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LI QU D BUFFERED GDF-5 FORMULATI ONS RELATED
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proteins for inproved stability, handling, and
storage. More specifically, the invention relates to
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i sot having a pH of from about 4.
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allelic protein variant of hGDE-5 (WD 96/ 14335); al so
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BACKGROUND

GDF-5 is a member of the Bone Morphogenetic Proteins (BMP), which is a
subclass of the TGF-R superfamily of proteins. GDF-5 includes several variants
and mutants, including mGDF-5 first isolated from the mouse by Lee (US Pat No
5,801,014). Other variants include MP52, which is the patented name (WO
95/04819) for the human form of GDF-5, which is also known as hGDF-5 and also
as LAP-4 (Triantfilou, et al.Nature Immunology 2, 338-345 (2001)); also CDMP-1,
an allelic protein variant of hGDF-5 (WO 96/14335); also rhGDF-5, the
recombinant human form manufactured in bacteria (EP 0955313); also rhGDF-5-
Ala83, a monomeric variant of rhGDF-5; also BMP-14, a collective term for hGDF-
5/CDMP-1 like proteins; also Radotermin, the international non-proprietary name
designated by the World Health Organization; also HMW MP52’s, high molecular
weight protein variants of MP52; also C465A, a monomeric version wherein the
cysteine residue responsible for the intermolecular cross-link is substituted with
alanine; also other active monomers and single amino acid substitution mutants
including N445T, L441P, R438L, and R438K. For the purposes of this applciation
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of the GDF-5 protein. The steps leading to this utilize various pharmaceutically
unacceptable materials to modify the solubility in order to enable the separation
and purification of the GDF-5 protein.

The degradation of proteins in general has been well described in the
literature, but the storage and solubility of bone morphogenetic proteins,
particularly GDF-5 has not been well described. BMP-2 is readily soluble at
concentrations greater than 1 mg/ml when the pH is below 6, and above pH 6 the
solubility can be increased by the addition of 1 M NaCl, 30% isopropanol, or 0.1
mM heparin (Ruppert, et al Eur J Biochem 237, 295-302 (1996). The solubility of
GDF-5 is much more limited than that of BMP-2, and GDF-5 is nearly insoluble in
physiological pH ranges and buffers. GDF-5 is only soluble in water at extreme pH
(Honda, et al, Journal of Bioscience and Bioengineering 89(6), 582-589 (2000)).

SUBSTITUTE SHEET (RULE 26)



10

15

20

25

of the GDF-5 protein. The steps leading to this
utilize various pharmaceutically unacceptabl e

woradoen2ahs to nodify the solubility in order tRPCEOSIONE039925

the separation and purification of the GDF-5 protein.

The degradation of proteins in general has been well
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at an al kaline pH of about 9.5 to 12.0, however
pmajer ciwalldoge fatestopage khgndingeand teldery tmidirgetdissuesis the

by G G5 hreteuoficuisy Bl BT GENen 1 hphelyisiared at
bes v\%ﬁqgrp\fj% Atufé‘%sJB@' Ig&ﬂml'lﬂe nﬂgdgﬁﬁl‘%&?%ﬁ%@ aggher oé;%tect the
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in other areas of cellular biochemstry and
lnelgdlr@tdeﬂnerlngwbquj@@rQﬁqumFar;r)lmmIanlla@keedr@grc@hvaiy@mnp

fertil df tial t,
P e pashue fafh g %ﬁa.ﬂ% Rt of SKimENG sulh as 60%

FUPIAEE B8 L GlgoLep SR PR oty or
axabedad periddlg df tighd-Thege dorenulas howwemédemcﬁﬁwt@mic @hd must be

diluted before reaching the injection site. Biocompatible formulations of the GDF-5

protein present great challenges to obtain reasonable solubility and concurrent
stability of the GDF-5 protein. Thus there is a need for improved formulations for
the storage, handling, and delivery of GDF-5 protein solutions.

SUMMARY OF THE INVENTION

The present invention is directed to formulations of buffered isotonic GDF-5
protein solutions having improved storage and handling properties at body
temperatures, providing for stability of the GDF-5 protein molecule. A preferred
embodiment of the invention includes 0.1 mg/ml rhGDF-5 in a 5-10 mM acetate
buffer at pH 4.5 -5 with 10% trehalose as an excipient, providing approximately
90% retention of the GDF-5 protein after 32 days storage at 37 degrees Celsius.
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sub-zero tenperatures and |yophilized products are
stored at 2-8C to protect the protein from

walegpazidi on, but liquid fornul ati ons are requPCEUST009/039925

many uses, including delivering liquid product in an
i npl antabl e drug delivery punp. In the past we have
showBRItdt DESOURIRTHON DF THIE EXIRESNt, such as 60%
trehal ose, could be used to protect the GDF-5 protein
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presé‘rﬂnﬁl—‘ér eat challenges to obtain reasonabl e
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Ipigote=? shows tree sthabiliy 0f0. & e riGDF5vpoloticrdin 5 mM acetate buffer
fornmul atjons for the st orage, handl i ng, and delivery
of GIWIgR iR A-Swith{ P Enisehapaavare viaeneee b UG oN
The present invention is directed to formul ati ons of
Ibigtifeed sbows thenstiabil GOH-G1 png/tmd rmGB BN DMV hestateybuffer solution

{omp Hi Saut s o enrosesn oAk F-poldine iieradays storage at
vent] S80tERE e RGO AIBECTY 251"

BEieot ahons breiebi R p regmhel Py % bl ekt Dfer soluion
ot s 10 BB B oty ol Utes R R g R Ei6RGe at a7

showsgdghrees CaRils, by evfdePcdd BY/HPLTL 1 GDF-5 in 5 nM
acetate buffer solution at pH 4.5 after 32 days

. : | si ' :
Sh1 P 3 SERISET T O B AR B soor
sol utateM 510 BitimDHCEsalleserartdred2 days storage at 37 degrees Celsius,

as evidenced by HPLC.

Figure 6 shows the stability of 0.1 mg/ml rnGDF-5 in 5 mM acetate buffer solution
at pH 5.0 with 10% trehalose and 0.1% GABA after 32 days storage at 37
degrees Celsius, as evidenced by HPLC.

Figure 7 shows the stability of 0.1 mg/ml rhGDF-5 in 5 mM acetate buffer solution
at pH 5.0 with 10% trehalose, 0.1% taurine and 0.01% TEA-HCI after 32
days storage at 37 degrees Celsius, as evidenced by HPLC.

Figure 8 shows the stability of 0.1 mg/ml rhGDF-5 in 5 mM acetate buffer solution
at pH 5.0 with 10% trehalose, 0.1% betaine, and 0.1% ectoine after 32 days

storage at 37 degrees Celsius, as evidenced by HPLC.

Figure 9 shows the stability of 0.1 mg/ml rhGDF-5 in 10 mM acetate buffer solution
at pH 4.5 with 10% trehalose after 32 days storage at 37 degrees Celsius,
as evidenced by HPLC.
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storage at 37 degrees Celsius, as evidenced by HPLC
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acetate buffer solution at pH 5.0 with 10% trehal ose,
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degrees Cel sius, as evidenced HPLC. Figure 8
showsrhGW §t|ra5|thmalefate0buﬁefg?.o+utlomaﬂpFL435|thr51 trehalose after

acet e buffer solytion at pH 5.0 with 10% tr ehal ose,

AR Haracaal o debrees, Bolshis. abeuibesoed by & 1Dvb maispeak
at 37 Peﬁgb ges Cel sius, as evidenced by HPLC. Figure 9
shows establllty of 0.1 ng/m rhGDF-5 in 10 mM

acetate buffer solution at pH 4.5 with 10% trehal ose
after 32 days storage at 37 degrees Cel sius,

DETAILED DESCRIPTION OF THE INVENTION

For the purposes of this application the definitions of the following terms will
be useful to clearly and concisely point out the subject matter of the claimed
invention. The term “Growth and Differentiation Factor 5” (herein referred to as
“GDF-5") as used herein is understood to include all synonyms, variants and
mutations of the GDF-5 protein molecule, including, but not limited to GDF-5,
mGDF-5, hGDF-5, MP-52, LAP-4, radotermin, CDMP-1, C465A, and rhGDF-5,
wherein rhGDF-5 is the exemplary member of the group. It is also understood to
include monomeric GDF-5 proteins, which have also been shown to be biologically
active.

The term “room temperature”, herein abbreviated as “RT” or “R.T.”, is
understood to mean the ambient temperature of an ordinary office or laboratory,
being from about 18 to about 25 degrees Celsius. The term “body temperature” as
used herein is understood to mean the average body temperature of a mammal,
being from about 34 to about 40 degrees Celsius, and generally accepted to be

about 37 degrees Celsius for humans.
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as evidenced by HPLC. Figure 10 shows the stability of
0.1 mg/m rt iGDF-5in 10 nM acetate buffer sol ution
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32 days storage at 37 degrees Cel sius, as evidenced by
HPLC. Figure 11 shows an HPLC chr omat ogram depi cti ng

t he sTlabiartYpuldf ad usedberdin mwh@bffetertimg t0boM prowdidte “oulk
buffer solution at pH5 with 10%trehal ose 32 days
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referred to as "GDF-5") as used herein is understood
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roupncl ude nmonomeric GDF-5 proteins, which have also
een shown to be biologically active.

The terms “isotonic”, “isotonicity”, and “biological isotonicity” as used herein
have their common meanings in the literature and refer to a solution being or
having an osmolarity equivalent to that of human blood plasma, and is about 290
mosm/L with a range of about +/- 20 mosm/L.

The term “excipient” as used herein is understood to mean any extra
ingredient or additive other than a buffer that is added to a protein composition.
Exemplary excipients include trehalose, sucrose, raffinose, glucose, mannitol,
TMAOQO, TEA-HCI, taurine, p-alanine, betaine, ectoine, HO-ectoine, GABA, and
combinations thereof.

The term “TMAQO?” as used herein is understood to mean
trimethylamineoxide; the term “TEA-HCI” as used herein is understood to mean
triethylaminehydrochloride; the term “GABA” as used herein is understood to
mean gamma-amino butyric acid.

The term “tonicity adjuster” as used herein is understood to mean a solute
that is added to a protein solution for the purpose of making the solution isotonic.
The solute may also have other chemical or biological properties in addition to
modifying the tonicity of the solution. Exemplary tonicity adjusters include salts,
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than other BMP’s, including BMP-2, for which the bulk of the scientific literature is
directed to. There are few reports, if any, available on the solubility and stability of
GDEF-5. The preparation and isolation of GDF-5 monomer protein and the
subsequent refolding into dimer presents a separate set of issues and problems
than that of the handling and storage of the bioactive dimer. Working with the
mature dimer GDF-5 protein in biocompatible formulations presents a different set
of problems, and the literature yields very little physicochemical information
regarding the solubility and stability of the GDF-5 dimer protein.

The broad spectrum of activity of GDF-5 in musculoskeletal development
and also the expression of GDF-5 receptors in various tissues presents significant
opportunities for therapies and treatment. One major drawback to using GDF-5 for
treatment is the fragile nature of the protein. We have investigated the use of a

number of different buffer systems and excipients in order to improve the stability
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The term "exci pient" as used herein is understood to
mean any extra ingredient or additive other than a
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PIovals EpTUAGRS HRYinG pidled %ﬂtéo%aﬁlgltﬁgﬁ é FoU ) ety ot boay
t%ﬂﬂ\é%?%t‘ﬁ@ Th-gzhg @WR/ tthé’bD?og'i) Hét%r%[?%ﬁmw’ﬁéggrsed phase

n order to ect on| ci

HPEC! (Reim Asforad &5 sindy &8s eFFIF’IE-‘CJJY)S afd the be#%eﬁter@@érﬂlohhﬁltrﬁe main

utility as a tonicity adjuster. However, in very snmall

RRAKWVAS Ué@d aﬁesreeaﬁuﬁerof thecstpbiiyonregsadatios qfﬁb@ﬁﬁbc -5 protein.
iFedtrRglisimecnoun HabPs ke &ybieBrnodiat definring the

stibitify ofdffe GERE 55 @I mofecty Sha ' degrhdatioR Y thd EBFS FHRBIN is
readily observed by the reduction of the main peak and the appearance of
extraneous peaks due to oxidation, deamidation, aggregation, cleavage and
fragmentation. These results were also confirmed in the present experiments.

For example, figure 11 shows an HPLC chromatogram of 0.1 mg/ml rhGDF-
5 in 10 mM acetate buffer solution at pH 5.0 after 32 days storage at 37 degrees
Celsius, showing 90% main peak retention and also the presence of minor
additional peaks. In contrast, figure 12 shows the degradation of 0.1 mg/ml
rhGDF-5 in 5 mM maleate buffer solution at pH 4.5 with 10% trehalose after 32
days storage at 37 degrees Celsius, showing only 66% main peak retention and
the presence of additional peaks. We also evaluated the solutions based on the
visual clarity of the solutions, with a hazy or cloudy solution being evidence of poor
solubility and/or aggregation of the GDF-5 protein.

Numerous compounds have been shown to be useful in other protein

formulations, including buffer systems of acetate, lactate, maleate, citrate,
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meani ng of Hi gh Pressure Liquid Chromatography, also
known as H gh Performance Liquid Chromatography, and
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i nformation regarding the solubility and stability of .
t he D& exptirimEntpweredesignee thbe sotapesolutiomsowith the goal of still

ARG (B SPLLURCATG PR & 1 6 SpE S Ol TGl A CDF-5
ORBSH BB A8 D18 OBl hoEAL uSBPRY PR RRENRY The resuls

erapres an naj or ack

sHIwed that atrralt aeitel kmfffeh%olfunéﬁlat pHMRS doelddte M&j to mamtaln a
protein. W have investigated the use of a nunber of

cjearfléwhthab ahowed epproxiraatehBx ceisnton éstability) dfsihetGDF 5

BB L el Pk abdicha s dplpodl T ieves BaBi @éf%gure

eful fornmulations for working with this protein. |
ne past we have shown that a high anmount of
exci prenadditiorebf aheb8ipients did not enhance or detract from the GDF-5

protein stability under the experimental conditions studied, but these additional
excipients may provide other benefits under other conditions. Thus, the addition of
up to 0.2%, or possibly even up to about 0.5% of these other excipients may have
little affect on the stability of the protein under the present study conditions, but
may enhance the solubility or stability of the protein under other conditions.
Increasing the pH of the acetate buffer to 5.0 did not detract from the stability of
the GDF-5 protein (see table 2). Thus, a formulation of 5 mM acetate buffer at a
pH of from about 4.2 to about 5.3 with 10% trehalose added to adjust the tonicity
and one or more excipients at 0.1 wt. % of taurine, betaine, b-alanine, TMAOQ,
GABA, ectoine, HO-ectoine, 0.01 wt. % of TMAO or TEA-HCI, and various
combinations thereof provided for protection of the GDF-5 protein after 32 days

storage at 37 degrees Celsius (See table 1&2, and also figures 1-8).
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trehal ose, could be used to protect the GDF-5 protein
at body tenperature for extended periods of tine.

wab@sa29ior nul as however were not isotonic, andPCEUSINEWI2S

di lution before use. Additionally, these solutions

were quite viscous and were potentially problematic to
hand| We thén testied & gokilareseeiealof farmndiamne fandasxcipient$&BEpH 5.5,
solutions to investigate buffer systems and excipients
howeveralliohirasecaniRles weee Aasy, Wagiedtinggras seitkildy gréioei n

[.ons [ [ [ cal .isaotanjci 1]
ArEh B R FoRd e LB MR Gatars Rl borfarmec
SfreaeRafipiéd) was determ ned by reversed phase HPLC
(herein referred to sinply as "HPLC"), and the percent
r et endVeaismfestdtetheestability a thveaB.1unglinl (3D B-5nerataim solation in
the stability or degradation of the GDF-5 Brotei n.

wveral &l glyChavCIdmTaRs ranging Fem v 3 fo aB'F%?ﬁ@P%[ﬂNere
RoreBSh Lo iRqu FuhReloebito Phisele Bty P Aol with various

csrasihborsrany esiciblentdeiurine Uséthp, Bfaldmige MEd T RAMCIAA of
t he appearance of extraneous peaks due to oxidati on,

iheaerisanpiasnyicldgd hagnsolotions (seaviable Anand wawgrpot fatthentested by
T e resujts re also confirmed in_the pre t .
AEEr SiaTTY; wecTso i e ey o) ihe Qriduglal S Hbtcprotein

[ OQUR: - j t -
SRS Bler SysteR ol s 5 i dlrald (TMeE SEDRI£4 with 10
deesrensscCal GR5 M Hm\@onﬂioﬂ%%pm.ﬁ waeako petrenslose, &itda 0.25
al so the presence of m nor additional peaks. In

mbhtCaselution gipl 312 witheuktrehaiosse dillai dtessnsatiansiverg/atso hazy,
DG P T Bl ool 8 BBt
{EIngivkte pRiBRhBE oAth¥sPSampRE sBE BIbId &), &MU O isP&@fprising that
an acetate buffer system at higher pH can provide superior solubility and
protection of the GDF-5 protein molecule than other commonly known buffers
used for biocompatible formulations at a lower pH, when lower pH is known to
enhance the stability of GDF-5.

We then further tested the stability of the 0.1 mg/ml GDF-5 protein solution
in a 10 mM acetate buffer system at pH 4.5 and also at pH 5.0 with selected
combinations of excipients. All of these solutions were clear, and subsequent
testing after storage at 37 degrees Celsius showed that these formulations
afforded protection of the GDF-5 protein molecule, as evidenced by retention of
approximately 85% of the main peak after 32 days storage at 37 degrees Celsius
(see tables 5 & 6). Further testing in 10 mM acetate buffer at pH 5.0 with 10%
sucrose instead of trehalose added as a tonicity adjuster, and with various other
excipients added also gave positive results, yielding nearly 90% retention of the
main peak by HPLC (see table 7).
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the solutions based on the visual clarity of the
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evi dence of poor solubility and/or aggregation of the

GDF-5 protein. Nunmerous conmpounds have been shown to

be usAthdughmatyhefrthpreaxtpients andnbalbnrm’msns bﬁekcupluen@ tested did

buffer systens of acetate, |actate

RQtiexhtdt SipeePheasslts HH@@rpﬂ‘iQtSéUdyaGQﬁdJ mr(ﬁt“g‘e seraperatee, pH,

SEFOTBRL SEA PRyl B T8S eIBR el Rt Efigupon the GDF-5

M%l@%@bﬂﬁy dihust Gty SR SeR¥Ms 3¢ Bt sPstems, methods, or

bet a- al anihe, al anine,” glycine, taurine,  betai ne,
eartaitions, st @ tnod epecnhc b|otnjg|aaét|sslm asgany or aekbameaneover a
sodi um aspartate, heat shock protein, dextran,

le)eeioliag PerAS Or gf GEEREMRATgIUEHe, PEGs, pl uronics,

L1 o1 ANORRAUCI OPesel RLH B BB 2 0B cr oo o
Protel? irka BtofialBROSUTRI shstefi mtatlbﬁmﬁeéstfbﬁlm&@v@d protein stability

benefit of these excipients with
@um@r hanshing awdrséoragela@ hedy temperalse; amevdendadt byoie retention of

%W #1608 8be e Eowein p&.akt bR A fercaied ot tepptasén Mvention

r
BLFH8 BB Aol S A5 (A% W36 dflnaTdrace an
tbe»ﬁoﬂmg as 6bdy temperaturél éls qvidended Bethesreterition Bianlcand@% of the
clear liquid that showed approxi mately 90% retention

liBLeunaintpepkott is ArotEBFoljepl Gittlee pragentnvaniivpiearoxidesan
ORI TS G5 0B PtE EPBD AroP Gl e ROEE Mita Ao of rom sbout
310 36hl § A0SO AP gH BHOO AARly Dt
selected from the group consisting of trehalose, sucrose, raffinose, glucose,
mannitol, and combinations thereof, that is stable during storage and handling at
body temperature, as evidenced by the retention of at least 80% of the HPLC main
peak.

It is another object of the present invention to provide a method of
preserving a solution of GDF-5 protein by providing an acetate buffered solvent
system having biological isotonicity and a pH of from about 4.2 to about 5.3,
wherein the GDF-5 protein is stabilized during handling and storage at body
temperature up to and including 37 degrees Celsius for up to 32 days, as
evidenced by the retention of at least 80% of the HPLC main peak.

The following examples are meant only to be illustrative in nature of the
present invention, and not to be limiting in scope. One skilled in the art would
easily conceive of other embodiments that would be considered within the scope

of the present invention.
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exci pients may provide other benefits under other
conditions. Thus, the addition of up to 0.2% or
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excipients may have little affect on the stability of

the protein under the present study conditions, but

may enhance the solubility or stability of the protein
under_ot her conditions. Increasing the pH of the

acet d&X@mRlefler to 5.0 did not detract fromthe

stability of the GDF-5 protein (see table 2). Thus, a

f or mBw@k ifrore thGDNS proddintselutiohn fweas thewed mj\;lenflgrﬁtr Arportlon of the
about 4.2 to about 5.3 with 10%trehal pse add

sapkiseluiior:was msed iy asalbacetate bifies abRrbl 4P @Htj§e%¢f3d with 10%

Wenaiselo A0S oEbG e oBLORT) BRiaeliFniEhBeys otmer

S i¥RE6 ealcarEinaakt ARG of iRy eOfF- @Pﬁbtéiﬂeé% éBdenced by the clarity
protection of the GDF-5"protein after 32 days storage

eftthé%ohtﬂgn @ed bgatiBLU=nalss ofdbé endigpealkridatalveerefcogected after
s, of fornul ations

St 20 g Sa ey siipee 3k Haurase e IS PRI SE I adNg

r
t‘é\’gfge? é)'é %(rg)dnbgfé Cpﬂﬁé T%’éptgéﬁalﬁg \Hgﬂé(léélgd?@ﬂf ﬁeae)\xpeﬁ(r)nent The
dBLs éﬁéaérﬁ)vvkﬁb@lowahft%léﬁdsgfbrtsh@)e tlfki}blf;l’ff@rsaIo?«ﬂ';'e pPdvaded nearly
tested the stability of the 0.1 ng/ GDF-5 protein
sqUivalertrprotectien of tile GDB glojein ras-oeanpamad fadthghe attigrisgmples.
from évverete ted with an

§pematineibet SxaiipiisLosiel SAPHER A nEoLeals Iy DroyAmear 9

SISl QESHARTR P GOF-Sbrgi. ERGIE) S by
MPECOREInR2XK % eindtthe I%‘» rédcdvent gtdoncéntratimdoiRe @onwdl sample
further tested by HPLC. Simlarly, we also tested the

wﬁfaecetatq/bw‘fertah@ D aqnenshwm%amﬂfommaﬁels &00e redentian
é&ahbﬁ Lﬁﬁ qtﬁyéd)ro ein aP eréJ ﬁj 5% ang 35M a(f/"sta{ gg%eaygefseéelsius.

Figure 2 shows a similar graph of the HPLC main peak % and the % recovery of
concentration of the sample with acetate buffer at pH 4.5 plus 10% trehalose, also
showing approximately 90% retention of the GDF-5 protein after 32 days at 37
degrees Celsius. Figures 3 and 4 show similar graphs of the HPLC main peak %
and the % recovery of concentration of the samples with 10% trehalose plus 0.1%
HO-ectoine or 0.1% ectoine, respectively, also showing approximately 90%
retention of the GDF-5 protein after 32 days at 37 degrees Celsius. See table 1
below for a complete listing of the various combinations of excipients tested and
the results obtained. Note that all of the values are nearly equivalent, showing that
the acetate buffer at pH 4.5 is able to maintain the stability of the GDF-5 protein at

about 90%, with or without the addition of other excipients.
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0t rehal ose. All

5 protein,

a 0.25 MM HCl solution at pH 3.5 with 10
and a 0.25 mM HCl solution at pH 3.5
of these sol uti ons werBCHUS®09/039925
i ndi cating poor solubility and/or aggregation of
and no HPLC scans were perforned on

Tasle d . Batpsieowvihg dee B’@biliday @) 0.1 Thg/enL ihiGDIs-5sniSpnMsacedate buffer

t hat an

superdtaH 48, aksp|te$t9dav1tﬂ1

acetate buff

R

protein rml ecul e than ot her

stem at hi gher
‘%otleehelase aivd qther exgipignts.

pH can provide

commonly known buffers

i DL RS AL s e s
toen e—t- e Tstalyirt of
G5 et hen further—tpsthd tp e Ll PAS T ey [ ogy 2 [0ay 2
Rﬁ%@é‘ﬁf "qpF- 5 poietIA® sol uf &0 dlear p 9805 VBGSe] atBEBD YT E0 | 8925
RRYGLETR |t pH 4.5 and—atspat—pH—p- 0 wiitir sefected
cogpl naft i ons0-bf e@E; pi enl?é-? Alear nf958has@-&o| uping °1.73 | 88.67
Rmemmleroﬁag) #3 ue%tetln %te T or at_37
degs ees %@Fé Iy g hat tcifér e%Pg nu P%\% %94% 0137 | 8898
RBI0PIO-Thed pré’%ﬁ%'e%?ne"f the,; Heap| RESS € 5, 30! %"}‘J o484 | 89.35
evPHenc retention of approx| nat el Vi 8504 t hp
RRYEA- el koﬁ”f"/tWAO&Wd'é?/s S1.0 ager tos3d |dexreeesodlel didss | 89.32
IQQ‘N7 les— 58985 Furtherltest{-ng—H10—rMacetdte
R%ﬁg 3 atom)l-tlauﬁne@wuetamioo/éSucmeese %.06t|edddo]| 9xBhalovde | 89.68
RR‘éﬂ)S'lENJ?Sd a tonrcirty adjusten;, ang-w th—varipus ot eT
exgi pi enttd%geme oO- b/(%ﬁ?'”@av@ pésRt | 853 gdst45s) 94%BI diRge | 88.96
RR®AIN-38- PO%01% glrgdld. O H®T [ In g b gF’T_ eg
tabt e 7). Al t houghe many of?'?h Bk g? nt §4 33 9125 | 8900
Rewﬁw'@ato'&rﬂa?unr%f/oﬁ?gﬁ‘(rﬁl\'-ﬁéilt ,§3t%°?e%|ed dif [ngf;.e h!fa§’1'1.t 9139 | 89.51
its r the 4t condiftions|of tiqe
RREHPEeRaldrmauio. 1ntkianaph.al idesr T esbed, osdey adsm0 |dirds | 89.30
ovh hif rlofrlnrnh Al ffartc mnon tlhao L C nratoln
RR%O _{é T LY T T T TTIO CAT T T U U J rJ\.III Crreo A 7 rJI AY A U v | LIL
it §.01%THMAD, / Ott fheaurimerly 4.4 h@waberoepl t|s94.42 ¢t bB15 | 91.56 | 89.09
I t g To
RR%%WP’ GUA%TERPICI 7E1% b- | ) o | cioar | 0614 | 0476 | 9351 | 91.73 | 89.34
alanine
RR30SLN-73-1  0.01% TEA-HCI/01% | 4 5 | clear | 9523 | 9370 | 9330 | 91.84 | 8950
68 betaine
RRSOZ;NJS' 0.1% b-alanine / 0.1% betaine | 4.6 | Clear | 96.49 | 94.18 | 93.17 | 91.67 | 89.07
RRSO%N'm' 0.1% b-alanine / 0.1% ectoine | 4.6 | Clear | 9612 | 0447 | 0334 | 9131 | 8854
RR?’O%LNJ?" 0.1% b-alanine /0.1% HO- | 4 o | cloar | 9563 | 0505 | 9350 | 9155 | 89.23
ectoine
RRSO%NJ?" 0.1% betaine / 0.1% ectoine | 4.3 | Clear 95.72 94.01 93.18 91.08 | 88.55
RR30§'§N'73' 10% trehalose only 43 | Clear | 96.00 | 9493 | 9357 | 91.89 | 89.26
RR303LN-73- No trehalose or other 43 | Clear 95.52 94.33 93.51 92.06 | 89.09
74 excipients ) ) ) ) ) )
Example 2

In this experiment rhGDF-5 was also formulated at approximately 0.1

mg/mL in 5 mM acetate buffer, but at pH 5.0 instead of pH 4.5 as in example 1.

10% trehalose was added to adjust the tonicity, and various other excipients were

added as indicated in table 2. These formulations were also stable at 37 degrees
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by the retention o [ east 80% of the HPLC nain

grapk of the HE’Lé‘,rmaimepeaktPjﬁam tbé % hmqweqsehoncenmamomof the
provi de an i sotoni ¢ sol ution protein havin
{BRBA, also

R dENNG dnptateouner At HpH) éf‘d fl pd?ﬁr@u%g%e witg G- b/

Fifing BfolahBL, SBL 8ot PP SRES Pl HicE g oy storeme

&3 d&j?@b@@%lsuw@%ﬁ@ 7 W &8Rdh Gf'tHé‘PFFELC ARIMp&&R % and the
and conbi nations thereof, that i's stable during

%itrecavgry of doncandtation oéthaasmypledmvﬁmmae tadfeeat oid rfc@dnd

Dairehelosecvin Bk leuBhe bt ot b ideaboshob approymately
5510 B ROUDRLS RS IAERSp R iR o957 ORErcbs Calsvs

ng an ace ere

Eateemsh@ws ﬁﬁgrbpl@ bbthecdPLCS04iA fbe@kt%! ahd Cﬂh@%’l’éd@ﬁ/ew @m
out 4 to about 5.3, wherein the GDF-5 protein’is

cangenirptieriotibeisagmaharing @cat&ﬂe buﬁera@teoHaﬁ Ocutﬂy 10% trehalose,
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Table 2. Stability of 0.1 mg/mL rhGDF-5 in 5 mM Acetate buffer at pH 5.0, also

tested with 10% trehalose and other excipients.

Sample ID Other excipients pH |Clarity HPLC Analysis, % main peak
Time0 | Day6 Day 14 | Day 21 | Day 34
RF{%’%N' 0.01% TMAO 49 | Clear | 9643 | 96.14 | 9545 |93.15 |92.35
AR 0.1% ectoine 4.8 | Clear | 96.42 | 9550 | 9459 | 93.13 |90.15
RROOSIN- 1 0.01%TMAO / 0.1%ectoine | 5.0 | Clear | 95.86 | 95.50 | 94.68 | 92.97 | 91.04
RROOILN- 0.1% GABA 5.1 | Clear | 96.17 | 95.00 | 94.36 | 9257 | 91.09
oS | 0.01% TMAC/0.1% GABA | 5.2 | Clear | 95.41 | 95.84 | 9430 | 93.09 | 91.21
RRODSN" | 0.19% taurinef0.1% betaine | 4.8 | Clear | 9563 | 95.95 | 94.16 | 9250 | 90.28
RRODSN | 0.1%taurine /0.1%ectoine | 4.9 | Clear | 95.94 | 95.93 | 94.15 | 92.34 | 90.22
RRO0SS\™ | 0.15taurine 10.1% GABA | 5.1 | Clear | 96.34 | 9563 | 9474 |92.02 | 91.01
RF%(_’S'?:N' 0.1% ta“””ilé?m(’/" TEA-1 48 | Clear | 9559 | 9522 | 9381 | 91.56 | 90.15
RR303LN- | 0.1% taurine /0.1%b- | 5.0 | Clear | 95.85 | 94.05 | 94.38 | 91.18 | 90.33
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of {989 o

é %E}j;@ht OPU Aah'% 4 thes $tcaki | iob.90 Ofoshéd GDE- 591.85 | 90.47
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PN by STk T e | | o | o0at g wee | 9101 | oo
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degree@s Cel si usctoifont r ol églrrﬁl'eé%, A3 ir@S'%ff 505 P339 | 20.39

QrRR3bALNT er oplwsaladi@botitehpl oge. wef d inth
b xpErOnent ., TheGABAsul ts Eg sleSW% gg'?éne tg%%g %'51 o1.24

BURIPILYT HoybetatnB o PUESBE abcr&apr@ygm@s_m@arbm? 92.98 | 90.44
l 0 ;
M

q

d 4l emt pr otection oflthe GOFELES pr oteinlas col
! _%H'e oth@ttr@aﬁpb@s Nose anbr | Igegcot lven3 exgd.qoi ¢at.& | 90.74
trested—showned afry pot+ceabt li'i'p ovetrent—otr—reductiot
of the stability of the GDF-5 protein. Figure 1 shows

a gr aptaroplethe HPLC nmi n peak % and the % recovery of
concentration of the control sanple with acetate

buf  einfilar %%nﬁléé qEhd ?hﬁ@'m% R BirhiBE At (9@%59/mL in 5
retention (stability) of the GDF-5 protein after 5,1
rh\VRacetatedoBer dapll 35 vah 109G tredaloSelasidusthee)xpipient8, and all of
shows a simlar graph of the HPLC main peak % and the

%}eﬁ%@mﬁéhﬂyﬁoﬁﬂlomr?&lé}ﬁztf&%tﬁb&ﬁ 3} melddionlly winvhcitfats biféer at

A5 a eIt oBuB At S R R SORERAM AR s,

SvalGkR¥8. Phesé/formulations were also observed to be hazy, as shown in table
4.

Table 3. Stability of 0.1 mg/mL rhGDF-5 in 5 mM acetate buffer at pH 5.5, and also

with 10% trehalose and other excipients.

Sample ID Other Excipients pH [Clarity HPLC Analysis, % main peak
Time 0 Day 11 Day 20 Day 32

RRSOS’;NJQ' 10% trehalose only 5.3 Hazy NA NA NA NA
RRIOSNTS 1 0.19% taurine / 0.1% betaine | 53 | Hazy |  NA NA NA NA
RRICENTS 0.19% taurine /0.1% bealenine | 54 | Hezy | NA NA NA NA
RR303LN-79- | 0.01% TEA-H.Cl /0.1% b- 54 Hazy NA NA NA NA

101 alanine

- - 9 - 9

RR303LN-79- | 0.01% TEA-HCI/0.1% 53 | Hazy | NA NA NA NA

102 betaine
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pHi15. 0 And .12 8%itd eh aq-%sé”iMSt'W% H GABAVA 3 sd“’“shovviN‘?g NA
RREPLNDYO- 900/ Fef et on _of N - otern art
o ravs| SEQPHSE AY| 2 denbet bl Bs| Ahute Y shodl | M
RBGGENAEN | 194, vLiiaBsd Rk C I8 D BRRKHCHY ARy tHE A | Na | NA | Na
RRIET™ | Notrehalose | 35 [0.25mMHCI| Hazy NA NA NA | NA
RRSO,I?’,II}N'QO' 10% trehalose only| 4.45 |5 mMtartrate [ hazy NA NA NA NA
RRIOSLN0-110% trehalose only| 432 | 5mMlactate | clear | 95.88 | 9315 | 9135 | 8052
RR30132L0N'90' 10% trehalose only| 3.85 [5mM maleate| clear 95.62 72.07 66.33 | 66.35

Example 5

Similar to examples 1 and 2, rhGDF-5 was formulated at 0.1 mg/mL, but

using 10 mM acetate buffer at pH 4.5 for example 5. The samples had 10%

trehalose added to adjust the tonicity and were tested with various other

excipients. These formulations were also stable at 37 degrees Celsius for 32 days

as shown in table 5. Figure 9 shows a graph of the HPLC main peak % and the %

recovery of concentration of the sample having 10 mM acetate buffer at pH 4.5
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% recovery of concentration of the sanple having
acetate buffer at pH 5.0 and 10%trehal ose with 0.1 %

wao awpitzigoand 0. 01 % TEA-HCl, al so showi ng apprP&i/nsi0e$/§39925

90% retention of the GDF-5 protein after 32 days

storage at 37 degrees Celsius. Figure 8 shows a graph
arid 10% tkﬂb@smbhowmlepﬁrmmatdiye 878/ retentionyof difie GDF 5 protein
concentrati on of the sanple having acetate buffer at
pterx3odayistioraggoat 13(?@96%%5 Celsiusof igetreri Ashows @ gramh@f the

(RLE clEngFgkap 2R P P PERSRH FEBeHp BB 68 S Shaving 10

(a8 Sédtbte DiFRr @t BH 435 2ih 0 DY%OTE,Q HCIFHdd. 1 "/J‘lSQEm% tarso%howmg

nV Acetate buffer at pH 5.0, also tested with

apprbainadey 8o t&teretrorerxfdhelCdBE-ﬁ (EetiphierBSiayd storag@ at 37
exanples 1 and 2, rt i GDF-5 was fornulated at 0.1
GRPrRES CISSTM acetate buffer at pH 5.5 with 10%

trehal ose and ot her excipients, and all of these
protein solutions all hazy (see table 3).

Palsle B sraility of 6. Mgt FRCBFSBINT 0 m A@étafe buffer at pH 4.5 with
gl ycine-HCl " buffer "at pH 4.5, and 0.25 nM HCl solvents
wer e %O%cbre@awseandobthm‘r@smlemswl ations were al so
observed to be hazy, as shown in table 4 . Table 3.
Stability of 0.1 ng/nL rhGDF-5 in 5 nM acetate buffer

at pH5 5 and also with 10%trehal ose and other

exci pj ent $. e. 4 rt i GDF-5|was |f oriiCGAralysig, %0main peak
with 10% trehal ose and other ekcipilents, and al wé?

tW%@NﬁPm e RoopQhibde@RP W £4 NAEKar((SQE21 abIgod) 1 JiaRl § 67.35
ty of L rhGDE-5 in various bjffers

RFfPﬂ?’LAW& { 0.ehals £, ’a(ﬂlﬂétame 44 | cClear | 9534 | 9202 | 90.96 | 8627

. 0 7 b.
RR303LN-79- | 0.1% taurine /0.1% b 45 | Clear | 9530 | 9312 | 9142 | 85097

105 alanine

RRSO3LN-79- | 0.01% TEA-HCI/0.1%b- | 45 | clear | 0497 | 9432 | 9119 | 8841
106 alanine

RR303LN-79- | 0.01% TEA-HCI/0.1% | 4o | clear | 9534 | 9300 | 91724 | s7.27
107 betaine
Example 6

Similar to example 5, rnGDF-5 was formulated at 0.1 mg/mL in 10 mM
acetate buffer, but at pH 5.0 for example 6. The samples had 10% trehalose
added to adjust the tonicity and were tested with various other excipients. These
formulations were also stable at 37 degrees Celsius for 32 days as shown in table
6.

Table 6. Stability of 0.1 mg/mL rhGDF-5 in 10 mM Acetate buffer at pH 5.0, also

tested with 10% trehalose and other excipients.

HPLC Analysis, % main peak

Sample ID Other excipients pH |Clarity
Time0 | Day10 | Day20 | Day32
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ot her
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exci pi ents.

Exanple 5 Simlar to exanples 1 and
rhGF-5 was fornmulated at 0.1 ng/nL, but using 10
worktoaaztiat e buffer at pH 4.5 for exanple 5 .

TPET/US2009/039925

sanpl es had 10%trehal ose added to adjust the tonicity

and were tested with various other excipients. These
fl RRIOALAL i| oNSpo st g 37 are Cel gj A4S
fLar90438 d,avq$%)ﬁﬁ%\%hﬁfn @%: ncggr Flggﬁfp Q&%ﬁmm&é& 8926
Qrigppeiaf |t %16“134135%9 Gl B peaks Merad tdago % r ecover yiaf | so1s
q £ sarpte—fhavi-g—t0—rMacetate
DU 3'at R “%‘%ﬁ%hﬁ tﬁ.@chat:ese, %h@w (ngp3t | 9130 | 8840
d H:\LH:.;%NHHL BI Srvoretentyon JI rote I T df trer
32 Hays sb- ﬂ)‘%tw'ée/ai’t“’/@?taﬂ%gi‘-?ﬁe"c@l S|9@é3 i e | 18" ¥hquss-86
A RRBEJR- ¢ Y an el %.r cov qf
corﬂ@ﬁﬁﬁra@' 6%“”8?}3 (#W‘éggggﬁ F‘%ahgk??r dgf%pm\/l %3062 & g{% 89.54
b URRGeINaY 0916 ZEAHG/ D1% 0- D3, 0% EFEA- H%Ognj 0, 5k % o165 | 8879
het98i'#e lalso €B0W ng approx| matdly 7% refentlion of
f HERSPgHN- 5 BPM%W%Q@T 320 tpyRarst anage) ads.dd7 | degieeds so.s
Cat i g Ts:h'ﬂ an *dah' tyv—bf 01—+ hCBF5—-A110
IVEACEE af e BU AEHGAt S/‘H 4481 WCedn |LOBBL T ehedssse ant | 8950
(lRF@[BLRX( | b’b’F%'TEA HAGH? 6B tar to exanpte 5;
HhGfed Was f ohsmhat e t4-@ﬁ. 1CRY/|mMO5Ph 1095 ac@tWrq 8914
DRRzeIN- DU, 1abh-apRN&.00 % o anpl € 6. _Jhe e ad
10%ot18ehal ose added to adf'?f?s(tg@‘ﬁe tggﬁ?c t%%gﬁt g}e‘{b 88.96
| gEBeNw t h v ot her Chpi gnt The
flord%iBht il ons @p}rg%illeqn s 4'%(mbgér '2793 ?(’ag'p%??(‘pl g1| ?f}q 89.87
f&58_1 2N ays asrostewe I n Ak pcRar | 9588 | 9409 | 9168 | 89.44
ngﬂ?’séN' 0.1% b-alanine 499 | Clear | 96.04 | 9377 | 9147 | 89.16
Example 7

Similar to example 6, rhGDF-5 was formulated at 0.1 mg/mL in 10 mM

acetate buffer at pH 5.0. The samples in example 7 had 10% sucrose instead of

trehalose added to adjust the tonicity. All of the samples yielded clear solutions

and approximately 90% retention of the main peak by HPLC (see table 7).

Table 7. Stability of 0.1 mg/mL rhGDF-5 in 10 mM acetate buffer at pH 5.0, with

10% sucrose and other excipients.

L. ] HPLC Analysis, % main peak

Sample ID Other excipients pH |Clarity ysis, 7 P

Time 0 Day 10 Day 20 Day 32
RI;&(B)_O132L1N- 10% sucrose only | 4.98 | Clear | 9587 | 9347 | 9183 | 8874
Rg{gﬂ%ﬁ"" 0.1% taurine 495 | Clear | 9573 | 9450 | 9169 | 89.12
RggﬂssLE)N' 0.1% ectoine 494 | Clear | 9569 | 9411 | 9203 | 89.22
RR303LN- | 0.01% TEA-HCI0.1%b- | 5 51 | Glear | 9502 | 9440 | 9146 | 89.00

90-136 alanine
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Table 6. Stability of 0.1 ng/nL rhGDF-5 in 10 nmM
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93.01
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91.56
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RR303LN-
108G

5 mM sodium acetate

40°C

5.03

Clear

95.01

92.89

89.89

86.43

2.79

RR303LN-
108J

10 mM sodium
acetate

40°C

4,93

Clear

95.46

92.18

89.77

85.47

2.33

RR303LN-
108G

5 mM sodium acetate

5°C

4.99

Clear

95.01

95.51

92.45

0.49

0.61

RR303LN-

10 mM sodium

108J

acetate

5°C

4,96

Clear

95.46

95.66

92.53

0.36

0.49

10

15

20

All of the samples yielded clear solutions. The samples stored at 37°C for

34 days still had approximately 90% retention of the rHGDF-5 protein as

determined by HPLC. The rHGDF-5 protein recovery from the 40°C was slightly

lower at approximately 85% recovery. No significant changes were observed with

the 5°C samples for at least 7 months.

The results indicate that rhGDF-5 formulated in acetate buffer with or

without other excipients could be stored at 5°C for long term storage. The

formulation could be delivered under the body temperature for over a month. The

isotonic liquid rhGDF-5 formulation is more stable at high temperatures, 5 and

37°C than has been shown previously.

1
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the 50C sanples for at least 7 nonths. The results
indicate that rhGDF-5 formulated in acetate buffer

waowadob/1za10wi t hout ot her exci pi ents coul d be st oredUs1009/039925

5°C for long termstorage. The fornul ation could be
del i vered under the body tenperature for over a nonth.
ChalMSotonic liquid rhGF-5 formulation is nore stable
at high tenperatures, 5 and 37°C than has been shown
previously. CLAIMS W Claim 1. A conposition
%r@r ijﬁj ng a GDF-5 protein solution in an acetate

Y8 havi ng a pH of fromabout 4.2 to about 5.3. 2.

FheACéUWit‘idrpébrﬁ{)riéih er@Ff%rbt@rﬁ s6RHBA P& dcétate Blffer
nore excl pients selected fromthe group consisting of
t r ehalioge, pld 0f fromeaboud#f2 tooatmgut Pldicose, manni tol

TMAQ TEA-HC|, taurine, b-alanine, betaine, ectojne,
%10 dbesoRwostRBAT claid LHIbERSPMBHENG RBE&SMOre extipients

- S oBaREledBor g LRI CondRRnG oF pREIPSR, ik, rfinoss, glucose,
eXCpiritbl, TMAG ENRAGSE, %urﬁ@?ﬁ%mgéidldﬁﬁﬁe,oéctéihéi Ax%%ctoine,

whereln the exclpient I's sucrose. 6. e conposition

of QABM &hd combiratiamtperedfng an exci pi ent sel ect ed
fromthe group consisting of TMAO, TEA-HCI, taurine,
b- allARiceEIPOsEICAI N €laidcd Whakein theewalwianels ISHeIC. and

OB AR Bl 7w BB S B0, ™ o

5b0The @ofbdsRioRARA ¢laif- PwhBIH thePSIcHRBHt-is sucrose.

6. The composition of claim 2 further comprising an excipient selected from the
group consisting of TMAQO, TEA-HCI, taurine, B-alanine, betaine, ectoine, HO-
ectoine, GABA, and combinations thereof.

7. The composition of claim 6 wherein the excipient is present in an amount of
from about 0.01 to about 0.5 weight percent.

8. A method of stabilizing a solution of GDF-5 protein comprising the steps of:

a. providing a sample of GDF-5 protein, and
b. adding a buffered acetic acid solution having a pH of from about 4.2 to
about 5.3, thereby providing for a stabilized solution of GDF-5.

9. The method of claim 7, further comprising the step of adding one or more
excipients selected from the group consisting of trehalose, sucrose, raffinose,
glucose, mannitol, and combinations thereof.

10. The method of claim 9, wherein the excipient is added in an amount sufficient
to render the protein solution isotonic.

11. The method of claim 9, wherein the excipient is trehalose.

12. The method of claim 9, wherein the excipient is sucrose.
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8. A nmethod of stabilizing a solution of GDF-5 protein

conprising the steps of: a. providing a sanple of
w@DBos2qnnt ei n, and b. addi ng a buffered aceti BCHUSZH09/039925

sol ution having a pH of from about 4.2 to about 5. 3,

thereby providing for a stabilized solution of GDF-5.

8. The methbddf ofaim9aiurthér comprisieg the step ofi auglingiens bemore

of adding one or nore excipients selected fromthe

ar o@ﬁCI@tﬁﬂﬁ saleetgd dom engioue @ongﬁttmg)gfsTMP@ flikfobiEl, taurine, p-

Ot Blints: Derine, astoinpaOreroing. SRER, pBR coMbingligis Hareot.
A0 SRRALNGY EF LIS BB ox bR RIOLREBN Al dBunt of rom

I soton of cl

exciapbet0.0 $o bbelad .bsightperddre. met hod of claim 9,
wherein the excipient is sucrose.13. The nethod of
claim9, further conprising the step of adding one or
nore excipients selected fromthe group consisting of
TMAO, TEA-HClI, taurine, b- alanine, betaine, ectoine,
HO ect oi ne, GABA, and conbi nations thereof. 14 . The
nmet hod of claim 13 wherein the excipient is present in
an anount of from about 0.01 to about 0.5 wei ght
percent .

21

SUBSTITUTE SHEET (RULE 26)



