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inflammatory cells such as macrophages and monocytes but its role in
angiogenesis is still controversial.

Due to their importance as angiogenic regulators, the VEGF family

members have been suggested as potential therapeutics in order to adjust the

30 angiogenic processes in different pathological conditions (Yl&-Herttuala 2003).

In vivo studies have been done to induce angiogenesis by introducing VEGFs to

tissues either directly as recombinant proteins or using gene therapy vectors

(Markkanen 2005). The findings from several studies have shown that VEGF

family members have strong angiogenic activity in vivo and they are potentially



W

10

20

30

35

tissues either directly as reconbi nant proteins or
usi ng gene therapy vectors (Mrkkanen 2005). The
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hawphanglogenes‘s mediating receptor; 2) by contrast to VEGF-A, -B and PLGF,

VEGF-C and VEGF-D are expressed as long preproteins. These forms have
poor receptor-binding affinities and, in order to be converted to more active
growth factors, VEGF-C and VEGF-D are proteolytically processed both from
their N-terminal and C-terminal ends; 3) in contrast to other members of the
family, the mature proteolytically processed form of VEGF-D, VEGF-D*™®, has
been found to exist mainly as a non-covalently bound dimer or monomer and
only in small degree as a covalently bound disulfide bond-linked dimer. These

DANAC

studies have also shown that the monomeric fraction of VEGF- is also only

very weakly active when compared to the dimeric fraction. The mainly non-
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found that the replacement of Cys25 with a variety of different amino acids in the

VEGF-D*2€ protein increased the formation of covalent dimer and also

markedly increased the activity of the protein at the VEGF receptors. The

30 present invention is based on the realization that, for VEGF receptor activation,

covalent dimerisation of the VEGF ligand is favorable. The present invention is

therefore a VEGF-D protein, which is modified in that one or more amino acids

has been replaced by another amino acid, such that the dimer interface is
altered
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25 the VEGF-D protein may exist as a monomer, a dimer, or a mixture thereof.

Preterably, the VEGF-D protein exits substantially as a dimer.

The sequence of proteolytically processed VEGF-D, VEGF-D*MC, is
given as SEQ ID NO: 1. In a preferred embodiment, the present invention
comprises a VEGF-D*"2¢ (SEQ ID NO: 1) protein, wherein one or more of the

30 Cys residues has been replaced by another amino acid. This mutation may
increase the dimer to monomer ratio compared to the wild-type VEGF-D*"2C. In
a preferred embodiment, amino acid 25 of that sequence (Cys25) has been
replaced by another amino acid. Preferably, the amino acid is selected from
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properties of the proteindare altered conpared to the
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from the wild-type VEGF-D sequence corresponding amino acids 93-201. The

numbering used here is based on the VEGF-D*"¢ sequence as presented in
Figure 1. Sequences coding for N-terminal IL-3 signal sequence and Flag-tag
and a sequence coding for a C-terminal 6xHis are fused to the VEGF-D*N°
sequence. Plasmids encoding mutant VEGF-D*MC proteins were generated
using quickchange site-directed mutagenesis with pEntry-VEGF-D*"*® plasmid
as a template. Human VEGF-A2; cDNA was cloned into pDonr201 vector

(Invitrogen) using BP-reaction. Coding sequences of the Entry clones were then
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In vitro studies

Ba/F3-R2 (Achen 1998) and Ba/F3-R3 (Achen 2000) cell survival assays
30 were done by plating 18000 cells per well to 96-well plates and adding
recombinant proteins or conditioned medium from transiently transfected 293T
cells in serial dilutions. The cell viability was quantified after 48h. 20 ul Cell Titer
Blue Reagent (Promega) was added to each well; plates were incubated two

hours at 37°C. Fluorescence was read using Wallac Victor2 1420 Multilabel

35  Counter (Perkin Elmer Biosystems).
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one or nore am no acids h#s been replaced by anot her
a C such that the dimer interface is altered.
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sequence enco protéin accor to any of
cl &i ms A protein, af:mfdxug etoj ﬁn\gdnechimr algim, 1<zt than promotion  of
expk gg%l gLsvector according to claim13, for use in

t he ronDtlon of angi ogenesi s.
10. A protein according o claim 8 or claim 9, for the prevention or treatment

of ischemia or coronary artery disease.

11.  Use of a protein according to any of claims 1 to 8, for the manufacture of
a medicament of the promotion of angiogenesis.

12.  Use according to claim 11, for the prevention or treatment of ischemia or
coronary artery disease.

13.  An expression vector including a nucleotide sequence encoding a VEGF
protein according to any of claims 1 to 7, for use in gene therapy.

14.  An expression vector according to claim 13, for use in the promotion of

angiogenesis.



