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HAEMOPOIETIC GROWTH FACTOR ANTAGONISTS
AND USES THEREFOR

The present invention relates generally to variant recombinant forms of haemopoietic growth
factors useful as antagonists to the corresponding native haemopoietic growth factor and their
use in ameliorating aberrant effects caused by the native molecules and in the treatment of

tumours and cancers and inflammation.

Sequence ldentity Numbers (SEQ ID NOs.) for the nucleotide and amino acid sequences .

referred to in the specification are defined following the description.

Throughout this specification, unless the context requires otherwise, the word "comprise", or
variations such as "comprises" or "comprising”, will be understood to imply the inclusion of
a stdted element or integer or group of elements or integers but not the exclusion of any other

element or integer or group of elements or integers.

The rapidly increasing sophistication of recombinant DNA technology is greatly facilitating
research and development in a range of industries. The medical and allied health fields in
particular have, and continue to, benefit from this developing technology. An area of
substantial interest is the field of growth factors and cytokines.

Granulocyte-macrophage colony-stimulating factor (GM-CSF) is one member of a family of
haemopoietic growth factors (HGFs) and exhibits a range of important activities such as
supporting survival of normal leukaemic and haemopoietic cells by supﬁrwsing'programmed
cell death, which is also known as apoptosis. GM-CSF binds to a heterodimeric receptor
composed of a GM-CSF specific & chain and a Bc chain which is shared with the receptors for
interleukins (IL) 3 and 5. Both chains are required for GM-CSF mediated signalling.
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expressing HGF receptors. This property of the HGF antagonists provides inter alia a novel
approach to the treatment of a range of tumours and cancers and in particular myeloid

leukaemias.

Accordingly, one aspect of the present invention contemplates a method for inducing apoptosis
in cells carrying an HGF heterodimeric receptor comprising an HGF-specific a-chain and a Bc
chain, said method comprising contacting said cells with an effective amount of an HGF .
antagonist for a time and under conditions sufficient to induce apoptosis wherein said HGF

' antagonist comprises a sequence of amino acids within a first a-helix of HGF wherein one or
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more exposed amino acids in said first a-helix of HGF having acidic properties is/are

substituted with a basic amino acid residue or a non-acidic amino acid residue.

The HGFs are preferably GM-CSF, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-9, IL-10, IL-11, IL-
13, IL-14, IL-15 and others of this family yet to be discovered, granulocyte colony-stimulating
factor (G-CSF), erythropoietin (EPO) and thrombopoietin (TPO). Most preferably, the HGF
is GM-CSF.

According to this aspect of the present invention there is provided a method for inducing
apoptosis in cells carrying an HGF heterodimeric receptor comprising an HGF-specific a-chain
and a Pc chain, said method comprising contacting said cells with an effective amount of an
GM-CSF antagonist for a time and under conditions sufficient to induce apoptosis wherein said
GM-CSF antagonist comprises a sequence of amino acids within a first a-helix of HGF wherein
one or more exposed amino acids in said first e-helix of HGF having acidic properties is/are

substituted with a basic amino acid residue or a non-acidic amino acid residue.
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'The HGF antagonists are preferably produced in recombinant or synthetic form and, with the

exception of the amino acid substitution(s) in the first a-helix, the amino acid séquence of the

v HGF may be the same as the naturally occurring molecule (i.e. native molecule) or may carry
single or multiple amino acid substitutions, deletions and/or additions to the native sequence.

In one particular embodiment, the HGF antagonists are:

(i) in unglycosylated form;

(i) lack post-translational modification;

(iii) produced in prokaryotic microorganisms; and/or
10 (iv) produced by chemical synthesis. '

The ‘antagonists may be-derivatives of an HGF or may be any other molecule which
selectively binds to the a-chain of the HGF receptor such as, but not limited to, antibodies
ar other small or large molecules resulting in apoptosis. The present invention is hereinafter
15 described with reference to GM-CSF antagonists and in particular human GM-CSF
antagonists or mammalian GM-CSF antagonists capable of functioning in humans. This is
done, however, with the understanding that the present invention extends to any HGF
antagonist which is capable of inducing celt apoptosis by interaction with an HGF-specific -
chain of an HGF receptor. The present invention also extends to HGF antagonists which
20 interact with the § chain.

_ Although not intending to limit the present invention to any one theory or mode of action, it
is proposed-that the GM-CSF antagonist either blocks the action of wild-type GM-CSF by
interacting selectively with the receptor a-chain or-induces apoptosis by interacting with the

- 25 &~ and P-chains of the receptor in a manner that leads to abnormal stimulation of the §-chain
either qualitatively or quantitatively. Qualitative differences include recruitment of signalling

" molecules (for example, type of kinase or state). Quantitative differences include intensity
of duration of signalling.
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‘I nternational Patent Application No. PCT/AU94/00432 filed on 28 July, 1994,
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substitution of amino acid 21 {(Glu) of human GM-CSF by Arg or Lys or any other basic or
non-acidic amino acid residue. Such mutants are designated herein "E21R" and "E21K",
respectively, whiéh is based on a single letter designation of the amino acids involved in the
substitution and the position of the substitution. The construction of vectors expressing E21R
is described in the Examples. E2IR is a fusion protein expressed in inclusion bodies as
GM-CSF(E21R) preceded by a twelve amino acid leader sequence, namely,
MFATSSSTGNDG

In accordance with the presént invention, it has been surprisingly discovered that GM-CSF
antagonist E21R binds to the GM-CSF-specific &-chain of the GM-CSF receptor and that such
binding directly induces apoptosis of normal and malignant myeloid cells expressing the GM-
CSF receptor. Apoptosis occurs even in the presence of the survival factors such as G-CSF
and stem cell factor (SCF) but is prevented by engaging receptor chain fc with IL-3.

Accordingly, in a particularly preferred embodiment, the present invention contemplates a
method for inducing apoptosis of myeloid cells said method comprising contacting said cells
with an apoptotic effective amount of a GM-CSF antagonist having a basic amino acid residue
substituted at position 21 of the GM-CSF amino acid sequence for a time and under
conditions sufficient for programmed cell death to initiate.

. This method has particular relevance in the treatment of cancers such as myeloid leukaemias
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- and inflammation, for example, rheumatoid arthritis and allergic conditions. such as asthma.

‘Preferred GM-CSF antagonists comprise amino acids Arg or Lys at position 21 of GM-CSF.
The most preferred antagonist comprises Arg at position 21 of GM-CSF and is referred to
herein as E21R.

Accordingly, a further aspect of the present invention contemplates 2 method of inducing
apoptosis in a cell carrying receptors for GM-CSF, said method comprising contacting said
cell with a molecule capable of binding to the e-chain of the GM-CSF receptor or binding
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a sequence of am no at(i;l?’d@g\j‘ﬁ?‘*l I'n ali?jleir;ls a%éﬁfx of grgggell%tzr_:ﬂone tgcfﬁya
nore exposed arhi basiaamike acid. sai d first a-helix of HG having acidic
properties is/are substituted with a basic amno acid residue or a

non-aci dic am no acid residue. _
Preferably, the basic amino acid residue is Arg or Lys. Most preferably, the basic amino acid

residue is Arg.

10 Preferably, the molecules are:
(i) in unglycosylated form;
(i)  lack post-translational modification;
(iii) produced in prokaryotic microorganisms; and/or
(iv)  produced by chemical synthesis.
Another aspect of the present invention contemplates a method for treating myeloid leukaemia
in a human subject, said method comprising administering to said human éubject an effective-
amount of an HGF antagonist, said administration being for a time and under conditions
sufficient to induce apoptosis of said myeloid leukaemic cells wherein said HGF antagonist
20 comprises a sequence of amino acids within a first e-helix of HGF wherein one or more
exposed amino acids in said first «-helix having acidic properties is/are substituted with a

basic amino acid residue or a non-acidic amino acid residue.

Preferably, the HGF receptor is a GM-CSF receptor.

Preferably, the HGF antagonist is a GM-CSF antagonist.

Preferably, the GM-CSF antagonist comprises Arg or Lys at position 21 of the GM-CSF

amino acid sequence.
30
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Preferably, the GM-CSF antagonist is E12R.

Induction of apoptosis will also be useful in enrichment of uncommitted progenitors for stem
cell transplantation and gene transfer purposes. According to this aspect of the present
" 5 invention there is provided a method for enriching uncommitted progeniner cells from bone

marrow said method comprising contacting a population of cells from bone marrow with an
effective amount of a molecule capable of stimulating the a-chain of an HGF receptor without
concomitant stimulation of the Bc chain of said receptor for a time and under conditions
sufficient to induce apoptosis of cells carrying said m-chain.

10 '
Preferably, the molecule is a derivative of an HGF having a sequence of amino acids within '
a first e-helix wherein one or more exposed amino acids in said first &-helix having acidic
or acidic-like properties are substituted with a basic amino acid residﬁe or non-acidic amino
acid residue. . | '

15
Preferably, the molecule is a derivative of GM-CSF, IL-2, IL-3, IL4, 1I-5, IL-6, 1I-7, IL-9,
IL-10, IL-11, IL-13, IL-14, IL-15 and others of this family yet to be discovered, G-CSF,

EPO or TPO.

20 Preferably, the molecule is GM-CSF having Arg or Lys at position 21 in place of Glu.

Most preferably, the molecule is E21R.

Preferably, apoptosis occurs with committed progenitors (CD34+ CD38*, CD34* CD33")
25 but not CD34* CD38" cells.

The present invention further contemplates genetic constructs useful in expressing E21R

including constructs comprising the nucleotide sequence encoding the leader sequence

MFATSSSTGNDG.
30
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Yet a further aspect of the present invention contemplates eukaryotic or prokaryotic organisms
5 carrying the above-mentioned genetic constructs.

Preferred aspects of these embodiments are described in the Examples.

The present invention is further described by reference to the following non-limiting Figures
10 and Examples.

In the Figures:

Figure 1 is a schematic representation of plasmid pBRE132. The DNA cassette has a unique
15 EcoRY cloning site and codes for MEFATSSSTGND leader sequence.

Figure 2 is a schematic representation of plasmid pBRE133. Smal/HindIIl GM-E21R PCR
DNA was cloned into EcoRV/HindIll sites of pBRE132. kaE133 encodes E21R

MFATSSSTGNDG-GM-CSF (E21R) protein.
20 .
Figure 3 is a graphical representation showing competition of binding of E21R and 1nM -
GM-CSF to CHO cells transfected with GMRe (GM-CSF-specific a-chain of GM-CSF
receptor).

o 25 Figure 4 is a graphical representation showing antagonism of GM-CSF by E21R in a TF1
proliferation assay. '

Figure 5 is a graphical representation showing antagonism of GM-CSF by E2IR in a
neutrophil superoxide assay.
30
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Figure 6 is a graphical representation showing that E21R inhibits GM-CSF stimulated

proliferation of AML cells.

Figure 7 is a graphical representation showing that E21R inhibits GM-CSF stimulated

5 proliferation of CML cells.

Figure 8 is a graphical representation showing that E2IR inhibits colony growth of JCML

cells.

10 Figure 9 is a photographic representation showing that the E21R causes DNA fragmentation

in myeloid celis.

Figure 10 are graphical representations showing that E21R induces apoptosis of GMRe:*

myeloid leukaemic cells in a time- and dose-dependent manner.
15

Figure 11 are graphic representations showing that E21R induces apoptosis of

CD34*/GMRea* haemopoietic progenitors.

Figure 12 is a graphical representation showing that E21R-induced apoptosis requires
20 transcription, protein synthesis and kinase activity. (A) Titration of genistein and
staurosporine in the absence of (open symbols) of E2IR (1 ug/ml). (B) Titration of
actinomycin D and cycloheximide in the absence (open symbols) and presence (solid symbols)
of E21R (1 ug/ml). Apoptosis was measured at the 48 hr time point. Data are means and
SEM of triplicate samples from one AML case and are representative of four other cases.

25

Figure 13 shows that the membrane proximal domains of both receptor chains are required
for induction of apoptosis, while deletions of the more distal part of either chain did not affect .

E21R-mediated apoptosis.

[

Vil

30



-4- ) The present invention is particularly directed to the use of a
GWVt CSF ant agoni st carrying a substitution of amno acid 21 (G u) of
human GW CSF by Arg or Lys or any other basic or ~~~ non-acidic amno acid
resi due. Such nutants are designate Bﬁ@%l‘&iﬁ"réﬂ%@%?ﬁ "E21K",
respectively, | log bDased on a s htion Wafe)
~aci ds i nvol vedWrﬁ?ﬂ‘e’g 5 substitut fjon anBEPHRCERsi ti gn of t%&msﬁﬁgé]
substitution. The construction of vectors expressing E2 1R i s described
in the Exanples. E21R is a fusion protein expressed in inclusion bodies as
G\t CSF(E2I R) preceded by a twelve anino aci'd 1eader sequence, nanely,
MFATSSSTGNDG 10 In accordance with the present invention, it has been
surprisingly discovered that Gw CSF a | 1E21R binds to the

GwWt CSF-specific a-chain of the.Gw CSF rec%ﬁm t hat such bi ndi ng

directly induces apoptONSTRUCTIONUF SBRETS. ANDPPBREIS3 POR EXPRESSIONGE ng
the Gvt CSF receptor. Apoptosis occurs even In the presence of the
survival factors such as G CSF RECOMBINANT E21R PROTEIN

5 Construction of pBRE132 expression plasmid
A synthetic DNA cassette was constructed by annealing two oligonucleotides,
TATGTTCGCTACTTCAAGCTCTACGGGGAACGATATCGCTGCAGCCA (SEQ ID
NO:1) and AGCTTGGCTGCAGCGATATCGTTCCCCGTAGAGCTTGAAGTAGCGAACA
(SEQ ID NO:2) at 65°C for 5 min in 200 mM NaCl. The synthetic DNA cassette was
10 cleaved with Ndel/HindllIl and cloned into pEC611 expression vector (A. Brumby, 1987 "A
vector for high expression of native proteins”, Honours Thesis, University of Adelaide),

generating pBRE132 (Figure 1).

Construction of pBRE133 (E21R expression vector)
15 GM-CSF (E21R) synthetic cDNA was amplified employing PCR primers with unique Smal
and Hindlll sites. The PCR products were cleaved with Smal/HindIII and cloned into tlie
* EcoRV/Hindlll sites of pBRE132 generating pBRE133 (Figure 2).

Expression of pBRE133 in Escherichia coli MM294/pACYClac

20 Expression analysis demonstrated that pBRE133 in Escherichia coli MM294/pACYClac
expressed inclusion bodies (IB) consisting of recombinant E21R protein, as judged by
microscopy examination, standard SDS-PAGE and mass spectometry analysis of the purified

protein. .
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and stemcell factor (SCF) but is prevented by engaging receptor chain
[err]c with IL-3. 15 Accordingly, in a particularly preferred

enbodi ment, the present invention contenplates a met hod for inducing
apopt osi s of nyeloid cells said net r| sing contacting said cel I s
with an apopt oyig@7dsbsCct i ve anmount CS=antagoni st ha&‘ﬁﬂ

am no acid residue substituted [ MEEbHABIBREN fhe GW am no aC| d .
sequence for a tinme and under 20 cdhked i ci ent

death to initiate. This method has p a—r2| evance in the
treatment of cancers such as nyel oi d | eukaem as and i nflammation, for

exanpl e, rheumatoid arthritis and allergic conditions such as asthma.

Preferred Gvt CSF ant agoni sts conpri se am £rg or Lys at position 21
of GV CSF. 25 The nost preferred ant agomm es Arg at position 21 of

GW CSF and is referred mODU(E'ﬂW@)FaGRm ? corfoNther
aspect of the present invention contenplates a net ho uci ng
‘apoptosis in a cell carrying S’WATENG(FAGIDRSFNTAGQNM E2dRconpri si ng
contacting said L FERMENTATION :
5 A. Inoculation _
1. Escherichia coli MM294/pACYClac carrying pBRE133 was streaked out from a -
80°C glycerol stock onto a minimal medium plate containing ampicillin (100xg/mi) and
kanamycin (30ug/mi) and grown overnight at 37°C.

10 2. Multiple colonies were assessed for GM-CSF (E21R) expression levels by microscopic -
examination of 20ml shake flask cultures containing inducer, or by colony size on agar plates
with or without inducer, in this instance with IPTG.

3. The selected single colony from an agar plate was transferred into 20ml of minimal
15 medium containing amplicillin (100 x4g/ml) + kanamycin (30 ug/ml). The culture was
grown at 37°C overnight with agitation.

4, An amount of 10L of nitrogen-rich minimal medium, “C2", was sterilised ina 22 L
fermenter and inoculated to a very low density with overnight culture. Growth was at 37°C
20 and a pH of 7.0 was maintained by the addition of 12.5 M NH,OH.

5. Agitation was manmally controlled and aeration antomatically controlled with oxygen

saturation levels remaining above 10% pO,. Following depletion of glucose at 16-18 hours

the cell mass was fed with a concentrated glucose solution containing additional salts.
25 Nutrient feed flow rate was determined by pH or oxygen saturated levels.

B. Induction

1. At an optical density of Agg = 50-60 the recombinant expression of E21R antagonist

was induced, in this instance by the addition of IPTG. The culture was supplemented with
30 amino acids at the time of induction (T=0) and at T=2 hours. Induction continued for 4
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hours at 37°C, pH 7.0. Samples were removed at T = 0,1,2,3 & 4 hours and examined' by
microscopy for the presence of IB, their size being determined by disc centrifugation.

2. The culture was stored overnight at 4°C.

2. PRIMARY ISOLATION OF GM-CSF (E2IR) INCLUSION BODIES

1. Homogenization - Step 1
The culture was passed five times through a Gaulin 30CD homogenizer at 13500 psi, with
homogenate being cooled between passes. Homogenate was then diluted with an equal

volume of RO H,0.

The IB size was redetermined by disc centrifugation.

2. Centrifugation - Step 1
The homogenate was centrifuged in a Westfalia SB-7 separator with a constant speed of 9210

rpm at a flow rate determined by IB size.

The concentrate collected from this first step was diluted to <2.5% v/v.

3. Homogenization - Step 2
The IB suspension was passed once through a Gaulin 30CD homogenizer at 13500 psi.

The IB size was again determined by disc centrifugation.
4. Centrifugation - Step 2

The homogenate was centrifuged in a Westfalia SA-1 separator with a constant speed of 9700
rpm at a flow rate determined by IB size.



Preferably, the nolecule is a derivative of GWCSF with am no residue 21

substituted by a 5 basic am no acid. Preferably, the basic am no
acid residue is Arg or Lys. Mst preferably, the basic am no acid

residue is Arg. 10 Preferably, th9—25~"” ; (i) in

ungl ycosyl at ed WQPHe63s  (ii) | ack RQ 2 nmodi f PCHAU26/09382
(ii1) produced in prokaryotic m crorgang CElf : (iv) produced by
chem cal synthesis. 15 Anot her \\aspe e present invention
~contenpl ates a nethod for treating nyeI0|glteukaenia in a human

~subj ect, said nethod conprising admnistering to said human subject an

ef fective anmount of an HGF antagoni st, said adm nistration being for a
time and under conditions EXAMPLE 3

GM-CSF ANTAGONIST (E21R) PURIFICATION
The inclusion body (IB) solution is first washed with an equal volume of a mild buffered
denaturant such as 2M GuHCI. The solution is stirred gently at 4°C for 30 minutes. The
5 washed IB can then be recovered with a low speed centrifuge spin. The washed IB are then
resuspended in a small volume of water (e.g. Milli Q), immediately prior to dissolution and

refolding.

Dissolution, refolding and oxidation of the ]B GM-CSF antagonist (E21R) is initiated by
10 dissolving the washed IB in an unbuffered urea solution at an alkaline pH. To ensure
-complete dissolution of the IB, the concentration of urea should be between 2.5M and 4M and
the pH between 11 and 12. The concentration of protein can be between 0.5 and 5 mg/ml.
‘These three parameters can be varied depending on the purity of the IB preparation. The
stirred solution is maintained at an alkaline pH with a sodium hydroxide solution (e.g. 2M
15 NaOH), until it can be seen that refolding and oxidation has reached equilibrium. The extent
of refolding to the correct fold for GM-CSF can be monitored by chromatographic means,
e.g. reversed phase HPLC (RP-HPLC) or size-exclusion chromatography (SEC), comparing
the chromatographic profile to that of a known folded standard of GM-CSF. Once refolding
has reached equilibrium, the pH of the solution is lowered to a less alkaline pH, (e.g. pH 9.1)
20 with a concentrated solution of a suitable buffer (e.g. 0.5M sodium borate pH 9.1).

The correctly refolded GM-CSF antagonist (E21R) can then be purified from incorrectly
folded and aggregated forms using chromatography, e.g. anion-exchange chromatography
(IEC) or RP-HPLC. For example, the refolding solution from above is loaded onto a anion-

'25 exchange coluemn (e.g. Q-Sepharose Fast flow.[Pharmacia]). Upon completion of loading,
the column is washed with two column volumes of a low salt buffer. The correctly folded
form of GM-CSF antagonist (E21R) is eluted from the column with a gradient of sodium
chloride (e.g. 0-500 mM NaCl over ten column volumes). The column eluent can be
analysed for GM-CSF antagonist (E21R) purity by either SEC (e.g. Superose 12

30 [Pharmacia]), or RP-HPLC (e.g. Brownlee butyl-silica column (100 mm x 2.1 mm i.d.)
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sufficient to induce apoptosis of said nyeloid |eukaenic cells wherein said
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aci d residue oweoweessaci di c ani np LS ., cpwle : Pr ef er rGTxUosobIs2 HG-
receptor is a GW CSF receptor. 25 SFZ , the HGF antagonist is a

Gwvt CSF ant agoni st. Pr ef er abl

=t he GMCSF ant agoni st conpri ses Arg or

Lys at position 21 of the GW CSF am no -agi-d sequence 30
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employing 0.1% v/v TFA in water as Buffer A and 0.1% v/v TFA in acetonitrile as Buffer
B).

The purified GM-CSF antagonist (E21R) can then be desalted (e.g. Sephadex G-25) into 2
suitable buffer (e.g. 5 mM Na,HPO, pH 7.6) in preparatibn for formulation and
lyophilisation. The desalted protein can be quantitated by its absorption at 280 nm in a
spectrophotometer using a ,,A'* of 9.09. Following quantitation, 1 part glycine and 5 parts
mannitol, by weight, are added to the desalted protein solution. The solution is stirred _gently
until all solids are dissolved. If necessary, the pH is adjusted to pH 7.6 with 1M NaOH or
25% w/v orthophosphoric acid. The solution is then sterilised by filtration (0.2 wm),
aliquoted into sterile glassware and lyophilised.

EXAMPLE 4
E2IR EXHIBITS ANTAGONISTIC PROPERTIES
Purified E21R bound the GM-CSF receptor o-chain with the same potency as wild type GM-
CSF (Figure 3). In addition, E21R did not directly stimulate TF-1 cell proliferation (Figure
4) or neutrophil 0,- release (Figure 5) but instead antagonised the stimulatory effect of GM-
CSF in both functional assays (Figures 4 and 5). Using cells from patients with acute
myeloid leukaemia (AML) the inventors found that E21R antagonised the stimulation of AML
cell proliferation by GM-CSF in a dose-dependent manner (Figure 6). This was specific for
GM-CSF in that E21R did not antagonise IL-3-mediated proliferation (Figure 6). E21R
completely antagonised the proliferative effect of GM-CSF on cells from patients with chronic

- myeloid leukaemia (CML) (Figure 7).

25
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- 6- ~ Preferably, the Gw CSF antagonist is E12R I nducti on of
apoptosis wll also be useful in enrichnment of uncommtted progenitors for
stem cell transplantation and gene transfer purposes. According to this
aspect of the present 5 invention there is provided a nethod for enriching
uncomm tted prwpariopeds cel ls from bone marrow sai d net hodearosysnessag '
contacting a popul ation of cells frombone marrow with an ef fective
amount of a nol ecul e capabl e of stinmulating the a-chain of an HGF receptor
or abnormally stinulating the [err]c chgyn of said receptor for a tine
and under conditions sufficient to i nduce apoptosis-of cells carrying
said a-chain. 10

EXAMPLE 5

E2IR INHIBITS COLONY FORMATION BY JUVENILE CHRONIC
MYELOID LEUKAEMIA (JCML) CELLS
JCML is a rare disease which is generally diagnosed in children under 2 years. There is no
5 effective therapy for this condition and it is invariably fatal 2-3 yeérs after diagnosis. Cells
from JCML patients grow spontaneously in culture probably due to autocrine production of
GM-CSF feeding back on these cells.

It was found that E21R inhibited the growth of JCML in a dose-dependent manner (Figure
10 8). This may be due to blocking autocrine GM-CSF, induction of apaptosis (see below), or

a different mechanism.

EXAMPLE 6
Since E2IR binding to the e~chain antagonized GM-CSF stimulated cell function, the
15 inventors reasoned that E21R might interfere with cell survival. The life span of malignant
cells expressing the GM-CSF receptor from patients with either acute (AML) or chronic
(CML) myeloid leukaemia was studied. When these cells were incubated with E2IR,
chromosomal DNA was degraded into low-molecular weight fragments, a salient feature of
apoptosis (Figure 9). '

20 |
E21R caused DNA from myeloid leukaemic cells to degrade. DNA degradation was absent
in cells incubated with either GM-CSF alone or medium only. The data are from one AML
- case and representative of 20 other cases. Normal bone marrow (BM) cells expressing
CD34/GMRe, CD34/CD38/GMRu and CD34/CD33/GMRu also underwent apoptosis with
25 E21R. Inthe CD34*/CD38/GMRux population, DNA degradation was not present. The data
are from one BM case and representative of two other cases. Markers of known molecular
. sizes in kilobases (kb) are shown. Peripheral blood cells from patients with AML (all FAB
subtypes) at diagnosis were Ficoll separated. The T lymphocytes were removed by incubation
with 2 mouse anti-human CD3 monoclonal antibody followed by a rabbit anti-mouse antibody
30 coupled to a magnetic bead (Miltenyi Biotech, Gladbach, Germany). The AML population



Preferably, the nolecule is a derivative of an HGF having a sequence of
am no acids within a first a-helix wherein one or nore exposed am no
acids in said first a-helix having aC|dic or acidic-like properties are

substituted with a basic am no aci §| = d di ¢ am no acid
resi due. 15 WDORePHb| y, the nol gcu i’g%ﬁ@%%g EH/e of ETEIPE/04382-2,

IL-3, IL-4, 11-5, IL-6, I1-7, 1L-9

L-13, IL-14, IL-15

and others of this fanmily yet to bé& discovered, G CoF, EPO or TPO 20
"Preferably, the nolecule is GWCSF having-fg or Lys at position 21 in

pl ace of Q u.

Most preferably, the nolecule is E21IR Preferably,

apoptosis occurs with conmmitted progenitors (CD34[err] CD38[err], CD34[err]
CD33[err]) 25 bulonkigted 6P34b9% blassDB&iectirrow Btdgenitors were collected from a healthy donor

10

and the CD34* subsets were sorted by flow cytometry (FACStar™ ", Becton-Dickinson, NJ).
Cells that expressed the GMRe were isolated using an anti-GMRe monoclonal antibody and
a magnetic bead procedure. The cells were incubated in RPMI 1640 medium with 10% v/v
fetal calf serum (FCS), antibiotics, sodium bicarbonate, and L-glutamine for 48 h at 37°C.
To the cultures either E. coli-derived E21R (1 ug/ml) or GM-CSF (0.3 ng/mi, Genetics
Institute, Cambridge, MA) were added. The medium used to culture bone marrow celis
contained G-CSF (10 ng/ml, Amgen, Thousand Oaks, CA). DNA was extracted and analyzed
after agarose gel electrophoresis.

~ Incubation of the cells with either. GM-CSF alone or medium only for.up to 48 h caused no

15

20

degradation of the DNA.- Staining of.-DNA with propidium iodide from one AML case

revealed that a 48-h incubation with E21R (1 ug/ml) caused apoptosis of aimost all the cells
Figure 10 (a). The GO/G1, S and G2 regions represent cells in various phases of the cell
cycle, while the subdiploid Ap peak denotes apoptotic cells. To quantify the number of
apoptotic cells, the DNA binding of propidium iodide was measured. Initially about 75% of
AML cells underwent apoptosis in the presence of E21R at 48 h. This proportion of apoptotic
cells correlated well with the number of cells expressing the GM-CSF « receptor. E21R (1
g/ml) induced apoptoéis in 21/21 AML cases (Figure 10b) and 14/14 CML cases (Figure 10c).

To examine whether the apoptotic effect of E21R was secondary to antagonism of GM-CSF
present in the culture conditions or due to a direct effect to E21R, several controls were
performed. First, it is known that while normal bone marrow haemopoietic cells do not express

.the GM-CSF mRNA, some AML cells-can produce GM-CSF. However, GM-CSF was

detected in supernatants of only 8 :of 21 AML cases. - The. other 13 cases did not show
detectable GM-CSF in the supernatants, and an RNase protection assay showed lack of mRNA
for GM-CSF. Second, biologically active GM-CSF in the culture medium was not present:
enumeration of apoptotic cells in serum-free medium yielded similar results as depicted in
Figure 10b, and the neutralising anti-GM-CSF monocional antibody 4D4 did not induce

30 apoptosis of the AML cells (Figure 10e). Finally, to determine whether any GM-CSF was
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The present invention further contenplates genetic constructs useful in

expressing E21R

encodi ng .t he | eader sequence MFATSS
-7- The present invention al s§
E21R with or WWhHHPeE%he
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I ncl udi ng constructs conprising phe nucl eoti de sequence

gt hod for purifying
PCT/AU96/00382

bound to the AML cells when transferred ex vivo to the in vitro cultures, the inventors measured
the cell surface-associated binding of ***I-labelled GM-CSF before and after acid elution. No
differences were observed in specific GM-CSF binding, indicating that the cells were not
carrying over receptor-bound GM-CSF. E21R did not induce apoptosis of myeloid cells
lacking GMRe indicating that E2IR was not toxic.

A titration of E2IR showed that full apoptotic effect was achieved with 1 pg/ml (@). A
GM-CSF concentration of 100 ng/ml effectively inhibited E21R (1 ug/ml) mediated apoptosis

(d). Values are the mean and s.e.m. of three replicates from one AML case.

When combined with G-CSF (10 ng/ml), but not with IL-3 (10 ng/ml, Genetics Institute), E21R
induced apoptosis of nearly all the cells (e). ‘Peripheral blood cells were collected . from
untreated CML patients (all Philadelphia chromosome positive) in blast crisis and processed as
for the AML cells described above. Apoptosis was determined by flow cytometry as the
reduced amount of propidium iodide bound by DNA after incubating triplicate cultures of the
cells overnight in a buffer containing 0.1% v/v Triton X-100 and propidium iodide (50 mg/mI).

EXAMPLE 7
Similar to normal haemopoiesis, myeloid lenkaemic cells stem from a small pool of highly
proliferative progenitors that express the CD34 surface market. To examine whether the effect
of E21R was a general phenomenon related to the GMRe: expression or restricted to malignant
cells, the effect of E21R on the survival of normal CD34" progenitors was studied. Bone
marrow cells were fractionated by flow cytometry into total CD34", CD34*CD38" (committed),
and CD34*'CD33" (myeloid committed) progenitors and the apoptotic fractions determined

-after E2I1R treatment. DNA. - fragmentation was present in the CD34*/GMRa’,

CD34'CD38"/GMRe*, and CD34"'CD33"/GMRe’ subsets, but not amongst the non-committed
CD34*CD38" cells, the latter subset lacking GMRet (Figure 9). Analysis of DNA binding of
propidium iodide revealed that E21R caused apoptosis of the cells in the CD34*CD38*/GMRa*
(Figure 11a,c), CD34*/GMRe", and the CD34'CD33*/GMRe* populations (Figure 11c), but
not on cells lacking the GM-CSFe chain.
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| eader sequence foll ow ng expression of the above menti oned genetic

constructs. Yet a further aspect of the eset—fnventi on cont enpl at es

eukaryotic or prokaryotic organi sns ﬁ%gHEE'ﬁQiABPEEEabve nmentioned genetic

constructs. Preferred aspects ‘o PEPINCED rrens are described in

the Exanpl es. WOI883 present inveltion—i-s—fwrrRer—descri beRFTAVIPRBEY ence
~to the following non-limting Figures 10 and Exanples. In the Figures:

Figure 1 is a schematic representation of plasm d pBREL132. The DNA cassette
~has a uni que -17-

E21R in medium with G-CSF induced apoptosis of the CD34'CD38"/GMRe" committed
progenitors (@), but not of the CD34'CD38/GMRe cells (3). When combined with G-CSF and
either GM-CSF or stem cell factor (SCF), E21R caused apoptosis of all CD34*/GMRe* subsets
after 48h, while the addition of IL-3 prevented apoptosis (ac). The non-committed

5 CD34'CD387GMRe: cells were not affected by E2IR treatment (5,c). Values are the mean and
s.e.m. from three cases. Studies of colony formation by CD34"/GMRet* committed progenitors
showegl that E21R in combination with either G-CSF, or G-CSF plus GMCSF, or G-CSF plus
SCF virtually abolished colony growth, while E21R plus G-CSF and IL-3, or E21R plus
G-CSF, SCF and IL-3 did not inhibit colony growth of committed cells (d). Colony growth of

10 the non-committed CD34*CD38/GMRao subset was not affected by E21R (d). Data from the

three cases in (a), values are mean + s.e.m.

The bone marrow cells were collected and processed as described above. Apoptosis was
measured as a reduced DNA binding of propidium iodide as outlined above. Colonies (>40

15 cells) of haemopoietic CD34" progenitors in a methylcellulose assay were prepared and scored
after 14 days. To triplicate cultures we added various combinations of E21R (1 pg/ml), G-CSF
(10 ng/ml), GM-CSF (10 ng/ml), and SCF (10 ng/ml, Amgen). '

Upon purification of GMRe positive celis with an anti-GMRa monoclonal antibody, virtually
20 100% of the cells were apoptotic with E21R (Figure 10a). The results were observed in 21/21
AML cases (Figure 10b) and 14/14 CML cases (Figure 10c) when E21R was given at a dose
of 1 ug/ml, a concentration ensuring high GMRe occupancy. This concentration was based on
a titration experiment where 1 ug/ml of E21R yielded maximal apoptosis (Figure 10d). The
effect was dependent on E21R binding to GMRe since a titration of GM-CSF against 1 ug/m!
25 of E21R showed that at a concentration of 100 ng/m! GM-CSF totally abolished the apoptotic

effect of E21R (Figure 10d).
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15 EcoRV cloning site and codes for MFATSSSTGN\D | eader sequence.
Figure 2 is a schematic representation of plasm d pBRE133. Snal/Hi ndll|

GW E21R PCR

pBRE133 encodes

DNA was cloned into ECORV H ndlll sites of pBRE132.

MFATSSSTGNDG- GVt CSF protein (designated herein "E21R").

20 Fi gure 3WMOP7/80695 aphi cal representati on showi ng conpet iRATAUIEPO3/- ndi ng
of E21R and 1nM[err]l- G CSF to CHO cells transfected with GVRa
(GMt CSF-speci fic a-chain of Gw CSF receptor). 25 Figure 4 is a

graphi cal representation show ng antagoni sggof GW CSF by E21R in a hunman
erythrol eukaem a cell line TF1l proliferation assay. - Figure 5is a
graphi cal representati on showi ng antagoni sm of GWCSF by E21R in a
neutrophi |l superoxi de assay. EXAMPLE 8 :
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20

25

To test the finding in Example 7, the effect of E21R combined with either G-CSF, whose
receptor is a homodimer distinct from the GM-CSF receptor, or IL-3, whose receptor is a
heterodimer in which Bc is shared with the GM-CSF receptor was examined; leukaemic cells
expressing functional receptors for these cytokines were used. The leukaemic cells underwent
apoptosis when they were incubated with E21R and G-CSF, but not with E21R and IL-3
(Figure 10e), indicating that involvement of the fc chain is essential for survival. Since only
6/21 AML and 3/14 CML cases expressed the IL-3 receptor, this example shows that E21R
might be beneficial in the treatment of the majority of leukaemias.

To rule out the possibility that the apoptotic effect of E21R: was secondary.to antagonism of
GM-CSF present in the culture conditions, several controls were performed. First, it is known
that some AML and CML cells can produce GM-CSF. With the use of a sensitive proliferation
assay (lower detection limit 10 pg/ml), biologically active GM-CSF was not in the CD34*CD38"
/IGMRe cells (Figure 11b,c). Apoptosis by E21R was seen even if two other survival factors,
G-CSF and stem cell factor (SCF), were present (Figure 11a,c). However, when IL-3 was added

to the medium, the haemopoietic progenitors expressing GMRea were rescued from apoptosis

(Figuré 11a,c).

EXAMPLE 9
Since E2IR directly induced apoptosis, the inventors examined the possible signaling
requirements of this active process. A dose-response experiment showed that the specific
tyrosine kinase inhibitor genistein did not affect E21R~induced apoptosis (Figure 12a). In

- separate control experiments genistein (0.1-10 pzg/ml) blocked GM-CSF (0.3-1 ng/ml)-mediated

stimulation of tyrosine phosphorylation in. AML cells. The protein kinase C inhibitor -
staurosporine profoundly inhibited the E21R-induced apoptosis when given at a dose of 10
4g/ml (Figure 12a), suggesting that serine/threonine kinases may be central to the apoptotic
mechanism of E21R. Furthermore, the inventors found that inhibition of transcription by
actinomycin D or of protein synthesis by cycloheximide greatly reduced E21R-induced

30 apoptosis of AML cells in a dose-dependent manner (Figure 12b).



30 -8 - Figure 6 is a

graphi'cal representation show ng _- FFH j GWt CSF sti nul at ed
proliferation of AM.L cells. ' eHEET 81AB B-aplili cal representation
showi ng that E21R inhibits GW CSH|sti mpgie®E8? prold¥erati on of CM. cells.
WO 97/00695 7 : PCT/AU96/00382:
-19-
EXAMPLE 10

| The influence of E2IR on gmwth of the progenitors was further determined in a colony assay.
Various combinations of E21R and G-CSF with or without GM-CSF and SCF virtually
abolished colony growth, while adding IL-3 overcame the inhibition of colony growth by E2IR

5 (Figure 11d), consistent with E21R inducing apoptosis of committed progenitors (Figure 11¢
vs. 11d). It is important to note that CD34*CD38" cells are non-committed multipotential
progenitors. The E2IR-induced apoptosis of committed progenitors (CD34°CD38",
CD34*CD33*), but not of CD34 CD38 cells will be useful for enrichment of uncommitted
progenitors for stem cell transﬁlantation and gene transfer purposes.

10

Those skilled in the art will appreciate that the invention described herein is susceptible to
variations -and modifications other than those specifically described. It is to be understood that
the invention includes all such variations. and modifications. The invention also includes all of
the steps, features, compositions and compounds referred to or indicated in this specification,

15 individually or-collectively, and any and all combinations of any two or more of said éteps or

features.
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Figure 8 is a graphical representation show ng that E21R i nhibits col ony
grow h of JCML cel | s. 10 Figure 9 is a photographic representation
showi ng that the E21R causes DNA fragnentation in nmyeloid cells.

Figure 10 are graphical representations show ng that E21R i nduces apoptosis
of GVRa+ ny MoA7@0d98 ukaemi c cells in a time- and dose- depaaievuvéomsner .
15 Figure 11 are graphic representations show ng that E21R i nduces
apopt osi s of CD34+/ GVRa+ haenopoi eti c progenitors. Figure 12 is a
graphi cal representation showi ng that E21Rgpnduced apoptosis requires
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20 transcription, protein synthesis and kinase activity. (a) Titration of
geni stein and staurosporine in the absence (open synbols) and presence
(solid synbols) of E21IR (1 [err]g/m). (b) Titration of actinonycin D
and cycl ohexi mde in the absence (open synbols) and presence (solid
synbol s) of E2WR9M0§%Err] g/ nl ). Apoptosis was neasured at tIRET49%P0383. e
poi nt. Data are neans and SEM of triplicate sanples fromone AM. case
and are representative of four 25 other cases. Figure 13 shows that

t he nenbrane proxi mal domains of both receptor chains are required for
I nduction of apoptosis, while deletions of the nore distal part of either
chain did not affect E21R- nmedi at ed apoptosis. 30 PAPMN WM P r

-21t 11199 (2) INFORMATION FOR SEQ ID NO:1:
(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 47 base pairs
(B) TYPE: nucleic acid
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(ii) MOLECULE TYPE: DNA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:1:

TATGTTCGCT ACTTCAAGCT CTACGGGGAA CGATATCGCT GCAGCCA 47

(2) INFORMATION FOR SEQ ID NO:2:
. (i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 49 base pairs
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{C) STRANDEDNESS. single
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2:

AGCTTGGCTG CAGCGATATC GTTCCCCGTA GAGCTTGAAG TAGCGAACA 49



-O- EXAMPLE 1 CONSTRUCTI ON OF

pBRE132 AND pBRE133 FOR EXPRESSI ON OF RECOVBI NANT
E21iR PROTEIN 5 Construction of pBRE132 expression plasmd A synthetic
DNA cassette was constructed by annealing two oligonucleotides,
TATGITCGCTACT TWRA7008 ACGGGGAACGATATCGCTGCAGCCA (SEQ I D RCE/AUP6/60382 -
AGCTTGGCTGCAGCGATATCGT TCCCCGTAGAGCT TCAAGTAGCGAACA (SEQ 1D NO 2) at
65[err]C for 5 min in 200 MM NaCl . The synthetic DNA cassette was 10
cleaved with Ndel/Hi ndl1l and cloned into.pEC611 expr essiTbinSheetdiaoBeeh Replaced

Brunby, 1987 "A vector for high expression of native prmﬂuu"”,”mm

Thesi s, University of Adel aide), generating pBRE132 (Fi
CLAIMS:
1. A method for inducing apoptosis in cells carrying a haemopoietic growth factor (HGF)
heterodimeric receptor said receptor comprising an HGF-specific a-chain and a Bc chain, said
method comprising contacting said cells with an effective amount of an HGF antagonist for
a time and under conditions sufficient to induce apoptosis wherein said HGF antagonist

comprises a sequence of amino acids within a first a-helix wherein one or more exposed
amino acids in said first a-helix of HGF having acidic properties is/are substituted with a

basic amino acid residue or a non-acidic amino acid residue.
2. A method according to claim 1 wherein the HGF is an interleukin (IL).

3. A method according to claim 2 wherein the HGF is selected from IL-2, IL-3, IL-5,
IL-6, IL-7, IL-9, IL-10, IL-11, TL-13, IL-14 and IL-15.

4. A method according to claim 1 wherein the HGF is granulocyte-macrophage colony-
stimulating factor (GM-CSF), granulocyte colony-stimulating factor (G-CSF), erythropmetm
(EPO) or thrombopomn (TPO).

5. A method according to claim 4 wherein the HGF is GM-CSF.

6. A method according to claim 1 wherein the antagonist of HGF is derived from said
HGF, said antagonist being capable of binding to the e-chain of the HGF receptor.

7. A method according to claim 6 wherein the antagonist is a derivative of GM-CSF.

8. A method according to claim 7 wherein the derivative of GM-CSF comprises an acidic
amino acid residue of amino acid. position 21 being substituted with a basic amino acid residue

or a non-acidic amino acid residue.

* c L M s *



Construction of pBRE133 (E21R-exprES‘§‘on vector) 15 GV CSF (E21R) cDNA was

anpl i fied enpl oyi ng PCR pri rrers BtERepABdd and Hndlll sites. The
PCR products were cl eaved wit h U cloned into the EcoR/

H ndlll sites of pBRE132 generatl %m ure 2) . Expr essi on of

PBRE133 i n EsScNQ 9740695 col i pressi ONn anaPyDAu9s/00382
denonstrated that pBRE133 in Escherl chia coli MW94/ pACYC ac expressed

i nclusion bodies (1B) consisting of reconbinant E21R protein, as judged by
m croscopy exam nation, ‘standard SDS- PAGE.23d nass spectorretry anal ysi s of

the purified protein 25

9. A method according to claim 8 wherein the acidic amino acid residue is Glu or Asp,
the basic amino acid residue is Lys or Arg and the non-acidic amino acid residue is Gln or

Asn or derivatives thereof.
10. A method according to claim 9 wherein the HGF antagonist is E21R or E21K.
11. A method according to claim 10 wherein the HGF antagonist is E2IR.

12. A method according to claim 1 wherein the cells in which apoptosis is induced are

normal and malignant myeloid cells.
13. A method according to claim 12 -wherein the myeloid cells are myeloid lenkaemias.

14. A method for treating myeloid leukaemia in a human subject, said method comprising
administering to said human subject an effective amount of an HGF antagonist, said
administration being for a time and under conditions sufficient to induce apoptosis of said
myeloid leukaemic cells wherein séid HGF antagonist comprises a sequence of amino acids
within a first e-helix wherein one or more exposed amino acids in said first a-helix having
acidic properties is/are substituted with 2 basic amino acid residue or a non-acidic amino acid

residue.

15. A method according to claim 14 wherein the HGF is an interleukin (IL).

16. = A method according to claim 15 wherein the HGF is selected from IL-2, IL-3, IL-5,
IL-6, IL-7, IL-9, IL-10, IL-11, IL-13, IL-14 and IL-15.

17. A method according to claim 14 wherein the HGF is granulocyte-macrophage colony-
stmmlatmg factor (GM-CSF), granulocyte colony-stimulating factor (G-CSF), erythropo:etm
(EPO) or thrombopoietin (TPO).
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EXAMPLE 2

PRODUCTI ON OF GRANULOCYTE MACROPHAGE COLONY
STI MULATI NG FACTOR ANTAGONI ST E21R 1. - FERVENTATI ON 5 A. I nocul ation

1.

Escherichia coli Mw94/ pACYC
froma 80[ err] WO97089% cer ol stoc
anpicillin (100[err]g/ M) and kan
overni ght at 37C.

2133 was streaked out
gpiSAEET RASEEENei um pl atreTeAdv6/ed38- Ng
myci MEPLACEG[{ err] §/m ) and grown

-24 - This Sheet Has Been Replace

18. A method according to claim 17 wherein the HGF is GM-CSF.

19. A method according to claim 14 wherein the antagdnist of HGF is derived from said
HGF said antagonist being capable of binding to the &-chain of the HGF receptor.

20. A method according to claim 20 wherein the antagonist is a derivative of GM-CSF.

21. A method according to claim 20 wherein the derivatives of GM-CSF comprises an
acidic amino acid residue at amino acid position 21 of HGF being substituted with a basic

amino acid residue or a non-acidic amino acid residue.

22. A method according to claim 21 wherein the acidic amino acid residue is Glu or Asp,
the basic amino acid residue is Lys or Arg and the non-acidic amino acid residue is Gin or

Asn or derivatives thereof.

23. A method according to claim 22 wherein the HGF antagonist is E21R or E2IK.
24, A method according to claim 23 wherein the HGF antagonist is E2]1R.

25. A method according to claim 14 wherein the cells in which apoptosis is induced are
normal and malignant myeloid cells.

26. A method according to claim 25 wherein the myeloid cells are myeloid lenkaemias.

27. A method for enriching uncommitted progenitor cells from bone marrow said method
comprising contacting a population of cells from bone marrow with an effective amount of
a molecule capable of binding to the e-chain of an HGF receptor for a time and under
conditions sufficient to induce apoptosis of cells carrying said a-chain.
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10 2. Mul ti pl e col oni es were assessed—+er—GWCSF (E21R) expression
ake flask cultures

| evel s by m croscopic exam nation of 20 1sh
cont ai ni ng i nducer, or by col oi¥is - acp at es with or wthout
i nducer, in this instance with | m l‘ The sel ected single col ony
froman agar pW&X%BOMRS transferr f nitrogen- 15PQWAIIP6/00382 mal
medi um (2) containing anplicillin (100 [err]Jg/mM) + kanamycin (30
[err]g/m). The culture was grown at 37C overnight with agitation.

4. An amount of 10L of C2 was steriliseasin a 22 L fernenter and

i nocul ated to a very | ow density with overnight culture. Gowmh was at
37[err]C and a pH of 7.0 was maintained by 20 the addition of 12.5 M

NH[ err] OH. 28. AABéthéd heBrdikgStontkinicd7 Whereintthe niotedularigla dexivative of an HGF
autormatically controlled with oxygen saturation | evel s remai ni ng above

10% pQ err] .  Fol hayigsgeanepteafiapinogeids,within a firgt o-helix oBHQE yyherein one or miore exposed
amino acids in first e-helix of HGF having acidic or acidic-like properties are substituted with

a basic amino acid residue or a non-acidic amino acid residue.

29. A method according to claim 28 wherein the molecule is a derivative of GM-CSF, an
interleukin G-CSF, EPO or TPO. ‘

30. A method according to claim 29 wherein the molecule is a derivative of GM-CSF.
31. A method according to claim 30 wherein the molecule is E21R or E21K.
32. A method according to claim 30 wherein the molecule is E21R.

33. A method for producing recombinant molecules, said method comprising introducing
a genetic construct capable of expressing a nucleotide sequence to produce said recombinant
molecule into a cell, subjecting the cell to conditions to permit expression of said nucleotide
sequence, collecting the expressed recoxhbinant molecules in the form of inclusion bodies and
subjecting said inclusion bodies to dissolution in a chaotropic agent under conditions of high
pH sufficient to unfold said recombinant molecule, dilute said unfolded recombinant molecule
and subjecting same to refolding conditions and then purifying said refolded recombinant

molecule.
34. A method according to claim 33 wherein the chaotropic agent is urea.

35. A method according to claim 34 wherein the recombinant molecule is GM-CSF or a
mutant thereof.

36. A method according to claim 33 wherein the nucleotide sequence further encodes for
a leader sequence fused to said recombinant molecule.

[



the cell mass was fed with a concentrated gl ucose sol ution contai ni ng
additional salts. 25 Nutrient feed fl gwate as determ ned by pH or oxygen

sat ur at ed | evel s. B. I nduction optrgal density of
Alerr] = 50-60 the reconbi nant expregpi . 2 R gni st was

i nduced in thi%OPHYMWnce by the addi'tror=s s he ful t UPETMK5/00382

suppl emented with 30 amino. acids at the tine of i nductton (T=0) and at T=2 -
hours. Induction continued for 4 WD 97/ 00695 :

PCT/ AU96/ 00382 . .26-

37. A method according to claim 36 wherein the leader sequence is the amino acid
sequence MFATSSSTGND.
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- 11 - hours at 37[err]C, pH 7.0. Sanples were renoved at T 0,1,2,3
& 4 hours and exam ned by m cr of 1 Ot He—pEes nce of 1B, their size
bei ng deternmi ned by disc centrifugaffi 6 SHEETHA{_SBEEN'I?WG culture was stored

overnight at 4[err]C. 5 2. (LpRl ndF OF G\ CSF (E2IR) _
| NCLUSI ON BODivibo7/006951. Horrogeni zation - Step FHe cul PEFAU%AE38passed
five times through a Gaulin 30CD honbgeni zer at 13500 psi, with -
honbgenat e bei ng cool ed bet ween passesljﬂﬁgenate was then diluted with an
equal 10 volune of RO Herr]O. size was redeterm ned by disc
centrifugation. :

DNA CASSETTE
Ndel

PBRE 132
2954 bp

Fig.1

Nael EcoRV/Smal

3330 bp
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2. Centrifugation - Step 1 15 The h te was centrifuged in a Westfalia

SB-7 separator with a constant speed| gf;f a flowrate
determ ned by I B size. The co tri@%&ﬁéﬁ uderomthi s first step
was diluted to [err]2.5 % v/v. 20 Step 2 The I B

 suspensi on waswpawemss once t hrough a Gaul i n.30CD honpgeni zePCHAUIGWAT psi . '
The 1B size was again determ ned by disc centrifugation. 25 4.
Centrifugation- Step 2

COMPETITIVE BINDING TO CHO CELLS TRANSFECTED
WITH GMRo. 1nM 2 .GM-CSF

<——— WILD TYPE
2000 - E2IR ——»-

BOUND COUNTS (com)

0 L L LA IllTr ) AL llllll' I‘Iilllirl'r L L) llfllll

0 1 10 100 . 1000
GM-CSF (ng/mi)

Fig. 3

is Sheet Has Been Reilaced

IIII|I|| L

SUBSTITUTE SHEET (Rule 26)



The honpbgenate was centrifuged in a Wstfalia SA-l1 separator with a

const ant speed of 9700 rpmat a red by | B size.

-12- : HIS SHEET HASBEMWPLE 3

GVt CSF ANTAGONI ST ([E21R) PURI FI CAT REMAGER | usi & body (I1B) solution .
is first washesoeiee®san equal volune of a m1d boaf e BEHAUSYMBR- such,

as 2M guani di ne hydrochloride (GQHC ). The solution is stirred gently at 5
4[err] C for 30 m nutes. The washed I B 371&n be recovered with a | ow
speed centrifuge spin.

- WTGM0.1ng/mhE21R
-3 WTGM 0.03ng/mi+E21R

o]
-
E § 5
>
$ ¢ o LS
-
S
S

T =]

L
N =
“\-'_8 i
>~ =)
a5 "2
< i .

O (73] c')
%2 h(') 2 "y
£3 s W
=0
BB -
= 0 S
gu:

&S
-0 -
B S
Yo
S
O
B . L )
L Y
T= Tr——y T e §-
oo

40000 -

140000 -
120000 -
100000 -

(wdp) NOLLYHOJHOON! INIGINAHL H g This Sheet Has Boen Replaced
| is Sheet Has Been Replace

(A

SUBSTITUTE SHEET (Rule 26)



The washed I B are then resuspended in a snmall voI ume of water (e.g. MIIi

Q, imrediately prior to di ssofatter—ang di ng. Di ssol ution,

ref ol di ng and oxi dati on of the G SHEagmbsSéE FIR) IBis initiated by

10 dissolving the washed IB in a unbufﬁm@gy ea sI ution at an al kaline

pH. To ensur e woopmegsl et e di ssol hd concenPCRAVLSH0382- urea
shoul d be between 2.5M and 4M and the pH between 11 and 12. The
concentration of protein can be betvveeWTﬁand 5 mg/m. These three

" paraneters can be varied depending on rity of the IB preparation. The -’
stirred solution is nmaintained at an al kaline pH with a sodi um hydr oxi de
solution (e.g. 2M 15 NaOH), until it can be seen that refol ding and

oxi dation has reached equilibrium The extent. of refolding to the

correct fold for GV noni tored by chromat ographi ¢ neans, e.g.
rever sed phase HPLC { RP-HPLC) dr size-excl usion chromatography (SEC),
conparing t he chrjonat ogr@hl c profile to that of a known fol ded standard
of .GM-CSF. Once refof ding s=hgs reached equilibrium the pH of the

solution is | owered | esd 4l kal i ne pH, (e.g. pH9.1) 20 with a
concentrated sol uti a %i tlabl e buffer (e.g. 0.5M sodi um borate pH

9.1).
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The correctly refolded GwW CSF ant agoni st (E21R) can then be purified from
I ncorrectly fol ded and aggregated forns using chronmat ography,
ani on- exchange chromat ography (EG or RP-HPLC. For exanple, the

refol ding solution from above is | oaded onto a ani on-

(e.g. Q Sepharwe®r/ess fl| ow [ Pharnacial).
the colum is washed with two columm volunes of a |low salt buffer.

colum with a gradient of sodium ch

ant agoni st (E21R) purgd
or RP-HPLC (e.g. Brownlee butyl-silica

- 13 -

e.g.

25 exchange, col um
Upon conpl eti on ofPQTGAREMRFs2 -

The
correctly fol ded form of GwW CSF antms (E21R) is eluted fromthe
|7 'i (

e.g. 0-500 mM NaCl over ten

col um vol unes). The col umm el uent can be anal ysed-- for GwW CSF
' (e.g. Superose 12 30 [Pharmacial),
colum (100 nmx 2.1 nmi.d.)
x
oy
w
+ o
S k7
O 8 w
$3223%5
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S
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E21R INHIBITS GM - CSF STIMULATED PROLIFERATION OF AML CELLS
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enploying 0.1 %v/v TFA in water as Buffer A and 0.1 %v/v TFA in
acetonitrile as Buffer B) . . 10e puriEree=t CSF ant agoni st (E21R)
can . then be desalted (e.g. Sepha-eﬁ4§éﬁagnﬂﬂ&ﬁéaﬁ sui tabl e buffer (e.g. 5
mM Na[err]HPO err] pH.7.6) in p eparahepnAcEB formul ati on and .
| yophi | i sat i onwOP@0&&sal t ed pr oflisin Itated by PCI/ARNGMBHA i on
at 280 nmin a spect rophot onet er u3|ng a [err]Alerr]%of 9.09. Follow ng

guantitation, 1 part glycine and 5 partii{1€3ywntol by wei ght, are added
to the desalted protein solution. The s [ is stirred gently unt i |

all solids are dissolved. If necessary, the pHis adjusted to pH 7.6 with

1M NaOH or 10 25 % w v_orthophosphoric.-acid. The solution is then
sterilised by filtratijon (0.2 [err]m, aliquoted into sterile glassware
and | yophili sed. EXAMPLE 4
E21R EXH BI TS ANTAGONI|STI C PROPER§ ES 'f" o =
b i S B
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15 Purified E21R bound the GW CSF receptor a-chain with the equival ent
potency as wild type G\ CSF (Figure 3). In addition, E21R did not
di-rectly stinmulate TF-1 cell proliferation (Figure 4) or neutrophi
O[err]- release but instead antagonised the stinulatory effect of G CSF
in both functiwoatesmssays (Figures 4 and 5). Using cells fr@arpuséeeses with
~acute nyeloid | eukaem a (AM.) the inventors found that E21R ant agoni sed -
the stimulation of AML cell 20 proliferstj by GM CSF in a dose-dependent
manner (Figure 6). This was specific fd?jﬁiz; CSF in that E21R did not

ant agoni se | L-3-nedi ated proliferation (Figure 6). E21R compl etely
ant agoni sed the proliferative effect .of GMWCSF on cells frompatients with
chronic nyel oid | eukaemia (CM.) (Figure 7). 25

E21R INHIBITS COLONY GROWTH OF JCML CELLS

S
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WO 97/ 00695

PCT/ AU96/ 00382 - 14-
EXAMPLE 5 E21R I NH BI TS COLONY FORVATI ON BY JUVENI LE CHRONI C
MYELO D LEUKAEM A (JCM.) CELLS JCML is a rare disease which is

general |y di agip@9ofnsbess) chil dren under 2 years. There is no pCciAuvddaess2i ve
. therapy for this condition and it is in\gy y fatal 2-3 years after

-~ di agnosis. Cells fromJCM patients pont aneously in culture
" probably due to autocrine production of CSF feedi ng back on these
cells. It was found that E21R inhibited the growth of JCM. in a
dose- dependent manner (Figure + + +
ELLS BMCD34 /GMBa CELLS
MARKER MEDIUM GM-CSF E21R MEDIUM GM-CSF E21R
(kb) '

4.07-

1.44 -

1.02-
 BMcD3¢ cpss /omMAot CELLS  BMCD34” CD38 /GMRo” CELLS
MARKER MEDIUM GM-CSF E21R MEDIUM GM-CSF . E21R

(kb)

4,07 -

1.44-

1.02-

BM cD34” cD33" /aMAe.t CELLS
MEDIUM GM-CSF E21R

Fig. 9
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10 8). This may be due to bl ocking autocrine GW CSF, induction of apoptosis
(see below), or a different nmechani sm

EXAMPLE 6 Since E21R binding to the a-chain antagoni zed Gw CSF
stinmulated cell function, the 15 inventors reasoned that E21R m ght
interfere withwoompessirvi val. The |ife span of malignant PET(AUY6/00382
expressing the G\ CSF receptor frompatients with either acute (AM.) or

chronic (CM) nyel oid | eukaem a V\/aDsN%ZGd When these cells were -

i ncubated with E21R chr onosonal egraded into | ow nol ecul ar

wei ght fragnents, a salient f-eature of apoptosis (Figure 9). 20 E2I R
caused DNA fromnyel oid.l eukaem c cells to degrade. DNA degradati on was
absent in cells incubated with either Gw CSF al one ‘or nediumonly. The
data are fromone AML case a t her cases. Nor nal

8/ GVRa and-

t he CD34+/ CD38
was not present. The dfta are from one
p ot her cases. Marker known nol ecul ar

bone marrow (BM cells expressin

'/ GVRa popul ati on, DNA degradatio
BM case and representative of tw

48h

Fig.10a

36h

DNA CONTENT (LOG FLUORESCENCE INTENSITY)

G2M

R,

AML/GMRo.
Go/G1

24 h
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sizes in kilobases (kb) are shown. Peripheral blood cells frompatients
with AML (all FAB subtypes) at diagnosis were Ficoll separated. The T

| ynphocytes were renoved by incubation wi th a nmouse anti-human CD3
nonocl onal antibody foll owed by a rabbit anti-nouse anti body 30 coupled to.
~a magnetic beasopmbiessenyi Bi ot ech, d adbach, Germany). The R&K/AY &t i on

- 15- consisted of > 99% bl asts. Bone marrow progenitors were coll ected
froma healthy donorr . and the CD34+ Ta)fcz were sorted by flow cytonetry
(FACStar[err], Becton-Di ckinson, NJ). s that expressed the GVRa were -
I sol ated using an anti-GVRa nonocl onal anti body and -

100 - | AML/GMRo. * o,
80 |- MEDIUM
3 -~ GM-CSF
60
% -& E21R
2
[«
S 4
<
20
0
0 5 10 15 20 25 30 35 40 45 50
TIME (HOURS)
Fig. 10b
100 | CML/GMRe. * .
80
3
o« 60
%
S 40
<
20

0 5 10 15 20 25 30 35 40 45 50
TIME (HOURS)

Fig. 10c

SUBSTITUTE SHEET (Rule 26)



a magneti c bead procedure. The cells were incubated in RPM 1640 nedi um
with 10%v/v 5 fetal calf serum( =atet+es—sodi um bi car bonate, and
L-glutamine for 48 h at 37[err] C” THISI'@'lEEEﬂ'eHsﬂIBEENe either E. coli-derived
E21R (1 [err]g/m) or GW CSF (0. 3" ng/ nREPGAREDI cs Institute, Cambridge, .
MA) were addedwo¥hese®sedi um used tT cuU ow cel | BCT/AUAA38 ned
G CSF (10 ng/ M, Amgen, Thousand Oaks, CA). DNA was extracted and anal yzed -
after agarose gel el ectrophoresis. 10 ation of the cells with

either GW CSF al one or mediumonly for t*o*48 h caused no degr adati on
of the DNA. Staining of DNA with prop| diumiodi de fromone AM case

reveal ed that a 48-h incubatfd +41R (1 [err]g/m) caused apoptosis of .
al nost all the cells Fi guf 8 Mﬁ‘} The GO/ GlL, S and G2/ M regions
repres.ent cells in vari gep4PhRSE e cell 15 cycle, while the

To quanti 4 e#nunber of
apopt oti c cells, the DNA bindi ngi of prjoRi di um i odi de s nmedsured.
Initially about 75% of gpAM. cells undexwent apopto in #he presence of
E21R at 48 h. This proportfon of apoptoti¥ cells forrelated well with
the nunber of cells egresging the GW CSF § receptoyf. E21R (1 .[err]g
/m-) i nduced apopt 05|§'|6D $1/21 AML cases (Kigure 10b) and 14/14 CM. cases
(Figure 1Qc). 20 Tgexa e apoptotyfc effect of E2 1R was
secondary to ant agonigﬂ of

Q.
840
<<

iE21R
- GM-CSF

o E—— — )

Lrﬂfq—i-rrmnrrrrmlq—mrmq—mmwr—mmnl .
0 0.1 1 10 100 1000 10000

E21R (ngmi™)

Fig.10d
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present in the culture conditions or due to a direct effect to E21R

several controls were performed. First, it is known that while normal
bone marrow haenopoietic cells do not express the GVt CSF nRNA, sone AML
cells can produce GwW CSF. However, GVt CSF was 25 detected in supernatants
of only 8 out wio92H068/1 cases. The other 13 cases did not sIREA/AUIE/00382

- detectable GWMWCSF in the supernatants, and,an RNase protection assay showed

“lack of nRNA for G\ CSF. Second, bi |y active GMCSF in the -
cul ture nedi um was not present: enu t of apoptotic cells in
serumfree mediumyielded simlar results as depicted in Fi gure 10b, and

the neutralising anti-QGw CSF nonocl onal anti body 4D4 did not induce 30
apoptosis of the AML cells (Figure 10e). Finally, to determ ne whether any

Gvk CSF. was -16-
100 5 | cpas* cpss ™ /omRe t :

80 -

3
'

APOPTOSIS (%)
8

20
]
0 -
0 5 10 15 20 25 30 35 40 45 50
TIME (HOURS)
Fig.11a
1004 | cpss cD38 ™ /GMRa
807 | = GosF
£ 60 -0~ G-CSF+E21R
§ ' ~o— (-CSF+IL-3
£ 4 ~O—~ G-CSFHIL-3+E2IR
2
<<

20

——— ]

0 5 10 15 20 25 30 35 40 45 50
TIME (HOURS)

Fig.11b
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bound .to the AML cells when transferred ex vivo to the in vitro cul tures,

the i nventors neasured th

[err]l-1labelled G\ CSF before and after acid el ution.
wer e observed in specific G\ CSF bi ndi ng,
carryi nwoaveesss ecept or - bound GV CSF. E21R did not
of nyeloid cells 5 lacking GVRa indicating that E21R was not toxic.
titration of E21R showed that full

not’

[err]g/m Figure 10 (d).

e cell sur

apo
A GV CSF ¢

face-associ ated bi ndi ng of

No di fferences
indicating that the cells were
| NEPOTAUSGAIBR20S| S
A
ffect was achieved with 1

1316

i nhibited E21R (1 [err] g/ m apoptosis Figure 10 (d). Val ues
are the nean and s.e.m of fthree replicatg¢s fromone AML case. 10 When
conbi ned with G CSF (10 ngjmg, gutgnot Wth IL-3 (10 ng/nm, Genetics
Institute), E21R i nduce opeosEs of pearly all the cells Figure 10
(e). Peripheral blood cell ;ﬁr&céﬂ €Cct edl fromuntreated CML patients
(all Phil adel phia chronpso oxbt iewe) gt n} bl ast crisis and processed as
for the AML cells describe O\R. gpogoiFi s was determ ned by flow
cytonetry 15 as the reduceg _é-?ro@ﬁtf&f PFropidiumiodide bound by DNA after
i ncubating triplicate cult1r§ § 3 3
| 3386 8
Zi= -8
8
' . =‘ =
/s ot f=. L
AN @’ AN [
N 4 £\
/N2 i\ “
A N 8 =
AW A - ¥
] Yz H 5
A Za\ 5 O
A N 5:: i —_ D
/a\ 75\ N - X v~
". /:t H L © S~
N / N S o .
/ul ZHN 7uy " 4 m
A A 45\ 8 =
N A 75\ - S T
75\ N AN - .
’q AN ‘:~ O
25\ A S5\ I %
’:; N ’:‘ -g
;-i N ’:‘ N
75N N AN
A A A
N 7ay 7EN X
72\ A N
A A o
N AN 45\ - N
N g2\ N 2
75\ AN N i
N N 4E\
AR AR
N AN N A Iz:! AN
L3 ] i 1 ) LR LI
< o T
S EB a2 BE IR
O N Q@ o F W @ N F w
Y < ¥ o ¥ oF w g ¥
S q L 8 S d 9 9
@ AR = B S D o
8. L 3 c : ] w II ?
S & = 6 C i 8BS
? O ! %
S F - S & P
g ° % 4
S S

§
/
:

tion of 100 ng/m effectively -



e
Lo
e =
© N -
c
@®© n n
—
o — @
o O -
— O Q
| X
X oo
c E o
(@] O ©
+— © C
- — 4 )
- >
— L wn
—
> (@]
~ T
> mm
o
S — 0
— ennuv
o W)r
o
o -
c n o
_ = >
c 0 .—
— D —
© .— @©
L o Or
m oo
[V
o £+«
O —
— © O
(D] T o
Y nV
— . —
28R
T C
a/my
nm o
— oD
o —
o =
c -
OO © y—
.m5|0
N .
- £ _
Lo oO. O
>T W O
O .- o
©
n O —
em_/m
0> n
.I_._._a
QT |
h.IW
- o= E
meo
Y— 8 —_
o ol

of E2RCHAYINIR2ner al

restricted to malignant
CD34+ progenitors was

or nal

14016

.marrow cells were fra
progenitors and the apoptotic fractions determ ned 25 after

the effect of E21R on the survi
CD34+CD38+ (conmmitted),

studi ed. Bone

phenonenon rel ated to the GVRa expression or
t ot al

CD34 surface raolowoesIsTo exan ne whet her the effect

cells,

pLL Ol

STi30 00 H3d SIINOTOD 40 HIENNN

ori 0cl 00} 08 09

oy

0g

| L L Ll ottt d b okl £l 2kl d ol 2l 2l el
Lt L L L L L L L ] L L T T T I L L T T T I T D T T
o N A N N S N N S N S S S NS S SN SS S SO S S SO O S A SOSSSS S SNSSS

ek L logllidle il dloinnd nclondendo slindnlil ol ol ot sl dndede el Ll
e A RE I IR E NN RN EE NN U N NN NER AR SN AN NN EEAEN NN E S NN
e S S S N N S N e N N N N N A N A N A S A S A O O A N S N A NN S S S A SSSASNSSASSSSS

-]

@

ent +n the CD3§j+/ GVRa+,

big
816

Z

AT BEID

)

245

o)

F&0 4

. O c (]
~+= C — =
T C oo D +—
em mns
— - —— (@)]

O 4 = + T — [
— . © + C O —
nme <t.—- 0 X
— - o] O
yOt m ©
(@] ~ —_
- X+ W‘L
+— O 00 (7]
Eslld 527
Y
O — o
55.%52,9% 0
yWJ <O .-
o -_.— 0 C C
~ — 0N O ® O
=3 = S
o+ mlp,t
—_— ™M ©C O+ O
Y— O CcC c
ol ®©
> 1 o
o + c .0 (40}
<t O ~0 —
© cCO 0+ —
o< S
eeaMb
L o 0O
© — D -
© i = (&)
SFQ)l
O)—
5 1+ Hljer, 1600
(1) -

vead

¥eao
+ V600

[

N

CD34+,
CD34+CD33+/ GVRa+ subsets,

DNA fragnmentati on was prefs

subset
popul at

propi di um i odi de rgev

the latter
t he CD34+CD38+/ GVRa+
CD34+CD33+/ GVRa+

cells,
of

GV CSFRa chain (Figure 11p, 0:

ALALTLLL A I LT L L AL LA A LL AL L LL LA AR AR LR AW

L il nadmlnntlralmstlondilndmtagl bt kol dl ool el el
ARSI R RN AN RS N A NN
AREAIMMLAL LALLM LA AR R A LA R AR L LRSS RS

| s |

e e il dmd enlomiol il el il .
I LLUE I L Ll J S L L O Lt AR Rl eesyr]yd
L S S o S N A A S S e AN

o

| H1e3+E-1+408+450-9
8- 114408+450-D

H1¢3+408+4S09
408+4S0-H

Hic3+6-W+480-D

£-1+4S0-9

H1¢3+4SO-WO+4SDD .

4SOWO+480-9

| HIZ3+4809
| 4500

SUBSTITUTE SHEET (Rule 26)



-17-

/GVRa+ commtted

CD34+CD38-/ GVRa- cel l's Figure 11(bf—vy
GW+ CSF or stemcell factor (SCF),
‘CD34+/ GVRa+ suweasumosst er 48h, whi Ile_t he adetroro!
apoptosis Figure 5 11 (a,c).

were not affected by E2l Rtreatnent 152419
and s.e.m fromthree cases. Studies o

E21IR in mediumw th G CSF induced apopt osis of the CD34+CD38+
progenitors Figure 11

_A) bt pt of the

EE Tﬁps,fr’aEEN with G CSF and either
2 IR Causedcepopt oslis of all
L- 3 pPETAN9§0N3Is2
The non-commtted CDOlerr]+CD[err] *GVRa- cells -
1 (b,c). Values are the nean
formation by CD34+/ GVRa+

comm tted progenitors showed that E21R in conmbination wth either G CSF,

or G CSF plus GVCSHgo

CSF plus SCF virtually abolished col ony growth,

(el miEP-S-w- B N B Ny~ H

while E21R plus G or E21R pl ug—e—-S———Se—are—++—3—ed not
i nhi bit col ony growth -~ CYCLOHEXIMIDE+E21R
£ 8 —e— ACTINOMYCIN D+E21R
g ~{3- CYCLOHEXIMIDE
% 60 ~O— ACTINOMYCIN D
?
'E .
w 40
s
S 20
<
’ 0 |' T ! l.l TON] T VT In—T T T M 1 T T 1T
0 0.1 1 10 4 100 1000
INHIBITOR (ugm! ™) )
Fig.12a
100

3

- GENISTEIN+E21R
—o— STAUROSPORINE+E21R
-3~ GENISTEIN

-0— STAUROSPORINE

3

Jl'Lll}'llil'lllll:lll!‘

5,
S

APOPTOSIS AT 48 HOURS (%)
S

MT;; i INHIBITOR 4ug1ml 7). | Flg ; 20 b
T \lll\\ | \\\\‘\\ s s e 2



10 commtted cells Figure 11 (d). Colony growh of the non-commtted
CD34+€D38- / GVRa- subset was not affected by E21R Figure 11 (d). Data
fromthe three cases in Figure 11 (a), val ues are nean + s.e.m The
bone marrow cells were coll ected and processed as descri bed above.

Apopt osi s was woomeessir ed as a reduced DNA bi ndi ng of propi ®CEAUSGBEEe as
outlined above. Col onies (>40 cel I s) of haenppoietic CD34 progenitors in
a net hyl-cel | ul ose assay were prepared irs ﬁed after 14 days. To
triplicate cultures the inventors adde r s conbi nations of E21R (1
[err]g/M), GCSF (10 ng/m), GWCSF (10 ng/m ), and SCF (10 ng/m , Angen).
20 Upon purification of GVRa positive cells with an anti-GVRa nonocl onal

anti body, virtually 100% of the cells were apoptotic with E21R (Figure
10a). The results were observed in 21/21 AM. cases (Figure |10b) and
14/ 14 CML cases (Figure 10c) when E21R was given at a dose of 1

[err]g/ M, a concentration ensuring high GVRa occupancy. This concentration -
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of E21R showed that at a concentration of 160 ng/mn GMCSi’E:CtE)Hé\EIQ/2 1 NOV 1936

abol i shed trieErREHIGPELPOL LY effect of E21R (Figure 10d). ' WO 97/ 00695
PCT/ AU96/ 00382 - 18-
EXAMPLE 8 To test the finding in Exanple 7, the effect of E21R

conbined with either G CSF, whose -3

The HGF antagonists are preferably produced in recombinant or synthetic form and, with the
exception of the amino acid substitution(s) in the first &-helix, the amino acid sequence of the
HGF may be the same as the naturally occurring molecule (i.e. native molecule) or may carry

single or multiple amino acid substitutions, deletions and/or additions to the native sequence.

In one particular embodiment, the HGF antagonists are:

@ in unglycosylated form;

(i)  lack post-translational modification;

(iii) produced in prokaryotic microorganisms; and/or
10 (iv) produced by chemical synthesis. -

The antagonists may be derivatives of an HGF or may be any other molecule which
selectively binds to the a-chain of the HGF receptor such as, but not limited to, antibodies
or other small or large molecules resulting in apoptosis. The present invention is hereinafter
15 described with reference to GM-CSF antagonists and in particular human GM-CSF
antagonists or mammalian GM-CSF antagonists capable of functioning in humans. This is
done, however, with the understanding that the present invention extends to any HGF
antagonist which is capable of inducing cell apoptosis by interaction with an HGF-specific -
chain of an HGF receptor. The present invention also extends to HGF antagonists which
20 interact with the B chain.

Although not intending to limit the present invention to any one theory or mode of action, it
is proposed that the GM-CSF antagonist either blocks the action of wild-type GM-CSF by
interacting selectively with the receptor a-chain or induces apoptosis by interacting with the
25 a- and P-chains of the receptor in a manner that leads to abnormal stimulation of the B-chain
either qualitatively or quantitatively. Qualitative differences to wild-type GM-CSF include
recruitment of signalling molecules (for example, type of kinase or state); quantitative

differences include intensity of duration of signalling.
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AMENDED SHEET
IPEA/AU



: . ‘ _ . _ rx._a_/:«.Eu YO/ U382
receptor is a honodimer 'distinct fromithe Gw CSF receptor,E6E] , -
recept or | $OERERNTOIHAMBodi nmer in which [err]c is shared with tﬁgﬁwv 1596
receptor was exam ned; |eukaemc cells 5 expressing functional receptors
f'or these cytokines were used. The | eukaeni c cells underwent apopt osi s
when they were incubated with E21R and_g.CSF, but not with E21R and IL-3

(Figure 10e), indicating that involvenent of the [err]Jc chain is essential

for survival. Since only 6/ 21 AML and 3/14 CM. cases expressed the IL-3
receptor, thi anpl h t hat .E21 m ght be beneficial in the

t r eat ment &refeﬁé’)i}ﬁa%ﬁﬁiﬁﬁ@@gﬂgé Eé?klo To rule out the possibility
that the apoptotic effect of E21R was secondary to antagoni sm of Gwvt CSF

present in the culture conditions, several controls were performed. First,
it is knowlInductioh bfitpoptosis willlalsorist usefnl ieédrichment pf unboenitet @Bsgenitorsfor biem

se of a sensiti ' | if ti I tectjon limt 10 '
b/ ) . bi Geloirassplapiation and EMECIRSHEr DUBYsehn ASROTing 49 b Aspad of fifepresent
cells (Figure . S : o) ' vl
Factors, o InveabR ey i BRI 5 meihok £8/ et BBy idofmiied broabfiyaticafle s Kol

However, Whgsrrév said Whclélisbrising éshtidtiag HEsbpulitioh of cBliefrombone imarrow with an
progenitors expressing GVRa were rescued from apoptosis (Figure 1lac).
effective amount of a molecule capable of stimulating the e-chain of an HG receptor or

abnormally stimulating the Bc chain of said receptor for a time and under conditions sufficient
to induce apoptosis of cells carrying said t_z-chain.

10
Preferably, the molecule is a derivative of an HGF having a sequence of amino acids within
a first e-helix wherein one or more exposed amino acids in said first e-helix having acidic
or acidic-like properties are substituted with a basic amino acid residue or non-acidic amino
acid residue.

15
Preferably, the molecule is a derivative of GM-CSF, IL-2, IL-3, IL-4, II-5, IL-6, 1I-7, IL-9,
IL-10, IL-11, IL-13, IL-14, TL-15 and others of this family yet to be d'iscovered, G-CSF,
EPO or TPO. |

20 Preferably, the molecule is GM-CSF having Arg or Lys at position 21 in place of Glu.
Most preferably, the molecule is E21R.

Preferably, apoptosis occurs with committed progenitors (CD34* CD38*, CD34* CD33%)
25 but not CD34* CD38" cells.

The present invention further contemplates genetic constructs useful in expressing E21R
including constructs comprising the nucleotide sequence encoding the leader sequence
MFATSSSTGNDG.
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i nduced apopﬂ@@@@“mPW&”WHVentors exam ned the possible signaling

requi renents of this active process. A dose-response experinment showed that
t'he specific tyrosine kinase inhibitor genistein did not affect

E21R-i nduced apoptosis (Figure 12a). In_,_ separate control experiments
genistein (0.1-10 [err]g/m) bl ocked GN$8SF (0.3-1 ng/m)-nedi ated 25
stinul ation of tyrosine phosphorylation in AM. cells. The protein kinase C

I nhi bitor st aur ospori ne pr of oundl | nhi bi t he 1R a

when given ath &Péi%%@t igyention alsq %‘?‘%‘? 'E‘P& for,pyri E‘gﬂ#l“ﬂ ? h‘é(ﬁh it the

~serine/threo | pissm of
E21R Furthe&ﬁ@% ?%lven g ﬁ%&?h{ﬁﬁtab ?%?P%Er? %e]pegtl? g%%crl ption by

actinonycin D or of pr otein synthesis by cycl ohexi m de greatly reduced
E21R-i nduced 30 apoptosis of AM. cells in a dose-dependent manner (Figure

12b). Yepa fumtheraspestof therpresgat invention contemplates eukaryotic or prokaryotic organisms

5 carrying the above-mentioned genetic constructs.
Preferred aspects of these embodiments are described in the Examples.

The present invention is further described by reference to the following non-limiting Figures

10 and Examples.
In the Figures:

Figure 1 is a schematic representation of plasmid pBRE132. The DNA cassette has a unique
15 EcoRY cloning site and codes for MFATSSSTGND leader sequence.

Figure 2 is a schematic representation of plasmid pBRE133. Smal/HindIll GM-E21R PCR
DNA was cloned into EcoRV/Hindlll sites of pBRE132. pBREI33 encodes
MFATSSSTGNDG-GM-CSF protein (designated herein "E21R").

20 |
Figure 3 is a graphical representation showing competition of binding of E21R and 1nM '#[-
GM-CSF to CHO_ cells transfected with GMRe (GM-CSF-specific a-chain of GM-CSF

receptor).

25 Figure 4 is a graphical representation showing antagonism of GM-CSF by E21R in a human

erythroleukaemia cell line TF1 proliferation assay.

Figure 5 is a graphical representation showing antagonism of GM-CSF by E21R in a
neutrophil superoxide assay.
30
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I nfl uencemfmmw"@ﬁ‘ovwh of the progenltors was further determned in a

col ony assay. Vari ous conbi nati ons of E21R and G CSF with or w thout

GW CSF and SCF virtually abol i shed col ony growth, while adding IL-3
overcame the inhibition of colony growgh by E21R 5 (Figure 11d), consistent
with E21R i nduci ng apoptosis of commtied progenitors (Figure 11 c vs. 1
1d). It is inportant to note that CD34+CD3 8- cells are non-committed

mul ti potenti al progenitors. The E21R-induced apoptQsjs tte

pr ogeni torﬁg(lID§4lSCDMhlcal Wh tﬁ%&m%@ﬁnﬁgmuﬂﬁd be
useful for e‘n{? (i comﬂ tted progenitors for stemcell '
t r anspl antPAPHUGHRUOR §msfer pur poses. Figure 13 shows that the 10
menbr ane proxi mal dorral ns of both receptor chains is inportant for inducing
apopt osi s. Those skilled in the art will appreciate that the invention
descri bed Figueeé 17 issa graphical irepresentation showing that E21R inhibits GM-CSF stimulated

5 proliferation of CML cells.

Figure 8 is a graphical representation showing that E21R inhibits colony growth of JCML

cells.

10 Figure 9 is a photographic representation showing that the E21R causes DNA fragmentation

in myeloid cells.

Figure 10 are graphical representations showing that E21R induces apoptosis of GMRet*
myeloid leukaemic cells in a time- and dose-dependent manner.

15
Figure 11 are graphic representations showing that E2IR induces apoptosis of
CD34*/GMRe* haemopoietic progenitors.

Figure 12 is a graphical representation showing that E21R-induced apoptosis requires
20 transcription, protein synthesis and kinase activity. (a) Titration of genistein and
staurosporine in the absence (open symbols) and presence (solid symbols) of E21R (1 ug/ml).
(b) Titration of actinomycin D and cycloheximide in the absence (open symbols) and presence
(solid symbols) of E21R (1 pg/ml). Apoptosis was measured at the 48 hr time point. Data
are means and SEM of triplicate samples from one AML case and are representative of four

25 other cases.

Figure 13 shows that the membrane proximal domains of both receptor chains are required
for induction of apoptosis, while deletions of the more distal part of either chain did not affect
E21R-mediated apoptosis.
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variations and nodifications other than those specifical |l ¢ GESEDe.] KOV 8996
t 0o be underFERFFBRREAPVIMS t he | nvention includes all such variations and

nodi fications. The invention also includes all of 15 the steps, features,
conpositions and conpounds referred to or indicated in this specification,
individually or collectively, and any gpd all conbinations of any two or

nore of said steps or features. WO 97/ 00695
PCT/ AU96/ 00382 -20 -
EXAMPLE 1
CONSTRUCTION OF pBRE132 AND pBRE133 FOR EXPRESSION OF

RECOMBINANT E21R PROTEIN

5 Construction of pBRE132 expression plasmid
A synthetic DNA cassette was constructed by annealing two oligonucleotides,
TATGTTCGCTACTTCAAGCTCTACGGGGAACGATATCGCTGCAGCCA (SEQ ID
NO:1) and AGCTTGGCTGCAGCGATATCGTTCCCCGTAGAGCTTGAAGTAGCGAACA
(SEQ ID NO:2) at 65°C for 5 min in 200 mM NaCl. The synthetic DNA cassette was
10 cleaved with Ndel/Hindlll and cloned into pEC611 expression vector (A. Brumby, 1987 "A
vector for high expression of native proteins”, Honours Thesis, University of Adelaide),

generating pBRE132 (Figure 1).

Construction of pBRE133 (E21R expression vector) _

15 GM-CSF (E21R) cDNA was amplified employing PCR primers with unique Smal and
Hindlll sites. The PCR products were cleaved with Smal/HindIll and cloned into the
EcoRV/HindllI sites of pBRE132 generating pBRE133 (Figure 2).

Expression of pBRE133 in Escherichia coli MM294/pACYClac
20 Expression analysis demonstrated that pBRE133 in Escherichia coli MM294/pACYClac
expressed inclusion bodies (IB) consisting of recombinant E2IR protein, as judged by
microscopy examination, standard SDS-PAGE and mass spectometry analysis of the purified

protein.

25

AMENDED SHEET
BEA/N



PCI/JAU WO /7 VV IO -

SEQUENCE LI STI NG (2) GENERAL | NFORMATI ON: (i) APPLI:GANTY BRESAGEN: =
LI M TED arrbryBRwspcsSensNCE PTY. LTD. (ii) TITLE OF | NVENTI ON:
"HAEMOPO ETIC ~ GROWH  FACTCR ANTAGONI STS
AND USES THEREFOR' (iii) NUMBER OF SEQUENCES: 2 (i v) CORRESPONDENCE
ADDRESS: (A) ADDRESSEE: DAVI ES CRiLI SON CAVE (B) STREET: 1
LI TTLE COLLINS STREET = (C) CI TY:™ MELBOURNE

EXAMPLE 2

PRODUCTION OF GRANULOCYTE MACROPHAGE COLONY
STIMULATING FACTOR ANTAGONIST E21R
1. FERMENTATION
5 A. Inoculation
1. Escherichia coli MM294/pACYClac carrying pBRE133 was streaked out from a 80°C
. glycerol stock onto a minimal medium plate containing ampicillin (100xg/ml) and kanamycin
(30pg/ml) and grown overnight at 37°C.

10 2. Multiple colonies were assessed for GM-CSF (E21R) expression levels by microscopic
examination of 20m] shake flask cultures containing inducer, or by colony size on agar plates

with or without inducer, in this instance with IPTG.

3. The selected single colony from an agar plate was transferred into 20ml of nitrogen-
15 rich minimal medium (2) containing amplicillin (100 zg/ml) + kanamycin (30 g/ml). The

culture was grown at 37°C overnight with agitation.

4. An amount of 10L of C2 was sterilised in a 22 L fermenter and inoculated to a very
low density with overnight culture. Growth was at 37°C and a pH of 7.0 was maintained by
20 the addition of 12.5 M NH,OH.

5. Agitation was manually controlled and aeration automatically controlled with oxygen
saturation levels remaining above 10% pO,. Following depletion of glucose at 16-18 hours
the cell mass was fed with a concentrated glucose solution containing additional salts.

25 Nutrient feed flow rate was determined by pH or oxygen saturated levels.

B. Induction
1. At an optical density of Agp = 50-60 the recombinant expression of E21R antagonist
was induced, in this instance by the addition of IPTG. The culture was supplemented with

30 amino acids at the time of induction (T=0) and at T=2 hours. Induction continued for 4
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(D) STATE: VICTORIA - (E) COUNTRY:. AUSTRALI A Z 0)
(v) COVPUTERoREMDARHT - FEORM (A) MEDI UM TYPE: FI oppD()Ed:éEV E?ﬁ) ? ‘(Q)GV ‘996
COVWPUTER: | BM PC conpati bl e (C) OPERATI NG SYSTEM PC- DOS/ Ms- DOS
(‘D) SOFTWARE: Patentln Rel ease #1.0, Version #1.25 (vi) CURRENT
APPLI CATI ON DATA: (A) APPLI CATI ON NUVBER: PCT | NTERNATI ONAL (B)
FI LI NG DATE: 21- JUN- 1996 (vii) PRI APPL| CATI ON DATA: (A
APPLI CATI ON NUMBER: PN3780/ 95 (B) FILING DATE: 23-JUN- 1995
EXAMPLE 3

| GM-CSF ANTAGONIST (E21R) PURIFICATION
The inclusion body (IB) solution is first washed with an equal volume of a mild buffered
denaturant such as 2M guanidine hydrochloride (GuHCI). The solution is stirred gently at
5 4°C for 30 minutes. The washed IB can then be recovered with a low speed centrifuge spin.
The washed IB are then resuspended in a small volume of Water (e.g. Milli Q), immediately
prior to dissolution and refolding.

Dissolution, refolding and oxidation of the GM-CSF antagonist (E21R) IB is initiated by
10 dissolving the washed IB in an unbuffered urea solution at an alkaline pH. To ensure
complete dissolution of the IB, the concentration of urea should be between 2.5M and 4M and
the pH between 11 and 12. The concentration of protein can be between 0.5 and 5 mg/ml.
These three parameters can be varied depending on the purity of the IB preparation. The
stirred solution is maintained at an alkaline pH with a sodium hydroxide solution (e.g. 2M
15 NaOH), until it can be seen that refolding and oxidation has reached equilibrium. The extent
of refolding to the correct fold for GM-CSF can be monitored by chromatographic means,
e.g. reversed phase HPLC (RP-HPLC) or size-exclusion chromatography (SEC), comparing
the chromatographic profile to that of a known folded standard of GM-CSE. Once refolding
has reached equilibrium, the pH of the solution is lowered to a less alkaline pH, (e.g. pH 9.1)
20 with a concentrated solution of a suitable buffer (e.g. 0.5M sodium borate pH 9.1).

The correctly refolded GM-CSF antagonist (E21R) can then be purified from incorrectly
folded and aggregated forms using chromatography, e.g. anion-exchange chromatography
(IEC) or RP-HPLC. For example, the refolding solution from above is loaded onto a anion-
25 exchange column (e.g. Q-Sepharose Fast flow [Pharmacia]). Upon completion of loading,
the column is washed with two column volumes of a low salt buffer. The correctly folded
form of GM-CSF antagonist (E21R) is eluted from the column with a gradient of sodium
chloride (e.g. 0-500 mM NaCl over ten column volumes). The column eluent can be
analysed- for GM-CSF antagonist (E21R) purity by either SEC (e.g. Superose 12
30 [Pharmacia]), or RP-HPLC (e.g. Brownlee butyl-silica column (100 mm x 2.1 mm i.d.)
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(viii) ATTORNEY/ AGENT | NFORMATI ON: . (A).- NAVE: HUGHES DRE il toioHR L kY
(CO) REFEREN@EROSSRET-MUNBER: EJH EK (i x) TELECOVMUNI CATI ON | NFORNMATI ON:
(A) TELEPHONE: +61 3 9254 2777 (B) TELEFAX: +61 3 9254 2770

VO 97/ 00695 _ PCT/ AU96/ 00382.
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15

20

25

-13 -

employing 0.1% v/v TFA in water as Buffer A and 0.1% v/v TFA in acetonitrile as Buffer
B).

The purified GM-CSF antagonist (E21R) can then be desalted (e.g. Sephadex G-25) into a
suitable buffer (e.g. 5 mM Na,HPO, pH 7.6) in preparation for formulation and
lyophilisation. The desalted protein can be quantitated by its absorption at 280 nm in a
spectrophotometer using a ,A'* of 9.09. Following quantitation, 1 part glycine and 5 parts
mannitol, by 'weight, are added to the desalted protein solution. The solution is stirred gently
until all solids are dissolved. If necessary, the pH is adjusted to pH 7.6 with 1M NaOH or
25% wiv orthophosphoric acid. The solution is then sterilised by filtration (0.2 um),
aliquoted into sterile glassware and lyophilised.

EXAMPLE 4
E21R EXHIBITS ANTAGONISTIC PROPERTIES

Purified E21R bound the GM-CSF receptor a-chain with the equivalent potency as wild type
GM-CSF (Figure 3). In addition, E21R did not directly stimulate TF-1 cell proliferation
(Figure 4) or neutrophil 0,- release but instead antagonised the stimulatory effect of GM-CSF
in both functional assays (Figures 4 and 5). Using cells from patients with acute myeloid
leukaemia (AML) the inventors found that E21R aﬁtagonised the stimulation of AML cell
proliferation by GM-CSF in a dose-dependent manner (Figure 6). This was specific for GM-
CSF in that E21R did not antagonise IL-3-mediated proliferation (Figure 6). E2IR
completely antagonised the proliferative effect of GM-CSF on cells from patients with chronic
myeloid leukaemia (CML) (Figure 7).
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-21 - (2) {NFORMATION'FOR SEQ ID NO'1: - (i) SEQUEN 2 1 NOV 1936
CHARACTERI| BYfRER®m.pcr-2M86 ( A) | ENGTH: 47 base pairs h tg_i%g: nucl ei c
acid (C) STRANDEDNESS: single (D) TOPOLOGY: |i near (i)
MOLECULE TYPE: DNA (xi) +SEQUENCE DESCRI PTION: SEQ ID NO 1:

TATGITCGCT ACTTCAAGCT CTACGGGGAA CGATA]'EIQCT GCAGCCA 47

consisted of > 99% blasts. Bone marrow progenitors were collected from a healthy donor
and the CD34+ subsets were sorted by flow cytometry (FACStar™ %, Becton-Dickinson, NIJ).
Cells that expressed the GMRe were isolated using an anti-GMRa monoclonal antibody and
a magnetic bead procedure. The cells were incubated in RPMI 1640 medium with 10% v/v
.5 fetal calf serum (FCS), antibiotics, sodium bicarbonate, and L-glutamine for 48 h at 37°C.
To the cultures either E. coli-derived E21R (1 pg/ml) or GM-CSF (0.3 ng/ml, Genetics
Institute, Cambridge, MA) were added. The medium used to culture bone marrow cells
contained G-CSF (10 ng/ml, Amgen, Thousand Oaks, CA). DNA was extracted and analyzed
after agarose gel electrophoresis.
10
Incubation of the cells with either GM-CSF alone or medium only for up to 48 h caused no
degradation of the DNA. Staining of DNA with propidium iodide from one AML case
revealed that a 48-h incubation with E21R (1 ug/ml) caused apoptosis of almost all the cells
Figure 10 (@). The GO/G1, S and G2/M regions represent cells in various phases of the cell
15 cycle, while the subdiploid Ap peak denotes apoptotic cells. To quantify the number of
apoptotic cells, the DNA binding of propidium iodide was measured. Initially about 75% of
AML cells underwent apoptosis in the presence of E21R at 48 h. This proportion of apoptotic
cells correlated well with the number of cells expressing the GM-CSF & receptor. E21R (1
ug/ml) induced apoptosis in 21/21 AML cases (Figure 10b) and 14/14 CML cases (Figure 10c).
20
To examine whether the apoptotic effect of E21R was secondary to antagonism of GM-CSF
present in the culture conditions or due to a direct effect to E21R, several controls were
performed. First, it is known that while normal bone marrow haemopoietic cells do not express
the GM-CSF mRNA, some AML cells can produce GM-CSF. However, GM-CSF was
25 detected in supernatants of only 8 out of 21 AML cases. The other 13 cases did not show
detectable GM-CSF in the supemnatants, and an RNase protection assay showed lack of mRNA
for GM-CSF. Second, biologically active GM-CSF in the culture medium was not present:
enumeration of apoptotic cells in serum-free medium yielded similar results as depicted in
Figure 10b, and the neutralising anti-GM-CSF monoclonal antibody 4D4 did not induce
30 apoptosis of the AML cells (Figﬁre 10e). Finally, to determine whether any GM-CSF was
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("2) | NFCRNATI ON FOR SEQ TD NO 2: i) SEQUENCE CHARACTERI $E 1 9
(A) LENGT HxorspGrgyssoesT-piaipe g (B) TYI(DE) nu?IJel c aci dRP\ I$Em NOV 1%
STRANDEDNESS: si ngl e (D) TOPOLOGY: |i near (i) I\/C]_ECULE TYPE: DNA

(xi) SEQUENCE DESCRI PTION: SEQ I D NO 2: AGCTTGECTG CAGCGATATC GITCCCCGTA
GAGCTTGAAG TAGCGAACA 49 -16-

bound to the AML cells when transferred ex vivo to the in vitro cultures, the inventors measured

the cell surface-associated binding of 12I-labelled GM-CSF before and after acid elution. No

differences were observed in specific GM-CSF binding, indicating that the cells Were not

carrying over receptor-bound GM-CSF. EZIR did not induce apoptosis of myeloid cells
5 lacking GMRe indicating that E21R was not toxic.

A tin'aﬁbn of E21R showed that full apoptotic effect was achieved with 1 pg/ml Figure 10 (d).
A GM-CSF concentration of 100 ng/ml effectively inhibited E2IR (1 pg/ml) mediated
apoptosis Figure 10 (d). Values are the mean and s.e.m. of three replicates from one AML case.
10 | | |
When combined with G-CSF (10 ng/ml), but not with IL-3 (10 ng/ml, Genetics Institute), E21R
induced apoptosis of nearly all the cells Figure 10 (e). Peripheral blood cells were collected
from untreated CML patients (all Philadelphia chromosome positive) in blast crisis and
processed as for the AML cells described above. Apoptosis was determined by flow cytometry
15 as the reduced amount of propidium iodide bound by DNA after incubating triplicate cultures
of the cells overnight in a buffer containing 0.1% v/v Triton X-100 and propidium iodide (50
mg/ml). |
EXAMPLE 7
Similar to normal haemopoiesis, myeloid leukaemic cells stem from a small pool of highly
20 proliferative progenitors that express the CD34 surface marker. To examine whether the effect
of E21R was a general phenomenon related to the GMRe expression or restricted to malignant
cells, the effect of E21R on the survival of normal CD34" progenitors was studied. Bone
marrow cells were fractionated by flow cytometry into total CD34, CD34*CD38" (committed),
and CD34*CD33* (myeloid committed) progenitors and the apoptotic fractions determined
25 after E21R treatment. DNA fragmentation was present in the CD34'/GMRa’,
CD34'CD38*/GMRe*, and CD34'CD33*/GMRa* subsets, but not amongst the non-committed
CD34*CD38" cells, the latter subset lacking GMRe (Figure 9). Analysis of DNA binding of
propidium iodide revealed that E21R caused apoptosis of the cells in the CD34'CD38*/GMRa*
(Figure 11a,c), CD34*/GMRe', and the CD34*CD33*/GMRe" populations (Figure 11c), but
30 not on cells lacking the GM-CSFRe chain (Figure 11b, c).
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-22 - | | 1. A et hod of | nd,tjc_"i_ng'-apopt osis ig Cetligwrgyi R \a 1997
haenopoi et i BormEaMEret-20ior  ( HGF) ' het er odi nefii't”recept or said
receptor conprising an HG--specific a-chain and a [err]c chai n,

said nmethod conprising contacting said cells with an effective anmount of an
HGF ant agoni st conprising E21R or E21K ﬁ)[ a tinme and under conditions
sufficient to i nduce apoptosis. : 2. The et hod
according to claim1l wherein the HG- antagonist is E21R

E21R in medium with G-CSF induced apoptosis of the CD34*CD38 YGMRe: * committed
progenitors Figure 11 (g), but not of the CD34*CD38/GMRex" cells Figure 11 (3). When
combined with G-CSF and either GM-CSF or stem cell factor (SCF), E21R caused apoptosis
of all CD34*/GMRe* subsets after 48h, while the addition of IL-3 prevented apoptosis Figure

5 11 (a,c). The non-committed CD34*CD38/GMRu" cells were not affected by E21R treatment
Figure 11 (3,¢). Values are the mean and s.e.m. from three cases. Studiés of colony formation
by CD34"/GMRe* committed progenitors showed that E21R in combination with either G-CSF,
or G-CSF plus GMCSF, or G-CSF plus SCF virtually abolished colony growth, while E21R
plus G-CSF and IL-3, or E21R plus G-CSF, SCF and IL-3 did not inhibit colony growth of
10 committed cells Figure 11 (d). Colony growth of the non-committed CD34*CD38/GMRa
subset was not affected by E21R Figure 11 (d). Data from the three cases in Figure 11 (a),

‘values are mean + s.e.m.

The bone marrow cells were collected and processed as described above. Apoptosis was

15 measured as a reduced DNA binding of propidium iodide as outlined above. Colonies (>40
cells) of haemopoietic CD34" progenitors in a methylcellulose assay were prepared and scored
after 14 days. To triplicate cultures the inventors added various combinations of E21R (1
ug/ml), G-CSF (10 ng/ml), GM-CSF (10 ng/ml), and SCF (10 ng/ml, Amgen).

20 Upon purification of GMRe positive cells with an anti-GMRa: monoclonal antibody, virtually
100% of the cells were apoptotic with E21R (Figure 10a). The results were observed in 21/21
AML cases (Figure 10b) and 14/14 CML cases (Figure 10c) when E21R was given at a dose
of 1 pg/ml, a concentration ensuring high GMRe occupancy. This concentration was based on
a titration experiment where 1 xg/ml of E21R yielded maximal apoptosis (Figure 10d). The

25 effect was dependeﬂt on E21R binding to GMRe since a titration of GM-CSF against 1 pg/ml
of E21R showed that at a concentration of 100 ng/ml GM-CSF totally abolished the apoptotic
effect of E21R (Figure 10d).
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3. The nethod according to claim1 wherei n the HGF antadbg'gg[} éby£¥‘ﬂgﬁ
4. A nerREHTRERYFANY to any one of claims 1 to 3 wherein the cells in

whi ch apopt osi s is induced are normal and nmalignant nyel oid
cells. 5. A nmet hod according to claim4 wherein the nyel oid

cells are nyel oid | eukaem as. H9. The nethod according to any one
of clains 1 to 5 when used to treat nyeloid | eukaem a in a

human subj ect, and wherein the step of contacting cells with an

effective anount of an HGF ant agoni st ed by adm nistering to sai.d
human subj ect an effectlmi‘ﬁfltoof sai d HGF antagoni st for a

H/ reTFofig d . g lnﬁfermﬁﬁ’éﬁgé b# BIR on growth of the progéhitors wais Furtifer idetrifihed M0 Ricolony asday.
Various combinations of E2IR and G-CSF with or without GM-CSF and SCF virtually
abolished colony growth, while adding IL-3 overcame the inhibition of colony growth by E21R

5 (Figure 11d), consistent with E21R inducing apoptosis of committed progenitors (Figure 11c
vs. 11d). It is important to note that CD34"CD38" cells are non-committed multipotential
progénitors. The E21R-induced apoptosis of committed progenitors (CD34'CD38,
CD34*CD33%), but not of CD34 CD38 cells will be useful for enrichment of uncommitted
progenitors for stem cell transplantation and gene transfer purposes. Figure 13 shows that the

10 membrane proximal domains of both receptor chains is important for inducing apoptosis.

Those skilled in the art will appreciate that the invention described herein is susceptible to
variations and modifications other than those specifically described. It is to be understood that
the invention includes all such variations and modifications. The invention also includes all of
15 the steps, features, compositions and compounds referred to or indicated in this specification,
individually or collectively, and any and all combinations of any two or more of said steps or

features.
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7. The rret hod accordi ng toT‘a’ eplaged 1 (o 5 whe NED 2ntiNON 19386
unconmi t t e Ck\OPEREENS7S0.ECT-21/11196 progen m bone mrroﬁmgrel n the step
of contacting cells with an ctive anmount of an HGF
aht agoni st conprises contacting a popul at ion of cells_ from
bone marrow with an effective anount of,said H e ﬁAsiaQENa time and

C @l

under conditions sufficient to i nduce aPopt osi s ) b% AGRD Vi Ng|it he
a- chai n. 8. - An i sol ated or reconbing recul e

when used in the neth 23-
18. A method according to claim 17 wherein the HGF is GM-CSF.

19. A method according to claim 14 wherein the antagonist of HGF is derived from said
HGF said antagonist being capable of binding to the a-chain of the HGF receptor.

20. A method according to claim 19 wherein the antagonist is a derivative of GM-CSF.
21. A method according to claim 20 wherein the derivatives of GM-CSF comprises an
acidic amino acid residue at amino acid position 21 of HGF being substituted with a basic
amino acid residue or a non-acidic amino acid residue.

22. A method according to claim 21 wherein the acidic amino acid residue is Glu or Asp,
the basic amino acid residue is Lys or Arg and the non-acidic amino acid residue is Gln or
Asn or derivatives thereof.

23. A method according to claim 22 wherein the HGF antagonist is E21R or E21K.

24. A method according to claim 23 wherein the HGF antagonist is E21R.

25. A method according to claim 14 wherein the cells in which apoptosis is induced are

normal and malignant myeloid cells.
26. A method according to claim 25 wherein the myeloid cells are myeloid leukaemias.

27. A method for enriching uncommitted progenitor cells from bone marrow said method
comprising contacting a population of cells from bone marrow with an effective amount of
a molecule capable of binding to the a-chain of an HGF receptor for a time and under

conditions sufficient to induce apoptosis of cells carrying said &-chain.

DTN s,

cA/ALL



o . _ rciAC U G /003
accordlngto any one of claims 1 to 7. . 9. . A method of rEa bngﬁeﬂ

reconbi nant MR ANSt conprising E21R or E21K for
nmet hod according to any one of clains 1 to 8, conprising the steps of:

]
ov 1 8

(i) i ntroducing a genetic construct capabl e of expr essing said .
reconmbi nant HGF ant agoni st,_into a %Iéé
subjecting the cell fromstep (i) to cérfditions t [ﬂ@ ﬁ% SSI of
sai d nucl eoti de sequence; QRN co gt
expressed reconbi nant nol ecul es fromstep (ii) in e form of

i ncl usi on b3di es Anreethedjaseording tmrlgim 36 w er@m ﬂmdlee@rtsuqubncsak uhé amino acid
chaot ropi c s of high pH sufficient to unfold the

r econbi nant §%§£h%gn%’%$§%ﬁb@ (iv) diluting the unfol ded reconbi nant
HGF ant agoni st obtained in step (iii) and subj ecting sane to

refol ding conditions; and (v) purifying the refol ded reconbi nant
HGF ant agoni st .
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10. . The method according to claim9 wherein the chaotropifCB8I&EDRI § b 130
11. The method according to claim9 or claim 10 wherein the genetic

construct further conprises a nucl eotide sequence that encodes a
| eader sequence whi ch, when expr | s fused to the reconbi nant
HGF ant agoni st. 12. The net hod accoi?iﬁo claim11l wherein the | eader
sequence conprises the am no acid’s ence MFATSSSTGNDG 13. The

nmet hod according to any one of clains 1 to 7 substantially as hereinbefore
described with reference to the Figures and/ or Exanples.

DNA CASSETTE
Ndel
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,g. SUTMDTD SHEET
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14. .The method according to any one of clainms 9 to 12 gubst i -
her ei nbef ore described with reference to the Fi gﬁés’%ﬂggbféw ROV 1996
Exanpl es. WO 97/ 00695

PCT/ AU96/ 00382 .- 24 - 18. . A
met hod according to claim 17 wherein tl'g/l—wi s Gw CSF.

COMPETITIVE BINDING TO CHO CELLS TRANSFECTED
WITH GMRa
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19. A nethod accordi ng to claim 14 wherein the antagon|§t ©

\

derived fromsaid HGF sai d antagonlst bei ng capabl e of "bin |ng to the

a-chain of the HGF receptor.

wherein the antagonist is a derlvatl
according to claim 20 wherein the der
acidic amno acid residue at am no acid position 21 of HG- bei ng
am no acid residue or

substituted with a basic
resi due. 22.

acid residue is Gu or Asp,

and the non-acidic am no
t her eof .

TF1 PROLIFERATION ASSAY (E21R)

9/16:

cra-residue 15
ac

-m WIGM 0.1ng/mi+E21R
-0~ WTGM 0.03ng/mi+E21

-~ WIGM
-O- E21R

n or

Asn or

21.

140000 -
120000 -

100000 -
80000

!
S
S
D

(wdp) NOILYHOJHOONI INIGINAHL H ¢

nethod accordlng to claim20
A et hod

es of GwWt CSF conpri ses an

10000 100000

100 1000

10

0.001 001 0.1

0.0001

a non-acidic amno acid
A nmet hod according to claim?21 wherein the acidic am no

the basic amno acid residue is Lys or Arg
derivatives

CYTOKINE (ng/mi

Fig. 4
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23. A nethod accordi ng to claim 22 mhereln t he HGF antagogaipyﬁq}EﬂhR Qp:s» n
E21K. 24. A net hod according to claim23 wherein the® tagonlst

is E21R 25. A nmet hod according to claim 14 wherein the cells in

whi ch apoptosis is induced are nor mal i gnant myel oid cells.

26. A nmet hod according to claim?25 r the nyeloid cells are nyeloid
| eukaem as. 27. A nethod for enriching uncommtted progenitor cells
from bone nmarrow sai d et hod conprising contacting a popul ation of cells
~from bone marrow with an effective anount of a nol ecul e capabl e of
binding to the [err]-chain of an HGF receptor for a tinme and under
conditions sufficient to induce apoptosis of cells carrying said
[err]-chain.

]

-0~ WT 1.0ng/mi+E21R

10000

-~ WT Ecoli GM

orrrerm

1
100 1000

10
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Fig. 5
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WO 97/ 00695 | PCT/ AU96/ 00382 . “TCEIVED 2 1 NOV 19%
A nethod according to claim27 wherein the nolecule is a

-25 - 28.
derivative of an HGF havi ng a sequence of amino acids within a first

a-helix of HGF wherein one or nore exp amino acids in first a-helix
of HGF having acidic or acidic-like pgégz #sés are substituted with a
basic am no acid residue or a non-aci no acid residue.
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Fig. 7

0.1

0.01

E21R INHIBITS GM-CSF STIMULATED PROLIFERATION OF CML CELLS

T
0.001

/I_
0¥ +—
0

o O © O © o

S 8 8 8 8 88 8 8 8
S S E§ S8 8 88 8 8§ 8
S & ®& K & v ¥ & &« w

(wdp) NOILYHOJHOONI INIGINAHL (Hg)

AMENDED SHEET
FEA/AL



A wrhjsdw o W 4 - W e W

29. A met hod accordi ng to claim 28 V\:heI’EI n 1 he rml ecul e i QEJQH yati veyhy v,
of G\t CSF, an i nterl eukin G CSF, .EPO or TPQO A nmet hod according

to claim29 wherein the nolecule is a d i ve of GN$CSF 31. A
met hod according to claim30 wherein ﬂg/ cule is E21R or E21K 32.
| ecule is E21R 33. A

A net hod according to claim30 wherei'n

nmet hod for produci ng reconbi nant nol ecul es, said nethod conpri sing

i ntroducing "~ a genetic cqgmnstroct—Tappbl e of expressi ng a nucl eoti de

sequence to produce said reﬂwhﬁﬂwﬁba nol ecule into a cell, subjecting the
AAAAAAA n of said nucl eotide sequence,

cell to conditions tz er m-t—expresst
collecting the expre Q ' nol ecul es in the f inclusion

bodi es and )
80
g
xn 60-
1% 4
S 1| -+~ E2IR
S 40
QQ_ i | - GM-CSF
< ]
20
*——e

Oha%wtrm;—rﬂmmmm

0 o1 1 10 100 1000 10000
CYTOKINE (ng/ml)

Fig.10d
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subj ecting said inclusion bodi es to di ssolutign in a chaot ;&oémﬁﬁ[ﬁ Pﬂ%‘v 1996

conditions of high pH sufficient..to unfold said recombiW
diJute said unfol ded reconbi nant nol ecul e and subjecting sanme to

refol ding conditions and then purifyi SZTC&r ef ol ded reconbi nant
A met hod accordi I m 33 wherein the chaotropic

nmol ecul e. 34.

agent is urea. A nmet hod according to claim34 wherein the
reconbi nant nol e e i s GW CSF or a mut ant t her eof . 36. A et hod
according to cldﬁal i g the nucl eotide sequence further encodes for

| f [

a | eader sequence Q conbi nant m Ifﬁgl %YCLOHEXIMIDE-FE?YR
£ 80 -o— ACTINOMYCIN D+E21R
ég: 3 CYCLOHEXIMIDE
® 60 - ~0— ACTINOMYCIN D
%_0_
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“is"the amino acid

B4

37.
sequence MFATSSSTGND.
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A net hod according to claim36 wherein the | eader 83#tRnce
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