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THERAPEUTIC FORMULATIONS OF KERATINOCYTE GROWTH
FACTOR

FIELD OF THE INVENTION

The present invention relates to formulations of lyophilized
keratinocyte growth factor and methods for making a lyophilized composition

comprising keratinocyte growth factor.

BACKGROUND OF THE INVENTION

Keratinocyte growth factor (KGF) 1s a growth factor specific for
eplthehal cells that was first 1dent1ﬁed in conditioned medium of a human
embryomc lung fibroblast cell line [Rubm et al., Proc. Natl. Acad. Sci. USA
86:802-806 (1989)]. Expression of messenger RNA for KGF has been detected in
several stromal fibroblast cell lines derived from epithelial tissues at vartous
stages of development. The transcript for KGF was also evident in RNA extracted
from normal adult kidney and organs of the gastrointestinal tract [Finch et al.,
Science 245:752-755 (1989)]. Evidence that KGF is secreted from fibroblasts in
culture and 1s expressed in vivo in the dermis but not the epidermis indicates that
KGF may be an important normal paracrine effector of keratinocyte proliferation.
Studies have shown that KGF is as potent as epidermal growth factor (EGF) in

stimulating the proliferation of primary or secondary human keratinocytes in

tissue culture [Marchese et al., J. Cell. Phys. 144:326-332 (1990)]. KGF is

produced by mesenchymal cells near the epithelium of many organs mcluding the
epidermis, oral and lower gastrointestinal epithelium, pancreas, liver, ‘lung,
urothelium, prostate epithelium and others [Finch et al, supra, Housley etal., J
Clin Invest. 94:1764-77, (1994); Yietal., Am J Path. 145:80-85, (1994); Pierce et
al., J Exp. Med. 179831-40, (1994); Yiet al, J Urol. 154:1566-70, (1995); and
Ulich et al., J Clin Invest. 93:1298-1306, (1994)].
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The purification of KGF from conditioned medium of a human
embryonic fibroblast cell line, as well as the partial amino acid sequencing of
purified KGF, the cloning of the KGF gene, and the expression of the gene in
bacterial cells to yield biologically active recombinant KGF are described in
International Patent Publication WO 90/08771. This publication also discloses
that KGF or KGF-like polypeptides are useful as wound healing agents for burn

wounds or to stimulate transplanted corneal tissue.

Ex vivo and in vivo studies in normal adult animals have shown that
KGF-1 (hereinafter “KGF”) produces changes in hair follicle morphogenesis,
hepatocyte proliferation, and epithelial cell proliferation in the lung, breast,
pancreas, stomach, small intestine, and large intestine [Panos et al., J. Clin. Invest.
02:969-977 (1993); Ulich et al., Am. J. Path. 144:862-868 (1994); Y1 et al., Am. J.
Path. 145:80-85 (1994); and Ulich et al., J. Clin. Invest. 93:1298-1306 (1994)].
The role of KGF in embryonic or neonatal development is currently under
investigation; however, KGF has been documented to be an important mediator of
seminal vesicle development in the newborn mouse [Alarid et al., Proc. Natl.
Acad. Sci. US4 91:1074-1078 (1994)]. Additionally, mice overexpressing KGF in
hepatocytes exhibit polycystic kidneys [Nguyen et al., Oncogene 12:2109-19,
(1996)], while KGF overexpresion in lung using a surfactant promoter result in
mice with pulmonary cystademonas [Simonet et al., Proc. Natl. Acad. Sci. USA
02:12461-65, (1995)], demonstrating the importance of KGF in normal renal and

pulmonary development.

K GF has been demonstrated to increase re-epithelialization and

increased thickness of the epithelium when recombinant KGF was topically

applied to wounds surgically induced in the rabbit ear or in porcine skin [Pierce et
al., J. Exp. Med. 179:831-840 (1994]); and Staiano-Coico et al., J. Exp. Med.
178:865-878 (1993)]. Bosch, et al., [J. Clin. Invest. 98:2683-2687 (1996)]
reported that administration of keratinocyte growth factor will induce the

proliferation of liver cells.
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Typically, purified polypeptides are only marginally stable in an
aqueous state and undergo chemical and physical degradation resulting in a loss of
biological activity during processing and storage. Additionally, polypeptide
compositions in aqueous solution undergo hydrolysis, such as deamidation and
peptide bond cleavage. These effects represent a serious problem for
therapeutically active polypeptides which are intended to be administered to

humans within a defined dosage range based on biological activity.

Administration of purified keratinocyte growth factor remains a
promising candidate to treat many diseases that affect the human population.
However, the ability of the KGF to remain a stable pharmaceutical composition
over time in a variety of storage conditions and then be effective for patients in
vivo has not been addressed. Thus, there remains a need in the art to provide
keratinocyte growth factor in stable formulations that are useful as therapeutic
agents to treat the variety of diseases which benefit from KGF-mediated
stimulation of epithelial cell growth.

SUMMARY OF THE INVENTION

The present invention prdvides a novel formulation useful for
lyophilization of keratinocyte growth factor (KGF), resulting in a highly stable
KGF product. The stable KGF product is useful as a therapeutic agent in the

~ treatment of individuals suffering from disorders or conditions that can benefit

from the administration of KGF.

In one aspect, the invention provides a lyophilized keratinocyte
growth factor composition comprising histidine, a bulking agent, a surfactant, and

a sugar, such as a stabilizing suger.

In one embodiment, the KGF compo siti:on comprises the amino
acid sequence of SEQ ID NO:2 or variant thereof. A variant of KGF proteins
include allelic variations, or deletion(s), substitution(s) or insertion(s) of amino

acids, including fragments, chimeric or hybrid molecules of native KGF. For
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example, the invention contemplates that the KGF is AN23 KGF (SEQ 1D NO:3),
wherein the first 23 amino acids of the native KGF are deleted. Variants include
those molecules described herein, such as charge-change polypeptides wherein
one or more of amino acid residues 41-154 of native KGF (SEQ ID NO:2) are
deleted or substituted with a neutral residue or negatively charged residue selected
to effect a protein with a reduced positive charge. A still further example of KGF
includes, but is not limited to, proteins generated by substituting at least one
amino acid having a higher loop-forming potential for at least one amino acid
within a loop-forming region of Asn'?® -His'!® - Tyr'!7 -Asn'"® -Thr'" of native
KGF. A still further example includes proteins having one or more amino acid

substitutions, deletions or additions within a region of amino acids 123-133

(amino acids 154-164 of SEQ ID NO:2) of native KGF.

In one aspect, the invention contemplates use of a bulking
agent/osmolarity regulating agent. Bulking agents may be either crystalline (for
example, glycine, mannitol) or amorphous (for example, L-histidine, sucrose,
polymers such as dextran, polyvinylpyrolidone, carboxymethylcellulose, and
lactose). In one embodiment, the bulking agent is mannitol. In a further
embodiment, the mannitol is incorporated at a concentration of about 2% to about
5% w/v. In a yet further embodiment, the concentration 1s about 3% to about

4.5% w/v. In another embodiment, the mannitol is at a concentration of 4% w/v.

In another aspect, the invention provides for a composition

' coniprising a stabilizing sugar. Sugars contemplated for use include but are not

limited to, sucrose, trehalose or glycine. In one embodiment, the sugar 1s sucrose.
In a related embodiment, the sucrose is at a concentration of about 1-3% w/v. Ina

further embodiment, the sucrose is at a concentration of 2%.

It is contemplated that the composition of the invention is adjusted
to a pH in a range of about 5.0 to about 8.0. In one embodiment, the KGF
composition has a pH in the range of about 6.0 to about 8.0. In another
embodiment, the composition has a pH in a range of about 6.0 to about 7.0. In a

further embodiment, the composition has a pH of about 6.5.
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In a further aspect, the composition contemplates use of a
surfactant. It is contemplated that the surfactant used includes, but is not limited
to, polysorbate 20 or polysorbate 80. In one embodiment, the surfactant 1s
polysorbate 20. In a related embodiment, the polysorbate 20 concentration is
within a range of about 0.1 % to about 0.004% w/v. In a further embodiment, the

polysorbate 20 concentration is about 0.01% w/v.

In one aspect, the invention contemplates a lyophilized
keratinocyte growth factor composition comprising 10 mM histidine, 4%
mannitol, 2% sucrose, and 0.01% polysorbate 20, wherein the composition 1s at a

pH of 6.5.

The invention further provides a method for making a lyophilized
keratinocyte growth factor comprising the steps of: a) preparing a solution of
histidine, a bulking agent, a stabilizing sugar; and surfactant; and b) lyophilizing
said KGF. In a related aspect, the invention contemplates a method for making a
lyophilized keratinocyte growth factor further comprising, prior to the
lyophilization step: b) adjusting the pH of the solution to a pH between about 6.0
and about 8.0; ¢) preparing a solution containing a keratinocyte growth factor; d)
buffer exchanging the solution of step (c) into the solution of step (b); ¢) adding

an appropriate amount of a surfactant, and f) lyophilizing the mixture from step
(e). It is further contemplated that the KGF may be a KGF protein set out in SEQ
ID NO:2, SEQ ID NO:3 or variants thereotf.

, In one aspect, the method of the invention contemplates use of a
bulking agent/osmolarity regulating agent, wherein the bulking agents may be
either crystaliine (for example, glycine, mannitol) or amorphous (for example, L-
histidine, sucrose, polymers such as dextran, polyvinylpyrolidone,
carboxymethylcellulose, and lactose). In one embodiment, the bulking agent is
mannitol. In another embodiment, the mannitol is at a concentration of about 2%
to about 5% w/v. In a related embodiment, the mannitol is at a concentration of
about 3% to about 4.5% w/v. In a further embodiment, the mannitol 1s at a

concentration of 4% w/v.
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In another aspect, the method of invention provides for a
composition comprising a sugar, wherein the sugar is a stabilizing sugar. Sugars
contemplated for use in the method include but are not limited to, sucrose,
trehalose or glycine. In one embodiment, the sugar is sucrose. In arelated
embodiment, the sucrose is at a concentration of about 1% to about 3% w/v. In a

further embodiment, the sucrose is at a concentration ot 2%.

It is contemplated in the methods of the invention that the pH 1s
adjusted to physiological pH. In one embodiment, the pH is adjusted to a range of
about 5.0 to about 8.0. In another embodiment, the pH is adjusted to a range of
about 6.0 to about 8.0. In a further embodiment, the pH is adjusted to a range of
about 6.0 to about 7.0. In a still further embodiment, the pH is adjusted to a pH
value of 6.5.

In a further aspect, the methods of the invention contemplate use of
a surfactant. It is contemplated that the surfactant used includes, but is not limited
to, polysorbate 20 or polysorbate 80. In one embodiment, the surfactant 1s
polysorbate 20. In a related embodiment, the polysorbate 20 concentration 1s

within a range of about 0.1% to about 0.004% w/v. In a further embodiment, the

polysorbate 20 concentration is about 0.01%w/v.

In one aspect, the invention contemplates a method for making a
Iyophilized keratinocyte growth factor composition comprising 10 mM histidine,
4% mannitol, 2% sucrose, and 0.01% (w/v) polysorbate 20, wherein the

composition is at a pH of about 6.5.

The invention further contemplates a method for treating a disease
by increasing KGF-mediated stimulation of epithelial cell growth comprising
administering to a subject an effective amount of a lyophilized keratinocyte

growth factor composition of the invention.

It is contemplated that the disease to be treated is gut toxicity;
mucositis; a burn or other partial and full thickness injuries; repopulation of hair

follicles, sweat glands, and sebaceous glands; adnexal structure proliferation;
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epidermolysis bullosa; chemotherapy-induced alopecia; male-pattern baldness;
gastric ulcers; duodenal ulcers,; erosive gastritis, esophagitis, or esophageal
reflux; inflammatory bowel disease; hyaline membrane disease; injuries from
smoke inhalation; emphysema; hepatic cirrhosis, liver failure, acute viral hepatitis,

other toxic insults to the liver; or graft-versus-host disease (GVHD).

Also contemplated by the invention is a kit for preparing an
aqueous pharmaceutical composition comprising a first container having a
lyophilized keratinocyte growth factor composition, , and a second container
having a physiologically acceptable reconstitution solution for the lyophilized
composition. It is contemplated that the KGF protein is set out in SEQ 1D NO:2,
SEQ ID NO:3, or variants thereof. The physiologically acceptable reconstitution
solution may be any pharmaceutically acceptable carrier or diluent, including, but
not limited to, any and all clinically useful solvents, dispersion media, coatings,
antibacterial and antifungal agents, isotonic and absorption delaying agents and
the like, including those agents disclosed herein. Additionally, the KGF

composition may be administered to a subject by any route deemed appropriate by

- the treating physician, including orally, topically, transdermally, parenteraliy, by

inhalation spray, vaginally, rectally, or by intracranial injection. The term
parenteral as used herein includes subcutaneous injections, mtravenous,
intramuscular, intracisternal injection, or infusion techniques. Administration by
intravenous, intradermal, intramusclar, intramammary, intraperitoneal, intrathecal,
retrobulbar, intrapulmonary injection and or surgical implantation at a particular

site is contemplated as well.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 depicts Size-exclusion (SE)-HPLC (F igure 1A) and

~Cation-exchange (CE)-HPLC (Figure 1B) analysis of soluble protein in liquid

KGF formulations at differing pH.

Figure 2 depicts reversed-phase (RP)-HPLC chromatograms
comparing KGF formulations lyophlilized in 10 mM histidine, 0.01% polysorbate



10

15

20

25

CA 02589889 2010-06-21

-8 -

20, and either 4% mannitol/2% sucrose or 3% mannitol/2% sucrose. Figure 2A
depicts time zero after lyophilization while Figure 2B shows product after storage

for 1 year at 4° C. Inset shows the area around the main peak.

Figure 3 represents the percent main peak as a function of protein
concentration from an SE-HPLC analysis of lyophilized KGF formulations after
storage for 24 weeks at 45° C.

DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to formulations for lyophilization of
purified keratinocyte growth factor which provide a stable protein product and
increase the shelf life of the purified protein. The invention further provides a
method for making a lyophilized composition comprising keratinocyte growth

factor.

As used herein, "keratinocyte growth factor” or "KGF" refers to the
keratinocyte growth factor polynucleotide (SEQ ID NO:1, Genbank Accession
No. NM_002009) or polypeptide as set forth in SEQ ID NO:2 (Genbank
Accession No. NP 002000) or an analog thereof, or altematively an active
fragment of keratinocyte growth factor or an analog thereof, such as AN23 KGF
(SEQ ID NO:3), or a factor that binds and activates the keratinocyte growth factor
receptor. In a preferred embodiment, KGF is AN23 KGF, a recombinantly
produced form of KGF in which the first 23 amino acids of the amino-terminus
have been deleted from the mature KGF (no signal sequence attached). See, e.g.,
US Patent No. 5,677,278 6,677,301, 6,074,848, 5,843,883, 5,863,767 and
2,773,586, all assigned to CHIRON Corp., U.S. Pat. No. 5,731,170, and PCT
Application No. WO 90/08771, published Aug. 9, 1990 (directed to full length
forms of KGF and variants); and PCT Application No. WO 96/11949, published
Apr. 25, 1996; PCT Application No. WO 96/11951, published Apr. 25, 1996: and
PCT Application No. WO 98/24813, published Jun. 11, 1998 (directed to stable
analogs of KGF).
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KGF analogs having increased stability over natural KGE are
described in PCT International Publication WO 96/11951 and U.S. Patent No.
6,677,301, and such KGF analogs are contemplated by the invention.
Alternatively, any fragment of the entire KGF polypeptide or analog thereof

which retains complete or even partial KGF activity 1s contemplated.

Tt should be understood that the terms "keratinocyte growth factor”
and "KGF" as employed in this description are intended to include, and to mean
interchangeably unless otherwise indicated, native KGF and KGF analog proteins
(or "muteins") characterized by a peptide sequence substantially the same as all or
part of the peptide sequence of native KGF and by retaining some or all of the
biological activity of native KGF, particularly non-fibroblast epithelial cell
proliferation, e.g., exhibiting at least about 500-fold greater stimulation of
BALB/MK keratinocyte cells than that of NTH/3T3 fibroblast cells, and at least
about 50-fold greater stimulation of BALB/MK keratiﬁocyte cells than for BS/589
epithelial cells or for CC1208 epithelial cells, as determined by H-thymidine
incorporation. Also contemplated by the invention are peptides "characterized by
a peptlde sequence substantlally the same as the peptide sequence of native KGH
which refers to a peptide sequence which is encoded by a DNA sequence capable
of hybridizing with the coding region of SEQ 1D NO:1, under moderately to

highly stringent hybridization conditions as exemplified herein.

Stringent conditions, in the hybridization context, will be stringent

combined conditions of salt, temperature, organic solvents and other parameters

typically controlled in hybridization reactions. Exemplary stringent hybridization

conditions are hybndlzatlon in 4x SSC at 62°-67° C., followed by washing 1n 0.1x
SSC at 62°-67° C for approximately an hour. Alternatively, exemplary strmgent
hybridization conditions are hybridization 1n 45-55% formamide, 4 x SSC at 40°-
45° C. [See, T. Maniatis et. al., Molecular Cloning (4 Laboratory Manual);, Cold
Spring Harbor Laboratory (1982), pages 387 to 389.]

K GF proteins include allelic variations, or deletion(s),

substitution(s) or insertion(s) of amino acids, including fragments, chimeric or
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hybrid molecules of native KGF. A preferred KGF molecule of this invention 1s
AN23 KGF. Other examples of KGF include, without limitation, proteins having
residues corresponding to Cys' and Cys" of SEQ ID NO:2 replaced or deleted,
with the resultant molecule having improved stability as compared with the parent
molecule (as taught in commonly owned U.S. Patent 6,008,328). Another
example of KGF includes, but is not limited to, charge-change polypeptides
wherein one or more of amino acid residues 41-154 of native KGF (preferably
residues Arg“, Gln® : Lys5 5, Lys95, Lysm, Asn® 7, G1n138, Lysl39, Arg144, Lysm,
Gln'>%, Lys™’ or Thr'®*) are deleted or substituted with a neutral residue or
negatively charged residue selected to effect a protein with a reduced positive
charge. A still further example of KGF includes, but is not limited to, proteins
gsenerated by substituting at least one amino acid having a higher loop-forming

potential for at least one amino acid within a loop-forming region of Asn'? -

His''6.- Tyr'!” -Asn'®® -Thr'"® of native KGF (as taught in US Patent 6,008,328).
A still further example includes proteins having one or more amino acid

substitutions, deletions or additions within a region of amino acids 123-133

(amino acids 154-164 of SEQ ID NO:2) of native KGF.

Specifically contemplated KGF proteins include the fbllowing
KGF molecules (referred to by the residue found at that position in the mature
protein (minus signal sequence) set forth in SEQ ID NO:2, followed by that amino
acid position in parentheses and then either the substituted residue or "-" to
designate a deletion): AN15, AN16, AN18, AN23, AN24, AN25, AN26, or AN27
KGF, C(1,15)S, ANI5-AN24, AN3/C(15)S, AN3/C(15)-, AN8/C(15)S,
ANS/C(15)-, C(1,15)S/R(144)E, C(1,15)S/R(144)Q, AN23/R(144)Q, C(1,15,40)S,
C(1,15,102)S, C(1,15,102,106)S, AN23/N(137)E, AN23/K(139)E,
AN23/K(139)Q, AN23/R(144)A, AN23/R(144)E, AN23/R(144)L, AN23/K(147)E,
AN23/K(147)Q, AN23/K(153)E, AN23/K(153)Q, AN23/Q(152)E/K(153)E;
R(144)Q and H(116)G.

K GF’s proliferative effects on many different types of epithelial

and endothelial cells implicate it as a useful therapeutic in treatment of many
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conditions or diseases affecting an individual. The following is a description of

diseases and medical conditions which can be treated with KGF of the invention.

Gut toxicity is a major limiting factor in radiation and
chemotherapy treatment regimes. Pretreatment with KGF may have a
cytoprotective effect on the small intestinal mucosa, allowing increased dosages
of such therapies while reducing potential fatal side effects of gut toxicity. Recent
phase I clinical trials of patients administered recombinant human KGF betore
treatment with the chemotherapeutic agent 5-fluorouracil suggest that treatment
with KGF will promote decreased incidence of mucositis [Meropol et al., J Clin
Oncol. 21:1452-8 (2003)] Standard in vivo models of radiation-induced gut
toxicity which permit the predictive testing of compounds having human
therapeutic efficacy are well-known [Withers and Elkind, "Microcolony Survival
Assay for Cells of Mouse Intestinal Mucosa Exposed to Radiation", Int. J. Radiat.,
17:261-267 (1970). Standard in vivo models of chemotherapy-induced gut '
toxicity which are predictive of human therapeutic efficacy are well-known.
Sonis, et al., "An Animal Model for Mucositis Induced by Cancer Chemotherapy,
Oral Surg.", Oral Med. Oral Pathol., 69:437-431 (1990); and Moore, "Clonogenic
Response of Cells of Murine Intestinal Crypts to 12 Cytotoxic Drugs", Cancer
:Chemotherapy Pharmacol., 15:11-15 (1985)].

KGF treatment has a striking effect on the production of mucus
throughout the gastrointenstinal tract. This property may be useful in protecting
the gut mucosa from injurious substances that are ingested, or in limiting the

spread of injury in conditions such as inflammatory bowel diseases.

Stimulation of proliferation and differentiation of adnexal
structures such as hair follicles, sweat glands, and sebaceous glands is of critical
importance in regenerating epidermis and dermis in patients with burns and other
partial and full thickness injuries. At present, surface defects heal by scar
formation and keratinocyte resurfacing; full regeneration of skin is not yet
possible. Repopulation of hair follicles, sweat glands, and sebaceous glands does

not occur presently in full thickness skin defects, including burns. The use of
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KGF can enable such repopulation. Standard in vivo models of adnexal structure
proliferation and stimulation which permit the predictive testing of compounds
having human therapeutic efficacy for burns and other partial and full-thickness
injuries are well-known [Mustoe, et al., “Growth factor-induced acceleration of
tissue repair through direct and inductive activities in a rabbit dermal ulcer model”
J. Clin. Invest., 87:694-703 (1991); Pierce, et al., “Platelet-derived growth factor
(BB homodimer), transforming growth factor-beta 1, and basic fibroblast growth
factor in dermal wound healing. Neovessel and matrix formation and cessation of
repair” Am. J. Path. 140:1375-88 (1992); and Davis, et al., “Second-degree burn

healing: the effect of occlusive dressings and a cream.” J. of Surgical Res. 48:245-

248 (1990)].

Epidermolysis bullosa is a defect in adherence of the epidermis to
the ﬁnderlying dermis, resulting in frequent open, painful blisters which can cause
severe morbidity. Accelerated re-epithelialization of these lesions, such as by
treatment with KGF, would result in less risk of infection, diminished pain, and

less wound care.

Chemotherapy-induced alopecia results when patients are treated
with courses of ohemotherapy for malignancy. At present no therapeutics are
effective at preventing the hair follicle cells from death, which cause the transient
loss of hair. KGF provides such a means. Standard in vivo models of
chemotherapy-induced alopecia which permit the predictive testing of compounds
having human therapeutic efficacy are well-known. [Sawada, et al., "Cyclosporin
A Stimulates Hair Growth in Nude Mice", Laboratory Investigation, 56(6).684
(1987); Holland, " Animal Models of Alopecia”, Clin. Dermaiol, 6:159:162
(1988); Hussein, "Protection from Chemotherapy-induced Alopecia in a Rat
Model", Science, 249:1564- 1‘566 (1990); and Hussein, et al., "Interleukin 1
Protects against 1-B-D-Arabinofuranosyulcytosine-induced Alopecia in the
Newbor Rat Animal Model", Cancer Research, 51:3329-3330 (1991)].

Male-pattern baldness is prevalent and essentially untreatable. The

progressive loss of hair in men and women is a serious cosmetic problem. KGF
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deficient mice exhibit ruffled unkempt coat while KGF receptor knockouts
exhibited thin skin, low numbers of hair follicles, and delayed wound healing

| Werner et al., Science 266:819-22 (1994)]. In experimental models of alopecia,
pre-treatment with recombinant KGF protected against approximately 50% of the
alopecia induced by administration of the chemotherapeutic agent cytosine
arabinoside (ARA-c) [Danilenko et al., Am J Path. 147:145-54, (1995)]. These
conditions could be treated using KGF either systemically, or topically if the drug
could be applied and absorbed through the scalp, or by spray injection into the
scalp using an air gun or similar technologies. A standard in vivo model of male-
pattern baldness which permits the predictive testing of compounds having human
therapeutic efficacy is well-known. [Uno, "The Stumptailed Macaque as a Model
for Baldness: effects of Minoxidil", International Journal of Cosmetic Science,
8:63-71 (1986); Porter R., “Mouse models for human hair loss disorders” J 4nat.
202:125-31 (2003)].

Studies have shown that administration of KGF could induce cell
growth in the gastrointestinal tract [Playford et al., J Pathol. 184:316-22, (1998)].
Gastric ulcers, although treatable by H2 antagonists, cause significant morbidity
and a recurrence rate, and heal by scar formation of the mucosal lining. The .
ability to regenerate glandular mucosa more rapidly in patients with gastric ulcers,

e.g., by treatment with KGF, would offer a significant therapeutic improvement in

“the treatment of gastric ulcers. Standard in vivo models of gastric ulcers which

permit the predictive testing of compounds having human therapeutic efficacy are
well-known, for example, Tarnawski, et al., ["Indomethacin Impairs Quality of
Experimental Gastric Ulcer Healing: A Quantitative Histological and
Ultrastructural Analysis", In: Mechanisms of Injury, Protection and Repair of the
Upper Gastrointestinal Tract, (eds) Garner and O'Brien, Wiley & Sons (1991); and
Astudillo et al., [“Gastroprotective activity of oleanolic acid derivatives on

experimentally induced gastric lesions in rats and mice” J Pharm Pharmacol.

54:583-8 (2002)].



CA 02589889 2007-06-01

WO 2006/065861 PCT/US2005/045169

10

15

20

25

30

- 14 -

Duodenal ulcers, like gastric ulcers, are treatable, but the
development of a therapeutic agent to more fully and more rapidly regenerate the
mucosal lining of the duodenum would be an important advance. In addition, a
therapeutic agent to regeneratively heal these ulcers and decrease their recurrence
would be of benefit. KGF offers such potential. Standard iz vivo models of
duodenal ulcers which permit the predictive testing of compounds having human
therapeutic efficacy are well-known [Berg, et al., "Duodenal ulcers produced on a
diet deficient in pantothenic acid", Proc. Soc. Exp. Biol. Med., 7:374-376 (1949);
Szabo and Pihan, "Development and Significance of Cysteamine and Propionitrile
Models of Duodenal Ulcer", Chronobiol. Int., 6:31-42 (1987); Robert, et al.,
"Production of Secretatogues of Duodenal Ulcers in the Rat", Gastroenterology,
59:95-102 (1970); and Keshavarzian et al., “Gastroduodenal ulcers in rats induced
by 1-methyl-4-phenyl-1,2,5,6-tetrahydropyridine (MPTP): requirement for gastric
acid secretion and the role of prostaglandins” Res Commun Chem Pathol

Pharmacol. 70:21-48 (1990)].

Erosions of the stomach and esophagus, like erosive gastritis,

‘esophagitis, or esophageal reflux, are treatable but the development of a

therapeutic agent to more fully and rapidly re generate the mucosal lining of thé
stomach and esophagus would be an important advance. In addition, a therapeutic
agent to regeneratively heal these erosions and decrease their recurrence would be
of benefit. KGF offers such potential. Standard in vivo models of erosion of the
stomach and esophagus, like erosive gastritis, esophagitis, or esophageal reflux,
which permit the predictive testing of compounds having human therapeutic
efficacy are well-known [Geisinger et al, "The histologic developmént of acid-
induced esophagitis in the cat", Mod-Pathol.; 3:619-624 (1990); Carlborg et al.,
"letracycline induced esophageal ulcers. A clinical and experimental study”,
Laryngoscope, 93:184-187 (1983); Carlborg et al., "Esophageal lesions caused by
orally administered drugs. An experimental study in the cat", Eur-Surg-Ethanol on
esophageal motility in cats, Alcohol-Clin-Exp-Res., 15:116-121 (1991), and Katz
et al., "Acid-induced esophophagitis in cats is prevented by sucralfate but not

synthetic prostaglandin E.", Dig-Dis-Sci., 33:217-224 (1988)].
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Intlammatory bowel diseases, such a Crohn's disease (affecting
primarily the small intestine) and ulcerative colitis (affecting primarily the large
bowel), are chronic diseases of unknown etiology which result in the destruction
of the mucosal surface, inflammation, scar and adhesion formation during repair,
and significant morbidity to the affected individuals. Therapy at present is
designed to control the inflammation, however, KGF treatment has been shown to
induce proliferation of gastrointestinal tract epithelium in IBD affected animals
|[Housley et al., J Clin Invest. 94:1764-77, (1994)]. A therapeutic such as KGF to
stimulate resurfacing of the mucosal surface, resulting in faster healing, may be of
benefit in controlling progression of disease. Standard in vive models of
inflammatory bowel disease which permit the predictive testing of compounds
having human therapeutic efficacy are well-known. [Morris, et al., "Hapten-
induced Models of Chronic Inflammation and Ulceration in the Rat Colon",
Gastroenterology, 96:795-803 (1989); Rachmilewitz, et al., "Inflammatory
Mediators of Experimental Colitis in Rats", Gastroenterology, 97:326-327 (1989);
Allgayer, et al., "Treatment with 16,16'-dimethyl-prostaglandin E2 before and
after: induction of colitis with trinitrobenzenesulfonic acid in Rats",
Ga;ﬁ*oenterolog;;/;= 96:1290-1300 (1989); "Review: Experimental Colitis in
Animal Models", Scand. J. Gastroenterol, 27:529-537 (1992)].

Hyaline membrane disease of premature infants results in the
absence of surfactant production by type II pneumocytes within the lung, resulting

in the collapse of the alveoli. Hyaline membrane disease may have both acute and

- chronic phases. The acute phase of hyaline membrane disease (Infant Respiratory

Distress Syndrome--IRDS) is treated with mechanical ventilation and treatment
with 80-100% concentrations of supplemental oxygen and by administration of an
€X0 génous surfactant. Those patients undergoing a prolonged course of treatment
may develop the chronic disease phase of hyaline membrane disease
(bronchopulmonary dysplasia--BPD). While the surfactants have greatly reduced
the mortality associated with IRDS, the morbidity associated with BPD remains
high. Thus, there is a need to develop effective treatments to accelerate

maturation of the lung and secretion of surfactant in neonates to reduce the
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incidence of BPD. Although corticosteroids can accelerate maturation and
secretion in fetuses twenty-eight weeks old and beyond to a large extent, there is
presently no treatment for younger fetuses, resulting in significant morbidity and
mortality in this population. The history of BPD suggests that improvements in
treatment of IRDS will be matched by mechanical ventilation of even smaller
prematurely-born infants and a subsequent increase in the incidence of BPD in
these smaller infants. A therapeutic agent such as KGF which would induce
proliferation and differentiation of type II pneumocytes [Yi et al., Inflammation
22:315-25 (1998)] would be of considerable benefit in the treatment of this
disease. Standard in vivo models of IRDS which permit the predictive testing of
compounds having human therapeutic efficacy are well-known. Seider, et al.,
"Effects of antenatal thyrotropin-releasing hormone, antenatal corticosteroids, and
postnatal ventilation on surfactant mobilization in premature rabbits", Am. J.

Obstet. Gynec., 166:1551-1559 (1992); Ikegami, et al., "Corticosteroid and
thyrotropin-releasing hormone effects on preterm sheep lung function”, J. Appl.

Physiol., 70:2268-2278 (1991). Standard in vivo models of BPD which permit the

predictive testing of compounds having human therapeutic efficacy are well-
known [ Yuh-Chin, et al., "Natural surfactant and hyperoxide lung injury in
pﬁmates I. Physiology and biochemistry", J. Appl. Physiol. 76:991-1001 (1994);
and Galan, et al., "Surfactant replacement therapy in utero for prevention of

hyaline membrane disease in the preterm baboon", Am. J. Obstet. Gynecol.,
169:817-824 (1993)].

Smoke inhalation is a significant cause of morbidity and mortality
in the week following a burn injury, due to necrosis of the bronchiolar epithelium
and the alveoli. A growth factor such as KGF which could stimulate proliferation
and differentiation of these structures, and induce their repair and regeneration,
would be of benefit in treating inhalation injuries. A standard in vivo model of
smoke inhalation which permits the predictive testing of compounds having

human therapeutic efficacy 1s well-known. Hubbard, et al., "Smoke inhalation

injury in sheep", Am. J. Pathol., 133:660-663 (1988).
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Emphysema results from the progressive loss of alveoli. A growth
factor such as KGF which could stimulate re-growth or, which is cytoprotective
for remaining alveoli [Kaza et al., Circulation. 106(12 Suppl 1):1120-4 (2002)],
would be of therapeutic benefit. At present, no effective treatment is available. A
standard in vivo model of emphysema which permits the predictive testing of
compounds having human therapeutic efficacy is well-known [Stolk et al.,

"Induction of emphysema and bronchial mucus cell hyperplasia by intratracheal

instillation of lipopolysaccharide in the hamster." J. Pathol., 167:349-56 (1992)].

Hepatic cirrhosis, secondary to viral hepatitis and chronic alcohol
ingestion, is a significant cause of morbidity and mortality. Cytoprotection,
proliferation, and differentiation of hepatocytes such as by the use of KGF
[Danilenki, D., Toxicol Pathol. 27:64-71 (1999)] to increase liver function would
be of benefit to slow or prevent the development of cirrhosis. A standard in vivo'
model of hepatic cirrhosis which permits the predictive testing of compounds
having human therapeutic efficacy is well-known [Tomaszewski, et al., "The

production of hepatic cirrhosis in rats", J. Appl. Toxicol., 11:229-231 (1991)].

Fulminant liver failure is a life-threatening condition which occurs
with endstage cirrhosis. An agent such as KGF which could induce proliferation
of remaining hepatocytes would be of direct benefit to this disease, which is
presently treatable only with liver transplantation. Standard in vivo models of
fulminant liver failure which permit the predictive testing of compounds having
human therapeutic efficacy are well-known [Mitchell, et al., " Acetaminophen-
induced hepatic necrosis 1. Role of drug metabolism", J. Pharmcol. Exp. Ther.,
187:185-194 (1973); and Thakore and Mehendale, "Role of hepatocelhilar
regeneration in CC14 autoprotection", Toxicologic Pathol. 19:47-58 (1991)].

Acute viral hepatitis is frequently subclinical and self-limiting.
However, in a minority of patients, severe liver damage can result over several
weeks. A cytoprotective agent such as KGF would be of use in preventing

hepatocellular degeneration.
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Toxic insults to the liver caused by acetaminophen, halothane,
carbon tetrachloride, and other toxins could be ameliorated by a growth factor
(KGF) which is cytoprotective for hepatocytes. Standard in vivo models of liver
toxicity which permit the predictive testing of compounds having human
therapeutic efficacy are well-known [Mitchell, et al. (1973), supra, and Thakore
and Mehendale (1991), supra)].

Graft-versus-host disease (GVHD) (chronic or acute) is a leading
cause of ineffective bone marrow or hematopeitic cell transplant in patients.
GVHD leads to damage of several organ systems due to upregulation of
immunomodulatory and cytotoxic factors. GVHD results in damage to multiple
areas including the gastrointestinal tract, the lung, the liver, the skin, and the
mucous glands in the eyes, salivary glands in the mouth, and glands that lubricate

the stomach lining and intestines. Recent studies in animals induced with GVHD

indicate that rTHuK GF-treated recipients did not develop intestinal GVHD, did not

develop endotoxemia, and did not die [Panoskaltsis-Mortari et al., “Keratinocyte
srowth factor facilitates alloengraftment and ameliorates graft-versus-host disease
in mice by a mechanism independent of repair of conditioning-induced tissue
injury” Blood. 96:4350-6 (2000)]. These data suggest that KGF prevents the
development of acute lethal GVHD by protecting epithelial cell injury mediated
by TNF-alpha, NO, and other potential cytotoxic factors. An agent such as KGF
which could induce proliferation of epithelia in many of these cells types would

be of direct benefit to in treating GVHD in human transplant recipients.

Formulations and Administration

K GF proteins or peptides are useful for use in pharmaceutical
formulations in order to treat human diseases as described above. KGF may be
prepared as a liquid or a lyophilized formulation. In a preferred embodiment the
KGF compositions are lyophilized. Lyophilization may be carried out using
techniques common in the art and should be optimized for the composition being

developed [Tang et al., Pharm Res. 21:191-200, (2004) and Chang et al., Pharm
Res. 13:243-9 (1996)].
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A lyophilization cycle is usually composed of three steps: freezing,
primary drying, and secondary drying [A.P. Mackenzie, Phil Trans R Soc London,
Ser B, Biol 278:167 (1977)]. In the freezing step, the solution is cooled to initiate
ice formation and completion. Furthermore, this step induces the crystallization of
the bulking agent. The ice sublimes in the primary drying stage, which 1s
conducted by reducing chamber pressure below the vapor pressure of the ice,
using a vacuum and introducing heat to promote sublimation. Finally, adsorbed or
bound water is removed at the secondary drying stage under reduced chamber
pressure and an elevated shelf temperature. The process produces a material
known as a lyophilized cake. Thereafter the cake can be reconstituted with either

sterile water for injection or an appropriate multi dose reconstitution solution prior

tO use.

The lyophilization cycle not only determines the final physical
state of the excipients but also affects other parameters such as reconstitution
time, appearance, stability and final moisture content. The composition structure
in the frozen state proceeds through several transitions (e.g., glass transitions and
crystallizations) that occur at specific temperatures and can be used to understand
and optimize the lyophilization process. The glass transition temperature (Tg) can
provide information about the physical state of a solute and can be determined by
differential scanning calorimetry (DSC). This is an important parameter that must
be taken into account when designing the lyophilization cycle. Furthermore, in the
dried state, the glass transition temperature provides information on the storage

temperature of the final product.

In a particular embodiment of the present compositions, a stabilizer
is added to the lyophilization formulation to prevent or reduce lyophilization
induced or storage induced aggregation and chemical degradation. A hazy or
turbid solution upon reconstitution indicates that the protein has precipitated. The
term "stabilizer" means an excipient capable of preventing aggregation or other
physical degradation, as well as chemical degradation (for example, autolysis,

deamidation, oxidation, etc.) in an aqueous and solid state. Stabilizers that are
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conventionally employed in pharmaceutical compositions, including, but not
limited to, sucrose, trehalose or glycine, may be used [Carpenter et al., Develop.
Biol. Standard 74:225, (1991)]. Surfactant stabilizers, such as polysorbate 20
(Twee;:rZ 0) or polysorbate 80 (Twee;lMSO), may also be added in appropriate
amounts to prevent surtace related aggregation phenomenon during freezing and
drying [Chang, B, J. Pharm. Sci. 85:1325, (1996)]. If desired, the lyophilized
compositions also include appropriate amounts of bulking and osmolarity
regulating agents suitable for forming a lyophilized "cake". Bulking agents may
be either crystalline (for example, mannitol, glycine) or amorphous (for example,
sucrose, polymers such as dextran, polyvinylpyrolidone, carboxymethylcellulose.
In one embodiment, the bulking agent is mannitol. In a further embodiment,
mannitol is incorporated in a concentration of about 2% to about 5% w/v, and in a
yet further embodiment in a concentration of about 3% to 4.5% w/v, to produce a
mechanically and pharmaceutically stable and elegant cake. In ano;cher

embodiment, the mannitol concentration is 2% w/v.

The choice of a pharmaceutically-acceptable buffer and pH has
also been found to affect the stability of the present compositions. The buffer
system present 1n.the compositions is selected to be physiologically compatible
and to maintain a desired pH in the reconstituted solution as well as in the solution
before lyophilization. Preferably, the buffers have a pH buffering capacity in the
range of from about pH 6.0 to about pH 8.0. A series of screening studies
incorporatih g the above mentioned parameters are typically performed to select
the most stable formulation condition.

The compositions are expected to be stable for at least two years at
2° C to 8° C in the lyophilized state. This long-term stability is beneficial for
extending the shelf life of the pharmaceutical product.

The present invention further contemplates methods for the

preparation of the present KGF formulations. In one aspect, methods for
preparing a lyophilized KGF formulation comprising the steps of:

(a) mixing said KGF composition in a buffer comprising histidine,
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a bulking agent, a sugar and a surfactant;
(b) lyophilizing said KGF.

The present methods further comprise one or more of the following
steps: adding a stabilizing agent to said mixture prior to lyophilizing, adding at
least one agent selected from a bulking agent and an osmolarity regulating agent,
and a surfactant to said mixture prior to lyophilization. The bulking agent may be
any bulking agent set forth above. Preferably, the bulking agent is mannitol. The
sugar may be any stabilizing sugar set out above. In one embodiment, the
stabilizing agent is sucrose. The surfactant may be any surfactant set out above.

In one embodiment, the surfactant is polysorbate 20.

The standard reconstitution practice for lyophilized material 1s to
add back a volume of pure water or sterile water for injection (WFI) (typically
equivalent to the volume removed during lyophilization), although dilute solutions
of antibacterial agents are sometimes used in the production of pharmaceuticals .

for parenteral administration [Chen, Drug Development and Industrial Pharmacy,

18:1311-1354 (1992)].

The lyophilized KGF composition may be reconstituted as an
aqueous solution. A variety of aqueous carriers, e.g., sterile water for injection,
water with preservatives for multi dose use, or water with appropriate amounts of

surfactants (for example, polysorbate 20), 0.4% saline, 0.3% glycine, or aqueous

‘suspensions may contain the active compound in admixture with excipients

suitable for the manufacture of aqueous suspensions. Such excipients are
suspending agents, for examplé sodium carboxymethylcellulose, methylcellulose,
hydroxypropylmethylcellulose, sodium alginate, polyvinylpyrrolidone, gum
tragacanth and gum acacia; dispersing or wetting agents may be a naturally-
occurring phosphatide, for example lecithin, or condensation products of an
alkylene oxide with fatty acids, for example polyoxyethylene stearate, or
condensation products of ethylene oxide with long chain aliphatic alcohols, for
example heptadecaethyl-eneoxycetanol, or condensation products of ethylene

oxide with partial esters derived from fatty acids and a hexitol such as
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polyoxyethylene sorbitol monooleate, or condensation products of ethylene oxide
with partial esters derived from fatty acids and hexitol anhydrides, for example
polyethylene sorbitan monooleate. The aqueous suspensions may also contain

one or more preservatives, for example ethyl, or n-propyl, p-hydroxybenzoate.

To administer compositions of the invention to human or test
animals, it is preferable to formulate the compositions in a composition
comprising one or more pharmaceutically acceptable carriers. The phrases
"sharmaceutically” or “pharmacologically acceptable" refer to molecular entities
and compositions that are stable, inhibit protein degradation such as aggregation
and cleavage products, and in addition do not produce allergic, or other adverse

reactions when administered using routes well-known in the art, as described

- below. "Pharmaceutically acceptable carriers" include any and all clinically

useful solvents, dispersion media, coatings, antibacterial and antifungal agents,
isotonic and absorption delaying agents and the like, including those agents

disclosed above.

The keratinocyte growth factor compositions may be administered
orally, topically, transdermally,l parenterally, by inhalation spray, vaginally,
rectally, or by intracranial injection. The term parenteral as used herein includes
subcutaneous injections, intravenous, intramuscular, intracisternal injection, or
infusion techniques. Administration by intravenous, intradermal, intramusclar,
intramammary, intraperitoneal, intrathecal, retrobulbar, intrapulmonary inj ection
and or surgical implantation at a particular site is contemplated as well. .
Generally, compositions are essentially free of pyrogens, as well as other

impurities that could be harmful to the recipient.
Kits .

As an additional aspect, the invention includes kits which comprise
one or more compounds or compositions packaged in a manner which facilitates
their use for administration to subjects. In one embodiment, such a kit includes a

compound or composition described herein (e.g., a composition comprising a

keratinocyte growth factor), packaged in a container such as a sealed bottle or
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vessel, with a label affixed to the container or included in the package that
describes use of the compound or composition in practicing the method. In one
embodiment, the kit contains a first container having a lyophilized keratinocyte
growth factor composition and a second container having a physiologically
acceptable reconstitution solution for the lyophilized composition. Preferably, the
compound or composition is packaged in a unit dosage form. The kit may further
include a device suitable for administering the composition according to a specific
route of administration. Preferably, the kit contains a label that describes use of

the keratinocyte growth factor composition.

Additional aspects and details of the invention will be apparent

from the following examples.

EXAMPLE 1
LIQUID FORMULATION OF KGF

Product stability, shelf-life and bioactivity are imﬁortant aspects to
any therapeutically effective composition. Designing and formulating
compositions that are stable when stored at recommended storage temperatures for
extended periods :of time, but retain significant biological activity are key

elements to pharmaceutical compositions.

In previous experiments, liquid formulations of KGF showed
significant aggregation and subsequent loss of protein at elevated temperatures
(37° C). In order to determine the pH that provided the greatest stability to the
KGF compositions, the pH of the liquid formulation of keratinocyte growth factor

was tested over a pH range of 3.0 to 9.0.

| The KGF uséd in the following experiments, e.g., Examples 1-3,
was the AN23 KGF molecule. The pH of the solution was adjusted using either
concentrated HCI or sodium hydroxide. Samples of KGF formulation (0.5 mg/ml,
10 mM buffer, 0.1M NaCl) at differing pH were taken at time 0, 6 and 28 hours
after incubation at 37° C (Figure 1). Percent of recovered protein was measured

by SE-HPLC (Figure 1A) or by CE-HPLC (Figure 1B). For size-exclusion HPLC
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(SE-HPLC), samples (40 pg) were loaded onto a G2000SWx1 column (7.8 mm X
30 cm) connected to a HP 1090/1050 machine. The protein was eluted using 20
mM sodium phosphate (NaP), 1M NaCl at pH 7.0. Protein was monitored by

absorbance at 215 nm. A monomeric peak indicates that there are few aggregates

in the KGF formulation.

Cation-exchange (CE)-HPLC was performed on an HP 1090/1050
machine equipped with a Mono-S column at room temperature. 40 pg KGF

protein was loaded onto the column and eluted using 20 mM sodium phosphate
buffer, pH 8.0, and a salt gradient (1M NaCl). The eluted protein was monitored

by absorbance at 215 nm.

Reversed-phase HPLC (RP-HPLC) was performed on an HP
1090/1050 machine using a C4 column from Vydac, (4.6 x 250 mm) pore size 300
A. Protein (30 pg) was injected onto the column and eluted using an acetonitrile
(ACN) gradient with 0.1% irifluoroacetic acid (TFA) (v/v) and 90% ACN, 0.1%

TFA in water (v/v). Protein peaks were monitored by absorbance at 215 nm.

Complete recovery of protein was observed at time 0 over the pH
5.0 to 9.0 range. However, at pH 3.0 completé loss of protein was observed, and
pH 4.0 resulted in approximately an 80% loss of the protein due to immediate
precipitation. After 6 hours at 37° C, no soluble protein was obtained from the pH
4.0 samples. The percent protein recovered after 28 hours at 37° C when the

soluble KGF was formulated at pH 5 to 9 was less than 20%. waever, at pH 7.0

- only 20% of total protein was lost. The loss in soluble protein after 28 hours at -

37° C was primarily due to aggregation.

These results indicate that the KGF protein in liquid formulations is
most stable at neutral pH, however even in this optimal pH range, keeping KGF as

a liquid results in significant loss of protein due to aggregation.
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EXAMPLE 2
FORMULATION OF KGF COMPOSITION FOR LYOPHILIZATION

In order to develop a more stable KGF composition, it was decided
to formulate KGF as a lyophilized product. Previous attempts at formulating a
lyophilized KGF composition involved manipulatioh of the reconstitution
solution, resulting in a composition that produced fewer protein aggregates

depending on the composition of the reconstitution solution [Zhang et al., Pharm.

‘Res. 12:1447-52 (1995)]. However, in this previous study, any aggregation seen

during reconstitution was very difficult or impossible to reverse.

This example describes lyophilizing the protein in a solution that
will prevent aggregation upon reconstitution independent of the reconstitution

solution, to eliminate the need for a custom reconstitution solution.

To determine the composition of a stable lyophilization
formulation, KGF, e.g., AN23 KGF, was lyophilized under varied conditions,
altering parameters such as pH, bulking agent, sugar concentration, and surfactant

concentration. The long term storage stability of KGF was then determined at the

recommended storage temperature.

Lyophilization cycle
For lyophilization, samples were loaded into a VirTis Genesis 12

EL pilot scale (VirTis, Gardiner, N.Y.) Iyophilizer that was pre-cooled to a
chamber temperature of approximately 4° C. Samples were frozen rapidly (about
1° C/minute to -50° C) and held at that temperature for at least 2 hours. Once
samples were placed in the lyophilizer, the shelf temperature was lowered to -50°
C at a rate of approximately 27° C/hour. Samples were held at -50° C for 2 hours
to ensure complete freezing. In an optional step to crystallize mannitol, the shelf
temperature was raised to -25° C at a rate of 10° C/hour, equilibrating fof 2-3
hours, and then cooling to -55° C at a rate of 9° C/hour. After an additional hold
of at least 2 hours, a vacuum of approximately 100 mTorr was applied. The shelf
temperature was raised to -35° C for primary drying, but may be within the range
of -45° C to -10° C. Primary drying was continued for 40 hours, but may be
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within the range of 24-48 hours. The shelf temperature was then raised to +20° C
to +25° C at a rate of 5° C/hour for secondary drying, and vacuum was lowered to
approximately 50 mTorr). Secondary drying was performed for 36 hours, but may
be performed for anywhere from 24-72 hours. At the conclusion of secondary
drying, the samples were stoppered under vacuum (< 25 mTorr) and vials
removed from the freeze dryer. Vials were crimp capped and placed at various

temperatures for stability testing.

Effect of pH on the stability of lyophilized KGF

The stability of KGF over a range of pH values was first assessed.
KGF (5 mg/ml) was formulated in a solution comprising 10 mM histidine, 3%
mannitol, 2% sucrose and 0.01% polysorbate 20 at either pH 6.0, pH 6.5 or pH
7.0. SE-HPLC of the pre-lyophilized sample demonstrated a percent main peak of

99%., which corresponds to 99% monomeric active component.

In order to perform accelerated stability studies, some samples
were transferred to incubators for storage. Other samples were transferred to a -
70° C freezer to serve as controls. The bulk of the vials were stored at 4° C. At
the time of analysis, samples were reconstituted with 1.2 mL sterile water for
injection (WFI).

SE-HPLC of the lyophilized KGF samples after storage for 6
months at 45°C demonstrated that the percent main peak of the samples at all pHs
tested was approximately 97.5%, indicating that in the pH range of 6.0 to 7.0 the
lyophilized KGF composition is stable after 6 months storage at high temperature.
These studies also indicated that the pH range of 5.0 to 8.0 provided stable protein

when the formulation was kept at 4° C.

Effect of sucrose chcentration on stability of KGF

To assess the amount of sucrose that provided the greatest stability
to the lyophilized KGF, recombinant human KGF (1 mg/ml) was formulated in a
composition comprising 10 mM histidine, 3 % mannitol, at pH 7.0 in a solution
either lacking sucrose or with 2% sucrose (w/v). The samples were lyophilized as

above and allowed to incubate up to 3 months at 45° C.
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SE-HPLC measurement of the percent main peak of KGF
formulations with and without sucrose indicates that the addition of 2% sucrose
provides a significant stability to the lyophilized KGF formulation. KGF
lyophilized with 2% sucrose demonstrated approximately 99.5% main peak
immediately post-lyophilization, and 98.5% at both 1 month and 3 months post
Iyophilization. The formulations lacking sucrose exhibited approximately 96%
main peak and approximately 93.5% main peak at 1 month and 3 months post-

lyophilization, respectively.

These results indicate that in formulations without sucrose, the
percent active monomer peak decreased 7% after storage for 3 months at 45°C,
while there was only a small decrease in monomer peak in formulations having

sucrose. Thus, sucrose acts as a potent stabilizer to the KGF when added to the

lyophilized formulation.

Further analysis was performed using KGF lyphilization product
comprising 10mM histidine, pH 6.5, over a range of sucrose concentrations
between 1% and 3% sucrose, wherein the solution always maintained isotonicity
with the appropriate percent of mannitol. Lyophilization product having 1%-3%
sucrose and stored at 37° C for bne year showed protein stability comparable to
formulations with 2% sucrose, with the percent main peak remaining above 99%

for all formulations tested.

Effects of Polysorbate 20 Concentration on the stability of KGF

The concentration of polysorbate 20 in the lyophilized formulatioﬁ
for KGF was selected based on its abiIity to eliminate particle fbrmation upon
reconstitution. Recombinant human KGF was formulated in a composition
comprising 10 mM histidine, 3% mannitol, 2% sucrose at pH 7.0 and lyophilized.
K GF was then reconstituted in a solution containing varying concentrations of
polysorbate 20. The lyophilized cake consisted of 5 mg/ml KGF formulated as

above. Table 1 describes the recorded observations of the lyophilized formulation

upon reconstitution.
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TABLE 1
_B-iluent_i_l-l_ rec;;;titutit;; solut;(;;l B Visu;]—obsew;;ions ;i_";e-r reconstitution
l——_molysc;&te 20 Clear but foams
0.01% polysorbate 20 Clear
0.004% polysorbate 20 Few particulates/borderline
0.001% polysorbate 20 : Particulates
| water Particulates

10

15

20

CA 02589889 2007-06-01

Further studies showed that the formulation with polysorbate 20

included in the cake prior to lyophilization was equally stable after 4 months at

45° C when compared to the addition of polysorbate 20 in the reconstitution

solution. SE-HPLC analysis [Biorad Biosil SEC 125 (7.8 mm x 30 cm), 20 mM
NaP, pH 7.0, 1M NaCl, 40 pg injection load] showed that the loss of monomeric

KGF was negligible for all polysorbate concentrations tested (as in Table 1) at 0, 1

and 4 months. A concentration of 0.01% (W/V) was selected for inclusion in the

formulation based on its ability to consistently eliminate visible particles upon

reconstitution.

Effect of Mannitol Conoentration on the stability of KGF

Mannitol and other bulking agents are included in formulations to

obtain good cake appearance and quality. In addition, they help to maintain the

isotonicity of the pharmaceutical composition with physiological fluid. For

example, physiological fluid has an osmolarity of 290-320 mOsm. The mannitol

concentration in the final KGF formulation was adjusted to be iso-osmotic with

physiological fluid.

To assess the percent mannitol concentration that provides protein

stability in the lyophilization formulation, KGF at 3 mg/ml was lyophilized in a

formulation comprising 10 mM histidine, 2% sucrose, and 0.01% polysorbate 20



CA 02589889 2007-06-01

WO 2006/065861 PCT/US2005/045169

10

15

20

25

30

-0 .

at pH 7.0, and either 3% mannitol or 4% mannitol. The KGF formulations were
lyophilized and stored for 1 year at 4° C. Osmolarity was measured using an
Osmometer Model 3D3 from Advanced Instruments (Norwood, MA). The
measured osmolarity for the 4% mannitol solution was 312 mOsm while the 3%

mannitol formulation resulted in a solution of 250 mOsm.

Figure 2 shows an overlay of the reversed-phase (RP-HPLC)
chromatograms of the isotonic 4% mannitol/2% sucrose formulation compared
with the slightly hypotonic 3% mannitol/2% sucrose formulation taken at time
zero (Figure 2A) or after 1 year of storage at 4° C (Figure 2B). The results
demonstrate that the iso-osmotic formulation is stable after 1 year at the
recommended storage temperature of 2° to 8° C. In addition, the cake appearance

for the iso-osmotic formulation was also good and its moisture content was less

" than 2%. Based on this study, 4% mannitol was recommended for use in the

lyophilized formulation.

Effect of Protein Concentration on stability of tHuK GF

Protein concentration in the lyophilized sample can also have an
effect on the stability of the lyophilization quality of the protein as well as the
stability of the reconstituted product.

The effect of KGF concentration on stability was explored at 0.5, 1,

2, 3 and 5 mg/ml. Samples were formulated and lyophilized in 10 mM histidine, 3
% mannitol, 2% sucrose and 0.005% polysorbate 20 at pH 6.5. The lyophjlized

- samples were stored for 24 weeks at 45° C before reconstitution. Protein

degradaﬁon was monitored by SE-HPLC, RP-HPLC, CE-HPLC and SDS-PAGE.

For this experiment, SE-HPLC was performed as above using the HP system and

a G2000SWx1 column.

Figure 3 represents the percent main peak as a function of protein
concentration from an SE-HPLC analysis of KGF after storage for 24 weeks at
45° C. The dashed line represents a trend line to the measured data. Based on
SE-HPLC data, stability increased as the concentration of KGF increased, at least

up to a concentration of 5 mg/ml. The dependence of the percent main peak on
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protein concentrations as determined by RP-HPLC and CE-HPLC are similar to
that seen with SE-HPLC. Further studies indicated that a protein concentration of
15 mg/mL also resulted in stable lyophilized formulations.

An optimized KGF lyophilization formulation comprising 10 mM
histidine, 0.01% polysorbate 20, 2% sucrose and 3% mannitol at pH 6.5 was
stored for over 4 years at 2° to 8° C. Upon reconstitution, the KGF formulation
was shown to maintain KGF activity as tested below, indicating that the particular
composition maintained the type of stability and activity necessary for a

therapeutically effective pharmaceutical composition.

EXAMPLE 3
BIOASSAY OF THE RECONSTITUTED KGF FORMULATION

One of the factors in formulation of a pharmaceutically effective

product is the requirement for high biological activity of the protein of interest.

The bioactivity of the KGF, e.g., AN23 KGF, formulations were
tested using 32D KECA clone 16 cells, which are IL-3 dependent murine
lymphoblast cells that proliferate in the presence of KGF, similar to 32D clone 3

cells (ATCC# CRL-1 1346), and are a useful proliferation assay system, as
described in Hsu et al., 1999 Biochemistry, 38, 2523-2534. '

32D clone 16 cells are maintained in growth medium [RPMI, Fetal
bovine serum (10%)(Hyclone, Logan, UT), glutamine (1%) (Gibco/Invitrogen,
Carlsbad, CA, ), geﬁeticin (2%) (Gibco), and murine IL-3 (12 ng/mL)(Biosource
International, Camarillo, CA)] at 37° C and 5.5% CO,. Sample KGF formulations
or reference standard (AN23 K GF stored lyophilized at -70°C) are reconstituted in
assay medium [RPML, FBS (6%), glutamine(ln%), heparin (0.6 pg/ml)(Sigma, St.
Louis, MO)] to approximately 25 ng/mL. Serial dilutions are then made to obtain

a range of concentrations from approximately 25 ng/mL to 1.6 ng/mL.

To test the bioactivity of the KGF formulation, the 32D clone 16
cells are plated in 150 pL at 2.0 x 10° cell/mL. Reference standard, control and
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KGF test samples at the desired concentration were added to the sample wells in a
50 uL volume. Plates of cells and sample were incubated approximately 24 hours
at 37° C and 5.5% CO,. On day 2, 40 uL of Alomar Blue (AccuMed
International, Chicago, IL) was added to all wells and mixed. The plates were
incubated for another 24 hours at 37° C and 5.5% CO,. After 24 hours,
fluorescence was measured on a Fluorescence Reader (Cytofluor II or Cytotluor
Series 4000, PerSeptive Biosystems, Framingham, MA) using an excitation

wavelength of 530-560 nm and an emission wavelength of 590 nm.

Lyophilized KGF formulations from 3 reconstituted lots stored at
2° to 8° C for 7 days demonstrated similar bioactivity as the reference standard
K GF protein (stored lyophilized at -70°C), exhibiting > 100% bioactivity at day 0,
and 92%, 100% and 107% activity, respectively, at day 7. KGF formulations
stored at 25° C showed > 100% bioactivity at time 0, which dec;reased slightly
after 4 hours to 90%, 95% and 100% bioactivity, respectively, compared to native
KGF. This level of activity was also maintained after storage of reconstituted

K GF formulation at 25°C for 24 hours, indicating the stability of the KGF

formulations.

These results indicate that the reconstituted KGF formulations
described herein are as potent as the reference standard KGF protein and the
formulation has no deleterious effects on the stability or potency of KGF, e.g.,
AN23KGF, and are thus useful s therapies in the treatment of individuals to
promote growth of epithelial cells and the like.

 In addition, KGF bioactivity can be assessed by the ability of the

 reconstituted formulations to promote growth of Balb/C-MK cells. Stock cultures

of Balb/MK cells are grown and maintained in low calcium Dulbecco's modified
Eagle medium supplemented with 10% fetal bovine serum, 0.25 pg/ml fungizone,
and 10 ng/ml aPGF. The cells are incubated at 37° C ina 10% CO, atmosphere
with 99% humidity. For the bioactivity assay, the cells are seeded in 12-well
plates at a density of 5 x 10° cells per well in 1 ml of medium as described in

Gospodarowicz et al. [J. Cell. Physiol. 142:325-333 (1990)]. A predetermined
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amount of KGF formulation is added to the cell culture well. FGF 1s used as a

positive control.

After five days in culture, the cells are trypsinized and the final cell
density determined using a cell counter. The cells are released from the plates by
replacing the culture medium with a solution containing 0.9% NaCl, 0.01 M
sodium phosphate (pH 7.4), 0.05% trypsin, and 0.02% EDTA (STV) and
incubated for 5-10 minutes at 37° C, and then the stock culture medium 1s added
to the cells.

An increase in Balb/C-MK cell population in the KGF treated
sample compared to the untreated cells shows that the KGF composition does not
lose its bio-activity during the formulation process and indicates that the KGF

formulation provides an effective therapeutic agent to treat subjects in need of

increased KGF activity.

Numerous modifications and variations in the invention as set forth
in the above illustrative examples are expected to occur to those skilled 1n the art.
Consequently only such limitations as appear in the appended claims should be

placed on the invention.
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CLAIMS

1. A lyophilized keratinocyte growth factor (KGE) composition
comprising:

KGF in a concentration between 3 mg/mL and 15 mg/mlL;

the buffer histidine at a concentration of 10 mM;

mannitol at a concentration of 4% w/v;

sucrose at a concentration of 2% w/v;

polysorbate 20 at a concentration of 0.01% w/v;

wherein the pH is in a range of 6.0 to 7.0, and

wherein the KGF comprises AN23 KGF as set out in SEQ ID NO:3.

2. The composition of claim 1 wherein the pH 1s 6.5.

3. The composition of claim 1 or 2 wherein the KGF concentration 1s

5 mg/mlL.
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