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Treatment of proliferative diseases

Field of the invention

| [0001] The present invention relates to methods for preventing or treatlng proliferative diseases. In
- particular, the present invention relates to the use of compositions derived or derivable from plants

such as plant defensins, “pamcularly‘ in methods for the prevention or treatment of proliferative
diseases such as cancer. The presentinvention also relates to associated uses, systems and kits.

Cross-reference to related applications

[0002] This application claims priority to US Provisional Patent Application number 61/358,126
filed on June 24, 2010, which is hereby incorporated by reference in its entirety. '

Statement regarding federally funded research

- [0003] Not applicable.

Background to the invention

[0004] Plants are known to produce a variety of chemical compounds, either constitutively or
inducibly, to protect themselves against environmental stresses, wounding, or microbiai'in\‘/asion.

[0005] Of the plant antimicrobial proteins that have been characterized to date, a large proportion
share common characteristics. They are generally small (<10 kDa), highly basic proteins and often
contain an even number of cysteine residues (typically 4, 6 or 8). These cyst‘eines'all participate in
intramolecular disulfide bonds and provide the protein with structural ahd thermodynamic stability
(Broekaert et al. (1997)). Based on amino acid sequence identities, primarily with reference to the
number and spacing of the cysteine residues, a number of distinct families have been defined.
They include 'th”e plant defensins (Broekaert et al.,1995,1997; Lay et al, 2003a), thionins
(Bohimann, 1994), |lp|d transfer protelns (Kader, 19961997) heveln (Broekaert et al., 1992) and
knottin-type proteins. (Cammue et al, 1992), as well as antlmtcroblal proteins from Macadamia
integrifolia (Marcus et al., 1997, McManus et al., 1999) and Impatiens balsamina (Tailor et al,
1997; Patel et al., 1998) (Table 1). All these antimicrobial proteins appear to exert their activities at
the level of the plasma membrane of the target micrdorganisms, although it is likely that the
different protein families act v‘ia different mechanisms (Broekaert et al., 1997). The cyclotides are a
new family of small, cysteine-rich plant peptides. that are common in- members of the Rubiaceae
and Violaceae families (revuewed in Craik et al., 1999, 2004; Craxk 2001). These unusual cyclic
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peptides (Table 1) have been ascribed .vari_cus biological activities including. antibacterial (Tam, et
al., 1999), anti-HIV (Gustafson (et'a/., 1994) and insécticidal-'(Jennings..et' al., 2001) properties.

TABLE1 Small cystelne-nch antlmlcrobual protems in pIants

l’eptid‘e':’:'f”ij‘_Representatlvc _ NO of - oo
P . amino. .Consensus sequence
family. member R S .
v " acids R - ~ .
Plant o : 3-C-10-C-5-C-3-C-9-C-8-C-1-C-3-C
L Rs-AFP2 - 51 R = ]
defensins _ : .

o/B-Thionin . ‘ 2-CC-7-C-3-C-8-C-3-C-1-C-8-C-6

P 1. a-Purothionin 45 I L | l

(8-Cys type) | . a :

Livid transfer | ' 3C9(, 12-CC-18-C-1-C-23-C-15-C-4
pic transt Ace-AMPI 93 I s s R
proteln ) . . T

' o "3-C-4'—C-4-CC-5-C-6-C-2

Hevein-type. |. Ac-AMP2 30 S
- T 1-C-6-C-8-CC-3-C-10-C-3 |

Knottin-type Mj-AMPL | 36 -

K " 10-C-9-C-1-C-25-C-14-C-11-C

Macadamia MiAMP1 .76 o } !

. : o 5-CC-8-C-3-C
Impatiens Ib-AMP1 20 L et |
— : 1-C-3-C-4-C-4-C-1-C-4-C-6
- Cyclotide - KalataB1 | .29 v |
L D S Ll e——

[0006] The size of the mature- droteih- and ‘spacing - of cysteide residues. for represent.ative _
'members of plant antimicrobial _proteins is shown in Table 1. ‘The numbers in the consensus

' sequence represent the number of amino acids between the highly conserved cysteine residues in
the representative member but other members of the famlly may vary slightly in the inter-cysteine
lengths. .The~fdisulfide connecti\'/iti‘es are given by connecting lines. The cyclic backbone of the -
cyclotides is depicted by the broken line (from Lay and Anderson, 2005).

" Defensins

[0007] The term “defensm" has: prewously been used in the art to describe a diverse famtly of
) molecules that are’ produced by many dlfferent spemes and whnch function in innate defense
agalnst pathogens mcludmg bacteria, fungl, yeast and viruses. '
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Plant defensins

[0008] Plant defensins (also termed y-thionins) are small (~5 kDa, 45 to 54 amino acids), basic
protelns with eight cysteine residues that form four strictly conserved dlsulﬁde bonds with a Cys|
C,yswn. Cysi-Cysw, Cysu-Cyswi and Cysy.Cysws configuration. As well as these four strictly
conserved di.sulﬁde bonds, some plant defensine have an additional disulfide bond (Lay et al,
2003a, 2003b; Janssen et al., 2003). | | |

[0009] The name ‘plant defensin” was coined.in 1995 by Terras and colleagues who isolated two
antifungal proteins from radish seeds (Rs-AFP1 and Rs-AFP2) and noted that at a primary and
three-dimensional structural level these proteins were distinct from the plant 'a-/l&-thionins but
shared some structural similarities to insect and mammalian defensins (Terras et al, 1995;
Broekaert et al,, 1995). |

[0010] Plant defensins: exhibit clear, although relatively limited, sequence conservation. Strictly
conse'rved are the eight oysteine tesidues and a glycine at position 34 (numbering relative to Rs-
AFP2). In most of the sequences, a serine at position 8, an atomatlc residue at position 11, a
glycine at position 13 and a glutamic acid at position 29 are also conserved (Lay et al., 2003a; Lay -
and Andereon "2005)., | '

[0011] The three- dlmen5|onal solution structures of the first plant defensms were elucndated in
1993 by Bruix and colleagues for y1-P and y1-H. Since that time, the structures of other seed-
derived and two flower-derived (NaD1 and PhD1) defensins have been determlned (Lay et al.,

-2003b; Janssen et al. , 2003)..All these defensins elaborate a motif known as the cysteine-stabilized

af (CSaf) fold and share highly superlmposable three- dlmenSIonal structures that comprise a
welloef ned a-helix and a triple-stranded anttparallel B- sheet These elements are organized in a
Bofp arrangement and are reinforced by four disulfide bndges

[0012] The CSof motif is also displayed by insect defensins and scorpion toxms In comparing
the amino acid sequences of the structurally characterized plant defensins; insect defensins and
scorpion toxins, it is apparent that the CSaB scaffold is highly permissive to size and compositional

~ differences.

[0013] The plant defensm/y thionin structure contrasts to that whlch is adopled by the o- and B3-
thionins. The a- and B-thionins form compact, amphlpathtc, L- shaped molecules where the long
vertical arm of the L is composed of two (x-helioes, and the short’arm is formed by two antiparallel
B-strandsand the last (~10) C-terminal residues. These proteins'ate also stabilized by three or four
disulfide bonds (Bohimann and Apel, 1991). '

[0014] Plant defensins have a widespread distribution throughout the plant kingdom and are likely
to be present in most, if not all, plants. Most plant defensins have been isolated from seeds where
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. they are abundant and: have been characterrzed at the. molecular, biochemical and structurat levels

-(Broekaert etal, 1995 Thomma et al., 2003; Lay and Anderson, 2005) Defensrns_have also been -
identified in other tissues mctudmg leaves, pods, tubers, fruit roots, bark and floral tissues (Lay and
Anderson, 2005) ' '

[0015] An amino acid sequence ahgnment of severat defensms that have been identified, either as

purified protein or deduced from cDNAs, has been published by Lay and Anderson (2005). Other
plant defensins have been disclosed in U.S. Patent No. 6,911,577, International Patent Publication

‘No. WO 00/11196 and tnternatronal Patent Publtcatron No WO 00168405 the- entrre contents of , ‘
- which are rncorporated herern by reference

Mammallan defensms

[0016) The mammahan defensrns form three distinct structurat subtamrhes known as the a-, B-

' and 6- defensins. In contrast to the plant defensins, all three subfamilies contarn only six cystelne

resrdues which differ with respect to their size, the ptacement and connectivity of their cysteines,

the nature of their precursors and their sites of expression (Selsted et al., 1993; Hancoc_k and
Lefrer, 1998; Tang et al, 1999a, b; Lehrer and Ganz, 2002). Al subfamilies have an implicated
role in innate- host irnmunity,_a_nd more recentiy, have been linked with adaptive immunity as.

| immunostimulating agents (Tang et al, 1999b; Lehrer and Ganz, 2002). It was in the context of -

their defense role that the name “defensin” was ongrnatly corned (Ganz et al., 1985; Selsted et al.,
1985). '

- [0017] The a- defensrns (also known as classrcat defensrns) are 29-35 amlno acrds in length and

their six cysterne resrdues form' three drsutftde bonds with-a Cys|-Cys\n, CYSM Cysw and CySm—CySV
configuration (Table 2. ‘

- [0018] In. contrast to the: ot defensins the B'-defensins ar'e‘*targer'(36 42 amtno'acids in size) and

have a different cysteine: patnng (Cysr- Cysv, Cysi- Cysw and- Cysu-Cysv) and spacing (Tang and

| Selsted, 1993). They are also produced as preprodetensrns However, their prodomains are much

.shorter. Analogous to the a-defensins, the synthesis of B-defensins can ‘be constitutive or can be
induced following tnjury or exposure to bacteria, parasitic protozoa, bacterial lipopolysaccharides,
and also in response to humoral -mediators (r e cytokmes) (Diamond et al., 1996; Russelt et al,

-1996; Tarver et al., 1998).

[0019] The size of the mature protein and spacrng of cystetne resrdues for representative
members of defensin and defensin-like proteins from insects and mammals is shown in Table 2.
The numbers in the consensus sequence: represent the number of amino acids between the highly .
conserved cysterne resrdues in the representative member, but other members. of the famrly may



WO 2011/160174 PCT/AU2011/000760

-vary shghtly in the- mter-cysteme lengths. The disulfide connectivities-are g:ven by connectlng lines.
" The cyclic'backbone of the mammalian’ theta-defensins is depicted by the broken hne
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tnsect defensrns

[0020] A- Iarge number of: defensrn and defensrn hke protems have been rdentrﬂed |n msects
These proterns are produced in the fat body (equrvatent of the. mammalr an Irver) from whrch they
are subsequentty_reteased into the hemotymph (Lamberty et al., 1999). Most insect defensins have

three disulfide bonds. However, a number of related proteins, namely drosomycin from Drosaphila
'melanogaster have four disuffides (Fehlbaum et al., 1994; Landon et al., 1997) (Tabte 2).
-10021] The three- drmensronat structures of. several insect defensins have been- solved (eg

Hanzawa et aI 1990; Bonmatin et al., 1992 Cornet et al 1995; Lamberty et al., 2001; Da Silva et
al., 2003). Therr gtobal fold, as typified by rnsect defensrn A features an a-helix, a double- stranded
antiparallel Bsheet and a long  N-terminal loop These elements of secondary structure are
stabilized by three disulfide bonds that are arranged in-a Cys-Cysiv, Cysir- CYsV and CYsllI Cysvr
onfguratlon (Bonmatin et al., 1992 Cornet etal., 1995) '

Two classes of plant. defensrns

‘[0022] Plant defensins can- be divided lnto two major classes according to the structure of the
precursor proteins predrcted from cDNA clones (Lay et al,, 2003a) (Figure 8). In the first and largest |
class, the precursor protein is composed of an-endoplasmic reticulum (ER) signal sequence and a
“mature defensin domain. These proterns enter the. secretory pathway and have no obvious signals

for post- transtatronal modrfrcatron or subcellular targeting (Frgure 8A).

_.[0023] The' second class of defensrns are . produced as . targer prectirsors with: Ctermmat

prodomarns or propeptrdes (CTPPs).of about 33 amino-acids (Figure 8B). Class Il defensins have
been identified in solanaceous species where they are expressed constrtutrvely in floral tissues (Lay
et al,, 2003a; Gu et al,, 1992; -Milligan et al,, 1995; Brandstadter et al., 1996) and fruit (Aluru ef al.,
1999) and in salt stressed ‘Iea\-/es (Komori et al., 1997, Yamada et al, 1997)’. The CTPP of the

- solanaceous defensins from’ Nicotiana alata (NaD1) and Petunia hybrida (PhD1 and PhD2) is
‘removed proteolytically during maturation (Lay et al., 2003a). ' o

[0024] The CTPPs. on the solanaceousdefensins'have' an unasoally high'content of acidic and
hydrophobic amino acrds Interestmgty, at neutrat pH, the negatwe charge of the CTPP counter-
balances the. posrtrve charge of. the defensrn domarn (Lay and Anderson, 2005)

Biological-activtty of plant defensins

" [0025] Some biological activities have been attributed to ptant defensins includtng growth -

inhibitory eftects on fungi (Broekaert et al., 1997; Lay et al, 2003a; Osbom et al., 1995; Terras et
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al., 1993), and Gram-positive and Gram-negative bacteria (Segura et al, 1998 Moreno ef al,

1994 Zhang and Lewis, 1997) Some: defensms are also effectlve inhibitors of digestive enzymes
such as o- amylases (Zhang et al, 1997; Bloch etal, 1991) and senne protelnases (Wuaya et al,,

2000; Melo-et &l., 2002), two’ funct:ons conssstent with a role i in protectlon against’ insect herblvory
This. is supported by the observation that ‘bacterially.-expressed mung bean defensm, VrCRP, is
lethal to the bruchid Callosobruchus chinensis when incorporated into an artificial diet at 0.2% (w/w)
(Chen et al., 2002). Some defensins also inhibit protein translation (Mendez et al., 1990; Colilla et
al., 1990; Mendez et al., 1996) or bind-to ion channels (Kushmerick et al.,,. 1998). A defensin from
Arabidopsis halleri also confers zinc tolerance, suggesting a role in stress adaptation (Mirouze et
al., 2006). More recently a: sunﬂower defensin was shown {0 induce cell-death in Orobanche
parasite plants (de Zehcourt et al., 2007): . '

Antifungal activity

[0026] The best characterized activity of some but not all plant defensins is their ability to inhibit,
with varying potencies a large number of fungal species (for examples, see Broekaert ef al., 1997;
Lay et al., 2003a; Osborn el al 1995) Rs AFP2;: for example lnhlbns the growth of Phoma betae

cat pg/mL but is :neffectwe agamst Sclerotlnla sclerotlorum at'1 OO pg/mL (Terras ef al., 1992).

Based on their effects on the growth- and morphology of the fungus, -Fusarium. culmorum, two
“groups of - defensms can be distinguished. The "morphogenuc plant defensins cause reduced
'hy_phal elongation with a concomltant increase in hyphal branching, ‘whereas the ‘“non-
morphogenic” planf-defensins reduce the rate of hyphal elongation, but do not induce marked
morphological distortions (Osborn et al., 1995).- , '
[0027] More recently, the pea defensin Psd1 has been shown to be taken up mtracellulany and
enter the nuclei.of Neurospora crassa where it interacts with a nuclear cyclin-like protein involved in
cell cycle control (Lobo et al, 2007). For MsDef1, a defensin from alfalfa, two mitogen-activated
protein (MAP) kinase signalling cascades have a major role in regulating 'MsDefi activity. on
Fusarium graminearum (Ramamoorthy e al., 2007). _
[0028) Permeebilization of fungal 'membranes has also been reported for some plant defensins
(Lay and Anderson, 2005).  :For example, NaD1 is a pIanf defensin isolated from floral tissue of
Nicotiana alata. The amino-acid and coding sequences -of NaD1 are disclosed in International
Patent Pubhcatlon No. WO 02/063011 the: entire.contents’ of which are mcorporated by reference
herein. NaD1 was tested in. vitro for antlfung_al actlvxty -_agamst the filamentous fungi Fusarium
‘exysp'erum' {. sp. vasinfectum (Fov), Verticilium dahlide, Thielaviopsis basicola, Aspergillus
nidulans and L‘eptosphaeria maculans. At 1 pM, NaD1 retarded the growth of Fov and L. maculans
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" by 50% while V. dahiae, T. basicola, and-A. nidulans were all inhibited by approximately 65%. At 5
. puM NaD1, the growth of all f“ ive: specres was inhibited.by’ more.than'80%: .These five fungal species
are all members of the ascomycete phylum and are drstnbuted among three classes in the
: subphylum pezrzomycotrna These fungr are agronomrcally |mportant fungal pathogens “All
lfrlamentous fungr tested thus far are sensitive to inhibition by NaD1 (van der Weerden et al., 2008).

[0029] The rmportance of: the four drsulfrde bonds in NaD1 was rnvestngated by reducrng and
alkylatlng the cystelne residues. Reduced and alkylated NaD1 (NaDlR&A) was completely inactive

in the growth rnhlbrtory assays with Fov even at a concentratlon ten-fold hrgher than the leo for

NaD1 (van der Weerden et al., 2008)
Prior work with antimicrobial peptides and tumour'cells.

Use of small cysteine-rich/cationic antimicrobial peptides in the treatment of human _di'sease -

[0030] There'is an increasing body'of' literature lmpllcatlng human a; and f-defensins in various -

aspects of cancer, tumoungenesrs angrogenesns and invasion. The use of. mammalran defensrns

has also been proposed for the: treatment of-viral- and fungal rntectrons and as an alternative or |

- adjunct fo antibiotic treatment- of bactenal mfectrons However their cytotoxicity towards
" mammalian cells remains a srgnrf cant barrrer Moss et al (Unrted States Patent No. 7 511,015)
~have shown that modification of the defensrn peptrde through rrbosylatlon or ADP-ribosylation of

arginine- resrdues modlt‘ ies the toxicity of the peptide and enhances its antrmlcroblal propertres

[0031] The review by Mader and Hoskin (2006) descnbes the use of cationic anlrmrcrobral

peptides as novel cytotoxrc agents for cancer-treatment. It s_hould be noted however that a review .
by Pelegrini and Franco (2005)7-incorrectly' describes .o-/B-thionins 'from mistletoe, which- are -

. -anticancer molecules as y- thionins' (anoth'ername for plant defensins). The perSon skilled.in the art
. would understand that such prior art does not relate to plant defensrns ( y-thronrns) but mstead to

the structurally and functionally distinct oc- /B-thionins.

Reports of plant.defensins with antipro‘llferatlve activity on human cancer cells

[0032] Srnce 2004 some rsolated reports have suggested that plant défensin(- lrke) proterns could

. also dlsplay in vitrg antrprolrferatrve activity agalnst vanous human tumour cell lrnes (with differing

potencres) (see, for example Wong and Ng (2005), Ngai and Ng (2005) Ma et al. (2009) and Lin et
al. (2009)) These proterns have largely been isolated- from leguminous plants (e.g. beans). The -
assrgnment. of these proteins.to fhe plant defensin class was based on their estimated molecular'
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. mass(~5 kDa)_ and-in some cases on limited N- termmal amlno acrd similarities to known defensin

-"-sequences gHowever the proterns as disclosed m these: references Iack the stnctly conserved

. cysterne resrdues and cystelne spacings that define defensrns In addmon the proterns drsclosed

in such references are not Class I defensins, nor are they from the famr!y Solanaceae _
[0033] A revrew of the literature indicates that the Capsrcum chmese defensin (CcD1) is the only
other Class I defensrn of the Solanaceae famrly that has been prevrously rmplrcated as havrng the
potentral to rnhrbrt the vrabrhty of mammalran cells (Anaya-Lopez et al 2006). It is reported that the'

 transfection of an expression, construct encoding ‘a full-length sequence for CeD1 into the bovine
“endothelial cell line BE-EBE7 resulted in conditioned media that exhibited anti-proliferative effects

on the human transformed call fine Hela. There are a number of major flaws in the experimental
design and interpretation of these data that make it impossible for the person skilled in the art to

~draw a valid conclusion from the described studies as to whether CcD1 exhibits anti-proliferative
- activity. These ind_ude: (i). althoug'h_. rn_RNA. for CcD1.was suggested in the transfected_ cells, .no
. evidence was provided to demonstrate that the CcD1. protein -was aCtuaNy" expressed in the

15 condmoned media, (i)} the use of the qu |ength open -reading frame of CcD1 rather than the mature -

coding domain would require the- processrng of the expressed precursor by removal of the CTPP

- domain to produce an "active” defensin - this was not demonstrated, (iii) the process of transfection

can result in changes to a cell and the control for the tra’_nsfection experiment was not adequate in

- that untransfected celis were used rathier than the correct control of vector alone transfected cells,

(iv) the use of conditioned media rather than purified CcD1 protein could influence the experimental
readout as components of the media or other secr'eted- moleCUles from the transfected cells may
themselves orin combrnatron with- CcD1 have antr prohferatrve actrvrty (v) the expression Ievels of
CcD1 mRNA’ |n the various transfected endot helral cell populatlons (Anaya-Lopez et al 2006,
Figure 2) do not correlate with the proposed antr prolrferatrve activity of the CcD1 transfected cell

conditioned medra (Anaya Lopez et al., 2006, Figure 4) as there is no statrstrcally significant

difference between the observed anti- prolrferatrve responses medrated by the dlfferent conditioned

‘media samples. v_;It_sh_o,u!d aIs_o. pe_.noted;;hat;these def ciencies in the expenmental design and

interpretation"' were 'expressly 'aCknowIedged in. an"independe.ntly‘ published paper by the same

~ authors in 2008 (Loenza-Angeles et al 2008) Bésed on. 't'h'ese' Observaiions it would be

impossible for the person skilled in the art to.interpret. from Anaya Lopez et al. (2006) that CcD1
has any anti- prolrferatrve activity against mammalian cells.

- [0034] The inventors have previously drsclosed in International Patent Publication No. WO

02/063011 certain novel defensins and their use in -rnducmg resistance in plants or parts of plants to

: pathogen infestation. The entire contents of WO-02/063011 are incorporated herein by reference.
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- [0035] As a result.of further studies into plant defensins, it has surprisingly been determined that

Cta'_ss' Il defensins from the Solanaceae plant family have potent cytotoxic properties. These

' significant findings therefore describe a novel and important way in which proliferative diseases

may be prevented and treated. Accordingly, these findings: provide for methods for the prevention

“and treatment of proliferative diseases such as cancer, as well as associated systems and kits. -

Summary of the mventron - |

[0036] In a flrst aspect of the present tnventlon there 1s provrded a ptant defensrn tor use in-
preventing or treatrng a prohferatrve disease. _ '
[0037] I a second aspect of the present invention, there is provided a nuclelc acid encoding the
ptant defensin of the first aspect.

{0038] Ina thtrd aspect of the present invention, there | |s provrded a vector comprising the nuctetc
~ acid of the second aspect.

[0039] . In a fourth aspect. of the present rnvenhon there is provrded a host cell compnsmg the
vector of the thlrd aspect ' ,

[0040] In a fifth aspect of the present rnventron there is provrded an expressron product produced :
by the host cell of the fourth aspect.

.' [0041] In a sixth aspect of the present_invention, there is provided 'a'pharmaceutical’composition

for use in preventing or treating'a proliferati've disease, wherein the pharmaceuttcal composition
compnses the plant defensrn of the first aspect the nuclerc acrd of the second aspect, the vector of

_the third aspect, the. host cell of the fourth aspect of the- expressron product of the f fth aspect

' together wnth a pharmaceuttcalty acceptabte carrier, diluent or excrprent s ‘

- [0042] In a “seventh- aspect of the. present invention, there is provrded a method for preventrng or
_treattng a proliferative disease, ‘wherein .the: m_ethod comprises admlnlstenng to a subtect a
'th'erapeutically'effective amount of the ‘plant defensin of the first aspect, the nucleic acid of the

. second aspect, the vector-of the third ‘aspect, the host cell of the fourth aspect; .the expression

product of the fifth aspect orthe pharmaceuttcal composition of: the srxth aspect, thereby preventing
or treating the prolrferattve disease.

- [0043] In an eighth aspect of the present invention, there is provrded use of the plant defensin of

the first aspect, the nucleic acid of the second aspect, the vec_tor. of the third aspect, the host cell of

'the fourth aspect, the expression product of the fifth.aspect or the pharmaceutical compositton of

the s:xth aspect m the preparation of a medicament for preventmg or treatrng a prohferatwe

" disease.
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[0044] In a ninth aspect of the present invention, there is provrded a ktt for preventrng or treatrng a
proliferative disease, wheretn the. kit comprises a therapeuttcally effectrve amount of- the plant
defensm of the: ftrst aspect, the nuclerc acrd of thesecond aspect, the vector of the third aspect, the
host cell of the fourth aspect the expressron product of the fifth aspect or the pharmaceuttcal
composrtlon of the sixth aspect '

[0045] In a tenth aspect of the present invention, there is provrded use of the kit of the ninth .
aspect for preventlng or treattng a prohterattve drsease whereln the therapeuttcalty etfectrve

_amount of the plant defensin of the first aspect, the nucleic acrd of the second aspect, the vector of

the third aspect, the host cell of the fourth aspect, the expressron product ot the fifth aspect or the

" pharmaceutrcat composrtton of the sixth aspect is admmtstered to a subject thereby preventmg or

treattng the prohferatrve dtsease : .
[0046] In'an eleventh aspect of the present mventton there is provrded a method for screening for

- cytotoxicity of plant defensrns agatnst mammalian tumour cells, wherein the method comprises

contacting the plant defénsin of the first a‘spect', the nucleic acid of the second aspect, the vector-of
the third aspect, the host cell of the fourth aspect, the expression product of the fifth aspect or the
pharmaceutical composition ot the sixth aspect with a 'mammalian cell line, and assaymg for
cytoxicity agamst the’ mammahan cell fine: due to. contact with the- plant defensnn

[0047] Ina twetﬂh aspect of the present mventton there tS provrded a ptant detensm screened by

, ~ the method: of the eleventh aspect.
20

[0048] Ina thlrteenth aspect of the present mventron there is provrded a method for productng a

_ ptant defensm wrth réduced haemotytlc actrvrty, wherein- the method compnses mtroducmg into the

plant defensin at least one alanine residue at or near the N-terminal of the defensin.
[0049] In a fourteenth aspect of the present tnvention, there is provided a plant defensin with -

. reduced haemotytic activity produced by the method according to the thirteenth _asp‘ect.

./ Definitions

[0050] -The-term "'dertvable" includes, and -vm‘ay be used interchangeably with, the terms

“obtainable” and ‘isolatable”. Compositions or other matter of the present invention that is
“derivable’, “obtainable” or “isolatable” from a particular source or process include not only
compositions or other matter derived, obtained or isolated from that source or process but also the

o same composrttons or matter however. sourced or produced

" [0051] As used herem the term "polypepttde r'neans a potymer made up of amino acids Itnked -
together by pe_pttd_e,:bonds, and tnct__udes fragments. or an_alogues thereof. The terms polypeptlde ,
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~“protein” and “amino acid” are used interchangeably herern although for the purposes of the

present invention.a polypeptrde may constitute a portron of a full Iength protein.
[0052] The term “nucleic acid” as used herern refers to a srngle or double- stranded polymer of
deoxynbonucleotrde nbonucleolrde bases or known analogues of natural nucleotldes or mrxtures

'vthereof The term lncludes reference to the specmed sequence as. well as to the. sequence

W,

complementary thereto unless otherwise indicated. “The terms ‘nucleic acrd ‘polynucleotide” and

nucleotrde sequence are used herein. mterchangeably lt will be understood that ) end" as used

_ herein in relation to a nucleic acid corresponds to the N-terminus of the encoded polypeptide and‘

“3' end" corresponds to the C-terminus of the encoded polypeptrde

[0053] The lerm “purified” means that the material in question-has been removed from its natural
envrronment or host, and associated |mpuntres reduced or eliminated such that the molecule in
questron is' the predominant. specres present. ‘The term “purified” therefore means that an oblect
species is :the_ predominant species present. (ie., on a molar basis: it'is more abundant.than any
other individual species in-the c'or'noosltion),, and preferably. a substanti__ally purified fraction is a
composition wherein the obje.ct species 'comprises at least about 30 percent (on a molar basi’s)' of

all macromolecular species present. Generally, a substantially pure composltlon will cornpris_e more
than about 80 to 90 percent of all macromolecular species present in the composition. Most

preferably, the object species is purified to essential: homogeneity (contaminant species cannot be
detected in the cormposition by conventional detection methods) wherein the composition consists

- essentially of a single macromolecular species. Th‘e'termsr“punﬁed"’ and “isolated” may be. used -

interchangeably._ Purity and homogeneity are typically. determined. using 'analytic'al chemistry

- techniques such as polyacrylamide gel electrophoresis orf_hlg‘h performance liquid chromatography.. |
“ A protein or nucleic acid that is the predominant species present in a. preparation is substan_tially

purified. The term "purified" in some embodlmenls d_enotes that a protein or nucleic acid gives rise
to-essentially one band in an electrophoretlc gel ' '

[0054] The term ‘fragment” refers to a polypeptide or nucleic acid that encodes a constrtuent oris

' ,' g constituent of a polypeptide or nucleic acid of the invention thereof - Typrcally the fragment

30

possesses qualitative biological activity in common with the polypeptide or nucleic acid- of which it is
a constituent. A peptide fragment may be between-about 5 to .aboul 150 amino- acids in length, -
between about 5 to ‘about 100 amino acids in length between about 5 to about 50 amino acids in
length, or between about 5to about 25 amino acids in length.- Alternatively, the peptlde fragment

* - may be between about 5.to about: 15 amino acids in Iength The term “ffragment” therefore includes

a polypeptide that is- a constituent: of a full-length plant defensin polypeptide and possesses

- qualitative biological activity _in common with-a full-length=-pl_ent_defensln'polypeptide. A fragment -
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may be derived from a full- Iength plant defensin polypeptide or- alternatrvely may be synthesised-by
some other means, for example chemical synthesrs .
[0055] The term “fragment" may also refer to a nuclenc acid: that encodes a constituent or is a

constrtuent of a polynucleotrde of the rnventron Fragments of a. ‘nucleic. acid do not necessarily

need to encode polypeptldes which  retain blologrc_al actlvrty.‘ _Rather the fragment may, for

“example, be useful as a hybridization probe or PCR primer. The fragment may be derived from a

polynucleotide of the invention or alternatively may be synthesized by some other means for
example chemical synthesis.- Nuclelc acids-of the- present. invention and: fragments thereof may
also be used in the productlon of antisense moIecuIes usrng technigues known to those skilled in’
the art. r _ L o
[0056] The term "-r'ecOmbinant“ when used with reference, for example, to a cell, nucleic acid,
protein or vector, indicates that the cell, nucleic acid, protein or vector has been modified by the
introduction of a heterologous nucleic acid or protein or by the alteration of a native nucleic acid or
protein, or that the cell is deriv'ed from a cell so modified. Accordingly, “recombinant’ cells express
genes that are not found within the native (non- -recombinant) form of the cell or express native
genes that are otherwise abnormally expressed under expressed or not.expressed at all, By the
term "recombinant nucleic: acrd" rs meant a nuclerc acrd ongrnally formed in vitro, in general by the
manrpulatron of a nuclerc acrd for example usrng polymerases and endonucleases in a form.not
normally found in nature. ln thrs manner operable Irnkage of dlfferent sequences is achreved Thus
an isolated nucleic acid, in a finear form, or an expression vector formed in vitro by ligating DNA
molecules that are not normally joined, are both considered ‘recombinant” for the purposes of this
invention. It is understood that once a recombinant .nucleic acid is made and reintroduced into a

host cell or organism, it will replicate non-recombinantly, i.e., using the in vivo cellular machinery of

the host cell rather than-in vitro_manipulations. However, such nucleic acids, once produced
recombinantly, althbugh subsequently replicated. 'n0n-‘recombinantly, are still considered
recombinant for the purposes of the invention. Similarly, :a "recombinant protein" is a protein made
using recombinant techniques, i.e., through the expression of a recombinant nucleic -acid as
depicfed above. , o _

[0057] The terms "identical" or perc_en't "identity" in the context of two or more polypeptide (or
nucleic acid) sequences, refer to two or more sequences or sub-sequences that are the same or .
have a specified percentage-of amino acid: residues. (or nucleotides) that are the same over a
specified regron when compared and ahgned for maxrmum correspondence over a- companson
window or: desngnated region, as measured using. sequence companson algorithms, or by manual
alignment and visual inspection, such techniques being well known to: the person skilled i rn the art.
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[0058']7 As used herein the term "treatment”, refers to any and all uses which remedy a disease
state or symptoms prevent the establishment of disease, or otherwrse prevent, hinder, retard,

amelrorate or reverse the progressron of drsease or: other undesrrable symptoms in. any ‘way
whatsoever : '

[0059] Unless defined otherwrse all technrcal and scientific terms used herern have the same
meaning as commonly unde_rstood by one of ordrnary skill in the art (e.g. in.cell biology, chemistry,
motecular'biolc'ng and cel culture). Standard techniques used for molecular and biochemical
methods can be found in Sambrook et al, Molecular Ctonrng A Laboratory Manual 3% ed. (2001)

Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y. and Ausubel et al., Short Protocols

i Molecular Brology (1999) 4t Ed John. erey & Sons Inc. - and the futt version entitied Current

[0060] Throughout this specrf cation- the word comprise" “:'o'r variations ‘such as "compnses" or

"comprising"”, will be understood to'imply the inclusion of a stated element, integer-or step or group
~ of elements, mtegers or steps but not the exclusion of any other element, rnteger or step, or group

of elements, rntegers or steps

[0061) Throughout this specification, reference to numerical values, unless stated otherwrse is'to

- be taken as meanrng about that numerical value: The term-“about” is used to indicate thatavalue

includes the inherent variation of error for the device and.the method being emptoyed to determine
the value, or the variation that exrsts among the study subjects.

[0062] The reference to any prior art in: this specrﬂcatron is not, and should not be taken as an
acknowledgement or any form of suggestron that prior art-forms part of the common general
knowledge of the person skilled i rn the-art.” ' | -
[0063] The entire content of all publications, patents patent applrcattons and other materral recited

in this specrf ication is mcorporated herern by reference .

Brref descnptxon of the sequence Ilstlng

[0064] SEQ ID NO: 1is an amino acid consensus sequence for the mature domain of a Class i
plant defensin. ' .
[0065] SEQ ID NO 2 is an exemplary fuIl tength amino acid sequence for the ptant defensin "
NaDt with SEQ ID NO 3 being the correspondmg nuclerc acid sequence.

[0066] SEQ ID’ NO 4isan exemplary amino- acrd sequence for the mature- domain of the ptant
defensin NaD1, with.SEQ ID NO: 5 being the cor_respondrng nucleic acid sequence.
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[0067] SEQ ID NO: 6 is an exemplary amrno acrd sequence for a recombrnantly altered mature
domain of- the plant defensin NaD1, havmg an. additional alanlne residue at the N- termrnal with
SEQ ID.NO: 7 being the corresponding nucleic acid sequence

- [0068] SEQID NO: 8 is an exemplary full length amino acrd sequence for the plant defensin. '

TPP3, with SEQ' ID NO: 9 being the correspondrng nucleic acrd sequence.

[0069] SEQID NO 10is an exemplary amino acid sequence for the mature domain of the: plan
defensin TPP3, with SEQID' NO 11 being. the correspondrng nucleic acid sequence '

[0070] SEQ ID NO 124 is, an exemplary -amino acrd sequence for a recombrnantly altered ‘mature
domain of the plant defensin TPP3 havrng an’ addrtronal alanine- resrdue at the N- termrnal wrlh}‘
SEQIDNO: 13 berng the correspondrng nucleic acid sequence. -
.[0071] SEQ ID NO: 14 is-an exemplary full length. amino acid sequence for the pIant defensin
PhD1A, corresponding to Sol Genomics Network database accessron number SGN- U207537 wrth

- SEQIDNO: 15 being the correspondrng nucleic acid sequence.

[0072] SEQID NO 16 is a further exemplary full length.amino acid for the plant defensrn PhD1A
that was cloned - and sequenced by the inventors, with SEQ ID NO: 17 being the correspondrng
nucleic acid sequence. . _

[0073] SEQ ID NO: 18 is an exemplary amino acrd sequence for the mature domain of the plant
defensin PhDIA with SEQ ID NO: 19 being the carresponding nucleic acrd sequence.

B [0074] SEQ ID NO: 20 is an exemplary full length amino acid sequence for the plant defensrn' _
20 NsD1,with SEQ D NO: 21 being:the corfesponding’ nucleic acid sequence. '
3 [0075] SEQID NO: 22 rs an exemplary amino acid sequence for.the mature domain of the plant :

| -defensrn NsD1, with SEQ ID NO 23 being the correspondrng nucleic acrd sequence.

[0076) SEQ ID NO: 24 i is an’ exemplary full length amino’ acrd sequence for the plant defensrn

. . NsD2, with SEQ ID NO: 25 berng the correspondrng nuclerc ‘acid sequence

25

30 -

[0077] ‘SEQ ID NO: 26 is an exemplary amino acid sequence for the mature domain of the plant
defensin NsD2 with SEQ ID NO: 27 being the corresponding nucleic acid sequence. .

- Brief descnptron of the frgures

[0078] The present rnventron erl now be descrrbed by way of example only, wrth reference to the _
followrng figures. . ‘ , ' S
[0079] Figure - 1A: Frgure 1A is .an rmmunoblot deprctrng expressron and purlf ication- of
recombinant-NaD1 (fNaD1). P. pastorrs expression. medium co_Ilected_ at _48 h (30 uL) as well as -
samples from various stages of_SP'sep_harose purification including the unbound fraction (30 wL),
wash fraction (30 pL) and the first five 1.5 mL elution fractions (30 pL of each) were separated b'y
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© SDS-PAGE and examined by immunoblotting with the u-NaD1 antibody. NaD1 from flowers (200

ng) was used as a positive control. Recombinant NaD1 could be detected in the 48 hour
expression media as well as the SP sepharose elution fractions. Figure 1B: is a reverse phase
HPLC trace rtlustratmg punty of- rNaDt purrfed from P. pasforrs usrng SP sepharose. SP -

Sepharose elution fractrons contarnrng rNaD1 were loaded onto-an’ analytlcal C8 RP-HPLC column

'and eluted usmg a 40 min Irnear gradrent (0 100 Y. buffer B) - Proteins - were detected by
: absorbance at 215 nm A srngle major protern was detected mdrcatmg the: protern was hrghly pure.

" Frgure 1C Flgure 1C. compares the structure of tNaD1 to. native NaD1 purified from. ﬂowers The -

far UV crrcutar dichroism spectra of tNaD1 (open squares) and native NaD1 (closed dramonds) was '
compared and demonstrated no srgmflcant differences indicating that tNaD1 was. correctly folded. :
Figure. 1D: Flgure 1D compares the. antlfungal activity of rNaD1 to native NaD1 punfed from- |
flowers. Hyphal growth of Fusanum.oxysporum f.sp. vasinfectum in the presence of tNaD1 (open

' sq'uares) or NaD1 ‘(closed diamonds) is. plo'tted' relative to the growth'of ano protein control for the

same penod Graph represents data from three separate experiments performed in quadruplrcate :
Error bars represent standard error of the mean.

[0080] Frgures 2A through 2E are graphrcat representations showing the effect of NaD1 on
tumour cell vrabrlrty (ZA) human breast carcinoma MCF-7, (2B) human colon carcinoma HCT-116, |

- (2C) human melanoma MM170, (ZD) human prostate carcinoma PC3, (2E) mouse melanoma B16-
- F1 MTT cell viability assays were performed on tumour cells that have been cultured in the

presence of rncreasrng concentratrons (0 to 100pM) of NaD1 rNaD1, or recombrnant StPin1A
: (rStPrntA). % vrablhty r_s shown havmg desrgnat_ed untreated_ cells as 100%-viable. Figure 2F

o provides a comparison ‘of NaD1" activity- against tumour cells and normal - cells. - Inhibitory .

25"

30

lconcentrations-_(leo);(pM)__ of NaD1 or rNaD1 were determined-from MTT cell viability assays on a
range of human and mouse tumour cell finés and human normal',primary cell lines. Figure 2Gisa
graphical r_epres‘entation sh_ovtring the effect_of NaD1 and NaD2 against the human melanoma
MM170. MTT cell viability .:assays were performed on cells cultured in'the presence of increasing
concentratio'_ns (0 to 100;1!\)1) of NaDt,-rNaDt or NaD2. %. viability is shown havi‘ng designated

- untreated cells as 100%. viable. Figures 2H and 21 show the effect of NaD1 on normal primary

hiumah cells (2H) umbilical vein endothelial cells (H_UVEC)', {21) coronary artery smooth muscle cells
(CASMC) MTT cell viability assays were performed on cells cultured in the- presence of increasing

~ concentrations (0 to 100 pM) of NaD1, rNaD1, or rStPin1A. % viability is shown having designated -

| . untreated cells as 100% vrabte Frgure 2J shows the. effect of reduced and alkylated NaD1

(NaD1rsn) on mouse melanoma B16-F1 cell viability. MTT cell vrabrlrty assays were performed on

cells that have been cultured in the p_resence of .rncreasmgconcentratrons-(O to 30uM or 0 to 50
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M) of NaD1, or NaD1R&A or rNaD1 respectlvely % vrabrhty is shown having desrgnated untreated

cells as 100% vrable , :
[0081] Flgures 3A and 38 are graphrcal representatlons showrng the effect of NaD1 on the'
permeabilisation of (3A) human U937 myelomonocytrc cells, or (3B) human melanoma cancer

MM170 cells. Cells were incubated witf increasing concentrations of NaD1 (0 to- 100 uMy for 30
~min at 37°C upon which’ propidium iodide (Pl) was added. The number of cells that stained

posmvety for PI (PI* ) were determlned by flow cytometry. Flgures 3C and 3D show the effect of
(3C) NaDtand (3D) NaD1R&A on the release.of ATP from U937 human myelomonocytic cells. NaDl ‘
or NaDlm were added to cells in phosphate buffered salrne (PBS) together with an ATP luciferase
detection r_eagent (RocheTM) and the release of ATP detected by over time by -spectrophotometry at
a wavelength of 562 nm; Figure 3E Fleld-_emi'ss_ion:s’canning electron microsc_opy was used-for the
imaging of m’orphologic'al changes in PC3 cells treated with NaD1. Left 'and'5-rlght panels are FE-
SEM images of untre_ated,or NaD1-treated PC3 oells,~respectively. ‘Top panels are of cells at |
1,200x magnification and the low secondary electron 'image (LEI). of the microscope was 10um at

- an acceleratmg voltage.of 2. 00 kV. The bottom panels are of cells at 3000x magnrf cation and the

low secondary electron image (LEl) of the | mrcroscope was 1um atan acceleratlng voltage of 2.00
kV. - .

[0682] -Figured isa graphical representation showing the effect of NaD1 and rNaD1 on red blood
cell (RBC) lysis. Human RBCs were incubated with increasing conCentrations of NaD1, rNaD1,
PBS alone, or water, for 16 h at 37°C. Released haemogloblh indicative of RBC lysis was then

-determtned'by spectrophotometry at a wavelength ‘of 412 nm. Results have been normalised to

RBCs treated with water (designated 100% lysis).”
[0083] Frgure 5 isa graphlcal representatlon showmg the effect of NaDt on the- permeablhsatlon
of tumour cells in the | presence of: serum. U937 cells in the’ presence of 10pM- NaD1 were incubated

~ with mcreasmg concentrations.of foetal calf serum{FCS) for:30 min-at 37°C upon WhICh propidium
'rodrde.(Pl) was.added. :The n.umber of cells that stained positively (P14 or negatively (PI-) were
determined by flow cytometry.., | '

[0084] Figure 6 is a graphical representatlon of the effect of NaDl on B16-F1 “tumour growth.

Solid B16-F1- melanoma tumours ( ~10 mm:in diameter) were established subcutaneously in

C57BL/6 mice: Tumours were then injected mtratumourally with 50 ul of PBS containing 1mg/mlL
of NaD1 NaD1R&A, or just PBS vehicle alone every 2 days and the effect-on tumour growth
determined by measurement of tumour srze Tumour size was normalised to 1 for each mouse at
day 0. Results represent standard error of the mean on flve mice per treatment. '
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[0085] Figures 7A through 7C aré graphical representations showing the binding of NaD1 to
cellular lipids. Echelon™ lipid strips were prob'ed with' NaD1 and binding was detected with a rabbit
anti-NaD1 antibody followed by a horseradish peroxidise (HRP) conjugated donkey anti-rabbit I9G

‘antibody. (7A) Membrane llprd stinM (7B) PIP |Ipld strip™, (7C) SphingoStrip’ lipid stinM

Blndlng of NaD1 to individual llpldS on each 'strip was: quantrtated by densrtometry Figures 70

“ through 7F show the bmdrng of NaD2 to cellular llprds EchelonTM Irprd strips were probed with
- NaD2' and blndrng was detected with a rabblt anti- NaD2 antrbody followed ‘by aHRP conrugated_ '

;stinM (TE) PIP lipid. strip™; (7F )
SphmgoStnp lipid stinM Blndrng of NaD2 to lndrvrdual lrprds on.each- stnp was quantrtated by

donkey antl rabblt lgG antlbody (7D) Membrane llp_,,

densrlometry. Flgure G summanses the relative. lipid binding.specificity and strength of native,
récombinanl and reduced and alkylated NaD1 and NaD2, natlve NsD3, NsD1, NsD2, PhD1A and

TPP3. Bars indicate strength’ of blndlng PS, phosphatrdylsenne PA, phosphatldylalanlne PG,

phosphatidylglycerol. -

- [0086] Figure 8is a dlagrammatlc representation. of the structure of the precursor proteins of the .

two major classes of plan,t defensins; as predicted from cDNA clones. In thie first and largest class,
the precursor protein is composed of an endoplasmic reticulum: (ER) signal sequence and a mature
defensin domain. (8A). The second class of defensins are produced as larger precursors with
C-terminal propeplldes (CTPPs) (8B). - _
[0087] Figure 9A is a graphrcal representatlon showmg the effect of PhD1A on the

_permeabrlrsatlon of human U937 myelomonacytic cells. Cells were incubated with increasing
'concentratrons of natrve PthA (O t0.50 uM) for: 30 min-at 37°C upon WhICh proprdrum iodide (PI)
~.was added. ‘The number of cells. that stained posmvely for P _(Pl *) 'was determined .by. flow
) cytometry. ‘l-"igdre 9B is a graphical representation showing the effect of PhD1A on the release of

ATP from U937 human myelomonocytic célls. PhD1A Was;added' to cells in PBS together with an |
ATP luciferase detection reagent (Roche™) and the release of ATP detected over time by

-spectrcphdtometry.at'a wavelength of 562 nm. Figure 9C-is a graphical representat.icn showing the
effect of recornblnant'(rTPPB) on the permeabilisation of human U937 myelomonocytic-cells. Cells

were incubated with increasing concentrations of rTPF_>3 (0.0 40 pM) for 30 min at 37°C upon.
wlrich-propidlum lodide (PI) was added. The.number of cells that stained positively for Pl (PI*) was
determined by flow cytometry. Figure 9D is a graphiéal_represenlatlon showing the effect cf rTPP3
on the release of ATP from U937 human myelomonocytic cells. Recombinant TPP3 was added to
cells in PBS together with an ATP luciferase detection reagent (RocheTM) and the release of ATP_
detected by over time by spectrophotometry ata wavelength of: 562 nm.
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[0088] Figure 10 s a graphical representation showing. the ‘ef'féct of solanaceous Class I
defensms (NaDl PhD1A, TPP3) and non- solarniaceous Class | defensins Dahlia merckii defensin
Dm-AMP1, Hordeum vulgare gamma-thionin yl -H, Zea mays gamma-thionin yZZ on the
permeabilisatlon‘of human U937 myelomonocytic cells. Cells were_incubated with 10 uM each
molecule for 30 min at 37°C updn which propidium iedi‘de (Pl) was added. The number of cells that
stained positively: for Pl (PI*) was determined by flow cytometry. Data is the mean of three
replicates + SEM. | |

[0089] Figures 11A and 11B are graphlcal representatlons showing the effect of PhD1A (11A) or

‘_ rTPP3(11B) on the permeabilisation of tumour cells in the presence of serum. U937 cells in the

presence or absence of 10 uM-PthA or rTPP3 were incubated with. increasing concentrations of
foetal calf serum (FCS) for 30 min at 37°C upon. which propldlum iodide (P1) was added. The
number of cells that stalned posmvely (Pl ) or negatlvely (Pl) was determlned by flow cytomelry |
The hlgh number of permeablllsed cells' wnthout defensin at 0% FCS is a result of the absence of
_serum _ . - - v

[0090] Flgure 12A is a graphical representation showing the. effect of native NsD3 NsD1, NsD2
compared to native NaD1 on the release of ATP from U937 human myelomonocytic cells. Each
defensin was added to cells at 10uM in PBS together with an ATP luclferase detection reagent
(Roche™,) and the release of ATP'detected over time by spectrophotometry at a wavelength of 562
nm. Figure '1-23 is“a:graﬁh’i-callre-ple'sentation showlng the effect of NsD3, NsD1, NsD2 compared

“to-NaD1 on the permeabilisation of human U937 myelomonocytic cells. Cells were incubated with

10uM for 30 min at 37°C upon:which propidium iodide (P!) was added. The number of cells that
stained- posmvely for Pi (Pl+) was determined by flow cytometry.

[0091] Figure 13 is a graphical representation showing the effect of the class |l defensms NsD1,
NsD2, PhD1A and NaD1 on red blood cell (RBC) lysis. Human RBCs were incubated with 10 uM or
30 uM of each defensin for 16 h at 37°C. Released haemoglobin indicative of RBC lysis was then
determined. by spectrophotometry at.a wavelength of 412:nm:. Results have been-normalised to

+ RBCs treated with water (deSIgnateleO% lysis). PBS = negatlve (or background lysis) control.

[0092] Figures-14A through‘.14E are graphical representatlons‘_ehowlngfvthe blndlng of NsD1 (a),
NsD2 (b),'NsD3" (c), TPP3(d) and PhD1a (e) to PIP cellular lipids. PIP Echelon™ lipid strips were
probed with defensins and binding was detected with a rabbit antl—_NaDl'antibody (for NsD1, NsD2,

PhD1A, TPP3) or rabbit anti-NaD2 antibody (for NsD3) followed by a horseradish peroxidlse (HRP)

conjugaled donkey anti-rabbit lgG antlbody Binding of defensins to individual lipids on each strip .

. was quantitated by densrtometry

[0093] Figure 15 is an amino acid sequence alignment of the mature domains of Class | and
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Class If plant defensrns NaD1- and NaD2 (Nlcotrana alata) ‘NsD1, NsD2, NsD3 (Nfcotian'a
. Suaveolens), PhD1A (Petunia hybnda) TPP3 (Solanum lycopersrcum) Dm-AMP1 (Dahlia: merckii).
Identity or homology is” indicated by black- or grey-boxed residues, respectrvely Conserved

drsulf de bonds are shown as solrd Imes

Detailed description of the invention

- [0094] The inventors have surprisingly found that defensins, also known s y-thionins, haf\ie'pote"nt

- _‘cytotoxrc properhes These srgnrfrcant findings - descrrbe a novel and |mportant way in which

15
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- proliferative diseases may be prevented and treated. Accordrngly these fndrngs provrde tor

methods for the preventron or treatment of protrteratlve drseases such as cancer, as ‘well as

* associated uses, systems and kits.

[0095] For example NaD1 is a plant defensrn |solated from’ ﬂoral tissue of Nicotiana alata. The

.amino acid and coding sequences of NaD1 are disclosed rn International Patent Publrcatron No.

WO 02/063011, the entire contents of which are mcorporated by_reference herein. _
[0096] The ability.to produce large quantities of active defensins such as NaD1_iS‘ of fundamental

importance when con_side_rtng potential use as a therapeutic in a clinical setting. The purification of

the required large amounts of NaD1 from its natural ‘sdurce (flowers of the ornamentat tobacco N.
alata) is not feasrble necessrtatlng the productron of active. recombinant protern A Pichia pastons
expression system combrned wrth a defined protern purification approach has been suocessfully
established to produce high levels of pure actrve recombmant NaD1 (Frgures 1A, B). The.

.recombmant NaD1 has a srmrtar structural fold to that. of native NaD1 (Figure 1C) and retains its

ability to inhibit hyphal growth of F. oxysporum (Figure 1D). - These data demonstrate the

x establishment of an efficient system for the productron of Iarge amounts of pure active recombrnant-

defensins such as NaD1. ,

[0097] Native and recomblnant NaD1 were shown to selechvely kill tumour cells in vrtro at low pM
concentrations .(Frgures 2A- F). A range of "human tumour cell lines of different tissue origin
(prostate carcinoma PC3, colon carcinoma HCT-116, breast ,oarcino'ma MCF-7, and melanoma _
MM170) and the mouse melanoma cell line B16-F1 were all kilted‘ at similar efficiencies by both
native or recombinant NaD1 at ICs; values of between 2 and 4.5uM. -Normal primary cells. (human
coronary artery smooth muscle or umbilical vein endothelial cells) were also killed by native or
recombinant NaD1 but required significantly higher concentrations (ICso values of 7.5-12 uM) than:

for tumour cell lines: These data indicate that plant defensrns such-as NaD1 exhibit potentra| as

antr-cancer agents that, when used at-a specrfrc low: pM concentratron could be applred o

.selectrvely kill. tumour cells but not- normal ceIIs In" contrast to NaD1 (a solanaceous Class !
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defensin) the sotanaceous Ctass | defensin NaDZ or the protease inhibitor StPin1A showed no. -
" abrhty to ktll tumour cetls (Frgures 2A 1), suggestrng that Class I defensrns have a unrque capacrty
o kill tumour cetls (drscussed further below). A reduced and atkylated form of. NaD1 drd not affect
tumour cell vrabrlrty demonstratrng that an.intact tertrary structure is’ critical for the tumour cell
. cytotoxrcrty of Nab1.

[0098] The mechanrsm of actron of NaD1 on tumour cetls was mvestrgated and found to involve

- permeabilisation of the plasma membrane NaD1 permeabilised the human turhour cell lines U937
~and MM170 in a dose- dependent manner as demonstrated by the abrtrty of NaD1to medlate both
the uptake of the ﬂuorescent dye PI (Flgures 3A, BB) and the retease ot ATP (Frgures 3C, 3D). The

permeabilisation of tumour cells was raprd, with ATP berng release_d |mmed|a_tety_ upon addition to
cells With..th‘_e peak of ATP release at ~5 min. A reduced and alkylated form of NaD1. was not able

to pe'rmeabili'_se tumour cells” (Figure 3D). Further suppo'rt for the tumour cell permeabilisation

activity of NaD1 was provided by the examination of human prostate carcinoma PC3 cells treated
with NaD1 using scanning electron microscopy (Figure 3E).. These data'show that NaD1 kills

. tumour cells by rapidty destabilising the plasma membrane teading to cell permeabilisation. The
_ understandlng of the mechanism of NaD1 action provides valuable’ mformatlon for therapeutrc uses

of defensrns in rsotatron orin combrnatron with other anti-cancer drugs.

[0099] - The potentral for the apphcatron of defensrns such as NaD‘l as anti- cancer agents also
. necessitates that they retaln actrvrty in, serum/plasma and do not show tytrc activity on red bloed

cells. NaD1 showed no haemolytic activity against human red blood cells (RBC) at the .
concentrations required to kill tumour cells. in vitro. At concentrations of 125 puM and above, native
NaD1 showed haemolytic activity, peaking at ~50%: :RBC' lysis at 100 pM. Signtﬁcantty‘,
recombinant NaD1 showed no haemolytic activity even athtgh concentrattonswup fo 100 uM (Figuré |
4). Native-and recombrnant NaD1 differ in pnmary amino acid sequence by the addition of a srngle
alanine residue to.the N-terminus of recombrnant NaD1. As there appears to. be no major structural
difference between native and recombinant NaD1 (Figure 1C) and both forms show very similar
activity in permeabilising tumour cells, the additional alanine at the N-terminus of recombinant
NaD1 may be responsible for the loss of the haemolytic activity of NaD1. As such, the production
of recombinant defensins such as NaD1 with an alanine.on. N-termini is predicted to have a

‘ signiﬂ_cant advantage over native defensin sequences in terms of application as a therapeutic with

minimal haemolytic activity. It should also. be noted:that both native and recombinant NaD1 retained

" the ability to kill tumour cells in the' presence of up.to 40% serum (Figure 5). The retention of the |

tumour cell permeabilisation activity of NaD1 in the presence of serum is an important observation,
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as many cationic-peptides have been shown to have gre’atly reduced activity in t_he presence of
serum and are rendered ineffective as therapeutrc agents. ' |
[00100] The potential for defensins such as NaD1 as anti-cancer agents was further demonstrated -

~in an'in vivo model of melanoma growth in mice. The treatment of solid advanced B16F1 tumours

by the direct intra- tumour injection of 1 mg NaD1/kg body werght resulted in a significant reduction

Cin tumour growth when compared to tumours treated wrth reduced and alkytated NaD1 (mactrve) or

vehicle alone’ (Frgure 6). Furthermore NaDt was shown to have no adverse effects on mice when
admrnrstered orally at up to 300 mg NaD1/kg body werght '
[00101] The data shown herein demonstrate (i) broad in vitro tumour cell selectrvrty at low uM.
concentration, (ii) retention of activity in the presence of serum, and (jii) lack of haemolytic actrvrty,
and therefore make defensins such as'NaD1 promising models-as anti-cancer agents. |
[00102] The tn\'/eStig'ationf of candi_date iNaDt-interacting molecules led to the identification of
phospholipids as' ligands of ‘NaDf, NaD1 was found to bind speciticall_y’-to a range of
-phosphobhoinositides as ‘well as phosphatidytse_rine' _(PS),f ‘phosphatidyl alanine (PA),
phosphatidylglycerol (PG) and sulfatide (Figures 7A-C) Both the native and recombinant NaDt
showed very similar lipid brndmg specificity (Figure 7G) Interestingly, the class | defensin NaD2
-was also found to bind phospholipids but with a very distinct specrf icity to NaD1, with strong binding
observed to PA but not to many of the phosphoinositides shown to bind NaD1 (Figures 7D-F). The
mteractron of NaD1 wrth this specific array - of phosphohprds may contribute to the tumour cell
cytotoxrc actrvrty of NaDt It shoutd also be noted the reductlon and alkylahon of NaD1 resulted in

' _Ioss of bmdrng to. phospholrplds (Figure 7G) ‘These data suggest that the tertrary structure of NaD1

is essential for both phospholrprd brndmg and anti- tumour activity. - _

-[00103] The ability of the sotanaceous Ctass Il defensin NaD1 to kttl tumour cells but not the Class |
defensin NaD2 suggested that the solanac_eous Class |l defensins may havepartrcular cytotoxic |
activity towards tumour cells. Indeed, the solanaceous Class .tt defensins TPP3 and 'PthA.Were'
both found ‘to have' similar 'tumour cell permeabilisation aotiv'ity as NaD1 (Figures 9A-D). As

_.descrrbed for NaD1 ‘both TPP3 and PhD1A were also found to retain tumour cell permeabrhsatron

activity in the presence of serum (Frgures 11A and B). In contrast, the non-Solanaceous Class |

" defensins Dm-AMP1, v1-H and y2-Z, showed no-tumour cell permeabilisation activity (Figure 10).-

Further supporting evidence that the ability to kill tumour cells'is unique to the solanaceaous class I

, defensms and not class | detensrns iS demonstrated in-that the ctass Il sotanaceaous defensins

NsDt and NsD2 permeabrlrsed tumour cells but the class | defensin NsD3 did not (Frgure 12). It
should also be noted that the. observed lack of haemolytic actwrty of NaD1 on human red blood
cells was conserved in other class Il defensins. NsD1, NsD2 and PhD1A all showed no or very low
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ability to lyse RBCs up to concentrations. of BOpM (Figure 13). ‘In: addition, the distinct pattern of

| phospholrprd btndrng specrf city rdentrfred for the class ll defensrn NaD1 and the class | defensin

NaD2 (Frgure 7) was also observed for other solanaceaous class |- and i defensrns The class. I
detensrns Nle NsDZ Tpp3 and PthA all showed a general preference of brndrng to
phosphornosrtldes (Frgure 14A B, D E) whereas the class | defensin’ NsD3 bound most slrongly to
PA (Frgure14C) o ' S

Plant defensins for use in preventing or treating a .proliferathe disease

[00104] The present mventron provrdes plant defensrns for use in preventrng or treatrng a

'prolrferatrve drsease :

[00105] In some embodlments the plant defensrn is any plant gamma thronrn

[00106] In other embodrments the plant defensin has at least eight canonical cysteine residues
which form disulfide bonds in the conﬂguratron Cysi-Cyswvu, Cysn Cysw Cys"r-Cysvr and Cysv.

CySvrl ' . _ '

[00107] In yet other embodrments the plant defensin is a Class I plant defensin wrth or havrng

~prevrously had a C- termrnal prodomarn or propeptrde (CTPP) _

[00108] In partrcular embodrments the plant defensrn rs denved or derivable trom Solanaceae -
Poaceae or Asteraceae. ‘

[

‘ [00109] In some embodrments the plant defensin |s not Cch (NCBI database accession no.
- AF128239). . ' |

[00110] In preferred embodlments the plant defensrn has at Ieast eight canonical cysteine residues

" which form disulfide bonds in the configuration: Cysi- Cysvm, Cysi- Cysrv. Cysu-Cysvi and Cysy.
- Cyswi, and is a Class Solanaceous plant defensin with or prevrously havrng had a C-terminal
~ prodomain or propeptrde (CTPPs). '

[00111] In some embodiments, the- plant defensrn comprrses the amino acid sequence set torth as
SEQIDNOs:1,2, 4, 6,8, 10, 12,14, 16, 18, 20, 22,24 or 26 or a fragment thereof. . _
[00112]In yet other embodlrnents, the plant-defensin -compr_ises an amino acid seqlrenpe that is
95%, 90%, 85%, 80%, 75%, 70%, 65% or 60% identical to the amino acid sequence set forth as
SEQ lD NOs: 1,2,4,6,8, 10, 12,14, 16, 18,20, 22, 24 or 26 orafragmentthereof |
[00113] In still other embodiments, the' plant defensin comprises an amino, acid sequence that is
99%, 98%, 97% 96% 95%, 94%, 93% 92%, 91%,: 90% 89%,-88%, 87%, 86%, 85%, 84%, 83%,
-82%, 81%, 80%-,_ 79%, 78%, .77% 6% 5% 74%, 73%, 72%, 71%,-70%, 69%, 68%, 67%, 66%, -
65%,64%, 63%, 62%, 610./0-; 60%:; 59%,- 58%, 57%, 56'%-, 56%, 54%, 53%, 52% 51%, 50%, 49%;
48%, 47%, 46%, 45%, 44%, 43-%, 42%, 41%, 40%, 39%}, 38%, 37%, 36%, 35%, 34%, 33%, 32%,
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14%, 13%, 12%, 11%, 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2% or 1% identical to the amino acid’
sequence set forth as SEQ ID NOs: 1, 2, 4, 6, 8, 10, 12, 14, 16, 18, 20 22, 24 or 26 orafragment
thereof. _ '

[00114] In yet further embodnments the plant defensrn Is a Solanaceous Class Il defensin. -

[00115] In pamcular embodrments the plant defensm is denved or derivable from Nicotiana alata

Nicotiana suaveo/ens Petunla hybrlda Solanum chopersrcum Nlcotrana tabacum N/cotrana

-attenuata N/cotlana excelsror Nrcot/ana panrculata Solanum tuberosum Capsrcum chmense or

Capsrcum annuum.
[00116] In more particular embodiments, the plant defensrn is denved or derrvable from Nicotiana
alata, Nicotiana suaveolens, Petunia hybrida or Solanum chopersrcum

.[00117] In some: embodrments the defensin is selected from the group comprrsrng NaD1 (NCBI'

database accession ro. A509566) NsD1 (SEQ ID NO: 20 or 22), NsD2 (SEQ 1D NO: 24 or 26),

* PhD1A (Sol Genornics Network database accession no. SGN-U207537 or SEQ ID NO: 16), TPP3’

V(NCBI-data_bése'acceés’ion' no. SLU20591), FST (NCBr-database accession no. Z11748), NatD1
(NCBI database accession no. AY456268), NeThio1 (NCBI database accession no. AB005265),
NeThio2 (NCBI database accession no. AB005266), NpThiol (NCBI database accession no.

ABO05250), CcD1 (NCBI database accession no. AF128239), PhD1 (NCBI database accession no.
‘A507975), PhD2 (NCBI database accession no. AF507976), any defensin with an amino acid or

nucleic acid sequence cerresp‘ondin_g to. any of the sequences set forth under NCBI database -

" accession numbers EU367112, EU560901, AF112869:or AF112443, or any defensin with an amino

acid or nucleic acid séquent:e‘cerrespondirig‘te any of the'Sequences set forth under- Sol Genomics

"'Network database accessron humbers SGN U448338 SGN- U449253 SGN-U448480, SGN-

U447308, SGN-U578020, SGN- U577258, SGN- U286650 SGN- U268098 SGN-U268098, SGN-
U198967, SGN-U196048, SGN- 1198968 or SGN- U198966.

. [00118] In particularly preferred embodrments the plant defensin is NaD1 NsD1 NsD2, PhD1A or
TPP3:

[00119] In some embodiments, the plant defensin may be a fragment of any amino acid sequence

- or a fragment or complement of any nucleic acid sequence disclosed herein.
- [00120] In particular embodiments, the fragment may comprise a mature domain.
‘ _'[00121] In preferred embodrments the amino acid sequernce of the mature domain is set forth. as

SEQID NOS 4,6,10,12, 18 220r26

- [00122] In some embodlments the: plant defensm may be an lsolated purrfred or recombrnant plant

defensin.
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[00123] In particular embodiments, the recombinant plant defensin has an additional alanine

- residue at or-near the N-terminal-end.

[00124] In preferred embodimenté the recombinant plant defensin has redu'ced haemolytlc activity.
[00125] In partlcularly preferred embodrments the, recombmant plant defensrn compnses the amino
acid sequence set forth as SEQ D NO 6 22.0r 26 ora fragment thereof.

- Polynucleotides = -
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[00'l26] In em:bodlments where the \corn_pOsitions of the: presénl lnve:ntion Tcomprise polypeptides,
the present invention also protideénuc_lelcacids ,encodtng such polypeptides, or fragments or
complements thereof, Such-nucleic' acids may be ‘naturally occurring . or: may be,-.syn.thetlc or
recombinant. o - ' o

[00127] In some embodiments, the nucleic acids may be operably linked to one or more promoters.

n particular embodiments, the nucleic acids may encode polypeptides that prevent or treat

proliferative diseases. ‘

[00128] In some embodiments, the plant defensin is therefore provided in the form of a nucleic acid.
In-some embodiments, the plant defensin nucleic acid encodes the amino acid sequence set forth
as SEQIDNOs: 1, 2,4,6,8, 10,12, 14,16, 18, 20, 22,24 or 26'0r a fragment thereof. In Yet other .

, embodiments the plant defensin nucleic acid comprises the nucleotide. sequence set forth as SEQ

ID NOs: 3, 5 7.9,11,13, 15,17, 19,21, 23,25 0r 27 orafragment or complement thereof.

: [00129] In yet other embodlments the plant defensin nucleic acid compnses a nucleotide sequence

that is 95%, 90%, 85% 80%, 5% 70% 65% or 60% identical to the: nucleotrde sequence set forth
as SEQ ID: NOs 3,579 11,13 15,17,19, 21,23, 25 or 27 or a fragment or complement
thereof.

[00130]ln stil other embodiments, the plant defensin nucleic acid comprises: @ nucleotide
sequence that is. 99% 98%, 97%, 96%, 95%, 94%, 93%, 92%, 91%, 90%, 89%, 88%, 87%, 86%,

85%, 84%, 83%, 82% 81%, 80%, 79%, 78%, _\7% 76%, 75%;. 74%, 73%, 72%, 1%, 70%, 69%,

68%, 67%, 66%,'65%,: 64%, 63%, 62%, 61%, 60%, 59%, 58%, 57%, 56%, 55%, 54%, 53%, 52%,
51%, 50%, 49%, 48%, 47%, 46%, 45%, 44%, 43%, 42%, 41%, 40%, 39%, .38%, 37%, 36%, 35%,
34%, 33%, 32%, 31%, 30%, 29%, 28%, 27%, 26%, 25%, 24%; 23%, 22%, 21%, 20%, 19%, 18%,
17%, 16%, 15%, 14%, 13%, 12%, 1%, .10% 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2% or 1% identical to

- the nucleotide sequence set forth as SEQIDNOs: 3,5,7,.9, 11, 13, 15, 17, 19 21,23,250r 27 or

a fragment or complement thereof
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Vectors host cells and expresston products

‘ [00131]The present rnventron also provrdes vectors comprrsmg the nucleic acrds as set forth
-herein: “The vector, may be a plasmrd vector, a vrral vector or any other surtable vehrcle adapted for

the msertron of foreign. sequences its mtroductron mto cells:and the: ‘expression of the introduced
sequences The vector may be a eukaryo ic expression vector and may include expression controt '

and processrng sequences such as a promoter, -an enhancer ribosome binding sites,

' polyadenytatron signals and transcnptron termination sequences.. In preferred embodrments the

vector comprises one of more nuclerc acids operably encodrng any one or more -of the plant
defensins set forth herein. - ‘ o

[00132] The present rnventron further provrdes host cells compnsmg the vectors as‘set forth herein.
Typically, a host cell is transformed, transfected or transduced with a vector for example, by using
electroporation followed by subsequent setectron of transformed, transtected or transduced cells on_

selective media. The resulting heterologous nucleic acid sequences in the form of vectors and. )

-nucleic acids inserted therein may be maintained extrachromosomalty or may be introduced into

the host cell genome by homologous. recombina ion. Methods: for such cellular transform'atio'n

_transfectron or transductron are well known to: those of skm in-the art Guidance may be obtained,

for example, from standard texts such as Sambrook et al Molecular Clonlng A Laboratory. Manual

:‘_Cold Spring Harbor New York 1989 and Austbel et al., Current Protocols in Molecular Biology,
Greene Publ. Assoc. and Wiley- tnterscrences 1992. .

[00133] The present.invention moreover provrdes expression products of the host cells as set forth
herein. In some embodiments, the expression product may be polypeptides that prevent or treat

‘prolrferatrve diseases. In preferred. embodlments the expressron product is any one or more of the
plant defensrns disclosed herein. '

Compositions

[00134] The present invention also provides p'harmaceutical compositions for use in preventing or

'treatrng prohferatlve diseases, wherein the pharmaceutical composrtlons comprise a plant defensin,

a nucleic acrd a vector, a host cell or an expression product as disclosed herein, together wrth a
pharmaceutically acceptable carrier, diluent or excipient. ' '

_[00135] Composmons of the present rnventlon may- therefore be- admrntstered therapeutically. In

such. app!rcatrons composrtrons may be admmrstered to a subject already suffering from a
condition, in. an ‘amiount sufficient to cure or at least partratly arrest the condition and any
complications. The quantity of the composition should be suffrcrent to effectively treat the patient.
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Compositions may_be orepared according to.methods which are ‘known to those of ordinary skillin

the art and'aCCordingty"may include a cosmetically or pharmaceuttcatty acceptable carrier, excipient
or diluent. Methods for preparing administrable compositions are apparent to those skilled in the:
art, and are described in more detail in, for example,- Remmgtons Pharmaceutlcal Science, 15th
ed., Mack Publrshtng Company, Easton, Pa.; incorporated by reference herern.- _

. [00136] The composttion‘.may'tncorporate.any suitable .surfactant such as an ‘anionic, cationic or

non-ionic surfactant such-as sorbitan esters or potyoxyet_hyt'e_ne-de’rtv‘atives 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.

- [00137] The compositions may also be administered in the form. of"ltposomes Liposomes may be

derived from. phosphottprds or-other Irpld substances and may be formed by mono- or multr-v

lamellar hydrated liquid crystals drspersed in an aqueous medium, Any non- -foxic, physiologically

. acceptable and metabottsable ltpld capabte of formtng liposomes may be used The compositions in

trposome form may contain stabilisers; preservatives and excrprents. Preferred lipids include
phospholipids and phosphatidyl choti_nes' (Iecithins), both natural and synthetic.'Met_hods for -
producing liposomes are known in the art, and in this regard 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 are rncorporated herein by reference

[00138] In'some embodtments the composrtron may be in the form of a'tablet, Itqurd totton cream

- geI paste or emutsron

Dosages s
[00139]) The "‘therapeuticatly effective” dose level for any particular patient will depend upon a.
variety of factors rnctudrng the condition being treated and the seventy of the condition, the activity

- of the compound or agent employed, the. composrtron employed, the age; body- werght general
'health sex and diet of the patient, the time of administration, the route of administration, the rate of _

sequestratron ‘of the plant defensrn or composrtron the duratron ot the treatment and any drugs
used. in comblnatron or coincidéntal with the treatment, together with other related factors well
known in the art One skltled in the art woutd therefore be able, by routrne expenmentatron to

_'determrne an effectrve non- toxrc amount of the plant detensrn or composmon WhtCh would be
‘required to treat applicable conditions.

[00140] Typrcally, in therapeutic apptrcattons the treatment would be for the duratton of the dtsease‘

' state
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['001'4.1] Further, it will be apparent to one of ordinary skill in'the art that the optimal quantity and
- spacing of individual dosages of the composition will be determined by the nature and extent of the

condition- being treated, the form, route and srte of admrnlstratlon and the nature of the particular

‘rndnvrdual berng treated Atso such optrmum condmons can be determmed by conventtonat

technrques

: [00142] It wrlt also be apparent to one of ordlnary sknl in the art that the optrmal course of treatment
~.such as the rimber of doses of the composmon given per da_y for.a_ defrned number of days, can ..
. be asoer_tained.by those skilled in the art,ustng conventional \c_ou'rse of treatment determination

tests. _ _

[00143] In terms of weight, a therapeutically effective dosage of a composition for administration to
a patient-ts-expected'to be in the range of about0,0tmg to about-150mg per kg body weight per 24
hours; typically, about 0.1mg to about 150mg per kg body weight per 24 hours; about.0.fmg to

_abodttOOmg'per kg body weight per 24-hours; about 0.5mg to about 100mg per kg‘body weight.
- per 24 hours;-of about 1.0mg to about 100mg per kg body weight per 24 hours. More typrcatly, an

effective dose range is expected to be in the range of about 5mg to about 50mg per kg body weight
per 24 hours.

'{00144] Atternattvely an effectrve dosage may be up to about 5000mg/m2 Generalty an effectrve

dosage is expected to be in the range of about 10 to about 5000mg/m2 typtcally about 10 to about

- 2500mg/m2, about 25 to ‘about ZOOOmg/m2 about 50 to about 1500mg/m2 about 50 to about

1()()0mg/m2 or. about 751 to about 600mg/m2

Routes of admmrstratron

| [00145] The composrtrons of the present invention can be admrntstered by standard routes In .

general, the. compositions may be admtnrstered by. the parenteral (e g intravenous, intraspinal,
subcutaneous or tntramuscular) oral or toprcat route.

[00146] In other embodiments, the compositions -may be. administered b'y other enterallenteric
routes, such as rectal, sublingual or sublabial, or. via the central nervous system, such as through
epidural, intracerebral or tntracerebroventricular routes. Other locations for administration may
include via epicutaneous transdermal, tntradermal naeal intraarter’ial intracardiac, intraosseus,
tntrathecal rntrapentoneal mtravesrcal mtravrtreal intrécavernous, mtravagrnal or mtrautenne

. routes.
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k Carners exc1plents and dlluents

[00147] Carners exmpxents and dlluents must be a‘éceptéule" in terms o__f‘being compatibie with the

‘other mgredlents of the eomposition, and not d_eleteri'dus_ to the recipient thereof. Such carriers;

'excipients and diluents may be used for enhancing the integrity and half life of the compositions of
the present invention. These may also be used to enhance or protect’ the: blo!oglcal achvmes of the -

- compositions of the present mventlon

[00148] Examples of pharmaceutlcally acceptable camers or dlluents are demmerahsed ‘or dlsnlled'

- water; sahne soluuon vegetable based oﬂs such as peanut o, safﬂower 0|I olive oil; cottonseed' !

~oil, maize oil, sesame ails, arachxs oﬂ or caconut ol s:hcone oils, mc!udlng polysdoxanes such as

methyl polysiloxane, phenyl ‘polysiloxane and methylphenyl polysolp_oxane, -volatile silicones;

~mineral oils such as liquid paraffin, soft paraffin or squalane; cellulose derivatives such as methyl
‘cellulose, ~ ethyl - cellulose, carboxymethylcellulose, sodium carboxymethy!ceMUIose' or

hydroxypropylmethylt:elluIose Jower 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 isopropy! palmttate lsopropyl myristate or ethyl oleate polyvmylpyrohdone ‘agar,
gum tragacanth or gum acacia, and petroleum jelly. Typncally the carrier-or carriers will form from
10% to'99.9% by weight of the composmons ‘ '
[00149] The compositions of the invention may be in a form sunable for admlnlstratxon by injection,
in the form of a formulation suitable for qral_lngestllon_(such as capsules, tablets, caplets; elixirs, for
example), in the form "of_‘ an.ointment, creem' or lotion suitable for topical administration, in an
aerosol'for‘m.:suitable 'f0r adrninistration byv'i'nhalation such.a's by' in‘tra'nas'al" inhalation or oral
mhalatuon ‘ina form suutable for parenteral admmlstratlon that as subcutaneous mtramuscular or
intravenous |njectlon _ o
[00150] For admmlstratlon as an injectable solution or suspensnon “non-toxic acceptable diluents or
carriers can include Ringer's solution, isotonic saline, phosphate buffered saling, ethanol and 12 -
propylene glycol. : - S

Methods for preventlng or treatmg prollferatwe d:seases

[00151]The present invention provides methods for preventmg or treating a proliferative disease,
wherein the methods comprise administering to a subject a therapeutically effective amount of a

plant defensin, a nucleic acid, a vector, a host cell, an expression product or a pharmaceutical
- composition as disclosed herein, thereby preventing or treating:the proliferative disease.
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[00152] The present rnventron also provrdes use of plant defensrns nucleic acrds vectors, host'
cells and expression products as herein drsclcsed in lhe preparatlon of medrcaments for prevenlrng -
or treating a proliferative dlsease

- [00153] In some embodiments, the prolrferatrve drsease may: be a cell prolrferatrve drsease selected

from the group comprising an angrogenrc drsease a metastatic drsease a lumoungenrc drsease a

neoplastic disease and cancer.

[00154] In. some embodrments the prolrferatrve drsease may be cancer In particular embod|ments
the cancer may be selected from the group comprising basal cell carcrnoma bone cancer, bowel

cancer, brain cancer, breast cancer, cervical cancer, leukemla, liver cancer, lung cancer,

lymphoma, melanoma, ovarian cancer, pancreatic cancer, prosta'fe cancer or thyroid cancer.
[00155] In other embodiments, the cancer may be selected from ‘the group comprising acute

lymphoblastic leukemia, acute myeloid leukemia, adrenocortical carcinoma, AIDS-related cancers,

anal cancer, appendix cancer, astrocytoma, B-cell:lymphoma, basal cell carcinoma, bile duct
cancer, bladder cancer, bone cancer, bowel cancer, brainstem glioma, brain tumour, breast cancer, -

bronchial " adenoma_s/carclnoids, ‘Burkitt’s_ lymphoma,  carcinoid  tumour,  cerebral

astrocytoma/malignant glioma; cervical cancer, childhood cancers, chronic lymphacytic leukemia,

chronic’ myelogenous leukemia, chronic myeloproliferative disorders, colon cancer, cutaneous T-

cell lymphoma,  desmoplastic “small round. cell ‘tumour, ‘endometrial cancer, ependymoma,

esophageal cancer, extracranial‘rge’rm cell-tumour, extragonada'l germ cell tumour, extrahepatic bile

* duct cancer, eye cancer, rntraocular melanomalretlnoblastoma gallbladder cancer, gastric cancer,

s gestational trophoblastic tumour, glioma, gastric carcmord head and/or neck cancer, heart cancer, -
_hepatocellular (liver) cancer, hypopharyngeal cancer, hypolhalamuc and visual pathway glioma,
- Kaposi sarcoma, kldney cancer, laryngeal cancer, leukemra (acute lymphoblastic/acute '-
'myelord/chronlc lymphocyllc/chronlc myelogenous/hairy cell) lip and/or oral- cavity cancer, liver
. cancer, non- small cell Iung cancer,__. small. cell- - lung cancer, ;lymphome (AIDS-

. related/Burkitticutaneous T#CelI/H,odgkin/ndanddgkin/primary _central - nervous  system),

30

. macroglobulinemia, malignant fibrous histiocytoma of 'bcne/os_leosarc'oma, medulloblastoma,

melanoma, Merkel cell carcinoma, mesothelioma, metastatic squamous neck cancer, mouth
cancer, multiple endocrine neoplasia syndrome, mulliple'myeloma/plasma cell neoplasm, mycosis
fungoides, myelodysplastic syndromes, myelodysplaslic_/myeloproliferatiVe diseases, myelogenous
leukemia, myeloid leukemia, myeloproliferative dlsorders, nasal cavity and/or paranasal sinus
cancer, nasopnaryn'geal carci‘ncm‘a, neuroblastoma, non:-Hodgk_in lymphoma, non-small cell lung

. cancer, oral cancer_,.o_roph‘aryngeal' cancer, bsleosarComa/méllg‘nant‘ fibrous histiocytoma of bone,
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ovarian 'c'ancer,'ov_arian'epﬁith‘elia}v.‘caneer’-, ovarian germ cell tumour; pancreatic cancer, islet cell
cancer, paranasal sinus -and. nasal -cavity‘cancer; parathyroid é‘ancer,' penile cancer, pharyngeal
cancer, pheochromocytoma, pineal astrocytoma, pineai germinoma, pineoblastoma and/for
subratentorial primitive  neuroectodermal tum'ours, pituitary adenoma, - p!asma cell
neoplasia/multiple myeloma, pleuropulmonary - blastoma, primary central nervous system
lymphoma, prostate cancer, rectal cancer, renal cell carcinoma, retinoblastoma,
rhabdomyosarcoma sahvary gland cancer, Ewing sarcoma, Kaposi sarcoma, soft tissue sarcoma,
uterine sarcoma, Sezary syndrome skm cancer (non melanoma) skm cancer (melanoma) skln
carcinoma (Merkel -cell), ‘small cell lung cancer, small intestine cancer, soft tissue sarcoma,

- squamous cell carcindma, squamous neck cancer- with .metastatlc occult primary, stomach cancer,

supratentorial primitive neuroectodermal tumour, T-cell lymphoma, testicular cancer, throat cancer,
thymoma and/or thymic carcinoma, thyroid cancer, transitionai cancer, trophoblastic tumour, ureter
and/or renal pelvis cancer, urethral cancer, uterine endometrial cancer, uterine sarcoma, vaginal

cancer, visual pathway and hypothalamic glioma, vulva cancer, Waldenstrom macroglobulinemia or

Wilms tumour.

Kits

[00156] The present ihVention provides kits for preventing or treating a proliferative disease,
wherein the Kits comp'rise a therapeutically effective amount of a plant'defensin, a nucleic acid, a
vector, a host cell, an expression product or a'pharmaceutical composition as herein disclosed:
[00157] The present inventic_in also provides ‘use of the kits disclosed herein for preventing or
treating a proliferative disease; wherein the therapeutically effective amount of a plant defensin, a
nucleic acid, a vector a host cell an expression product ora pharmaceutlcal composition as herem
dlsclosed is admmlstered o a subject thereby preventmg or treatmg the proliferative disease.
[00158] Kits of the present’ invention facuhtate the employment of the methods of the present
invention. Typlcally kits for carrylng out a method of the invention contain all the necessary
reagents to carry out the method. For example, in one embodiment, the kit may comprise a plant .
defensin, a polypeptid‘e‘; a polynucleotide, a vector, a host cell, an expression product or a
pharmaceutical composition as herein disclosed. | | '

[00159] Typically, the kits described herein will also comprise one or more containers. In the

_.context of the present invention, a compartmentalised kit includes any kit in which compounds or

compositions are contained in separate containers, and may include small glass containers, plastic
containers or strips of plastic or paper. Such containers may allow the efficient transfer of
compounds or compositions from one compartment-to another compartment whilst avoiding cross-
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contamination of samples, and the addition ofagents”or solutions of each container from one -

“compartment to another in.a quantitative fashlon

[00160] Typically, a kit of the present invention will also lnclude mstructlons for using: the kit -
components to. conduct the appropnate methods.” '

[00161] Methods and kits of the present rnvenllon are equally appllcable to any -animal, mcludmg
humans and. other~ anlmals for example including -nen-human pnmate equrne bovine, ovine,
caprlne leporrne avian, felrne and canine species. Accordrngly, for appllcatlon to different species;

" a single kit of: the mventlon may be appltcable or. altematlvely drfferent kits, for example contarnlng

compounds-or composmons specific for each rndlwdual specres may be requlred
[00162] Methods and kits. of the: present invention find- appllcatlon in any crrcumstance in Wthh itis

Screening for precursors and modulators of compositions.

[00163] The present invention provides methods for screening for Cytotoxiclty of plant defensins
against mammalian tumour cells, wherein the method comprises contacting a-plant defensin, a

- disclosed Wlth a mammalian cell line, and assaying for cytoxrcnty agarnst the mammalran cell line -

due to contact with the plant defensrn

_ [00164] The present lnventlon also contemplates the use of nucleic acids dlsclosed herem and -

fragments or complements thereof to-identify and obtain correspondrng partlal and complete
sequences from other specres using methods of recombinant DNA well known'to. those of skill in
the art, including, but n_ot limited to southern hybridization, northern hybridization, polymerase chain

 reaction: (PCR), ligase Cltaln reaction (LCR) and gene mapping techniques.. Nucleic acids of the .

invention and fragments thereof may also'be used in the production of antisense molecules‘usingA
technlques known to those skilled in the art.

[00165] Accordingly; the present invention contemplates olrgonucleotndes and fragments based on
the sequences of the nucleic acids- _drsclosed herein tor.use as primers and- probes for the
identification of homologous sequences. Oligonucleotides are short stretches of nucleotlde: |
residues suitable for use in nucleic acid amplification reactlons such as P_CR,'typlcally'beln'g atleast |
about 10 nucleotides to about 50 nucleotides in length, more typically about 15 to about 30
nucleotldes in length. Probes are nucleotide sequences of variable length, for example between
aboul 10 nucleotldes and several thousand nucleotrdes for use in detection -of homologous

~ sequences, typlcally by hybndlzatron The: level of homology (sequence identity) between
“sequences will largely be determined by the stringency ol_hybndlzatron conditions. -In partl_cular,.the
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_ _nucleotlde sequence used as:a probe may hybndtze to. a homologue :or. other functronally’_.
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equrvalent vanant of a polynucleotlde disclosed herern under conditions of low stringency, medium
stringency or hrgh stringency.. Low ‘stringericy hybridization conditions may correspond to
hybridization performed at 50°C in 2 X SSC. There are numerous conditions and factors, well

“known to those skilled in the ar, that may be employed to alter the stringency of hybridization. For
mstance the length and nature (DNA, RNA, base composrtlon) of. the nucleic acid to be hybridized |

"toa specnﬁed nuclero acrd concentratron of salts and other components such as the presence or

absence of formamlde dextran sulfate polyethylene glycol elc; and altenng the temperature of the

o hybndrzatlon and/or washrng steps For example a hybndtzalron filter may be washed twrce for 30' |
10 -

mlnutes 2 X SSC, 0.5% SDS and at Jeast 55°C(low” strrngency) at least 60°C (medr_um‘ |
stringency), at least 65'C (medlum/ high-stringency), at _Ieast 70°C (hrgh stringency) or at least_ 75°C
{very high stringency). - o |

[00166] In preferred embodiments, the defensrn is screened usrng an MTT (3'-(4,5-Dimethlylthiazol-

- 2-y)-2,5- drphenyltetrazolrum bromide) assay. The MTT assay allows the person skilled in the art to

assess the viability and proliferation of cells. Accordingly, it can be used to d_ete_rmine cytotoxicity of

 potential therapeutic agents on.the basis that such agents_-womd either stimulate’ or inhibit cell -

viability and growth, ln'_the-assay,' MTT is reduced to purple formazan in living cells. A solublllzatlon
solution (usually either dimethyl sulfoxide, an'_ acidified ethanol solution, or ‘a solution of the -
detergent sodium docecyl'sulfate in diluted hydrochloric acid is added to dissolve the insoluble
purple fOrmazan product into a- oolored' solution. The absorbance of this colored solution can be
quantified by measuring at a certain wave!ength (usually - between 500 and 600 nm) by a
speotrophotometer The absorptron maxrmum is- dependent on the solvent employed

[00167] The present rnventron also provides plant defensms screened by the methods disclosed
herein, for use in preventlng or treatmg prolrferatlve dlseases '

Methods for p'roducing.plant defénsins with reduced haemolytic activity

[00168] The 'present" inve:ntlon_ provides methods- for producing plant defensins with reduced

~ haemolytic activity, wherein the method comprises introducing into the plant defensin at least one
alanine residue at of near the N-terminal of the defensin. The person skilled in- the art would

understand that several methods may be employed to -achieve such addition of an N -terminal.
alanine, such as site- directed mutagenesrs homologous recombrnatron transposons and non-
homologous end- jornlng '
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[00169] Haemotytrc actlvrty may be regarded as “reduced” if the activity of the ptant defensin results
. in relatively tess hemotysrs than-occurs, or would reasonably be expected to occur, through use of
a correspondmg plant defensrn that.has not been modified to reduce haemolytic actrvrty

[00170] The present rnventron atso provrdes plant defensrns wrth reduced haemotytrc actrvrty
produced by the methods drsctosed herern

Combrnatlon Therapres g

{00171]Those skrtted in the art will appreciate that the. polypeptrdes nuclerc acids, vectors host

 cells, expressron products and composmons drsclosed herern may be admrnrstered as. part of a

combination therapy approach employrng one or more of the polypeptides, nucleic acids, vectors .
host_celts, expression products and compositions disclosed_ herein in -conjunction. ‘with other
therapeuticapproaches to the methods disclosed herein. For such combination therapies, each -
component of the combination may be administered at the same time, or sequentially in any order,

- or at different times, so as to provide the desired therapeutic effect. When administered separately,

it may be preferred for the components to be administered by the same route of administration, -

although it is not necessary for thrs to be so. Alternatively, the components may. be formutated
. together in a srngle_ dosage unrt a,s_a_combrnatron.p_roduct. Suitable agents which may be used in

combination with the compos'ition's"orthe present inverition will be known to those of ordinary skill in
the art, and may rnclude for exampte chemotherapeutrc agents radrorsotopes and targeted
therapies such as antrbodres ' e

: [00172] Chemotherapeutrc agents to-be used in combrnatron with the polypeptides, nucleic acids,

vectors, host cells, expression products and compositions disclosed herein may include alkylating
agents such as - cisplatin, 'carboplattn, o}catiplatin, mechlorethamine, cyclophosphamide,
chlorambucil- and ifosfamid'e anti-metabolites such as purine or pyramidine plant alkaloids and

'terpenords such-as vrnca atkalords (including- vincristine, vrnblastrne vrnorelbrne and vindesine),

and taxanes (rnctudmg paclitaxel and docetaxel), podophytlotoxrn ‘topoisomerase inhibitors, such as
irinotecan, topotecan, amsacrine, etoposide, etoposide phosphate and teniposide, anti-neoplastics

~ such as doxorubicin, epirubicin and bleomycin, and tyrosine kinase. inhibitors,

[00173] Targeted therapies to be used in combination with the polypeptides, nucterc acids, vectors
host: cells, expressron products and compositions disclosed herein may. include, for example,
imatinib mesylate, dasatinib, nilotinib, trastuzumab, lapatinib, gefitinib, erlotinib cetuximab,

' Apanrtumumab temsrrohmus everolrrnus vorrnostat romrdepsrn ‘bexarotene, atrtretmorn tretinoin,’
bortezomlb pratatrexate bevacrzumab sorafenlb sumtrnrb pazopanrb rrtuxrmab alemtuzumab,
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ofatumuab, tositumomab, 131|tosrtumomab ibritumomab ‘tiuxetan, demleukm drftrtox tamoxrfen

_toremrfene ‘fulvestrant, anastrozole exemestane and letrozole.

[00174] Other therapies may also be used in combination wrth the polypeptides, nucleic acids,
vectors host cetls expression products and compositions drsolosed herern including, for example
surgtcal intervention, dretary regimes and supplements, hypnotherapy alternative medrcrnes and

- physical therapy:

"Trmmg of Therapres B

[00175} Those skrlted in the art wr!t apprecrate that the polypeptrdes polynucleotrdes vectors, host
cells, expression producis and compositions disclosed" herern may ‘be administered as a single”

diagnosis or subsequently thereafter, for example, as follow-up treatment or consolidation therapy

- as a compliment. to currently available therapies for such treatments The polypeptrdes‘
. polynucleotldes vectors, host cells; -expression products and composrtrons disclosed herein may

also be used as preventative therapres for subjeots who ~are genetically or envrronmentally

~ predrsposed to devetoprng such diseases.

[001 76] The person skilled in the art wrll understand and apprecrate that different features drsclosed

“herein may be combrned to form combrnatrons of teatures that are within the scope of the present

invention.
[00177]) The present invention wrtl now be further descnbed with reference to the fotlowrng _

~ examples, which are illustrative only and non- Irmrtrng

Examples

Materials and methods -

Purification of NaD1 from Nicotiana alata

[00178] To isolate NaD1 from its natural source, whole N. alata flowers up to the petal coloration

stage of flower developn'rent were ground to a fine powder and extracted in dilute sulfuric. acid as
described previousty‘ (Lay et al., 2003a). Briefly, flowers (760 g wet weight) were frozen in liquid.

nitrogen, ground to a fine powder in a mortar and pestle, and homogenized in' 50 mM sulfuric acid --
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(3 mL per g fresh weight) for § min using an Ultra- Turrax tiomogenizer (Janke and Kunkel) After
stirring for 1 h at 4° C, cellular debris was removed by filtration through Mrracloth (Calbrochem San-
Drego CA) and centrrfugatron (25, 000 x g, 15 min, 4°C).- The pH was then adjusted to 7.0 by

~ addition of 10 M NaOH and the extract was stirred for 1 h at 4°C before centrlfugatron (25,000 x 9

15 min, 4° C) to remove precipitated proteins. The supernatant (l 8 L) was applred to an SP

- Sepharose™ Fast Flow (GE Healthcare Bro—Scrences) column (25x25 cm) pre-equilibrated with -

10 mM sodium phosphate- buffer Unbound proterns were removed by washing with 20 column
volumes of 10 mM sodium phosphate buffer (pH 6.0)-and bound. proterns were eluted in 3.x 10 mL

- fractions wrth 10 mM sodium phosphate buffer (pH 6.0) contarnrng 500 mM NaCl Samples from

each purification’ step were analyzed by SDS: polyacrylamide gel electrophoresis (SDS-PAGE) and |
lmmunoblottrng wrth the anti-NaD1 antibodies. Fractions from the SP Sepharose column '
contarmng NaD1 were subyected to reverse-phase hrgh performance liquid chromatography (RP

HPLC)."

Reverse- phase high performance quurd chromatography

| [00179] Reverse- -phase hrgh performance liquid chromatography (RP HPLC) was performed on a
~System Gold HPLC (Beckman) coupled to a detector (model 166, Beckman) using a preparative.

C8 column (22 x 250 mm,_. Vydac) with a guardcoltrmn attached. Protein s'am_ples'were loaded in
buffer A (0.1% [v/v] trifluoroacetic acid) and eluted with a'linear gradient of 0-100% (v/v) buffer B

. (60% {v/v] acetonitrile in. 0.089% [v/v]‘ trifluoroacetlc acld) ata flow rate of 10 mL/min-over 40 min.

Proteins were detected by monitoring absorbance at 215 nm (Frgure 1B) Protéin peaks were -

~ collected and analyzed by SDS- PAGE.

[00180] Samples from each stage of NaDl purrl" cation (30 pL) were added to NuPAGE®
(Registered Trademark) LDS sample loading buffer (10 pL, lnvrtrogen) and heated to 70°C for 10 |
min. The samples were th_en loaded onto' NuPAGE® precast 4-12% Bis-Tris polyacrylamide gels
(Invitrogen). 'and.the p’_rolelns wé_re separalted using an XCell—Sureldck electrophoresis apparatus
(lnvitroger’r’)frun at VZOO'_V.‘ l?roteins were visualized by:Coomassie. Blue stainlng or transferred onto
nitrocellulose for lmmunoblotllng with the anti-NaD1 antibodies. | |

Isolation of other defensins from plants v(Nle, NsD2, PhD1A)

[0018'1]'Defenslns were isolated from'seeds_or' flowers using the procedure described herein for
purification-of NaD1 from Nicotiana alata flowers. Briefly, seeds (500 g) were placed in an Ultra-
Turrax homogenizer (Jarike and.Kunkel)'rand ground to a fine powder before addition of 50 mM
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sulfuric acid (4 mL per g fresh weight). Flowers were ground to a fine powder in liquid .nitrogen
before the addition of 50 mM sulfuric acid (3 mL per g fresh weight). Homogenisation was
continued for 5 min before the homogenate was transferred to a beaker and stirred for 1h at 4°C.

- Cellular debris was removed by frltratron through Miracloth (Calblochem San Diego, CA) and

- centrifugation” {25,000 x g, 15 min, 4°C). The pH was- then' adjusted to 7.0 by addition- of 10 M

NaOH and the extract was stirred for 1 h: at 4°C- before centrifugation (25,000:x g, 15-min, °C) to
remove precnpltated protems The supernatant was. applred to an SP-Sepharose™ Fast Flow (GE
Healthcare Bio- Sciences) column (2.5 x 2.5 cm) pre equilibrated with 10 mM sodium phosphate'
buffer. Unbound proteins were removed by Washihg with 20 column volumes of 10 mM sodium
phosphate buffer (pH 60) and bound proteins were eluted in 3 x- 10 mL fractions with 10 mM
sodium phosphate buffer (pH-6.0) containing 500 mM NaCl.
[00182] Fractions from the SP Sepharose column were ‘subjected to reverse-phase high
performance liquid chromatography (RP-HPLC) using either an analytical Zorbax 300SB-C8 RP-
HPLC column and an-Agilent Technologies 1200 series system‘ or a preparative Vydac C8 RP-
HPLC column on a Beckman Coulter System Gold HPLC. Protein sarnp}es were loaded in buffer A
(0.1% (u/v) trifluoroacetic acid) and.eluted with a linear gr‘adiént-’df‘O-iOO%\(v/v) buffer B (60% (v/v)
acetonitrile in 0.089% (v/v) trifluoroacetic acid. Eluted proteins were detected by ‘monitoring
absorbance at 215nm. Protein peaks were collected an‘d‘defensins_were identified using SDS-
PAGE and mass spectrometry. | |

Expression and-purifrcation ‘of recombinant defen'sins in Pichia pastoris-
.[00183] The Pichia pastoris expression system is well-known and commercially avarlab!e from
Invitrogen (Carlsbad, CA; see the supplier's Pichia Expression Manual disclosing the sequence of
the pPICQ expression -vector). The defensins of interest, including NaD1, TPP3, ¥2-2, 71-H, Dm-
AMP1 were cloned into the p.'PICQ expression vector (the proteins encoded by these clones were
designated rNaD1, rTPPS, ry2-z, ry1-H, rDm-AMP1, respectively). These constructs were :then
used to transform P. pastoris GS115 cells. A colony of each clone was used to inoculate 10 mL of
BMG medium (described in the I'nvitrogen Pichia Expression Manual) in a 100 mL flask and was
incubated overnight in-a 30°C shaking incubator (140 rpm). The culture was used to inoculate 500
mL of BMG in a 2 L baffled flask which was placed in a 30°C shaking incubator (140 rpm). Once
the ODeoo reached 2.0 (~18 h), cells were harvested by centrifugation. (2,500 x g, 10 min) and
resuspended into 1 L-of BMM medium (ODsoo = 1.0) in a 5 L baffled flask and incubated-in a 28°C
shaking incubator for 3 days.' The expression medium was separated from cells by centrifugation
(4750 rom, 20'min) and;di_luted" with an equal volume of 20 miM potassium phosphate buffer (pH
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_ 6. Q). The med|um was adjusted to pH 6.0 with NaOH before it was -applied to an SP Sepharose
_ column (1 em X 1 cm Amersham Broscrences) pre- equrllbrated wrth 10 mM potassium phosphate
'_ buffer, pH 6. 0. The cotumn was then washed with 100- L of 10° mM potassrum phosphate buffer,

pH 6.0. and bound protern was etuted in 10 mL of 10 mM potassrum phosphate buffer containing
500 mM NaCl (Figure 1A). Eluted proteins were subjected to RP-HPLC using a 40 minute linear

- gradient as described herein below. Protein peaks were collected-and analyzed-by SDS-PAGE

and |mmunobtottrng with the anti- NaD1 antrbody Fractlons containing "the defensrn were
Iyophrhzed and resuspended in sterile milli Q ultrapure water The protetn concentratron of Pichia-
expressed defensrn .wasdetermined using the brcrnchonrnrc acrd (BCA) protern assay (Pierce
Chemical Co. ) with bovrne serum albumln (BSA) as the protern standard.

Circular dichroism spectrum of rNaD1

‘[00184] To examlne whether NaD1 purified from P. pastoris (rNaDt) was correotty folded, its far UV

circular drchrorsm (CD) spectrum was recorded and compared with that of native NaD1 (Frgure 1C).

The similarity of the two spectra indicates the structure of: rNaDt was not srgnrﬁcantly attered
.compared to netlve NaD1 ‘

’ Antifungat- actiVity of rNaDt )

[00185]} The effect of rNaD1 on the growth of Fusarium’ oxysporum f sp. vasinfectum was

- compared to that of native NaD1. Recombinant NaD1 'demonstr'ated ‘antifungal activity at low

.concentratrons wrth an tCso of ~16 pM NaD1 was strghtty more effective with an. ICso of ~1.0 uM

, ,(Frgure 1D).

. ‘Preparation of reduced and alkylated NaD1

25

. 30

[00186] Lydphitized'NaDt (500 pg) was dissolved in 400 pL of stock buffer (200 mM Tris-HCI-pH
8.0, 2mM EDTA, 6 M guanidine-HCI, 0.02% [viv] Tween®-20). Reduction buffer (stock buffer with
15 mM dithiothreitol [DTT)) was added (44 pl) foIl'oyve_d‘by a 451 incubation at 40°C. The .
reaction mixture was co'oled to RT before iodoacetic acid (05 M in 1 M NaOH, 55 ul) was added

~ and the incubation continued in the dark for 30 min at RT. A Nanosep omega® (Registered
- Trademark) spin column (3K malecular weight cut: o'ft PALL Life Sciences) wasused to remove
~ salts, DTT and rodoacetrc ‘acid and the proteln concentratton was determrned usrng the BCA proteln |

assay (Plerce) The effect of reduced and alkylated NaD1 {NaD1raa) on.the growth of Fov was
measured as described.herein. :
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Immunoblot analysrs

[00187] For rmmunoblot anatysus proterns were transferred to nrtrocellulose and probed with
protern A- punfied anti-NaD1 antibodies' (1: 3000 dilution of 7.5 mg/mL) followed by goat anti-rabbit
lgG conJugated to horseradrsh peroxidase. (1: 3500 dilution; Amersham Pharmacia Biotech).
Enhanced chemrlumrnescence (ECL) detection_reagents (Amersham Pharmacra Biotech) were

used to visualize bound antibodies with a Chethemus ™. brormagrng system (Syngene)

- [00188] To produce: anti-NaD1 or ‘anti-NaD2 anttserum purrf ed NaD1 or NaD2 (1.5 mg) -were

conjugated to Keyhole. Limpet Hemocyanin (0.5 mg, Sigma) respectively, wrth gtutaraldehyde as .
described by Harlow and Lane (1988). A rabbit was injected with 1.5 mL of protein (150 ug NaD1) -
in an equal volume of Freund's complete adjuvant (Stgrna) Booster immunizations of conjugated - .
protein (100 ug NaD1 or-NaD2) and Freund's incomplete adJuvant (Sigma- Atdnch) were
administered four and eight weeksvlater. , Pre immune serum was_cottected before m;_ectron and
immune serum was co_llec_ted 14.d after the- third and four_th‘-immdnizations._' The IgG fraction from

“both pre-i'mmu_ne and immune ‘serum 'wes-‘pu'riﬁ'ed using Protein'-‘A 'Sep_harose' CL-4B (Amersham

" Pharmacia- Biotech) andiasstOred at"-80°C. at concentrations. of 3.4 mg/mL and 7.5 mg/mL,

20
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30

: _ 'respectively. '

Bacterlal expressnon and punflcatlon of rStPin1A

[00189] The: type t senne protemase inhibitor StPrntA Jisolated from potato (So/anum tuberosum) |

~was prevrously described- (as Pot1A) |n Unrted States: Patent No..7,462, 695 "Insect chymotrypsrn

and inhibitors thereof” and 11/753,072 "Multi-Gene Expressron Vehrcle" and is rncorporated herernr |
by reference. . _ ' - '

" [00190] The DNA fragment encoding the mature domam of StPin1A was PCR- amphfred for

_subelonmg into the vector pHUE for recombinant protein expression in £ coli (Baker et al, 2005,
- Cantanzariti et al, 2004). The foitoWing primers were used: Sac2StPin1AS"; §' CTC CGC GGT GGT-
 AAG GAA TCG GAATCT GAA TCT TG 3 PotiSali3": 5 GGT CGA CTT 'AAG CCACCC TAG GAA

TTT GTA CAA CAT C 3, which, rncorporated Sac Il and Sal | restriction: sites at the 5and 3 ends_
respectively. PCR reactrons contamed 2x GoTaq Mastermix (25 uL, Promega) Sac2Pott5‘ primer |
(10 HM, 2 uL) PotiSall3' pnmer (10 KM, 2 pt.) sterile distilled water (16'uL) and pGEM-T Easy-
StPin1A plasmid DNA (~ 20 ng, 5 pL) as temptate Initial denatunng occurred at 94°C for 2 min,
followed by 30 cycles of 94°C for 1 min, 60°C for 1 'min and 72°C for 1 min followed by a final

- elongation step of 72°C for 10 min.
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[00191]The PCR product was cloned rnto the pCR21 -TOPO. vector (lnvrtrogen) ‘which was then

- used to transform chemrcally competent E. coli TOPlO cells (lnvrtrogen) accordrng to.. the
~‘manufacturer’s lnstructrons Plasmrd DNA was tsolated usrng the Wizard Plus SV Mtnlprep kit -

: (Promega) and vector lnserts were sequenced (Macrogen) usrng the TOPO-specmc M13 forward
and reverse pnmers e P :

; [00192] Inserts were excrsed usrng Sac I and Sal 1, extracted from agarose. gels usrng the

Perfectprep kit (Eppendorf) and lrgated into pHUE whrch was then used to transform E. coli TOPtO

 cells. Plasmrd DNA for pHUE contarnlng StPrntA was 1solated and then used fo transform E colr |

BL21 (DE3) CodonPlus- RlL cells (Stratagene) :
[00193] Single colonies ot transformed E. coli-were used to inoculate 20 mL of YT medla (10 mL ‘
16 g/L iryptone;’ 10 g/L yeast ‘extract, 5 g/l NaCl) contarnrng amptcrllrn (0.1 ‘mg/mL), _
chloramphenicol (0. 034 mg/mL).and tetracyclrne (0.01 mg/mL) and grown ovetnight with shaking at
37°C. This culture was used: to inoculate fresh 2YT media (1 L) contalnrng antibiotics whrch was

| then rncubated at 37°C with shakrng until an optrcal density (595 nm)-of ~0. 8 IPTG was added (1

mM final concentratron) and the culture grown for a further: 3h.. L
[00194] The cells were harvested by centrlfugatron and: the soluble recombrnant protein was |
'purrfred by atflmty chromatography on nickel- nrtrllotrlacetrc acrd (Ni-NTA) resin, (Qragen) usrng the
native protern purrfrcatron protocol outllned in: The QraExpressronlst Manual: (Qragen) Bound .
protern was eluted from the resm ina bufter contarmng 250 mM rmrdazole before dialysis for: 8—16 h
at 4Cina solutron contarnlng 50 mM Tns HCl (pH 8. O) and 300 mM NaCl. The dralyzed fusion- _‘
‘protern was cleaved by incubation- with the de- ubrqurtylatmg protease, 6H.Usp2-cc (Catanzantt et
al., 2004; Baker etal, 2005) for 1h at 37°C The cleaved proteln was subsequently purified using a
System Gold HPLC (Beckman) coupled to'a detector (model 166 Beckman) and a preparatrve C8
column (22 x 250 mm Vydac) Protein samples were loaded in buffer A.(0.1% [v/v] tnﬂuoroacetlc .
acrd) and eluted with a step gradrent of 0 60% (viv) butfer B (60% [v/v] acetonrtrlle in0. 089% [v/v], .
tntluoroacetrc acrd) over 5 min- and 60 100% buffer B over 20 min with a flow rate of 10 mL/min.
'Proterns were detected by monrtonng absorbance at 215 nm. Protein peaks were collected
manually and analyzed by SDS:-PAGE.

-Cell Irnes and culture

[00195] Mammalran cell lrnes used in thrs study were as tollows human melanoma cancer MM170. |
'cells |mmortalrzed T lymphocyte Jurkat cells human Ieukemla monocyte Iymphoma U937 cells y

‘ human prostate cancer PCB cells mouse melanoma 816 cells Chrnese hamster ovary (CHO)
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cells, GAG-deficient CHO mutant pgsA-745 cells, and Afncan green monkey kidney fi broblast COS- |

- 7 cells. The cells were: grown in tissue culture. flasks at 37 o} under a humrdrf‘ ed atmOSphere of 5% |

CO2 /. 95% arr and- sub- cultured routrnely two to. three times a week accordmg to the. rate ‘of

,_ prollferatron All mammallan cells were cultured in RPMI-1640 medlum (Invitrogen) supplemented

with 10-% heat- rnactrvated fetal bovrne serum (FBS lnvrtrogen) 100 U/mL penicillin (Invitrogen)

- and 100 pg/mL.strepto_mycrn (Invitrogen), with the exception that CHO and PGS cells were cultured

in DMEM-F12 medium (DMEM Invitrogen) supplem'ente'd with 10% FBS, 100 U/mL penicillin and
100 pg/mL streptomycm Adherent cell lines were detached from the flask by adding 3-5 mL of a
mixture contarnrng 0. 25% trypsrn and O 5 pM EDTA (Invrtrogen)

- Ficoll-paque isolation of peripheral blood mononuclear cells (PBMCs)

. [00196}) .PBMCs were re- sUspended to a cell concentration of 1 x 108 PBMCs/mL following ficoll- -

paque isolation. Briefly, blood was collected in heparinised tubes and diluted 1 in 2 with stenle 1x
PBS / 0.5% BSA (D PBS Ca?* and Mg?2* free, Invitrogen). Using sterile 50 mL tubes, dlluted blood
(35 mL) was over—lard on 45 mk frcoll -paque, followed by centnfugatlon for 30 min at 1800 rpm |
(break off). The upper plasma layer was removed into a frésh tube and re-spun, prior o removrng '
PBMC layer and dividing cells between four tubes topped with 1 x PBS /0. 5% BSA Cells were

~ spun for.10 min -at 1000 fpm. RT vith the pellet of each tube washed (x3) with 50 mL 1x PBS /
_ ~ 0.5% BSA. To remove more platelets cells were spun for 15 min at 800 rpm. '
20 ‘

Red blood cell (RBC) lysrs

' [00197] Followrng ﬁcoll paque separation, RBCs were collected and washed wrth 1 x PBS and
.- pelleted at. 1000 x g for 10 min. RBCs were diluted 1 in 10 for treatment. with increasing

concentrations (0-100 uM) of defensins and incubated over-night under a humidified atmosphere of
5% CO2 / 95% air. Post 24 h incubation, the cells were centrifuged for 10 min at 2000 rpm, with the .
supernatant diluted to-1 in 100 with-1 x PBS. The degree of red blood cell lysrs was measured as
absorbance at412 nm.

MTT cell viability assays

- [00198] Tumour cells were seeded in quadruplic.ate into- wells of a flat-bottomed 96- well microtitre

plate (50 L) at varrous densrtres stemng at 2 x 105 ceIIs/mL Four wells containing complete
culture: medium alone were included in each assay as a background control. The microtitre plate
was incubated overnrght at 37°C under a humidified-atmosphere tontaining 5% CO2/ 95%_ air, prior
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to the addition of complete cullure medium (100 pL) to each well and further incubated at 37°C for

_ 48 h. Optlmum cell densmes (30 50% confluency) for cell vrabrllty assays were determmed for
~ each'cell line by Ilght mrcroscopy ‘

[00199] Tumour cells were seeded in a 96- well microtitre plate (50 uL / well) atan ophmum densrty .
determined in the cell optimisation assay as- -above. Background control wells (n 8) contalnmg the
same volume of complete culture medium were included inthe assay. The microtitre plate was

R .lnoubaled overmght al 37°C, prior to the addition of proterns at various concentratlons and the plate

was incubated for a further 48 h. The' cell viability 3-(4, &- drmethyl 2- -thiazolyl)- 2 5-diphenyl-2H-

- tetrazolium bromide (MTT,‘ Sigma- Aldrlch) assay was carrred out as follows: the MTT solution (1

mg/mL) was added to each well (100 uL) and the plate incubated for 2-3 h at 37°C under a
humidiﬁed atmosphere containing 5% CO> / 95% air. Subsequently, for adherent cell lines, the
media was removed. and replaced with dimethyl sulfoxide'(‘lOO L, DMSO Sigma- Aldrich) and
placed ona shaker for 5 min to dissolve the tetrazolium salts. In the case of suspension cells, prior
to the addltlon of DMSO-the cells are spun at 1500 rpm for 5 min.-Absorbance of each well was .
‘measured-at 570 nm and the ICsp values (the protein-concentration to- inhibit 50% of cell growth) |
were determined using the Origin Software Program.

ATP brolummescence assay

[00200] ATP blolumrnescence assay (Roche Dlagnoslrcs NSW Australia) was used to quantltale
the release of ATP by permeabrlrsed tumour cells. The Luciferase reagent was dissolved as per
‘manufacturer’s instructions and incubated for 5 min at 4°C. Brlefly, cells were re-suspended ata
concentratlon of 1x 106 cells/mL in 1><PBS 1 0.1% BSA and ‘added (40 pliwell) to the Luciferase

: reagent (50 pL/well) to a blank microtitre plate (Nunc™) containing 10 L of protein. samples.

Srmultaneously, using a multichannel pipette, the mixture was added (90 pb/well) and samples
were immediately read on a microtitre plate reader at 562 nm for 30 min with readings taken at 30's
intervals. The data were analysed by SoftMaxPro 4.0 software (Molecular Devices Company).

' Fluorescent Activated Cell Sorting (FACS) cell permeabrlrty assay

[00201]Unless otherwrse slaled cells ‘were. re- suspended at a cell’ coricentration- of 4 x 105

: cellslmL in complete culture RPMl 1640 medium supplemenled wrth 10% FBS, 100 U/mL penicillin

and 100 pg/mL streptomycm and added to either V-botlom 96-well plate or mlcrofuge tubes.
Cells were kept at 37°C, unless otherwrse stated, dunng protein addition (5 L) at various
concentrations or the set concentration of 10 uM. Typically, cells were mixed with the protein of
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interest and mcubated at. 37°C.for 30 mrn In_ certain expenments cells were also lncubated at-
either 4°C or 37°C for 2-60 min prior to flow cytometry analysis. Cells were added to an equal -
-volume of complete culture medium containing 2 ug/mL propidium iodide (PI, Annexin V-FITC

| Apoptosis Detection Kit, Invitrogen) and analysed immediately by flow cytometry using a

FACSCanto cell sorter (Becton Dickson, Fanklin Lakes, NJ) and Cell Quest Pro Software (Becton
Drckson) Typlcally, 5000 10000 events per sample were collected and the resultant data were
analysed using FlowJo software (Tree Star, Ashland, OR). Cells were gated appropriately based on '
.fon/vard scatter (FSC) and srd_e-scatter (SSC),_ with. the viable cells determined by their ability to
exclude PI. For anaysis purposes, all data was standardised relative to control (normal cell %
ranged from approx. 0 - 7%).

Scanning electron microscopy of permeabilised cells

[00202] Scanning electron microscopy. was used in this sludy to visualize PC3 cells when {reated ;
with NaD1 (10 pM) in ccmparison to untreated control. Once removed.from the incubator the cells .
‘were kept on |ce untll requured Small ‘glass. petn dishes were layered with filter _paper soaked ln.
distilled water, and the cover-slrps were later lard onto the dISh The samples were washed with the ,‘
~wash buffer (0. 2M sodlum phosphate (pH 7.2) and 5.4% (w/v) glucose) prior to primary fixation,
samples were immersed in equal parts of 1.25% glutaraldehyde and 0.5% osmium tetroxide fixative '
for 30 min at 4°C. The samples were washed 'twlce for 15 min with wash buffer, followed by
immersion in 2% osmrum for 1h on ice and in a light- /arr-trght glass petrr dish. The samples were
then washed three tlmes for 5 min with wash buffer prior to the subsequent dehydration procedure
The dehydration step'in the protocol was then carried out and- requ_rred sequential immersion in
increasing concentrations of ethanol (EtOH): 1 x .10 min in 50% ElO_H, .1 x 10 min in 70% EtOH, 1 x

- 10 min 90% EtOH, 1 x 10 min in 95% EtOH, and finally 2 x 10 min in 100% EtOH. The fixing and
~ dehydrating of samples was followed by Freeze Drying, where the samples were immersed for a

“few sec in melting nitrogen then placed in a copper block in a vacuum evaporator (Dyna\rac). '
Following 48 h of freeze drying, the sample is mounted onto a metal stub and stored in a
desiccator. The samples were ﬁnally coated with a thin layer of mela_l_s (gold and palladium) using
an automated sputter coater (SC7640 Polaron): Samples were- analysed using a high resolution
digital Field Emission-Scanning Ele’clr’on:Mlcrcscdpe,'=FE-SEM (JSM-6340F, JEOL Ltd, Japan).
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Llprd coated membrane stnp-based assay

-[00203] Membrane Llpld StnpsTM PIP StnpsTM and Sphlngo StnpsTM (Echelon Blosmences Salt:

- Lake City, UT) were incubated with PBS /3% BSA for 1-2 ’h at RT-to block non-specific binding.

The membrane ‘strips w_eré then incubated with defensins (0.12 uM) diluted in PBS / 1% BSA’
overnlghl at 4°C, prior'.lo'.thoro‘ugh‘washing for 60 -min at RT with PBS / 0.1% Tween-20.
Membrane-bound protein was delected by probing ,.m'e membrane strlps with a rabbit anti-NaD1~
polyclonal antibody- (for detection.of NaD1, NsD1, NsD2, rTPP3 or PthA) or -a rabbit anti-NaD2
antibody (for detection of'NaD2 or NsD3) (in both c.ases"dl_luted 1:2000 with PBS / 1% BSA) for 1 h
at 4°C, followed by a HRP-conjugated donkey anti-rabblt IgG antibody (diluted 1:2000 with PBS /
1% BSA) for 1 h at 4°C. After each anti_body 'lncubatvion, the membrane strips ‘were washed
éxlensively for 60 min at RT with-PBS 10:1% Tween-20. Chemiluminescence was detected using '
the enhanced'chemiluminescence (ECL) western bldtting reagent' (GE Healthcare BioSciences,
NSW Australia) and exposed to Hyperfilm (GE Healthcare BloSClences NSW, Australia) and
developed using an Xomat (All-Pro- lmaglng) -

- [00204] Densrtometry analysis was performed on images obtained from lipid strips using lmageJ .

(National Institute of Health, Bethesda, Maryland). Briefly, circles- of equrvalenl size were traced;
around areas of intérest. A background cnrcle of equal size was also placed in the area on the”

: membrane where there is no lipid and set as the background. The areas of interest were quantn‘led '

as the average pixel mtensrty subtracted from the background
" Example 1: In vitro anti-tumour activity of NaD1

Example 1: Introduction

[00._205]‘The effect ef NaD1 (either purified native protein from the .llowers .ofv N. alata or puriﬁ_ed '
recombinant protein prc')duced in P. ‘paeloris) on the viability of tumourcell lines and brimary human
cell isolates was determined usrng a 3(45dlmethy| 2—th|azolyl) -2, 5dlphenyl 2H-tetrazolium
bromide (MTT) in. vitro -cell - culture viability assay. The tumour cell lines tested were HCT116 -
(human colon cancer), MCF-7 (human breast cancer), MM170 (human melanoma), PC3 (human_
prostate cancer), B16-F1 (mouse melanoma), CASMC (human' coronary artery. smooth muscle
cells) and HUVEC (human umbilical vein-endothelial cells). NaD1 was tested alongside the purified
plant proteins recombinant StPlnlA (rStPlnlA) or NaD2. Cells were seeded into 96-well flat-

bottomed microtitre plates at the foIlowmg cell numbers: MM170 (2x 104/well) MCF 7 (2x104/well) -
HCT-116 (5x10%well), . PC3 (5x103/well) B16-F1 - (2x10%well), HUVEC (3x103/well), CASMACI



WO 2011/160174 PCT/AU2011/000760

46

(5x10%well) and Cultured. overnight” NaD1, rNaD1 or. rStPin1A were then added to cells to final

‘ concentratrons rangrng from 1 to-100 M and: rncubated for 48 h, upon which MTT assays were

~ carried out as descrrbed in the Matenats and Methods
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) Exampte1 Results

[00206] NaD1 and rNaD1 dramatrcally decreased the vrabrtrty of all the tumour cell lines tested with
: leo values at-low.pM concentratrons (2 to 5uM) (Flgures 24 to 2F). Both forms of NaD1 showed
very similar rnhtbrtory effects, with NaD1 having only shghtly greater activity than rNaD1 (Figure 2F)

~In contrast, the plant protein rStPin1A showed no srgmfrcant effect on cell viability of the tumour
cells lines (Figures 2A to 2E). NaD2 (a solanaceous Class | defensin also isolated from the flowers

of N.alata) was also tested on MM170 cells and no significant effect on cell viability was observed -

(Figures 2G). NaD1 and rNaD1 were also found to reduce the cell viability of normal human

CASMC and HUVEC but the ICso values were higher (751012 uM) than that for the tumour cells_
tines (Figure 2H and 21). NaD2 or rStPin1A showed no srgmﬂcant effect on cell vrabrlrty of CASMC‘
and HUVEC (Frgures 2H and.2!). In comparison to NaD1 a reduced and alkylated form of NaDtv
(NaD1 RaA) showed no effect on tumour cell viability when tested on the mouse melanoma B16- F1',

: _’ (Figure 24). These. data mdrcate that NaD1 in both natrve and recombrnant forms selectrvely krllsf .
| tumour cells. at low pM concentratrons

‘Example 2: Effect of NaD1 on the permeabilisation of human cell in vitro

Exampte 2 Introductlon

[00207] NaD1 has prevrously been shown to have the abrlrty to permeabllrse the hyphae of F.

- oxysporum {. sp. vasinfectum (van-der-Weerden et al,, 2008). To determine whether NaD1 kills

tumour cells in a similar manner to fungus, the ability of NaD1 to permeabilise tumour cells was
as_s_essed'.usin'g.two different approaches. The first used a bioluminescence assay to measure the
release of intracellular ATP. 4x10% U937 (human r'nyetomo'nocytic tumour cell ling) or MM170
(human myeloma) cells were treated wrth increasing concentrations of native NaD1 (0-20-uM) and

: '_ATP release measured at mtervals of 30 seconds for a total .of 30 min by determining absorbance

at 562 nm. The second approach used flow cytometry to determrne the- uptake of the ﬂuoresoent

“dye propldrum iodide (Pl (2 mg/mL) by U937 and MM170 cells (4x10%/mL) fottowrng the treatment

of cells with i increasing concentrations of NaD1 (0 to 100 uM) for 30 min.
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o [00208]ln addttlon fi eld emtssron scannmg electron mlcroscopy (FE SEM) was used to observe .
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“any morphologrcal changes to the tumour cell membrane Human PC3 cells (prostate cancer were

treated with NaD1 (_10 1M) or-not for 30 min and subsequently fixed and processed for FE- SEM.

Example 2: Results

[00209] U937 and MM170 cells showed a release of ATP in a tlme dependent and concentratlon '
dependent manner when treated with NaD1 (Flgures BC and: 3D) in’ both cases ATP was- released
from cells almost lmmedlately upon exposure to NaD1. NaD1R&A showed no ablllty to permeablllse ‘
U937 or MM170 (Figures- 3D) These results indicate that the intact stricture of NaD1 is -essential
for cell permeabtllsatlon and correlate with ability of NaDt to kil tumour cells as indicated in
Example 2. ' . '

[00210] To further examine tumour cell permeablllsatlon by NaD1, U937 and MM179 cells were
treated. with mcreasmg concentratlons of NaD1' (0. to 100 uM) for 30 min at 37°C and then PI
uptake measured by flow cytometry As described for the release of ATP medrated by NaD1, ‘the
uptake ot P! by both U937 and MM170 cells mcreased with i |ncreasmg concentratlons of NaDl As_ :
shown i in Figures-3A and B the number of PI* U937 or MM170 cells was similar upon exposure to
dttferent concentratlons ot NaDt W|th ~30% PI* at 6. 25 pM WhICh increased to 100% Pl* at
' 100p.M

[00211] The examlnatlon of PC3 cells that were exposed to NaDt by FE-SEM mdlcated that they
showed a clear morphologlcal difference to untreated cells NaD1 treated cells exhibited a "
dtsrupted plasma membrane as demonstrated by the distorted irregular cell surface in comparison
to the. smooth intact surface of untreated cells (Figure 3E) ‘These changes are indicative of a |
destabilised plasma membrane and support the findings described: above that NaD1 permeablltses_'-
the plasma membrane of tumour cells ' |

Example 3: Effect of NaD1 and reco'mbina'nt NaD1on red blood cell lysis

‘Example 3: Introduction’

*[00212] Thie abilty of native NaD1 or rNaD1 to lyse.human red blood cells (RBCs) was investigated

by rncubattng 107 RBCs with i mcreasmg concentratlons of NaD1 (0to 100uM) for 16°h at 37°C and
'determlnmg haemoglobrn release by measuring absorbance at412 nm.



.10

15

20

25

30.

WO 2011/160174 PCT/AU2011/000760

48

Example 3: Results

: [00213] NaDl at low concentratrons (<12 5 pM) had no effect on RBC lysis when compared to the

PBS only control However, a hrgher concentration of NaDl (12:5 o 100- uM) did induce RBCI lysis,

- with the levels of released haemoglobrn reaching a maxrmum of ~50% lysis. at 100 uM (relatrve to

the posrtrve control whereby lysis was rnduced to 100% completron with water) ln contrast rNaD1

~ showed no abrlrty to lyse RBCs at concentrations up to lOO uM (Frgure 4).

. Exam‘_pl_'e 4 Permeabilisation activity of NaD1 in the presence of serum

Example 4: Introduction.

[00214] To assess the abilit"y of NaD1 to- permeabilise tumour cells in the presence of serum the

_ Pl-uptake flow cytometry assay was utrlrsed as clescnbed in Example 2 with. the following

modifications: 4x105/mL U937 cells were rncubated with 10 uM nattve NaD1 in the presence of
increasing concentratrons of foetal calf serum (FCS) (0 to 40%) for 60 mrn followed by addrtron of
2mg/mL PL. The percentage of PI* cells was then determrned by ﬂow cytometry

Example4 Results '_ | _.

‘[00215]NaD1 retarned the abrlrty to permeabrlrse U937 cells in"the presence of -serum as

demonstrated by the detectron of 70% P+ cells in the presence of 40% FCS, which was only

‘marginally lower than the 90% PI* cells at 0% FCS

Example 5: In vivo an_ti-tdmour activity of NaD1

ExampleS lntroductron :

[00216] The effect of NaD1-on tumour growth was assessed inan in vrvo model- of solid melanoma '

“growth in mice. C57BL/6 mice were injected subcutaneously with 5x10° B16-F1 tumour cells and

solid tumours grown to a diameter of ~10 mm, One mg/kg body weight NaD1 or NaD1rga in 50uL -
of PBS, or 50 uL of PBS alone was then injected rntratumuorally every. 2 days until mice were

sacrificed. The tumour srze was measured before m;ectron every 2 days. Six mice were used in -

each group
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-Example 5: Results

[00217] The intratumour injection of 1mg/kg body weight NaD1 resulted in a significant red_uction in
tumour growth when compared to the controls of NaD1rga and PBS alone. By day 4 the average
tumour size had reached onty 1.8 0.2 for NaD1 _treated mice compared to 4.0 % 040r37+06 ,
for NaD1rsa or- PBS alone treated mice, r'especttvet'y (tur'no'ur size-was ‘normalivse‘d to 1 for each

' ‘mouse at day 0). It shoutd be noted that’ the 816 F1- tumours were establrshed at a highly |

advanced stage when treatment was, rnrtrated

Example 6: Acute oral*toxicity testing of NaD1 in rnice

- Example 6: Introduction

[0'021'8] This study was'based on OECD Test Gutdeline 423 (OECD [Organisation for- Economic
- Co-operation and Development] 2001. Gurdelrne 423: Aciite Oral Toxrcrty Acute Toxrc Class -

Method. Paris: OECD). | | |
[00219] Healthy female. C57BL/6 mice denved from the same Irtter were obtarned from erther the
Central Animal House at La Trobe Unrversrty (Bundoora Campus) or from Monash Animal Services.
The anrmats were rdentrf ed by ear punch and kept three per cage dunng the study. The anrmals
will be housed and maintained in groups of three in cages as per standard animal house conditions

_ atLa Trobe University.

[00220] On the day of dosrng the test. mrce were werghed -and: fasted for 4 h pnor to dose _
administration. Just pnor to dosrng the mice were reweighed. The protern solution (pure NaD1-in
water) was prepared shortly prior to administration such that_each of the three test mice received a
total of 400 pL of the protei'n _solution at the _ﬁxe‘d dosing level of either 0 (water only vehicle

 control), 20, 50 or 300 mg NaD1/kg b'ody weight. The protein solution was administered by oral

gavage using a round -tipped canula needle. Feed was replaced 1 h after dosing. The mice

' recerved standard rodent dret and water ad libitum.

[00221]The mice were observed hourly for 4 h after dosing on day 1-and at least twice daily
thereafter until scheduled-ktlling on day' 14. Signs of gross toxicity adverse pharmacologic- eftects '
and behavrourat changes were assessed and recorded daily as was the food . and water
consumption. The mice were reweighed at days 7 or 8 and 14. On the Iast day of the study (day
'14), the mice were killed by inhalation of carbon droxrde and necropsred Al the mice received a
‘gross pathological examination. The werghts of the fotlowrng organs were recorded brain, heart,

liver, lungs, kidneys, gastrointestinal tract, spleen and thymus. Subsequently, the samples were .
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fixed in 4% (v/v) paraformaldehyde until parafﬂn embeddmg sectioning and histopathological
examination by the. Australian Phenomics Network, University of Melboume node. The
gastromteslmal tract was d|V|ded into the followmg sections: stomach, duodenum jejunum ileum,
cecum and colon ‘ :

Example 6: Results: Bodyweights and-clinical signs

~ [00222] All animals epneared':h'ealthy, snowed no sig‘ns olgrds_s‘ loxicity', adverse .‘phar\'macologic
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effects or behaviouralchanges and survived to termination of the study. There was no treatment
related effects on body welght ‘with welghts closely matching that of the pre-fast welght at the
commencement of the study. " '

[00223] At the end’ of lhe study; the mice were killed by carbon dioxide asphyxsatlon and the organs
'were the following organs were collected: brain, heart, liver, lungs, kidneys, gastrointestinal tract,
spleen and thymus These tissues were fixed in 4% (v/v) paraformaldehyde. The gastointestinal
tract was subsequently divided into the following sections: stomach, duodenum, jejunum, ileum,
cecum” and colon. Al the organs were embedded in paraﬁm sectioned and stained with
hematoxylin and eosin (and Luxol fast blue for brain sections) by the Australlan Phenomlcs
Network, University of Melbourne node B

[00224] No pathologles attnbutable o proteln admlnlstratlon were observed in any of the mice
except for p053|ble slight lmtatlon o the stomach epithelium - at the hlghest dose of 300 mg
NaD1/kg body welght |

Example 7: Cellularlipid binding properties of NaD1 and NaD2

Example 7: lntroductlon

[00225] The lnleractlon of NaD1 and NaD2 to cellular llplds was tested by performing solld state
fipid blndlng assays using three different “commercially available lipid - strips from Echelon™ _
(Membrane, PIP, and_ Sphingolipid Strlpe)’. These strips are spotted with 100 pmole of each lipid in
a biologi'cally active form. NaD1, or NaD2, tNaD1 or rNaD2 (0.12 uM) were incubated overnight at

- 4°C with the lipid strips and binding detected with specific rabbit polyclonal antibodies to NaD1 or

NaD2 followed by a HRP-conjugated donkey anti-rabbit antibody. NaD1 or NaD2 binding was
quantitated by carrying out densitometry on the developed lipid strips.
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. Example 7: Results ‘ f‘

[00226] NaD1 bound most strongly to the phosphomosrtrdes Ptdins(PIP2) and (PIP3) rncludrng
Ptdins(3,5)P2, Ptdlns(3,5)P2| Ptdins(4,5)P2 and l?tdlns(3,4,5)P3, but also-showed strong binding to.
cardiolipin and the Ptdins(PIP) including PtdIns(3)P, Ptdlns(4)Pz, and Ptdins(5)P (Figures 7A and
7B). NaD1 also.. showed weak binding fo" the phosphatidylserlne, 'phosphatidylalanine,
.phosphatrdylglycerol and- sulfatlde (Frgures 7A; B and C) Recombinant NaD1-showed a similar
lrprd binding specrfcrty to NaDl wrth the exception that stronger binding .was observed to
phosphatrdylsenne phosphatrdylalanrne and phosphatrdylglycerol (Frgure 7G). NaD1rea showed no

| brndrng to any cellular lipids: (Frgure 7G).

'[00227] NaD2 was also found to brnd cellular Irprds but with a specificity distinct to that of NaD1. In
contrast to NaDt NaD2. showed strong brndrng to phosphatidic acid, but no apparent binding to

- PtdIns(3,5)P, Ptdlns(S 5)P2, Ptdlns(4 5)P2 and Ptdins(3,4,5)Ps.

[00228] However like NaD1; NaD2 also showed brndrng to Ptdlns(3)P Ptdins(4)P, and Ptdlns(5)F’2, g
(Frgures 7D, E and F). Collectively, these data suggest that the related defensins NaD1 and NaD2

both bind cellular phospholipids with overlapplng but different specrfrcrtles Recombinant NaD2
' showed a similar lipid binding specrﬂcrty to NaD2, with the exceptron that stronger brndrng was

observed to phosphatidylserine (Frgure 7G). In contrast to tNaD1, rNaD2 showed no lipid binding
(Figure 7G). ' ' ' ' "

Example 8. Effect of the Petunra hybnda defensin PhD1A or Solanum chopersrcum defensm

, TPP3 on the permeabrlrsatton of human cells in. vrtro

[00229] To determine whether other defensins of the -Solana'ce'ae‘olant family were also able to |
permeabilise mammalian -tumour cells in a similar manner to NaD1, the ability of the Petunia
hybrida defensin PhD1A or -Solanum lycoper3icum (tomato) defensin TPP3 to permeabilise U937

_ cells was assessed usrng two approaches The first used a brolumrnesoence assay to measure- the .
o .release of mtracellular ATP., -4x10¢ U937 (human myelomonocytrc tumour cell lrne) were treated

with rnoreasrng concentratrons of PhD1A or rTPP3 (O 20- pM) and ATP release measured at’
intervals of 30 seconds for a total of 30 min by determrnrng absorbance at 562nm The second
approach used flow cytometry to determine the uptake of the fluorescent dye propidium iodide (Pl)
(2ug/mL) by U937 (4x10%/mL) following the treatment of cells. with increasing concentrations of
PhD1A (0-to 50 uMj) or rTPP3 (0 to 40 uM) for 30 min.
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Example 8: Results

. [00230]U937 cells showed a release of ATP.in'a trme dependent and concentratron-dependent.

" manner when treated wrth natrve PhD1A (Figures 9B) or rTPP3 (Figures 9D). Similar to NaD1,

30

ATP was released from cells almost immediately upon exposure to PhD1A or rTPP3. To further

. examine tumour cell permeabrllsatlon by PhD1A or rTPP3,' U937 cells: were treated with: mcreasrng'

‘concentratrons of PthA (0 to- 50 pM) or rTPP3 (0 to 50 uM) for 30 mln at 37 C and then Pl

- uptake measured by flow cytometry As descnbed for the release of. ATP medrated by- PthA or'.

rTPP3, the uptake of Pl by U937 cells increased with-increasing concentratlons of PhD1A or
rTPP3. As shown in Figure. 9A, the number of PI* U937 cells was ~35% at 6.25 uM which
increased to ~90% PI* at 50 uM For TPP3 the number of P+ U937 cells was ~35% atb uM which
rncreased to ~90°/o Pl+ at40 uM (Frgure 9C)

Example 9. Comparison of the p‘ermeajblliSation a‘ctlvity_on U937 cells by solanaceous and

_non-solanacious defensins/y-thionins

| ‘Exampleg Introduction .

" [00231] To assess the abrllty of solanaceous Class I defensms (NaDl PthA and TPP3) to

permeabilise tumour cells relative fo non: solanaceous defensrns and related y-thionins (Dahlia
merckii defensm Dm- AMPl Hordeum vulgare gamma- thlonln y1-H, Zea mays gamma-thionin yZ-‘
Z), the Pl-uptake flow cytometry assay was utrllsed as descnbed in. Example 2 with the- followmg
,modlt" catlons 4x108/mL U937 cells were incubated with 10uM of. each plant defensrn/y thlonrn'
(NaDt, PthA, recombinant TPP3, recombrnant 71-H, and recombinant y2 Z).for 60 min (in the
ab_sence of ‘serum) foll‘owed' by addition of 2 pg/mL. Pl .Th_e ‘percentage of Pi* cells. was then
determined'by flow cytometry. | | o |

Example 9: Results

" [00232] The three solanaceous Class Il defensins, NaD1, PhD1A and rTPP3, all showed the ability
- to permeabilise U937 cells, as 'represented by the significantly increased number of Pi* cells
: compared to the cell only control; NaD1, PhD1A, and rTPP3 treatment at 10 uM resulted in 56.07 +

3.65%, 57.07 + 2.76%, and 49.97 + 2.93% PI* cells (control 27.03 + 052). In contrast, no
significant activity compared to the cell only control was observed for Dm- AMP1 y1- H or «{2 -Z
(Flgure 10). '
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Example 10: Permeabilisation activity of the Petunia hybrida defensin PhD1A or Solanum

lycopersicum defensin TPP3 in the presence of serum- A

Example 10: Introduction

[00233] To assess the ability of PhD1A or rTPP3 to permeabilise tumour cells in the presenCe of
serum, the Pl-uptake flow cytometry assay was utilised as described in Example 2 with the
following modifications: 4‘x1O5/mL'U937 cells were incubated with 10uM PhD1A or rTPP3 in'the
presence of increasing concentratlons of foetal calf serum (FCS) (0 to 40%) for 60 min followed by
addmon of 2 pg/mL PI The percentage of PI* cells was then determlned by flow cytometry

Example 10: 'Results

[00234] Both EhD1A_"a‘nd rTPP3 retained the retained the ability to permeabilise U937 cells in the |

- presence of serum, albeit at a reduced activity. For PhD1A, 40% PI* cells were detected in the
 presence of 40% FCS. compared to 90% PI* cells at 0% FCS (Figure 11A). Recombinant TPP3 -

appeared to show greater activity in serum than PhD1A,-as-exhibited by the retention of up tr')‘ 70%
activity in the presence of 5-40% FCS (Figure 11B). It should be noted that the higher level of PI- -
positive cells at 0% FCS is a result of the complete absence of serum.

‘Example 11. Effect of the native tobacco (NiCotiana suaveolens-)idefensins NsD1, NsD2 and

NsD3 on permeabilisation of human tumour cells in vitro

Example 11 lntroductlon

_ [00235] To further rnvestrgate whether other class H defensms of the: Solanaceae plant famrly are

- also able to permeabrhse_‘_,mamrnahan tumour cells in a.similar manner to NaD1; and whether other

class | defensins cannot, the ability of the Nicotiana suaveolens class Il defensins NsD1 and NsD2,
or the class | defensin NsD3, to permeabilise U937 cells was as'se_ssed in comparison to NaD1
using two approaches. The first used a biOlﬂminescence assay' to meésure the release of
intracellular ATP. 4x1 040937 were treated with 10uM of each defensin and ATP release r_neasured

- at intervals of ‘30 seconds for a total of 30 min by determining absorbarice at 562nm. The second

approach used flow cytometry to determine the ptake of the fluorescent dye propidium iodide (PI)
(2ug/mL) by U937 (4x1'05/mL) followirrg the treatment of cells with 10uM of each defensin for 30

. . ’ /
min. -
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Example 11: Results

* [00236] U937- cells showed a release of ATP in a time-dependent and concentration-dependent
- manner when treated with native NsD1 and NsD2 (Figure 12A). Similar to NaD1, ATP was released

from cells almost immediately upon exposure to NsD1 and NsD2. In contrast, native NsD3 did not ’
mediate the release-of ATP ‘when compared to.the cells only control (Figure 12A). To further
-examlne tumour cell permeabllrsalron by NsD1 and NsD2, versus NsD3 U937 cells were treated

~with- 10uM of each defensrn for 30 min at 37°C and then Pl uptake measured by flow cytometry.

‘NsD1 and NsD2 medlated the uptake of Pl by U937 cells at srmllar levels 1o NaDl (~60% Pl+ at

.‘1011M) whereas NsD3 resulted in only low Pl uptake (~ 10% Pl+ at 10uM) (Flgure 12B).
10

Example 12. Effect of Solanaceae class |l defensins on red blood cell lysis |

Example 12: Introduction

 [00237] To determine f the inability of NaDT to lyse human red blood cells (RBCS) was also

conserved in other Solanaceae class |l defensins, the ability of native NsD1, NsD2 and PhD1A to
lyse RBCs was mvestlgated by incubating 10" RBCs with 10 uM or 30 uM. of each delensnn for 16 h
at37°C and determmrng haemoglobin release by measuring absorbance at412 nm.

_Exampre 12: Results

[00238] Both NsD1 and PthA at 10 uM and 30 uM had no effect on RBC lysis when compared to

“and 30 uM ( 23% lysrs) (Frgure 13)

Example 13: Cellular'lipid binding prooeriies of Solanaceae class | and Il defensins

Example 13: lntroduction .

[00239] Further mvestlgatlon of the interaction of: Solanaceae class I and class.|i defensrns with
cellular lipids was carried out by solid-state lipid binding assays using EchelonTM PIP Strips. The
“class | defe'nein NsD3, or the class I defensins NsD1, NsD2, PhD1a and rTPP3 (0.12 uM) were
incubated overnight at 4°C with lipid strips and binding detected with specific rabbit polyclonal

antibodies to NaD2 or NaD1 (these antibodies crose react with 'the class l'or the class. || defensins,

respectively), followed by a. HRP«:onjugated donkey . antl rabbrt “antibody. Defensm bmdrng was
quantitaled by densrtometry on the developed lrpld strrps
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Example13 Results _
[00240] As described for NaD1 in general all of the class Il defensins bound most strongly to the
phosphomosmdes Ptdlns(PIPZ) and (PIP3) including Ptdins(3,4)P2, Ptdlns(3 5)P2, Ptd|ns(4 5)P2
and PtdIns(3,4,5)P3, but also showed .blndmg_ to the Ptdins(PIP). mcludlngPtdlns(B)P, Ptd‘lns(4)P,_
and Pidins(5)P (Figures 14A, 148, 14C and 14D). The.exception was PhD1A, which also bound
strongly to phosphatidic acid (Figure 14E). The class | defensin NsD3 was also found to bind |

- cellular lipids but with a specnf icity dustmct to that of the class Il defensins. In contrast to the class Il
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defensms (with the exception, of PhD1A) NsD3 showed strong binding to phosphattdlc acid, and
weak binding to the Ptdins(PIP), (PIP2)-and (PIPB) (Figure 14E) Collectively, these data suggest
that Solanaceae class | and class Il defensins bind celluliar- ph_osphohpnds with oyerlapp_mg but
different specificities, with class |.defensins. binding p'referenfially’ to. phosphatidic acid and class Il
defensins to Ptdins (PIP), (PIP2) and (PIP3) (Figure 7G).
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Claims

1. Use of:

(a) a Solanaceous Class Il plant defensin;

(b) a nucleic acid encoding the Solanaceous Class Il plant defensin;

(c) a vector comprising the nucleic acid of (b);

(d) a host cell comprising the vector of (c); or

(e) an expression product produced by the vector of (c);
in the preparation of a medicament for preventing or treating a proliferative disease,
wherein the plant defensin is derived or derivable from the genus Nicotiana.

2. The use according to claim 1, wherein the plant defensin is derived or

derivable from Nicotiana alata or Nicotiana suaveolens.

3. The use according to claim 1, wherein the plant defensin is selected from the

group comprising NaD1, NsD1 or NsD2.

4, The use according to claim 1, wherein the plant defensin comprises an amino
acid sequence selected from the group consisting of SEQ ID NO: 1, SEQ ID NO: 2,
SEQ ID NO: 4, SEQ ID NO: 6, SEQ ID NO: 20, SEQ ID NO: 22, SEQ ID NO: 24 or
SEQ ID NO: 26 or a functional fragment thereof.

5. The use according to claim 1, wherein the plant defensin is encoded by a
nucleic acid sequence selected from the group consisting of SEQ ID NO: 3, SEQ ID
NO: 5, SEQ ID NO: 7, SEQ ID NO: 21, SEQ ID NO: 23, SEQ ID NO: 25 or SEQ ID
NO: 27 or a functional fragment or complement thereof, or a functional nucleic acid

sequence that is 70% identical to any of the aforementioned nucleic acid sequences.

6. The use according to any one of claims 1 to 6, wherein the proliferative

disease is cancer.

7. The use according to claim 6 wherein the cancer is selected from the group
comprising basal cell carcinoma, bone cancer, bowel cancer, brain cancer, breast
cancer, cervical cancer, leukemia, liver cancer, lung cancer, lymphoma, melanoma,

ovarian cancer, pancreatic cancer, prostate cancer or thyroid cancer.
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8. A kit for preventing or treating a proliferative disease, wherein the Kkit
comprises a therapeutically effective amount of:

(a) a Solanaceous Class Il plant defensin;

(b) a nucleic acid encoding the Solanaceous Class Il plant defensin;

(c) a vector comprising the nucleic acid;

(d) a host cell comprising the vector;

(e) an expression product produced by the vector; or
(f) a pharmaceutical composition comprising the plant defensin, the nucleic acid, the
vector, the host cell or the expression product, together with a pharmaceutically
acceptable carrier, diluent or excipient, wherein the plant defensin is derived or
derivable from the genus Nicotiana.

9. The kit according to claim 8, wherein the plant defensin is derived or derivable

from Nicotiana alata or Nicotiana suaveolens.

10. The kit according to claim 8, wherein the plant defensin is selected from the

group comprising NaD1, NsD1 or NsD2.

11. The kit according to claim 8, wherein the plant defensin comprises an amino
acid sequence selected from the group consisting of SEQ ID NO: 1, SEQ ID NO: 2,
SEQ ID NO: 4, SEQ ID NO: 6, SEQ ID NO: 20, SEQ ID NO: 22, SEQ ID NO: 24 or
SEQ ID NO: 26 or a functional fragment thereof.

12. The kit according to claim 8, wherein the plant defensin is encoded by a
nucleic acid sequence selected from the group consisting of SEQ ID NO: 3, SEQ ID
NO: 5, SEQ ID NO: 7, SEQ ID NO: 21, SEQ ID NO: 23, SEQ ID NO: 25 or SEQ ID
NO: 27 or a functional fragment or complement thereof, or a functional nucleic acid

sequence that is 70% identical to any of the aforementioned nucleic acid sequences.

13. The kit according to any one of claims 8 to 12, wherein the proliferative

disease is cancer.

14. The kit according to claim 13 wherein the cancer is selected from the group
comprising basal cell carcinoma, bone cancer, bowel cancer, brain cancer, breast
cancer, cervical cancer, leukemia, liver cancer, lung cancer, lymphoma, melanoma,

ovarian cancer, pancreatic cancer, prostate cancer or thyroid cancer.
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15. Use of the kit according to any one of claims 8 to 14 for preventing or treating

a proliferative disease.

16. A pharmaceutical composition for preventing or treating a proliferative
disease, wherein the pharmaceutical composition comprises:

(a) a Solanaceous Class Il plant defensin;

(b) a nucleic acid encoding the Solanaceous Class Il plant defensin;

(c) a vector comprising the nucleic acid;

(d) a host cell comprising the vector; or

(e) an expression product produced by the vector;

together with a pharmaceutically acceptable carrier, diluent or excipient
wherein the plant defensin is derived or derivable from the genus Nicotiana.

17. A Solanaceous Class Il plant defensin for preventing or treating a proliferative
disease, wherein the plant defensin is derived or derivable from the genus Nicotiana.

18. A nucleic acid encoding a Solanaceous Class Il plant defensin for preventing
or treating a proliferative disease, wherein the plant defensin is derived or derivable

from the genus Nicotiana.

19. A vector comprising a nucleic acid encoding a Solanaceous Class Il plant
defensin for preventing or treating a proliferative disease, wherein the plant defensin

is derived or derivable from the genus Nicotiana.

20. A host cell comprising a vector comprising a nucleic acid encoding a
Solanaceous Class Il plant defensin for preventing or treating a proliferative disease,

wherein the plant defensin is derived or derivable from the genus Nicotiana.

21. An expression product produced by a vector comprising a nucleic acid
encoding a Solanaceous Class Il plant defensin for preventing or treating a
proliferative disease, wherein the plant defensin is derived or derivable from the

genus Nicotiana.

22. A method for producing a Solanaceous Class Il plant defensin with reduced

haemolytic activity, wherein the method comprises introducing into the plant defensin
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at least one alanine residue at or near the N-terminal of the defensin, wherein the
plant defensin is derived or derivable from the genus Nicotiana, and wherein the

plant defensin is for preventing or treating a proliferative disease.
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