VEGF- D MUTANTS AND THEIR USE Field of the |Invention

This invention relates to nodifications of VEG--D,
wohkiogh4dorer ease its activity at the VEGE r eceppOr/GBarvd/001873

their use in therapy. Background of the Invention

Vascul ar endothelial growth factors (VEG-s) are

consi dered as key\égrowt h factors inducin angl ogenesi s

and | ynphangi ogen (BE- @MV%NE%%JWQ Eas well as

mai nt ai ni ng vascul ature during adul t hood. Thei r

ab,g [ I hon is also found on several
%%M@gﬁdlu ons such as cancer and

reti nopghibiigy nt’éﬁ%ae@%%ealf.egud&eoi e D‘ avm.&ry .ﬁérease its
rel ated growth tactors including VEG- B

ol actiwity af ther\iBh reeentor; apd treinusaysithempy O f Vi r us

5 deé L}% PTOONI-THAS and nul ti pl e honol ogues from
na%en‘o‘rrb—ﬁ%n'dvgmus VEG- protein fam |y nenbers
i n huneViasaars endathekal egraivth Jaétorst{ VEGHs3 rarascensideratitas key
of alternative cing e
or RLT dacol ooy Ruigbdi R an: Withieh§ogenesis during
t h@aBryogehesis,s ay avell esnaad\tmﬂchbyvaiytzelatmet thaing adulthood. Their
dlfferlg]@g Bemfl cities,and affi nities to three
8 Al

fessiop s §chverel Rtiolgicd fondRofs such as

10 he@éﬁc’éﬂ afdlr @tli}ﬂip@tmé@t VEGIFYA dBPngsdo méﬂﬁfgé?qafﬁwenﬁefat@a growth
the extracellular matrix. VEGFR-2 is the

i niaéiqramclu%ragaME&F Bedul 'atanﬁg)'%t‘rﬁg\t%@é%m f§°@ﬁ KIGE asyvell as Orf

éﬂ"f\/ %&Moeﬁ' rS B6d it §|ﬁo?no| '@Eahbﬁ‘f‘snake venoms.
Ilgansmc e VEG-- A, EGFCadVEGF-

adand¢gﬁmoue Ww@emﬁwlwmbersm aumans exist 8s @everal isoforms

VEgiF T aé""&' F&u’lts ft QI‘? fcn Q)'f % r?\QRNAS r_due to proteolytic
?he

nphangi ogenesi s herefore 1n
15 f opnmesmng ofT Heym@egerm eﬁe@slaﬁnlue&a varie@its xatyi cafsiderally due to

t o, VEGE. [
o et RS, Syl SR B 5 el co-
threteptmsp:tlmh ias keoropiling, Mmegarine suiphatd Ipmteoglycans and other
i nf |l anmat qQr ells su as_nmcrophages and nonocytes
buPOTP%"?'gfﬁfﬁﬁ%ﬁngs' HJOALX; s stil| controversial.
Due to VEEGFR-RNPfHd MBSEMPpdOrandiceesior %gmtﬂgainy@genbb@ and it is
VEGF fam |y nmenbers have ageen sulagr@nhﬁ &géen
20 ¢ hEvaie PlESSEd oy ardothefial gelis 80 oV gands include
?Weeliﬁf t\/E(eipdcf ArR] YEGAB! hﬁ'éﬁéﬁt%' toCPRAFR-®NVEGF-C and -D are
a-Herttual a
ligands of VEGFR-3 wznch is the receptor mediating lymphangiogenesis and
partakes therefore in the formation of lymphatic vasculature. VEGF-A binds also
to VEGFR-1 which functions during embryogenesis mainly as a non-signalling
25 decoy receptor. In adult organism this receptor is known to mediate migration of
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 (Yla-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
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lymphangiogenesis 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

30 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*M*°, 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

35 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*"*C protein increased the formation of covalent dimer and also
markedly increased the activity of the protein at the VEGF receptors. The
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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protein. Preferably, the VEGF-D mutants of the invention have a higher dimer to
monomer ratio than the wild-type VEGF-D. Therefore, in the present invention,
the VEGF-D protein may exist as a monomer, a dimer, or a mixture thereof.
Preferably, the VEGF-D protein exits substantially as a dimer.

The sequence of proteolytically processed VEGF-D, VEGF-D*MA¢

, 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
Cys residues has been replaced by another amino acid. This mutation may

DANAC. In

increase the dimer to monomer ratio compared to the wild-type VEGF-
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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Cloning of the constructs and virus generation
The VEGF-D*M2© gene used in this study includes nucleotides 277-603
from the wild-type VEGF-D sequence corresponding amino acids 93-201. The

numbering used here is based on the VEGF-D*NAC

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*NAC
sequence. Plasmids encoding mutant VEGF-D*"*C proteins were generated

using quickchange site-directed mutagenesis with pEntry-VEGF-D*NC

plasmid
as a template. Human VEGF-A;; cDNA was cloned into pDonr201 vector

(Invitrogen) using BP-reaction. Coding sequences of the Entry clones were then
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hours. Proteins were purified fromclarified culture
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or Page Blue Protein Staining Solution (Fermentas). Alternatively, proteins were
transferred to nitrocellulose membrane and detected using a VEGF-D
monoclonal antibody (MAB286, R&D Systems).
In vitro studies

Ba/F3-R2 (Achen 1998) and Ba/F3-R3 (Achen 2000) cell survival assays

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

Counter (Perkin ElImer Biosystems).



human VEGF- A1 65 was purchased form R&D Syst ens.
Protein expression in manmalian cells 293T cells were
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according to manufacturer's instructions. Conditioned
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VEGF-D protein containing the mutation Gly51->Cys or Cys25->Leu;
VEGF-D containing the mutations, Arg 22 > Leu and Cys25 - Leu; and VEGF-
D containing the mutations Arg22 - lle and Cys25 > Leu, all showed increased

dimer to monomer ratio compared to VEGF-D*"*C,

As expected, certain
modifications in the VEGF-D dimer interface can clearly alter the multimerization
status of the protein.

Activity measurement in vitro: The biological activities of purified VEGF-
DANAC VEGF-D®N2C25A and VEGF-DAVA°53A were measured using Ba/F3 cell
survival assays using cells expressing either VEGFR-2/EpoR or VEGFR-3/EpoR
chimeric receptors. In both assays, VEGF-D*"2°53A mutant was found to have
completely lost its VEGF receptor activation ability, whereas VEGF-D“"2°25A
mutant had about ten times higher activity compared to native VEGF-D“"*®. The

proteins purified from insect cell media and conditioned medium from transiently
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protein or admlnlstered by gene therapy. For example, an expression vector

including a nucleotide sequence encoding a VEGF-D protein of the invention,

may be used in gene therapy.



chem cal properties. Transient transfection of 293T
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assays with Ba/F3 cells expressing either VEG-R-2/EpoR
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nore effective nmedi ator of therapeutic angi ogenesis
than its wild-type predecessor, either used as a
reconbi nant protein or adm ni stered by gene therapy.
For exanpl e, an expression vector including a

nucl eoti de sequence encoding a VEG--D protein of the
i nvention, may be used in gene therapy. Reference List
Achen et a/ (1998) Proc. Natl. Acad. ScL U S. A 95,
548- 553 Markkanen et al (2005) Cardi ovasc. Res. 65,
656- 664 Laitinen et al (2005) Nucleic Acids Res. 33,
e42 Airenne et a/ (2003) Nucleic Acids Res. 31, elOl
Stacker et a/ (1999) J. Biol. Chem 274(45):
32127-32136CLAIMS 1. A VEG--D protein which is
nodified in that one or nore am no aci ds has been
repl aced by another am no acid, such that the dinmer
interface is altered. 2. A protein according to claim
1, wherein the one or nore am no acids



conprise Cys. 3. A protein according to claim1 or
claim2, which is nodified VEG--DDNDC (SEQ I D NOM . 4.
wa@soi@en according to claim 3, wherein the (QSREB2008/001873
resi due of VEGF-D NDC has heen repl aced by anot her
amno acid. 5. A protein according to any preceding
' erein the another amno acid is Leu, lie,

cl
Val, A ; T . . 6. - di no.
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preepio NO:qy. treatment of ischemia or coronary artery
di sease. 11. Use of a protein according to any of ANAG
cl4i ms A Preje, accarding o flaif Bawbereln e Gysebdreidhe of VEGF-D
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cl gri\yél-l& for use in the pronotion of angi ogenesis.
7. A VEGF-D protein according to any preceding claim, which exists
15  substantially as a dimer.
8. A protein according to any preceding claim, for use in therapy.
9. A protein according to any preceding claim, for the promotion of
angiogenesis. '
10. A protein according to claim 8 or claim 9, for the prevention or treatment
20 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.
25 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.



