. These targets were
then tested for the cytolytic activity against EBNAl,
LMPl and LMP2 epitope-specific CTL polyclonal lines or
CTL clones generated from EBV i5 seropositive healthy
donors in a Chromium release assay. An Effector:
Target ratio of 10:1 is used in these assays.
HLA-matched fibroblasts infected with either vaccinia,
fowl pox or adenovirus vectors expressing SAVINE
construct showed cytolytic activity, whereas
fibroblasts infected with control vectors were not
lysed. These results demonstrate that the defined
epitopes in the SAVINE construct are processed and 20
presented to the targets cells very efficiently.
Figure 3. Activation of SAVINE and LCL stimulated CTL
from EBV seropositive healthy donors. (A) and (B)
PBMCs from healthy human EBV carriers (ScBu and DoSc)
were stimulated with autologous PBMCs infected
(responder to stimulator ratio of 2:1) with either
AdSAVINE, AdPoIy or autologous LCL (30:1). All 25
cultures were restimulated at weekly intervals using
g-irradiated autologous LCLs infected as described.
Three days after 3 restimulations the cultured cells
were used as effectors in a Chromium release assay
against peptide-sensitized autologous PHA blasts. (C)
The cultured cells were also tested by ELISPOT and the
results are expressed as spot forming cells (SFC) per
106 CTL. 30 Figure 4. Mapping of EBNAl, LMPl and
LMP2-specific responses in EBV seropositive healthy
donors. The amino acid sequences of full length LMPl
antigen were derived from both Asian EBV strain, CAO
(32 peptides of 17 mer in length overlapping by 8
residues) and Caucasian prototype 1 EBV strain, B95.8
(42 peptides of 17 mer in length overlapping by 8
residues). The amino acid sequences of full length 35
LMP2 (49 peptides of 20 mer in length overlapping by
10 residues) and EBNAl (69peptides of 15 mer in length
overlapping by 10 residues) antigens were derived from
Caucasian prototype 1 EBV strain, B95.8.
Adenovirus-SAVINE and LCL-activated CTL generated from
four EBV seropositive healthy donors were tested for
the secretion of IFN-g after stimulation with
overlapping peptides. Specific T cell reactivity to
defined CD8+ as well as CD4+ T cell epitopes were
observed. In addition to reactivity against already
defined peptides, four of these new peptide pool
sequences (2 each from LMPl and LMP2) showed
reactivity by both SAVINE and LCL-activated CTL and
four of these new peptide pool sequences ( 1 each from
CAO LMPl, B95.8 LMPl LMP2 and EBNAl) showed reactivity
by SAVINE activated CTL. 



Figure 5. Ex vivo ELISPOT analysis of specific CTL
after priming with Ad SAVINE and boosting with
Vaccinia SAVINE or Fowl pox SAVINE. Two groups of
HLA-A2/Kb transgenic mice (n=5) were immunised s.c.
with Ad SAVBSfE (109 PFU) and two weeks later, these
mice were again injected with either Vaccinia-SAVINE
(107 PFU) or Fowl pox SAVINE (2xlO7 PFU). Two weeks
later, the spleen cells were harvested and CTL
response was assessed by ELISPOT assays and the
results are expressed as mean + SE of spot-forming
cells (SFC) per 106 splenocytes. Figure 6. Therapeutic
adoptive transfer of in-vitro expanded SAVINE-CTL from
spleen cells of HLA transgenic mice primed with
adeno-SAVINE and boosted with Vaccinia or fowlpox
SAVINE cause regression of human NPC. Immunodeficient
nude mice were inoculated with human NPC allografts
and when the tumour size was approximately 0.2 cm3 in
size (14 days after tumour inoculation), each group of
tumourbearing nude mice (n=6 mice/group) was
adoptively transferred with either 5x106 Ad
(primed)-VV (boosted) SAVINE-specific T cells or 5xlO6
Ad-FPV SAVINE-specific T cells. Another group of nude
mice was injected with 5xlO6 Ad-FPV SAVINE-CTL and
treated with human IL- 15 (5 mg) injection i.p. 1, 2
and 3 days after each adoptive transfer. Control
groups included were mice injected with 5x106 LMP
polyepitope-specific CTL, cytomegalovirus polyepitope
(CMV)-specific CTL, CD8 depleted Ad-FPV SAVINECTL or
untreated. The therapeutic efficacy of SAVINE-specific
T cells was assessed by regular monitoring of tumour
regression and mice showing a tumour size of >1.0 cm3
in size were sacrificed. Untreated mice, mice that
received CMV T cells or CD8 depleted Ad-FPV SAVrNE-CTL
did not result in inhibition of tumour growth and the
tumours in these mice reached 1.0 cm3 by about 12-24
days after the first T cell transfer. Mice receiving
CD8 depleted LMP-CTL were sacrificed by about 12-78
days after first CTL transfer. After 90 days, 1/6 mice
receiving either Ad-FPV SAVINE-CTL alone or
micereceiving Ad-FPV SAVINE-CTL as well as ILl 5
sustained regression and the regression in 2/6 mice
sustained in mice that received Ad-VV SAVINE-CTL.
Definitions s As used herein, the term "comprising"
means "including principally, but not necessarily
solely". Furthermore, variations of the word
"comprising", such as "comprise" and "comprises", have
correspondingly varied meanings. As used herein the
terms "treating" and "treatment" refer to any and all
uses which remedy a condition or symptoms, prevent the
establishment of a condition or disease, or I0
otherwise prevent, hinder, retard, or reverse the
progression of a condition or disease or other
undesirable symptoms in any way whatsoever. As used
herein the term "effective amount" includes within its
meaning a non-toxic 



but sufficient amount of an agent or compound to
provide the desired effect. The exact amount required
will vary from subject to subject depending on factors
such as the is species being treated, the age and
general condition of the subject, the severity of the
condition being treated, the particular agent being
administered and the mode of administration and so
forth. Thus, it is not possible to specify an exact
"effective amount". However, for any given case, an
appropriate "effective amount" may be determined by
one of ordinary skill in the art using only routine
experimentation. o As used herein, the terms
"polypeptide", "peptide" and "protein" are used
interchangeably to refer to a polymer of amino acid
residues and to fragments, variants, analogues,
orthologues or homologues thereof. Thus, these terms
apply both to amino acid polymers in which one or more
amino acid residues is a synthetic non-naturally
occurring amino acid, such as a chemical analogue of a
corresponding naturally occurring 5 amino acid, as
well as to naturally-occurring amino acid polymers. As
used herein, the term "polynucleotide" or "nucleic
acid" designates oligonucleotides comprising mRNA,
RNA, cRNA, cDNA or DNA or combinations thereof. As
used herein, the term "operably linked" refers to
transcriptional and translational 0 regulatory
polynucleotides that are positioned relative to a
polypeptide-encoding polynucleotide in such a manner
such that the polynucleotide is transcribed and the
polypeptide is translated. As used herein, the term
"synthetic polypeptide" refers to a polypeptide formed
in vitro by the manipulation of a polypeptide or
corresponding polynucleotide into a formnot normally
found in nature. For example, a synthetic polypeptide
may be the translational product of a synthetic
polynucleotide. As used herein, the term "synthetic
polynucleotide" refers to a polynucleotide formed in
vitro by the manipulation of a polynucleotide into a
form not normally found in nature. For example, the
synthetic polynucleotide can be in the form of an
expression vector. Generally, such expression vectors
include transcriptional and translational regulatory
polynucleotides operably linked to the polynucleotide.
As used herein, the term "EBV-associated disease"
means any disease, disease state or disorder caused by
or associated with Epstein-Barr Virus (EBV), including
but not limited to cancer, such as nasopharyngeal
carcinoma, Hodgkin's lymphoma or posttransplant
lyniphoproliferative disease. As used herein, the term
"parent EBV polypeptide" means a polypeptide that has
been isolated or derived from Epstein-Barr Virus
(EBV), or which is homologous thereto, and used to
produce a synthetic polypeptide. The parent EBV
polypeptide may be an EBV 



polypeptide encoded by a naturally occurring gene.
Alternatively, parent EBV polypeptide may be an EBV
polypeptide that is not naturally occurring but has
been engineered using recombinant techniques. In this
instance, a polynucleotide encoding the parent
polypeptide may comprise different but synonymous
codons relative to a natural gene encoding the same
polypeptide. Alternatively, the parent EBV polypeptide
may not correspond to a natural polypeptide sequence.
For example, the parent EBV polypeptide may comprise
one or more consensus sequences common to a plurality
of polypeptides. As used herein, the term "modulating"
means increasing or decreasing, either directly or
indirectly, an immune response against an antigen. As
used herein, the term "conservative amino acid
substitution" refers to a substitution or replacement
of one amino acid for another amino acid with similar
properties within a polyepitope chain (primary
sequence of a protein). For example, the substitution
of the charged amino acid glutamic acid (GIu) for the
similarly charged amino acid aspartic acid (Asp) would
be a conservative amino acid substitution. Within the
scope of the terms "protein", "polypeptide",
"polynucleotide" and "nucleic acid" as used herein are
fragments and variants thereof, including but not
limited to reverse compliment and antisense forms of
polynucleotides and nucleic acids. The term "fragment"
refers to a polynucleotide or polypeptide sequence
that encodes a constituent or is a constituent of a
full-length protein or gene. In terms of the
polypeptide the fragment possesses qualitative
biological activity in common with the full-length
protein.The term "variant" as used herein refers to
substantially similar sequences. Generally, nucleic
acid sequence variants encode polypeptides which
possess qualitative biological activity in common.
Generally, polypeptide sequence variants also possess
qualitative biological activity in common. Further,
these polypeptide sequence variants may share at least
50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 96%,
97%, 98% or 99% sequence identity. Further, a variant
polypeptide may include analogues, wherein the term
"analogue" means a polypeptide which is a derivative
of the disclosed polypeptides, which derivative
comprises addition, deletion or substitution of one or
more amino acids, such that the polypeptide retains
substantially the same function as the native
polypeptide from which it is derived. Best Mode of
Performing the Invention A recent technology platform
referred to as SAVINE ("scrambled antigen vaccine") as
disclosed in WO 01/90197 (the disclosure of which is
incorporated herein by reference) has been applied by
the inventors in relation to novel treatments for
Epstein- 



Ban- Virus (EBV)-associated diseases such as
nasopharyngeal carcinoma (NPC), Hodgkin's lymphoma
(HL) and post-transplant lymphoproliferative disease
(PTLD). Particular difficulties associated with
traditional EBV treatment regimes include the fact
that only 3 EBV antigens are expressed in EBV-derived
NPC cells, being EBNAl, LMPl and LMP2. The ability to
selectively target EBV tumour cells is therefore very
limited hi addition, of the 3 expressed antigens,
EBNAl is poorly presented on the surface of EBV
infected cells and/or the progeny of such cells, and
full-length LMP proteins cannot be used to induce
appropriate CTL immune responses as such proteins can
be independently oncogenic. Further, the use of LMPl
to expand effector cells for treatment regimes
employing adoptive T cell transfer is limited because
of low frequency of precursor cells specific for LMP
epitopes. Indeed, EBV-specific CTL populations that
have been activated in vitro for adoptive transfer are
often dominated by CTLs specific for EBV nuclear
proteins rather than the cell surface antigens EBNAl,
LMPl and LMP2. Innovation beyond traditional treatment
regimes such as chemotherapy and radiotherapy has
therefore been difficult to progress in relation to
EBV-associated diseases. Indeed, present treatments
for EBV-associated diseases such NPC and HL based on
radiotherapy and chemotherapy are only partially
successful and involve significant side effects.
Significantly, the lack of a vaccine-based approach in
relation to EBV has meant a lack of any preventative /
prophylactic measures.Accordingly, although EBV
infects over 95% of the world's population, current
treatment protocols such as radiotherapy and
chemotherapy for the EBV-associated disease
nasopharyngeal carcinoma (NPC) provide only 5 year
survival to about 80% of patients, with late morbidity
also a major concern. In order to overcome such
difficulties, the inventors have developed a
vaccination regime not only for the treatment but also
for the prevention / prophylaxis of EBVassociated
diseases. The inventors have scrambled DNA sequence
drawn from the EBV cell-surface expressed EBV antigens
EBNAl, LMPl and LMP2 in overlapping 30 amino acid
sequences (overlapping by 15 amino acids). This SAVINE
sequence has been inserted into a
replication-deficient adenovirus vector based on
adenovirus 5 with a fibre protein from adenovirus 35
(Ad5F35). This scrambled antigen vaccine approach has
been employed as a novel means for potential treatment
of EBV-associated diseases. Accordingly, the invention
disclosed herein demonstrates (1) that a scrambled DNA
sequence drawn from the EBV antigens EBNAl, LMPl and
LMP2 inserted into the viral vector Ad5F35 is able to
be efficiently processed and presented to
antigen-specific T cells, (2) that a SAVINE-specific
CTL response can be elicited from EBV immune subjects,
(3) that the CTL (priming) response 



can be boosted by subsequent immunization with a
vaccinia or fowlpox SAVINE construct, and that (4)
prime-boosted SAVINE CTL which are then expanded in
vitro using defined epitope CTL peptides can elicit
activation of splenocytes in vivo which resist NPC
tumour cell growth. This SAVINE construct therefore
has the significant advantage of removing the
oncogenic capacity of LMPl whilst at the same time
allowing presentation of all of the possible MHC class
I and class II epitopes within EBNAl, LMPl and LMP2.
Furthermore, in its present form, all of the
glycine/alanine repeat sequences within EBNAl have
been eliminated, thus .minimizing immune inhibitory
signals that compromise T cell processing of the
entire protein. Accordingly, the present invention
provides vaccines for the treatment or prevention of
an EBV-associated disease in a subject, wherein said
vaccines comprise a synthetic polypeptide comprising a
plurality of different segments of at least one parent
EBV polypeptide, and wherein the segments are linked
together in a different relationship relative to their
linkage in the at least one parent EBV polypeptide.
The at least one parent EBV polypeptide may be
selected from the group including EBNAl, LMPl and
LMP2. The EBV-associated disease may be cancer.The
cancer may be selected from the group including
nasopharyngeal carcinoma, Hodgkin's lymphoma and
post-transplant lymphoproliferative disease. Persons
of skill in the art will readily appreciate that the
synthetic polypeptide may consist essentially of
different segments of a single parent EBV polypeptide,
or alternatively, the synthetic polypeptide may
consist essentially of different segments of a
plurality of different parent EBV polypeptides. It
will also be apparent to skilled artisans that the
segments in said synthetic polypeptide may be linked
sequentially in a different order or arrangement
relative to that of corresponding segments in said at
least one parent EBV polypeptide. At least one of said
segments may comprise partial sequence identity or
homology to one or more other said segments. The
sequence identity or homology may be contained at one
or both ends of said at least one segment. Synthetic
polypeptides The inventors have been able to disrupt
the structure of parent EBV polypeptides sufficiently
to impede, abrogate or otherwise alter at least one
function of the parent EBV polypeptides, while
simultaneously minimising the destruction of
potentially useful epitopes that are present in the
parent EBV polypeptides, by fusing, coupling or
otherwise linking together different segments of the
parent EBV polypeptides in a different 



relationship relative to their linkage in the parent
EBV polypeptides. As a result of this change in
relationship, the sequence of the linked segments in
the resulting synthetic polypeptide is different to a
sequence contained within the parent EBV polypeptides.
Accordingly, present invention provides a synthetic
polypeptides, wherein said polypeptides comprise a
plurality of different segments of at least one parent
EBV polypeptide, and wherein the segments are linked
together in a different relationship relative to their
linkage in the at least one parent EBV polypeptide. hi
accordance with the present invention, fusion proteins
may also be engineered to improve characteristics of a
polypeptide or a variant or fragment thereof. For
example, peptide moieties may be added to the
polypeptide to increase stability of the polypeptide.
The addition of peptide moieties of polypeptides are
routine techniques well known to those of skill in the
art. The synthetic polypeptides of the invention are
useful as immunopotentiating agents, and are referred
to elsewhere in the specification as scrambled antigen
vaccines, super attenuated vaccines or
"SAVINES".Persons of skill in the art will appreciate
it is preferable but not essential that the segments
in said synthetic polypeptide are linked sequentially
in a different order or arrangement relative to that
of corresponding segments in said at least one parent
EBV polypeptide. For example, in the case of a parent
EBV polypeptide that comprises 4 contiguous or
overlapping segments A-B-C-D, these segments may be
linked in 23 other possible orders to form a synthetic
polypeptide. These orders may be selected from the
group consisting of: A-B-D-C, A-C-B-D, A-C-D-B,
A-D-B-C, A-D-C-B, B-A-C-D, B-AD- C, B-C-A-D, B-C-D-A,
B-D-A-C, B-D-C-A, C-A-B-D, C-A-D-B C-B-A-D, C-B-DA,
C-D-A-B, C-D-B-A, D-A-B-C, D-A-C-B, D-B-A-C, D-B-C-A,
D-C-A-B, and D-C-BA. Although the rearrangement of the
segments is preferably random, it is especially
preferable to exclude or otherwise minimise
rearrangements that result in complete or partial
reassembly of the parent sequence (e.g., ADBC, BACD,
DABC). It will be appreciated, however, that the
probability of such complete or partial reassembly
diminishes as the number of segments for rearrangement
increases. The order of the segments is suitably
shuffled, reordered or otherwise rearranged relative
to the order in which they exist in the parent EBV
polypeptide so that the structure of the polypeptide
is disrupted sufficiently to impede, abrogate or
otherwise alter at least one function associated with
the parent EBV polypeptide. Preferably, the segments
of the parent EBV polypeptide are randomly rearranged
in the synthetic polypeptide. The parent EBV
polypeptide is suitably a polypeptide that is
associated with a disease 



or condition. For example, the parent polypeptide may
be a polypeptide expressed either by EBV, or by a
cancer cell caused by, resulting from or associated
with an EBV infection. In particular, the parent EBV
polypeptide may be selected form the group comprising
EBNAl , LMP1 and LMP2. Treatment of any cancer or
tumour caused by, resulting from or associated with
EBV is contemplated by the present invention. For
example, the cancer or tumour includes, but is not
restricted to, post transplant lymphoproliferative
disease (PTLD), Hodgkin's Lymphoma and nasopharyngeal
carcinoma (NPC). In a preferred embodiment, the
segments are selected on the basis of size. A segment
according to the invention may be of any suitable size
that can be utilised to elicit an immune response
against an antigen encoded by the parent EBV
polypeptide. A number of factors can influence the
choice of segment size. For example, the size of a
segment should be preferably chosen such that it
includes, or corresponds to the size of, T cell
epitopes and their processing requirement.
Practitioners in the art will recognise that
classI-restricted T cell epitopes can be between 8 and
10 amino acids in length and if placed next to
unnatural flanking residues, such epitopes can
generally require 2 to 3 natural flanking amino acids
to ensure that they are efficiently processed and
presented. Class IIrestricted T cell epitopes can
range between 12 and 25 amino acids in length and may
not require natural flanking residues for efficient
proteolytic processing although it is believed that
natural flanking residues may play a role. Another
important feature of class II-restricted epitopes is
that they generally contain a core of 9-10 amino acids
in the middle which bind specifically to class II MHC
molecules with flanking sequences either side of this
core stabilising binding by associating with conserved
structures on either side of class II MHC antigens in
a sequence independent manner (Brown J . H., Jardetsky
T. S., Gorga J. C , Stern L. J., Urban R. G.,
Strominger J . L., Wiley D. C : Threedimensional
structure of the human class II histocompatibility
antigen HLA-DRl . Nature 1993, 364:33-39.). Thus the
functional region of class II-restricted epitopes is
typically less than 15 amino acids long. The size of
linear B cell epitopes and the factors effecting their
processing, like class II-restricted epitopes, are
quite variable although such epitopes are frequently
smaller in size than 15 amino acids. From the
foregoing, it is preferable, but not essential, that
the size of the segment is at least 4 amino acids,
preferably at least 7 amino acids, snore preferably at
least 12 amino acids, more preferably at least 20
amino acids and more preferably at least 30 amino
acids. Suitably, the size of the segment is less than
2000 amino acids, more preferably less than 1000 amino
acids, more preferably less than 500 amino acids, more
preferably less than 200 amino acids, more preferably
less than 100 amino acids, more preferably less than
80 amino acids and even more preferably 



less than 60 amino acids and still even more
preferably less than 40 amino acids. In this regard,
it is preferable that the size of the segments is as
small as possible so that the synthetic polypeptide
adopts a functionally different structure relative to
the structure of the parent EBV polypeptide. It is
also preferable that the size of the segments is large
enough to minimise loss of T cell epitopes hi an
especially preferred embodiment, the size of the
segment is about 30 amino acids. An optional spacer
may be utilised to space adjacent segments relative to
each other. Accordingly, an optional spacer may be
interposed between some or all of the segments. The
spacer suitably alters proteolytic processing and/or
presentation of adjacent segment(s). In a preferred
embodiment of this type, the spacer promotes or
otherwise enhances proteolytic processing and/or
presentation of adjacent segment(s). Preferably, the
spacer comprises at least one amino acid. The at least
one amino acid is suitably aneutral amino acid. The
neutral amino acid is preferably alanine.
Alternatively, the at least one amino acid is
cysteine. In a preferred embodiment, segments are
selected such that they have partial sequence identity
or homology with one or more other segments. Suitably,
at one or both ends of a respective segment there is
comprised at least 4 contiguous amino acids,
preferably at least 7 contiguous amino acids, more
preferably at least 10 contiguous amino acids, more
preferably at least 15 contiguous amino acids and even
more preferably at least 20 contiguous amino acids
that are identical to, or homologous with, an amino
acid sequence contained within one or more other of
said segments. Preferably, at the or each end of a
respective segment there is comprised less than 500
contiguous amino acids, more preferably less than 200
contiguous amino acids, more preferably less than 100
contiguous amino acids, more preferably less than 50
contiguous amino acids, more preferably less than 40
contiguous amino acids, and even more preferably less
than 30 contiguous amino acids that are identical to,
or homologous with, an amino acid sequence contained
within one or more other of said segments. Such
sequence overlap (also referred to elsewhere in the
specification as "overlapping fragments" or
"overlapping segments") is preferable to ensure
potential epitopes at segment boundaries are not lost
and to ensure that epitopes at or near segment
boundaries are processed efficiently if placed beside
or near amino acids that inhibit processing.
Preferably, the segment size is about twice the size
of the overlap. In a preferred embodiment, when
segments have partial sequence homology therebetween,
the homologous sequences suitably comprise conserved
and/or nonconserved amino acid differences. Conserved
or non-conserved differences may correspond to
polymorphisms in 



corresponding parent EBV polypeptides. Polymorphic
polypeptides are expressed by various pathogenic
organisms and cancers. For example, the polymorphic
polypeptides may be expressed by different viral
strains or clades or by cancers in different
individuals. Sequence overlap between respective
segments is preferable to minimise destruction of any
epitope sequences that may result from any shuffling
or rearrangement of the segments relative to their
existing order in the parent EBV polypeptide. If
overlapping segments as described above are employed
to form a synthetic polypeptide, it may not be
necessary to change the order in which those segments
are linked together relative to the order in which
corresponding segments are normally present in the
parent EBV polypeptide hi this regard, such
overlapping segments when linked together in the
synthetic polypeptide can adopt a different structure
relative to the structure of the parentEBV
polypeptide, wherein the different structure does not
provide for one or more functions associated with the
parent polypeptide. For example, in the case of four
segments A-B-C-D each spanning 30 contiguous amino
acids of the parent EBV polypeptide and having a
10-amino acid overlapping sequence with one or more
adjacent segments, the synthetic polypeptide will have
duplicated 10-amino acid sequences bridging segments
A-B, B-C and C-D. The presence of these duplicated
sequences may be sufficient to render a different
structure and to abrogate or alter function relative
to the parent EBV polypeptide. In a preferred
embodiment, segment size is about 30 amino acids and
sequence overlap at one or both ends of a respective
segment is about 15 amino acids. However, it will be
understood that other suitable segment sizes and
sequence overlap sizes are contemplated by the present
invention, which can be readily ascertained by persons
of skill in the art. It is preferable but not
necessary to utilise all the segments of the parent
EBV polypeptide in the construction of the synthetic
polypeptide. Suitably, at least 30%, preferably at
least 40%, more preferably at least 50%, even more
preferably at least 60%, even more preferably at least
70%, even more preferably at least 80% and still even
more preferably at least 90% of the parent EBV
polypeptide sequence is used in the construction of
the synthetic polypeptide. However, it will be
understood that the more sequence information from a
parentEBV polypeptide that is utilised to construct
the synthetic polypeptide, the greater the population
coverage will be of the synthetic polypeptide as an
immunogen. Preferably, no sequence information from
the parent EBV polypeptide is excluded (e.g., because
of an apparent lack of immunological epitopes).
Preparation of Synthetic Polypeptides Persons of skill
in the art will appreciate that when preparing a
synthetic polypeptide 



against EBV or a cancer caused by, resulting from, or
associated with EBV, it may be preferable to use
sequence information from a plurality of different
polypeptides expressed by EBV or the cancer.
Accordingly, in a preferred embodiment, segments from
a plurality of different parent EBV polypeptides are
linked together to form a synthetic polypeptide
according to the invention. It is preferable in this
respect to utilize as many parent EBV polypeptides as
possible from, or in relation to, a particular source
in the construction of the synthetic polypeptide. In
particular, it is preferable to utilize EBNAl, LMPl
and LMP2 polypeptides.Suitably, any hypervariable
sequences within the parent EBV polypeptide are
excluded from the construction of the synthetic
polypeptide. The synthetic polypeptides of the
inventions may be prepared by any suitable procedure
known to those of skill in the art. For example, the
polypeptide may b e synthesised using solution
synthesis or solid phase synthesis as described, for
example, in Chapter 9 of Atherton and Shephard (1989,
Solid Phase Peptide Synthesis: A Practical Approach.
IRL Press, Oxford) and in Roberge et al (1995, Science
269: 202). Syntheses may employ, for example, either
t-butyloxycarbonyl (t-Boc) or 9-
fluorenylmethyloxycarbonyl (Fmoc) chemistries (see
Chapter 9.1, of Coligan et al., CURRENT PROTOCOLS IN
PROTEIN SCIENCE, John Wiley & Sons, Inc. 1995-1 997;
Stewart and Young, 1984, Solid Phase Peptide
Synthesis, 2nd ed. Pierce Chemical Co., Rockford,
111.; and Atherton and Shephard, supra).
Alternatively, the polypeptides may b e prepared by a
procedure including the steps of: (a) preparing a
synthetic construct including a synthetic
polynucleotide encoding a synthetic polypeptide
wherein said synthetic polynucleotide is operably
linked to a regulatory polynucleotide, wherein said
synthetic polypeptide comprises a plurality of
different segments of a parent polypeptide, wherein
said segments are linked together in a different
relationship relative to their linkage in the parent
EBV polypeptide; (b) introducing the synthetic
construct into a suitable host cell; (c) culturing the
host cell to express the synthetic polypeptide from
said synthetic construct; and (d) isolating the
synthetic polypeptide. Accordingly, the present
invention provides synthetic polynucleotides encoding
the synthetic polypeptides as described above, as well
as synthetic constructs comprising the synthetic
polynucleotides operably linked to a regulatory
polynucleotide. The synthetic construct is preferably
in the form of an expression vector. For example, the
expression vector can be a self-replicating
extra-chromosomal vector such as a plasmid, or a
vector that integrates into a host genome. Typically,
the regulatory 



polynucleotide may include, but is not limited to,
promoter sequences, leader or signal sequences,
ribosomal binding sites, transcriptional start and
stop sequences, translational start and termination
sequences, and enhancer or activator sequences.
Constitutive or inducible promoters as known in the
art are contemplated by the invention. The promoters
may b e either naturally occurring promoters, or
hybrid promoters that combine elements of more than
one promoter. The regulatory polynucleotide will
generally be appropriatefor the host cell used for
expression. Numerous types of appropriate expression
vectors and suitable regulatory polynucleotides are
known in the art for a variety of host cells. In a
preferred embodiment, the expression vector contains a
selectable marker gene to allow the selection of
transformed host cells. Selection genes are well known
in the art and will vary with the host cell used. The
expression vector may also include a fusion partner
(typically provided by the expression vector) so that
the synthetic polypeptide of the invention is
expressed as a fusion polypeptide with said fusion
partner. The main advantage of fusion partners is that
they assist identification and/or purification of said
fusion polypeptide. In order to express said fusion
polypeptide, it is necessary to ligate a
polynucleotide according to the invention into the
expression vector so that the translational reading
frames of the fusion partner and the polynucleotide
coincide. Well known examples of fusion partners
include, but are not limited to,
glutathione-Stransferase (GST), Fc portion of human
IgG, maltose binding protein (MBP) and hexahistidine
(HIS6), which are particularly useful for isolation of
the fusion polypeptide by affinity chromatography. For
the purposes of fusion polypeptide purification by
affinity chromatography, relevant matrices for
affinity chromatography are glutathione-, amylose-,
and nickel- or cobalt-conjugated resins respectively.
Many such matrices are available in "kit" form, such
as the QIAexpress(tm) system (Qiagen) useful with
(HIS6) fusion partners and the Pharmacia GST
purification system. In a preferred embodiment, the
recombinant polynucleotide is expressed in the
commercial vector pFLAG(tm). Another fusion partner
well known in the art is green fluorescent protein
(GFP). This fusion partner serves as a fluorescent
"tag" which allows the fusion polypeptide of the
invention to be identified by fluorescence microscopy
or by flow cytometry. The GFP tag is useful when
assessing subcellular localisation of a fusion
polypeptide of the invention, or for isolating cells
which express a fusion polypeptide of the invention.
Flow cytometric methods such as fluorescence activated
cell sorting (FACS) are particularly useful in this
latter application. Preferably, the fusion partners
also have protease cleavage sites, such as for Factor
X , Thrombin and inteins (protein introns), which
allow the relevant protease to partially digest the
fusion polypeptide of the invention and thereby
liberate the 



recombinant polypeptide of the invention therefrom.
The liberated polypeptide can then be isolated from
the fusion partner by subsequent chromatographic
separation. Fusion partners according to the invention
also include within their scope "epitope tags", which
are usually short peptide sequences for which a
specific antibody is available. Well known examples of
epitope tags for which specific monoclonal antibodies
are readilyavailable include c-Myc, influenza virus,
haemagglutinin and FLAG tags. Alternatively, a fusion
partner may be provided to promote other forms of
immunity. For example, the fusion partner may be an
antigen-binding molecule that is imrnuno-interactive
with a conformational epitope on a target antigen or
to a post-translational modification of a target
antigen (e.g., an antigen-binding molecule that is
immuno-interactive with a glycosylated target
antigen). The step of introducing the synthetic
construct into the host cell may be effected by any
suitable method including transfection, and
transformation, the choice of which will be dependent
on the host cell employed. Such methods are well known
to those of skill in the art. Synthetic polypeptides
of the invention may be produced by culturing a host
cell transformed with the synthetic construct. The
conditions appropriate for protein expression will
vary with the choice of expression vector and the host
cell. This is easily ascertained by one skilled in the
art through routine experimentation. Suitable host
cells for expression may be prokaryotic or eukaryotic.
One preferred host cell for expression of a
polypeptide according to the invention is a bacterium.
The bacterium used may be Escherichia coli.
Alternatively, the host cell may be an insect cell
such as, for example, SF9 cells that may be utilised
with a baculoviras expression system. The synthetic
polypeptide may be conveniently prepared by a person
skilled in the art using standard protocols as for
example described in Sambrook, et al., MOLECULAR
CLONING. A LABORATORY MANUAL (Cold Spring Harbor
Press, 1989), in particular Sections 16 and 17;
Ausubel et al, CURRENT PROTOCOLS IN MOLECULAR BIOLOGY
(John Wiley & Sons, hie. 1994-1998), in particular
Chapters 10 and 16; and Coligan et al, CURRENT
PROTOCOLS IN PROTEIN SCIENCE (John Wiley & Sons, Inc.
1995-1997), in particular Chapters 1, 5 and 6. The
amino acids of the synthetic polypeptide can be any
non-naturally occurring or any naturally occurring
amino acid. Examples of unnatural amino acids and
derivatives during peptide synthesis include but are
not limited to, use of 4-amino butyric acid, 6-
aminohexanoic acid,
4-amino-3-hydroxy-5-phenylpentanoic acid,
4-amino-3-hydroxy-6- methyl-heptanoic acid,
t-butylglycine, norleucine, norvaline, phenylglycine,
ornithine, sarcosine, 2-thienyl alanine and/or
D-isomers of amino acids. 



The invention also contemplates modifying the
synthetic polypeptides of the invention using ordinary
molecular biological techniques so as to alter their
resistance to proteolytic degradation or to optimise
solubility properties or to render them more suitable
as an immunogenic agent.Preparation of Synthetic
Polynucleotides According to embodiments of the
invention, the disclosed polynucleotides may have the
nucleotide sequence as set forth in the sequence
listing or display sufficient sequence identity
thereto to hybridise to the nucleotide sequence as set
forth in the sequence listing. In alternative
embodiments, the nucleotide sequence of the
polynucleotide may share at least 30%, 40%, 50%, 60%,
70%, 80%, 85%, 90%, 95%, 96%, 97%, 98% or 99% identity
with the nucleotide sequence as set forth in the
sequence listing. The present invention contemplates
synthetic polynucleotides encoding the synthetic
polypeptides as described above. Polynucleotides
encoding segments of a parent EBV polypeptide can be
produced by any suitable technique. For example, such
polynucleotides can be synthesised de novo using
readily available machinery. Sequential synthesis of
DNA is described, for example, in U.S. Pat. No
4,293,652. Instead of de novo synthesis, recombinant
techniques may be employed including use of
restriction endonucleases to cleave a polynucleotide
encoding at least a segment of the parent EBV
polypeptide and use of ligases to ligate together in
frame a plurality of cleaved polynucleotides encoding
different segments of the parent polypeptide. Suitable
recombinant techniques are described for example in
the relevant sections of Ausubel, et al. (supra) and
of Sambrook, et ah, (supra) which are incorporated
herein by reference. Preferably, the synthetic
polynucleotide is constructed using splicing by
overlapping extension (SOEing) as for example
described by Horton et al. (1990, Biotechniques 8(5):
528-535; 1995, MoI Biotechnol. 3(2): 93-99; and 1997,
Methods MoI Biol. 67: 141-149). However, it should be
noted that the present invention is not dependent on,
and not directed to, any one particular technique for
constructing the synthetic construct. Various
modifications to the synthetic polynucleotides may be
introduced as a means of increasing intracellular
stability and half-life. Possible modifications
include but are not limited to the addition of
flanking sequences of ribo- or deoxy-nucleotides to
the 5' and/or 3' ends of the molecule or the use of
phosphorothioate or 2' O-methyl rather than
phosphodiesterase linkages within the
oligodeoxyribonucleotide backbone. The invention
therefore contemplates a method of producing a
synthetic polynucleotide as broadly described above,
comprising linking together in the same reading frame
at least two nucleic acid sequences encoding different
segments of a parent polypeptide to form a synthetic
polynucleotide, which encodes a synthetic polypeptide 



according to the invention. Suitably, nucleic acid
sequences encoding at least 10 segments, preferably at
least 20 segments, more preferably at least 40
segments and morepreferably at least 100 segments of a
parent polypeptide are employed to produce the
synthetic polynucleotide. Preferably, the method
further comprises selecting segments of the parent EBV
polypeptide, reverse translating the selected segments
and preparing nucleic acid sequences encoding the
selected segments. It is preferred that the method
further comprises randomly linking the nucleic acid
sequences together to form the synthetic
polynucleotide. The nucleic acid sequences may be
oligonucleotides or polynucleotides. Suitably,
segments are selected on the basis of size.
Additionally, or in the alternative, segments are
selected such that they have partial sequence identity
or homology (i.e., sequence overlap) with one or more
other segments. A number of factors can influence
segment size and sequence overlap as mentioned above.
In the case of sequence overlap, large amounts of
duplicated nucleic acid sequences can sometimes result
in sections of nucleic acid being lost during nucleic
acid amplification (e.g., polymerase chain reaction,
PCR) of such sequences, recombinant plasmid
propagation in a bacterial host or during
amplification of recombinant viruses containing such
sequences. Accordingly, in a preferred embodiment,
nucleic acid sequences encoding segments having
sequence identity or homology with one or more other
encoded segments are not linked together in an
arrangement in which the identical or homologous
sequences are contiguous. Also, it is preferable that
different codons are used to encode a specific amino
acid in a duplicated region. In this context, an amino
acid of a parent polypeptide sequence is preferably
reverse translated to provide a codon which, in the
context of adjacent or local sequence elements, has a
lower propensity of forming an undesirable sequence
(e.g., a duplicated sequence or a palindromic
sequence) that is refractory to the execution of a
task (e.g., cloning or sequencing). Alternatively,
segments may be selected such that they contain a
carboxyl terminal leucine residue or such that reverse
translated sequences encoding the segments contain
restriction enzyme sites for convenient splicing of
the reverse translated sequences. The method
optionally further comprises linking a spacer
oligonucleotide encoding at least one spacer residue
between segment-encoding nucleic acids. Such spacer
residue(s) may be advantageous in ensuring that
epitopes within the segments are processed and
presented efficiently. Preferably, the spacer
oligonucleotide encodes 2 to 3 spacer residues. The
spacer residue is suitably a neutral amino acid, which
is preferably alanine. Optionally, the method further
comprises linking in the same reading frame as other
segment-containing nucleic acid sequences at least one
variant nucleic acid sequence 



which encodes a variant segment having a homologous
but not identical amino acidsequence relative to other
encoded segments. Suitably, the variant segment
comprises conserved and/or non-conserved amino acid
differences relative to one or more other encoded
segments. Such differences may correspond to
polymorphisms as discussed above. In a preferred
embodiment, degenerate bases are designed or built in
to the at least one variant nucleic acid sequence to
give rise to all desired homologous sequences.
Preferably, the method further comprises optimising
the codon composition of the synthetic polynucleotide
such that it is translated efficiently by a host cell,
hi this regard, it is well known that the
translational efficiency of different codons varies
between organisms and that such differences in codon
usage can be utilised to enhance the level of protein
expression in a particular organism. In this regard,
reference may be made to Seed et al. (International
Application Publication No WO 96/09378) who disclose
the replacement of existing codons in a parent EBV
polynucleotide with synonymous codons to enhance
expression of viral polypeptides in mammalian host
cells. This may also have the effect of stabilizing
the polynucleotide encoding segments. Preferably, the
first or second most frequently used codons are
employed for codon optimisation. Synthetic
polynucleotides according to the invention can be
operably linked to a regulatory polynucleotide in the
form a synthetic construct as for example described
above. Synthetic constructs of the invention have
utility inter alia as nucleic acid vaccines. The
choice of regulatory polynucleotide and synthetic
construct will depend on the intended host. Exemplary
expression vectors for expression of a synthetic
polypeptide according to the invention include, but
are not restricted to, a replication-deficient
adenovirus vector based on adenovirus 5 with a fibre
protein from adenovirus 35 (Ad5F35). In addition,
modified Ankara Vaccinia virus as described, for
example, by Allen et al. (2000, J. Immunol. 164(9):
4968-4978), fowlpox virus as for example described by
Boyle and Coupar (1988, Virus Res. 10: 343-356) and
the herpes simplex amplicons described for example by
Fong et al. in U.S. Pat. No. 6,051,428 may also be
employed. Alternatively, Epstein-Barr Virus vectors,
which are preferably capable of accepting large
amounts of DNA or RNA sequence information, can be
used. Preferred promoter sequences that can be
utilised for expression of synthetic polypeptides
include the P7.5 or PE/L promoters as for example
disclosed by Kumar and Boyle. (1990, Virology
179:151-158), CMV and RSV promoters. The synthetic
construct optionally further includes a nucleic acid
sequence encoding an immunostimulatory molecule. The
immunostimulatory molecule may be fusion partner of
the synthetic polypeptide. Alternatively, the
immunostimulatory molecule may betranslated separately
from the synthetic polypeptide. Preferably, the
immunostimulatory 



molecule comprises a general immunostimulatory peptide
sequence. For example, the immunostimulatory peptide
sequence may comprise a domain of an invasin protein
(Inv) from the bacteria Yersinia spp as for example
disclosed by Brett et al. (1993, Eur. J. Immunol. 23:
1608-1614). hi an alternate embodiment, the
immunostimulatory molecule may comprise an
immunostimulatory membrane or soluble molecule, which
is suitably a T cell costimulatory molecule.
Preferably, the T cell co-stimulatory molecule is a B7
molecule or a biologically active fragment thereof, or
a variant or derivative of these. The B7 molecule
includes, but is not restricted to, B7-1 and B7-2.
Preferably, the B7 molecule is B7-1. Alternatively,
the T cell co-stimulatory molecule may be an ICAM
molecule such as ICAM-I and ICAM-2. In another
embodiment, the immunostimulatory molecule can be a
cytokine, which includes, but is not restricted to, an
interleukin, a lymphokine, tumour necrosis factor and
an interferon. Alternatively, the immunostimulatory
molecule may comprise an immunomodulatory
oligonucleotide as for example disclosed by Krieg in
U.S. Pat. No. 6,008,200. Suitably, the size of the
synthetic polynucleotide does not exceed the ability
of host cells to transcribe, translate or
proteolytically process and present epitopes to the
immune system. Practitioners in the art will also
recognise that the size of the synthetic
polynucleotide can impact on the capacity of an
expression vector to express the synthetic
polynucleotide in a host cell. In this connection, it
is known that the efficacy of DNA vaccination reduces
with expression vectors greater that 20-kb. hi such
situations it is preferred that a larger number of
smaller synthetic constructs is utilised rather than a
single large synthetic construct. Compositions and
immunopotentiating agents The present invention also
contemplates compositions comprising an
immunopotentiating agent selected from the group
consisting of the synthetic polypeptide, the synthetic
polynucleotide and the synthetic construct as
described above, together with a pharmaceutically
acceptable carrier. The immunopotentiating agents may
be formulated into a composition as neutral or salt
forms. Pharmaceutically acceptable salts include the
acid addition salts (formed with free amino groups of
the peptide) and which are formed with inorganic acids
such as, for example, hydrochloric or phosphoric
acids, or such organic acids such as acetic,
oxalic,tartaric, maleic, and the like. Salts formed
with the free carboxyl groups may also be derived from
inorganic basis such as, for example, sodium,
potassium, ammonium, calcium, or ferric hydroxides,
and such organic basis as isopropylamine,
trimethylamine, 



2-ethylamino ethanol, histidine, procaine, and the
like. hi general, suitable compositions may be
prepared according to methods which are known to those
of ordinary skill in the art and may include
pharmaceutically acceptable diluents, adjuvants and/or
excipients. The diluents, adjuvants and excipients
must be "acceptable" in terms of being compatible with
the other ingredients of the composition, and not
deleterious to the recipient thereof. Examples of
pharmaceutically acceptable diluents are demineralised
or distilled water; saline solution; vegetable based
oils such as peanut oil, safflower oil, olive oil,
cottonseed oil, maize oil, sesame oils such as peanut
oil, safflower oil, olive oil, cottonseed oil, maize
oil, sesame oil, arachis oil or coconut oil; silicone
oils, including polysiloxanes, such as methyl
polysiloxane, phenyl polysiloxane and methylphenyl
polysolpoxane; volatile silicones; mineral oils such
as liquid paraffin, soft paraffin or squalane;
cellulose derivatives such as methyl cellulose, ethyl
cellulose, carboxymethylcellulose, sodium
carboxymethylcellulose or
hydroxypropylmethylcellulose; lower alkanols, for
example ethanol or iso-propanol; lower aralkanols;
lower polyalkylene glycols or lower alkylene glycols,
for example polyethylene glycol, polypropylene glycol,
ethylene glycol, propylene glycol, 1,3- butylene
glycol or glycerin; fatty acid esters such as
isopropyl palmitate, isopropyl myristate or ethyl
oleate; polyvinylpyrridone; agar; carrageenan; gum
tragacanth or gum acacia, and petroleum jelly.
Typically, the carrier or carriers will form from 1%
to 99.9% by weight of the compositions. Most
preferably, the diluent is saline. For administration
as an injectable solution or suspension, non-toxic
parenterally acceptable diluents or carriers can
include, Ringer's solution, medium chain triglyceride
(MCT), isotonic saline, phosphate buffered saline,
ethanol and 1,2 propylene glycol. Some examples of
suitable carriers, diluents, excipients and adjuvants
for oral use include peanut oil, liquid paraffin,
sodium carboxymethylcellulose, methylcellulose, sodium
alginate, gum acacia, gum tragacanth, dextrose,
sucrose, sorbitol, mannitol, gelatine and lecithin. In
addition these oral formulations may contain suitable
flavouring and colourings agents. When used in capsule
form the capsules may be coated with compounds such as
glyceryl monostearate or glyceryl distearate which
delay disintegration.Adjuvants typically include
emollients, emulsifiers, thickening agents,
preservatives, bactericides and buffering agents.
Solid forms for oral administration may contain
binders acceptable in human and veterinary
pharmaceutical practice, sweeteners, disintegrating
agents, diluents, flavourings, coating agents,
preservatives, lubricants and/or time delay agents.
Suitable 



binders include gum acacia, gelatine, corn starch, gum
tragacanth, sodium alginate, carboxymethylcellulose or
polyethylene glycol. Suitable sweeteners include
sucrose, lactose, glucose, aspartame or saccharine.
Suitable disintegrating agents include corn starch,
methylcellulose, polyvinylpyrrolidone, guar gum,
xanthan gum, bentonite, alginic acid or agar. Suitable
diluents include lactose, sorbitol, mannitol,
dextrose, kaolin, cellulose, calcium carbonate,
calcium silicate or dicalcium phosphate. Suitable
flavouring agents include peppermint oil, oil of
wintergreen, cherry, orange or raspberry flavouring.
Suitable coating agents include polymers or copolymers
of acrylic acid and/or methacrylic acid and/or their
esters, waxes, fatty alcohols, zein, shellac or
gluten. Suitable preservatives include sodium
benzoate, vitamin E, alpha-tocopherol, ascorbic acid,
methyl paraben, propyl paraben or sodium bisulphite.
Suitable lubricants include magnesium stearate,
stearic acid, sodium oleate, sodium chloride or talc.
Liquid forms for oral administration may contain, in
addition to the above agents, a liquid carrier.
Suitable liquid carriers include water, oils such as
olive oil, peanut oil, sesame oil, sunflower oil,
safflower oil, aracliis oil, coconut oil, liquid
paraffin, ethylene glycol, propylene glycol,
polyethylene glycol, ethanol, propanol, isopropanol,
glycerol, fatty alcohols, triglycerides or mixtures
thereof. Suspensions for oral administration may
further comprise dispersing agents and/or suspending
agents. Suitable suspending agents include sodium
carboxymethylcellulose, methylcellulose,
hydroxypropylmethyl-cellulose, poly-vinyl-pyrrolidone,
sodium alginate or acetyl alcohol. Suitable dispersing
agents include lecithin, polyoxyethylene esters of
fatty acids such as stearic acid, polyoxyethylene
sorbitol mono- or di-oleate, -stearate or - laurate,
polyoxyethylene sorbitan mono- or di-oleate, -stearate
or -laurate and the like. Emulsions for oral
administration may further comprise one or more
emulsifying agents. Suitable emulsifying agents
include dispersing agents as exemplified above or
natural gums such as guar gum, gum acacia or gum
tragacanth. Methods for preparing parenterally
administrable compositions are apparent to those
skilled in the art, and are described in more detail
in, for example, Remington's Pharmaceutical Science,
15th ed., Mack Publishing Company, Easton, Pa., hereby
incorporated by reference herein.The composition may
incorporate any suitable surfactant such as an
anionic, cationic or non-ionic surfactant such as
sorbitan esters or polyoxyethylene derivatives
thereof. Suspending agents such as natural gums,
cellulose derivatives or inorganic materials such as
silicaceous silicas, and other ingredients such as
lanolin, may also be included. One or more
immunopotentiating agents can be used as actives in
the preparation of immunopotentiating compositions.
Such preparation uses routine methods known to 



persons skilled in the art. Typically, such
compositions are prepared as injectables, either as
liquid solutions or suspensions; solid forms suitable
for solution in, or suspension in, liquid prior to
injection may also be prepared. The preparation may
also be emulsified. The active immunogenic ingredients
are often mixed with excipients that are
pharmaceutically acceptable and compatible with the
active ingredient. Routes of administration According
to the methods of present invention, compounds and
compositions may be administered by any suitable
route, either systemically, regionally or locally. The
particular route of administration to be used in any
given circumstance will depend on a number of factors,
including the nature of the disease to be treated, the
severity and extent of the disease, the required
dosage of the particular compounds to be delivered and
the potential side-effects of the compounds. For
example, in circumstances where it is required that
appropriate concentrations of the desired compounds
are delivered directly to the site in the body to be
treated, administration may be regional rather than
systemic. Regional administration provides the
capability of delivering very high local
concentrations of the desired compounds to the
required site and thus is suitable for achieving the
desired therapeutic or preventative effect whilst
avoiding exposure of other organs of the body to the
compounds and thereby potentially reducing side
effects. By way of example, administration according
to embodiments of the invention may be achieved by any
standard routes, including intracavitary,
intravesical, intramuscular, intraarterial,
intravenous, subcutaneous, topical or oral.
Intracavitary administration may be intraperitoneal or
intrapleural, hi particular embodiments,
administration may be via intravenous infusion or
intraperitoneal administration. Most preferably,
administration may be via intravenous infusion. If
desired, devices or compositions containing the
immunopotentiating agents suitable for sustained or
intermittent release could be, in effect, implanted in
the body or topically applied thereto for the
relatively slow release of such materials into the
body.Administration of the gene therapy construct to a
mammal, preferably a human, may include delivery via
direct oral intake, systemic injection, or delivery to
selected tissue(s) or cells, or indirectly via
delivery to cells isolated from the mammal or a
compatible donor. An example of the latter approach
would be stem cell therapy, wherein isolated 5 stem
cells having potential for growth and differentiation
are transfected with the vector comprising the Sox18
nucleic acid. The stem cells are cultured for a period
and then transferred to the mammal being treated. With
regard to nucleic acid based compositions, all modes
of delivery of such 



compositions are contemplated by the present
invention. Delivery of these compositions io to cells
or tissues of an animal may be facilitated by
microprojectile bombardment, liposome mediated
transfection (e.g., lipofectin or lipofectamine),
electroporation, calcium phosphate or
DEAE-dextran-mediated transfection, for example. In an
alternate embodiment, a synthetic construct may be
used as a therapeutic or prophylactic composition in
the form of a "naked DNA" composition as is known in
the art. A i5 discussion of suitable delivery methods
may be found in Chapter 9 of CURRENT PROTOCOLS IN
MOLECULAR BIOLOGY (Eds. Ausubel et al; John Wiley &
Sons Inc., 1997 Edition) or on the Internet site
DNAvaccine.com. The compositions may be administered
by intradermal (e.g., using panjet(tm) delivery) or
intramuscular routes. The step of introducing the
synthetic polynucleotide into a target cell will
differ 20 depending on the intended use and species,
and can involve one or more of non-viral and viral
vectors, cationic liposomes, retroviruses, and
adenoviruses such as, for example, described in
Mulligan, R.C., (1993 Science 260 926-932) which is
hereby incorporated by reference. Such methods can
include, for example: A. Local application of the
synthetic polynucleotide by injection (Wolff e ah,
1990, 25 Science 247 1465-1468, which is hereby
incorporated by reference), surgical implantation,
instillation or any other means. This method can also
be used in combination with local application by
injection, surgical implantation, instillation or any
other means, of cells responsive to the protein
encoded by the synthetic polynucleotide so as to
increase the effectiveness of that treatment. This
method can also be used in 3o combination with local
application by injection, surgical implantation,
instillation or any other means, of another factor or
factors required for the activity of said protein. B.
General systemic delivery by injection of DNA,
(Calabretta et ah, 1993, Cancer Treat. Rev. 19
169-179, which is incorporated herein by reference),
or RNA, alone or in combination with liposomes (Zhu et
ah, 1993, Science 261 209-212, which is 35
incorporated herein by reference), viral capsids or
nanoparticles (Bertling et ah, 1991,Biotech. Appl.
Biochem. 13 390-405, which is incorporated herein by
reference) or any other mediator of delivery. Improved
targeting might be achieved by linking the synthetic
polynucleotide to a targeting molecule (the so-called
"magic bullet" approach employing, for example, an
antibody), or by local application by injection,
surgical implantation or any other means, of another
factor or factors required for the activity of the
protein encoding said synthetic polynucleotide , or of
cells responsive to said protein. C. Injection or
implantation or delivery by any means, of cells that
have been modified ex vivo by transfection (for
example, in the presence of calcium phosphate: Chen et
al, 1987, Mole. Cell Biochem. 7 2745-2752, or of
cationic lipids and 



polyamines: Rose et al, 1991, BioTech. 10 520-525,
which articles are incorporated herein by reference),
infection, injection, electroporation (Shigekawa et
al, 1988, BioTech. 6 742-751, which is incorporated
herein by reference) or any other way so as to
increase the expression of said synthetic
polynucleotide in those cells. The modification can be
mediated by plasmid, bacteriophage, cosmid, viral
(such as adenoviral or retroviral; Mulligan, 1993,
Science 260 926-932; Miller, 1992, Nature 357 455-460;
Salmons et al, 1993, Hum. Gen. Ther. 4 129-141, which
articles are incorporated herein by reference) or
other vectors, or other agents of modification such as
liposomes (Zhu et al., 1993, Science 261 209-212,
which is incorporated herein by reference), viral
capsids or nanoparticles (Bertling et al., 1991,
Biotech. Appl. Biochem. 13 390-405, which is
incorporated herein by reference), or any other
mediator of modification. The use of cells as a
delivery vehicle for genes or gene products has been
described by Barr et al., 1991, Science 254 1507-1512
and by Dhawan et al, 1991, Science 254 1509-1512,
which articles are incorporated herein by reference.
Treated cells can be delivered in combination with any
nutrient, growth factor, matrix or other agent that
will promote their survival in the treated subject.
The compositions may also be administered in the form
of liposomes. Liposomes are generally derived from
phospholipids or other lipid substances, and are
formed by monoor multi-lamellar hydrated liquid
crystals that are dispersed in an aqueous medium. Any
non-toxic, physiologically acceptable and
metabolisable lipid capable of forming liposomes can
be used. The compositions in liposome form may contain
stabilisers, preservatives, excipients and the like.
The preferred lipids are the phospholipids and the
phosphatidyl cholines (lecithins), both natural and
synthetic. Methods to form liposomes are known in the
art, and in relation to this specific reference is
made to: Prescott, Ed., Methods in Cell Biology,
Volume XIV, Academic Press, New York, N.Y. (1976), p .
33 et seq., the contents of which is incorporated
herein by reference.Dosages The effective dose level
of the administered compound for any particular
subject will depend upon a variety of factors
including: the type of disease being treated and the
stage of the disease; the activity of the compound
employed; the composition employed; the age, body
weight, general health, sex and diet of the patient;
the time of administration; the route of
administration; the rate of sequestration of
compounds; the duration of the treatment; drugs used
in combination or coincidental with the treatment,
together with other related factors well known in
medicine. One skilled in the art would be able, by
routine experimentation, to determine an effective,
non-toxic dosage which would be required to treat
applicable conditions. These 



will most often be determined on a case-by-case basis.
In terms of weight, a therapeutically effective dosage
of a composition for administration to a patient is
expected to be in the range of about 0.0 lmg to about
150mg per kg body weight per 24 hours; typically,
about O.lmg to about 150mg per kg body weight per 24
hours; about O.lmg to about lOOmg per kg body weight
per 24 hours; about 0.5mg to about lOOmg per kg body
weight per 24 hours; or about l.Omg to about lOOmg per
kg body weight per 24 hours. More typically, an
effective dose range is expected to be in the range of
about 5mg to about 50mg per kg body weight per 24
hours. Alternatively, an effective dosage may be up to
about 5000mg/m2. Generally, an effective dosage is
expected to be in the range of about 10 to about
5000mg/m2, typically about 10 to about 2500mg/m2,
about 25 to about 2000mg/m2, about 50 to about
1500mg/m2, about 50 to about 1000mg/m2, or about 75 to
about 600mg/m2. Further, it will be apparent to one of
ordinary skill in the art that the optimal quantity
and spacing of individual dosages will be determined
by the nature and extent of the condition being
treated, the form, route and site of administration,
and the nature of the particular individual being
treated. Also, such optimum conditions can be
determined by conventional techniques. It will also be
apparent to one of ordinary skill in the art that the
optimal course of treatment, such as, the number of
doses of the composition given per unit time, can be
ascertained by those skilled in the art using
conventional course of treatment determination
tests.Methods of treatment Also encapsulated by the
present invention are methods for modulating an immune
response, which response is directed against an
EBV-associated disease, comprising administering to a
patient in need of such treatment an effective amount
of an immunopotentiating agent selected from the group
consisting of the vaccines, the synthetic
polypeptides, the synthetic polynucleotides, the
synthetic constructs, or the compositions as described
above. Moreover, the present invention also provides
methods for treatment and/or prophylaxis of an
EBV-associated disease, comprising administering to a
patient in need of such treatment an effective amount
of an immunopotentiating agent selected from the group
consisting of the vaccines, the synthetic
polypeptides, the synthetic polynucleotides, the
synthetic constructs, or the compositions as described
above. In a preferred embodiment, the
immunopotentiating composition of the invention is
suitable for treatment of, or prophylaxis against, a
cancer. Cancers which could be suitably treated in
accordance with the practices of this invention
include nasopharyngeal 



carcinoma, Hodgkin's lymphoma and post-transplant
lymphoproliferative disease. In an additional or
alternative embodiment, the immunopotentiating
composition is suitable for treatment of, or
prophylaxis against, a viral infection. Viral
infections contemplated by the present invention
encompass infections caused by Epstein-Barr virus.
Assessment of immunisation efficacy The effectiveness
of the immunisation may be assessed using any suitable
technique. For example, CTL lysis assays may be
employed using stimulated splenocytes or peripheral
blood mononuclear cells (PBMC) on peptide coated or
recombinant virus infected cells using .sup.51Cr
labelled target cells. Such assays can be performed
using for example primate, mouse or human cells (Allen
et al, 2000, J . Immunol. 164(9): 4968- 4978 also
Woodberry et al, infra). Alternatively, the efficacy
of the immunisation may be monitored using one or more
techniques including, but not limited to, HLA class I
Tetramer staining of both fresh and stimulated PBMCs
(see for example Allen et al., supra), proliferation
assays (Allen et al, supra), Elispot(tm) Assays and
intracellular INFgamma staining (Allen et al, supra),
ELISA Assays for linear B cell responses; and Western
blots of cell sample expressing the synthetic
polynucleotides.Design and production of synthetic
polypeptides The design or construction of a synthetic
polypeptide sequence or a synthetic polynucleotide
sequence according to the invention is suitably
facilitated with the assistance of a computer
programmed with software, which inter alia fragments a
parent EBV sequence into fragments, and which links
those fragments together in a different relationship
relative to their linkage in the parent EBV sequence.
The ready use of a parent EBV sequence for the
construction of a desired synthetic molecule according
to the invention requires that it be stored in a
computer-readable format. Thus, in accordance with the
present invention, sequence data relating to a parent
molecule (e.g. a parent polypeptide) is stored in a
machine-readable storage medium, which is capable of
processing the data to fragment the sequence of the
parent molecule into fragments and to link together
the fragments in a different relationship relative to
their linkage in the parent molecule. Therefore, the
disclosure herein also relates to a machine-readable
data storage medium, comprising a data storage
material encoded with machine readable data which,
when used by a machine programmed with instructions
for using said data, fragments a parent sequence into
fragments, and links those fragments together in a
different relationship relative to their linkage in
the parent sequence. In a preferred embodiment of this
type, a machine-readable data storage medium is
provided that is capable of reverse 



translating the sequence of a respective fragment to
provide a nucleic acid sequence encoding the fragment
and to link together in the same reading frame each of
the nucleic acid sequences to provide a polynucleotide
sequence that codes for a polypeptide sequence in
which said fragments are linked together in a
different relationship relative to their linkage in a
parent polypeptide sequence. hi another embodiment,
the disclosure encompasses a computer for designing
the sequence of a synthetic polypeptide and/or a
synthetic polynucleotide of the invention, wherein the
computer comprises wherein said computer comprises:
(a) a machine readable data storage medium comprising
a data storage material encoded with machine readable
data, wherein said machine readable data comprises the
sequence of a parent polypeptide; (b) a working memory
for storing instructions for processing said
machinereadable data; (c) a central-processing unit
coupled to said working memory and to said
machine-readable data storage medium, for processing
said machine-readable data into said synthetic
polypeptide sequence and/or said synthetic
polynucleotide; and (d) an output hardware coupled to
said central processing unit, for receiving said
synthetic polypeptide sequence and/or said synthetic
polynucleotide.In yet another embodiment, the
disclosure contemplates a computer program product for
designing the sequence of a synthetic polynucleotide
of the invention, comprising code that receives as
input the sequence of a parent polypeptide, code that
fragments the sequence of the parent polypeptide into
fragments, code that reverse translates the sequence
of a respective fragment to provide a nucleic acid
sequence encoding the fragment, code that links
together in the same reading frame each said nucleic
acid sequence to provide a polynucleotide sequence
that codes for a polypeptide sequence in which said
fragments are linked together in a different
relationship relative to their linkage in the parent
polypeptide sequence, and a computer readable medium
that stores the codes. Accordingly, the disclosure
relates to a computer program product for designing
the sequence of a synthetic polypeptide, comprising:
(a) code that receives as input the sequence of at
least one parent EBV polypeptide; (b) code that
fragments the sequence of a respective parent EBV
polypeptide into fragments; (c) code that links
together said fragments in a different relationship
relative to their linkage in said parent EBV
polypeptide sequence; and (d) a computer readable
medium that stores the codes. The disclosure herein
further relates to a computer program product for
designing the 



sequence of a synthetic polynucleotide, comprising:
(a) code that receives as input the sequence of at
least one parent EBV polypeptide; (b) code that
fragments the sequence of a respective parent EBV
polypeptide into fragments; (c) code that reverse
translates the sequence of a respective fragment to
provide a nucleic acid sequence encoding said
fragment; (d) code that links together in the same
reading frame each said nucleic acid sequence to
provide a polynucleotide sequence that codes for a
polypeptide sequence in which said fragments are
linked together in a different relationship relative
to their linkage in the at least one parent EBV
polypeptide sequence; and (e) a computer readable
medium that stores the codes. The disclosure herein
also relates to a computer for designing the sequence
of a synthetic polypeptide, wherein said computer
comprises:(a) a machine-readable data storage medium
comprising a data storage material encoded with
machine-readable data, wherein said machine-readable
data comprise the sequence of at least one parent EBV
polypeptide; (b) a working memory for storing
instructions for processing said machinereadable data;
(c) a central-processing unit coupled to said working
memory and to said machine-readable data storage
medium, for processing said machine readable data to
provide said synthetic polypeptide sequence; and (d)
an output hardware coupled to said central processing
unit, for receiving said synthetic polypeptide
sequence. The processing of said machine readable data
may comprise fragmenting the sequence of a respective
parent EBV polypeptide into fragments and linking
together said fragments in a different relationship
relative to their linkage in the sequence of said
parent EBV polypeptide. The disclosure additionally
relates to a computer for designing the sequence of a
synthetic polynucleotide, wherein said computer
comprises: (a) a machine-readable data storage medium
comprising a data storage material encoded with
machine-readable data, wherein said machine-readable
data comprise the sequence of at least one parent EBV
polypeptide; (b) a working memory for storing
instructions for processing said machinereadable data;
(c) a central-processing unit coupled to said working
memory and to said 



machine-readable data storage medium, for processing
said machine readable data to provide said synthetic
polynucleotide sequence; and (d) an output hardware
coupled to said central processing unit, for receiving
said synthetic polynucleotide sequence. The processing
of said machine readable data may comprise fragmenting
the sequence of a respective parent EBV polypeptide
into fragments, reverse translating the sequence of a
respective fragment to provide a nucleic acid sequence
encoding said fragment and linking together in the
same reading frame each said nucleic acid sequence to
provide a polynucleotide sequence that codes for a
polypeptide sequence in which said fragments are
linked together in a different relationship relative
to their linkage in the at least one parent EBV
polypeptide sequence.The present invention will now be
further described in greater detail by reference to
the following specific examples, which should not be
construed as in any way limiting the scope of the
invention. Examples Example 1: General methods 1.1
Construction of an NPC SAVINE DNA sequences encoding
the EBNAl, LMPl and LMP2 proteins were constructed
using sequence-specific overlapping oligonucleotides
varying in length from 20 to lOObp (Figure 1).
Sequences were joined together by stepwise asymmetric
PCR to create subcassettes. These subcassettes were
joined together using restriction digestion and PCR to
develop the final NPC SAVINE construct of 6.8 kb. This
construct was then cloned into the replication
deficient adenovirus vector Ad5F35. The recombinant
adenovirus expressing SAVTNE construct (AdSAVINE) was
obtained by transfecting into HEK293 cells. This
SAVINE construct was also inserted into vaccinia and
fowl pox virus delivery vectors (see Thomson S.A.,
Jaramillo A.B., Shoobridge M., Dunstan KJ., Everett
B., Ranasinghe C , Kent SJ., Gao K., Medveckzy CJ.,
French R.A., Ramshaw I.A.. Development Of A Synthetic
Consensus Sequence Scrambled Antigen HTV-I Vaccine
Designed for Global Use (2005) Vaccine, 23(38)
4647-57). 1.2 Establishment and maintenance of cell
lines EBV-transformed lymphoblastoid cell lines (LCLs)
were established from seropositive donors by exogenous
virus transformation of peripheral B cells using the
B95.8 virus isolate. These cell lines were routinely
maintained in RPMI 1640 (Gibco Invitrogen Corp.,
Carlsbad, CA) supplemented with 2 niM L-glutamine, 100
IU/ml penicillin and 100 mg/ml streptomycin plus 10%
foetal calf serum (FCS) (referred to as growth
medium). In addition, the HEK 293 cell line was
maintained in DMEM containing 



10% FCS. 1.3 Synthesis of peptides Peptides,
synthesized by the Merrifield solid phase method, were
purchased from Chiron Mimotopes (Melbourne,
Australia), dissolved in dimethyl sulphoxide, and
dilutedin serum-free RPMI 1640 medium for use in
standard CTL assays. Purity of these peptides were
tested by mass spectrometery and showed >90% purity.
1.4 Expansion of LMP-specific CTL from human healthy
EBV donors Peripheral blood cells from EBV
seropositive HLA A2 healthy individuals were activated
with the LMP polyepitope formulation. Briefly, 2 x 106
PBMC were co-cultured in a 24-well plate with
autologous PBMC infected with recombinant adenovirus
expressing LMP polyepitope (MOI: 50:1) at a responder
to stimulator ratio of 50:1. Three days after, growth
medium was supplemented with rhIL-2 (20 LVmL). These
cultures were restimulated at weekly intervals with
autologous LCL infected with recombinant adenovirus
expressing LMP polyepitope and supplemented with
rhIL-2. For LCL stimulation, 2 x 106 PBMC were
co-cultured with autologous LCLs (irradiated, 8000
rads) at a responder to stimulator ratio of 30:1 and
LMP-specific T-cell reactivity was assessed by ELISPOT
assay and in vitro cytotoxicity assay. 1.5 In vitro
cytotoxicity assay and ELISPOT assay On day 6 after 3
rounds of in vitro stimulations, CTL activity was
measured using ELISPOT and 5 1Cr-release assay. For
the ELISPOT assay, expanded CTL were incubated in
triplicate with relevant peptides (10 5M) for about 18
h at 370C in 96-well mixed cellulose ester membrane
plates (Millipore, Bedford, USA) precoated with
anti-mouse IFN-g mAb (Mabtech AB, Nacka, Sweden).
(Anti-human IFN-g mAb and biotinylated anti-human
IFN-g-mAb were used to measure expanded human CTL).
After incubation, the plates were extensively washed
with PBS containing 0.5% Tween 20 and incubated with a
secondary biotinylated anti-mouse IFN-g-mAb, followed
by the addition of streptavidin-alkaline phosphatase.
Individual IFN-g-producing cells were detected as
purple spots after reaction with
5-bromo-4-chloro-3-indolyl phosphate and nitro blue
tetrazolium. Spots were counted automatically using
image analysis software. CTL precursor frequencies for
each peptide were calculated as spot-forming cells
(SFC) per 106 cultured cells. The number of
IFN-g-secreting T cells was calculated by subtracting
the negative control (CTL cultures with irrelevant
peptide). For the in vitro cytotoxicity assay, HLA-A2
restricted human PHA blasts pulsed with the relevant
peptide were used as target cells. The percent of
specific lysis was calculated as: 100 x (experimental
release-spontaneous release) 



(maximum release-spontaneous release)1.6 Mice Balb/c
nude mice and HLA A2/Kb mice (a kind gift from Dr L.
Sherman, Scripps Research Institute, CA) were
purchased from the Animal Resource Centre (ARC), WA, 5
Australia. HLA A2/Kb transgenic mice express chimeric
human (a 1 and a 2 HLA A2 domains) and murine (a 3,
transmembrane and cytoplasmic H-2/Kb domains) class I
molecules. Female HLA A2/Kb and nude mice between 6-8
weeks of age were used for all experiments. All
experiments were performed under protocols approved by
the institute ethics committee. IQ 1.7 Tumour model
Immunodeficient nude mice were subcutaneously
implanted in the dorsal side of the neck with human
NPC allografts (called C17, kindly provided by Dr.
Pierre Busson, Gustav Roussey, Paris) of 2mm3. C17 was
originally derived from metastatic tissue of an is NPC
patient (HLA type of tumour A2, B41, B45). 1.8
Immunisation of HLA A2/Kb transgenic mice with SAVINE
HLA-A2/Kb transgenic mice (n=5) were immunised
subcutaneously (s.c.) with Ad SAVINE (109 PFU). Two
weeks later, these mice were again injected with
either 2Q Vaccinia-SAVINE (107 PFU) or Fowl pox SAVINE
(2xlO7 PFU). 1.9 In vitro expansion of SAVINE-specific
CTL from spleens of immunised HLAA2/ Kb mice After 3
weeks of immunisation, single cell suspensions of
spleen were prepared by 25 pressing the tissue through
nylon membrane followed by lysis of RBCs using ACK
lysis buffer. Cells were plated at 4 x 106/well in
24-well plates in RPMI medium containing 10% FBS,
100u/ml penicillin, 100ug/ml streptomycin, 2mM
L-glutamine, and 5OuM b- mercaptoethanol (RPMI 1640
complete medium) with 20U/ml human IL-2. The spleen
cells were stimulated using autologous irradiated
(2000 rads) splenocytes sensitised with 3Q relevant
peptides (10 5M for 1 h at 37C) at a responder to
stimulator ratio of 4:1. These cultures were
restimulated at weekly intervals using allogeneic
splenocytes coated with relevant peptides. 351.10
Adoptive Transfer Immunodeficient nude mice were
inoculated with human NPC allografts and when the
tumour size was approximately 0.2 cm3 in size (14 days
after tumour inoculation), each group of
tumour-bearing nude mice (n=6 mice/group) was
adoptively transferred with either 5xlO6 Ad
(primed)-VV (boosted) SAVINE-specific T cells or 5xlO6
Ad-FPV SAVINE-specific T cells. Another group of nude
mice was injected with 5x1 06 Ad-FPV 



SAVINE-CTL and treated with human IL-15 (5 mg)
intraperitoneal (i.p.) injection 1, 2 and 3 days after
each adoptive transfer. Control groups included were
mice injected with 5x1 06 LMP polyepitope-specific
CTL, cytomegalovirus polyepitope (CMV)-specific CTL,
CD8 depleted Ad-FPV SAVINE-CTL or untreated. The
therapeutic efficacy of SAVINE-specific T cells was
assessed by regular monitoring of tumour regression
and mice showing a tumour size of >1.0 cm3 in size
were sacrificed. Example 2: DNA sequence encoding
SAViNE protein The scrambled DNA sequence encoding the
SAVINE protein is disclosed as SEQ ID NO:1. The
protein encoded by SEQ ID NO:1 consists of randomised
overlapping amino sequences from EBNAl, LMP2 and LMPl.
The encoded peptide sequences are 30 amino acids drawn
from these proteins overlapping by 15 amino acids.
This SAVESfE protein has been inserted into Ad5/F35,
vaccinia virus and fowlpox virus vectors. Example 3:
The defined epitopes within the SAVINE protein
efficiently process and present to EBNA1, LMP1 and
LMP2 T cells HLA-matched fibroblasts infected with
either vaccinia, fowlpox or adenovirus expressing the
SAVINE protein showed cytolytic activity against
EBNAl, LMPl and LMP2 peptide-specific CTL whereas the
fibroblasts infected with vaccinia TK-, empty
adenovirus or uninfected fibroblasts were not lysed
(Figure 2). Figure 2 demonstrates that the defined
epitope-specific CTL polyclonal lines or CTL clones
within EBNAl (HPV, HLA-B35 restricted), LMPl (YLL and
YLQ, HLA A2- restricted; IAL, HLA B35-restricted) and
LMP2 (CLG, LTA and LLS, HLA A2- restricted; PYL,
HLA-A23-restricted; IED, HLA-B40-restricted) antigens
were generated from four EBV seropositive healthy
donors. The specificity of these CTL was tested
against the defined epitope-loaded PHA blasts in a
cytolytic assay. Subsequently, to find out whether the
defined epitopes within EBNAl, LMPl and LMP2 antigens
were endogenously processed, HLA-matched fibroblasts
were first infected with vaccinia, fowl pox or
adenovirus vectors expressing SAVINE construct (MOI,
10:1). The targetfibroblasts infected with vaccinia
TK-, empty adenovirus or uninfected fibroblasts were
used as controls. These targets were then tested for
the cytolytic activity against EBNAl, LMPl and LMP2
epitope-specific CTL polyclonal lines or CTL clones
generated from EBV seropositive healthy donors in a
Chromium release assay. An Effector: Target ratio of
10:1 is used in these assays. HLA-matched fibroblasts
infected with either vaccinia, fowl pox or adenovirus
vectors expressing SAVINE construct showed cytolytic
activity, whereas fibroblasts infected with control
vectors were not lysed. These results demonstrate that
the defined epitopes in the SAVINE construct are
processed and presented to the targets cells very
efficiently. 



Example 4: Activation of SAVINE-specific CTL from EBV
immune healthy donors PBMCs from healthy human EBV
carriers (ScBu and DoSc) were stimulated with
autologous PBMCs infected (responder to stimulator
ratio of 2:1) with either AdSAVINE, AdPoIy or
autologous LCL (30:1) (Figures 3(a) and (b)). All
cultures were restimulated at weekly intervals using
g-irradiated autologous LCLs infected as described.
Three days after 3 restimulations the cultured cells
were used as effectors in a Chromium release assay
against peptide-sensitized autologous PHA blasts. The
cultured cells were also tested by ELISPOT and the
results are expressed as spot forming cells (SFC) per
106 CTL (Figure 3(c)). Stimulation of PBMC from
healthy donors with either adenovirus SAVINE of
autologous LCLs, with effector function testing using
chromium release assays and by ELISPOT assays (Figure
3(a), (b) and (c)) therefore shows that the
SAVINE-activated CTL shows specific lysis that is
higher than the LCL-activated CTL. Example 5: Mapping
new responses with the SAVINE construct The amino acid
sequences of full length LMPl antigen were derived
from both Asian EBV strain, CAO (32 peptides of 17 mer
in length overlapping by 8 residues) and Caucasian
prototype 1 EBV strain, B95.8 (42 peptides of 17 mer
in length overlapping by 8 residues). The amino acid
sequences of full length LMP2 (49 peptides of 20 mer
in length overlapping by 10 residues) and EBNAl (69
peptides of 15 mer in length overlapping by 10
residues) antigens were derived from Caucasian
prototype 1 EBV strain, B95.8. Adenovirus-SAVINE and
LCL-activated CTL generated from four EBV seropositive
healthy donors were tested for the secretion of IFN-g
after stimulation with overlapping peptides. Specific
T cell reactivity to defined CD8+ as well as CD4+ T
cell epitopes were observed. In addition to reactivity
against already defined peptides, four ofthese new
peptide pool sequences (2 each from LMPl and LMP2)
showed reactivity by both SAVINE and LCL-activated CTL
and four of these new peptide pool sequences ( 1 each
from CAO LMPl, B95.8 LMPl LMP2 and EBNAl) showed
reactivity by SAVINE activated CTL. Screening of the
SAVINE-activated CTL with a panel of peptides from
EBNAl, LMPl and LMP2 (Figures 4(a), (b), (c) and (d))
therefore shows that the SAVINE construct activated
already defined CTL epitopes from each of the three
proteins. In addition, the SAVINE activated reactivity
to 4 new pooled peptide sequences. Example 6: The
Ad5/F35 SAVINE construct can prime a CTL response in
mice which can be boosted with either vaccinia SAVINE
or fowlpox SAVINE Two groups of HLA-A2/Kb transgenic
mice (n=5) were immunised s.c. with Ad SAVINE (109
PFU) and two weeks later, these mice were again
injected with either 



Vaccinia-SAVINE (107 PFU) or Fowl pox SAVINE (2xlO7
PFU). Two weeks later, the spleen cells were harvested
and CTL response was assessed by ELISPOT assays and
the results are expressed as mean + SE of spot-forming
cells (SFC) per 106 splenocytes (Figure 5). Figure 5
therefore demonstrates that HLA A2 Kb mice immunised
with the Ad5/F35 SAVINE prime a specific CTL response
and that this response can be measured ex vivo in
spleen cells by ELISPOT assay. This priming CTL
response can be boosted following immunisation with
either vaccinia SAVINE or fowlpox SAVINE. Example 7:
Therapeutic efficacy of in vitro expanded SAVINE CTL
cause regression of human NPC hnmunodeficient nude
mice were inoculated with human NPC allografts and
when the tumour size was approximately 0.2 cm3 in size
(14 days after tumour inoculation), each group of
tumour-bearing nude mice (n=6 mice/group) was
adoptively transferred with either 5x106 Ad
(primed)-VV (boosted) SAVINE-specific T cells or 5x106
Ad-FPV SAVINE-specific T cells. Another group of nude
mice was injected with 5x106 Ad-FPV SAVINE-CTL and
treated with human IL-15 (5 mg) injection i.p. 1, 2
and 3 days after each adoptive transfer. Control
groups included were mice injected with 5x106 LMP
polyepitope-specific CTL, cytomegalovirus polyepitope
(CMV)-specific CTL, CD8 depleted Ad-FPV SAVINE-CTL or
untreated. The therapeutic efficacy of SAVINEspecific
T cells was assessed by regular monitoring of tumour
regression and mice showing a tumour size of >1.0 cm3
in size were sacrificed. Untreated mice, mice
thatreceived CMV T cells or CD8 depleted Ad-FPV
SAVINE-CTL did not result in inhibition of tumour
growth and the tumours in these mice reached 1.0 cm3
by about 12- 24 days after the first T cell transfer.
Mice receiving CD8 depleted LMP-CTL were sacrificed by
about 12-78 days after first CTL transfer. After 90
days, 1/6 mice receiving either Ad-FPV SAVINE-CTL
alone or mice receiving Ad-FPV SAVINE-CTL as well as
IL15 sustained regression and the regression in 2/6
mice sustained in mice that received Ad-VV SAVINE-CTL
(Figure 6). Figure 6 therefore demonstrates that
SAVINE CTL from mice prime boosted as in Figure 5 and
subsequently expanded in vitro using defined epitope
CTL peptides can protect nude mice in which human NPC
cells are growing.Claims 1. A vaccine for the
treatment or prevention of an EBV-associated disease
in a subject, wherein said vaccine comprises a
synthetic polypeptide comprising a plurality of
different segments of at least one parent EBV
polypeptide, and wherein the segments are linked
together in a different relationship relative to their
linkage in the at least one parent EBV polypeptide. 



2. The vaccine of claim 1, wherein the at least one
parent EBV polypeptide is selected from the group
including EBNAl, LMPl and LMP2. 3. The vaccine of
claim 1 or claim 2, wherein the EBV-associated disease
is cancer. 4. The vaccine of claim 3, wherein the
cancer is selected from the group including
nasopharyngeal carcinoma (NPC), Hodgkin's lymphoma
(HL) and posttransplant lymphoproliferative disease
(PTLD). 5. The vaccine of any one of claims 1 to 4,
wherein the synthetic polypeptide consists essentially
of different segments of a single parent EBV
polypeptide. 6. The vaccine of any one of claims 1 to
4, wherein the synthetic polypeptide consists
essentially of different segments of a plurality of
different parent EBV polypeptides. 7. The vaccine of
any one of claims 1 to 6, wherein the segments in said
synthetic polypeptide are linked sequentially in a
different order or arrangement relative to that of
corresponding segments in said at least one parent EBV
polypeptide. 8. The vaccine of any one of claims 1 to
7, wherein at least one of said segments comprises
partial sequence identity or homology to one or more
other said segments. 9. The vaccine of claim 8,
wherein the sequence identity or homology is contained
at one or both ends of said at least one segment. 10.
A synthetic polypeptide, wherein said polypeptide
comprises a plurality of different segments of at
least one parent EBV polypeptide, and wherein the
segments are linked together in a different
relationship relative to their linkage in the at least
one parent EBV polypeptide. 11. A synthetic
polynucleotide encoding the synthetic polypeptide of
claim 10. 12. The synthetic polynucleotide of claim
11, wherein said synthetic polynucleotide comprises
the sequence as set forth at SEQ ID NO:1. 13. A
synthetic construct comprising the polynucleotide of
claim 1 1 or claim 12 operably linked to a regulatory
polynucleotide.14. A method for producing the
synthetic polynucleotide of claim 11 or claim 12,
comprising linking together in the same reading frame
a plurality of nucleic acid sequences encoding
different segments of at least one parent EBV
polypeptide to form a synthetic polynucleotide whose
sequence encodes said segments linked together in a
different relationship relative to their linkage in
the at least one parent EBV polypeptide. 15. The
method of claim 14, further comprising fragmenting the
sequence of a respective parent EBV polypeptide into
fragments and linking said fragments together in a
different relationship relative to their linkage in
said parent EBV polypeptide sequence. 



16. The method of claim 15, wherein said fragments are
randomly linked together. 17. The method of any one of
claims 14 to 16, further comprising reverse
translating the sequence of a respective parent EBV
polypeptide or a segment thereof to provide a nucleic
acid sequence encoding said parent EBV polypeptide or
said segment. 18. The method of claim 17, wherein an
amino acid of said parent EBV polypeptide sequence is
reverse translated to provide a codon which has higher
translational efficiency than other synonymous codons
in a cell of interest. 19. The method of claim 18,
wherein the amino acid of said parent EBV polypeptide
sequence is reverse translated to provide a codon
which, in the context of adjacent or local sequence
elements, has a lower propensity of forming an
undesirable sequence that is refractory to the
execution of a task. 20. The method of claim 19,
wherein the undesirable sequence is a palindromic
sequence or a duplicated sequence. 2 1. The method of
claim 19 or claim 20, wherein the task is cloning,
sequencing, enhancing the stability of the
polynucleotide or enhancing in vivo translation. 22. A
composition comprising an immunopotentiating agent
selected from the group consisting of the vaccine of
claims 1 to 9, the synthetic polypeptide of claim 10,
the synthetic polynucleotide of claim 1 1 or claim 12
and the synthetic construct of claim 13, together with
a pharmaceutically acceptable carrier. 23. The
composition of claim 22, further comprising an
adjuvant. 24. A method for modulating an immune
response, which response is directed against an
EBV-associated disease, comprising administering to a
patient in need of such treatment an effective amount
of an immunopotentiating agent selected from the group
consisting of the vaccine of claims 1 to 9, the
synthetic polypeptide of claim 10, the synthetic
polynucleotide of claim 1 1 or claim 12, the synthetic
construct of claim 13 or the composition of claim 22
or 23.25. A method for treatment and/or prophylaxis of
an EBV-associated disease, comprising administering to
a patient in need of such treatment an effective
amount of an immunopotentiating agent selected from
the group consisting of the vaccine of claims 1 to 9,
the synthetic polypeptide of claim 10, the synthetic
polynucleotide of claim 11 or claim 12, the synthetic
construct of claim 13 or the composition of claim 22
or 23. 26. Use of the vaccine of claims 1 to 9, the
synthetic polypeptide of claim 10, the synthetic
polynucleotide of claim 11 or claim 12, the synthetic
construct of claim 13 or the composition of claim 22
or 23 for the modulation of an immune response. 27.
Use of the vaccine of claims 1 to 9, the synthetic
polypeptide of claim 10, the 



synthetic polynucleotide of claim 11 or claim 12, the
synthetic construct of claim 13 or the composition of
claim 22 or 23 for the manufacture of a medicament for
the treatment of an EBV-associated disease. 28. A
vaccine comprising the synthetic polypeptide of claim
10, the synthetic polynucleotide of claim 11 or claim
12, the synthetic construct of claim 13 or the
composition of claim 22 or 23 for use in the treatment
of an EBV-associated disease.SEQUENCE LISTING <110>
The Australian National University and Queensland
Institute of Medical Research <120> Treatment for
Epstein-Barr Virus-associated Diseases <130> 744984
<160> 1 <170> Patentln version 3.2 <210> 1 <211> 6875
<212> DNA <213> Artificial <220> <223> Synthetic <400>
1 ggcggatcct ctagaccacc atgggcgcta ccctctggcg
actgctcgcc tttatcctcg 60 cctttttcct cgccattatc
ctcctgatta tcgctctgta tctgcaacag aatgccctca 120
tgctcatcat tatcattctg attatcttta tctttaggag agacctcctg
tgtcccctcg 180 gcggactggg actgctcctg ctcggccctc
acgatcccct cccccataac cctagcgata 240 gcgctggcaa
tgacggaggc cctcccaatc tgacagagga agtggctaac aaaatcccta
300 acctcttctg tatgctcctg ctcatcgtcg ccggaatcct
cttcattctg gctatcctca 360 ccgaatgggg aagcggaaac
agaaggcctc ccctcggccc tcccctcagc tccagcatcg
420gcctcgccct cctgctcctg ctcctggctc tgctcttctg
gctgtatatc gtctaccaac 480 ccctcggcac acaggatcag
tccctgtatc tgggactgca acacgatggc aatgacggac 540
tgcctccccc tccctatagc cctggcggag acagaggccc tccctccatg
acagacggag 600 gcggaggcga tccccatctg cctaccctcc
tgctcggcac aagcggaagc ggagtggctg 660 gcgctgtgtg
gctgacagtg atgagcaata ccctcctgtc cgcctggatt ctcaccgctg
720 gctttctgat tttcctcatc ggaaagcctg cccctacctg
taacattagg gtcaccgtct 780 gctccttcga tgacggagtg
gatctgcctc cctggttccc tcccatggtg gaagccgctg 840
agaaaaggcc taggtccccc tccagccaaa gctccagctc cggctccccc
cctaggagac 900 cccctcccgg aaggagaccc tttagcatga
accctgtgtg tctgcctgtg attgtggctc 960 cctatctgtt
ttggctcgcc gctatcgctg cctcctgctt taccgctagc gtctactgtc
1020 



tgacactgga aagcgaagag agacccccta ccccttacgc tgcctggaga
aggctcaccg 1080 tctgcggagg cattatgttt ctggcttgcg
tcctggtcct gattgtggat gccgtcctgc 1140 aactgtcccc
cctcctgttt atcctcgcca ttttgacaga gtggggctcc ggcaatagga
1200 catacggacc cgtcttcatg tgcctcggcg gactgctcac
catggccgct gacaatggcc 1260 ctcaagaccc cgataacaca
gacgataacg gaccccatga ccctctgcct cacaatccct 1320
ccgactccgc cggagagtcc atcgtctgct atttcatggt gtttctgcaa
acccatatct 13 80 ttgccgaagt gctcaaggat gccattaagg
atctggtcat gacaagcaca gtggtcaccg 1440ctaccggact
ggctctgtcc ctgctcctgc tcgccgctgt ggctagctcc tacgctgccg
1500 ctcagagaaa gctcgccgct atgggaagcc tcgagatggt
gcctatggga gccggacccc 1560 ctagccctgg cggagaccct
gacggatacg atggcggaaa caatggcgct gccgctgagg 162 0
gagacgatgg cgatgacgga gacgaaggcg gagacggaga cgaaggcgaa
gagggacagg 1680 aagccgctct gacacccgtc accgtcctga
cagccgtcgt gacattcttt gccatttgcc 1740 tcacctggag
gattgaagac ccccctttca atagcctcga cgatagctcc cacgaaagcg
1800 atagcaatag caatgaggga aggcatcacc tcctggtcag
cggagccgga gacggacccc 1860 ctctgtgtgc cgctatgtcc
gacgaaggcc ctggcacagg ccctggcaat ggcctcggcg 192 0
aaaagggaga cacaagcgga cccgaaggct ccggcggagg cggacccgat
ggcgaacccg 1980 atgtgcctcc cggagccatt gagcaaggcc
ctgccgatga ccctggcgaa ggccctagca 2040 caggccctct
ggctgccgtc gcctccagct atgccgctgc ccaaaggaaa ctgctcaccc
2100 ctgtgacagt gctcaccgct gtggtcacct ttttcgctca
gcatgacgga aacgatggcc 2160 tcccccctcc cccttactcc
cccagagacg atagctccca gcatatctat gaggaagccg 222 0
gaaggggagt gctcgtgatg ctggtcctgc tcatcctcgc ctataggaga
aggtggagga 2280 gactgacagt gtgtggcgga atcatgttcc
tcgcctgtgg cggaagcaaa acctccctgt 234 0 ataacctcag
gagaggcaca gccctcgcca ttccccaatg cagactgaca cccctcagca
2400 gactgcctca ccatctgctc gtgtccggcg ctggcgatgg
ccctcccctc tgctcccaga 2460 atctgggagc ccctggcgga
ggccctgaca atggccctct gggagagaaa ggcgatacct
2520ccggccctga gggaagcgga ggctccggcc ctcagagaag
gggaggcgat aaccatggca 2580 gaggcagacc ctcccccgga
ggcgatcccg atggctatga cggaggcaat aactcccagc 2640
atccctccgc ctccggctcc agcggaaaca cacccacaag gacaaccgat
gagggaacct 2700 gggtggctgg cgtcttcgtc tacggaggct
ccaagacaag cctctacaat ctgagaaggg 2760 gaaccgctgg
cgatgacgat gaccctcacg gacccgtcca gctcagctat tacgatgccg
2820 ctctgctctg gacactggtc gtgctcctga tttgctccag
ctgtagctcc tgccctctgt 2880 ccaagattct gctcgccaga
ctgtttctgt atttcgtcct gtggctgtcc agccctggcg 2940
gactgggaac cctcggcgct gccctcctga cactggctgc cgctctggct
ctgctcgcct 3000 ccacctatgg ccctgtgttt atgtgtctgg
gaggcctcct gacaatggtc gccggagccg 3060 tctggctcac
cgtcatgtcc aacacactgc tcagcggaag ccctcccaga aggcctcccc
3120 ctggcagaag gcctttcttt caccctgtgg gaagatccga
ggctgactat ttcgaatacc 3180 atcaggagtt ccatcccgtc
ggcgaagccg attactttga gtatcaccaa gagggaggcc 3240 



ctgacggaga gcctgacgtc ccccctggcg ctatcgaaag ggatctgctc
tgccctctgg 3300 gaggcctcgg cctcctgctc ctgatgatca
cactgctcct gattgccctc tggaatctgc 3360 atggccaaag
gggacaggga gacggaggca gaaggaaaaa gggaggctgg ttcggaaagc
3420 ataggggaca gggaggctcc aaccctaagt ttgagaatat
gtccgactgg accggaggcg 3480 ctctgctcgt gctctactcc
ttcgctctga tgctgattat cattatcctc atcattttca
3540ttttcagact gggagccgtc accgtcgtgt ccatgacact
gctcctgctc gcctttgtgc 3600 tttggctcag ctcccccggg
ggcctcggca cactgggagt gctcgtgctc atcgtggacg 3660
ctgtgctcca gctcagccct ctgctcggcg ctgtgacagt ggtcagcatg
accctcctgc 3720 tcctggctcc ctatgaagac ccctattggg
gaaacggaga cagacactcc gactatcagc 3780 ctctgggaac
ccaagaccaa agcctctacc tcggcctcct gctcctgctc ctgctcgccc
3840 tcctgttttg gctctacatt gtgatgagcg attggacagg
cggagccctc ctggtcctgt 3900 atagctttga gcatcaccat
gacgatagcc tcccccatcc ccaacaggct accgatgact 3960
ccagccatga gtccgactcc aactccaacg aaggcagact ggctatccct
cagtgtaggc 402 0 tcacccctct gtccaggctc ccctttggca
tggcccctgg ccctggccct cagcctggcc 4080 ctctgagaat
gattaccctc ctgctcatcg ctctgtggaa cctccacgga cgggctctgt
4140 atctgggaat cgtcctgttt atctttggct gtctgctcag
ggatgactcc agccaacaca 4200 tttacgaaga ggctggcaga
ggctccatga atcccgtctg ccttcccgtc atcgtcgccc 4260
cttacctcga cgatggcgtg gacctccccc cttggcttcc ccctatggtc
gagggagccg 4320 ctgccgaagg cgatgacgga gacgatggcg
atgagggaag ccaataccct agcgctagcg 4380 gaagctccgg
caatacccct acccctccca atgacgaaga gagagagtcc aacgaagggc
444 0 ctccccctgg ctccggctcc ggccctaggc atagggatgg
cgtcaggaga ccccaaaaga 4500 gaccctcctg cattggctgt
aagggaaccg ctgccttcgc tctgtttggc gtcatcagat 4560
gctgtaggta ttgctgttac tattgcctca ccctcgagtc cgaggaaagg
cctcccacac 4620cctatttcgc tgaggtcctg aaagacgcta
tcaaagacct cgtgatgacc aaacccgctc 4680 ccacatgcaa
tatcagagtg acagtgtgta gctttccccc taacgatgag gaaagggaaa
4740 gcaatgagga accccctccc ccttacgaag acccttactg
gggcaatggc gataggcata 4800 gcgatgccat tctgatttgg
atgtactatc acgggcccag acacacagac gaacaccatc 4860
acgatgactc cctgcctcac cctcagcaag ccacaatctg tctgacatgg
agaatcgaag 4920 accctccctt taactccctg ctcttcgctc
tgctcgccgc tgccggaggc gtccagggaa 4980 tctatcaggg
acccgctgac gatcccggag agggaccctc caccggaccc agaggccaag
5040 gcgatggcgg aaggagaaag aaaggcggat ggtttctgat
tctgggaacc ctcaacctca 5100 ccacaatgtt tctgctcatg
ctcctgtgga ccctcgtggt cctgctcatc tgtagctcct 5160
gctccgccgc tatggaaagg gatctggaaa ggggaccccc tggccctccc
agaccccctc 5220 tgggaccccc tctgtccagc tccatcggac
tggctatcgc tgagggactg agagccctcc 5280 tggctaggtc
ccacgtcgag agaaccacag acgaaggcac atgggtcgcc ggagtgtttg
5340 tgtatgccct ctacctcggc attgtgctct tcattttcgg
atgcctcctg gtcctgggac 5400 tgtggatcta tttcctcgag
attctgtgga ggctcagcca aaacctcggc gctcccggag 5460 



gcggacccga taacggaccc caagaccctg acaataccga tgccgctaac
gatggcggac 5520 cccctaacct caccgaagag gtcgccaata
agggaggcga taggggaccc cctagcatga 5580 ccgatggcgg
aggcggatgg tggaccctcc tggtggacct cctgtggctg ctcctgttta
5640tggctatcct catctggatg tattaccatg gccctaggca
taccgatgtg ctcggcctct 5700 ggatttactt tctggaaatc
ctctggagac tgggagccac actgtggcag ctcctggctt 5760
tcattctggc tttctttgcc ctcgccctcc tgctcctggc tagcgctctg
attgccggag 5820 gctccatcct ccagacaaac tttaagtccc
tgtccagcac agagtttttc ggaatggctc 5880 ccggacccgg
accccaaccc ggacccctca gggaaagcat tgtgtgttac tttatggtct
5940 tcctccagac acacattggc agaggcagag gcagaggcgg
aggcagaccc ggagcccctg 6000 gcggaagcgg aagcggaccc
agacacagag acggagtgag aaggcctagc tgtcccctca 6060
gcaaaatcct cctggctagg ctcttcctct acgctctggc tctgctcctg
ctcgcctccg 6120 ccctcatcgc tggcggagac cctcacctcc
ccacactgct cctgggaacc tccggctccg 6180 gcggagacga
tgacgatccc catggccctg tgcaactgtc ctactatttc tggctggctg
6240 ccattgccgc tagctgtttc acagcctccg tgtccaccgt
cgtgacagcc acaggcctcg 6300 ccctcagcct cctgctcctg
tttgccctcc tggctgccgc tggcggactg caaggcattt 6360
acgtcctggt catgctcgtg ctcctgattc tggcttacag aaggagaggc
aaacacagag 642 0 gccaaggcgg aagcaatccc aaattcgaaa
acattgccga aggcctcagg gctctgctcg 6480 ccagaagcca
tgtggaaagc attctgcaaa ccaatttcaa aagcctcagc tccaccgagt
6540 tcattcccaa tctgttttgc atgctgctcc tgattgtggc
tggcattgcc gctctgctca 6600 ccctcgccgc tgccctcgcc
ctcctggcta gcctcatcct cggcacactg aatctgacaa 6660
ccatgttcct cctgatgagc gcttggattc tgacagccgg attcctcatc
tttctgattg 6720gctttgccct cttcggagtg attaggtgtt
gcagatactg ttgctatctg gctatcattc 6780 tgctcatcat
tgccctctac ctccagcaaa actggtggac actgctcgtg gatctgctct
6840 ggctcctgct cttcatgtga tctagagaat tcgcc 6875 


