PROTEI N STABI LI ZATI ON FORMULATIONS Field of the Invention The present

i nvention is directed toward formul ati ons and nethods for stabilizing bone
nor phogenetic proteins (BMP' s) and the closely related growh 5 and
differentiation factors (GDF' s) during processing, storage, and
reconstitution. Mre particularly, the present invention relates to

formul ati ons conprised of trehal ose and other excipients to protect rhGDF-5
during lyophilization, storage, and reconstitution i ncl udi ng vari ous
substrates used as a vehicle to GDF- 5. Addltlonally, t he present
i nvention includes met hoRﬁQEﬁ'%§Eﬁ§|UMT@H ﬁ@RW% QNS formul ations to
treat various muscul oskel etal defects and conditions. Background of the

| nvention Bi | es (bi onol ecul es) have t hree-di mensi onal
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and cartil aged recahstitutioot um:lsmagsvdnambo?m:latwusedtas rewvebigle b wiveg
bi onol ecul es I ronments such.as varijiations jn pH tenperature,
colvent s, oohbe-Bt padionaly. dBe Fresay Nentry nalrsamags faf AFepaRg aTsh
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Sonme of the mechani sns involved in the deactivation of these bionol ecul es

I ncl ude aggregatlon oxi dation, various types of bond cleavage including

hydrol ysis aﬁ'gck He(mv q various types of bond formation, including
g I&ﬂ'lq e

cross-linking a er cova nt bi ndi ng, for exanple the rearrangenent of
di sul fi de bonds. Biological molecules (biomolecules) have three-dimensional structure or

conformation, and rely on this structure for their biological activity and properties.
15  Examples of such biomolecules include deoxyribonucleic acid (DNA), ribonucleic
acid (RNA), and proteins. These biomolecules are essential for life, and
represent therapeutic agents and targets in treating various medical diseases
and conditions. Proteins represent a broad class of biomolecules. Different
classes of proteins such as enzymes, growth factors, receptors, antibodies, and
20  signaling molecules depend on their conformational structure for their biological
activity. Other classes of proteins are primarily structural, e.g. collagen and
cartilage, and do not possess biological activity per se.
Exposing biomolecules to various environments such as variations in pH,
temperature, solvents, osmolality, etc., can irreversibly change or denature the
25 conformational state of the biomolecule, rendering it biologically inactive. Some
of the mechanisms involved in the deactivation of these biomolecules include
aggregation, oxidation, various types of bond cleavage including hydrolysis and
deamidation, and various types of bond formation, including cross-linking and
other covalent binding, for example the rearrangement of disulfide bonds.

1



| Bone norphogenetic proteins and the closely related growth and
differentiation factors (in both nononeric and dineric forns) belong to the
TG-- (3 superfam |y of proteins. This class of proteins includes nenbers of
the fam |y of bone norphogenetic proteins that were initially identified by
their ability to induce 5 ectopic endochondral bone formation (see Cheng et

al. "Osteogenic activity of the fourteen types of human bone norphogenic
proteins" J. Bone Joint Surg. Am 85A: 1544-52 (2003)). There are alternate
names for several_ of these proteins, (see Lories et al., Cytokine Gowth
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| yophi li zed phar naceut i cal ﬁrotelns sugars (saccharides and pol yols) are
of ten added m@mﬂ@és shareral highlyncensesvase pattern; epeysieinehiesitugsi that greste the
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15 6:957 (1990); Sampath, et al. J. Biol. Chem. 265:13198 (1990); Ozkaynak et al.
EMBO J. 9:2085-93 (1990}, Wharton, et al. PNAS 88:9214-18 (1991); Celeste et
al. PNAS 87:9843-47 (1990); Lyons et al. PNAS 86:4554-58 (1989), U.S. Pat.

No. 5,011,691, and U.S. Pat. No. 5,266,683).
It is well established that many sugars stabilize biomolecules in solution
20 and afford protection to isolated cells and biomolecules. These compounds are
well established as cryoprotectants and osmoregulators in various species (see
Yancey J. Exper. Biol. 208; 2819-30 (2005)). in the development of lyophilized
pharmaceutical proteins, sugars (saccharides and polyols) are often added to the
formulation in order to improve the stability of the protein and prolong the shelf
25 life. There are two main theories on the mechanism of the stabilizing action of
sugars: 1) the sugar excipients serve to dilute the proteins in the solid state,
thereby decreasing protein-protein interactions and preventing molecular
degradation, such as aggregation, and 2) the sugar excipients provide a glassy
matrix wherein protein mobility and hence reactivity are minimized. In both of



degradati on, such as aggregation, and 2) the sugar excipients provide a
glassy matrix wherein protein nobility and hence reactivity are mnim zed.
In both of 2 these nmechanisns, it is critical that the sugar remains in the
anor phous, protein- contacting phase. Various environnmental factors, such as
I ncreased tenperature and noisture, can induce sugar crystallization. Thus,
It is inportant to optimze the conditions and naterials used to suit the
particul ar bionol ecul e and system 5 under consideration. Lyophilization

(freeze-dryin is a nmethod. commonl sed to preserve bionol ecul es, .
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proteins, polynmers, buffers, and  surfactants, can be added to stabilize the
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success, deqﬂ&ﬁ' i t eg& i I fhazat i on
of dry phospho P%lgg@gl Fg%ézr%\s(&m E?gte?é\i@rﬁgﬁgcaiguhéatrgs%(%@%(S:ﬂiesﬂ]?pt??q%gh? 1-10
(1987)), andielbgicak aolivitysott hiomaleanes dhare freezedhawingf ot tempenaturerindunedof

trehal ose stabil i | O f cells.in ¢ The trehal.ose I revi Ssi-ted:
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necessari | y fraezingy itsalf. dxsipisnds psuntt asr sugarspfprotesc opelymieshsbuffers, and
surfactants can be added to stabilize the activity of the biomolecule, but have
15  limited and varying degrees of success, depending on the system. Crowe, et al.
describes the stabilization of dry phospholipid bilayers and proteins by sugars
(Biochem. J. 242. 1-10 (1987)), and also reviews the recent understanding of the
mechanisms of trehalose stabilization of cells in “The trehalose myth revisited:
Introduction to a symposium on stabilization of cells in the dry state” Cryobiology
20 43, 89-105 (2001). The current thinking is that there are two separate and
different requirements for maintaining a viable and useful lyophilized protein: 1)
the protein must be protected during the freezing process, and 2) the protein
must be protected during the subsequent drying and reconstitution. These are
different requirements that are not necessarily met by any one excipient or set of
25 conditions.
Various researchers have reported on using various excipients to protect
various biomolecules, for example Gloger, et al. (Intl. J. Pharm. 260: 59-68
(2003)) described the lyoprotection of aviscumine using low molecular weight

dextrans to stabilize the protein, and showed that the buffer system and



Vari ous researchers have reported on using various excipients to protect
various bionol ecul es, for exanple 3 oger, et al. (Intl. J. Pharm 260: 59-68
(2003)) described the Iyoprotection of aviscum ne using | ow nol ecul ar wei ght
dextrans to stabilize the protein, and showed that the buffer systemand 3
pol ysorbate 80 al one are suitable to protect the protein during freezing,

but dextran is needed to protect the protein during drying; Goodnough, et
al. (Appl. Env. Biol. 58(10: 3426-28 (1992)) investigated the stabilization

of Botulinum t oxin tgooe A during_lyophilization using serum al bum n as
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pol yet hyl eni m ne (PElI) conpl exes by freeze-dryin and reported that these
Compl exbs GIRIOWEY RS I&! 3lr GPRInEMAiTaMiah0b{SHIDY A02gh (A9T0) shovedor 20
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| nvesti gat Orpsfotré%ﬁgn affor e[J %?/ Q—rb-bbr%aﬁrﬁgsty?g(ﬁt{ci:e?'gteofrvagwgilrnsﬂar to or superior to
15 trehalose for all of the enzymes studied, but was not effective in protecting
glutamate dehydrogenase isolated from P. furiosis; Brus, et al. (J. Conirol. Rel.
95:119-31 (2004)) investigated the stabilization of oligonucleotide-
polyethylenimine (PEI} complexes by freeze-drying, and reported that these
complexes did not benefit from the addition of sugars such as sucrose or
20 trehalose, but that plasmid-PEl complexes did benefit from the addition of such
sugars. These investigators report varying degrees of success, as measured by
various methods on various biomolecules. None of these investigators have
reported on the protection of BMP’s.
Thus, there is conflicting evidence on what is an optimal combination of
25 excipients to afford lyoprotection of biomolecules. There is not any one
combination of excipients that is optimal for all biomolecules, but rather a
significant degree of experimentation is required to obtain the desired results for

the biomolecule under investigation. There remains a need for a



Thus, there is conflicting evidence on what is an optimal conbination of 25
excipients to afford | yoprotection of bionolecules. There is not any one
conbi nati on of excipients that is optinmal for all bionolecules, but rather a
significant degree of experimentation is required to obtain the desired
results for the bionolecule under investigation. There remains a need for a
4 pharmaceutically acceptabl e conbinati on of excipients to protect BW's
during Ilyophilization, storage, and use. Brief Description of the Draw ngs

5 Figure 1 shows the, DSC profi of the trehal ose formulation of rhGF-5 as
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formnul ation Iﬂé Hill¥gtdbn stafagecardiuged in exanple 7. Figure 3 shows the DSC
profile of r (EDF-S native protein. Figure 4 shows the polarized |ight

m croscopy of the trehal ose fornulation of rhGDF-5 as described in exanple
6. Figure 5 : ' | i ght m croscopy of the mannitol

formul ati on l%r fﬁ%%@@%‘p‘ﬂg?%ﬁéﬁg%sd In exanple 7. Figure 6 shows the rpHPLC
profile &f the riFigre 15¢hovehtleoRSLC@rufiiers thotrahblate fornaflatton 6f MEDMS At
40C/ 75% RH as descri.bed in exanple 12, Figure 7 ws the profile of the
PHPLC of t HESPRRSSE M SPYABRIE! Boc U1 BrSRANR (o DS Coprafiansit e managel 7506
RH as descrifhgflylafior of QK@E)E-? a%zdefdr%g% Santple 31d ﬁ&g@@‘ﬁhb% fHePHeEe! n

recovery of the various fers tested at storage at” 5, 25, and 40C at
vari ous ti nprpbermfshGRE-gaadive psetein. rigwarfskows the-pglariged lighhaverostapy
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exanpl e 104. showSutheepolarided: light Imiceosicopy of liee praemitol formutationaf rheDFesersal |y
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S5/trehalose/Glycine formulation after 6 months at 40°C/75% RH as described in
example 12. Figure 7 shows the profile of the rpHPLC of the rhGDF-
5/trehalose/HCI formulation after 6 months at 40°C/75% RH as described in
15 example 12. Figures 8, 9, and 10 show the % protein recovery of the various
buffers tested at storage at 5°, 25°, and 40°C at various time points, as described
in example 12. Figure 11 shows the stability of Various Concentrations of rhGDF-
5 at Selected Temperatures Lyophilized With 5% or 10% Trehalose in pH3
Glycine Buffer, as described in example 14.
20
Summary of the Invention
The present invention is generally directed to stabilizing BMP's in various
formulations and compositions, thereby preserving at least 60 % of the biological
activity and improving the storage condition requirements, for example
25 temperature and humidity. The present invention comprises formulations
primarily including trehalose as an excipient for lyophilized compositions
containing BMP and their subsequent storage and reconstitution, and further

comprising other excipients including buffers and surfactants.



activity and inproving the storage condition requirenents, for exanple 25

tenperature and humdity. The present invention conprises formnulations

primarily including trehal ose as an excipient for |yophilized conpositions

contai ning BWP and their subsequent storage and reconstitution, and further
conprising other excipients including buffers and surfactants. 5 The present

I nventors have surprisingly discovered that trehalose is sufficient and

superior to other excipients to preserve the biological activity of BM s

during and after ophilizatio t he stabj | tion of nan er
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a buffer, a surfactant and m xtures thereof, such that the BMP retai ns at

| east 60 % JFN#MOSEhe bi ol ogical activity upon rehydration, with said
rehydrated |iqui gt pr gHUHiecttsy the Reehtioh RrueliRd trBKaloBR iRUSPPbunt (thatSis

anot her object of the invention to utilize trehalose in an anount that is

sufficient to stabilize a lyophilized BMP, such that the BMP retfains at least 60 %
of the biological activity upon rehydration, with said rehydrated liquid product
15  being easily handled by the surgeon.

It is another object of the invention to utilize trehalose in an amount that is
sufficient to stabilize a lyophilized BMP, at least one BMP, and additional
excipients, said additional excipients selected from the group consisting of a
buffer, a surfactant and mixtures thereof, such that the BMP retains at least 60 %

20 of the biological activity upon rehydration, with said rehydrated liquid product
being easily handled by the surgeon.

It is another object of the invention to utilize trehalose in an amount that is
sufficient to stabilize a lyophilized BMP, at least one BMP, and morselized
collagen fibers to provide compositions and methods of preparing a lyophilized

25 biocompatible flowable material containing BMP that is stable and retains at least
60 % of the biological activity upon rehydration, such that the rehydrated product
can be easily handled by the surgeon.

It is another object of the invention to utilize trehalose in an amount that is

sufficient to stabilize a lyophilized BMP, at least one BMP, and a biocompatible



sufficient to stabilize a |yophilized BW, at |east one BMP, and norselized
col l agen fibers to provide conpositions and nethods of preparing a

| yophili zed 25 bi oconpatible flowable material containing BVWP that is stable
and retains at least 60 %of the biological activity upon rehydration, such
that the rehydrated product can be easily handled by the surgeon. It is
anot her object of the invention to utilize trehalose in an anount that is
sufficient to stabilize a |yophilized BWMP, at |east one BMP, and a

bi oconpatible . .6 matrix.to provi de conpositions and net hods ofégre_aring a
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stabilize a doyuptsitianseang\vmethods of preastingna lyophilized biocompatible matrix
containing BMP that is stable and retains at least 60 % of the biological activity
15 upon rehydration, such that the rehydrated malleable product can be easily
handied by the surgeon.

It is another object of the invention to utilize one or more lyoprotectants
selected from the group consisting of trehalose, low molecular weight dextran,
cyclodextrin, polyethylene glycol, polyethylene glycol ester and mixtures thereof,

20 in an amount that is sufficient to stabilize a lyophilized BMP, and at least one
BMP to provide compositions and methods of preparing a lyophilized BMP, such
that the BMP retains at least 60 % of the biological activity upon rehydration, with
said rehydrated product being easily handled by the surgeon.

It is another object of the invention to utilize one or more lyoprotectants

25 selected from the group consisting of trehalose, low molecular weight dextran,
cyclodextrin, polyethylene glycol, polyethylene glycol ester and mixtures thereof,
at least one BMP, and collagen to provide compositions and methods of
preparing a lyophilized biocompatible collagen matrix containing BMP that is



BMP to provide conpositions and nethods of preparing a |yophilized BWMP, such
that the BMP retains at |east 60 % of the biological activity upon
rehydration, with said rehydrated product being easily handl ed by the
surgeon. It is another object of the invention to utilize one or nore

| yoprotectants 25 selected fromthe group consisting of trehal ose, | ow

nol ecul ar wei ght dextran, cyclodextrin, polyethylene glycol, polyethylene
gl ycol ester and m xtures thereof at | east one BWMP, and collagen to
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ConMposi t i ons and met reparing a l'yophi ed bioconpatible fl owabl e
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bi ol ogi cal u d t can
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i nvention tcBMPetttatas pstablenanditretains ag least @036 soft ihenbmgmalsmhm wpon

| yophi li zed re of a rot ect nt d at IVP.
Shch conposiEhetanesuds it Me frouliRl Bodiel cey B8 eanlucintitaiby: B¢
defects fgn ayiigéod.0 enhance the healing process, e| ther by 15 directly

applying the reconstituted BMP solution to a region of the anatony of a
pati ent, such as ltd% sdiflaametber @bjeabafether ientien ta tiedlke agaptient wilizing/@i d, an

T L L EH N L M D
the patientat feast exanBMPa Susre-compositionsgary tusefudi &l tregtihgnt Balmehyasf an
artificial hrinla)’sculoskeletal defects in order to enhance the healing process, either by
15 directly applying the reconstituted BMP solution to a region of the anatomy of a
patient, such as for example to a bone fracture, a bone gap, a bone void, an
intervertebral disc, a chondral defect, a tendon, a ligament, and the like, or
applying the reconstituted BMP solution to a device to be implanted into the
patient, for example a bone-contacting artificial implant such as an artificial hip,
20 knee, shoulder, intervertebral disc, and the like, a tendon anchor, ligament
anchor, suture, staple, and the like, a bone replacement cage, autologous bone
chips, allogenic bone chips, xenogenic bone chips, demineralized bone chips,
and the like.
Bulk forms of BMP in either agqueous solution or as a dry solid are not
25 stable, and require cold storage below -20°C to preserve the biological activity of
the protein. Since BMP is susceptible to aggregation, rearrangement of disulfide
bonds, deamidation, and oxidation, a need is present for a formulation to

preserve and protect the biological activity of lyophilized BMP.



20 knee, shoul der, intervertebral disc, and the |like, a tendon anchor,

| i gament anchor, suture, staple, and the |ike, a bone replacenent cage,
aut ol ogous bone chips, allogenic bone chips, xenogenic bone chips,

dem neral i zed bone chips, and the like. Bulk fornms of BMP in either aqueous
solution or as a dry solid are not 25 stable, and require cold storage

bel ow -20C to preserve the biological activity of the protein. Since BWMP is
suscepti bl e to aggregation, rearrangenment of disulfide bonds, deanidation,
and oxidation, a need. is present for a formulation to preserve and protect
the bi ol ogi cal ackheig t'%/adTeqdnybﬁl lypphilized\MPgpreguetowitl "apmé@d stapility and

| yophi li zed §MRqeroduct with inproved stability and storage. There is a
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|ntervertebral n-articul ar art.i uI ar._.cart etonp ormt
regener at | orAeou salEpag fos Beried e incity i Ofl fivie 1% oduct
that is @ ovihieeeridbraidise, Unaatislaeahd @ﬁwﬁmtdahh ﬁdhh&ewegénérh@orpbpper
concentration of BMP for the physi ci an to use, ere y mninzing or

el i mi nat i ng $HEAisSHEShe risks associated 10 wit h handl i ng, including

contam nation, i d

i ntroduction to gﬁ{eﬁnﬁem regggfl?rrgg’qmylz%g%f‘ﬁep@#g{ %e%ﬁ'%)%}d%g on an

| yophili zed |BmamabidLm00arh|aatlhiarscbféoldem'tbnthtei pmpedcomcerﬂrduooomfrBMPifbt the

fl owabl e matgri al. that g easi. | led tp a surqgi site. ailed
Descr i pti on PSRN o baf Nerey ARumiEE B fBpafiod aiemel heyiks 4nsdoh

consi dergpl ewite haasty, a@élwhgxcontamhamh anpropertd 3 ageaAg ishilRge ! Mciudigy 1
therapeutic use in treating a variety of nuscul oskeletal deféects and

condi ti ons. WAstednd iptredugtionde @nginslesited su@iraisiteng BMWP that are sold as a
l'yophilized soli dTheVPQ |§Q r@é%ltfopﬁ Iyoeﬁh(?l%ﬁ él\lfllt’%}oaect%éf 9éH ge reconstituted in

a biocompatible flowable material that can be easily applied to a surgical site.

15  Detailed Description of the Invention
Since the discovery of BMP, there has been considerable research activity
to find a suitable composition for their therapeutic use in treating a variety of
musculoskeletal defects and conditions. Currently there are products containing
BMP that are sold as a lyophilized solid, which must be reconstituted to a liquid
20 form and applied by the physician to the scaffold to be implanted or to the
surgical treatment site at the time of use. The current formuiation of rhBMP-2
uses sucrose NF, glycine USP, L-glutamic acid FCC, sodium chloride USP, and
polysorbate 80 NF as excipients, and may be stored at room temperature (15-
25°C). The current formulation of OP-1 uses bovine collagen alone, and must be
25 stored at 2-8°C. There are no published reports that describe the efficacy of
excipients on the stability of the reconstituted BMP.
Others have attempted to enhance the stability of BMP during
lyophilization by using mannitol, sucrose, and mixtures thereof, by embedding
the BMP in polymer matrices such as PLGA, by adding anti-oxidants such as



20 form and applied by the physician to the scaffold to be inplanted or to
the surgical treatnent site at the tine of use. The current formnul ation of
rhBMP-2 uses sucrose NF, glycine USP, L-glutam c acid FCC, sodium chloride
USP, and polysorbate 80 NF as excipients, and may be stored at room
tenperature (15- 25C). The current formulation of OP-1 uses bovine coll agen
al one, and nust be 25 stored at 2-8C. There are no published reports that
describe the efficacy of excipients on the stability of the reconstituted
BMP. Ot hers have attenpted to enhance the stability of BMP duri nlg _

| yophi i zat i ®R W'G%l %aﬁﬁﬁ‘ﬁl ether e§‘EIE'|eB§Se3U°Jh§3 r‘f‘n‘%%ldm%@g'ﬁénee&ﬂc 059"“‘"
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such as I oni ne lents suc

ar gi ni ne, cya:ﬁmbieahmnmtheramfd Tihese radtesepts rhaxebmet wnthavnhd@degl@eagafslunuesttt ants
such as TWEEN 80, or conbinations thereof. These attenpts have net with
vari ed degre%l’sc 8?’ limted success. 5 US Pat. Nos. 5,318,898 and 5, 516, 654

di scl ose 5 nproved)grefiedRs 5318,8989 dingi 5518'884bdfscl§*sél9m?€éﬂerdaﬁro‘é§b§ﬁ gf i n
the culture nmedium but do not discuss the nmechani smof how the benefit is

achi eved or EFP%P'BQeBWy byt Heifg dexdram suikale pinehes culurgr mmdivie buhdoppst ei ns.
| us P 3 d
n at. o"]rvrgst ﬁ{-—é ﬁ‘% h3highfo {El"igl\\yptt?g *‘B%h@ﬁlgls aﬂQ\'léd EHISAGROShl @Rsr an

formul ati ons Ivery o conpositions conprised of
a BWP, a sugusefulgéxaipiants tenstabiline dhé prateins. In AIS ladgNoYibB385, 884 Yirdiatcdlose

by 1 he W 20 SPREPE RPPBIEE R AS d orlag annatr o, duiveblof BV e

data on {gie §£4 nadnadsPihst @ombﬂyédaw aqul hadugar, BRRATE tahd glutanile a&e.
fornul ati on over another. These inventors do not discuss or recogni ze 15

the superi orflthough Yirarell as dlisslese H!?értbgéyqﬁﬁh'"?!e;doﬁ?fmuéﬂilqnénfe@ﬂmttH@'OBWP' The
D as"s: an SBUARY, FY Bt Uy BRVOS NRRERS B IERRRE, Rlod) e 0ol
disclose comparative data on the formulations to show any quantitative benefits
of any one formulation over another. These inventors do not discuss or recognize
15  the superiority of trehalose over sucrose for Iyoprotection of the BMP.

The present invention provides for compositions and methods of preparing
and using stable formulations of BMP, useful for lyophilization, storage, and
reconstitution with an aqueous solution to treat a patient therewith. The present
invention is described below relative to illustrative embodiments, and utilizes

20 rhGDF-5 as the exemplary BMP. Those skilled in the art will appreciate that the
present invention may be implemented in a number of different applications and
embodiments and is not specifically limited in its application to the particular
embodiments depicted herein. The following examples illustrate some of the
various embodiments and benefits of the present invention, however one skilled

25 in the art will appreciate that other similar embodiments can be made without
deviating from the scope and intent of the present invention.

The present invention provides, in one aspect, a composition and method
for preparing a stable lyophilized BMP for subsequent use in the surgical
treatment of bone and cartilage defects. As contemplated herein, such a
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reconstitution with an aqueous solution to treat a patient therewith. The
present invention is described belowrelative to illustrative enbodi nents,
and utilizes 20 rhGDF-5 as the exenplary BMP. Those skilled in the art wll
appreciate that the present invention may be inplenented in a nunber of
different applications and enbodinents and is not specifically limted in
its application to the particular enbodi nents depicted herein. The
foll owi ng exanples illustrate sone of the various enbodi nents and benefits
of the present |nvent|on however one skilled 25 in the art will _ appreciate

that other s§amPsit '%’Eﬁ'ﬂpmﬂ at least afe BMEand rehalese Hean amaygt pulsenhie scope
and intent Ofiabifife PhES BM @(ﬁ;ﬂt 'ceﬁrgogilﬁﬁngr%e%%eflpvﬁmtl‘e%ﬂng ﬁv{lﬁlﬁeﬁﬁ Ewpone
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are usef ipord RadtuRY RbYAE igaby atoneMusi§ Uap sitehettabrdl efi&s tah BYervértatsihl v

applying the reconstituted protein solution either di rectly to a region of

t he anat ony @$c épﬁﬁ?l%ﬁﬁwgﬁﬁﬂ’! BrePRERd é&’aﬂﬂt’:ﬂ@ t3 chopdmdriefedtac tansona aone
gap, a bone }ﬁ%’nﬁjentfdié‘? %eﬁlé’eerotr‘fg aatln % Qltaﬁfe‘ﬁeirnh?mﬁatneq{t cél‘?t%te as

surgical ly prepare usi’'on
and the |i kewlth)rbone ) narttuagealsucb amannmiﬁmaletilp, rano atttiieiab dnieentani aﬂlﬁmat act
V\nthboneorc |Ia

f
artificial e(ﬁeﬁ' %‘S%?CI % ba}%%'é#%??'&&na?n ncggrtligalf'%ﬁ&ﬂ‘ ?lcﬁor a

i ganent1oan0§mnre EN %@hpwtur@on@cﬁ%@pbetolo@oberl@orreagﬁ»psatam@b@ﬂetﬁor@oem p§hi ps,
al I ogeni ¢ bone chi ps, xenogeni ¢ bone chips dem neral i zed bone ChIpS and

the |ike. Asxejmenmb@ierphlméiemnw@hzednbmg@ns 3Wd)tﬂ¢élkﬁorphogen "bone

ror phogeni B Ot AL s TR BAORATR' AGRRKRLE, rao R rerpRbROSY

15 enbrace tmerphHogenicofprptedt’ei ftsorey pinbrphdgbyetid Ghfoté@in”, | t'BMR”| hﬁt@q@;@na:ci at ed

by one protein”, “osteogenic factor”, “Growth & Differentiation Factor”, and *“GDF”

15 embrace the class of proteins typified by rhGDF-5. It will be appreciated by one
having ordinary skill in the art, however, that rhGDF-5 is merely representative of
the TGF-B family subclass of true tissue morphogens capable of acting as BMP,
and is not intended to limit the description. The term “cryoprotectant” is used to
refer to a molecule capable of stabilizing a biomolecule during freezing, and is

20 equivalent in the current context with the term “lyoprotectant®, which refers to a
molecule capable of stabilizing a biomolecule during freeze-drying
(lyophilization). As used herein, the term “morselized” refers to the product
obtained by, and “morselization” to the process of cutting, chopping, severing,
grinding, pulverizing, or otherwise reducing the size of an amount of a

25 biocompatible matrix, for example collagen, such that the overall size of the
individual particles or fibers are reduced. As used herein, the term “excipient”
refers to at least one additional compound added to at least one BMP, with said
additional compound selected from the group consisting of amino acids, proteins,

buffers, surfactants and mixtures thereof.
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having ordinary skill in the art, however, that rhGDF-5 is nerely
representative of the TG--(3 famly subclass of true tissue norphogens
capabl e of acting as BMP, and is not intended to limt the description. The
term"cryoprotectant” is used to refer to a nol ecul e capable of stabilizing
a bionolecule during freezing, and is 20 equivalent in the current context
with the term"lyoprotectant”, which refers to a nolecule capable of
stabilizing a bionolecule during freeze-drying (Iyophilization). As used
herein, the tern1 norselized" refers to the product obtained by,

"norsel i zati on” t'b hARPGROERMN HratdhFfng, hasheegsi $Rjub 'Q'é’v%tr nepfral Rif |"héh€hg,
pul veri zi ng, ra‘r\%ﬁ%f"&ﬂ-‘i W 5 rp@pq'g'Sngltt\MfJi&'béedlﬁ‘fcuﬂp[oqaﬁﬂﬁ‘ltaté)gné rﬁ%hufacture

bi oconpati bl e trix, for exanple col , such that the overall size of
the indivi dtm}D!f)@rprpduetg lorthlSMfréf@gﬁé' eefarecthe inventorsidesigeddh a stiudy taer m

one. B, wi ¢ R Wb AT RTS8 18 LR AR GO BHRERC a5 wlel BT g

of am no Mmci glecty @muta GDEH @n@éwrsthe&iemébgtth of prdeifi fyiniilationdamedstudyl 1 | t
has been known t hat has poor solu ty at neutral pHin the Trange

of pH 4.5 tofeﬁwtaefesdEFer'bﬁGuP&XBE‘PéﬁH| dhetsOlp ity ORI GPE 5 ABPRRIRAUAN o

hGDF- 5 d t ud
o oval har e ifie i ofitfie WdfePG ARBCIEHERGE &' e, AR SRiehoftE et HEBuReR] 1Y
critical to 50Isbdreaﬁtt pdrl éuﬁhea'bG@Fpﬁisomtiges fabapprbmnmhiebl tﬂamhanierprhatyenm

f | at te d i bed 11.. The | bilit
of T hGDF- 5. aBgeas ChatMoapJait phoRRTaE Biferhc B B 3Bhaf ofour bl sbfut o
the i oniq st mlaté)buﬁé}@ thel FA@DF- 5fdrMbUQ£rge§§arﬁ&l‘e§anélfﬁﬂanWﬁaﬁuﬁtaféd oAitl ons

at appr oxi rrately ng/ mL were hazy in sodi um phosphat e

buf fers, whi Ineanoihgmstadu (i@@nﬂwtsﬁmﬁwnhvl@fbﬂﬁ@ﬁét‘é’aﬁd‘t’ﬂr@ﬁ'@teﬁh@ Aanging-
Ty A SR Pl 00 choBB AL Mol S S Uspbgitagit oy (0ot 2
MM phosphat e buf f Rormaltyesciobililyi afres prodeie salbstanbazeydeNmmmdd by swashrihg the of a
protein SUbs;t)r%rt]é:lﬁ | gogceet rrarfrllorr:EdaRgr rr%%% lfuga%on or filtration of an over
15 saturated/precipitated solution. However, some hazy protein solutions are
difficult to centrifuge or filter. Even after a hazy solution is subjected to
centrifugation or filtration (0.22 um) to remove the insoluble particles, quite often
it is unsuccessful as the filtrate still looks hazy because the particles are so fine
and some times the protein sticks to filter surface, thus the filtrate loses most of
20 the protein. Therefore, it would be difficult to get a clear solution when rhGDF-5 is
formulated at 3.5 mg/mL or 10 mg/mL in pH 3.5 or pH 4 buffers.
When rhGDF-5 was formulated at 10mg/ml in 5mM, 10mM and 25 mM
sodium phosphate solutions at pH 3.0, the protein solution was clear; but rhGDF-
5 at 10mg/ml in higher ionic strength solutions such as 50mM and 100 mM
25 sodium phosphate, the rhGDF-5 solutions were hazy. fthus, in a preferred
embodiment the rhGDF-5 should be formulated in a low ionic strength buffer at
approximately pH 3.0.
In one embodiment according to the present invention the composition

can be prepared by lyophilizing an aqueous mixture of at least one BMP together
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protein concentration after centrifugation or filtration of an over 15
saturated/ precipitated solution. However, sone hazy protein solutions are
difficult to centrifuge or filter. Even after a hazy solution is subjected
to centrifugation or filtration (0.22 n) to renove the insoluble particles,
quite often it is unsuccessful as the filtrate still |ooks hazy because the
particles are so fine and sone tines the protein sticks to filter surface,
thus the filtrate | oses nost of 20 the protein. Therefore, it would be
difficult to get a clear solution when rhGDF-5 is fornulated at 3.5 ng/nL

or 10 ny/ ni With 3A Fngupl ofpirebpless suffisienivie stabilizerths BME . mitmiheadyaweigh
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wer e hazy. Ithu rred enbod

formul at ed | %ng,gﬁ&eiq? s&n@?ﬁ 1b|5‘?9 f°"2ﬂ8??mml§%|’§?aﬁﬁ §°'§a'"l"}9 one
enbodi merg aﬁr@@ﬂéﬂs“?hé%dd‘lﬂan%ﬁﬁ@tﬁﬁloﬁ%ﬂiﬁdé%“fdrhﬁipﬁcﬁ!ﬁ%l&bl arfehBtabRity
prepared by lyophilizing an aqueous m xture of at |east one BWP toc?et her

with an anou thaforetesial lyaehibaic fosmelations LyoahilEatien sHeraURedacRr fﬂﬁatcdry
wei ght rat'@lpgra&tc%hfélﬁéﬁeré wrli)ﬁl pls| drp the range of about 1 ng to about

500 ng trehal’'ose per and nore preferably in the range of about 5
ng to about 200 lnmrtortrwadmlsaadlmnt me@rﬁbﬁlﬁmamomquauhé)bmsmt mvention

containing 5 pr ucts ddition of trehal ose prov ved

ol ubi 11 1y oFAh Deabeparey! By myontilisie,ae: s abis, BRIt Sbal fershans, BYE

Lyophi i gt | molist BetréR4I08E safrRimitd Stdlize! (e BMRCtdreea %fﬁﬁﬂgr@g’e'ny ﬁﬂ'—PV‘“ in
the art. In another enbodi nent the conposition according to t resent

i nvention cadditien gf ageuftedingyagend pevides foy nmrm@@gmﬁmm étabﬂlltaatof theast
one BMP, an %r]o?eﬂfﬁ!%& zehrfSHﬁ{;BﬁSnsa;’E} Bbcﬁhg&‘ibl %uﬁ%ﬁ@@!dg@@ts} Pﬁo\ﬁw’n ypnd a

buffering ag tron o nproved
solubility aad iatlabe! glyyinef sbbimm, potassium, or calcium salts of acetate sodium,

potassium, or calcium salts of citrate; sodium, potassium, or calcium salts of

15 lactate; sodium or potassium salis of phosphate, including mono-basic
phosphate, di-basic phosphate, tri-basic phosphate and mixtures thereof. The
buffering agents could additionally have glycine added to the composition to
function as a bulking agent. The glycine would be added in a ratio of about 0.04
mg to about 200 mg glycine per 1 mg BMP, and more preferably from about 1

20 mg to about 80 mg glycine per 0.04 mg BMP. The addition of buffering and
bulking agents provides for slightly superior stability of the protein over
compositions having trehalose alone, with the pH being controlled within about
2.0 to about 5.0 pH units, and more preferably within about 2.5 to about 4.5 pH
units.

25 In an alternate embodiment the composition and method according to the
present invention can be prepared by lyophilizing an aqueous mixture of at least
one BMP, an amount of trehalose sufficient to stabilize the BMP, a buffering
agent, and a surfactant selected from the group consisting of polysorbate 80,
polysorbate 20 and mixtures thereof. The surfactant would be added in a
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protein in |yophilized formul ati ons. Bi oconpati bl e buffering agents known in
the art include glycine; sodium potassium or calciumsalts of acetate;
sodium potassium or calciumsalts of citrate; sodium potassium or
calciumsalts of 15 | actate; sodium or potassiumsalts of phosphate,

I ncl udi ng nono-basi c phosphate, di-basic phosphate, tri-basic phosphate and
m xtures thereof. The buffering agents could additionally have glycine
added to the conposition to function as a bul ki ng agent. The gl yci ne woul d
be added in a ratio _of about 0.04 to about 200 ngy gl yci ne per ng BMWP,
and nore pr ef¥egniration ohfony about Q@%ﬁgmﬂdoaﬁlﬁ}tt B2 mg R&Irykmgeog Fb e ny
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embodi nent t AEY Hﬁ % § BiC ﬁ%aﬁQFHSE? & EBWBi"P.Q’% the present invention
can be prgpared by, byigar! émbbdinfht a6l g Hredertuingehfiodt al eambosmaﬁ &P an
amount of trehal ose sufficient to stabilize the BMP, a buffering aB(ﬁnt and

a surf act ant Methaskios @renasing:  stagleolypriitized BMmis (@ﬂ“ﬁftﬁeﬂs@raﬁa@@t@@e
ool 8 G ReRE G ' FIRUTCHITEART Y sy,

concentration o roma 0 abou
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alterin solubility and ophi ati.on char risti ti
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for prepari ng a stable |yophilized BMP is conprised of at |east one BMP,

e

the |yoprote ahri!zed BMI ever gampgsitignshavingirehalosmas the selaeixcipientt he at
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The addi t i onprdfseatitivetidf eas be prepared by depositing a solution of at least one BMP

and at least one excipient onto lyophilized collagen prior to lyophilization of the

15 BMP/collagen mixture. The collagen can optionally be either cross-linked or

mineralized, or both cross-linked and mineralized, such as is provided by the

material known as Healos® and described in U.S. Pat. Nos. 5,972,385;

5,866,165; 5,776,193, 5,455,231; and 5,231,169. The compositions provided in

this embodiment are particularly useful in treating medical conditions in the field

20 of orthopedics and provide a pliable, malleable material that the physician can

easily place into a surgical site to generate bone, cartilage, or tendon. The

BMP/collagen mixture can be reconstituted with aqueous solutions, including

sterile water, saline solution, and bone marrow aspirate, and directly applied to

defect sites in a patient, such as bone fractures, bone gaps, bone voids, the

25 intervertebral disc space surgically prepared for spinal fusion. Additionally, the

BMP/collagen mixture can be used for filling the space in between bone chips

and implants placed into the intervertebral disc space during spinal fusion

surgery, areas with damaged or missing cartilage, such as torn or damaged
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10 and surfactants provides for an increnental inprovenent in the stability
of the |yophilized BMP over conpositions having trehal ose as the sole
excipient. In an alternate enbodi nent, the conposition and nmethod accordi ng
to the present invention can be prepared by depositing a solution of at
| east one BMP and at | east one excipient onto |yophilized collagen prior to
| yophi l i zati on of the 15 BMP/coll agen m xture. The collagen can optionally
be either cross-linked or mneralized, or both cross-Ilinked and
m neralized, such as i s provided Qggthe naterig known as Heal os( r? and
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provi de a pliabl eln arnalterabtecembodiment, tha sompoesitiphyaricinethashaccoedisg ity the ace

N col | agerbeRoLrehlor AR GUEAR by SRR Syl R at vt ng

sterile vt esne BMP Rdsatl lhstothe aréipieat aebdvistingSte! igbehilifett BIMP atiktuye
applied to defect sites in a patient, such as bone fractures, bone %%gs,

bone voids, WHE ¥3t¢fnt §?W@rt%%‘|‘téﬂ” di0& cbape c masionyi aspifaje prasishr Rlacingr thei nal
fusion. Add FécBH?tIghbévd B scﬁ'}ffgrf:t%tb |I[£'eﬁtdé'i|§%é?r?ﬁn&eto glcgpi fglanthd 6}9 the

space in between bone chips and nts place nter erte ral
di sc space dufrihuedBMﬁilcrdllagéusnmtures'ﬁhgeangenemsomlomallyabmgdtbmross-ﬁskecg

cartilage, such.as orn qr. . .14 tendons r _damaged anent s,
chondr ar - def SLRuTaTATEACL of ot Frisediaked Aag anihezaied Buchands Brouac 87 I &
articul aig ngnfaddridl Kk@dn b9 REalas®e That SorRPpeHtbrEahd maﬂm@@n@@sldeuom gl
met hod according to the present invention can be utilized prepari n? a

| yophi | i zed @mRpdinendfargrparieidarly gsefyk instrpating rrs&dltp%ac@md&mseadhg.f@*d 0

reCO”St't“t'Hﬂhéébﬁéé’%RH blofRiE §'Vﬁ é‘tfhraﬂem% t\éfetef@r é@asoeln‘ép?&hf%' ah ©Of

bone marrow aspi and” pl aci g recons on on
| yophi | i zed eadilyaplasepintoa sorgieal gsiteato @epémte aidnen camﬁlagdaeoBN@Mdm I'ﬁgsn

m xture. TheBW!c&%ggncr%Qtu?gtclaﬁQ)ael <|1|¥ecl?ly app |e§ 'E get%cf S|tes ljﬁ éj patient, such as
15  bone fractures, bone gaps, bone voids, the intervertebral disc space surgically
prepared for spinal fusion, filling the space in between bone chips and implants
placed into the intervertebral disc space during spinal fusion surgery, areas with
damaged or missing cartilage, such as torn or damaged tendons, torn or
damaged ligaments, chondral defects in articulating cartilage, and sub-chondral
20 defects in articulating cartilage. The compositions and methods provided in this
embodiment are also particularly useful for ease of storage and preparation by
virtue of having the BMP as a separate component and container from the
collagen material.
In an alternate embodiment the composition and method according to the
25 present invention can be prepared by depositing a solution of at least one BMP
and at least one excipient onto lyophilized morselized collagen prior to
lyophilization of the BMP/morselized collagen mixture. The morselized collagen
could optionally be either cross-linked or mineralized, or both cross-linked and

mineralized. Such morselization provides for small collagen fibers of about 25
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or mneralized, or both cross-linked and m neralized, such as is provided by
the 10 material known as Heal os(r). The conpositions and net hods provided in
this enbodinent are particularly useful in treating medical conditions in
the field of orthopedics and provide a pliable, nmalleable material that the
physician can easily place into a surgical site to generate bone,

cartilage, or tendon. The BMP/collagen m xture can be directly applied to
defect sites in a patient, such as 15 bone fractures, bone gaps, bone voids,
the intervertebral disc space surgically prepared for spi nal fusion,

filling the Bsaers iim da nbyoRROWK 1 maisEPNsmiaNG.s Whigha visdds ra dlowable
intervertebrgly, ﬁéﬁoéeaﬁ QUfE# rl'geétﬂinnﬁ'nlt f“éurgﬂ:aN eh%c?ﬁétﬂat?oﬁmo?%ucﬁaémged

or missing cartilage, rn or
| i gaments, cd:mnﬂmsaﬂmrdeﬁmdl%penformetd i psih@ta mlxtumr of tuaw;ueausi ssumoofmmdr&d 20

def ect t til Th t d ded
this. enbod SiEiE Wk HRUBE At udEnarPy SOURR: angcolade bt Wil hg@oligsn "
preparatispn g pr&SVuHIﬁ@ec&ftrchaaif'tﬁg \Mt%sﬁwlafaﬁe PeCRBAEE pPFEIRONTRE cBMben

container fromthe | agen material. I n an alternate enbodi nent the
conmposi ti on eﬁicmﬁrtzamﬁaﬂoatemld.% % do sheut 36 % mébwasllagen.cand mvr%arﬁfg@bly

prepared by Q

ol pi ont ont STk it % BPabodalo 26 v ocfagtn, W0 B yisBOyXr hE BDladtly
t he BMP/ nor sgéliprefératoy Ifmgeabmmtométo abeut MH0se, mmldno:ﬂ prefemblydearh dibout
optionally b Ilzed or both cross-1lin and

h
e ar | oo Tk Aha it o pBueTbt Golpednae! Rupeferl foatou Aoyt
25 15 nmer O dnﬂs% ApBLES. Oth %H%‘tSLﬂc%oa %ﬁ’lb@@lﬁoh e asdrul f@?'tl@lﬁtlﬁt‘% al \Fﬁleﬂ!

fl owabl e conposition suitable for injection into a surgical
Reconst i t ut i @hmuscyoskeletal congitens.iioeludiag g ndrinvtadete bgne@ra&tufextmrw of an

and- ool | ageroyl DAl kBB, M iieelBhRy qisdshdfe, oA plbae AESbELCL 1

of the reconfusidnutfiithgptredgpace Thebetwedmddne ciips cmd ahpianfs pacaboito thel % to
about 30 % W/\t,f\érsgrltéba}gl dlscaggacgogl&rn{)gr g{)l%[c\??uswn surgery, areas with damaged or
15  missing cartilage, such as torn or damaged tendons, torn or damaged ligaments,
chondral defects in articulating cartilage, and sub-chondral defects in articulating
cartilage.
In an alternate embodiment the composition and method according to the
present invention can be utilized by preparing a lyophilized mixture of at least
20 one BMP and at least one excipient, reconstituting the lyophilized BMP mixture
with water or saline solution, and injecting the reconstituted BMP solution into the
intervertebral disc. The compositions and methods provided in this embodiment

are particularly useful in treating the intervertebral disc.

25 Examples of the Invention
In the following examples, the experimental methods used were as
follows:
For RP-HPLC purity studies, reconstituted rhGDF-5 test samples were
diluted to a concentration of 0.1 mg/m! with 10 mM HCI| and subjected to
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fromabout 0.3 %to about 3.0 % w w collagen, with the viscosity of the

coll agen gel preferably fromabout 10 cP to about 400 cP, and nore
preferably fromabout 70 cP to about 100 cP. The pH of the collagen gel is
preferably fromabout 4.0 10 pH units to about 8.0 pH units. Such a
conposition is useful for treating a variety of nuscul oskeletal conditions,
I ncluding but not limted to bone fractures, bone gaps, bone voids, the

i ntervertebral disc space surgically prepared for spinal fusion, filling

t he space in between bone chips and inEIants pl aced into the intervertebral

di sc space dBverpdsphasa-HPLS em asMydrs ¢ 18 HP2hsolymm aki BRHg amdod flow iate f ng
til : h d , ' 0
chondr ' tef Sat Sy hERFBROSCEHE o LRaMeRt of MEAGHIre 3RCEE" %,
arti cul at i ngtrifluardacketigacidl usirgnUd dedectaineat@tdadnnent t he conpositi on and
t hod di h ! t i ' tilized b '
e N N
reconstitaiti gg AN MeaehsbDsedir&iNhr I'.')iéﬁltrérl%ﬁ %é&rd&ﬁ{lﬁim@(er.sBbéélﬁwesglbléébd)n,

and injecting the reconstituted BMP solution into intervertebral disc.

The conposi t [uisswitthaonfesprigingexsipigesgansiwere seibtiaaiesddmm the sappla seansar | y
useful in tr i LN b | - f el ntion In
the foll ow ngﬂ%x%%f)‘%g,e}et thﬁe@E)ztee?i {ﬁ%hgyaﬁ%t%@%s@éﬁm?‘glg‘g Offﬁ/ o%/\'gc? For
RP- HPLC puri ingedingdt m$o theesquatioht ut ed rhGDF-5 test sanples were diluted to
a concentration of..0. /I with 10 HCI subj ected to 16 reversed
phase- HPLC on a é‘cEOZ{IgMSSZ‘U%dSF% &%"gg)@t E&'ﬂpﬁlﬁﬂ owrate of 0.3 m/mn.
rhGDF-5 4§ el utedrys Mﬁﬂle%qu&i/‘d\}a%rﬁm&jlaﬁﬁeét%'fﬁrvglén\{%lélzﬂg;rtﬁ’-t&ﬁiv%’ mean residue

trifluoroacetic acid using detection at 2 G rcul ar dichrolism

(CD) st udi eselliglicites. sninatlyc Bn @isimal@ of pesansanestreciureswas datarmingshusing dims
Greular Dicproi 3 FRESECPS! AldoBFfigtited 1687 BY ARNG7HR8ciates).
Differential scanning calorimetry (DSC) was performed on a MicroCal VP-
DSC instrument. The scan rate was 60°C/h. The temperature range was 5—
15 100°C. Instrument baseline scan (placebo data) was subtracted from test sample
heat scan. The protein concentration was 0.33 mg / mi.
Polarized Light Microscopy (PLM) was used for Crystallinity Assessment.
A trace amount of the solid sample was taken out of the vial in a dry air bag with
a relative humidity of 1 %. The solid sample was spread on a glass slide and one
20 drop of silica oil was dropped onto the solid sample. Then the slide was
investigated with a Zeiss Optical Microscope equipped with a Sony CCD-
IRIS/RGB Color Video Camera and polarized light accessory. Flash Bus FBG
software was used to capture images.
Butk rhGDF-5 was received from Biopharm in a frozen format at —80°C at
25 a concentration of 3.8 mg/ml in 10mM HCI. The frozen bulk protein was thawed
over night at 2-8°C before using in formulations.
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runs with correspondi ng exci pient scans were subtracted fromthe sanple
scans. The scans were nornalized usi ng Mean Resi due Wi ght (val ue of 115)
and inserting it into the equation: [0] =[0.1 x Mesiaue] / [conc. (mg/m)
x light path] 10 The value of (0] was cal cul ated at each wavel ength to give
mean residue ellipticities. Finally, an estinmte of secondary structure was
determ ned using the program PROSEC v.2.1 (copyrighted in 1987 by AVIV
Associ ates). Differential scanning calorinetry (DSC) was perforned on a

M croCal VP- DSC instrunment. The scan rate was 60C/ h. The tenperature range

was 5- 15 100C. |Esampigent bleates® stipsingpigaism owiht GRS ubtmadvled f rom
t est | j : j
bor ar 1 god Li Tuer) 2 deneRReRiRL SRAGHE Rl WP pPmEDFp andbs0me

trace anount ofofelidh@sesol i d sanpl e was taken out of the vial in a dry air bag

with arelative humdity of 1 % The solid sanple was spread on a gl ass
slide and one 20 drop of silica oil was dropped onto the solid sanple. Then

t he sl i des waprepanesit ofdpdtefbsd $dlutbrZei ss Optical M croscope equipped with a
Sony CCD- I RIS/R@ Col or Video Canera and pol ari zed |ight accessory. Flash

Bus FBG software was used to capture images. Bul k rhGF-5 was received from

Bi opharmin a fr f i : f in
LM 11 The 11 oeen L Tcendbse dityaRite vis Care RNy Wbt aRd Upnifch Tt

usi ng in for mstenle palypropyleremstie, to weish GH0r il of rusified nwates veasi addedat h

rh@F-5 (0.5 / i r 0] . i d 2.5
mg of rhCDF- E?%%gé rag%range %‘#J f’ﬁ%%‘ggg’é‘&y ?‘gﬁ‘lpﬁﬁe aﬁqrmg{?wowagfog)ﬂ%{ﬁ%@e?% tion:
25.48 g of tclehnsslaton]ihyNHCewsaadded dfopl by diopi toaeiusitite pHaosT.@rthedtheto  a
sterile POl ypr.opyl ene bottlde, to which 350 m of purifi Fd wat er s added at
0 ~volumie was adjusted with purified water to obtain 400 ml final volume. The pH
was measured and found to be 4.2. The solution was filtered through a 0.22-

micron filter and was used directly to dilute the protein solution.

Dilution of thGDF-5 solution with trehalose solution:

15 22.39 ml of rhGDF-5 solution was carefully transferred to a polypropylene

flask, to which trehalose solution was added carefully to adjust the volume to 150

m!; the pH was measured and found fo be 2.5. The solution was stirred for 15

minutes at room temperature. The UV extinction coefficient was obtained to

accurately calculate the protein concentration. Based on the UV reading, more

20 trehalose solution was added to obtain the desired concentration of 0.5 mg/mi in

170 ml solution; the pH was measured and found to be 2.7; the UV reading
indicated 0.492 mg/ml protein content.

The rhGDF-5/trehalose solution was filtered through a 0.22-micron filter

and was used directly to dispense onto Healos® strips. Using sterile pipettes, 2.5

25 ml of thGDF-5/trehalose solution was dispensed onto strips equally at 2 spots for

a total of 5 ml of rhGDF-5/trehalose solution per each strip. The strips were
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roomtenperature and stirred slowy until a clear solution was obtained. To
the clear solution, 0.1 N HCI was added drop by drop to adjust the pHto
3.9, then the 10 volune was adjusted with purified water to obtain 400 m
final volune. The pH was neasured and found to be 4.2. The solution was
filtered through a 0.22- mcron filter and was used directly to dilute the
protein solution. Dilution of rh@GF-5 solution with trehal ose solution: 15
22.39 m of rhGF-5 solution was carefully transferred to a pol ypropyl ene

flask, to which trehal ose solution was added carefully to adjust the volune
to 150 m; H‘ﬁ@”@‘ﬁ'ﬂ/@ﬁss"h%bgmayén‘émf%@ﬁ@ trayspang iie S'T}?é' tysuveEningRded
stlrredfor 95 t C|ent
was obt ai nedﬂ."?% %gurat g’?{# «‘]ﬂeﬁo I"at gé?h%ﬁlgtdﬁﬁ%gﬁﬁﬂ@%g? fé%nﬂjﬁf ég

the WV reading, nore 20 trehal ose solution was added to obtain the desi red

concentratio f 0. 178 tio H ed, an
found to be gagl f%%tgﬁ/ We%fldlqﬁﬂ H’% tfﬁq}?go% @58"}93/@1' \é\?‘gpﬁ?% HFQ The
r hGDF- 5/t5eh§ﬂngs;ﬁzs@1¢35km plEaE) flltered through a 0.22-mcron filter and
was used directly to dispense onto Heal os(r) strips. Using sterile pipettes,
2.5 25 m of rhGF-5/trehal ose sol ution was di spensed onto strips equally
at 2 spots r—a tjotal—of 5 mrof ThEDF-5/tTehatosg—sofutTonperteactrsiri p.
The strips bvere

8|nserted|nt s II m by, 5 meTGﬂ ith«
smal | trays| Weest inseatambte'r ntjo e%? ahd I'yo |I|a% % ar ge
tray accommpdates 24 strips. ég ”?'T%/ 810 't‘]sl
trehal ose (250ny) lplus rhGDE- 5425 )J,)er 5 strip at 25“ (Exa |ﬁ 1,L rest
Parameter 0/0 3 69 12 nont h% nont h$ nont hs nont hs nont ht monthg RP 9% mai n

peak 89.54 FZR?G 8lodhain pdsk 168956472 8026HPLE1 G V0 pBOBEVaYES70.092 3901
5.08 4.53 5! 4tPl4 €0

117

RP-
HPLC % aggregates | 0.00 3.01 5.08 4.53 5.40 6.60

Table 1b: Stability of Healos® with trehalose (250mg) plus rhGDF-5 (2.5mg) per
strip at 2-8°C (Example 1)
10

0 0 3 6 9 12

Test | Parameter | .\ nths | months | months | months | months | months

RP- % main peak | 89.54 88.22 90.84 85.45 88.70 87.61
HPLC
RP- %

HPLC | aggregates 0.00 0.00 0.00 0.00 0.00 0.00
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HPLC Table 1b: Stability of Healos(r) with trehal ose (250ng) plus rhGDF-5
(2.5ng) per strip at 2-8C (Exanple 1) 10 Test Paranmeter 0 0 3 6 9 12

nont hs nont hs nont hs nont hs nonths nonths RP % nain peak 89.54 88.22 90. 84
85.45 88.70 87.61 HPLC RP- % 0.00 0.00 0.00 0.00 0.00 0.00 HPLC aggregates
19 Exanple 2: Heal os(r) strips (non-sterile) with rhGF5 (0.5 nmg/m, 5
m/strip) and mannitol 50 ng/mM . Each strip had 2.5 ng of rhGDF-5 and 250 ng
of mannitol. 5 Preparation of mannitol solution: 23.03 g of nmannitol was

carefully weighed_and transferred into a sterile pol pr&?yl ene bottle, to
which 350 m of pE¥ampPed2atiaaleRl siRfe dnen-stesish than%@ @r €0.8nangdol 1% ed

slowy until 4 bta| : 1"y und
fo be 72 oTIR R et Bogfig PR Siin AE 2 oL G 1, 290 51 e
t he vol une wabmadpitedt ed with purified water to obtain 400 ml final vol une.
The pH was nmeasured and found to be 3.9. The solution was filtered through
a 0.22-mcron filter and was used directly to dilute the protein solution.
Di | ution »f phdaratiorsel Mahmitol Woluliopanni tol sol ution: 15 22.37 m of rhCGDF-5
solution was carefully transferred to a pol ypropylene flask, to which
manni tol solution was carefully added to adjust the volune to 150 ml. The

pH was neasured apsloBoyind nhghrfi®l dak: catbflly Adigh&d av@straméféfr@di ilt8a dferile
m nutes at roomtenperature. The UV extinctionh coefficient was obtained to
cal cul at e anpelypiopyeaepbottiei o cuickndGtimioof pRetied watet measUaddedditnpormor e

temperature and stirred slowly until a clear solution was obtained. The pH was

measured and found to be 7.2; 0.1N HCI was added drop by drop to adjust the

10  pH to 3.8; then the volume was adjusted with purified water to obtain 400 m! final

volume. The pH was measured and found to be 3.9. The solution was filtered

through a 0.22-micron filter and was used directly to dilute the protein solution.
Dilution of rhGDF-5 solution with mannitol solution:

15 22.37 ml of rhGDF-5 solution was carefully transferred to a polypropylene

flask, to which mannitol solution was carefully added to adjust the volume to 150

ml. The pH was measured and found to be 2.7. The solution was stirred for 15

minutes at room temperature. The UV extinction coefficient was obtained to

calculate an accurate protein concentration. Based on the UV reading, more

20 mannitol solution was added to obtain the desired concentration of 0.5 mg/ml in

170 ml of solution; the pH was measured and found to be 2.8; the UV reading
indicated 0.493 mg/ml protein content.

The rhGDF-5/mannitol solution was filtered through a 0.22-micron filter

and was used directly to dispense onto Healos® strips. Using sterile pipettes, 2.5

25 ml of hGDF-5/mannitol solution was dispensed onto strips equally at 2 spots for

a total of 5 ml of rhGDF-5/mannitol solution per each strip. The strips were
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20 manni tol solution was added to obtain the desired concentration of 0.5
nmg/mM in 170 m of solution; the pH was neasured and found to be 2.8; the
W reading indicated 0.493 ng/m protein content. The r hGDF-5/ manni t ol
solution was filtered through a 0.22-mcron filter and was used directly to
di spense onto Heal os(r) strips. Using sterile pipettes, 2.5 25 m of

r hGDF- 5/ manni tol sol ution was di spensed onto strips equally at 2 spots for a

total of 5 mM of rhGF-5/ mannitol solution per each strip. The strips were
S were

20 i ted jnt 5 P t : dth It

Chsertod i riMateR TRl AG8T RG-S Gl & 208, aedie SR e FasIat os
24 strips. fﬁqmg‘é ﬂ@TGSPa”;@'ddcﬂgoﬂflhf&ﬁ'E%ﬁ Nar tht# d&erﬁ@datéQQQ@)psm US
rhGDF-5 (2.5ng) "per stri st Par anet er 9 12

anpl e
mont hs nont hT&lﬂﬁtZﬁs Sf@h'ﬂlWSOfrrUﬁtllﬁ§ rmtht rrmgnnml (aﬁamgbrmﬂussrhfwf MZ:@mg) peak

89.54 78. 89 in peak HPLC was narkedly decreased and
accunul ati ongﬁP%Qég‘g?gga%’h@'e@ i ncreased. The HPLC % aggregate 0. 00

5.67 12. 8 12.56 stability studi es were termnated at six nonths. Table
2b: Stabili LHL'-‘Qa-I—OS-(—L)——W-rt—h—FF&P -t ol (250my) plus rhGDE-5 (2 5mg) per

strip at 2- EC (Excrrple 2) Teﬁt Pgrarrrateq 01 336 9 126 o 12

Test Parameter | onths month | months | months | months | months

At six months,

- the main peak
RP % main peak | 89.54 78.89 63.10 51.48 Was mark%dly

HPLC
decreased and
accumulation of
aggregates was
increased. The
HTDT_C % aggregate | 0.00 5.67 12.24 | 12.56 | stability studies
were terminated

at six months.

Table 2b: Stability of Healos® with mannitol (250mg) plus rhGDF-5 (2.5mg) per
strip at 2-8°C (Example 2)

0 1 3 6 9 12
Test | Parameter | o iths | month | months | months | months | months

H"E,'T_'C % main peak | 89.71 | 89.12 | 86.26 | 81.02 | 82.97 | 79.78

RP- % 000 | 000 | 270 | 321 | 401 | 412
HPLC | aggregates ' ' ' ' ' )

10
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nmont hs nonth nont hs nonths nonths nonths RP % main peak 89.71 89.12 86. 26
81.02 82.97 79.78 HPLC RP- % 0.00 0.00 2.70 3.21 4.01 4.12 HPLC aggregates
10 21 Exanple 3: Healos(r) strips (sterile) with rh@F-5 (0.5 ng/m, 5
m/strip) and trehalose 100 ng/m . Each strip had 2.5 ng of rhGDF-5 and 500
ng of trehalose. 5 Preparation of trehal ose solution: 25.49 g of trehal ose
di hydrate was carefully weighed and transferred into a sterile

pol ypropyl ene bottle, to which 190 m of purified water was added at room

tenperature and sfirred slowy until a clear sol uti obt aj ned. The
clear trehal ose éiS"I"HP‘eo% &?Mﬁg&ﬁﬁ&fﬁ hyith 6G§9%t[]5\?@§ masmi, Iﬁd"’"ﬁkﬁ'g) not
added 10 10 bhg thiiidl0300 SRb/HIL EAch sSR! 2 BNRGPLE (HOBFYPlaFRS U fnh 8 uSt ed

with purified water to obtaln 200 nmi final volu e pH was neasured and
found to be ®BeBalosgdhe sol ution was used directly to dilute the protein

solution. Dilution of rhGDF-5 solution with trehal ose solution: 15 23.03 ni
of rhGDF-5 solution was carefully transferred to a pol ypropylene flask, to

whi ch trehal Psepataliot bOmelvmssasslatioeareful |y to adjust the volune to 170
m . The pH was neasured and found to be 3.0. The solution was stirred for 15

m nutes at roomtenperature. The UV extinction coefficient was obtained to

accurately cal cul E’é.thdTGf frepalgsd dafideste tvas b@r@fulﬁe\ﬁ@igh_@cﬂl ahhetréﬁ‘éfélﬁétﬂin!ﬂ@,
nore 20 trehal ose sol uti on was added to obtain the desired concentrati on of

0.5 ng/ nl ina stgdlenpolypropyienei kntle.: ewhiahwkd) il pfpwiiiednwates was edded ag. o;
the WV readi Lk odi i e - The
r hGDF-5/treha Org gé]ﬂg%%%ﬁgnﬁr&%&e{a%l%gy @L?&%&Egg@%ﬂ né\ gér}glrr]{gp i H‘%F lear
trehalose solution pH was measured and found to be 6.2. HC! was not added to
10  the trehalose solution to adjust the pH. The volume was adjusted with purified
water to obtain 200 m final volume. The pH was measured and found to be 6.3.

The solution was used directly to dilute the protein solution.
Dilution of rhGDF-5 solution with trehalose solution:

15 23.03 ml of rhGDF-5 solution was carefully transferred to a polypropylene

flask, to which trehalose solution was added carefully to adjust the volume to 170

ml. The pH was measured and found to be 3.0. The solution was stirred for 15

minutes at room temperature. The UV extinction coefficient was obtained to

accurately calculate the protein concentration. Based on the UV reading, more

20 trehalose solution was added to obtain the desired concentration of 0.5 mg/ml in

175 mi of solution; the pH was measured and found to be 3.0; the UV reading
indicated 0.518 mg/ml protein concentration.

The rhGDF-5/trehalose solution was filtered through a 0.22-micron filter

and was used directly to dispense onto sterile Healos® strips. Using sterile

25 pipettes, 2.5 ml of rhGDF-5/trehalose solution was dispensed onto strips equally

at 2 spots for a total of 5 ml of rhGDF-5/trehalose solution per each strip. The
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and was used directly to dispense onto sterile Healos(r) strips.
25 pi pettes,
onto strips equally at 2 spots for a total
sol ution per each strip. The
were carefully packed into sterile double
| yophi | i zati on under sterile conditions.

sterile

2.

5 mM of

of 5 m of
22 strips were placed on steel

Usi ng

r hGDF- 5/ trehal ose sol uti on was di spensed

r hGDF- 5/t rehal ose

trays,
pouches and transferred for

Table 3a: Stability of Heal os(r)

whi ch

wi th trehal ose (500ng)/rhGDF 5 (2.5nmg) per strip at 2-8C (Exanple 3) 5 Test

Par amet

78.9 HPLC RE'WF ARjP

(steril

and gl yci ne
and 50 ng of Tgblyeciiaieﬁtabld]tymfelﬂaalam

b 86 ChrBEI:

purified sater was added at
15 solutio

of trehal ose
transferred

cl ear
W t hout
wat er .

er 013

e) w

addi ng
The pH

solution with tr

Each stri

6 nonths nont h nont hs npnt hs

PRReSoMm Stpehrgys) whigh Werﬁpﬁ@fﬂé’aﬂ?ﬁ'@%"tw&f ilgsqgqub
&&éﬂé‘é’ rﬁmﬁ@aﬁé?%d ?br(lgwﬁﬂlﬁz‘éhéh Qnd% éenl&‘l{

RP % mai n

of

peak 88.5 83.9 90.0

&t rips

0rﬁid]t,ongrehal ose 40 ng/m
5, 200 ng

Mhdfehd@m(ﬁﬁﬂm@lrpGDFeS d3l5mg)qrer strin 84 g
03 g of glycine were carefully weighed and
pol ypropyl ene bottl e,
roomtenperature and stirred slowy until

trehal ose

to which 300 ml of

a

ined. The pH was neasure nd found to he 5.5,
any aci j; t he vol unejwas adjjusted tp 350 m| with purified
RS SWeQa?ﬁ]ﬂetfe?uan tdbe [5.51 Di|utidbn daf rBCDF{5
ehal’0se/ gl ycine sol utironths 23 month | months | months

RP- | o mainpeak | 885 | 839 | 900 | 78.9
HPLC ‘ ' ) '

RP- % aggregates 0.0 0.0 0.0 0.0
HPLC ' ' ' '

Example 4. Healos® strips (sterile) with low dose rhGDF-5 (5 ml/strip, 0.5

mg/ml}, trehalose 40 mg/ml and glycine 10 mg/ml. Each strip had 2.5 mg of

rhGDF-5, 200 mg of trehalose and 50 mg of glycine.

10

Preparation of trehalose/glycine solution:

17.84 g of trehalose dihydrate and 4.03 g of glycine were carefully

weighed and transferred into a sterile polypropylene bottle, to which 300 ml of

purified water was added at room temperature and stirred slowly until a clear

15

solution was obtained. The pH was measured and found to be 5.5. Without

adding any acid, the volume was adjusted to 350 ml with purified water. The pH

was measured and found to be 5.5.

Dilution of rhGDF-5 solution with trehalose/glycine solution:

23



39.47 m of rhGDF-5 solution was carefully transferred to a pol ypropyl ene
flask, to which trehal ose/glycine solution was added carefully to adjust the
volunme to 295 m. The pH was neasured and found to be 4.1. The solution was
stirred for 15 mnutes at roomtenperature. The UV extinction coefficient
was 5 obtained to accurately calculate the protein concentration. Based on
the UV reading, nore trehal ose solution was added to obtain the desired
concentration of 0.5 ng/n1 in 300 M of solution the pH was neasured and
found to be 4.1; the adln i ndi cated 0. 507

concentration. Thed- §3I'U't EG\% rqalytionavas ARISEHH téa@f Qg‘?ﬁ‘bﬁ‘d}?“fﬂ"f’?ﬂ?“e and
the solution 1 n o] r 0 I ps.
Usi ng. ster 1 L 1% W el el eid L B e AP e

di spensed onv@Iue'tertIOp’éS‘feqllLaThq/thwas measteeds and ﬁoundttalba)ﬂ 15 Tive ssfutionGrs 5

carof ul 1y padiLen 151 08 Soinpfee. 3t e «OBaills” e, O, SkBRuoh e il Mo @
| yophi |'i z&t i entaﬁmjeto %Tcemfaitﬂycﬁldjléﬂeoﬂﬁ fdteihabdrcehtratiGh aBabéed Yorothday os(r)
with trehal ose (200mg)/rhCGDF-5 (2.5ny GF cine (50 ng) per strip at 2-8C

(Exanpl e 4) wngvamarr%tr%malesqselueonm efoitt pblaihthesdegipdhsongentration n
Tabl e 4b: St Sby PrTy e AQQ S e ARSI ImeshuBa sl R e eR0 =1
(2. 5ng)/ A yclvereadb@ indicateer0.507 img/el paiein (CBraentration)
The solution was filtered through a 0.22-micron filter, and the solution was
10  used directly to dispense on sterile Healos® strips. Using sterile pipettes, 2.5 mi
of rhGDF-5/trehalose/glycine solution was dispensed onto strips equally at 2
spots for a total of 5 ml of rhGDF-5 solution per each strip. The strips were
placed on steel trays, which were carefully packed into sterile double pouches

and transferred for lyophilization under sterile conditions.

15
Table 4a: Stability of Healos® with trehalose (200mg)/rhGDF-5 (2.5mg)/Glycine
(50 mg) per strip at 2-8°C (Example 4)
0 1 3 6
Test Parameter months | month | months | months
RP- | 9% mainpeak | 879 | 835 | 8.0 | 801
HPLC ' ’ ' ‘
RP- % aggregates 0.0 0.0 0.0 0.0
HPLC : ' ) '
20

24



78.1 67.7 HPLC RP-

trehal ose 40 ng/m ,

strip had 2.5 ny
ng

obtain a honogenous sol uti on.

sol uti on:
which the 25 ni

rinses trans

addi ti onal a

sol ution was sti

sol uti on was nea
with purified wat
rhGDF-5 sol ution
rhGDF-5 sol ution

Test Parameter 0 1 3 6 nonths nonth nonths nonths RP % main peak 87.9 78.7
% aggregates 0.00 0.00 0.00 0.00 HPLC Exanpl e 5:
Heal os(r) strips (sterile) with rhGDF5 (0.5 ng/m, 2.5 ny/strip),
glycine 10 ng/m and pol ysorbate 0.1 ng/m . Each 10
of rhGDF-5, 200 ng of trehal ose, 50 ng of glycine and 0.5
of pol ysorbate 80. Preparation of polysorbate 80 solution: 23.03 ng of
pol ysorbate 80 was weighed into a 50 ml sterile disposable 15 tube, to
which 25 m of purified water was added and vortexed for 2 mnutes to
Preparation of trehal ose/ gl ycine/ pol ysorbate
25 10.19 g of trehal ose di hydrate and 2.303 g of glycine were
carefully weighed and transferred into a sterile polypropylene bottle, to
pol ysorbate 80 salution from above was added. The
pol ysor bat e tfable HeisStabilibeef Healosmewithyitiehatose {R0BMaYthGPF el (&ame)/Glygkine he
; ] | yci ne/ pol ysorbate sol ution. An
E@Lﬁ@ykaﬁﬁpﬁgggdbaggéﬁaﬁggs added to the
trehal osebgl yci ne/ pol ysorbate solution for a total volune of 190 nml. The
rredfor—2-mnutesto-obtai-n a—QL%@Lé%#ML;Gnr;HEij of the
sur ed aﬁd found to beé 5.6; the volupme was adjustedi{to 200 ni
er. Th? pH was neasmre and foynd to be 5.5. 10 E%Iution of
WiTielst t 1t eh@aosraé@ryci ne/ tgl ylsor he sol'ut i on: ;?%Oﬂf m  of
was careful l'y transfdPP sto"éo’% I_ﬂﬂ"% P epgonths
RP- | o mainpeak | 879 | 787 | 781 | 67.7
HPLC | MNP ' ' ' '
RP- | % aggregat 000 | 000 | 000 | 0.00
HPLC o aggregates : . . .

10

Example 5: Healos® strips (sterile) with rhGDF-5 (0.5 mg/ml, 2.5
mg/strip), trehalose 40 mg/ml, glycine 10 mg/ml and polysorbate 0.1 mg/mi. Each

of polysorbate 80.

Preparation of polysorbate 80 solution:

15

strip had 2.5 mg of rhGDF-5, 200 mg of trehalose, 50 mg of glycine and 0.5 mg

23.03 mg of polysorbate 80 was weighed into a 50 ml sterile disposable

obtain a homogenous solution.

Preparation of trehalose/glycine/polysorbate solution:

25

tube, to which 25 ml of purified water was added and vortexed for 2 minutes to



flask, to which the trehal ose/ gl ycine/pol ysorbate solution was added
carefully to adjust the volune to 170 m. The pH was neasured and found to
be 4.1. The 15 solution was stirred for 15 mnutes at roomtenperature. The
UV extinction coefficient was obtained to accurately calculate the protein
concentration. Based on the UV reading, nore trehal ose/ gl ycine/pol ysorbate
solution was added to obtain the desired concentration of 0.5 ng/m in 175
m of solution; the pH was neasured and found to be 4.1; the UV reading

i ndi cated 0.510 rotein 20 concentration. The solutlon was filtered

[
through a 0. 22- i 20-08 §i o Bphalgse (dByrale a8d| 3.303 9ple gk BiR® caraiully e
Heal os(r) St%@ehgan;d ?@H%f&?(ed@@”a@@ﬂeme Fﬁé'ﬂbtté:%%ﬁlbg'lﬁe 2959

sterile pipett 5/tre yC|ne pol ysorbate so utlon
was di spensegolgaor@atﬂ 80 solutigndidny abovewas asidedsThe polysothadé tulfe Fasirineéd

rhGDF-5/trehI Iy e io . h | h [ips
were pl aced “y'?‘r?? I%)W? hgﬁiﬁ' SV@%E %nrq ﬁﬁ%agﬁg% t?éf{%g@?% fél Zﬁ%oubl e
pouches amd tréaﬁnsfs@/@ry@dweflmlyéorbaﬁél bblmadh.0nnUadHitiond! edmbent @t)riiﬂjlrwe@nﬁate%
Tabl e 5a: Stability of Hea wi th trehal ose (200ny)/rhCGDF

(2.5mg) / A ycWaé adsleeée th@}fﬁbamg@.lv&meép@msqrbat@ tighe r@ttPF"ﬁ VQ{U@Q gt190

(Exanpl e 4) h
peak 88.4 84-&@5-5%&%6 %Waﬁ% é g&lggr/z ggﬁg}jrtggé H1 g‘&g&@%ﬁﬁgah ‘ghe EﬁLoént@anpl e
6: Lyophili zedlutmralqurmdasuredfandhf@nﬁdﬁo ve. 56;rrg1/emo)lurpbwsas adjuatedste 2000m( 50
Mg/ m) Prepay at Ipcl)J?iﬂgd wateerh%gsb?-l vsvgls lrjﬁeasured and found to be 5.5.

10

Dilution of rhGDF-5 solution with trehalose/glycine/polysorbate solution:

23.03 ml of rhGDF-5 solution was carefully transferred to a polypropylene
flask, to which the trehalose/glycine/polysorbate solution was added carefully to
adjust the volume to 170 ml. The pH was measured and found to be 4.1. The

15 solution was stirred for 15 minutes at room temperature. The UV extinction
coefficient was obtained to accurately calculate the protein concentration. Based
on the UV reading, more trehalose/glycine/polysorbate solution was added to
obtain the desired concentration of 0.5 mg/ml in 175 mi of solution; the pH was
measured and found to be 4.1; the UV reading indicated 0.510 mg/ml protein

20  concentration.

The solution was filtered through a 0.22-micron filter was used directly to
dispense onto sterile Healos® strips in a laminar flow hood under aseptic
conditions, Using sterile pipettes, 25 mi of rhGDF-
S/trehalose/glycine/polysorbate solution was dispensed onto strips equally at 2

25 spots for a total of 5 ml of rhGDF-5/trehalose/glycine/polysorbate solution per
each strip. The strips were placed on steel trays, which were carefully packed
into sterile double pouches and transferred for lyophilization under sterile

conditions.

26



A sterile polypropylene bottle was charged with 12.16 g of trehal ose

di hydrate and magnetic stir bar, to which 190 m of purified water was added
at 15 roomtenperature. The solution was stirred at roomtenperature unti
the trehal ose was conpletely dissolved. The pH was neasured and found to be
6.5. To the clear trehal ose solution, 0.1 N HCI was added drop by drop to
adjust the pHto 5.8 The volunme was adjusted to 200 M with purified

wat er; the pH was neasured and found to be 5.5. The solution was filtered
through 0.22-micron 20 filter and was used directly to dilute the protein
solution. 27 5 Dilution of rhGDF-5 solution with trehal ose solution: 14.47
m of rhCGDF-5 solution was carefully transferred to a pol ypropyl ene flask,
to which trehal ose solution was slowy added to a final volume of 100 ni
while swirling the bottle. The solution was swirled occasionally at room

tenperature n : i [e ..Based
on 0 the. UvTABISRHS UL of FERA WA SERARSE “RaBRGHRIDE & ool alve®
desired son¢sMingyPiotysorfatd 88 (00 mig) per stiip arR-83C ExXartiple®n) the pH was
measured and found to be 3.1; the U/ reading indicated 0.510 ng/m protein
concentration. The solution was filtered through a 0.22-micron filter and
was used directl|l yto difspense Tnt rars. I FrifT g\rrars1Tr‘rT of

r hGDF- 5/ trehal ose sol utiion was di spe 1sed, manual I nt o T e 1 flint

gl ass vials, and|edestvijal Pasamptert | cl%%ed Wi trgl sto%) er to

| oading into thejlyophillizer. After I BWI Pi H t"ﬂ% png’g Ser e
pressed and cri nped. JIJu-LjnLndurL\An< obt ai TGLTQ fJI\:hI_T(e cake.
20 Tabl e 6a: Stabi I’é y of vial of rthF 5 (0| 5rrg/rr1 pl us tirehal ose

(50mg/ M) at 2- 8C anples niin edk 3 |6 €8.42 | Teats Paraggger, mgpth rpnt mont h

L

nmont h mont h nont h HELR $ssSS
RP-
HPLC % aggregates 0.0 0.0 0.0 0.0

Example 6: Lyophilized vial product of rhGDF-5 (0.5 mg/mi) plus trehalose
10 (50 mg/ml)

Preparation of trehalose solution:

A sterile polypropylene bottle was charged with 12.16 g of trehalose
dihydrate and magnetic stir bar, to which 190 ml of purified water was added at
15 room temperature. The solution was stirred at room temperature until the
trehalose was completely dissolved. The pH was measured and found to be 6.5.
To the clear trehalose solution, 0.1 N HCI was added drop by drop to adjust the
pH to 5.8. The volume was adjusted to 200 ml with purified water; the pH was
measured and found to be 5.5. The solution was filtered through 0.22-micron
20 filter and was used directly to dilute the protein solution.
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Cake white to white white white white white white Appearance off-white; to
off- to off- to off- to off- to off- to off- white; white; white; white;
white; white; intact intact intact intact intact intact 28 Reconstitutio
n Time, <2 mn 1.13 0.28 1.32 0.38 0.44 0.34 mnutes PH of Reconstituted
2.0to0 3.53.02.52.82.82.92.9 Solution Protein Concentratio ng/nm n
0.49 0.46 0.46 0.48 0.47 0.45 RP-HPLC D peakn 90.74 88.58 92.91 92.96 92.77
93.19 RP-HPLC aggregate 0.00 0.00 0.00 0.00 0.00 0.00 s Table 6b:
Stability of vial of rhGF-5 (0.5mgy/ M) plus trehal ose (50ng/m) at 25C
(Example 6) 01 3 6 9 12 Test Paraneter nonth nont nonth nonth nonth nonth
S hss s s Cake white to white white white white white white Appearance
off-white; to off- to off- to off- to off- to off- to off- white; white;
white; white; white; white; intact intact intact intact intact intact
Reconstitution Time, <2 mn 1.13 0.26 1.44 0.38 0.52 0.33

5 Dilution of rhGDF-5 solution with trehalose solution:

14.47 mi of thGDF-5 solution was carefully transferred to a polypropylene
flask, to which trehalose solution was slowly added to a final volume of 100 ml
while swirling the bottle. The solution was swirled occasionally at room
temperature for 15 minutes; the pH was measured and found to be 3.0. Based on

10 the UV reading, more trehalose solution was added to obtain the desired
concentration of 0.5 mg/ml in 110 ml of solution; the pH was measured and found
to be 3.1; the UV reading indicated 0.510 mg/ml protein concentration. The
solution was filtered through a 0.22-micron filter and was used directly to
dispense into vials.

15 Filling vials: 1.1 ml of rhGDF-5/trehalose solution was dispensed manually
into 5 ml Type 1 flint glass vials, and each vial was partly closed with a stopper
prior to loading into the lyophilizer. After lyophilization, the stoppers were pressed
and crimped. The product was obtained as white to off-white cake.

20 Table 6a: Stability of vial of rhGDF-5 (0.5mg/ml) plus trehalose (50mg/ml) at 2-
8°C (Example 6)

0 1 3 6 9 12
Test Parameter | month | mont | month | month | month | month
s h s S s s

white | white | white white white white

Cake white to
.. | tooff- | tooff- | to off- | to off- | to off- | to off-
Aa'? ;I):?tae rar?tce ofif;]\;vahcl:e, white; | white; | white; | white; | white; | white;
grity intact | intact | intact intact intact intact
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m nutes pH of Reconstituted 2.0 to 3.5 3.0 2.5 2.8 2.9 2.8 2.9
Protein nmg/m 0.49 0.46 0.46 0.47 0.45 0.45 Concentratio 29 n
main 90. 74 86.24 87.75 85.39 84.19 82.45

aggregate 0.00 0.00 0.00 0.00 0.00 0.00 aggregates s Exanple 7:

vi al product
of mannit ol

g of mannitol

of
sol uti on:

and a magnhetic stir bar,

rhGF-5 (0.5 ng/m ) plus mannitol
A sterile polypropylene bottle was charged with 11.52

Lyophi |

sol ution
RP- HPLC %
% mai n peak peak RP-HPLC %

i zed

5 (50 ng/ m) Preparation

to which 185 m of purified water

was added af—+oom—10-tenperature—The mxturewas—stirredfor1Q minutes at
room t enper atRecoOnetifutib |t he manni tol was conplietel y di ssol ved. Tha pH was
measured ang fouTighd,0 be <@ in T} 1he cf e Solusz on, oBgl N bigy viasg suided
drop by drop t(pmﬁgﬂegst the pH to| 5.5. [The vgl une S adj usted tg 200 ni
with purified water; the pH was asuried and foundi{to be . 7. The sal ufion
was filtered th aJO 22-m cron 15fi|ter5Fand was used direcl\:/élyto
dilute the pk I I uti of d] olfut4 gn W nni tPl
sol ution: T(P%t;%h 'ta@d gteo?? §Q4 482?1 §I’8f1G -%gso utTon vvagt90
carefully trans rred to whi ch| t he nni t ol soI utijon was| added |carefullly
to a vol une|of Protein
Concentratio mg/mil
n 049 | 046 | 046 0.48 0.47 0.45
0 .
RP-HPLC A’p;"a"’:('“ 90.74 | 88.58 | 92.91 | 92.96 | 92.77 | 93.19
%
RP-HPLC aggregate | 0.00 | 0.00 { 0.00 0.00 0.00 0.00
s |

Table 6b: Stability of vial of rhGDF-5 (0.5mg/ml} plus trehalose (50mg/ml) at
25°C (Example 6)

0 1 3 6 9 12
Test Parameter | month | mont | month [ month | month | month
[ h S s s s
. white | white | white white white white
Cake white .t°_ to off- | to off- | to off- | to off- | to off- | to off-
Appearance off-white; hite: hite: hite- hite- hite: hite:
& Integrity intact w ite; whie, | white, | while, | w ite; w ite;
intact | intact | intact intact intact intact
Reconstitutio
n Time, < 2 min 1.13 0.26 1.44 0.38 0.52 0.33
minutes
pH of
Reconstituted | 2.0to0 3.5 3.0 25 2.8 2.9 2.8 2.9
solution
Protein mg/ml | 049 | 046 | 046 | 047 | 045 | 045
Concentratio
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20 100 m . The solution was stirred for 15 mnutes at roomtenperature. The
WV extinction coefficient was obtained to accurately calculate the protein
30 concentration. Based on the UV reading, nore mannitol solution was added
to obtain the desired protein concentration of 0.5 ng/m in 110 m of
solution; the pH was neasured and found to be 3.1; the UV reading indicated
0.498 ng/mM protein concentration. The solution was filtered through a
0.22-mcron filter and 5 was used directly to dispense into vials. Filli
vials: 1.1 W—of mannitel/rhGDE-5 solution was- di-spensed n Ly —into 5
Type 1 flint glads vialls, and eagh vial| was partly ¢losed with a stoppeJ
prior to loading into the |yophilizer. |After (I yophilizatioh, the |stoppefs
were presse é%@iﬁﬁéi be?&;?he;pydethmas :ra1neurasz3 eto gff=whife
cake. 10 Tabl . abi | ¥t maivf Vi g&ﬂ- b us. magni to
(50ng/ i) af o,g-mﬁ,qugﬁarrm@ego 0 196d37‘g 9%2 Té%t%gpah%er%%fﬂﬁ ﬁgﬁ% ont h
nont h nont h | nont S S s s s Cake whijte to|white ite ite ite The

stability Appears gff-white;|to off
PREacl Wi -

& Integrity e; te;|white;! white; nonths were|intact| i ntact

intact intagt not%pronmi|sfgdeoal evP@nced R | Be@@nst Ok i p PR ded@Bseé in

n Tinme, < 2|naggiegates0.[26 0839 0] 22 the main |peak M nutes| and the increase
2 n

1 H f I ot oc conct ittt ad 9D +t A | 2.2 21 2 Q co—t
I n p O ag ICgu.l.\,o*, T\COUTToSUT L L CUOU 2 CO 1. U J. J . = . I o TCTToC T LAY

ng
m

to %ff- toL'off- tp of f- [data at 6

Example 7: Lyophilized vial product of rhGDF-5 (0.5 mg/ml) plus mannitol
5 (50 mg/ml)

Preparation of mannitol solution:

A sterile polypropylene bhottle was charged with 11.52 g of mannitol and a

magnetic stir bar, to which 185 ml of purified water was added at room

10 temperature. The mixture was stirred for 10 minutes at room temperature until
the mannitol was completely dissolved. The pH was measured and found to be

6.6. To the clear solution, 0.1 N HCI was added drop by drop to adjust the pH to

5.5. The volume was adjusted to 200 ml with purified water; the pH was
measured and found to be 5.7. The solution was filtered through a 0.22-micron

15 filter and was used directly to dilute the protein solution.

Dilution of rhGDF-5 solution with Mannitol solution;

To a polypropylene flask, 14.48 ml of rhGDF-5 solution was carefully
transferred; to which the mannitol solution was added carefully to a volume of
20 100 ml. The solution was stirred for 15 minutes at room temperature. The UV

extinction coefficient was obtained to accurately calculate the protein

30



Solution stability studies were termnated Protein at 6 nonths.
Concentratlo mg/m 0.41 0.39 0.37 0.36 n RP-HPLC % nain 89.85 86 665 82.04
53.59 peak 31 RP-HPLC aggregate 0.00 0.00 4.3 7.82 s 5 10 Table 7b:
Stability of vial of rhGF-5 (0.5ng/ M) plus mannitol (50ng/ M) at 25C
(Example 7) 01 36 9 12 Test Paraneter nonth nont nonth nonth nonth nonth
S hss s s Cake white to white white white white The stability Appearance
off-white; to off- to off- to off- to off- data at 6 & Integrity i nt act

white; white; white; white; i ntact intac tact i ntact not
o s o Chonbnttion fBased B b, WV SeaBN| e rAnrae! shtipRavadagisd 0. o5

0.35 0.35 0. 8&&\@&% BSéuF@d“ﬁFcﬁ@‘ in CONEEREStIGH of 0PGBI in PAD ®hI Sfesalitidn; itnd ed
2.0to 4.0 3.5 3. . solution Protein
pH was measured and found to be 3.1; the UV reading indicated 0.498 mg/ml
protein concentration. The solution was filtered through a 0.22-micron filter and
5 was used directly to dispense into vials.

Filling vials: 1.1 ml of mannitol/rhGDF-5 solution was dispensed manually
into 5 ml Type 1 flint glass vials, and each vial was partly closed with a stopper
prior to loading into the lyophilizer. After lyophilization, the stoppers were pressed
and crimped. The product was obtained as white to off-white cake.

10  Table 7a: Stability of vial of rhGDF-5 (0.5mg/ml) plus mannitol (50mg/ml) at 2-

8°C (Example 7)

0 1 3 6 9 12
Test Parameter | month | mont | month | month | month | month
s h s s S S
. white | white | white | white The stability
Appoarance | oftunite; | 00 |00 | ooff | ooff. | dataats
& Integrity intact ' \_Nhlte; \_Nh|te; \(vhlte; \fvhlte; months were
fntact | intact | intact ! intact not promising
as evidenced by
Reconstitutio the decrease in
n Time, <2 min 0.95 0.26 0.39 0.22 the main peak
minutes and the
increase in
pH of aggregates,
Reconstituted | 2.0t04.0 3.5 3.2 3.3 3.9 hence the
Solution stability studies
] were terminated
Protein at 6 months.
Concentratio mg/mi 0.41 0.39 0.37 0.36
n
RP-HPLC | 2 Main | oq85 | 8665 | 82.04 | 53.59
peak
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Concentratio mg/m 0.41 0.32 0.28 0.26 n 32 RP-HPLC % main 89 85 34.31
26.04 34.62 peak RP-HPLC aggregate 0.00 7.05 14.21 17.30 S Exanple 8:
Lyophilized vial product of rhGF5 (0.5 ng/m ) plus trehalose (50 ng/m)
in glycine-HCl pH 3.0 buffer. 5 Preparation of trehal ose solution: A sterile
pol ypropyl ene bottle was charged with 12.16 g of trehal ose dihydrate and a
magnetic stir bar, to which 200 mM of 5 mM glycine-HCl buffer pH 3.0 was
added at roomtenperature. The solution was stirred at room tenperature
until the trehalosewas—conpletelyr—dissolved—The pH of 10 -trehaloselglycine

T oS T ARl 4 y oo

solution was$ 3.1. The sjol ut¥pon was filtjered through|0.22-mcron filter|and
was used di [eqpyHpiac di Iyg?egg@ frgmi n ggot)i on3 Dl gtgzon| of rhGDF-5
solution with trehal osg sol gtion| Bul k |fhGDF-5 sol ufi on was dial yzed agginst
a 5 nmMglycine-HC buffler 15 over night using a 30 MWIcut- off nmenbrane
at 2-8C. After dialysis the solution was slightly concentrated to 3.8

mg/ M. 14.47 m of rhGDF-5 solution was carefully transferred to a

pol ypropyl ene flask, to which trehal ose-glycine solution was slowy added
to a final volune of 100 M while swirling the bottle. The solution was
swirled occasionally at roomtenperature for 15 mnutes; the 20 pH was
nmeasured and found to be 3.0. Based on the WV reading, nore

trehal oseggl yci ne solution was added to obtain the desired protein
concentration of 0.5 ng/m in 110 m of solution; the pH was neasured and
found to be 3.0; the 33 UV reading indicated 0.507 ng/m protein
concentration. The sol ution was

10  Table 7b: Stability of vial of thGDF-5 (0.5mg/ml) plus mannitol (50mg/ml) at 25°C

(Example 7)
0 1 3 6 9 12
Test Parameter | month | mont | month | month | month | month
5 h S S s )
. white | white | white | white The stability
A %Zt:nce ov:fr-l‘:\t;i:c;' to off- | to off- | to off- | to off- data at 6
Se‘l)nte (it intact ' | white; | white; | white: | white; months were
grity intact | intact | intact | intact | not promising,
hence the
Reconstitutio stability studies
n time, < 2 min 0.95 0.35 0.35 0.28 | were terminated
minutes at 6 months.
pH of
Reconstituted | 2.0 to 4.0 3.5 34 36 40
solution
Protein
Concentratio mg/mi 0.41 032 | 0.28 0.26
n
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filtered through a 0.22-micron filter and was used directly to dispense into

vials. Filling vials: 1.1 m of rhCGDF-5/trehal ose sol ution was di spensed
manually into 5 m Type 1 flint glass vials, and each vial was partly
closed with a stopper 5 prior to |loading into the |yophilizer. After

| yophi l'i zation, the stoppers were pressed and crinped. The product was
obtained as white to off-white cake. 10 Table 8: Stability of vial of
rhGOF-5 (0.5 ng/m) plus trehal ose (50 rrg/rﬂ) in glycine-HCl buffer pH 3.0
(Exanpl e 8) -Selution Protein % _a_p_p,ea_j V e
appearance after peak % aggmgg\at n ution tecovyery HPLC HPLC Tine
= zero Solid, Rl cl earpéé]p 0 qgoégf 3%% e,26-94rﬁ3n:§’+1§25[)c Solid, whi t{e
clear 100 Ol_to off-whilte Lmn'r 5QC IS A whitelclear D9.6 0 to

of f-white 3|nonth, 50C SoI| te clv\“e:r 100 0 toloff-whjte 1 nonth,
Solid, white 0 f =t 2 h, hd, white clear|99.0
0 250C to of ?ﬁﬁq‘ip"]@ no%‘fég%t G0, e TR0 SPE0Gh Dsocta

of f-white

10

15

20

Example 8: Lyophilized vial product of rhGDF-5 (0.5 mg/mi} plus trehalose
(50 mg/ml} in glycine-HCI pH 3.0 buffer.

Preparation of trehalose solution:

A sterile polypropylene bottle was charged with 12.16 g of trehalose
dihydrate and a magnetic stir bar, o which 200 mil of 5 mM glycine-HCI buffer pH
3.0 was added at room temperature. The solution was stirred at room
temperature until the firehalose was completely dissolved. The pH of
trehalose/glycine solution was 3.1. The solution was filtered through 0.22-micron

filter and was used directly to dilute the protein solution.
Dilution of rhGDF-5 solution with trehalose solution:

Bulk rhGDF-5 solution was dialyzed against a 5 mM glycine-HCI buffer
over night using a 3000 M.W. cut- off membrane at 2-8°C. After dialysis the
solution was slightly concentrated to 3.8 mg/mi. 14.47 ml of rhGDF-5 solution
was carefully transferred to a polypropylene flask, to which trehalose-glycine
solution was slowly added to a final volume of 100 mi while swirling the bottle.
The solution was swirled occasionally at room temperature for 15 minutes; the
pH was measured and found to be 3.0. Based on the UV reading, more
trehalose-glycine solution was added to obtain the desired protein concentration

of 0.5 mg/ml in 110 ml of solution; the pH was measured and found to be 3.0; the
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| nonth, Solid, white clear 98.7 0 400C to off-white 2 nonth, Solid, white
clear 99.1 0 400C to off-white 3 nonth, Solid, white clear 98.9 0 400C to
of f-white Exanple 9: Lyophilized vial product of rhGF5 (0.5 ng/m ) plus
trehal ose (50 ng/m ) in phosphate buffer at pH 3.0. 5 Preparation of

trehal ose solution: A sterile polypropylene bottle was charged with 12.16 ¢
of trehalose dihydrate and a magnetic stir bar, to which 200 M of 5 nM
phosphate buffer pH 3.0 was added at roomtenperature. The solution was
stirred at room tenperature until the trehal ose was conpletely dissol ved.

The pH of thyvlwe@qheaaqnagéﬁ%&watregfmjf @te'goptenqewﬁaﬁag ghe. salytion gvas i on

filt df | ut
the protel n HieaBeuBa o2 ichPicoanSiad it d Bty tp dfbpese o VIE | 1or.
Bul k rhGF-5 sol uFillmg wvials: dii1armyied1@y%r|5ﬂmhamse&qﬂim<m was diapeosed marg:latly 15

usi ng a 3000 nﬁaane at 8C., After di I he, sol uti on was
slightly contfglﬂ:é['a‘fiéip?é @rqgg §Mals,1§{1d4§acm ‘"8# WER C@SF{’JtVY'@na per
careful lys t bﬁaustfoaba@ud?nmoqn@qupmeév ligres Ndpamhatuém m@ 'sfdi)pers were pressed
trehal ose/ phosphate burfer solution was slow dded final volume of

100 M whi |l eagwoﬂmmg fhe preduat é’as'ﬂﬁam%‘é?ﬁt‘ﬂﬂbtﬁ tﬁ/ﬁf \ymfe Pé‘ﬁa occasi onal |y at
roomtenperature for 15 mnutes; the pH 20 was neasured and found to be 3.0.
Based on the UV reading, nore trehal ose/ phosphat e buffer solution was added
to obtain the desired protein 35 concentration of 0.5 ng/m in 110 m of
solution; the pH was neasured and found to be 3.0; the UV reading indicated
0.50 ng/mM protein concentration. The solution was filtered through a
0.22-mchgen filter and was used directly to

Table 8: Stability of vial of rhGDF-5 (0.5 mg/ml} plus trehalose (50 mg/ml) in
glycine-HCI buffer pH 3.0 (Example 8)

Solution P':,?;?r"n o,
Time and Cake appearance eak % | aggregates
Temperature | appearance after r’; coverc;/ HPLC
reconstitution HPLC
. Solid, white-
Time = zero to off-white, clear 100 0
Solid, white
1 month, 50C to off-white clear 100 0
Solid, white
2 month, 50C to off-white clear 99.6 0
Solid, white
3 month, 50C to off-white clear 100 0
1 month, Solid, white
250C to off-white clear 1060 0
2 month, Solid, white
250C to off-white clear 99.0 0
3 month, Solid, white clear 99.3 0
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di spense into vials. 5 Filling vials: 1.1 m of rhGF-5/trehal ose sol ution
was di spensed manually into 5 mM Type 1 flint glass vials, and each vi al
was partly closed with a stopper prior to loading into the lIyophilizer.
After |lyophilization, the stoppers were pressed and crinped. The product
was obtained as white to off-white cake. Table 9: Stability of rhCGDF-5 (0.5
nmg/ M) plus trehal ose (50 ng/mM) in phosphate 10 buffer at pH 3.0 (Exanple

9) h Solution Protein main Tine and Cake appearance peak % aggregates
Tenperature app fter reconstitution recovery HRPLC HPLC Tipne = zero

Solid, white- clear 2886 Oﬂtdog"ﬁf‘ﬂ’“ﬂ#ﬁte, 1 nonth, [50C Solild, white glear 100

O to off-white[Z month, 50C SOIid, WIite clear 99.8 0 to off-white 3

month, 50C Sol i, Wawhc| enSelidowbite t/o Of fieghi te] 1 gpnt .| Sol e, white
4

clear 100 0 25DC t408€f-wh|tte off-widite , Solid, white clear; 98.7 0 250C to
of f-white 3 nontt—Sotid; e ctear 199 7-0—250C to of f=white
2 month, Solid, white clear 99.1 0
400C o off-white ;

3 month, Solid, white

400C to off-white clear 98.9 0

Example 9: Lyophilized vial product of rhGDF-5 (0.5 mg/mi) plus trehalose
(50 mg/mi) in phosphate buffer at pH 3.0.

5 Preparation of trehalose solution:

A sterile polypropylene bottle was charged with 12.16 g of trehalose

dihydrate and a magnetic stir bar, to which 200 mi of 5 mM phosphate buffer pH

3.0 was added at room temperature. The solution was stirred at room

temperature until the trehalose was completely dissolved. The pH of the

10 trehalose/phosphate buffer solution was 3.0. The solution was filtered through a
0.22-micron filter and was used directly to dilute the protein solution.

Dilution of thGDF-5 solution with trehalose solution:

Bulk rhGDF-5 solution was dialyzed against phosphate bhuffer over night

15 using a 3000 M.W. cut-off membrane at 2-8°C. After dialysis the solution was
slightly concentrated to 3.8 mg/ml. 14.47 ml of rhGDF-5 solution was carefully
transferred to a polypropylene flask, to which trehalose/phosphate buffer solution

was slowly added to a final volume of 100 ml while swirling the bottle. The
solution was swirled occasionally at room temperature for 15 minutes; the pH

20 was measured and found to be 3.0. Based on the UV reading, more
trehalose/phosphate buffer solution was added to obtain the desired protein
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1 nonth, Solid, white clear
97.4 0 400C to off-white 3 nonth, Solid, white clear

white cl ear

98.7 0 400C to off-white 36 2 nonth, Solid,

97.4 0

4000 to off-white Exanple 10: Mrselized collagen cylinder with 2.5 ng

rhGF-5 and 250 ng trehal ose 5 Preparation of trehal ose sol ution:
trehal ose dehydrate was carefully wei ghed and transferred into a
pol ypropyl ene bottl e,

tenperature and stirred sIovay unti |

cl ear

trehal ose

kiof I@?Pff

was 10 adj usFeeesh ﬁaﬁ%

the sol utiong
directly to dllute t'he

Wa s gﬁ%fu

B9/

o B

Di | ut1 on of

to which 145 m of purified water was added at

9.56 g of
sterile
room

a cI ear solution was obtai ned. The
d to be 5.3. The vol une
P WasTaeasued and foRed pi of

0 MRS 3R afher e ﬁ‘éﬁdlﬁ@‘#ﬁﬁlchfédbg 5?) ?’nglmepr%@m'téd?f&e%ﬁtléﬁ ethe

protein Solution. hGDF-5 sol ution with

trehal ose sobolution:was figred through ahGid2-micion Lﬂlteonamhswaart@real directly to
to which trehal ose sol ution was added

transferred
carefully to

WaRnE g

(’%@/I ene

e volunme to 120 m;

fl ask,

the pH was neasured and found to

be 2.9. The sol ut Fillingneialsst i1rmedf MDHSItréhamte&a)l@ﬁorfwamdﬁsp@neé@tmur&nau;r he WV
extinction coefficient wa

sol uti on;

gngnet%' lb@@lng

iRo%ha |

asured

obtained to
concent r at i oftto BabdYBR Tt Hipt goss yials. Ad ef

to obtain th

o EARL

cal cu] at

ARaibslosed with %ﬁt%radded
f%ﬂggtﬁfﬂrg&ﬁgﬂ I%Qtég’n tﬂgl {%)p'er ea ?eng?? ndl cated

t.he protein

0. 498 ny/ rri pndtcerrrpedoiﬁberpmdimt was dbdained asfwhiterto efi-white cake. agen cylinders

Wi th rhGDF- SALEehal 3P

(lznJJ rliwidﬁ\:-Seta.S mg/mi} plus trehalose (50 mg/ml) in phosphate
buffer at pH 3.0 (Example 9)

10

Solution P;;);ier:n %
Time and Cake appearance peak % | aggregates
Temperature | appearance after recovery HPLC
reconstitution HPLC
. Solid, white-
Time = zero o off-white, clear 100 0
Solid, white
1 month, 50C to off-white clear 100 0
Solid, white
2 month, 50C to off-white clear 99.8 0
Solid, white
3 month, 50C to off-white clear 100 0
1 month, Solid, white
250C o off-white clear 100 0
2 month, Solid, white
250C o off-white clear 98.7 0
3 month, Solid, white
250C to off-white clear 99.7 0
1 month, Solid, white
400C to off-white clear 98.7 0
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The solution was filtered through a 0.22-micron filter and the solution was
used directly to dispense on pre-formed norselized collagen cylinders that
were packed in a Teflon nold. Each cylinder was dosed with 5 m of rhGDF-
5/trehal ose solution prior to Iyophilization. 5 Table 10: Stability of
norselized collagen cylinder with rhGDF-5 (2.5ng) and trehal ose (250ng) per
cylinder at 2-8C (Exanple 10) Test Paraneter 0 1 3 6 9 12 nonths nonth

nont hs nont hs nonths nonths RP % rmain peak 87.28 87.29 86.67 90.01 HPLC
Study in progress—RP- %0000 0 HPLC aggregates—10-The Vin
table 11 show t hat 2t,ﬁ¢§mh,hGD|t§b|w WRpa!t] any ex0| pi ¢nts_ and dep05| ted onto
Heal os(r) and | yophiggpeed i tét@mﬁlt@t - 200ie8r byt (noP7dk 2. 8 as
evi denced by thep_appearance a eluting peak in the RP—HPLCt st of
the 2-8 C sanpl es, ot sanpl es. 15 Table 11:| Stability of
Heal os(r) striplw Safz')%ntﬂ ’—%gl; :,%(0 Sngledi ) wit h8d¥ excipilntslat 2-8C
and at -20C Par anet e 8 1 2 Test nonth!mont nonth nonth nonth
nonth nmonth % Late s hsssss Flumn 38 RP-

Example 10: Morselized collagen cylinder with 2.5 mg rhGDF-5 and 250
mg trehalose

5 Preparation of trehalose solution:

9.56 g of trehalose dihydrate was carefully weighed and transferred into a
sterile polypropylene bottle, to which 145 ml of purified water was added at room
temperature and stirred slowly until a clear solution was obtained. The clear
trehalose solution pH was measured and found to be 5.3. The volume was

10  adjusted with purified water to obtain 150 ml final volume. The pH of the solution
was measured and found to be 5.3. The solution was used directly to dilute the

protein solution.

Dilution of rhGDF-5 solution with trehalose solution:

15 16.45 m! of rhGDF-5 solution was carefully transferred to a polypropylene
flask, to which trehalose solution was added carefully to adjust the volume to 120
mi; the pH was measured and found to be 2.9. The solution was stirred for 15
minutes at room temperature. The UV extinction coefficient was obtained to
accurately calculate the protein concentration. Based on the UV reading, more

20 trehalose solution was added to obtain the desired protein concentration of 0.5
mg/ml in 125 ml of solution; the pH was measured and found to be 2.9; the UV
reading indicated 0.498 mg/ml protein concentration.

Dosing of morselized collagen cylinders with rhGDF-5/trehalose solution
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HPL 2 - 8 C0 9.0 12.8 36.5 45.9 49.0 42.1 CRP- HPL - 20 C 0 2.6 0 1.6 2.2
2.7 3.8 C Different exanples of making flowabl e norselized coll agen/rhGF-5
with excipients and sol uble collagen gel have been devel oped, and each
exanple was evaluated for its performance, stability, and ease of

manuf acturing. 5 Morselized Col |l agen Exanple 1: -Mrselized coll agen
cylinder & rhGDF-5 |yophilized in the dry form -Collagen gel in wet formis
kept separate -Both are kept separately in separate syringes at 2-8C. 10

-Both are m xed r ect.ion Mprseliz Col | agen Exa
Norsel | zeq ool | AGER SOORAIES BSTRENTOS0R & SRR ARTP L BRe AL e SHRAIRNaS ¢
wet form ( nohséc‘f an@u’ry ?da@lbpéﬁse bh |pré\ﬁcﬂ'n+§?pﬁ'rol‘§bh§e§ 'CB%%M Wlin’ﬂ@% {hat V@ref orm

at 2-8C, ready to use€ Morselized | agen Exanp sel i zed col | agen

cylinder & rlnw:eds & @oT¢faxjemn@ér E%ﬁbphyllﬁdﬁédﬂ\m& dased wvith Horh oD rhGRFE are
kept in dry [ 8C. rehydrate with water prior to
I njection 39 @f)éﬂs"’e%egse%”t% 'Fz'ioa'éél %"& t'g’}l -Morselized col lagen cylinder &
col | agen gel together as a paste -rhGDF 5 is kept separate in dry form5

-Both are kept se ar t el in separate syringes _ at
able %tabr?’ty of morselize coYIageng cylinder wrth thGDF-5 (2.5mg) and

trehalose (250mg) per cylinder at 2-8°C (Example 10)

0 1 3 6 9 12

Test | Parameter | .\ nths | month | months | months | months | months

RP- .
HPLC % main peak | 87.28 | 87.29 | 86.67 90.01

Study in progress
RP- %

HPLC | aggregates 0.0 0 0 0

10
The data below in table 11 show that the rhGDF-5 without any excipients
and deposited onto Healos® and Iyophilized is stable at -20 °C, but not at 2-8 °C,
as evidenced by the appearance of a late eluting peak in the RP-HPLC test of
the 2-8 °C samples, but not the -20 °C samples.
15

Table 11: Stability of Healos® strip with 5 ml of rhGDF-5 (0.5mg/ml) without
excipients at 2-8°C and at -20°C

Parameter 0 1 2 6 g 12 18
Test : month | mont | month | month | month | month | month
% Late S h S S $ s S
_Eluting
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-Both are mxed prior to injection Mrselized Coll agen Exanpl e 5:
-Morselized collagen cylinder & collagen gel together in dry form 10
-rhGF-5 is kept separate in dry form-Both are kept separately in separate
syringes at 2-8C. -Reconstitute the rhGDF-5 with sterile water or bone
marrow aspirate -Dry norselized collagen and collagen are m xed with
reconstituted rhCGDF-5 solution prior to injection 15 The stability of

rhGDF-5 was assessed using the follow ng techniques: RP-HPLC, differential

scanni ng cal ry (DSC)—cireoular—dichroism (CD)-— polarized-|ight

m croscopy (PRM, and al so| bi oasslay, wiith several excipients such as
nmanni tol, slcypge, 2ng 4 ehal gse li g phe ggﬁepc%_gnc frsence49fp a(uf‘fze{s 20
and anti - oxildapts, Several | sucrosle-contai ni ng; | yophi|l'i zed 1Lor mul ati ons of
rhGF- 5 devyeloped an undesirabl e yvell gw color and gl assy ¢cake styructure
during stonage_and theref hre werle not |prom s|jng. The rreltl ng behavi or of
| yophil i zed rlg - 5_fargpul ati gns stiudiged ! usi DSE. C da
dem)nstrateﬂ that| bot dt(ﬂli]r“lewal gse 2’?}236 mniot(:aol bjséd gng mﬁaﬁlon?f36
significantlly oved the|[thermal stability bf bul K rhGDF 5. Figures 1, 2
and 3 show a conparison of the DSC profi | es of the trehal ose fornulation
and mannitol fornmulation of rhGDE-5 n‘%ared to that gf bul k 40 rhGDF- 5

Bul k rhGDF-5 di _spp eplBXamples qfr"ﬁﬁ"é Srablesmerselized folagenirGiaF-SowHlr
near 85C. Th%é?iﬁ%*ﬁtél %ﬁﬂeéq?ﬁbléecdllbﬁaﬁ'gtéO%erﬂg@PHESvﬂSBé@S%’& SakhCexamigte i n' s

t her mal unf ol I's Iinterestin note tha ting tenperature
(T,) of the fwassivaluaded Mnmpartqrmascmatabmty anrt eass efimapufactt®@gi n t he
presence gf 5 excipients. Wien considered by itself, this study suggests
that both“trehal ose and mannitol could be equally effective as a

stabilizer. Morselized Collagen Example 1:

-Morselized collagen cylinder & rhGDF-5 Ilyophilized in the dry form
-Collagen gel in wet form is kept separate
-Both are kept separately in separate syringes at 2-8°C.

10 -Both are mixed prior to injection

Morselized Collagen Example 2:
-Morselized collagen cylinder & rhGDF-5 & collagen gel mixed together in
wet form (not lyophilized)
15 -All are kept in a single syringe in wet form at 2-8°C; ready to use
Morselized Collagen Example 3:
- Morselized collagen cylinder & rhGDF-5 & collagen gel lyophilized in the
dry form

20 - all are kept in dry form in a single syringe at 2-8°C.
- rehydrate with water prior to injection
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PLM (pol ari zed Iight m croscopy) of the trehal ose/rhGDF-5 fornulation is
shown in Figure 4. The sanpl e does not show a najor birefringence
phenonenon. Thus, the systemis anorphous, which is ideal for therapeutic 10
applications. Figure 5 shows the PLM of the mannitol/rhGDF-5 formnul ation
after a period of storage. Many crystals were observed in the sanple,
indicating that the mannitol had crystallized during storage. This result
suggests that trehalose is the better |yoprotectant for rhGDF-5. The far W
CD spectra reveal ed that trehal ose-based formul ati ons have a secondary
structural distribution 15 conparable to that of native bulk protein. Real
time stabili "IWor§éI%HQ§oI% R @f lyophilized rhGDF-5 with various
excipients clearly dem)nstrat ed that rhGF-5 in the presence of trehal ose,
at either 50 ng/ or 100 nmg/ m concentrations with or without buffers,

and with or witho stabrlrty 20
upon rhGDF-5 at bﬁﬁ%%'l%%d)gﬁ%b‘%g @gﬁéért%oreggd gtegﬁesr‘é? \Fég%s manni t ol
failed to provide- mEB@f-'sénekém\ﬁalpaMtesm dhyi ﬂormy under simlar storage

conditi ons. The rg@l h rrﬁ tabr st udi e Q/%gr}pi b; d cake formul ati ons
clearly Showed t Qth AR KePLYy e%rate of ?PQE?]?F’%" a in, as evidenced by
the mai n peak beLthgegrnggé@gngHgnhj@bﬁ@ntly while the aggregate peak is

i ncreased at room 25 tenperature, as well as 2-8C storage conditions. The

aggregates are the nost undesirable species in the protein formulations as

t hey may cau DD I Lons and side effects. In contrast,
trehal ose StzﬁlrFl ze@q%ﬂﬁg%?o ié/tesry well by inhibiting the formation of

aggregates and protecting the rral n peak, particularly at 2-8C storage

conditions, as evi us trehal ose
is better than man ﬁ%&%ﬁ?ﬁ&y a%nlgtyﬁiﬁaséﬁ%geé ertﬁqei'ﬁﬁﬂw‘{&?{ Al so, the
real timQstabili t.mcmﬂ.a i$ Repteiparatbat drhfobih- 5/t rehal ose formul ati ons

havi ng phosphate orgg@%m ne as a buffer to control the pHis even better

than r hGDF-5/trehaP e 2Rt $erarately iliseralate syrnggssat 2I'ﬁecr eal tine stability
-Reconstitute the rhGDF-5 with sterile water or bone marrow aspirate

-Dry morselized collagen and collagen are mixed with reconstituted
rhGDF-5 solution prior to injection
15
The stability of rhGDF-5 was assessed using the following techniques:
RP-HPLC, differential scanning calorimetry (DSC), circular dichroism (CD),
polarized light microscopy (PLM), and also bioassay, with several excipients
such as mannitol, sucrose, and trehalose in the presence and absence of buffers
20 and anti-oxidants. Several sucrose-containing lyophilized formulations of rhGDF-
5 developed an undesirable yellow color and glassy cake structure during
storage and therefore were not promising.
The melting behavior of lyophilized rhGDF-5 formulations was studied
using DSC. The DSC data demonstrated that both trehalose and mannitol-based
25 formulations significantly improved the thermal stability of buik rhGDF-5.
Figures 1, 2 and 3 show a comparison of the DSC profiles of the trehalose
formulation and mannitol formulation of rhGDF-5 compared to that of bulk
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5 data indicate that the ideal storage of rhGDF-5 trehal osel gl yci ne
formulations is at 2-8C, and also that storage at 25C is adequate. In
addition to the favorabl e bi ochem cal and bi ophysi cal data of trehal ose-
based rhCGDF-5 formul ati ons, these fornul ati ons al so showed potency in the
al kal i ne phosphat ase bi ol ogi cal assay. Physical chem cal nethods of
analysis, in 10 vitro assays, and real tine stability data show the prom se
of trehal ose as a superior excipient in stabilizing rhGF-5 in a

by ofuct s or THEBF GHIE BEBE R ieTErs e maldh fEnfchn e BerCAGapnd the
di sorders. 1latHerappae eﬂéic %@Mi%i ttiérrieierétb@ﬁra‘iismamdIpiét%wtrebﬁéyefﬁtssttﬁ@ngth

solutions and two pH fers 3 and 4). Various ionic Strength

sol utions of pwainmﬂq@mgbhabédmf It i mi@reétlngstmnme thahithe sraling tempriatre

b ohos 1o, SE efE EGERMAAC v R i HoRsR by 3R T thé BredisBef o
di al ysi s, 5t hexsuamntseww\enecmiseté{eaﬁ byoitse, ahists,tudtylduggeit;ztadt both trebaiesa

concentration an  UV- pectr ot onet er tailed procedures are
descri bed beIaBa/mﬂi‘f'ﬁoéFo‘#aé’ﬁ Iﬁﬁgeﬁtyeﬁﬁ)a ﬁﬁ%i’r@&phate buffer at pH 3:

13.5 nL of concenpy g %IWIIQ{&%%&%Oﬁ@'b'lt!h@”tré{i?a‘ioéé/ﬁiﬁiﬁﬁfff fb(i'mhi%lti%n is
2000- nL beaker, to which er was ad up to 00

sol ution washewnr in eGigure h4.a Tegorsaseplet does t Bolpshevana stberefrmengea

nL. The  conPRRtonenon: ThifcRie. sPHE < Ao, offien 0 HEal BrRERAENE, 5o

mM phosphat e appfidationst Figtrie35 shoWs Tife RLMOG t6e neinito BitheSD FHERoAM (lhbo8 alkr a
solution was transferred to a 2000-nm - beaker, to which DI water was added
up to 1900- mefad ©f sterage dary efystals were observed in the sample, indicating that the

mannitol had crystallized during storage. This result suggests that trehalose is

the better lyoprotectant for rhGDF-5. The far UV CD spectra revealed that

trehalose-based formulations have a secondary structural distribution
15  comparable to that of native bulk protein.

Real time stability studies by RP-HPLC of Iyophilized rhGDF-5 with
various excipients clearly demonstrated that rhGDF-5 in the presence of
trehalose, at either 50 mg/mil or 100 mg/ml concentrations, with or without
buffers, and with or without polysorbate, consistently imparted improved stability

20 upon rhGDF-5 at both 2-8°C and 15-25°C storage conditions, whereas mannitol
failed to provide the same level of stability under similar storage conditions.

The real time stability studies of lyophilized cake formulations clearly
showed that mannitol did not stabilize the protein, as evidenced by the main peak
being decreased significantly while the aggregate peak is increased at room

25 temperature, as well as 2-8°C storage conditions. The aggregates are the most
undesirable species in the protein formulations as they may cause immunological
reactions and side effects. In contrast, trehalose stabilized the protein very well
by inhibiting the formation of aggregates and protecting the main peak,
particularly at 2-8°C storage conditions, as evidenced in real time stability
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was titrated with a NaOH solution to pH 3 and transferred to a 2000-ni -
graduated cylinder. Additional water was added to make up 2000 nL. The
content was transferred back to the beaker and m xed thoroughly. 10 25 nmM
phosphate buffer at pH 3. 3.39 nL of concentrated H3PO4 (14.8 M sol ution
was transferred to a 2000-m - beaker followed by addition of DI water to
1900-nmL mark. The solution was titrated wwth a NaCH solution to pH 3 and
transferred to a 2000- m graduated cylinder. Additional water was added to

make up 2000 plL,. Th cont ent s.transferred hack to and
xed T hor oughaEs. 1 6hyi s is BRRel Ihan mARGol Iestapligng s s R 48 e

H3PO4 (14.8 Mmﬁ%tiﬂn‘sowg@sthbrl%%ﬂtlﬂ{é @ﬁab‘ilﬁy @ata?@fﬂﬂcé'tb thE?@KGDFLQ’trEﬁéIGQe D'
wat er was added upt019(50- mar k. The solution 20 was titrated

NaOH sol ut i oferiyigiens kawing Péﬁéﬁhﬂteeﬁﬂ glyrine 2800 byffegytagaalreldtheypt r\%i@iven

pddi 1 onal WaLRL: HB9 AEHRIRANRAE e GORGh nd LD ERl Pk iAo

back to the beaker "and m xé ospha buffter a

0.676 nL df datwmdigas dﬁtHBé’GMee(lbﬂonﬁgwofwasmﬂmherdsetgly@n@faﬁﬁmatrdns ipeaker
fol |l oned by adg fhi.on of D ter to I?%._*ggm_rrark The solution was titrated
with a NaoH @bFift FoAnd glsaha %tHEPQeraal I3 @84eqvats. 2000- L gr aduat ed

cylinder. Additiofahg éﬁ'io Yl’i%ﬁfa%ﬂe Hﬁﬂﬁ?ca‘ﬂﬂnﬁ%rﬁﬂslcamﬁ aCoMtréHHlostRS

transferred back to t e beaker an thoroug Sarrp e Preparation
Bul k protei nbaaeszrhGQFLﬁtfo#ngmgnslphaaasfwmamanstalsza 8bowetepdtenky iprtbeei n

solution (24 nt
i1 traci on danPuE pRaFRRERPE bick RS EE PsER HBRa T nE AR F Y9581 e
of approx0natvitioy absdils, aivaprekitined @Itabnlﬂy Uarg showt tie promiset ofatredalosélds- &
solution was transferred to each dia ES i s cassette (Pierce, Cat # 66380)
and di al yzed Superior excipient in stabilizing rhG -5 in a lyophilized stand-alone product, as

well as collagen-based combination products for use in the treatment of a variety

of musculoskeletal disorders.

15 Example 11: Solubility of rhGDF-5 in different ionic strength solutions and two pH
buffers (pH 3 and pH 4).
Various ionic strength solutions of sodium phosphate buffer were used in
this study. A bulk protein solution was concentrated to approximately 10 mg/mL
and dialyzed with 5, 10, 25, 50 and 100 mM phosphate buffers at pH 3 or pH 4.
20 After dialysis, the samples were checked for clarity and analyzed for protein
concentration on an UV-Vis spectrophotometer. Detailed procedures are
described below.

Buffer Preparations
25 100 mM phosphate buffer at pH 3:
13.5 mL of concentrated H3PO4 (14.8 M) solution was transferred to a
2000-mL beaker, to which DI water was added up to 1900-mL mark. The solution
was titrated with a NaOH solution to pH 3 and fransferred to a 2000-mL
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agai nst the phosphate buffers over night at roomtenperature. The
concentrated rhGDF-5 solutions were carefully renoved fromthe dialysis
cassettes and placed 10 in small glass vials to check solution clarity.
Protein concentrations were determ ned on an UV-Vis spectrophotoneter as
described in the Analytical Methods section. Solubility at pH 4 15 Buffers
of pH 4.0 were prepared fromthe pH 3 buffers by adding nore NaCOH sol ution
to the pH 3 buffers. The protein solutions were dialyzed against the pH 4
buffers at roon1t§%Berature over night. The sanples were anauﬁiﬁd for

sol ution cl aSfadpalen yieRes Maipnahtwaler grps agdad ey Makg uketdblsor e i on
sampl es 11 SEBenPhAS e RIRAIBIR SRR BB dnhABhoRIgnypar i cl es. The

sanple vials were Inspected using a vertica agai nSt "a bl ack
background. The clarity of the test sanples was conpared with a pure water

sanple as a contr k. .ion sanple was neasured directly
25 using a cali brgbﬂﬁ%%,"%gafﬁw-me results of the solubility study
of 10 ng/§l rhCOF6F6sAlLULF @oAcsiieued HPOat (14Ee MogslutionWas shnsfegell toudfers

of sodi um phgsphate at 5, 10,.  and 25 nM 44 yi el ded cl ear sol utjons, .
ot 1 o’ DIBB0Ser beaken (o whish 3 iatghERs AGHEE Uerip JGODHNL BuArke T8 SPIUGBRT um

phosphat e at LOQiM, V| ; | i d i q'@?,tejd' n .
solubility. X{%Q’paﬁ%,e thé 5 aﬁg%%ﬁiﬁ@dlﬁﬁ phsgs%glha%rg %u fergoyalmezlgggdmﬁazy
sol utions, i gddutedgypoder. stdditidnal twateSovisuadgbd stohatakebup f 2060 awl.2%he 50
and 100 5 mM yi el ded cl ear solutiqns after centrif tion, but had nearly
Cero protel nCoPEobYER s iastecad g0 tna bt ke SR eH RO i fat ed.  Thus,
| ow i oni gpst rengt b5 MfdiRispharasuffeiaBpi@il d be preferable to higher ionic
strength buffers at higher pH _
3.39 mL of concentrated H3PO4 (14.8 M) solution was transferred to a

2000-mL beaker followed by addition of DI water to 1900-mL mark. The solution

was titrated with a NaOH solution to pH 3 and transferred to a 2000-mL

graduated cylinder. Additional water was added to make up 2000 mL. The

15 content was transferred back to the beaker and mixed thoroughly.

10 mM phosphate buffer at pH 3:
1.35 mL of concentrated H;PO, (14.8 M) solution was transferred to a
2000-mL beaker to which DI water was added up to 1900-mL mark. The solution
20 was titrated with a NaOH solution to pH 3 and transferred to a 2000-mL
graduated cylinder. Additional water was added to make up 2000 mL. The
content was transferred back to the beaker and mixed thoroughly.

5 mM phosphate buffer at pH 3:

25 0.676 mL of concentrated H3sPO4 (14.8 M) was transferred to a 2000-mL
beaker followed by addition of DI water to 1900-mL mark. The solution was
titrated with a NaOH solution to pH 3 and transferred to a 2000-mL graduated
cylinder. Additional water was added to make up 2000 mL. The content was
transferred back to the beaker and mixed thoroughly.
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Exanple 12: Stability of rhCGDF-5 at various tenperatures in various buffers
wth 10 5%trehalose In this study various buffers were tested for their
effects on protecting 0.7 ng/nL rhGDF-5 in a 5% trehal ose sol ution during
| yophilization and storage at 5C. The buffers tested were 5mM gl yci ne- HCl
pH3, 5 nmM sodi um phosphate pH 3, 5 nMsodiumcitrate pH 3, 10 mM sodi um

| actate pH 3, 0.01% TFA in water, 1 15 nM HCI, and a control sol ution of
rhGF-5 in 1 mMMHCI with no trehal ose present. The buffers were prepared as
follows: 5 mM @ ycine buffer, pH 3 A 2000-nL beaker was charged with 0.75g
of glycine (MNVN75.05g) and 20 1900 ml of DI water; the solution was
titrated wtigaggiPregardtié®n to pH 3 while it was stirring. Additional

wat er was added to nmake up 2000 nL and mixed thoroughly. 5 MM Citrate
buffer, pH 3 25 ABEUVODFQWII\ RS (ot #BAAYEI ey tlaawgg A 28 €r Tbeakull

nonohydr at e 1 0 ted
with a NaCOH go ut g%'éﬁ% pH %\% %d?lq %&{E{L %er gﬁéﬁgégﬁ%@é"%énﬁ@ 00 nL
and the 5ol fiftiationwesicei (Padl LlféESdiem Brat #0DB0 ¢0OBT f 0K I\/MdC@)QoW\&)hﬂrhe of
phosphoric acid sol utlonl_éé1 was %ﬁlsfer ed to a beake

I

ol e 2 6BBTMMBIENCE i Asroxifataly Ocd b iR CPPP?@f%g\KP@PFafJ aaion

solution to 3 géjﬁl@d 5
sol uti on was Wr;a:sxter?jﬁé;[*ﬁg%%f}% ad@@H%’iyr?X/l@ 1Ef:;llct ate Flti)'gq‘df@eir@atgﬁ 6%3%%@ a&r}?'ytglgge
sp,

beaker was clagaipstithe pho am pufferstdver aighdl at mmmemayratmdme@@nnentmteml
water; the r H 3.
Addi 11 onal i EPraasS Rl Brs BeldbisBBRed st el tdhedih and plaled
10 in small glass vials to check solution clarity. Protein concentrations were
determined on an UV-Vis spectrophotometer as described in the Analytical
Methods section.

Solubility at pH 4

15 Buffers of pH 4.0 were prepared from the pH 3 buffers by adding more
NaOH solution to the pH 3 buffers. The protein solutions were dialyzed against
the pH 4 buffers at room temperature over night. The samples were analyzed for
solution clarity and protein concentration.

20  Analytical Methods
Solution samples in small glass vials were checked for clarity and
particles. The sample vials were inspected using a vertical light against a black
background. The clarity of the test samples was compared with a pure water
sample as a control. The pH of each solution sample was measured directly
25 using a calibrated pH meter.

Results

The results of the solubility study of 10 mg/m! rhGDF-5 solutions showed
that the lower ionic strength buffers of sodium phosphate at 5, 10, and 25 mM
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m xed thoroughly. 1 mM HCl solution 1 nmL of 2N HCl solution was transferred
to a 2000-m - beaker containing 15 1900m of DI water. Final volunme of the
solution was adjusted to 2000 nL mark by adding nore DI water. 0.01 % TFA
solution 0.2 nL TFA solution was transferred to a 2000-nL beaker 20
containing 1 900m of DI water. Final volume of the solution was adjusted to
2000 nL by adding additional water and the solution was m xed thoroughly.
Forrmul ati on Preparation Bul k protein rhGEF 5 (Lot # 2142131) was thawed at
2-8C. The bul k ZSPProteln sol uti on was concentrat ed

using a cent ¥eldsgh aﬁi’rql‘t'té&'lsori”‘éfﬁﬁl% QPPQI ?0'\1‘?'1“"@( %'@n%@hel‘:&?"'ﬁ a3,
10K MACO) tobﬂ ¥l 35 dffm pRBEBIRAtE %@BG'aYndlfbomnH! @g%ﬁ%&gts@h}hoﬁs indleafth

concentrat ed GDF 5 solution was transferre ea SIS cassetle
(Pierce, Cat pﬁoﬁwam}ltyaﬁu pHe thaSsand €8 mMusodiugn ahgszmtata@affaaylelued thagy

From the o apuiehs Jhagaii ood PF I PhrRaTPhardiRll pURPRL T AT 2l 8001 ol

concentrasi opsMoyiekdet slebrtsolitns\efter pemsifigationsibag Hud Héaly Szero protem
spectrophotoneter. The grotel n was fornmyl ated _at approximately rg

with 5% (w vJeGavenalipdicating dhat thesprofrin thads peacipitate IT"&Sedo‘f’h'PBl?gW
TS e DAL A GoBo6E drbraRiC o RIcheF jdrty sk¥RER! et P higrfet ! | /i ng

and Lyoph| liza formul ate ut I on vial s
(West  Phar rmtieutlcal Services, Cat # 68000316) at 1 nmial. The VI als were

R e I A A N M R A s
Ther nocoupl eg%RERalose
in this study various buffers were tested for their effects on protecting 0.7
mg/mL rhGDF-5 in a 5% trehalose solution during lyophilization and storage at
5°C. The buffers tested were 5SmM glycine-HC! pH3, 5 mM sodium phosphate pH
3, 5 mM sodium citrate pH 3, 10 mM sodium lactate pH 3, 0.01% TFA in water, 1
15 mM HCI, and a control solution of rhGDF-5 in 1 mM HCI with no trehalose
present. The buffers were prepared as follows:

5 mM Giycine buffer, pH 3
A 2000-mL beaker was charged with 0.75g of glycine (MW 75.05g) and
20 1900 mi of DI water; the solution was titrated with a HCI solution to pH 3 while it
was stirring. Additional water was added to make up 2000 mL and mixed
thoroughly.

5 mM Citrate buffer, pH 3

25 A 2000-mL beaker was charged with 2.11g of citric acid monohydrate
(MW210.14) and 1900 ml of DI water; the solution was titrated with a NaOH
solution to pH 3. Additional water was added to make up 2000 mlL and the

solution was mixed.
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pl aced in placebo vials to nonitor the |lyophilization process. As a control,
another fornulation with no trehal ose was al so tested. 200 pL of 4.5 ng/nL
rhGF-5 in 1 nMHCI solution was transferred to each glass vial and

| yophilized. 15 Analytical Methods Integrity of Lyophilization Cakes The

| yophi li zed sanpl e was checked at each tinme point for cracks, shrinkage and
col | apse of |yophilized cakes. 20 Reconstitution Tine One mlliliter of DI
wat er was added to each |yophilized sanple and m xed gently. The

reconstitutiqQn i s, recgrded.. 25 Solution Carity- Visual Appearance
et FRoiate e ahia

Sol u_tion sa _ _aI S were checked f or pl ari ty and _
particles. The sagpy7e MLﬁirﬁqspﬁbng? btaiﬁps%ﬁ&t% U2 8\) Ra¥ Udrstétted togbtz_oﬁgf}hnst a

bl ack background. The cla e test sanples was conpared with a pure

ri
wat er sanpl deakeracyvaning .19W¥ MHOKE eate Hhe fsobution was ditiated withpa dlats
measured dir : [ L.or at H pect COPpY in
concentrati o%gvﬁjvéén gét@ﬁmﬁlnégh@gﬁ%‘gﬁgk&lﬂla%@ég p@cwggh@f t eﬁﬁ ?‘ﬁé%g
concent r afi ogohition WasFmxedabor@agblyl at ed using an extinction coefficient of
1.16 nng*cm at 280 nm 10 HPLC net hod
10 mM Lactate buffer, pH 3
A 2000-ml size beaker was charged with 1.81 g lactic acid (MW 90.08)
and 1900 ml of DI water; the resulted solution was titrated with a NaOH solution
10 to pH 3. Additional water was added to make 2000 mL and the solution was
mixed thoroughly.

1 mM HCI solution
1 mL of 2N HCI solution was transferred to a 2000-mL beaker containing
15  1900ml of DI water. Final volume of the solution was adjusted to 2000 mL mark
by adding more Dl water.

0.01% TFA soiution
0.2 mL TFA solution was transferred to a 2000-mL beaker
20 containing1900mt of DI water. Final volume of the solution was adjusted to 2000
mL by adding additional water and the solution was mixed thoroughly.

Formulation Preparation
Bulk protein rhGDF-5 (Lot # 2142131) was thawed at 2-8°C. The bulk
25 protein solution (55 mL at 3.8 mg/mL) was concentrated using a centrifugai
filtration device (Pall Life Science, Cat # OD010C37, 10K MWCO) to a volume of
approximately 10 mL. Approximately 1.4 mL of concentrated rhGDF-5 solution
was transferred to each dialysis cassette (Pierce, Cat # 66380) and the cassettes
were dialyzed against the test buffers over night at 2-8°C.
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The non-reduced rpHPLC nethod (TM 0051 D) was used to nonitor nodified
species of the protein. The test sanples were diluted with 50 nM acetic

acid to approximately 0.1 ng rhGDF-5/nL solution. The diluted sanples (50l
15 each) were injected onto the HPLC colum (VWydac 218TP52, C18 columm). The
sanples were eluted with 0.15% (v/v) TFA in water and 0.15% (v/v) TFA in
acetonitrile as the nobile phase at 0.3 m/mn. The el uted peaks were
detected at 214 nm Percentage of each peak area was cal cul ated to nonitor

the changes of nd m nor peaks (deqraded peaks 20 Size
Excl usi on Chr omat EB?EEFT@F]O éﬁebu?ﬁl%waf%f%ﬁa‘f%baéfﬁﬁﬁy ﬁ'g"h C%ﬁsﬁﬁﬁsa SEC
met hod. Typi gall Yanstéhrdd té’fsn‘i’ﬁPgadsgsﬁotﬁ@émﬂ’r%té’iﬁscdﬂ&bﬁﬁéﬁ%sdbf?I‘?é's)éld?iﬁhé’ the

SEC colum (TOSOH Bi osci ence 08540) and eluted wth 1% (v/v) T
and 45% (v/ vwers massueed usingan WVwis speeirophotemetess Tioe proteinnvas formaligiedt ei n

Dot cul ateq. 45 aprofimley S5 IRERS it s (T Petute F IR IREF Bl nar
pi eces wepe fﬁltéx@d”ﬂﬁ'bﬁgﬁ ax221SiM Jilteds OFhe & ARRIInRPIWRFE StSredEAN 20B° CTbﬂbP%| Y,
appr oxi mateln‘iﬁ rot ein was dried and reconstituted with 70

SDS- PAGE sa O@hli'@ﬂ @F (lnvitrogen, Cat # 5 LC2676) with or WIthOUt 10%
( 3-mer capt oe T S were incubated at 95C for 5 m nutes.
ot or 3 VI nd FYEARARCR i

Appr oxi mat el sanpl e was | oaded on to gels (lnvitrogen, Cat #
NP0341Box). The gEbsh\Ammulaladusnhgnoa negsni fillgdbudtber3-ml nylass ogals, (Badst#

U002 ol 2het el aiteah Serviche back SN of ool e el s SRy
o1 g iSSP SR ke BEROOPr
HCI transferred to the lyophilizer (FTS System, LyoStar Il). Thermocouples were
placed in placebo vials to monitor the lyophilization process. As a control,
another formulation with no trehalose was also tested. 200 ulL of 4.5 mg/mL
rhGDF-5 in 1 mM HCI solution was transferred to each glass vial and lyophilized.
15
Analytical Methods
Integrity of Lyophilization Cakes
The lyophilized sample was checked at each time point for cracks,
shrinkage and collapse of lyophilized cakes.
20
Reconstitution Time
One milliliter of DI water was added to each lyophilized sample and mixed
gently. The reconstitution time was recorded.

25 Solution Clarity- Visual Appearance
Solution samples in small glass vials were checked for clarity and
particles. The sample vials were inspected using a vertical light against a black
background. The clarity of the test samples was compared with a pure water

sample as a control.
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formul ati on) were anal yzed for biological activity. The cell-based assay (TM
15 0046) was used to neasure al kaline phosphatase activity to determ ne the
stability of the sanples. Water Content The noi sture content assay was
conducted by PDD using a Karl Fischer 20 Titration nethod. Results
Integrity of Iyophilization cakes Test sanple cakes in all storage

condi tions appeared solid and white to 25 off-white fromthe tine zero
through the 9-nonth tinme point. Slight shrinkage was observed around the
cakes, or the cakes were slightly separated fromglass wall of the vials,
as is comonly observed when sugars such as trehal ose or sucrose are used
as a bul ki ng agenpy Méfo@ Was no col | apse of cake in all the test sanples.
Usual |y cake collapse nay alter the reconstitution tine and lead to 49
protein instabili Pyl ofgaghesolution sgmplriwas dheassuge dirgeliye usingaa galibrated: pid
formul ati on rﬁg p no trehal ose present. Reconstitution time 5 One milliliter
of water was added to each sanple vial at the tine of testing. The sanple
was gentl$ m xed and reconstitution tinme was recorded. Approxinmately 30 to
40 seconds were rﬁﬁp're for the conpletion of cake solubility. 10 Sol ution
Clarity Reconstit e§p§ [QACPBh sanpl es were inspected under a vertical |ight

on a bl ack backgppsragh akbn ti8nSOl Whé ONGedrtrih@nd ElriRAr @R cglayikess

pH 15 The pH of reconstituted solution was nmeasured using a calibrated pH
met er . Thr ougheciephatemetanr ddeotcoseanisatioheok riebE-hovas gealulatedt usingnges in
pH extinction coefficient of 1.16 mL/mg*cm at 280 nm.

10

HPLC method

The non-reduced rpHPLC method (TM 0051 D) was used to monitor
modified species of the protein. The test samples were diluted with 50 mM acetic
acid to approximately 0.1 mg rhGDF-5/mL solution. The diluted samples (504l

15  each) were injected onto the HPLC column (Vydac 218TP52, C18 column). The
samples were eluted with 0.15% (v/v) TFA in water and 0.15% (v/v) TFA in
acetonitrile as the mobile phase at 0.3 ml/min. The eluted peaks were detected at
214 nm. Percentage of each peak area was calculated to monitor the changes of
the main peak and minor peaks (degraded peaks).

20

Size Exclusion Chromatography (SEC)

Protein aggregation was monitored using a SEC method. Typically, 30 pL
of each test sample was injected directly onto the SEC column (TOSOH
Bioscience, Cat # 08540) and eluted with 0.1% (v/v)TFA and 45% (v/v)

25 acetonitrile in water at a rate of 0.5 mli/min. The protein peaks were monitored at
280nm and the percentage of aggregate was calculated.
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val ue across all the fornulations. pH of the fornul ati on sanpl es contai ni ng
trehal ose/ buffers was around 3.0 0.2. The pH of the fornulation w thout
trehal ose was about 4.0. 20 UV Spectroscopy The protein concentration was
measured on an W-VIS spectrophotoneter. Through out the study there were
no significant changes in protein concentration in rhGDF-5/trehal ose

formul ati ons containing the glycine 25 buffer, phosphate buffer, citrate
buffer, lactate buffer, or 0.01% TFA. The absorbance at 280nm was i ncreased
in the rhGDF- 5/tr§%igrésc§:/ Hﬁl formulation when it was stored at 25C 60% and
40C/ 75% RH. The ¢ TRPNBSET protein appeared to be increasing in the

formul ation that wpstelt &jgtegatesHid; dédi&déd"kﬁlhﬂ'pnedé%%@rbrhlwmbfﬁ i€§iAg of
0.7ng/nL at tine zero was increased to ng/ L at the 50 6-nonth tine

point. This megelieigstiophiosesis metlao@séymta;lm agppxirdateiyo 10 g pradgin wasrpuednds
whi ch have sim/l ar ab a 80 educ P resul ts. 5
non-reduced PARPEECRYT H%ﬁ V(EE ﬂié‘i‘ B%%ﬁ Fﬁ"égq"‘ggéh yitrogene Gals of

r hGDF- 5, I [ tjon
and ot her rea?tngﬁjsew @ﬁm h\%? ﬁer@r;r,?? H{Er%t?éétgﬁﬁélcﬁgﬁ Sgﬁ%légvgtég@ﬁg g’;‘%adf‘ t he
mai n peak fo5aC lfot ﬁemhotetsuh@prmawly)n&qhwmf cachGample 2643 foarlel omtul dels

except for t e HCI fo an formul ati on wi thout trehal ose. Both
10 formul at i &iR¥it fl?&&“l Qﬁ’aééﬂﬁ (AE1S WRIG KU USKW & Fepiing (huffer

poi nt.  HoveygitrogeRnchhg MP@W&%'Z@@S«% &s ﬁfro.itf‘d&t%z ﬁ%%sﬁr%e&l§Wrége
conditi ons such as§ 40C/ 75% RH one f ation
Leé8R0nand We-sdainedt h

5/ trehal ose/ @nqmstram)edhwmh @rlreah/bwet stdmtnm@ﬂ\otrogema Gai

e 5/ 1Pen M BERhrGE T 480 AR sPalfo B 8 @uB8ed: ca <t orage

condi tions. Part [ cuI arly, rhGDF-
Biological Activity Assay
Only the 6-month stability samples (glycine formulation and HCI
formulation) were analyzed for biological activity. The cell-based assay (TM
15 0046) was used to measure alkaline phosphatase activity to determine the
stability of the samples.

Water Content
The moisture content assay was conducted by PDD using a Karl Fischer
20  Titration method.

Results
Integrity of lyophilization cakes
Test sample cakes in all storage conditions appeared solid and white to
25  off-white from the time zero through the 9-month time point. Slight shrinkage was
observed around the cakes, or the cakes were slightly separated from glass wall
of the vials, as is commonly observed when sugars such as trehalose or sucrose
are used as a bulking agent. There was no collapse of cake in all the test
samples. Usually cake collapse may alter the reconstitution time and lead to
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5/trehal ose/HCl formnul ation had only 66% of the main peak at the 6-nonth
time point. Figures 6 and 7 shows the HPLC chronmat ograns of rhGDF-

5/trehal ose/ gl ycine fornul ation and rhGDF-5/trehal ose/ HCI formul ati on stored
at 40C/ 75% RH for 6 nmonths. Figures 8, 9, and 10 show the % protein
recovery of 20 the various buffers tested at storage at 5, 25, and 40C. The
results fromrpHPLC anal ysis indicate that a conbination of trehal ose and
gl ycine buffer provides the best stability to |Iyophilized rhGF-5 during the
storage. Additionally,.th ornul ati on of rhGDF-5/trehal ose/HCl is | ess
stabl e becaﬁg‘éelf‘h@sépf'@hng&B?ngﬁy Ry light cakesawesnebidinad iy theforguisfierct s
on both 25 piiltR) ReRfod®hlesdnt.t rehal ose. Exanple 13: Stability of rhGDF-5
at various tenperatures 1h a pH 3 glycine buffer wth 5%trehal ose 51 In
this study, rhGDF-5 was formul ated at approximately 0.01, 0.03, 0.1, 2.5,

4.5 and 9 ng/nL w 0 V. rehal ose and 5 mM gl yci ne-HCl buffer at pH
3. The fornul at e\é\htseg?ﬁﬁtlg&n é@%e used to fill in 3-nL glass vials at 1

nm/vial add the dnelmilliitreoflwaienvhs added Theadhy sahplel vigicatgaatihe ofitastingier e
stored at 2%&6 5 25§/ 60% RH and 40C/ 75% RH. At each desi gnat ed tinme, point,
t he sanpl es r SAMRIE y NS 1IN dniedpiand: yreaenstiteion oime: wasrhechidadods

used in this e | C ¢ e el {dl | 1R, i on
clarity, pH, A?gﬂ%%at%e%?%emgﬁgggﬁ I gﬁé}geﬁdgﬁgngn?er ?‘#qﬁﬁﬂ‘pgﬂ'?ﬁn%f%gggphy) ,
WV (ul tra-vi sblbilitspect roscopy), SEC (size exclusion chromat ography) and gel
el ectrophoresis. 10 After 6-nonth storage at the three storage conditions,
it was found that there were no significant changes observed in the

formul at fons W t hgplibaiClarigoncentrations fromas low as 0.1nmg/nm to as high
as 9 ng/nL. Wen the protein concentration was too |ow, such as_0.01 and
0.03 ny/nl, the eRespistiuledisnletion sarpelenyrere dnspactachuuder a yeticablightiamar

changes. 15 ey isekbioind! af Birpf dtidrairs id Ogbr bi@BAbhiged rNCDF-5
pH
15 The pH of reconstituted solution was measured using a calibrated pH
meter. Through out the course of study there were no significant changes in pH
value across all the formulations. pH of the formulation samples containing
trehalose/buffers was around 3.0 £ 0.2. The pH of the formulation without
trehalose was about 4.0.
20
UV Spectroscopy
The protein concentration was measured on an UV-VIS
spectrophotometer. Through out the study there were no significant changes in
protein concentration in rhGDF-5/trehalose formulations containing the glycine
25 buffer, phosphate buffer, citrate buffer, lactate buffer, or 0.01% TFA. The
absorbance at 280nm was increased in the rhGDF-5/trehalose/HCI formulation
when it was stored at 25°C/60% and 40°C/75% RH. The concentration of protein
appeared to be increasing in the formulation that was stored at 40°C; the initial
protein concentration of 0.7mg/mL at time zero was increased to 1mg/mL at the
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contai ning trehal ose and glycine-HCl with varying protein concentrations
were stable at 2-8C, 25C/60% RH for at |east 6 nonths. Slight changes in
rpHPLC profile were seen in the product stored at accel erated storage
conditions of 40C/ 75% RH at the 6-nmonth tinme point. 20 Exanple 14:
Stability of different concentrations of rhCGDF-5 at various tenperatures in
a pH 3 glycine buffer wwth 5% trehalose In this study rhGDF-5 was fornmnmul at ed
with 5% (v/w) trehalose and 5 M glycine buffer at pH 3 with concentrations

of rhGF-5 of, 0.01,.0.03,. 0.1,. 2.5 4.5 25 and 9.0 py/n{. Additionally,
one’ for mul at POHORH e Rgjnhi Thincisey gl (Ao kaRIESe. I CRSAIS 1O REREA ose
and 5 M gl yebmpolKéd svhi€ Have sinfilar a685mBanES an2sd Am.f or mul ated sol uti ons
were then filled in 3-nL glass vials at 1 nL/vial and |yophilized. The

| yophilized sanples were stored in stability chanbers. 52 5 nM Qd yci ne- HCl
buffer, pH 3 3 x Q./ZE | ( 7/2.079) was weighed into 3 x 2000-niL
el L

beakers and approXi ma DI water was added to each beaker. The

5d30|dm i oﬁshvve][ e rrlherrailnexéo\ubfedm zrargglcc m]rcelthud waﬁtugseﬁll;to?»moﬁgtdi tﬂe)geguha&atiem hY\as
added to the final v o] nm. for eac aker and m xed thorou y.
For mul ati on PPeYES &f ifgﬁl&%ﬁk"“&& WerP foregse. BY (e '%'%@é'ﬁ!ﬂ?"mﬂ%@ﬁ’&%& at

2-8C. The pr I3 | i ing 4
centri fugal ?% ﬁtlragtai%gnaﬂggtélagggﬁ%ga@re E{e{ g nécsir@{r:{:ﬁea,mgté n%&'&ﬁ%@tﬁaﬁﬁ

MACO) to a ttheamajipeat fotaltihadarnadiatiqnsr sterethabRy8°C4and 258Gpiond meandlisy 3 x
R L T U T A R R
over ni ghy afordnfdtionthathess tHAAFOE, D0 the malrspadk &t the Bambath rdde fooinh t he

di al ysis cassettes to a .

However, when the formulations were stored at accelerated storage
conditions such as 40°C/75% RH, only one formulation (i.e. rhGF-
Sftrehalose/glycine) had greater than 91% of the main peak at the 6-month time
point. The other formulations were not as stable as rhGDF-5/trehalose/glycine

15  formulation under the accelerated storage conditions. Particularly, rhGDF-
S/trehalose/HCI formulation had only 66% of the main peak at the 6-month time
point. Figures 6 and 7 shows the HPLC chromatograms of rhGDF-
S/trehalose/glycine formulation and rhGDF-5/trehalose/HCI formulation stored at
40°C/75% RH for 6 months. Figures 8, 9, and 10 show the % protein recovery of

20 the various buffers tested at storage at 5°, 25°, and 40°C.

The results from rpHPLC analysis indicate that a combination of trehalose
and glycine buffer provides the best stability to lyophilized rhGDF-5 during the
storage. Additionally, the formulation of rhGDF-5/trehalose/HCI is less stable
because the strong acid of HClI may have some destabilizing effects on both

25 protein as well as trehalose.

Example 13: Stability of rhGDF-5 at various temperatures in a pH 3 glycine buffer
with 5% trehalose
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smal | glass bottle. Protein concentration was neasured using an W-Vis
spectrophotoneter. The protein was fornul ated at various concentrations with
5 or 10% (wv) trehalose and 5 nM gl yci ne buffer as described above. The
formul ated solutions were filtered with 0.22 mfilters and stored at 2-8C
prior to 20 lyophilization. Fill and Lyophilization Each of the fornul ated
solutions were filled into 3-nL glass vials (Wst Pharmaceutical Services,
Cat # 68000316) at 1 nL/vial. Stoppers (West 25 Pharnaceutical Services,

Cranst orred to t i ySpds sbioReE v Sreiaied abappronmateh tod b BipPds ver e
placed in pl 2005 ¥halgm F?nE'W’t'htS% (WW? t%ﬁ%@%dﬂ@nﬂﬁ%ﬁﬂuﬁéHGﬂ%ﬁ@ga%

| yophi | i zation_process. 53 Anal ytical nmethods used were simlar to
descri bed abgvdheforneated saiutionsamerelesedredill ins3-md. glaseyials at dimlivial and

soid and v RIS et el IR R aRhEzR seitnid 3 SR, oREACPRE Nhage
was obser ged 28P0I800 R andakEE/PE%! RH At keaeh sty redté d) Rilmey paﬁmath@t Sdnplesm
glass wall of the vjals te conmon en suygars, such as

trehal ose or V&€ @@@Qzﬁfjé‘%g?dsﬁ‘g'l%y Bmha pgpdugts. J@@di"e‘msc‘éﬁeldaﬁﬁ‘s@tﬁ TS
were seen i njalildd gikkes Epéﬁ%ﬁ&@s T ﬂﬁlbht Hr‘n'eorhéluﬁ% %lt?‘esﬂH I} dﬂ—ﬂj'ljhe Vi al

wat er was ad ed to each sanple V|a at the time points o
was gently ni(reydrsendhaseomsgh tparfamancereliquid cbmmaiegraphy)tdxbk (uttBa-violet

apor Xt ot o 4o 30ed o8 SSEET e BBk B Saih]' BT B B

protein 10 After 6-month storage at the three storage conditions, it was found that there
were no significant changes observed in the formulations with protein
concentrations from as low as 0.1mg/ml to as high as 9 mg/mL. When the protein
concentration was too low, such as 0.01 and 0.03 mg/mi, the existing methods
were not robust enough to detect minor changes.

15 The results of this study indicate that lyophilized rhGDF-5 formulations
containing trehalose and glycine-HCI with varying protein concentrations were
stable at 2-8°C, 25°C/60% RH for at least 6 months. Slight changes in rpHPLC
profile were seen in the product stored at accelerated storage conditions of
40°C/75% RH at the 6-month time point.

20
Example 14: Stability of different concentrations of rhGDF-5 at various
temperatures in a pH 3 glycine buffer with 5% trehalose

In this study rhGDF-5 was formulated with 5% (v/w) trehalose and 5 mM
glycine buffer at pH 3 with concentrations of rhGDF-5 of 0.01, 0.03, 0.1, 2.5, 4.5,

25 and 9.0 mg/ml. Additionally, one formulation of 4.5 mg/ml rhGDF-5 was
prepared with 10% (w/v) trehalose and 5 mM glycine buffer (pH 3} for
comparison. The formulated solutions were then filled in 3-mL glass vials at 1
mbL/vial and lyophilized. The lyophilized samples were stored in stability
chambers.
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solutions were inspected with a vertical |ight against a black background.
20 pH The reconstituted solution was used to neasure pH No significant
changes in pH were observed in all the sanples through the course of the
study. The pH values of the fornulations were in the range of 3.0 to 3.3.
25 WV Spectroscopy The protein concentration was neasured using the U
spectroscopy nethod. The WV spectrum could al so provide information on
protein aggregation (baseline |ight scattering). For protein concentrations
from0.01 to 0.1 ng/m., a 54 10-mm cuvette was used. For protein
concentrations from2 to 9 ng/n., a 1-nm cuvette was used with no dilution

or no sanple di srgpﬁmdc__\,'ymeqqgnb‘jf;é}am changes in protein concentrations
wer e observed in the sanples of O. 9 mg/mL through out the course of

the stability studyx OFhg gty@meow\ebﬁ@@ﬁg} wasomeigheglinte 3 x02000-01L heakayso03

ng/ M, nore S a t . ew
sanpl & prepariFi SrRRERVSREth dREC BLakaef 74 HBEE, " 2ach dieaialt ofne
sanpl es for fsolutibrs wengltiratedNoith a&wmﬂhtrdeBLﬁH BeAdHilnsnéJONé'tI@ewaemddeduoed
rhHPLC i s used to nonitor g rad gemes of rh such as net hi oni ne
oxi dati on and"@iERRVQHMS AT HFP E’éﬁ?a@{a‘ﬁ‘&é@'xﬁﬁ th?fé’PSBWt age of the main
peak were observed in all the sarrpl es stored at 2-8C, 25C and 40C t hrough

out 6-nonth storage, The main peak of rhGDF-5 of sanples that were stored
for 6-nonths was $oirhllatiendrepardtionth > 96% and it was 15 conparable to the

ot OB, e, BN BR G RETI (5 ¢ Zh%) O MO G C ALuh O.
preparatitgn sbhtibe (96 meeded.d aig/mid Wias sbhickrted using 4 centrifugal filtration
devices (Pall Life Science, Cat # OD010C37, 10K MWCOQ) to a total volume
combined of approximately 24 mL. Approximately 3 x 8 mL of the concentrated
rhGDF-5 solution was transferred to 3 x dialysis cassettes (Pierce, Cat # 66380)
and dialyzed against the glycine-HCI buffer over night at 2-8°C.

15 The rhGDF-5 solutions were transferred from the dialysis cassettes to a
small glass bottle. Protein concentration was measured using an UV-Vis
spectrophotometer. The protein was formulated at various concentrations with 5
or 10% (w/v) trehalose and 5 mM glycine buffer as described above. The
formulated solutions were filtered with 0.22 um filters and stored at 2-8°C prior to

20 lyophilization.

Fill and Lyophilization
Each of the formulated solutions were filled into 3-mL glass vials (West
Pharmaceutical Services, Cat # 68000316) at 1 ml/vial. Stoppers (West
25 Pharmaceutical Services, Cat # 99150630) were partially placed on the vials.
The sample vials were transferred to the lyophilizer (FTS System, LyoStar II).
Thermocouples were placed in placebo vials to monitor the temperature profiles
during lyophilization process.
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SEC 20 SEC was used to nonitor protein aggregation. There were no
significant changes found in aggregation of all the sanples, which were
tested throughout the 6-nonth stability study. The | ow concentration
sanples of 0.01 and 0.03 ng/nL were not anal yzed. 25 Gel El ectrophoresis
Protei n aggregati on and degradati on species were al so nonitored using gel
el ectrophoresis. There were no significant changes found in all the sanples
through out 6-nonth storage. 55 Small fragments of the protein were not
formed in any sanple during.th stora asthes wer e, not. found on
reduced SDS- PAGEng 9@(? %ﬁ?%‘?ﬁ \’O%I%r SiFdiaf el %‘i‘etqﬁ?cgaﬁ%l%@‘(ﬁeﬁ% | ow,
rangi ng fromeQafhBlels0l 0akkt2. No correl ation or trend was seen between the
protein concentrations and water contents. The results indicate that the

| yophilized rhGF-5 products in the presence 10 of trehal ose and gl ycine
buffer are stable _at 2-8C, 25C/ 60%RH and 40C/ 75%H for at |east 6 nonths,
as evi denced by rﬂ%misand SEC chromat ography. The protein can be

fornmul ated at varjqQus.co rations rangl ng fromO0.1 to 9 ng/nL
(pre- Iyopﬂilizati \XFPEFVS"?}UW'\B N ¢3%&%al ose /5 mM gl ycine-HO buffer (pH

3) and lyophili ZeqfesthH?ﬁplbrt%kEém ail Qto\ﬁﬁ’ée E&fdﬁtﬁr%t%e%treé-%ﬁd)ﬂh&mrﬁdrﬁ“ on

such as 0.01 ng/nL and O. ng/ nL, the existing nmethods have sone
limtations ttlﬂ"edtftfédhmtulé Q:mngéﬁmewtpS@g@mhrinha%wasmbs@sv%ewuaééhe| bed

relative to i i St aade in
t he above fOI‘CIlc:lJl(J aH %‘nésgglﬁ%sem?%s[@ﬂys ﬁri&%g rﬁq%%ewégo%gtﬁ%mﬁg?mgqg
i nvention, i guits comnesrdaden sagard, Isumtaseremmamrrmd:mse ahﬁuﬁﬂ)as admgking pti on
or shown bn t he a& r’gf gl ng drawi n be

1 agent. No collapsed Cakes were seen in all the test samples.

Reconstitution time
One milliliter of water was added to each sample vial at the time points of
testing. The vial was gently mixed and reconstitution time was recorded. It took
15  approximately 30 to 40 seconds for the cake to go into solution.

Solution Clarity
All reconstituted samples appeared clear and colorless when the protein
solutions were inspected with a vertical light against a black background.

20
pH
The reconstituted solution was used to measure pH. No significant
changes in pH were observed in all the samples through the course of the study.
The pH values of the formulations were in the range of 3.0 to 3.3.
25

UV Spectroscopy

The protein concentration was measured using the UV spectroscopy
method. The UV spectrum could also provide information on protein aggregation
(baseline light scattering). For protein concentrations from 0.01 to 0.1 mg/mL, a
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interpreted as illustrative and not in alimting sense. For exanple, one
skilled in the art will recognize that the fornmulation of the illustrative
enbodi nents of the invention is not Iimted to use with BW and can be used
wi th other bionolecules 25 for any suitable biologic system It is also to
be understood that the following clains are to cover all generic and
specific features of the invention described herein, and all statenents of
the scope of the invention which, as a matter of |anguage, mght be said
to fall ther betweegﬁ aimed is tion, co r|S|ng

at | east one BYPSHYS R Eof prafin SncenicafansraRe fod Sy Boamas

BVP. 2. The egpaasivhs %e@ﬁmﬁ'rﬂimllﬁlonférrﬁ&ﬁémﬁléfméﬁuétéﬁﬂl\ﬁnQbﬁiﬂbé\ﬁ d?iéf‘\béé
solution 5 having a pH of fromabout 2.5 to about 3. . The conposition

of claim1, ¥hdrelein saneemtrations wakeppebserved inTihe éé'ﬂﬂp!ﬁ@i pf c9n1 de 2| mpfmiz,
wherein saidy rﬁ%’%ﬁ dul K Eomse of: the 1D h@%t@é Forahk 'l%%ﬂc%@(%tf‘oﬂ”%in‘uﬁ@&' of :

a.) providing a Tonposition containlng st one nount of
t r ehal osedsubf Dditeand O3 treghml, mereswarmtlBNanasmhrbbéacéqapﬂmel alzonpandeewas

t 6. The nethod of claim5 furth ddi | yci
but 1 or Sl ut 1% I%ah A Wa SHITRA RPPRAPLBRIneBog. ehoudone mewtedy HtE I nod

of claimb5 ogofatitratien sARfIEd foriqurt Silliess rhGDF-5. 15 8. A device for
inplanting in a mammal, said device conprising at |east one |yophilized

BMP, wherein the BM has been | yophilized in accordance with the method of

claims. 9. The dﬁ%bcr&}ﬁéed: rﬁ-ilf‘;ﬂ@refsfdﬁ%t her conprising a bi odegradabl e

col l agen matri x. e device aim8, wherein the BWP is rhGDF-5.
10 The non-reduced rhHPLC is used to monitor degraded species of rhGDF-

5, such as methionine oxidation and deamidation. No significant changes in
percentage of the main peak were observed in all the samples stored at 2-8°C,
25°C and 40°C through out 6-month storage. The main peak of rhGDF-5 of
samples that were stored for 6-months was still recovered with 296% and it was

15 comparable to the data obtained from time zero samples. The low concentration
samples of 0.01 and 0.03 mg/mL were difficult to analyze by the HPLC method.
A new sample preparation should be needed for future studies.

SEC
20 SEC was used to monitor protein aggregation. There were no significant
changes found in aggregation of all the samples, which were tested throughout
the 8-month stability study. The low concentration samples of 0.01 and 0.03

mg/mL were not analyzed.

25 Gel Electrophoresis
Protein aggregation and degradation species were also monitored using
gel electrophoresis. There were no significant changes found in all the samples

through out 6-month storage.
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20 11. The device for inplanting in a manmmal, said device conprising at

| east one |yophilized BWP, wherein the BMP has been |yophilized in
accordance wth the nethod of claim6. 12. The device of claim 11, further
conprising a biodegradable collagen matrix. 25 13. The device of claim11,
wherein the BWP is rhGF-5. 57

Small fragments of the protein were not formed in any sample during the
storages, as these were not found on reduced SDS-PAGE

5 Water Content
The water contents of the samples were low, ranging from 0.19 to 0.32%.
No correlation or trend was seen between the protein concentrations and water
contents.
The results indicate that the lyophilized rhGDF-5 products in the presence
10 of trehalose and glycine buffer are stable at 2-8°C, 25°C/60%RH and
40°C/75%RH for at least 6 months, as evidenced by rpHPLC and SEC
chromatography. The protein can be formulated at various concentrations
ranging from 0.1 to 9 mg/mL (pre-lyophilization) with 5% (w/v) trehalose /5 mM
glycine-HCI buffer (pH 3) and lyophilized. When the protein was formulated at
15 low concentration such as 0.01 mg/mL and 0.03 mg/mL, the existing methods
have some limitations to detect the changes.

The present invention has been described relative to illustrative
embodiments. Since certain changes may be made in the above formulations
20 without departing from the scope of the invention, it is intended that all matter
contained in the above description or shown in the accompanying drawings be
interpreted as illustrative and not in a limiting sense. For example, one skilled in
the art will recognize that the formulation of the illustrative embodiments of the
invention is not limited to use with BMP and can be used with other biomolecules

25 for any suitable biologic system.
It is also to be understood that the following claims are to cover all generic
and specific features of the invention described herein, and all statements of the
scope of the invention, which, as a matter of language, might be said to fall there

between.
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What is claimed is:
1. A composition comprising at least one BMP and an amount of trehalose
sufficient to stabilize said BMP.
2. The composition of claim 1, further comprising a glycine buffer solution
having a pH of from about 2.5 to about 3.5.

3. The composition of claim 1, wherein said BMP is rhGDF-5.
4. The composition of claim 2, wherein said BMP is rhGDF-5.
5. A method for stabilizing BMP comprised of:

a.)  providing a composition containing at least one BMP and an

amount of trehalose sufficient to stabilize said BMP, and

b.) lyophilizing the mixture.
6. The method of claim 5, further comprising adding a glycine buffer solution
having a pH of from about 2.5 to about 3.5.
7. The method of claim 5 or claim 6, wherein said BMP is rhGDF-5.
8. A device for implanting in a mammal, said device comprising at least one
lyophilized BMP, wherein the BMP has been lyophilized in accordance with
the method of claim 5.
9. The device of claim 8, further comprising a biodegradable collagen matrix.
10. The device of claim 8, wherein the BMP is thGDF-5.
11. The device for implanting in a mammal, said device comprising at least
one lyophilized BMP, wherein the BMP has been lyophilized in accordance
with the method of claim 6.
12.The device of claim 11, further comprising a biodegradable collagen
matrix.
13. The device of claim 11, wherein the BMP is rhGDF-5.
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