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AUSTRALIA
PATENTS ACT 1990

NOTICE OF ENTITLEMENT

We, Per Prisell AND Gunnar Norstedt, the applicants in respect of Application

No. 45253/89 state the following:-

The Nominated Persons are entitled to the grant of the patent
because the Nominated Persons are the actual inventors.

The Nominated Persons are entitled to claim priority from the
application listed in the declaration under Article 8 of the PCT
because the Nominated Persons made the application listed in the
declaration under Article 8 of the PCT, and because that

application was the first application made in a Convention country in

respect of the invention.

DATED this EIGHTH day of JULY 1991
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a member of the firm of
DAVIES & COLLISON for
and on behalf of the
applicant(s)

(D&C ref: 1407443)
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(74) Attorney or Agent
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(57) Claim

1. Pharmaceutical preparation for use in vivo to achieve slow
release of growth factors and hormones, characterized in that it
is a combi-nation of: one or several receptor/binding proteins,
optionally modified, steh=as—truneatem; for binding growth factors
or hormones, selected from the group, consisting of

Insutin-like growth factor-1-receptor;

Insulin-like growth factor-2-receptor;

Insulin-receptor;

Platelet derived growth factar-regeptor;

Fibroblast growth factor-receptor;

Epidermal growth factor-receptor;

Nerve growth factor-receptor;

Colony stimulating factor-receptor;

Transforming growth factor-receptors;

Growth hormone-receptor;

Parathyroid hormone-receptor;

Calcitonin-receptor;

Estrogen-receptor;

Tumour necrosis factor-receptor;

Insulin-like growth factor serum binding protein;

Corticosteroid binding globulin;

and hyaluronic acid, or its derivatives, or a biodegradable
polymer, selected frorn the group consisting of

Polyglycolide (PGA);

Copolymers of glycolide such as

Glycolide/L-!actide copoiymers (PGA/PLLA)
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Glycolide/trimethylene carbonate copolymers (PGA/TMC);
Polylactides (PLA);

Stereo-copolymers of PLA such as

Poiy-L-iactide (PLLA)

Poly-DL-lactide (PDLLA)

L-lactide/DL-lactide copolymers;

Copolymers of PLA such as

Lactide/te.ramethylglycoiide c¢opolymers
Lactide/trimethylene carbonate copoivmers

Lactide / d-valerolactone copolymers

Lactide/ € -caprolactone copolymers;

Polydepsipeptides;

PLA/polyethylene oxide copolymers;

Unsymmetrical 3,6-substituted poly-1,4-dioxane-2,5-diones;
Poly-B-hydroxybutyrate (PHBA);
PHBA/B-hydroxyvalerate copolymers (PHBA/HVA);
Poly-p-dioxanone (PDS);

Poly-d-valerolactone;

Poly- { -caprolactone;

Methylmethacrylate-N-vinyl pyrrolidine copolymers;
Polyesteramides;

Polyesters of oxalic acid;

Polydihydropyranes;

Polyalkyl-2-cyanoacrylates;

Polyurethares (PU);

Polyvinylalcohol (PVA);

Poiypeptides;

Poly-B-malic acid (PMLA);

Poly-B-alcanoic acids;

in combination, with the ligands to the receptor/binding proteins.
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g (54) Title: PHARMACEUTICAL PREPARATION

(57) Abstract

This invention relates to a pharmaceutical preparation comprising a combination of one or several receptor/binding pro-
teins (biading grovith factors or hormones) and hyaluronic acid (or its derivatives) or a biodegradable pulymer, optionally in
combination with its/thc:  igands (growth factors and hormones).
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PHARMACEUTICAL PREPARATION.

. The present invention is relating io pharmaceutical preparations
consisting of one or several carriers in combination with one or
several receptors/binding proteins. The receptors/binding
proteins might optionally be connected to suitable ligands, e.g.
growth hormone.

By this combination; carrier+receptor/binding protein+e.g. active
peptide, according to the invention, a slow release prepaiation is
obtained. Reversely, the principles according to this invention
might also be useful in the situation of abnormal, increased
production of growth factors, e.g. tumour growth, this time
carrier+receptor/binding protein acting as a selective resorption
agent of growth factors.

Receptors are protein molecules that can bind hormones and
growth factors (=ligands). Each receptor type is specific for its
ligand. The receptor function is to convey external e.g. hormonal
signals into the target cell. Novel achievements in receptor
research have resulted in the possibility to obtain !arge

- quantities of specific pure receptor protein. This possibility is
fundamental for the present invention which hereby defines a
novel therapeutical role of receptors. Some of the known
receptors can be exemplified by : Insulin-like growth factor-1-
receptor, Insulin-like growth factor-2-receptor, Insulin-
receptor, Plateled derived growth factor-receptor, Fibroblast
growth factor-receptor, Epidermal growth factor-receptor, Nerve
growth factor-receptor, Colony stimulating factor-receptor,
Transforming growth factor-receptors, Growth hormone-
receptor, Parathyroid hormone-receptor, Calcitonin-receptor,
Estrogen-receptor, Tumour necrosis factor-receptor, Insulin-like
growth factor serum binding protein and Corticosteroid binding
globulin.

It is generally known that growth factors and horitiones, both in
animals and in humans stimulates important cellular processes
concerning cell division, growth, maturation, differentiatiori. In
addition healing and regenerative processes are also regulated by
these factors. The growth factors/hormones comprise e.g.
Insulin-like growth factor-1 and 2; IGF-1, IGF-2, Platelet derived
growth factor; PDGF, Epidermal growth factor; EGF, Fibroblast
growth factur; FGF, Nerve growth factor; NGF, Colony stimulating
factor; CSF, Transforming growth factor; TGF, Tumour necrosis
factor; TNF, Calcitonin; CT, Parathyroid hormone; PTH, Cirowth
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hormone; GH, Estrogens, Bombesin, Bone morphogenetic protein; BMP, Insulin and
Corticosteroids.

Insulin, estrogens, corticosteroids, Ct and GH are all well known pharrhaceutical
agents in the daily clinical practice. The research is intense concerning the other
different previously mentioned growth factors ard hormones. Relating to various
studies and results e.g. PDGF and IGF-1 potentiates wound he- .ng, GH increases
fracture healing etc. Although most of these growth factors and hormones do have
interesting effects according to different recorded data, clinical implica’* ns are yet
to be found. The results as hitherto obtained indicates that the ways of
administration, as presently used, restrict the use of the substances as drugs, €.g. due
to the short half-life of peptides, the potency and the potential toxicity of the
substances. By the present invention, offering slow release, the bioactivity of the
peptides is prolonged by its connection to the carrier materials. The carriers, such
as hyaluronic acid, may also have favourable biological effects per se and e.g. a
polylactide rod may except being the stabilizing osteosynthetic material also act as

a slow release carrier distributing fracture healing promoting polypeptides.

The present invention thus involves (two or) three components; carriers, receptors
anc ligands. The knowledge of each of these components is extensive (for textbook
information see: Ch 12 and 14 in "The molecular biology of the cell", Alberts et al.,
Garland publ. inc. NY and London; 1989). Based on this information it is clear that
a slow release will occur for the peptides described above, if a pharmaceutical

preparation is prepared according to the invention.

In the pharmaceutical preparations of this invention the receptor/binding protein,
growth factor or hormone, and the matrix (comprising hyaluronic acid, or its
derivatives, or a biodegradable polymer as described herein) may be simply admixed,

or crosslinked to give requisite slow release preparations.
1. Cross-linking between a matrix gel e.g. hyaluronic acid and a receptor protein

can be achieved by a variety of means, e.g. via imidocarbanates, carbonates, oxiranes,

aziridines and activated double bonds and halogens. Such strategies have previously

921019,q:\oper gas,45253pri.res,2
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been used to immobilize enzymes on polysaccaride gels.
2. By def:nition a hormone or growth factof-recéptor specifically binds its ligand
by high affinity and in a reversible manner and the rate of association is much faster
than the dissociation rate. These 'rece'ptor' characteristics, high affinity, high
5 specificity and reversibility are thus obligatory in order to use the term receptor.
The dissociation rate is usually determined by ihcubéting the receptor with
radiolabelled ligands until equilibrium is r_each'ed. Excess unlabelled ligand is added
and the release of non-receptorbound radioactivity measured as a function of time

reveals the dissociation rate. From the above
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stated, it should be clear that the combination of a carrier, with
. a receptor, with a ligand gives, as a general accepted principle, a

slow release of the ligand. The present invention introduce

receptors in a therapeutical context, in addition it defines

carriers allowing slow release.

“Below is a schematic practical outline described, revealing the

_principles to manufacture a pharmaceutical preparation accordmg

to this invention.

Example: the preparation of a slow release GH-complex.

a. Isolation of the extracellular domain of the GH receptor is

~ achieved using part of GH receptor cDNA put into an expression
vector driven by the MT promotor. Purification of this truncated
receptor from media of transfected cells is achieved by affinity
~chromatography (using hGH Sepharose®) followed by a size
separating gel chromatography.

b, Hyaluronic acid is commercially available and is Imked to
the purified receptor by the use of the crosslinking agent, see
above. The high molecular weight complex is purified from
remaining GH receptor by repeated centrifugations. A‘ounc 75% of
xrcrosslinked receptor is functionally intact.

c. The crosslinked hyaluronic acid-GH . receptor preparaﬂo. is

*:then incubated with excess levels of GH for 2 hours at 37 C,
unbound hormone is removed by centrifugation.

d. The preparatlon will, when injected e.g. subcutaneously ,
slowly release GH in a dose dependent way, not only based upon
the amount of GH, but also according to the number of GH-recep-
tors coupled to the gel. The rate of dissociation for a given
preparation is determined for each batch by testing the release of
immunoreactive GH in vitro (or by testing the release of
radioactive GH in animal models).

.A.  An experiment measuring the increased body weight
subsequent to different types of GH-treatment in a group of
hypophysectomised (HX) rats was performed. Three HX rats were
subcutaneously injected each with a hyaluronic acid-GH-
receptor-GH preparation, according to the invention, containing
~approx 1.2 mg receptor bound GH. Three HX rats subcutaneously
injected by the same amount of GH in a water solution served as
- controls. The slow release treated group had a significant

increased bodyweight lasting more than 4 days compared to the
controls.

B. A group of rats were injected in the tail by either 6
mikrograms IGF-1+IGF-1 binding protein+Hyaluronic acid,

SUBSTITUTE SHEET
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or 6 mikrograms IGF-1 in a water solution. The iGF-1 as used
contained trace amounts (200 000 cpm) of radiolabelled IGF-1.

. Three rats in each group were used. After different time poinis
the end of the tail was amputated and. radioactivity analyzed. The
first group of rats were found to release IGF-1 signifi-cantly
slower (more than 2 days) than the controls.

Biod jabl |
Examples of biodegradable polymers are listed below:

Polyglycolide (PGA)

Copolymers of glycolide:

Glycolide/L-lactide copolymers (PGA/PLLA)
Glycolide/trimethylene carbonate copolymers (PGA/TMC)

Polylactides (PLA)

Stereo-copolymers of PLA:

Poly-L-lactide (PLLA)

. Poly-DL-lactide (PDLLA)
L-lactide/DL-lactide copolymers
Copolymers of PLA:
Lactide/tetramethyiglycolide copolymers
Lactide/trimethylene carbonate copolymers
Lactide / od-valerolactone copolymers
Lactide/ € -caprclactone copolymers
Polydepsipeptides

PLA/polyethylene oxide copolymers
unsymmetrical 3,6-substituted poly-1,4-dioxane-2,5-diones

Poly-B-hydroxybutyrate (PHBA)
PHBA/B-hydroxyvalerate copolymers (PHBA/HVA)

Poly-p-dioxanone (PDS)

Poly-d-valerolactone

Poly- € -caprolactone

Methylmethacrylate-N-vinyl pyrrolidine copolymers
' Polyesteramides

Polyesters of oxalic acid

Polydihydropyranes

Polyalkyl-2-cyanoacrylates

Polyurethanes (PU)

Polyvinylalcochol (PVA)

SUBGTITUTE SHEET
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Polypeptides
Poly-B-malic acid (PMLA)
Poly-B-alcanoic acids.

Within the body all of these are degraded by hydrolysis. The
different polymers varies in their structural and chemical
aspects which gives them different strength, action, degradation-
time and usefulness. PDS for instance is used as a resorptive

- suture-material. The PGA is used in osteosynthetic material as
rods, plates and screws e.g. the Biofix®. PLLA ligaments are used,
in research, as replacem~nt for ihe anterior cruciate ligament of
the knee etc.

A combination of the different principles, i.e. the stabilizing
osteosynthetic material in combination with a local slow release
of e.g. fracture-healing promoting peptides, is attractive. The
biodegradable polymers structurally being porous and having
different grade of coating facilitates the absorption of the
growth factor+receptor complex.

C. In an experiment, according the principles above, PGA rods
(1.5 x 8 mm) were "loaded" with radiolabelled IGF-1+IGF-1

binding protein (see p. B) using vacuum forces, end parts sealed by
melting. The rods were implanted in the end of the tail in three
rats. Three control rats were injected in the same part of the tail
using the same amount of radiolabelled IGF-1 in a water solution.
The slow release rats, according to the invention, had a signi-
ficant higher radioactivity in tails compared to the controls.
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Claims:
1. Pharmaceutical preparation for use in vivo to achieve slow

release of growth factors and hormones, characterized in that it
is a combi-nation of: one or several receptor/binding proteins,
optionally modified, stich=s for binding growth factors
or hormones, selectea from the group, consisting of
Insulin-like growth factor-1-receptor;

Insulin-like growth factor-2-receptor;
Insulin-receptor;

Platelet derived growth factor-receptacr;

Fibroblast growth factor-receptor;

Epiderma! growth factor-receptor,;

Nerve growth factor-receptor;

Colony stimulating factor-receptor;

Transforming growth factor-receptors;

Growth hormone-receptor;

Parathyroid hormone-receptor;

Calcitonin-receptor;

Estrogen-receptor;

Tumour necrosis factor-receptor,;

Insulin-like growth factor serum binding protein;
Corticosteroid binding globulin;

and hyaluronic acid, or its derivatives, or a biodegradable
polymer, selected from the group consisting of
Polyglycolide (PGA);

Copolymers of glycolide such as

Glycolide/L-lactide copolymers (PGA/PLLA)
Glycolide/trimethylene carbonate copolymers (PGA/TMC);
Polylactides (PLA);

Stereo-copolymers of PLA such as

Poly-L-lactide (PLLA)

Poly-DL-lactide (PDLLA)

L-lactide/DL-lactide copolymers;

Copolymers of PLA such as

Lactide/tetramethylglycolide copolymers
Lactide/trimethylene carbonate copolymers

Lactide / o-valerolactone copolymers

Lactide/ € -caprolactone copolymers;

Polydepsipeptides;

PLA/polyethylene oxide copolymers;

Unsymmetrical 3,6-substituted poly-1,4-dioxane-2,5-diones;
Poly-B-hydroxybutyrate (PHBA);

PHBA/B-hydroxyvalerate copolymers (PHBA/HVA);
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Poly-p-dioxanone (PDS);

Poly-d-valerolnctone;

Poly- £ -caprolactone;

Methylmethacrylate-N-viny! pyrrolidine copolymers;
Polyesteramides;

Polyesters of oxalic acid;

Polydihydropyranes;

Polyalkyl-2-cyanoacrylates;

Polyurethanes (PU);

Polyvinylalcohol (PVA);

Polypeptides;

Poly-B-malic acid (PMLA);

Poly-B-alcanoic acids;

in combination, with the ligands to the receptor/binding protzins.

2. Pharmaceutical preparation, accordging to claim 1,
characterized in that the receptors/binding proteins are mixed
with or covalently bound to the hyaluronic acid or the
biodegradable polymer.

3. Pharmaceutical preparation, according to claim 1,
characterizad in that the ligands e.g. are:
Insulin-like growth factor-1 and 2 (IGF-1, IGF-2);
Platelet derived growth factor (PDGF);
Epidermal growth factor (EGF);

Fibroblast growth factor (FGF);

Nerve growth factor (NGF);

Colony stimulating factor (CSF);

Transforming growth factor (TGF);

Tumour necrosis factor (TNF);

Calcitonin (CT);

Parathyroid hormone (PTH);

Growth hormone (GH);

Estrogens;

Bombesir::

Bone morphogenetic protein (BMP);
Corticosteroids;

Insulin.
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‘4. Pharmaceutical preparation according to any one of claims 1 to 3

characterized in that the receptor/binding proteins are truncated.

DATED this 16+ day of October, 1992.
PER PRISELL and GUNNAR NORSTEDT

By Their Patent Attorneys
DAVIES COLLISON CAVE
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