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FIELD OF THE INVENTION

The present invention relates to the field of cancer gene therapy using nucleic acid

molecules encoding US28 and G-proteins, respectively, or functional derivatives
thereof, for example functional fragments thereof. In the cancer gene therapy
according to the invention nucleic acid molecules encoding fusion proteins o the
above proteins or functional derivatives thereof, for example functional fragments
thereof may also be used. The invention further relates to pharmaceutical
compositions comprising the above nucleic acid molecules as well as methods or
therapeutic uses of said nucleic acids or pharmaceutical compositions for inhibiting,
retarding ameliorating, and/or treating cancer.

BACKGROUND OF THE INVENTION

Cancer is one of the leading causes of death and is responsible for increasing health
costs. Traditionally, cancer has been treated using chemotherapy, radiotherapy and

surgical methods. Tumour cell plasticity and heterogeneity, however, remain
challenges for effective treatments of many cancers. Traditional therapies may have
drawbacks, e.g. insufficient specificity, intolerable toxicity and too low efficacy.

In recent years molecular therapies have been developed, which eliminate cancer

cells and prolong the survival time of affected patients or to cure said patients. One

area of interest in the field of cancer therapy is directed to the induction of apoptosis
in cancer cells. Frequently, constitutive activation of signalling pathways in those

cells results in the induction of resistance to apoptosis. To target and reverse anti-

apoptotic mechanisms is attractive and an example of molecularly-targeted therapy.
For example, members of the bcl-2 gene family and the "inhibitor of apoptosis
protein"- families have been successfully targeted to render tumour cells more
susceptible to apoptosis.

In previous attempts to induce apoptosis in cancer cells, pro-apoptotic fusion

polypeptides have also been provided. For example. Samel et al.. Journal f
Biological Chemistry, 2003, Vol. 278, No. 34, 32077-32082, describe fusion
polypeptides consisting of the pro-apoptotic protein FasL and a fibroblast activation
protein (FAP) -specific single chain antibody fragment (sc40-FasL) that prevented
growth of xenotransplanted FAP-positivc (but not FAP-negative) tumour cells upon
intravenous application.

In Bertin e al.. Int. J . Cancer, 1997, Vol. 71, 1029-1034, the use of a fusion protein
comprising human p2-adrenergic receptor and GS-alpha in the treatment of rasdependent murine carcinoma cell lines in the prevention of tumour growth in
syngeneic mice is disclosed.

WO 00/1 1950 discloses an assay system for determining therapeutic activity for

treating restenosis, atherosclerosis, chronic rejection syndrome and graft versus host
disease (GVHD) by measuring inhibition of cell migration activity in smooth muscle
cells expressing a US28 receptor from the CMV genome.

WO 02/17900 describes assays, compositions and methods of treatment for
modulating the binding of chemokines to US28 on the surface of cells.

US 2008/0020994 A l discloses agents that reduce expression of G l 2 or G l 3

polypeptides and contemplates their use in anti-cancer screening methods.

Pleskoff et al, FEBS Journal 272 (2005), 4163-4177, describe the effect of human
cytomegalovirus-cncoded chemokine receptor US 8 on caspase-dependent
apoptosis.

The advent of molecularly-targeted therapy raised hopes that therapeutics tailored,
e.g. to specifically affect single molecules crucial to tumour biology provide

effective and potentially less or non-toxic measures for a broad range of cancers.
However, due to tumour plasticity and other factors influencing tumour growth and
progression, e.g. the host response, tumour angiogenesis or the tumour
microenvironment, the targeting of single molecules, even in combination with
traditional therapeutics, may be insufficient to obtain sustainable effects resulting in
survival prolongation or cure. Accordingly, there is a constant need to provide new
and improved cancer therapies.

The present invention relates to gene therapeutic methods involving the co-

expression of proteins as a result of successful transduction or transfection of tumor
cells with nucleic acid molecules. These nucleic acids may code for the protein
US28 and at least one G-protein (subunit) such as GNA12 or GNA13. Alternatively,

functional fragments of US28 and the at least one G-protein or, in a further

alternative, fusion proteins of US28 and G-proteins or fusion polypeptides of
functional fragments thereof are expressed in tumor cells which have previously been

transduced or trans fe ted with nucleic acids encoding the same. Additionally, in the
gene therapeutic methods of the present invention chimaeric nucleic acid molecules

comprising functionally important fragments of the G-proteins referred to herein may
be used. The fusion proteins of the present invention may encode US28 or a

functional derivative thereof and a chimaeric G-protcin that comprises fragments or
domains derived from different G-proteins, e.g. parts f GNA 12 and GNA 13

respectively. n a preferred embodiment, the chimaeric fusion protein according to
the present invention is encoded by a nucleotide sequence that is depicted in SEQ ID
NO: 8 or by a functional derivative thereof. In further preferred embodiments, the

nucleotide sequence depicted in SEQ ID NO: 8 and/or at least one or more functional
derivatives thereof, or the fusion protein encoded by the nucleotide sequence
depicted in SEQ ID NO: 8 and/or at least functional derivative thereof are used in

compositions or methods of the invention.

Co-expression of the polypeptides disclosed herein activates genes and/or proteins
that are involved in apoptosis and/or reduces proliferation in respective cells.
Therefore, the nucleic acids used i the context of the invention, compositions
comprising the same and uses thereof provide tools for hitherto unknown and
surprisingly effective methods of treating cancer or alleviating symptoms that arc
caused by cancer.

DEFINITIONS

Before the present invention is described

more detail, definitions of various terms

used hereinbelow arc provided.

The term "about" is used herein to mean approximately in the region of, roughly, or

around. When the term "about" is used in conjunction with a numerical range, it

modifies that range by extending the boundaries above and below the numerical
values set forth. In general, the term "about" is used herein to modify a numerical
value above and below the stated value by a variance f 20%.

The term "carrier" is used herein to refer to a pharmaceutically acceptable vehicle for

a pharmaco 1ogically active agent. The carrier facilitates delivery of the active agent
to the target site without terminating the function of the agent. Non-limiting

examples of suitable forms f the carrier include solutions, creams, gels, gel

emulsions, jellies, pastes, lotions, salves, sprays, ointments, powders, solid
admixtures, aerosols, emulsions (e.g., water in oil or oil i water), gel aqueous
solutions, aqueous solutions, suspensions, liniments, tinctures, and patches suitable
for topical administration.

The term "effective" is used herein to indicate that the nucleic acids used in the
context of the present invention are administered in an amount and at an interval that
results in the induction of apoptosis or arrest or slower proliferation of cancer cells.
The induction of apoptosis may result, inter alia, in the reduction of tumour size or
tumour volume, prevention of formation of metastases, inhibition or prevention of
neovascularization of tumor tissues, e cetera. In c l inical terms, an effective treatment
means that a complete response or a partial response is achieved.

Within the context of the present invention, "gene therapy" designates the use of
nucleic acid molecules or compositions comprising the same in the treatment of a
patient in need thereof. The nucleic acid molecules and compositions comprising the
same are used in the treatment of cancer patients, wherein cancer cells are transfected

or transduced with said nucleic acid molecules. As a consequence of the
transfection, these cells express the encoded protcin(s). Expression of the nucleic
acids and/orproteins leads to the induction of apoptosis in cancer cells. Gene
therapeutic methods according to the invention may rely on viral or non viral
methods as explained below.

The terms '"nucleic acicl(s) of the invention " or "nucleic acid molecule(s) f the

invention" used herein designate a sequence of nucleotides that may be used per se
or in the compositions or methods described herein. The terms refer to the entire
coding sequence of the US28 and G-proteins, respectively, mentioned herein.
Furthermore, the terms also designate nucleic acids encoding functional protein
fragments, vectors comprising the coding sequences or functional fragments of the
above proteins as well as derivatives of the nucleic acids referred to herein, which

have modifications, i.e. deletions, additions, inversions, etc. of one or more. e.g. 1 to
50, 1 to 40, 1 to 30, 1 to 20, 1 to 10, 1 to 5, 1 to 3, 2, or 1 nucleotide(s), which

nevertheless encode polypeptides that are capable of activating apoptosis and/or
preventing the proliferation of tumor cells. Functional derivatives

the nucleic

acids of the invention encode polypeptides that induce at least 10%. 20%. 30%,

40%>,

50%, 60%, 70%, 80%, 90% or more apoptosis under conditions described herein, i.e.

upon co-expression i cancer cells, when compared with the wild-type polypeptide.
Further derivatives of the nucleic acids encoding G-proteins may be chimaeric
nucleic acid molecules encoding chimaeric G-proteins, e.g. G-proteins that comprise
parts or domains of different G-proteins. For example, a chimaeric G-protein may be
encoded by nucleic acid molecules that code for parts or domains of GNA 2 and
GNA1 , respectively. Moreover, as indicated above, the terms "nucleic acid(s) of

the invention " or ' nucleic acid molecule(s) of the invention "' designate also vectors
comprising the nucleic acids described herein. These vectors may contain regulator}'
sequences allowing for the efficient transcription of the herein described nucleic
acids.

preferred embodiments, the proteins of the invention , fusion proteins of the
invention, nucleic acid sequences of the invention encoding the same or functional
fragments of the proteins of the invention, fusion proteins of the invention or nucleic
acid sequences of the invention are exemplified or encoded by the sequences shown

in the sequence listing. However, functional derivatives thereof are also subject
matter of the present invention.

Within the context of the present invention, the terms "functional fragment" or
"functional derivative " mean that partial nucleic acid sequences of the entire nucleic
acid sequences encoding US28 and/or the G-protein interacting herewith, nucleic

acids encoding fusion proteins or fragments thereof and nucleic acids that code for

chimaeric G-proteins (also as parts of a fusion protein of the invention) may be used
as long as a sufficient quantity of protein(s)

expressed to activate at least about

10%, 20%, 30%, 40%, 50%, 60%, 70%, 75%, 80%, 90%, 95%, or 100% or even a

higher percentage of apoptosis in cancer cells subsequent to the transduction or
transfection with the nucleic acid molecules of the invention, e.g. within the next 1,
2, 3, 4, 5, or 6 months, the next one, two, three, or four weeks alternatively within

0. 108, 96, 72, 48, 24, or 12 hours, when compared with the percentage o cells

undergoing apoptosis that have been successfully transfected with the entire coding
sequence of US28 and the G-protein. e.g. GNA13 or GNA12. Furthermore, the
terms also mean that the proliferation o tumor cells that have been subjected to the
gene therapy of the invention is reduced or slowed down. e.g. the proliferation of
comparative numbers of tumor cells that have been subjected to the gene therapy of
the invention, as compared with tumor cells that have not been subjected to gene
therapy, is reduced by at least 10%, 20%, 30%, 40%, 50%, 60%, 70%, 75%. 80%,
90%, 95%, or 100% i said treated cells. Methods for the determination of cells
numbers are known in the art, e.g. using automatic cell counters.

Within the context of the present invention, "sufficient quantity of protein(s)" means
that substantially all of the cancer cells expressing said protein( s) that are encoded by
the nucleic acid molecules o the invention or at least about 10%,

20%»,

30%, 40%,

50%, 60%», 75%, 90% or 95%» or even a larger number of the transfected or

transduced cells expressing said protein(s) undergo apoptosis subsequent to the gene
therapeutic treatment, e.g. within the next months, the next one, two, three, or four
weeks, alternatively within 120, 108, 96, 72, 48, or 24 hours.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1

Effect of US28 expression in melanoma cells. 45 lLu cells transiently
transfected with the plasmids pcDNA3.1-GFP and pcDNA3.1-US28
wild type (WT) were analyzed at 72 hrs post transfection to determine
apoptosis stimulated DNA fragmentation by FACS (Fig. 1A). The
cell number was determined a 72 hrs post-transfection (Fig. IB).

US28 induces caspase mediated apoptosis in 4 1Lu cells transfccted
with plasmids encoding US28 and positive control BAX but not in
cells transfected with control GFP. An SDS-PAGE of the proteins
harvested at 72 hrs post transfection is shown. Arrows indicate the
cleaved products due to activation of apoptotic pathways. There was a
significant increase in activated caspase-3 upon transfection with
BAX or US28. An increase was also observed for the cleavage
product of PARP, the indicator target of activated caspases, due to
US28 expression detected at 72 hrs post-transfection.

Signaling of US28 is crucial for apoptotic/antiproliferative effects.
451Lu cells transfccted with US28WT and US28R129A were

analyzed at 72 hrs post transfection. (A) For comparative apoptotic
DNA fragment cells transfected with GFP, WT and R129A were
subjected to FACS-analysis. (B) Transfccted 45 Lu melanoma cells
analyzed at 72 hrs after transfection by MTT assay kit. (C) Cell count
performed at 72 hrs with transfected 45 1Lu cells. (D) Expression of
US28 was confirmed by immunostaining procedure. Green/bright
fluorescence is found at the plasma membrane.

Role of GNA13 in US28 mediated apoptotic/anti-proliferative effect,
45 1Lu cells were silenced for expression of GNA13 by using siRNA,

followed by transfection with US28 WT and R129A constructs along
with GFP control. The transfccted cells were analyzed at 72 hrs after
transfection by MTT assay kit and colorimetric measurements were
performed. Reversal of the US28 effect i the case of GNA13 if
compared to scrambled siRNA silencing experiments (Fig. 4A).
Immunoblotting confirmed silencing of GNA13 as visualized by a
nearly complete downregulation of GNA13 up to 96 hrs (Fig. 4B).

Investigation of role of other potential G-protein complexes
interacting with US28 by experiments involving either G-protein
pathway specific inhibitor (Adenylate cyclase inhibitor for GNAS Gprotein) and by silencing (GNAQ siRNA).

Investigation of US28-Gal3 fusion protein in transfected cells and
immunofluorescence :
(A) 48hrs or 72hrs after transfection transfected cells were analyzed
by MTT assays followed by colorimetric measurements. SD from

triplicate readings for each set were calculated and analyzed against
control GFP transfected cells for relative cell viability, p values <() .() 1
(**): <0.05 (*), respectively. The results indicated that at 48hrs (upper

panel) and 72hrs (lower panel) after transfection the fusion protein
induced cell death at a significantly higher level than US28 WT alone.
(B) Immunofluorescence staining with a hemagglutinin-antibody of

tumor cells transfected with either US28 WT or the fusion protein also
showed the higher number of cells undergoing apoptosis at 48hrs after
transfection.

DETAILED DESCRIPTION

Apoptosis is the process of programmed cell death that may occur in multicellular
organisms. Biochemical events in the cells lead to characteristic morphologic
changes and finally to cell death. Morphologic changes include membrane blebbing,
loss of cell membrane asymmetry and substrate attachment, cell shrinkage, nuclear

fragmentation chromatin condensation, and chromosomal DNA fragmentation.
Apoptosis may b triggered by developmental factors resulting in controlled growth,
but ma also be stimulated through external influences such as infectious agents,
chemical noxes etc. In normal tissues, apoptosis plays a role i tissue homeostasis.

n tumours, apoptosis is frequently deregulated resulting in uncontrolled proliferation
of the tumour tissue. Apoptotic pathways are frequently suppressed n tumours,
thereby avoiding cell death with a subsequent increase of tumour cell numbers and
an increase of tumour volume.

The use in cancer gene therapy methods of nucleic acid molecules encoding US 8
and G-proteins such as GN A 12 or GNA13. or the use of nucleic acid molecules
encoding functional fragments or derivatives thereof, or, in yet another alternative,
the use of nucleic acid molecules encoding a fusion polypeptide (also referred to as
fusion protein) of US28 and a G-protein, e.g. GNA 1 or GNA12, or of functional
fragments thereof provides a new and effective tool to destroy tumour cells via
activation of processes leading to apoptosis.

US28 designates an open reading frame found in the genome of human

cytomegalovirus (HCMV). US28 encodes a protein containing seven putative
membrane-spanning domains, and a series of well-defined sequence motifs
characteristic of the rhodopsin-like G-protein-couplcd receptor family. US28 is
related to a capripoxvims gene that encodes a protein with features of members f
the G-protein-coupled receptor subfamily (reference is made, e.g. to Horst
IbelgaufVs Cytokines & Cells Online Pathfinder Encyclopedia,

http://www.copewithcytokines.de/cope.cgi?key=US28).
G-proteins (guanine nucleotide-binding proteins) form a family of proteins involved
in transmitting chemical signals outside the cell, and causing changes inside the cell.
They communicate signals from many hormones, neurotransmitters, and other
signalling factors. G-proteins regulate metabolic enzymes, ion channels,
transporters, and other parts of the cell machinery, controlling transcription, motility,
contractility, and secretion, which in turn regulate systemic functions such as
embryonic development, learning and memory, and homeostasis. Receptor-activated
G proteins are bound to the inside surface of the cell membrane. They consist of the
Got

and the tightly associated

βγ subunits. There are four classes of G subunits:

Gas, Gai, Gaq/1 1, and G l 2/1 . They behave differently in the recognition of the
effector, but share a similar mechanism of activation. G

2/ 3 are involved in Rho

family GTPase signalling (through the RhoGEF superfamily) and are involved in the

control e.g. cell cytoskeleton remodelling and cell migration.

Nucleic acids/proteins

n one aspect of the present invention, expression of US28 activates cellular

processes that lead to apoptosis and diminishes proliferation in highly aggressive
tumour cells upon interaction with proteins belonging to the G-protein family such as
GNA13 and or GNA12.

Accordingly, the use of nucleic acid molecules encoding US28 or functional
fragments thereof in combination with functional partners of said protein in gene

therapy is a new and beneficial way to reduce the number of cancer cells and thereby
treat cancer, prolong the survival of affected patients, and improve the quality of li e
of such cancer patients.

In a further aspect, the present invention relates to nucleic acid molecules or nucleic

acid constructs, e.g. vectors, encoding a novel fusion protein comprising US28 or a

functional fragment thereof and nucleic acid molecules or nucleic acid constructs
encoding a G-protein or functional fragment thereof, for example GNA13 and/or
GNA 1 or a functional fragment thereof. These nucleic acid molecules are suitable
for use in cancer gene therapy. The encoded proteins are capable of activating

apoptosis-indueing genes and pro-apoptotic polypeptides in target cells, i.e. cancer
cells.

The nucleic acid sequences of the present invention are capable o expressing gene

products and the polypeptides in target cells, i.e. cancer cells when they are used

under appropriate expression conditions to activate apoptosis-inducing genes and
pro-apoptotic polypeptides.

In another aspect, the present invention relates to a fusion protein encoded b th
herein described nucleic acid molecules.

,

In a specific aspect the invention provides nucleic acid molecules that comprise the
nucleotide sequences of SEQ ID NO:

(encoding US28) and/or SEQ

NO: 3

(encoding GNA13) or nucleic acids that comprise functional fragments or functional
derivatives thereof. These nucleotide sequences, functional fragments or functional
derivatives are capable of activating genes and pro-apoptotic polypeptides and
thereby induce apoptosis and/or reduce proliferation of cancer cells.

The invention further relates to nucleic acid molecules that comprise variations or

mutations in the nucleic acid sequences of the invention as long as their capacity to
induce (pro)-apoptotic functions in target cells is preserved.

According to one aspect, the invention provides a nucleic acid, which ma encode a
fusion protein, comprising, consisting essentially of, or consisting of nucleotide
sequences respectively having at least about 50%, 60%, 70%, 80%, 90%, 95% or a
higher percentage identity to th fused nucleotide sequences depicted e.g. i SEQ ID
NO: 1 and SEQ ID NO: 3. respectively, or fused fragments or derivatives of these

sequences inducing apoptosis in tumour cells. In some embodiments, the nucleotide
sequences have at least about 85%, a least about 90%, at least about 95%, at least
about 99%, or 100% identity to the nucleotide sequences of the respective partial

sequences encoding the fusion proteins (e.g. US28 and GNA13 or GNA12) and are
capable of activating genes and pro-apoptotic polypeptides that induce apoptosis in

tumour cells expressing the same. In a preferred embodiment, the fusion protein is
encoded by the nucleotide sequence depicted in SEQ

derivative thereof.

NO: 8, or by a functional

In a further embodiment, a nucleic acid molecule of the invention further comprises
one or more nucleotide sequences regulating gene activity, e.g.. promoters, which

may be natural promoters of the genes used herein or exogenous promoter operably
linked to the genes used herein. The promoter sequences may be derived from other
genes as well as artificial promoters such as chimeric promoters that combine nucleic
acid sequences derived from various sources, i.e. different genes that may originate
from different species. Further gene activity regulating sequences are transcription
factor binding elements (enhancers), wherein the transcription factor binding
elements (enhancers) arc operably linked to the nucleic acids used herein. Promoters
and enhancers that may be used in nucleic acid constructs are known to the person

skilled i the art and may be selected, e.g. depending on the type of tumour used,
etc., with substantial information available for example via

www.genetherapynet.com or common textbooks, e.g. Le Doux, J. (Ed.), Gene
Therapy Protocols Vol.

1;

Production and n vivo applications of Gene Transfer

Vectors, Meth. Mol. Biol., Humana Press (2008). or Hunt, K.K. et al. (Eds.) Gene
Therapy for Cancer (Cancer Drug Discovery and Development), Humana Press
(2007).

The invention further provides a vector comprising a nucleic acid molecule

according to the invention. n one embodiment, the vector is a viral vector. In
another embodiment the viral vector i a lenti viral vector, an adeno-associated virus2 (AAV-2) vector, an adenoviral vector, a retroviral vector, a polio viral vector, a
murine Muloney-based viral vector, an alpha viral vector, a pox viral vector, a herpes
viral vector, a vaccinia viral vector, a baculoviral vector, a parvo viral vector, or an
combination thereof. In one embodiment, a vector of th invention further comprises
a carrier.

another embodiment, the carrier is a lipid. In another embodiment, the

carrier is a polypeptide.

The nucleic acid molecules of the present invention are used to express US28 and at

least one G-protein interacting with US28, or functional fragments of the
polypeptides, or fusion proteins f the above polypeptides or functional fragments to
induce apoptosis. Both nucleic acid molecules may be found on one vector or on
separate vectors and these vectors, or compositions comprising the same, may be
used contemporaneously or separately.

The G-protein according to the invention may be GNA13, which is an abbreviation

for Guanine nucleotide-binding protein subunit alpha- 3. This protein is encoded by
the GN A 13 gene (SEQ ID No. 3) on chromosome 7 in humans. In another
embodiment, the G-protein may be GNA12, the gene encoding the same is found on
human chromosome 7 . The nucleotide sequence of this gene may be obtained from
public databases such as GenBank, etc.

Nucleic acid constructs

the invention comprise a novel combination of genes

which act together to induce apoptosis in cancer cells.

The invention provides nucleic acid molecules and the use thereof in methods of

treating cancer, wherein said nucleic acid molecules comprise, consist essentially of
or consist f a nucleotide sequence having at least about 50%, at least about 60%, at
least about 70%, at least about 75%, at least about 80%, at least about 85%, at least
about 90%, at least about 95%, at least about 99% or 100% identity to the nucleotide

sequence encoding US28 and/or a G-protein (e.g. GNA13) interacting with US28, or
functional fragments of such proteins that induce apoptosis in cancer cells. The
nucleic acids may also comprise regulatory elements that control their expression,
e.g. promoters, enhancers, ribosome entry sites, termination sequences, etc..

In certain embodiments, a nucleic acid encompassed by the invention is delivered to
a cell. Methods for delivery of a nucleic acid to a cell in vitro or in vivo are known to
those skilled in the art. For example, such methods may include the use of peptides.

lipids or organic molecules as nucleic acid carriers to facilitate or enhance the
cellular uptake of a nucleic acid. Nonlimiting examples of such nucleic acid delivery
methods and nucleic carriers are described in U.S. Patent Nos. 6.344,436, 6,514,947,
6,670,177, 6,743,779, 6,806,084, and 6,903,077. The targeting of vehicles for the
delivery of the nucleic acid molecules o the invention may be facilitated by the use
of target cell specific molecules, e.g. receptors recognizing structures o the target
cancer cells. These receptors may be immunoglobulin derived molecules.

Pharmaceutical formulations and compositions

Pharmaceutical formulations or compositions comprising the nucleic acids of the
invention include those suitable for parenteral (including intramuscular,
subcutaneous and intravenous) administration. Forms suitable for parenteral
administration also include forms suitable for administration by inhalation or
insufflation or for nasal, or topical (including buccal, rectal, vaginal and sublingual)
administration. The formulations may, where appropriate be conveniently presented
in discrete unit dosage forms and may be prepared by any of the methods well known
in the art of pharmacy. Such methods include the step of bringing into association the

active compound with liquid carriers, solid matrices, semi-solid carriers, finely
divided solid carriers or combinations thereof, and then, if necessary, shaping the

product into the desired delivery system.

The compositions or pharmaceutical formulations may be used once or frequently

over a treatment period to achieve sufficiently strong therapeutic effects. The
treatment may repeated upon verification of its efficacy using standard diagnostic
measures.

The eomposition(s ) disclosed herein and the nucleic acids of the invention may be

used alone or in combination, i.e. the treatment of cancer may b effected by first
administering a composition comprising either one nucleic acid of the invention in a

separate composition (e.g. a composition comprising nucleic acids encoding US28 or
a functional fragment thereof) and then administering a further composition
comprising another nucleic acid f the invention in further composition (e.g. a
composition comprising nucleic acids encoding GNA13 or a functional fragment
thereof). The compositions may also be administered at the same time. When the
compositions or nucleic acids are not co-administered, i.e. a sequence of
administrations is used, the method of treatment may comprise one or more steps to
determine that the administered nucleic acid s indeed expressed in tumour cells.
Antibodies recognizing the expressed proteins may be used to confirm expression in
the target cells, i.e. the cancer cells.

Alternatively, the compositions may comprise both, US28 and G-protein encoding
nucleic acids of the invention. Compositions comprising each one of the nucleic
acids of the invention may be administered separately, i.e. timely spaced, wherein the
order of administration may be either way, i.e. in a first step a composition
comprising a nucleic acid of the invention encoding US28 or a fragment thereof may
be administered, and subsequently a composition comprising a nucleic acid encoding

a G-protein, e.g. GNA13, or a functional fragment thereof is administered. The
correct administration scheme may be determined by the medical staff. In some
embodiments, the subject to be treated with the compositions described herein is a
mammal . Nonlimiting examples of mammals include: humans, primates, mice,

rabbits, rats, cats, and dogs.

Further aspects of the invention

The present invention also relates to compositions comprising the above nucleic acid

molecules for use as a medicament. The compositions may be used in the treatment
of cancer. The compositions for use in the treatment according to the present
invention are effective to treat cancer that may be selected from the group consisting
of bladder cancer, bone cancer, brain cancer, cancer of other nervous tissues, breast

cancer, cervical cancer, colon cancer, oesophagus cancer, eye cancer, gastrointestinal
cancer, gynaecologic cancer, head and neck cancer, kidney cancer, laryngeal cancer,
leukaemia, liver cancer, lung cancer, lymphoma, melanoma, mesothelioma, multiple
myeloma, oral cancer, ovarian cancer, pancreatic cancer, prostate cancer, rectal
cancer, renal cancer, skin cancer, stomach cancer, testicular cancer, throat cancer,
thyroid cancer, uterine cancer, vaginal cancer, vulvar cancer. n on embodiment of
the invention, the compositions and methods described herein are effective in the
treatment of skin cancer, e.g. melanoma.

The compositions for use in the treatment referred to above may be used in

combination with additional therapeutic means or methods in the treatment of cancer,
for example those that are selected from the group comprising surgery,

chemotherapy, radiation therapy, molecular cancer therapy or a further gene therapy,
which may be used for administering genes that are different from the herein
described nucleic acids of the invention.

A method of producing the composition referred to above is another aspect of the
present invention. The method comprises the step of (a) producing the nucleic acid
molecules of the invention, e.g. using standard cloning, multiplication and
purification techniques, and (b) optionally formulation of the obtained nucleic acid(s)
with suitable excipients for use in therapeutic applications.

The invention provides also a method for eliminating cancer cells in a subject in need

thereof, comprising administering to the subject an effective amount of a nucleic acid
or composition provided by the invention.

In one embodiment of the methods of the invention, the cancer cell may be a skin

cancer cell, e.g. a melanoma cell a basal cell carcinoma cell, a Merkel cell
carcinoma cell, a squamous cell carcinoma cell, or cells from precursor lesions like

actinic or solar keratosis, a breast cancer cell, a non-small cell lung cancer, a small

cell lung cancer, colon cancer, or bladder cancer etc.

In one embodiment of the methods of the invention, the administration o an

effective amount of the nucleic acid molec ules, e.g. vectors of the invention
comprises parenteral, intralesional, intraperitoneal, intramuscular, intratumoral,
subcutaneous, intraventricular, intracranial, intraspinal or intravenous injection;
infusion; liposome- or vector-mediated delivery; or topical, nasal, oral, ocular, otic
delivery, or any combination thereof.

The present invention also relates to a new gene therapy for cancer based on

expression of novel vector constructs to selectively induce apoptosis in cancer cells.
The construct can be delivered to cancer cells, for example, via a viral or non-viral

vector.

some aspects of the invention, a nonviral vector may be used to facilitate

delivery of a nucleic acid of the invention. The vectors may be formulated as
pharmaceutical compositions.

In a further embodiment of the present invention, a method of transducing or
transfecting a cell with the nucleic acid molecules referred to above is provided.

A cell that is transduced or transfected with the nucleic acid constructs referred to
above forms another aspect of the present invention. Also transgenic animals
expressing the above described nucleic acids, either separately or as fusion nucleic
acid sequences, form an aspect of the present invention. The transgenes may be
expressed in a tissue-specific manner. The expression of the transgenes may b
conditionally and/or inducible.

The efficacy of the nucleic acids used according to the present invention in the

induction f apoptosis may be determined using conventional methods for detection

of apoptosis known to the person skilled in the art. Kits for the detection of apoptosis
are available from various commercial sources.

The invention also provides a method for treating cancer i a subject in need thereof,
or alternatively a composition as defined above for us i the treatment of tumours,

wherein the treatment results in the tumour-specific induction of apoptosis in tumour
cells avoiding side effects, associated with the destruction of cells that are not tumour
cells.

Moreover, the present invention relates to methods for the detection f the herein
described nucleic acids, e.g. a method for the detection of nucleic acids encoding
fusion proteins. Such methods may be e.g. PGR methods using specific primers,
hybridization methods using specific probes, etc. which are well known to persons
skilled in the art.

Furthermore, the preparation of antibodies specifically recognizing novel fusion
polypeptides or peptides encoded by the nucleic acids herein described is
contemplated. The antibodies, e.g. monoclonal antibodies, fragments thereof, single
chain antibodies etc., which may optionally be coupled with labels or compounds,
e.g. toxins, radioactive substances, binding molecules, Ilis-tails, FLAG-epitopes,

etc., recognize epitopes that are specific for the fusion polypeptide, i.e. epitopes that
are not present when the nucleic acid molecules encoding the fusion polypeptide(s)
are expressed separately. These antibodies may be used to detect successful

transduction or trans lection and expression of the encoded polypeptides in a cell or
organism. The person skilled in the art is familiar with methods for the preparation of
such antibodies and with the use of antibodies to detect the presence of a protein of
interest and to determine specific binding of such antibodies (cf. Harlow and Lane,
Antibodies: A Laboratory Manual. Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, New York, 1988; Kontermann, R . & Dubel. S. (Eds.), Antibody
Engineering Vol. 1 and Vol. 2, 2nd Ed. 2010, Springer Protocols, Springer).

n another aspect of the invention, gene therapeutic methods and/or the therapeutic
use o the inventive nucleic acid constructs, or of compositions comprising the same,

provides new means and methods for the induction of apoptosis in transfected or
transduced cancer cells.

EXAMPLES

The following examples illustrate the present invention, and are set forth to aid i the

understanding of the invention, and should not be construed to limit in any way the
scope of the invention as defined in the claims which follow thereafter.

Example 1

US2 expression in melanoma cells leads to caspase mediated

apoptosis and reduces proliferation

To determine the effect of expression of US28 in melanoma cells, 451Lu cells, a
highly aggressive melanoma cell line, were transiently transfected with pcDNA3.1GFP (Green Fluorescent Protein) and pcDNA3.1-US28 wild type (WT; US28 WT

being depicted in SEQ ID NO: 1).
A 7 hrs post transfection the cells were harvested, fixed, and stained with

Propidium iodide (PI) to determine apoptosis stimulated DNA fragmentation by
fluorescent activated cell sorting (FACS). Measurements were performed on a B
FACS-Calibur flow cytomctcr. (B) In parallel total cell count was determined using
CASY cell counter system. The results shown are representative of three independent

experiments with p value < 0.01.

DNA fragmentation with an increase of about 12% in apoptotic cells for US28
expressing cells compared to control GF transfected cells was observed.
Considering the approximately 40-45% transfection efficiency with US28, the
apoptotic cells correlate to about 25% cells undergoing apoptosis a 72 hrs post

transfection (Fig. 1A). The cell count at 72 hrs indicates a 50% reduction in cell
numbers for US28 transfected cells (Fig.

).

Induction of apoptosis was further confirmed by caspase activation and PARP
cleavage by immunoblotting (Fig. 2). US28 induces caspase mediated apoptosis.
451Lu cells transfected with US28, control GFP and positive control BA plasmids
(the nucleotide sequence of BAX is depicted in SEQ

NO: 7) were harvested at 72

hrs post transfection. Total protein (25 g of each) was separated on SDS-PAGE,

transferred to PVDF membrane and immunoblotted with antibodies against β-actin
(Sigma), HA antibody for US28 tag (Covancc), BAX antibody (eBiosciences),

caspase 3 antibody (Santa Cruz biotechnology) and PARP antibody (eBiosciences)
as per the recommended dilutions by the manufacturer, followed b respective

secondary antibody and chemiluminescence detection. The arrows indicate the
cleaved products due to activation of apoptotic pathways. There was a significant
increase i activated caspasc-3 on transfection with BAX or US28 (SEQ

NO: 7

and SEQ D NO: 1, respectively). An increase was also observed for the cleavage
product of PARP, the indicator target of activated caspases, due to US28 expression
detected at 72 hrs post-transfection.

Example 2

US28 effects are dependent on its signaling activity

The constitutive signaling ability of US28 is suspected to lead to caspase dependent

apoptosis. To confirm this and to determine the mechanism of US28, further
experiments were performed with inclusion of a signaling mutant of US28, R129A,
that lacks the constitutive signaling ability due to mutation at the second intracellular

loop at 129 amino acid position 2 A (Fig. 3). The nucleotide sequence of US28-

R129A is shown in SEQ D NO: 2 .
Precisely, 451Lu cells transiently transfected with US28WT, US28R129A and
control GFP plasmids analyzed at 72 hrs post transfection.

Figure 3(A) shows a comparative apoptotic DNA fragment analysis of cells

transfected with GFP. WT and R129A that were harvested, fixed, and stained with PI
and measurements were performed on BD FACS-Calibur flow cytometer.

Figure 3(B) shows the results of 451Lu melanoma cells i 96 well plates that were
transfected. and analyzed at 72 hrs after transfection by MTT assay kit (ATCC) by a
colorimetric method. Each construct was used in triplicates and analyzed against
control GFP transfected cells for relative cell viability, p value < 0.01.

In Figure 3(C ) the results of a cell count performed at 72 hrs using a CASY counter
in 45 1Lu cells that have been transfected with respective plasmids are shown. The

percent reduction in cell number was plotted against GFP control cells. The results
shown are representative f three independent experiments, p value

0.01.

As shown in Figure 3(D) during all these experiments the expression of US28 was

confirmed by immunostaining procedure with HA primary antibody against US28
tag and detected with Alexa flour 488 secondary antibody. The surface levels of

US28, both of the wildtype WT and the mutant form R129A are visible as green
fluorescence at the plasma membrane.

The experiments determining total cell count and MTT assay along with FACS

analysis for apoptosis at 72 hours post-transfection indicate that the signaling mutant
has significantly lower apoptosis inducing ability.

US28 has been shown to interact with a wide number of hctero-trimeric G-protein

complexes in a promiscuous manner. To determine as to whether the antipro 1iferali ve/apoptot ic effect of US28 is possibly associated with GNA13, 451Lu
cells were silenced for expression of GNA

using siRNA, followed by transfection

with US28 WT and R 12 A constructs along with GFP control. The transfected cells
were analyzed at 72 hrs after transfection by MTT assay kit (ATCC) and colorimetric

measurements were performed. SD from triplicate readings for each set was
calculated and analyzed against control GFP transfected cells for relative cell
viability, p value < 0.01. A control set of scrambled siRNA silencing was performed
in parallel . Reversal of the US28 effect in the case of GNA 13 if compared to
scrambled siRNA silencing experiments (Fig. 4A). Immunoblotting confirmed
silencing of GNA 13 as visualized by a nearly complete downrcgulation of GNA 13
up to 96 hrs which was confirmed up to 96 hrs by separating total proteins on SDS-

PAGE, transfer to PVDF membrane and immunoblotted for β -actin (Sigma) and
GNA 13 (Santa Cruz Biotechnology) protein levels (Fig. 4B).

A control set of scrambled siRNA silencing was performed i parallel. There was no
significant change in cell growth properties due to silencing of GNA 13 as
determined by proliferation assay (data not shown).

As shown n Figure 5, the US28 effect on 451Lu cells is not affected by the absence
of GNAQ (the nucleotide sequence of GNAQ is depicted in SEQ ID NO: 5). To
demonstrate this, 451Lu cells before US28 transfection were transfccted with siRNA
for GNAQ along with control sc-siRNA. The silenced cells were transfected with
GFP control, US28 WT and US28 R129A plasmids and analyzed at 72 hrs after

transfection by MTT assay kit (ATCC) and colorimetric measurements were
performed. SD from triplicate readings for each set was calculated and analyzed
against control GFP transfected cells for relative cell viability, p value <0.01 .

Furthermore, 451 u cells were transfected with BAX as positive control and
constructs with either GNA 13 and GNAQ G-proteins and MTT assay performed at
72 hrs post-transfection. The results indicated that the GNA 13 pathway is important

for anti-proliferalive effect. The GNAQ-mediated pathway does not seem to be of
high importance, p value < 0.01.

Thus, the role

other potential G-protein complexes reportedly interacting with

US28 towards similar activity in the experimental settings was ruled out by

experiments involving either a G-protein pathway specific inhibitor (Adenylate
cyclase inhibitor for GNAS G-protein (GNAQ siRNA; Figure 5).

Overall these results clearly sho the importance of GNA13 in executing the
apoptotic/anti-proliferative effect of US28 for melanoma cells. However, a possible
involvement of other G-proteins, especially of Galphal2, in different target cell types
cannot be ruled out.

Example 3
A US28-Gal3 fusion protein enhances apoptosis compared to wild-type US28

A fusion protein consisting of US28 and G

3 was constructed to potentially

enhance the apoptosis inducing effects. A fusion construct allows for continuous
signaling through Ga

. The fusion protein was generated by linking a nucleic acid

sequence encoding US28 to a nucleic acid sequence encoding G l . Precisely, the
N-terminus of US28 was fused to the N-terminus of Gal 3 by a linker-polynucleotide
(SEQ ID NO: 9 GCCCTAGGGAATTCTAGAGCG) encoding seven amino acids

(ALGNSRA; SEQ ID NO: 10). These amino acids were chosen to ensure that most
of them do not contain non-polar side chains thus avoiding negative impact on
structure and functionality of the fusion protein. The nucleotide sequence encoding a
fusion protein of the invention, and which is used in this example is shown in SEQ
ID NO: 8 .

The effect of the fusion protein on induction of apoptosis is shown in Figure 6.

451Lu melanoma cells were transfected with GFP control, US28 WT or the fusion

protein (WT-G13 Fusion, i.e. a fusion protein comprising US28 WT andGaB). At
48hrs or 72hrs after transfection melanoma cells, for which transfection rates were

equated, were analyzed b MTT assays followed by eolorimetric measurements. SD

from triplicate readings for each set were calculated and analyzed against control
GFP transfected cells for relative cell viability, p values

.0

(**); <0.05 (*),

respectively. The results (Figure 6A) indicate that at 48hrs (upper panel) and 72hrs
(lower panel) after transfection cell death is induced at a significantly higher level by
the fusion protein than by US28 WT alone.

Immunofluorescent staining with a

hemagglutinin antibody of tumor cells transfected with either US28 WT or the fusion
protein also showed the higher number of cells undergoing apoptosis at 48hrs after
transfection (Figure 6B).

CLAIMS

1.

A nucleic acid molecule comprising a nucleotide sequence encoding US28

(SEQ D NO:

) or a functional fragment thereof and a nucleic acid molecule

comprising a nucleotide sequence encoding a G-protein a functional fragment or a
functional derivative thereof, and/or a nucleic acid molecule comprising a nucleotide
sequence comprising a fusion of a nucleotide sequence encoding US28 (SEQ ID
NO. 1) or a functional fragment thereof with a nucleotide sequence encoding a Gprotein or functional fragment thereof for use in the treatment of cancer.

2.

The nucleic acid molecule comprising a nucleotide sequence encoding LJS28

(SEQ ID NO: ) or a functional fragment thereof and a nucleic acid molecule
comprising a nucleotide sequence encoding a G-protein or a functional fragment,
and/or a nucleic acid molecule comprising a nucleotide sequence comprising a fusion
of a nucleotide sequence encoding US28 (SEQ D NO. ) or a functional fragment
thereof with a nucleotide sequence encoding a G-protein or functional fragment
thereof for use according to claim , wherein said nucleic acid molecules are for
concomitant or separate administration.

3.

A polypeptide encoded by a fusion of nucleic acid molecules comprising a

nucleotide sequence encoding US28 (SEQ ID NO: 1) o a functional fragment
thereof and a nucleotide sequence encoding a G-protein or a functional fragment
thereof, wherein said G-protein optionally is GNA13 (SEQ ID NO: 3) or a functional
fragment thereof.
4.

A polypeptide according to claim 3, which is encoded by a nucleotide

sequence depicted in SEQ I

5.

NO: 8 or by a derivative thereof.

A nucleic acid molecule comprising a nucleotide sequence encoding a

polypeptide according to claim 3 or 4.

6.

The nucleic acid molecules comprising a nucleotide sequence encoding a G-

protein or a functional fragment thereof for use according to claims 1, 2 or 4 or 5,
wherein the G-protein is GN A 13 (SEQ ID NO: 3) or a functional fragment thereof.

7.

A pharmaceutical composition comprising:
(i) a nucleic acid molecule comprising a nucleotide sequence encoding

US28 (SEQ D NO: l ) o a functional fragment thereof and
(ii) a nucleic acid molecule comprising a nucleotide sequence encoding a G-

protein or a functional fragment thereof.

8.

A pharmaceutical composition comprising the nucleic acid sequence

molecule according to claim 5 or claim 6 .

9.

The pharmaceutical composition according to any of claims 7 or 8, wherein

the nucleotide sequences encoding a G-protein or a functional fragment thereof are
GN A 13 (SEQ D NO: 3) or a functional fragment thereof.

0.

The pharmaceutical composition according to any f claims 7 to 9 for use in

the treatment and/or prevention o cancer.

11.

The pharmaceutical composition for use according to claim 9, wherein the

cancer s selected from the group consisting of skin cancer, melanoma, basal cell
carcinoma cell, Merkel cell carcinoma cell, squamous cell carcinoma cell actinic or
solar keratosis, breast cancer cell, non-small cell lung cancer, small cell lung cancer,
colon cancer or bladder cancer.

12.

A kit comprising the nucleic acid molecule(s) as defined in claims

6, or the pharmaceutical compositions defined in claims 7 to

1.

1,

2, 5 or

13.

The nucleic acid molecule for use according to claim 1 or 2, or the

pharmaceutical composition as defined in any of claims 7 to 1 for use i a
combination therapy with at least one additional therapy selected from the group
comprising surgery, chemotherapy, radiation therapy, molecular cancer therapy, and
cancer gene therapy in the treatment of cancer.

14.

A method of producing the nucleic acid molecules, polypeptide,

pharmaceutical compositions and kits as defined in the preceding claims.

15 .

A method of transfecting or transducing a cell with the nucleic acid molecules

as defined in claims 1. 2. 5 or 6 .

16.

A cell or organism that is transfected or transduced with the composition

according to any of the preceding claims.

17.

An antibody speci fically recognizing the polypeptide of claim 3 or 4 .

AMENDED CLAIMS
received by the International Bureau on 12 April 2012 (12.04.2012)

1.

A polypeptide which is encoded by a nucleotide sequence depicted in SEQ ID NO: 8

or by a derivative thereof.

2.

A nucleic acid molecule comprising a nucleotide sequence encoding a polypeptide

according to claim 1.

3.

The nucleic acid molecule according to claim 2 for use in the treatment of cancer.

4.

A pharmaceutical composition comprising the nucleic acid molecule according to

claim 2 .

5.

The pharmaceutical composition according to claim 4 for use in the treatment and/or

prevention of cancer.

6.

The pharmaceutical composition for use according to claim 5, wherein the cancer is

selected from the group consisting of skin cancer, melanoma, basal cell carcinoma cell,
Merkel cell carcinoma cell, squamous cell carcinoma cell, actinic or solar keratosis, breast

cancer cell, non-small cell lung cancer, small cell lung cancer, colon cancer or bladder cancer.

7.

A kit comprising the nucleic acid molecule(s) as defined in claims 2, or the

pharmaceutical compositions defined in claims 4 to 6.

8.

The nucleic acid molecule for use according to claim 2, or the pharmaceutical

composition as defined in any of claims 4 to 6 for use in a combination therapy with at least
one additional therapy selected from the group comprising surgery, chemotherapy, radiation

therapy, molecular cancer therapy, and cancer gene therapy in the treatment of cancer.

9.

A method of producing the nucleic acid molecules, polypeptide, pharmaceutical

compositions and kits as defined in the preceding claims.

10.

A method of transfecting or transducing a cell with the nucleic acid molecules as

defined in claim2.

11.

A cell or organism that is transfected or transduced with the composition according to

any of the preceding claims.

1 .

An antibody specifically recognizing the polypeptide of claim 1.

A . CLASSIFICATION

INV.

O F SUBJECT

MATTER

A61K48/00

A61K38/16

A61P35/00

ADD.
According

to International

B . FIELDS
Minimum

Patent Classification

(IPC) o r t o both national classification

and IPC

SEARCHED

documentation

searched

(classification

system followed

b y classification

symbols)

A61K

Documentation

Electronic

searched

data base consulted

EPO-Internal

C . DOCUMENTS
Category*

other than minimum

during the

documentation

international

to the extent that such documents

search (name of data base and,

are included

where practical,

in the fields searched

search terms used)

, BIOSIS, MEDLINE, EMBASE, WPI Data

CONSIDERED

T O B E RELEVANT

Citation o f document,

Joshi

with indication,

et al :

where appropriate,

"Abstract

of the relevant

passages

Relevant

4350:

to claim No.

1-3 ,5-17

ANTI -PROLI FERATIVE AND APOPTOTIC EFFECTS
OF HCMV US28 I N MELANOMA CELS" ,
100th AACR Annual Meeti ng
18 Apri l 2009 (2009-04-18)

, XP002632795 ,
Retri eved from the Internet:
URL: http : //www. aacrmeeti ngabstracts . org/cg
i /content/meeti
ng_abstract/2009/2_Annual_M
eeti ng/4350?maxtoshow=&hi ts=10&RESULTF0RMA
T=&authorl=joshi
&ful 1text=us28&andorexactf
ul 1text=and&searchi d=l&FI RSTINDEX=0&sortsp
ec=rel evance&resourcetype=HWCIT
[retri eved on 2011-04-13]
the whol e document

-/-

Further documents
* Special

categories

are listed in the continuation

of cited documents

of Box C .

state of the art which is not
relevance

"E" earlier document
filing date

o n o r after the international

"T" later document published after the international filing date
o r priority date and not in conflict with the application but
cited to understand the principle o r theory underlying the
invention
"X" document of particular relevance; the claimed invention
cannot b e considered novel o r cannot b e considered
to
involve a n inventive step when the document is taken alone

"L" documentwhich
may throw doubts o n priority claim(s) o r
which is cited to establish the publication date of another
citation o r other special reason (as specified)
"O" document referring
other means

to a n oral disclosure,

use, exhibition

"P" document published prior to the international
later than the priority date claimed
Date of the actual completion

of the international

7 February
Name and mailing address

"Y" document of particular relevance;
cannot b e considered to involve
document is combined with one
ments, such combination being
in the art.

or

filing date but

"&" document
search

member

15/02/2012

of the ISA/

Authorized
P.B. 5818 Patentlaan

the claimed invention
a n inventive step when the
o r more other such docu¬
obvious to a person skilled

of the same patent family

Date of mailing of the international

2012

European Patent Office,
N L - 2280 HV Rijswijk
Tel. (+31-70) 340-2040,
Fax: (+31-70) 340-3016

See patent family annex.

:

"A" document defining the general
considered to b e of particular
but published

□

officer

2

Si tch , Davi d

search report

C(Continuation).
Category*

X

DOCUMENTS CONSIDERED TO BE RELEVANT

Citation of document, with indication, where appropriate, of the relevant passages

SCHAIDER ET AL:
" A SIGNALING MUTE HCMV
CHEMOKINE RECEPTOR PREVENTS MELANOMA
GROWTH" ,
98TH AACR ANNUAL MEETING

Relevant to claim No.

1-3 ,5- 17

14 Apri l 2007 (2007-04-14)
, XP002632796,
Retri eved from the Internet:
URL: http : //www. aacrmeeti ngabstracts
. org/cg
i /content/meeti
ng abstract/2007/1
Annual M
eeti ng/2521?maxtoshow=&hi
ts=10&RESULTF0RMA
T=&authorl=schai
der&f l 1text=mel anoma&ando
rexactf
l 1text=and&searchi
d=l&FI RSTINDEX=0
&sortspec=rel
evance&resourcetype=HWCIT
[retri
eved on 2011-04-13]
the whol e document

X

M0SER ELISABETH ET AL:

chemoki ne receptor
growth" ,

"The hCMV
US28 prevents
mel anoma

1-3 ,5- 17

BMC PHARMACOLOGY, BI0MED CENTRAL, LONDON ,
GB,
vol . 7 , no. Suppl 2 ,
14 November 2007 (2007-11-14)
, page A4,
XP021028694,
ISSN : 1471-2210,
D0I :
0 1 : 10. 1186/1471-2210-7-S2-A4
the whol e document

X

M0SER ELISABETH ET AL:

growth"

"US28 i n mel anoma

1-3 ,5- 17

,

BMC PHARMACOLOGY, BI0MED CENTRAL, LONDON ,
GB,
vol . 8 , no. Suppl 1 ,
5 November 2008 (2008-11-05)
, page A2 ,
XP021042532 ,
ISSN : 1471-2210,
D0I :
001 : 10. 1186/1471-2210-8-S1-A2
the whol e document

X

M0SER:
"THE INTERACTION OF THE HUMAN
CYTOMEGALOVI RUS ENCODED CHEMOKINE RECEPTOR
US28 AND GASP-1 AND ITS IMPLICATION ON
RECEPTOR TRAFFICKING AND MELANOMA
GROWTH . " ,
Di ssertati
on (Ph . D. ) , Medi cal Uni versi t y
of Graz

29 July 2010 (2010-07-29)
, page 157PP,
XP002632797 ,
Retri eved from the Internet:
URL: https ://onl
i ne.meduni graz .at/mug_onl
in
e/wbabs .getDocument?pThesi
sNr=18190&pAutor
Nr=&pOrgNr=l
[retri
eved on 2011-04-13]
page 58 - page 72

-/--

1-3 ,5- 17

DOCUMENTS CONSIDERED TO BE RELEVANT

C(Continuation).
Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

&

29 July 2010 (2010-07-29)
,
Retri eved from the Internet:
URL: http://www.meduni
-graz .at/images/conte
nt/fi l e/studi um/phd/pdf/Ausschr-PhD-290720
10.pdf

J0SHI SHRI PAD ET AL:
"The v i ral chemoki ne
receptor
US28 medi ates i t s
anti -tumori geni e effect
i n mel anoma v i a
GNA13" ,
JOURNAL OF INVESTIGATIVE DERMATOLOGY,
vol . 131 , no. Suppl . 2 ,
September 2011 (2011-09) , page Sill ,
XP002668884,
& 41ST ANNUAL MEETING OF THE
EU R0PEAN-S0C I ETY-F0R-DERMAT0LOGICAL- RESEA
RCH ; BARCELONA, SPAIN ; SEPTEMBER 07 -10,
2011
abstract
DATABASE BI0SIS [Onl i ne]
BIOSCI ENCES INFORMATION SERVICE,
PHI LADELPHIA, PA, US;

November 2008 (2008-11) ,
" 14th Symposi um of the
Austri an -Pharmacol ogi cal -Soci ety,
Innsburck,
AUSTRIA, November 2 1 -22 ,
2008" ,
XP002632798,
Database accessi on no. PREV200900059127
abstract
ANONYMOUS:

DATABASE BI0SIS [Onl i ne]
BIOSCI ENCES INFORMATION SERVICE,
PHI LADELPHIA, PA, US;

November 2009 (2009-11) ,
" 15th Symposi um of the
Austri an -Pharmacol ogi cal -Soci ety, Graz ,
AUSTRIA, November 19 -21 , 2009" ,
XP002632799 ,
Database accessi on no. PREV201000048334
abstract
ANONYMOUS:

-/--

1-3 ,5-17

C(Continuation).
Category*

DOCUMENTS CONSIDERED TO BE RELEVANT

Citation of document, with indication, where appropriate, of the relevant passages

DATABASE BIOSIS [Onl i ne]
BIOSCI ENCES INFORMATION SERVICE,
PHI LADELPHIA, PA, US;

2007 ,
ANONYMOUS: "Joi nt
Symposi m of the

Meeti ng of the

13th

Austri an-Pharmacol ogi cal - S
oci ety/Austri
an-Soci ety-of -Toxi col ogy/Hung
ari an-Soci ety-for-Experimen
tal -and-Cl i n i cal -Pharmacol ogy, Vi enna,
AUSTRIA, November 22 -24, 2007" ,
XP002632800,
Database accessi on no. PREV200800570113
abstract

Relevant to claim No.

