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Figure 7 shows the stability of 0.1 nmg/m rhGF-5 in 5 mM acetate
buffer solution 20at pH 5.0 with 10% trehal ose, 0.1%taurine and
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7 SUBSTI TUTE SHEET (RULE 26) WO 2009/ 129101PCT/ US2009/ 039925 of
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154.3 to about 5.2, and further having 10 wei ght percent of a
tonicity adjuster selected fromthe group consisting of trehal ose,
sucrose, rwbfammagyet gl ucose, mannitol, and conbi nat i onsPGTAEs28Wf03992H at
is stable during storage and handling at body tenperature, as

evi denced by the retention of at |east 80% of the HPLC main peak.
201t is another BBETDESCRIREIGN &FeMHEFyUREBon to provi de a net hod
of preserving a solution of GDF-5 protein by providing an acetate
buf f ered solFigng 1shewe thestubiliy dii0ol egimlahGDES pre oM ycetaid uffeHsalition
fromabout 4.2 to about 5.3, wherein the GDF-5 protein is stabilized
during handl i ng aiRH 40rTlegS24ays sleyagestod aaRes CISs, %wéemeq(ﬁwng
37 degrees Cel si Hﬁl_&or up to 32 days, as 25 evidenced by the
retention of at l'east 80% of the HPLC main peak. The foll ow ng

exanpl es_are. neant  only t e il.lustrati in_nat ure. [
Crvent | o Siraeenegs e fanfiviarg FirolhisEoRS LT ndmM S HEer
voul d easi 1y conggiih AfprPh BaiteTPRUeRERLE, dsfiiidenped By Ipigpnsi der ed
wi thin the scope of the present invention. 11 SUBSTI TUTE SHEET ( RULE
26) WD 200 M\ 1 f :
rhGDF-5 pr o%( M‘gé%ﬁﬁggﬁ? %@A'&ﬁbﬁ\%gmg@?ﬁpgﬁﬁ mA? B]CM ? #%éteot;ﬁftéﬁgolgt{o&k
sol ution was usegt pH4® BittirM B aeihalose amt f0e1% MO -ettothebafen d2tdays stbragd t
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and various ot hed” EREERS ERisiS; 85 eVidpDeRAEDY HBLSt abi ity of the GDF-5
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buf fer 46 pH 4. seapdaRncedtiliAleC appr oxi mat el y 90% r et ent i on
(stability) of the GDF-5 protein after 5,11,22, and 32 days at 37
degrees Cel Figuse 6Bhgus thezstabibityf &. isingimlahGPFepin MM hestalbUifensoiutinrak

% and the %recover f €O tration qof 1, eWth acetate

Ut fer at pH 4. A el [0 Baaless 208 0ol e BT el h GRSkt 80 2b3%6

retention of thejddEePChlRisChd Rt ftedd? YRYS, at 37 20 degrees

Cel sius. Figures and 4 show sim lar draphs of the HPLC main peak %
and the %r : hon t I | 9 L QSe
ol us. 0. 19 HORLE brndis FRO BT mOimiIRDERTLFONY clai Mt Sqene?

approxi pat el y 908bptes@ntitron0%frehbios&F1% taudiecamd @Dt & TBR-HGE estend2 37
degrees Celsius. See table 1 below for a conplete listing of the
various combi nat {@ssStejpge gt P presness Celnius ag gyidepeed lPﬁéHPégul ts
obtained. Note that all of the values are nearly equival ent, show ng
that the acé&igureishowvethesstalilityof 8.1 mgamlireGDE-Hini mndd acatate kifabsolution

L1 D L Sl e B R A2 Pl

2009/ 129101PCTI\/S&Q%?6Q§%$%@ ﬂ?élgl@e%-u Rt&idEhesd pgHAe stability of
0.1 ng/nmL rhCGDF-5 11 5 rri\/lagetate u?fer at pH 45, also tested with

Glar Ly 2Pl EOEPROES R SRRIG Byt MBI DR S pRE Gt AP P,
32 RR303LN- 73- 54 g 5% VDG drchaldbe afteRS2 38ystoBe 3838 8egres Ty 5

RR303LN- 73- 57 0. 1% ectoine 4.3 Clear 95.83 94.68 93.41 91.73 88.67
as evidenced by HPLC.
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RR303LN-73- 58 0.01%MAO/ 0. 1% ectoine 4.4 Clear 95.92 95.88 93. 49
91.87 88.98 RR303LN-73- 59 0.1% HO ectoine 4.3 Cear 96.27 94.42
93. 42 91. 540&86098291RR303LN- 73- 60 0. 01% TMAQ 0. 1% HO  edcaiuseooddssetear
96. 16 95.68 93.59 91.64 89.32 RR303LN-73- 61 0.1% taurine/0.1%
betaine 4.3 C ear 96.07 94.39 93.21 91.15 89. 68 RR303LN 73- 62
0. 1% aur i ne Fighird 46 sbdws the statdlit@oEér! rig/n 8hGBEGEN 90.r00d 28tasbfRro6

- . ' .19 ' .3, Clear 95,82 94.73
55 33 01, 35 89, iglution st pH 4.5 with 0:07 TEATREPand 034 betaine afier 32 days

storage at 37 degrees Celsius, as evidenced by HPLC.

Figure 11 shows an HPLC chromatogram depicting the stability of 0.1 mg/mi
5 rhGDF-5 in 10 mM acetate buffer solution at pH 5 with 10% trehalose 32
days sforage at 37 degrees Celsius, as evidenced by 90% main peak
retention.

Figure 12 shows an HPLC chromatogram depicting the degradation of 0.1 mg/ml
rhGDF-5 in 5 mM maleate buffer solution at pH 4.5 with 10% trehalose after
10 32 days storage at 37 degrees Celsius, as evidenced by <70% main peak

retention.

DETAILED DESCRIPTION OF THE INVENTION

For the purposes of this application the definitions of the following terms will

15 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-8") 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,

20  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,

25  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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RR303LN-73- 64 0.1%taurine / 0.01% TEA-HCl 4.3 Cdear 95.81 94.72
93.11 91.39 89.51 RR303LN-73- 65 0.1% taurine / 0.1% b-al anine 4.6

Cl ear 96. 36028090RY198. 54 91. 36 89. 30 RR303LN- 73- 66 0. 01BGIIHIAMY/038923 %
taurine 4.4 Clear 95.21 94.42 93.15 91.56 89.09 RR303LN-73- 67 0.01%
TEA-HCl / 0.1%b- al anine 4.6 Clear 96.14 94.76 93.51 91.73 89. 34
RR303LN- 73- 68 oloatermenuikioas usedibempintwhanerefergngiashulkggotem” o8 ordk

93. 30 91. 84 89,20 REI0AN T3 090; %73 AL ANGAGr EoR-a R BbA: 4o
about 10 mM HCI and stored at about —80 degrees Celsius, and is equivalent with
the terms “stock”, “stock protein”, and “stock solution”.

5 The term “buffer” is understood to have its common meanings in the
literature, that as a noun being an acid and conjugate base pair capable of
providing a liquid with the capacity to maintain a stable pH upon the addition of
acid or base, and the term “buffer’ as a verb is understood to describe the action
of maintaining the pH of a solution by the addition of a buffer. Exemplary buffer

10  conjugate bases include, but are not limited to, acetate, lactate, tartarate, maleate,
citrate, and combinations therecf, wherein acetate is the exemplary member of the
group.

The terms “isotonic”, “isotonicity”, and “biological isotonicity” as used herein
have their common meanings in the literature and refer to a solution being or

15 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,

20 TMAQ, TEA-HCI, taurine, B-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

25 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 biclogical properties in addition to
modifying the tonicity of the solution. Exemplary tonicity adjusters include salts,
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RR303LN-73- 70 0. 1% b-alanine / 0.1% ectoine 4.6 Clear 96.12 94. 47
93.34 91.31 88.54 RR303LN-73- 71 0.1% b-alanine /0.1% HO ectoine 4.6

Cl ear 95. 6302m9020188. 59 91.55 89. 23 RR303LN-73- 72 0. 1%chalissioneschzs
0.1% ectoine 4.3 Clear 95.72 94.01 93.18 91.08 88.55 RR303LN73- 73
10% trehal ose only 4.3 Clear 96.09 94.93 93.57 91.89 89. 26

RR303LN- 73- sieh &oNuCEhal @eﬂaiﬂrcaﬁﬁdmgdra%sc ineluglirigsout nat [Ghiesf toYhakises. 33
93.51 92.06 89.09 Exanmple 2 5In this experinment rhGDF-5 was al so
fornul ated SYCBBHIraliNGER, SlUFOBE, BrRgN#ANiph l\bteﬂhaéﬁ@sat@mwfadmsteramayat

P ust the. faateoblodes SEmdig BB ol rbbEER P ISR AN 1 °
i ndi cated i aﬂbsﬂ@@ The anigdeof sum@lbmm@rﬁtg tiveR Ul SeedStodel Ridat iBdrder to
degrees 13 SUBSTI TUTE SHEET RULE

2009/ 129201 POt Lﬁﬂ@wgmm@gm ecathei uzrs}erswable@ﬁa@tﬁ@n%hwm et ailitg as.
e SR e PGB Rl e e B o0
10% tr ehal Oﬁféter%mwow@e@Iﬁfupémd@éﬁﬂable%%’pérﬁé@%h@ﬂ sgbstbhﬁalwﬂalr‘reénng the
protein after 32 days storage at 37 degrees | sius. Figure 6 shows a
tonicity of the solution.
The term “HPLC" as used herein is understood to have its common
10 meaning of High Pressure Liquid Chromatography, also known as High
Performance Liquid Chromatography, and also includes the terms “reversed
phase HPLC” or “rp-HPLC".
Since it's discovery and the subsequent development of recombinant
human forms, GDF-5 has been stored in a 10 mM HCI solvent system at —80
15  degrees Celsius to preserve the GDF-5 protein structure. GDF-5 is less soluble
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
GDF-5. The preparation and isolation of GDF-5 monomer protein and the
subsequent refolding into dimer presents a separate set of issues and problems
20 than that of the handliing 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
25  and also the expression of GDF-3 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

SUBSTITUTE SHEET (RULE 26)



5 graph of the HPLC main peak % and the % recovery of concentration
of the sanple having acetate buffer at pH 5.0 and 10% trehal ose with
0. 1% GABA, wal2@/Bhiow ng approxi mately 90% retenti on of ROTEUSZDB39925
protein after 32 days storage at 37 degrees Celsius. Figure 7 shows a
graph of the HPLC main peak % and the % recovery of concentration of

t he sanpl e WaGDIYS amieintselubians during stenags, ftanaiag, EndxiElyery et brreinwi t h
0.1% tauring and 0.01% TEA: HCl . ~al so,.showi ng _approxi mately 90%

ret e(_;ltion Q?i%q@e&&gﬁff%p%agpﬁsgﬂrt@;klggw\é}hygsgﬁgggge at 37 deg(; ees
Cel sius. Figure f tﬁ@‘b%t\@eﬁé@é)ﬁhﬁn fhaea HighG@nidin? opéﬁé?pi%t?é‘@bﬁé%@%

recovery of concentration of the sanple hRaving acetate buffer at pH
5.0 with 10Wehalebel costs budsr togreiicctishe &itiF-6 proleincat dody ferapasatushton ng
approxi mately, 90% retention of the 15 GDE-5 protein after .32 days .
For age Bt - SHened bEISErEhe ot oamylESBoneR e ¥Eregio o 2pf Fduired
rhGDF-5 in %ilmn"k?e%r%tl%_ebﬂaéiﬁénaﬁlg, ﬁb%és&uti&isﬁ;@erb?@téQis%ﬁé‘ari'cp\%re _
trehal ose and other excipients. Sanple ID Other excipients pH Carity
HPLC Anal ysipstentiehiyeproblessskic to harkilere 0 Day 6 Day 14 Day 21 Day 34

RRA0ILN. 76- 76 OVVRHNSEIBPK seuera sy Sierigys G sn SalTan GIMeRgge1s
SRS, (ool b s e ol Loyl 09
92. 57 91009 pRREiIA 3bHioTS hadn@ bblcyicEMaGIoDIcliyGARMM Y, particularly at body
temperature. The stability of the GDF-5 protein was determined by reversed phase
HPLC (herein referred to simply as "HPLC”), and the percent retention of the main
peak was used as a measure of the stability or degradation of the GDF-5 protein.
Our past results have shown that this is a reliable method of determining the
15  stability of the GDF-5 protein molecule, and degradation of the GDF-5 protein 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-
20  5in 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
25 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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Clear 95.41 95.84 94.30 93.09 91.21 RR303LN- 76-80 0' 1% taurine/0.1%
betaine 4.8 Clear 95.63 95.95 94.16 92.50 90. 28 RR303LN- 76-81

0. 1% aur i neo/2081398ct oi ne 4.9 C ear 95.94 95.93 94. 15 S¢radk28940353825
RR303LN- 76-82 0.15 taurine /0.1% GABA 5.1 Cl ear 96.34 95.63 94.74

92.02 91.01 RR303LN- 76-83 0.1%taurine / 0.01% TEA- HCI 4_. 8 d ear
95. 59 95 22s0&ifkte Jhosph&, A tartrate, and dRREQXcNiends d06h s tréHassel 0. 1%

b- 5.0 Cear 95,85 94.95 )
mannitol, sucrose, raffinose, trimethylamine oxide, trimethylamine hydrochloride,
triethylamine hydrochloride, beta-alanine, alanine, glycine, taurine, betaine,
ectoine, HO-ectoine, L-proline, potassium aspartate, sodium aspartate, heat shock

5  protein, dextran, cyclodextrans, glycine, arginine, PEGs, pluronics, lipids,

phospholipids, diacylglyecerols, vitamin E-acetate, and PEG-vitamin E succinate.
However, there is no known evidence or literature of the use or benefit of these
excipients with GDF-5.

Our experiments were designed to be isotonic solutions with the goal of still

10 maintaining the solubility and stability of the GDF-5 protein molecule. A GDF-5
protein concentration of 0.1 mg/ml was used for all experiments. The results
showed that a 5 mM acetate buffer solution at pH 4.5 could be used to maintain a
clear liquid that showed approximately 90% retention (stability) of the GDF-5
protein HPLC main peak after 32 days storage at 37 degrees Celsius (see figure

15 1).

The addition of other excipients did not enhance or detract from the GDF-5
protein stability under the experimental conditions studied, but these additionai
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

20 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

25 and one or more excipients at 0.1 wt. % of taurine, betaine, b-alanine, TMAO,
GABA, ectoine, HO-ectoine, 0.01 wt. % of TMAQ 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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94.38 91.18 90.33 14 SUBSTI TUTE SHEET (RULE 26) WD

2009/ 129101PCT/ US2009/ 039925 76-84 al ani ne RR303LN- 76-85

0. 01% TMAOVO 2009028108uUri ne 4.9 Cl ear 95.81 94. 14 93. 96 FLIBHE201D/00025

RR303LN- 76-86 0.01% TEA-HCl / 0.1%b- alanine 5.0 Clear 95.44 96.16

93.80 91.90 90. 18 RR303LN- 76-87 0.01% TEA-HCI / 0. 1% betaine 4.8

Cl ear 95.99 95. sWedBen fester] Bsinvlar dqrigaRIdomNHatipss 88d @xaipichisaatatl o,

10. 1% betal go, 2. ol i M esd2amblet wéfs Hazy. Rdidating poor soltbity sheror /0~ 89
aggregation of the GDF-5 protein (see table 3). No HPLC scans were performed
on these samples.

5 We also tested the stability of the 0.1 mg/m! GDF-5 protein solution in
several 5 mM glycine-HCI buffers ranging from pH 3.9 to 5.0. The samples were
tested with and without 10% trehalose to adjust the tonicity, and also with various
combinations of the excipients taurine, betaine, b-alanine, and TEA-HCI. All of
these samples yielded hazy solutions (see table 4), and were not further tested by

10 HPLC. Similarly, we also tested the stability of the 0.1 mg/ml GDF-5 protein
solution in other buffer systems, including a 5 mM citrate buffer at pH 4.4 with 10
% trehalose, a 0.25 mM HCI solution at pH 3.5 with 10 % trehalose, and a 0.25
mM HCI solution at pH 3.5 without trehalose. Alf of these solutions were also hazy,
indicating poor solubility and/or aggregation of the GDF-5 protein, and no HPLC

15  scans were performed on these samples (see table 4). Thus, it is surprising 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.

20 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

25 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).

10
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0.1% b-alanine / 0.1%ectoine 5.0 Clear 95.27 95.46 94.50 92. 39 90. 39
RR303LN- 76-90 0.1% b-alanine / 0.1% GABA 5.2 C ear 95.48 95.88 93. 89
91. 51 91. 2doRKBA3MbE 76-91 0' 1% betai ne / 0. 1% ect 0i ne pETAISCH®B59925
95.93 95.16 94. 27 92.98 90.44 RR303LN- 76-92 10%trehal ose only 4.8
Clear 95.90 96.33 93.60 91.61 90.74 Exanple 3 Simlar to
exanpl es 1 and 2Althdugbfénwefshé excipibatserdaonbinktions olexcipidntsridstaredidt e

B Ay L Bidietor st R T a
citrate buffgy o@rrno%ﬁ ested 9th¥)f 'a%ﬁ d!?ﬁlwotté‘kb bit'de ﬁn&*’h[‘bfécts%@ﬂ%@éd%

HCl solvents were al so eval ua ornu atIOI’lS wer e

observed to pb:eelhatabllltyaél'mhdhey nraytshbivebehefittOn dthlel systemStrasthbds,yor of
0.1 mg/ L. rhGDE-5 in mVl acetate buffer at pH 5.5, and also with 10%
trehal ose aR@NBIKSy Slé@k‘cﬁsp'ﬂéﬁ@c'f'gwwﬁlIBS@E%QFQHEXQF pllvpe gpavet arity

E%ggmf%s |03§eFr @pﬁ? %d)ﬁ@%teother tdinPErafkgy 11 Day 20 Day 32
it is an object of the present invention to provide a formulation of GDF-5

protein in a biocompatible buffer system that provides for improved protein stability

during handling and storage at body temperature, as evidenced by the retention of

10  atleast 80% of the HPLC main peak. it is another object of the present invention
to provide an isotonic solution of GDF-5 protein 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 an
isotonic solution of GDF-5 protein having an acetate buffer with a pH of from about

16 4.3 to about 5.2, and further having 10 weight percent of a tonicity adjuster
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.

20 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

25  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.

11
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5.3 Hazy NA NA NA NA RR303LN-79- 99 0.1%taurine / 0.1% betaine 5.3
Hazy NA NA NA NA RR303LN-79- 100 0. 1% taurine / 0.1% b-alanine 5.4
Hazy NA NAvOAoMA2RAB03LN- 79- 101 0. 01% TEA- HCl /0. 1% b-rcalusmione3ds5254
Hazy NA NA NA NA RR303LN-79- 102 0.01% TEA-HClI / 0. 1% betaine 5.3
Hazy NA NA NA NA 15 SUBSTI TUTE SHEET (RULE 26) WO

2009/ 129101PCT/ US2009/ 039925 Exanple 4 rhGDF-5 was fornul ated at
0.1 nmg/nmL in gl ygi ne agd citrate buffers at various pHwth 10%
trehal ose and ot i pients, and all of these protein sol utions
were hazy (see table 4). 5 Table 4. Stability of 0.1 ng/nL rhGDF-5 in
various buffers wlkﬁoam/sheté?@p@@telnaﬁwt@ﬂweaetaaweq)p\éem@ht dapgitien pighe

Qther Bxcl pLaRk SoBfibPWLS Glednd 5 hiv HBbind Bty 8t i1 47 SR fosBtAlith 10%

5 trehalose to adjust the tonicity of the solution to be isotonic and various other
excipients to evaluate the stability of the GDF-5 protein as evidenced by the clarity
of the solution and by HPLC analysis of the main peak. Data were collected after
5,11, 22, and 32 days storage at 37 degrees Celsius. Control samples having
buffer only and buffer plus 10% trehalose were included in the experiment. The

10  results are shown below in table 1. Surprisingly, the buffer alone provided nearly
equivalent protection of the GDF-5 protein as compared with the other samples.
None of the other excipients tested showed any noticeable improvement or
reduction of the stability of the GDF-5 protein. Figure 1 shows a graph of the
HPLC main peak % and the % recovery of concentration of the control sample

15  with acetate buffer at pH 4.5 alone, showing approximately 90% retention
(stability) of the GDF-5 protein after 5,11,22, and 32 days at 37 degrees Celsius.
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

20  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

25  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.

12
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Time O Day 11 Day 20 Day 32 RR303LN-79- 108 10%trehal ose only 3.9 5
mM gl y-HCl Hazy NA NA NA NA RR303LN-79- 109 0.1%taurine / 0.1%

bet ai ne 5. @ozoswMagloy- HCl Hazy NA NA NA NA RR303LN-79- P/ukaddseezs
taurine / 0.1%b-alanine 50 5 mM gly-HCI Hazy NA NA NA NA
RR303LN-79- 111 0.01% TEA-HClI / 0.1% b-alanine 4.9 5 nM gl y-HClI Hazy
NA NA NA NATRBROG IDsta Showlidg tHa Qél%it?ﬁﬁ@ﬁ@hgﬁnl@rht%ﬁleﬁraﬁ neM 3cétate hdffer

gly-HCI Hazy NA NA NA NA RR30
at pH 4.5, also tested w1th 10% trehalose and other excipients.

Sample ID Other Excipients pH [Clarity HPLC Analysis, % main peak

Time 0 Day 5 Day 11 | Day 22 | Day 32

RR303LN-73-

o 0.01% TMAO 44 | Clear | 9635 | 0456 | 9358 | 91.90 | 69.25
RRIOIN-73 0.1% actoine 43 | Clear | 95.83 | 0488 | 9341 | 9173 | 8867
RRIGENTE | 0.01%TMAOI.19% ectoine | 4.4 | Clear | 95.92 | 9588 | 9349 | 9187 | 88.98
RRIZNT| 0.19% Ho-ectoine 43 | Clear | 9627 | 9442 | 9342 | 91.54 | 89.35
RR302'6N'73‘ 0.01% Tg‘c’t\g;g“% HO- [ 44 | Clear | o6.16 | 9568 | 0350 | o164 | 8932
RRIONTS 0.1% taurine/0.1% betaine | 4.3 | Clear | 96.07 | 9430 | 0321 | 91.15 | so6s
RRIOINTE- | 0.1%taurine / 0.1% ectoine | 4.3 | Clear | 9553 | 9465 | 9296 | 90.95 | 85.96

RR303LN-73- 0.15 taurine / 0.1% HQO-

. 4.3 | Clear | 95.82 94,73 93.33 91.25 | 89.00
83 ecloine

RR3024EN'73' 0.1% taurine / 0.01% TEA-HCI| 4.3 { Clear | 95.81 | 9472 | 9311 | 9139 | 8951
RR3°2;N'73' 0.1% taurine / 0.1% b-alanine | 4.6 | Clear | 9636 | 9500 | 9354 | 91.36 | 89.30
RRsoggN'n' 0.01% TMAO / 0.1% taurine | 4.4 | Clear | 9521 | 0442 | 9315 | 9156 | 89.00

RRIOSLN-73-1 0.01% TEA-HCI/04%b- | o | e | 0614 | 0476 | 9351 | 9173 | 03¢

67 alanine

RR0SLN-73-1  0.01% TEAHCI/0.1% | 43 | cjear | 9523 | 9370 | 9330 | 91.84 | 8950
68 betaine

R30S 5% 1 0.1% b-alanine /0.1% betaine | 4.6 | Clear | 96.49 | 9418 | 9317 | o167 | 80.07

RRIOSLNTS- 0,19 b-alanine /0.1% ectoine | 4.6 | Clear | 96.12 | 9447 | 90334 | o131 | 8854

RR303LN-73-| 0.1% b-afanine / 0.1% HO-

7 ectoine 4.6 | Clear | 95.63 95.05 83.59 91.65 | 89.23

RR?’O%N'YS' 0.1% betaine / 0.1% ectoine | 4.3 | Clear | 95.72 | 94.01 93.18 | 91.08 | 88.55
RRISNT31 - 10% trehalose only 43 | Clear | 96.00 | 9493 | 9357 | 9189 | 89.26
RR30SLN-73-| - Notrehaloseorother | o | coor | o552 | 0433 | 0351 | 92.06 | 89.00
74 excipients
Example 2
5 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

13
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114 10% trehalose only 4.4 5 nMCitrate Hazy NA NA NA NA RR303LN- 79-
115 10% trehal ose only 3.5 0.25 mM HCl Hazy NA NA NA NA RR303LN- 79-
116 No trewal 206128106 0. 25 nM HCl Hazy NA NA NA NA RR303taw@2009039%23 0%
trehal ose only 4.45 5 mMtartrate hazy NA NA NA NA RR303LN- 90- 119
10% trehal ose only 4.32 5 nM|actate clear 95.88 93.15 91.35 89.52
RR303LN- 90- Cesiuslovs2 deyisbd skown ntablegs Figuneb showaagraphrearthe 5IRLLE main

\7\2501‘7 O??ﬁjf’gtpggk §T aﬁ%{%}r%{o?reé&% c@nlcgrﬁtrattign of %réps!a(ransp!el hg\?igg %’ml{/lhace a-te5
buffer at pH 5.0 and 10% trehalose, showing approximately 90% retention of the
GDF-5 protein after 32 days storage at 37 degrees Celsius. Figure 6 shows a

5 graph of the HPLC main peak % and the % recovery of concentration of the
sample having acetate buffer at pH 5.0 and 10% trehalose with 0.1% GABA, also
showing approximately 90% retention of the GDF-5 protein after 32 days storage
at 37 degrees Celsius. Figure 7 shows a graph of the HPLC main peak % and the
% recovery of concentration of the sample having acetate bufier at pH 5.0 and

10 10% trehalose with 0.1% taurine and 0.01% TEA-HCI, also showing approximately
90% retention of the GDF-5 protein after 32 days storage at 37 degrees Celsius.
Figure 8 shows a graph of the HPLC main peak % and the % recovery of
concentration of the sample having acetate buffer at pH 5.0 with 10% trehalose,
0.1% betaine, and 0.1% ectoine, also showing approximately 90% retention of the
15  GDF-5 protein after 32 days storage at 37 degrees Celsius.

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.

HPLGC Analysis, % main peak
Time0 | Day6 Day 14 | Day 21 | Day 34

Sample ID Other excipients pH [Clarity

RR303LN-

S0 0.01% TMAO 49 | Clear | 9643 | 96.14 | 95.45 |93.15 | 9235
i 0.1% ectoine 48 | Clear | 96.42 | 9550 | 94.59 | 93.13 | 90.15
RN |0.01%TMAO / 0.1%ectoine | 5.0 | Clear | 95.86 | 9550 | 94.68 | 9297 | 91.04
RRIOSLN- 0.1% GABA 5.1 | Clear | 96.17 | 95.00 | 94.36 | 9257 | 91.09
RREON | 0.01% TMAOI0.1% GABA | 5.2 | Clear | 9541 | 9584 | 9430 |93.09 [91.21
RRIOSLN" | 0.1% taurine/0.1% betaine | 4.6 | Clear | 9563 | 95.95 | 94.16 | 9250 | 00.28
RROOST | 0.1%taurine £ 0.1%ectoine | 4.9 | Clear | 95.04 | 9593 | 94.15 | 92.34 | 90.22
RRO0SN | 0.15 taurine 10.1% GABA | 5.1 | Ciear | 96.34 | 9563 | 9474 | 02,02 |91.01

RR303LN- | 0.1% taurine / 0.01% TEA-
76.83 Hel 48 | Clear | 9559 | 9522 | 9381 | 91.56 |90.15

RR303LN- 0.1% taurine / 0.1% b- 50 | Clear | 9585 | 9495 | 94.38 | 91.18 | 90.33

14
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using 10 nM acetate buffer at pH 4.5 for exanpl es.

The sanpl es had

10% trehal ose added to adjust the tonicity and were tested with
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94.97 94.32 91.19 86.41

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

mM acetate buffer at pH 5.5 with 10% trehalose and other excipients, and all of

these protein solutions all hazy (see table 3). Additionally, 5 mM citrate buffer at
pH 4.5, glycine-HCI buffer at pH 4.5, and 0.25 mM HCI solvents were also
evaluated. These 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.

HPLC Analysis, % main peak

Sample ID Other Excipients pH ([Clarity
Time 0 Day 11 Day 20 Day 32

RRAGSINTS 1 10% trehalose only 53 | Hazy | NA NA NA NA
RRIOSNTO- | 0.1% taurine / 0.1% betaine | 53 | Hazy |  NA NA NA NA
RR3°130L0N'79‘ 0.1% taurine /0.1% b-alanine| 54 | Hazy | NA NA NA NA
RR303LN-79- | 0.01% TEA-HCI/ 0.1% b-

o AHC 54 | Hazy | NA NA NA NA
RR303LN9- | 0.01% TEAHCI/0.1%

102 betaine 53 Hazy NA NA NA NA
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RR303LN-79- 107 0. 01% TEA- HCI

91.74 87.27

tonicity and were tested with various other excipients.

Exampl e 6

[ 0.1% betaine 4.3 d ear

Simlar to exanples,
f or mul at edwat20/12omg/ L in 10 mM acetate buffer,
exanpl e 6. The sanples had 10%trehal ose 15 added to adjust the

rh@F-5 was

95. 34 93. 00

but atpquris2o@dboes

Thes

e

fornul ati ons wer Exarhple 45t abl e at 37 degrees Celsius for 32 days as
Table 6. Stability of 0.1 ng/nL rhGDF-5 in 10

M Acet at e buf f efGIhF-B f@rm@bﬁe@l A 0temprel wglLb

shown in ta

ot her
Anal ysi s,
SHEET ( RULE
trehal ose o

excip

bl e 6.

ients. Sa

Pionsiperd iy o bt

MCl 4.97 d ear

0. 1% t auki ne/ 0. 01%TEA-

RR303LN- 90-

123 0.

le 1D O her
vverous e ain 10% trefalosErend

eXC|p|ents

qtbmagxcmrﬂa;erwzall qﬁh&esmeME
RCH US2009/ 039925 RR303LN- 90- 118 10%

Clarity HPLC

iHO4ed ciebR FRraad

4\9 66 91.63 89.26 RR303LN- 90-122

1% aurine / 0.1% b- al ani ne

96. 00 93.70 91.84 89.18
5.04 d ear

95.64 93.31

91. 30 88. 40 TRR®BOBLStabidity- af41 o19lsL ril Fdein vatoubuitersaiviie 10% trehalose and
other excipients.

10

15

Other . HPLC Analysis, % main peak
Sample ID . pH Buffer Clarity | _
Excipients Time 0 | Day 11 | Day 20 |Day 32
RR3°1301-8N'79' 10% trehalose only| 3.9 [smMgyHCI| Hazy | Na NA NA | NA
RR303LN-79- | 0.1% taurine /

po o el | 50 |SmMgly-HCI|  Hazy NA NA NA | NA
RR303LN-79- | 0.1% taurine /

o oqorpt® | 50 |SmMglyHCI | Hazy NA NA NA | NA
RR303LN-79- | 0.01% TEA-HCI/

oy o bt | 49 [smMglyHCl| Hazy | NA NA NA | NA
RR303LN-75- | 0.01% TEA-HCI/

! e TERHCI ] 39 |smMgly-HCI|  Hazy NA NA NA | NA
RR3°131L4N'79‘ 10% trehalose only| 44 |5mMCitrate | Hezy NA NA NA | NA
RRIGINTE- 110% trehalose only| 35 [025mMHCI| Hazy | NA NA NA | NA
RR3°1‘°:EL6N'79' Notrehalose | 35 [0.25mMHCI| Hazy NA NA NA | NA
RRSG131L7N'9°' 10% trehalose only| 4.45 |6 mM tartrate |  hazy NA NA NA | NA
RR3°131';3N'90' 10% trehalose only| 432 | 5mMiactate | clear | 95.88 | 9315 | 91.35 | 8952
RR30132L0N'90' 10% trehalose only| 3.85 |5 mM 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

16
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4.96 Clear 96.13 93.68 91.10 88.86 RR303LN- 90-125 0' 1% taurine /
0.1% ectoine 4.95 Cear 95.87 93.62 91.96 89.54 RR303LN- 90-126 0.01%

TEA-HCl /| Wobshzedl ani ne 5.01 O ear 96.02 93.51 91. 65 p3S&SuBRA9RLN
90-127 0.01% TEA-MJ 10. 1% betai ne 4.91 Cl ear 94.27 93.84 91.26 89.38

RR303LN- 90-128 0.01% TEA-MCI /0.1% ectoine 4.91 C ear 95.81 92.85
91. 72 89. 50 gR30% L hehaPibel Sovidng dPprbkify 87 % rle@én*tli@h@fﬁ\% GDPS3 drbeal

95. 64 93.54 91.50 89.14 RR303L 90- 130 1% b-al ani ne / 0. 1% ect oi ne
4.98 O ear eofer3’2 days storage at 37 degrees Celsius. Figure 10 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 with 0.01% TEA-HCI and 0.1% betaine, also showing
5 approximately 87% retention of the GDF-5 protein after 32 days storage at 37

degrees Celsius.

Table 5. Stability of 0.1 mg/mL rhGDF-5 in 10 mM Acetate buffer at pH 4.5 with
10% trehalose and other excipients.

10

HPLC Analysis, % main peak

Sample D Other Excipients pH |Clarity
Time 0 | Day 11 | Day 20 |Day 32

RRI0ILN-79-
103
RR‘"’O&N'W 0.1% taurine /0.1 % betaine | 4.4 | Clear | 9534 | 9202 | o096 | 827

RR303LN-79- 0.1% taurine / 0.1% b-

10% trehalose only 44 | Clear | 95.27 83.00 91.18 87.38

45 | Clear | 95.30 93.12 91.42 85.97

105 alanine
RR303LN-79- [ 0.01% TEA-HCI/ 0.1% b-
106 alanine 45 | Clear | 94.97 94,32 91.19 86.41
RR303LN-79- | 0.01% TEA-HCI/0.1%
107 betaine 43 | Clear | 9534 | 93.00 91.74 | 87.27
Example 6

Similar to example 5, rhGDF-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
15 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
20 tested with 10% trehalose and other excipients.

HPLC Analysis, % main peak

Sample ID Other excipients pH |Clarity
Time® | Day10 | Day20 | Day32

17
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93.52 91.49 88.96 RR303LN- 90-131 0.1% ectoine 4.89 d ear
91. 31 89.87 RR303LN- 90-132 0.1% betai ne 4.89 C ear

89. 44 RR30¥bNov223013 3 0. 1% b-al ani ne 4. 99 C ear

89. 16 Exanpl e?

Simlar to exanple 6,

96. 04 CaAISEIYD3994Y

rh@F-5 was fornul at ed

95. 83 93. 97
95.88 94.09 91.68

at 0.1 nmg/nmL_in 10 mM acetate buffer at pH 5.01 The sanples in
exanpl e 7 hadREDUNsUCT ogerhdial 6/ 9TsoPl cRlal aRes atdRds t D qdh ustsebhie
tonicity. A = he—sanples i eax_ﬁgJ_u.t_u_;ns_anﬂ
appr oxi nat el [y g@%mter{% Lﬁffc] “I5he | nar n creak dayo HPLIE.7¢ spesiBab| eso.1) .
Table 7. St abgrEs o051 F T T 0 MMpcetate—buffer—at—pH
: OSLN- 0A%taunn¥] 0 g- TP
5.0, with 10% sues ose andagifeer exg¢idpf erted. | 9B&hp| 233D xHEp | 8840
exci pients pI—Rr@oaUNLtKLﬂP C A? %gls, o Al n 51 egl 8 Day, ég
Day 20 Day 32 ®ma03ilRr° 412 o bl G"cg?/ BT b e onrd8 BFe8S U7
91.83 88.74 RREOIINI 0 BDmdRé: o0 o edbiked Uloh M@ear | 0587 | o362 | 0196 | 8954
RR3I03LN- | 0.01% TEA-HCI /0.1% b-
50128 e 501 | Clear | 9602 | 9351 | 9165 | 8879
RR303LN- | 0.01% TEA-HCI/0.1%
50127 btaine 491 | Clear | 9427 | 9384 | 9126 | 8038
RR303LN- | 0.01% TEA-HCI/ 0.1%
90-128 satome 491 | Clear | 9581 | 9285 | 9172 | 89.50
RR303LN- | 0.01% TEA-HC/ 0.1%
90-120 bt 498 | Clear [ 9584 | 9354 | 9150 | 89.14
RR303LN- | 0.1% b-alanine /0.1%
50.130 et 498 | Clear | 9537 | 9352 | 9149 | 88.96
g 0.1% ectoine 489 | Clear | 9583 | 9397 | 9131 | 80.87
R';gﬂ%LzN' 0.1% betaine 489 | Clear | 9588 | 9409 | 9168 | 89.44
Rggo%'\' 0.1% b-alanine 4.99 | Clear 86.04 93.77 91.47 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

5 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.
10
HPL is, % mai
Sample ID Other excipients pH |Clarity C Analysis, % main peak
Time 0 Day 10 Day 20 Day 32
Rgg?%rq- 10% sucrose only 498 | Clear | 95.87 03,47 91.83 88.74
Rggﬂ%’j\" 0.1% taurine 495 | Clear | 9573 | 9459 | 9169 | 89,12
RRI0ILN 0.1% ectoine 494 | Clear | 9569 | 9411 | 9203 | 8922
RR303LN- | 0.01% TEA-HCI/0.1% b-
50-136 alanine 501 | Clear | 9592 | 09440 | 9146 | 89.00
18
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4.95 Clear 95.73 94.59 91.69 89. 12 RR303LN- 90-135 0.1% ectoi ne 4.94
Clear 95.69 94.11 92.03 89.22 RR303LN- 90-136 0.01% TEA-M /0. 1% b-

al ani ne 5.9d 20lvpas1095. 92 94. 40 91.46 89.00 18 SUBSTI TPk ShilbyészveiRULE
26) WO 2009/ 129101PCT/ US2009/ 039925 Exanpl e 8 Simlar to
Exanple 2, rhGDF-5 fornul ati ons were prepared at a hi gher

concentrati on of Efardple®/ nL rhGDF-5 in 5 nMor 10 nM sodi um acetate
buffer at pH5 with 10%trehal ose. The formul ati ons were tested under

di fferent stor agemilaf Khparanle geGRICP demniatons wee arepamd, atafigher

s 1 B R PRSI ool M S

various st opHdewlttenpirieshatoss. SagrdrenuldbioAs elerd Bestadl drter divferént Stopagege

tenp pH Carity HPLC Anal ysis To main peak SEC To aggregate ~ _Time
0 Day 139 Daiemeraiaes3ncluding sy 0 andail.dherfbdahility etz pre preserged in Table
8.

Table 8. Stablility of 0.2 mg/mL rhGDF-5 in 5 mM or 10 mM acetate buffer with
10% trehalose at various storage temperatures

Storage HPLC Analysis SEC
Sample ID | Acetate buffer, pH 5|°™P pH | Clarity % main peak % aggregate
. Day 7 Day 7
Time 0 | Day 13| Day 20 34 |months| 34 |montl
RRf’O%%N' 5 mM sodium acetate| ' C | 5.00 | Clear | 95.01 | 9340 [ 92.02 [sg4s| = 233 -
RR303LN- | 10 mMsodum | 37°C -

e M sod 498 | Clear | 9546 | 93.01 | 91.56 |89.00 207 | -
R"‘;%OS%N' 5 mM sodium acetate| 40°C | 5.03 | Clear | 95.01 | 92.80 | 8ose |s643| =~ | 279
RR303LN- 10 mM sodium 40°C -

e o 493 | Clear | 9546 | 92.18 | 80.77 |85.47 2.33
Rﬁ%%%“‘ 5 mM sodium acetate| ° C | 4.99 | Clear | 9501 | - - |esst] 9245 | g49 | 06
RR303LN- | 10 mMsodum | 5°C 9253

e T sod 496 | Clear | 9546 | - - |os88 0.36 | 0.49

10

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
15  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

20 isotonic liguid rhGDF-5 formulation is more stable at high temperatures, 5 and
37°C than has been shown previously.
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ium acetate 37C 5.00 Cear 95..01 93.40 92.02 89.48 2.33 -
wsfﬁf 108J 10 mM sodi um acet at e _37C 4.98 Clear 95.46 93.01 9%. 8615
89.09 2.07 RR303LN- 108G 5 mM sodi um acet ate 4QC 5.03 Clear 9 4 a3
92.89 89.89 86.43 2.79 RR303LN- 108J 10 mM sodi um acet at e 4_OC .
Clear 95.46 92.18 89.77 85.47 - 2.33 - RR303LN- 108G 5 mM sodi um

acetate 5C 4.99 Cear 95.01 - - 95.51
CLAIMS

We claim:

1. A composition consisting essentially of a 0.1 to 0.2
mg/mL GDF-5 protein solutionin a 5 to 10 mM acetate buffer
having a pH of from about 4.2 to about 5.3.

2. The composition of claim 1 further comprising one or
more excipients selected from the group consisting of treha-
lose, sucrose, raflinose, glucose, mannitol, and combinations
thereof.

3. The composition of claim 2 wherein the solution is
isolonic.

4. The composition of claim 2 wherein the excipient is
trehalose.

3. The composition of claim 2 wherein the excipient is
sucrose.

6. The composition of claim 2 further comprising an
exciplent selected from the group consisting of TMAO, TEA-

HCI, taurine, pB-alanine, betaine, cctoine, HO-cctoine,
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 GDE-5 protein
comprising the steps of:

a. providing a sample ofa 0.1 (0 0.2 mg/mL GDF-5 protein,

and

b. adding a 5 to 10 mM acetate buffer 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 8, further comprising the step of
adding one or more excipients selected from the group con-
sisting oftrehalose, sucrase, 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 exci pient is treha-
lose.

12. The method of claim 9, wherein the excipient is
sucrose.

20



92'45 0.49 0.61 RR303LN- 108J 10 mM sodi um acetate 5C 4.96 C ear
95.46 - 95.66 . 9253 0.36 0.49 10 Al'l of the sanples yielded
clear solutions. The sanples stored at 37C for 34 days still had
approximately 90% retention of the rHGDF-5 protein as determ ned by
HPLC. The rHGDF-5 protein recovery fromthe 40C was slightly | ower at
approximately 85%recovery. No significant changes were observed with

15 the 5C sanpl esl{.oﬁlegﬁeﬁﬁ@& clfint@ b er comprishiyethe eylofs i ndi cate
that rhGDF-5 fo%ﬂgi ﬁto? ok%o?é;@i ienRuEbaked WokiiheTervdg &iaut ot her

fexCI p: ents coul Sigt g3 dﬂf/@x eﬁ‘EAS- ¢ ,%uﬁl.%ng-aiagﬁﬂa §ét9i§1@,%to--rhfe

month. The 201 SR CFRHi (P B eyt eaperatUre Tor over o
hi gh tenperatures and 37C t han_has been shqwn previously. 19
SUBSTI TUTE SHEET sﬁ%@ﬁn%l}mi%E&F%?v@eﬁql%ﬂlﬁfmplfm PPIESBhosi tion -
consi sting essert PAIPGUEOT Fop aboph0.81 so ahgmid. Serely percsiei n sol ut i on

inab5to 10 nMacetate buffer having a pH of from about 4.2 to about

5. 3. 2. The conposition of claim1 further conprising one or nore
exci pients selected fromthe group consisting of trehal ose, sucrose,
raf f nose, glucose, mannitol, and conbi nations thereof. 3. The
conposition of claim2 wherein thc solution is isotonic. 4. The
conposition of claim2 wherein the excipient is trehal ose. 5. The
conposition of claim2 wherein the excipient is sucrose. 6. The

conposition of claim2 further conprising an excipient selected from
the group consisting of TMAO, TEA- HCl, taurinc. 13-ahm ne, betai ne,
ect oi ne, HO ectoine, GABA, and conbi nations t her eof 7. The
conposition of claim6 wherein the excipient is present in an anount
of fromabout 0.01 to about 0.5 wei ght percent. 8. A nethod of
stabilizing a solution of GDF-5 protein conprising the steps of: a.
providing a sanple of a 0.110 0.2 ingthiL GDF-5 protein, and b.
adding a 5 to 10 mM acetate buffer having a pH of fromabout 4.2 to
about 5.3, thereby providing for a stabilized solution of GDF-5. 9.
The nmethod of claim@8, further conprising the step of adding one or
nore excipients selected fromthe group con- sisting of trehal ose,
sucrose, raffnose, glucose, mmuntol, and conbi nations thereof. 10.
The nethod of claim9, wherein the excipient is added in an anount
sufficient to render the protein solution isotonic. 11. The net hod
of claim9, wherein the excipient is trehal ose. 12. The met hod of
claim9, wherein the excipient is sucrose. 13. The method of claim
9, further conprising the step of adding one or nore excipients

sel ected fromthe group consisting of TMAO TEA-HCl, taurine,

p- al ani ne, betai ne, ectoine, HO ectoine, GABA, and conbi nations

t her eof . 14. The method of claim 13 wherein the excipient is
present in an anmount of from about 0.01 to about 0.5 wei ght percent.
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