PROTEI N STABI LI ZATI ON FORMULATI ONS Fi el d of the Invention The present
invention is directed toward formnul 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. Mdure particularly, the present invention relates to

formul ati ons conprised of trehal ose and ot her excipients to protect rhCGDF-5
during lyophilization, storage, and reconstitution i ncl udi ng vari ous
substrates used as a vehicle to Addi tj onal | y, the present
i nvention includes net hoRﬁQEE'%$Eﬁ§'UK@TéQH ﬁ@BMU\‘g'\Emsf ornul ations to
treat various nuscul oskel etal defects and conditions. Background of the

| nventi on Field .tRé Q?Je%%nrml ecul es (bi onol ecul es) have t hree-di mensi onal
structure or contforfation, and rely on this structure for their biol ogical
activity and propkhd pessent Ibvdbtianpisedirerfied dowatd forlutatidnssandahettieds for
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represent a broad class of bionolecul fere cl asses of proteins such
as enzynmes, Mepwwparticarbrs dherpresphbinyention inslatesedo farnulationsepmpriseg o
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Sonme of the mechanisns involved in the deactivation of these bionolecul es

i ncl ude aggregation, oxidation, various types of bond cl eavage i ncl udi ng
hydrol ysis various types of bond formation, including
cross-|inki ﬁﬁg&ak%dmﬁgﬁthgg%l P bi ndi ng, for exanple the rearrangenent of
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to dilute the proteins in the solid state, thereby decreasing
protein-protein interactions and preventing1nDIecuIar degradati on, such as
aggregation, and 2) the sugar excipients provide a glassy matri x wherein
protein nobility and hence reactivity are mnimzed. In both of these
mechani snms, it is critical that the sugar renmains in the anorphous,

protei n-contacti ng phase. Various environnental factors, such as increased
tenperature and noi sture, can induce sugar crystallization. Thus, it is
important to optim ze the conditions and materials used to suit the
particul ar bi onol ecul e and system 5Sunder consi derati on.

Lyophilization (freeze-drying) is a nethod cormmonly used to preserve



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 system and
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 Botulinumtoxin type A during |yophilization using serum al bum n as
stabilizer and vdemsusmetptwgens fexléﬁoﬁléﬁt and afne reessly etelated: Qﬁiﬁw@ dAnd he
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and hunidity The present invention conprises fornulatlons primarily
i ncludi ng trehal ose as an excipient for |yophilized conpositions containing
BMP and their subsequent storage and recons®itution, and further conprising
ot her excipients including buffers and surfactants. The present

i nventors have surprisingly discovered that trehal ose is sufficient and
superior to other excipients to preserve the biological activity of BW's
during and after lyophilization. In the stabilization of many ot her

bi onol ecul es there is little difference anong sugars as to the anount of 5
protection afforded, but for BMP's there is a great difference. This

di scovery provides for conpositions to treat various nuscul oskel etal defects
in a patient without the potential for adverse reactions to additional



20 of the biological activity upon rehydration, with said rehydrated liquid
product being easily handl ed by the surgeon. It is another object of
the invention to utilize trehalose in an amount that is sufficient to
stabilize a |yophilized BW, at |east one BMP, and norselized coll agen
fibers to provide conpositions and net hods of preparing a |yophilized 25

bi oconpati ble fl owable material containing BMP that is stable and retains at
| east 60 % of the biol ogical act|V|ty upon rehydration, such that the
rehydrat ed product can be easil t he surgeon i s anot her
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prepari g a dondfidinkl zed bi oconpati bl e fl owabl e material containing BMP that
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solution to a region of the anatony of a patient, such as for exanple to a
bone fracture, a bone gap, a bone void, an intervertebral disc, a chondral
defect, a tendon, a liganent, and the like,3or applying the reconstituted
BMP solution to a device to be inplanted into the patient, for exanple a
bone-contacting artificial inplant such as an artificial hip, 20 knee,
shoul der, intervertebral disc, and the |like, a tendon anchor, |iganent
anchor, suture, staple, and the |i ke, a bone replacenent cage, autol ogous
bone chi ps, allogenic bone chips, xenogenic bone chips, dem neralized 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 below -20C to
preserve the biological activity of the protein. Since BMP is susceptible to



There is a need for a |lyophilized BMP product for reconstitution with
aqueous solutions to be used for injection into soft tissue such as the
S5intervertebral disc, non-articular and articular cartilage to pronote
regeneration of such tissues. There is a need for a |yophilized BW
product that is provided on an inplantable bioconpatible scaffold with the
proper concentration of BMP for the physician to use, thereby m nim zing or
elimnating many of the risks associated 10wi th handling, including

contam nation, inproper dosage, and spillage, including waste an
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below relative tao illystrative.epbodi nents, an tilize 0 rhGE:-5 t he
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enbodi nent s then tiemokedalen uhdet dvestigation. f ridvere heepwine andneed erfor ofa t he
present invention. The present invention provides, in one aspect, a
conposition and nethod for preparing a stable |yophilized BMP for subsequent
use in the surgical treatnent of bone and cartil age defects. As contenpl ated
herein, such a conposition conprises at | east one BMP and trehal ose in an
anount sufficient to stabilize the BWP. Such conpositions are useful in
treating a variety of nuscul oskel etal defects by directly applying the
reconstituted protein solution either directly to a region of the anatony of
a patient, such as for exanple to a 5 bone fracture, a bone gap, a bone
void, an intervertebral disc, an intervertebral disc space as surgically
prepared for fusion, a chondral defect, a tendon, a |liganent, and the |ike,
or to a material to be inplanted into the patient in contact with bone or
cartilage, such as an artificial hip, an artificial knee, an artificial

shoul der, an artificial intervertebral disc, a tendon anchor, a |iganment
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As used herein, the terns "norphogen", "bone norphogen”, "bone norphogenic
protein", "bone norphogenetic protein", "BMP', "osteogenic protein",
"osteogenic factor", "Gowh & Differentiation Factor”, and "GDF" 15 enbrace
the class of proteins typified by rhGF5. It will be appreciated by one
having ordinary skill in the art, however, that rhGDF-5 is nerely
representative of the TG-13 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 L refer to a_nol ecul e capaple of stabilizing
a bi ool ecuIRDATHRFRHioalE BEPRRtableROmbInaign & EXGRIRIE th rotest EMP 3rAuragnt ext
w th the tengpHilABRbR! f6tayet and\Wekch refers to a nolecul e capabl e of
stabilizing a bionolecul e during freeze-drying (lyophilization). As used
herein, the term"norselized" refers to the product obtained by, and
"nmorsel i zat igQhn.; : L cutting, chopping, severing, grinding,

pul veri zi ng,%rf%%%ﬁé%rgéﬂﬁgﬁg%n the size of an anmount of a 25

bi oconpati bl e natRigure 1f shiovexthepDBCambfilegsfithe rehalotd fdrmiatiovel mGDBEz8 of

the individual parti.cles or, fibers are.reduced. sed herein, the term
"exci pi ent" c&'@f’gp‘%‘; t'd %?fam%lﬁsb- oﬁzglﬁﬂd?t? ?%ﬁ% ang%ég tth& Hlanf‘gﬁlst one
BWP, with S%Hmﬂﬁﬁ'cbﬁ 'o?'?ﬁGDFQSrFH%UGQsc?i%B%e&afnﬁﬂénﬁ.hfFi iigup sﬁ%ﬂr%:ct%' Hgcof

am no acids, proteins, buffers, surfactants and m xtures thereof. It
has been knauafilerftrhGRER-ratiaprotesr. Figuras shows the pelarized light microseopyange

f pH4.5t . if A t l.at f
?hGI%F- 5 pr OEJJE(F glt??\r%l%%és f%\ﬁ%urlgth%gggﬁépgg O?ag ?%gecﬁlb%e'ﬁt %‘ragﬁ%gg? Sﬁ'@g%a%;? udy
to eval Iu@t e sithsiSthb;mildniizteﬁt Itgbht rrhi6|f_|al§06p9 of P’té ﬁﬁhdobidr?aulﬁibhﬁf&h@ﬂﬁ-? hasi s
critical to 5 select a suitable r or .the devel opnent .of pr n
formul at i onsd.%s‘f’ﬁ'éeét‘ﬁo‘?‘%Gl J(-s F&”ée ﬁ%@ﬂ”ﬁeﬁ‘q W"iéhﬁpp'g’rﬁ%lpfﬁh%pr ility
of rhGDF-5 Cﬁﬁéﬁ‘eﬂ&@@q%&% YorRiuldth® #rterd ﬁdh%éjﬁf {Iﬁ”feclzﬁgjgﬂ 88 despgEisinon the

ionic strength of the buffer solution. At pH 4, -5 solutions at
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appr oxi mat elexampleg1 21 Rigure Hashows 3henprofie ¥ YwdirphiPbkosphhdhe hGDfer s,
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af ter centriihugahipRM S Fibid TGRS Ble ABLANEST VIRALCERIIRERS bPIHGTIED

sol ution. However, sone Eazy protein solutions are difficult to centrifuge
or filter. Bvat SgleetedaTempgratutest Lyophilizedulite b¥d or ol @%&nt rahalaset iromHsr

filtration (Q 2 o] he _| e particles, quite often it is
unsuccessfuI&gg'%Fﬂ%ﬂweﬁ’l?#g%&@?bl'fe%%%&seu‘ﬁ{azy because the particles are so
fine angpsone tinmes the protein sticks to filter surface, thus the filtrate

| oses nost of 20 the protein. Therefore, it would be difficult to get a

cl ear sol uti%ﬂ“m&hofwwﬁv@tlc’@ fornulated at 3.5 ng/nL or 10 my/nmL in pH 3.5
or pH 4 buffers. inveREd : ,’H}{g; 1§ 10mMV
and 25 nM sodi umTp eogrgﬁévtqgmggl ut i Eﬁgsé/%?alkaalg@é?& f‘ﬂg%tgr"ot el Engo?m ?gﬂr&uv?/as

cl ear; but rfhcDHBtions andngomposiions gherebyqresevingeatdeastsl) % ofothe kielogicaks 50mvi

and 100 nim K i p e, .th - ti h . , Ina
preferred e%&'gﬁﬁeﬁﬁat ﬂﬁaﬁt\:@tﬂ:tggs%&ﬁﬁgg??ﬁhﬁl égc@gre:’?ﬁérgtﬂ gf\j?/yi Slﬁlé@HE

st reﬂgt le8buftbmipesdtusp parmki Igmhiﬂity. PFhes. Present igvéntiomn&xmgﬂn?ﬂslnﬁomamlamsdi ng
to the present invention the c osition can be prepared. ophi l.i.zi ng an
aqueous mi xthFBargY %ﬂcll'-l ¢ rgfio % offet BETPIeQ; (TR a'HOBWBEgF{ %Q’RP?%WH]SOse
suf ficient tonediaiy BRP bR AR sibsedubhe sbiige@indhfedonbiitdtioh, hh@TakRse to
BMP being in the range of about 1 ng to about™ 500 ng trehal ose per 1 ng BMP,
and nore prefosnprising other pacipigntreinofudingduffess agd sorfaeténts. 200 ng trehal ose per
1 ng BMP for bioconpatible matrix containing 5 products. The addition of
trehal ose provides for inproved solubility and stability of the protein in

| yophil'i zed formnul ati ons. Lyophilization is performed according to the
practice as generally known in the art. I n anot her enbodi nent the
conposition according to the present inventPon can be prepared by

| yophi | i zi ng an aqueous m xture of at |east one BMP, an 10 anount of

trehal ose sufficient to stabilize the BMP, and a buffering agent. The
addition of a buffering agent provides for inproved solubility and stability
of the protein in lyophilized fornulations. Bioconpatible 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 lactate; sodium or potassiumsalts of phosphate,

i ncl udi ng nono- basi ¢ phosphate, di-basic phosphate, tri-basic phosphate and



10 and surfactants provides for an increnental inprovenent in the stability
of the lyophilized BMP over conpositions having trehal ose as the sole

exci pi ent. In an alternate enbodi nent, the conposition and net hod
according to the present invention can be prepared by depositing a sol ution
of at |east one BMP and at | east one excipient onto |yophilized coll agen
prior to lyophilization of the 15 BMP/collagen m xture. The coll agen can
optionally be either cross-linked or mneralized, or both cross-linked and
m neralized, such,as is provided by the material known as Heal os(r) and
described in U SH-hPaP.reﬁ%é.'”B?@??, %I?‘EI? 3‘;’@6‘8',"9@’5;3'(%3,07‘?@"1@'3?" ] Eg@ﬁ%tﬁ; and
5,231, 169. THusickeHTad 5iSetorPiooythee éxtiieinfd %ﬁ%‘ ERAE H6IBgRal hthyasf ¥
useful in treating nedical conditions ?n the field 20 of o?t hopedi ¢s and
provi de a plBMBise dusing| esdl afientlwephilization: Inhéhehstebivzatiorc 0f erany therace
into a surgi i t ngr art] tendon, T

BWMP/ col | agean%hgrf%hp@scg}?q %eﬁr gﬁ%n?ﬁﬁ? ?Jr'gét;ed avt'&!‘ éﬁ%&géésusésg?umeo%gqo%nﬁc?fudi ng
steril e bat grotestion raffosdad)t butnfor BP0 theress rap\yreatpiiffetemcea Mhiglidistoteény

applied to defect sites in, ati ent ch as bope fractures, bone gaps,
bone voi ds, RAGIER30n ROBPOERPED & egt YaNoym Fussuloske e Aespeis dnet PRBR Mo i nal
fusion. Addigitryudhhey poEé?ﬁal—”M?/é‘d?:!eI'@%hcﬁbﬁé ‘tﬁ%d@ﬁiﬁn@lee*tﬁ@iﬁnfsoﬁ'h@ érbh@ﬂ the

space in between bone chips and inplants placed into the intervertebral disc
space duri ngn¥giitersl havesalem syprigingly discevaredithal themddidionoef antioxidagtscsuchi | age,

such as tornor : d n,or.da | i ; r

defects in arérst f:‘l(s:’g(?rgfqg%gldctgﬁpi g%aetrfogﬁddgu%&c%gﬁ% k‘%@%@yi ﬁpgﬁéji%ﬂlwati ng
cartil ag®. Iyophilized waithatrekaloss e batrivaitieneddtractddranonthes stabdity afibreeet hyd
according to the present invention can be utilized by preparing a

| yophi | i zed_tFﬁ Qe of at least 5 one BMP and at |east one excipient,
reconstituting thejd &ﬁ%éééglzﬁdthﬁw\@hﬂﬁdl[@ utizd) treREREe iAddnh PGk YhatoR, OF

bone marrow aspirate, anc acing the reconstituted BMP sol ution onto

| yophi | i zed dierjdo stahilize a dyophriged BMP npucinthat thenBMP tetaineNab/ieant 16846n

m xture. The I . I I .t h C, -1 m i zed,
or both crososf?tﬁ%n@gg’agf%g%%ﬂﬁirg ?I}eréhptgraﬁhﬁ,agtpSéaggz'sb%@é?egbyﬂéwg é}ga%t eri al
known asisHedlehsq easilyHandieapp e surgsomnd et hods provi ded in this enbodi ment
are particularly useful in treating. nedjcal cgnditions in the fie f

ort hopedi cs and d?'é\ﬂ’@éhef{ %J‘?Cg_lﬂféhegWPPté%{b}oeu'ﬂ‘&?éthélost%'&taq ﬂ’@'oHHbg'PEISan can
easi |y pl acgyffitight2tcs tabit aSiydphiiedCBMPAL & RQIRE. o BMPAGHd QbdRIBRSION:
The BMP/ col lagen mi xture can be directly applied to defect sites in a
patient, sucixcipients, baideadditionalr@xipieoigesejegied frametheogip conrsisting of a

i ntervertebr i I I r r Nar=] i iddd,ng the
space in bet@(gfgg’ %%’Z@%ﬁo&ﬁ‘&aﬁ'}ﬁsﬁﬁgﬁpgﬁ@@é'Efﬂ.‘II?? '@%ée{aﬂ%e%%?{téyr%l gdi sc
space dw@0i ngfsthieniblogicil aetisity gpol, reaydration with dsaitigetydrated siguidgprodutt | age,
such as torn qr danmged ecpdons, torn or danmaged |iganents, chondral defects
in articul ati&Hg %é%ﬂ?aﬁ’i? Bynihess98ddndral 20 defects in articul ating

cartilage. The COMRORIchEBb;@dbkd Rdntich B LiRE tidhdldieSineAPaMoliRhak[se al so

particularly useful for easée of storg{ge and preparation by virtue of having
M(EI,I

the BWP as sufligientatoe stabiizenentyophitizedMPnat leasinpoaeB anfeinergeligedal . I n
an alternate ieent .t C LLLs I I .

orecent 1 nvarran! dHErLI0 By BaRpOS ROy TReARHs 3 itE LA, SOMTIEY e
BVMP and 28t |dessmpatible owpblenhateniabcdntaiping BMedthabissstablz enhdoetdimganlepst or to

| yophi lizatign of the BMP/nprselized collagen mxtuyre. The norse|ized
c)cl)l Fagen COLﬁQJI%b%fté"@ﬁ)A‘P'PQ'CgEaQI"ItMé‘POBFS&@EI'%@&'CBrtF'ﬁI tﬂ@rrﬁhi’g@gﬁc} Bedyet h
cross-|inkeq.zuge BAdIG RINHRby BlecsurgBssel | zation provides for small collagen

fibers of about 25 mcrons in dianeter by about 110 microns |ength, which
yi el ds a fl owabl dt scansthenejectniitheinvention ta uiilzettrehalose v an smogntiiat & t e,

aquoous sol VisgensJHstaig? PR AR B, 3F BN SRR Sl BidkebiBiC 21,

collagen gel, with the collagen 5 gel providing control of the viscosity of
the reconstituted product. The collagen gel contains fromabout 0.1 %to
about 30 % w w col | agen, and nore preferabl§ fromabout 0.3 %to about 3.0 %
w w col l agen, with the viscosity of the collagen gel preferably from about

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
muscul oskel etal conditions, including but not limted to bone fractures,

bone gaps, bone voids, the intervertebral disc space surgically prepared for
spinal fusion, filling the space in between bone chips and inplants placed



For RP-HPLC purity studies, reconstituted rhGF-5 test sanples were diluted
to a concentration of 0.1 ng/m with 10 mM HCl and subjected to reversed
phase- HPLC on a Vydac 218TP52 colum at 50C and a flowrate of 0.3 m/mn.
rhGF-5 is eluted using a gradient of acetonitrile in 0.15 %trifluoroacetic
acid using UV detection at 214 nm For G rcul ar dichroism (CD) studies,

G rcular Dichroismwas perforned on 5 an AVIV Mdel 60DS Circular Dichroism
Spectropol ari meter. Baseline placebo runs with correspondi ng exci pi ent scans
wer e subtract ed fromthe s a‘%ﬂ e scans. The Sﬁ%ns re normalized using Mean
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Optical Mcr osco6@%%@%@’%%%%‘?@&%&'% '&I‘@?E@%&eﬁ%&b% %@8%@3?5 and
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trays were inserted into |large PETG trays and |yophilized. Each |arge tray
acconmodat espreparing iapyophilized biocompatible collagen matrix containing BMP that is



Table 1 a: Stability of Heal os(r) with trehal ose (250ng) plus rhCGDF-5
(2.5ng) per 5 strip at 25C (Exanple 1) Test Paranmeter O nonths O nonths 3
nonths 6 nonths 9 nonths 12 nonths RP- HPLC % nai n peak 89.54 82.26 81. 49
77.98 76.57 72.19 RP- HPLC % aggregates

stable and retains at least 60 % of the biological activity upon rehydration, such
that the rehydrated malleable product can be easily handled 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,

5 cyclodextrin, polyethylene glycol, polyethylene glycol ester and mixtures thereof,
at least one BMP, and morselized collagen fibers to provide compositions and
methods of preparing a lyophilized 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

10  surgeon.

It is still another object of the invention to treat a patient utilizing a
composition comprised of a lyophilized mixture of at least one lyoprotectant and
at least one BMP. Such compositions are useful in treating a variety of
musculoskeletal 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.



0.00 3.01 5.08 4.53 5.40 6.60 Table 1 b: Stability of Healos(r) with

trehal ose (250ng) plus rhGDF-5 (2.5ng) per strip at 2-8C (Exanple 1) Test
Paranmeter 0 nonths O nonths 3 nonths 6 nmonths 9 nonths 12 nonths RP- HPLC 0/
mai n peak 89.54

There is a need for a lyophilized BMP product with improved stability and
storage.

There is a need for a lyophilized BMP product for reconstitution with
aqueous solutions to be used for injection into soft tissue such as the

5 intervertebral disc, non-articular and articular cartilage to promote regeneration of
such tissues.

There is a need for a lyophilized BMP product that is provided on an
implantable biocompatible scaffold with the proper concentration of BMP for the
physician to use, thereby minimizing or eliminating many of the risks associated

10  with handling, including contamination, improper dosage, and spillage, including
waste and introduction to an undesired surgical site.

There is a need for a lyophilized BMP product that can be 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



88.22 90.84 85.45 88.70 87.61 RP- HPLC % aggregates 0.00 0.00 0.00 0.00 0.00

0. 00 Exanpl e 2: Heal os(r) strips (non-sterile) with rhGF-5 (0.5
ng/m, 5 m/strip) and mannitol 50 ng/m . Each strip had 2.5 ng of rhGDF-5
and 250 ng of mannitol. 5Preparation of mannitol solution: 23.03 g of

manni tol was carefully weighed and transferred into a sterile pol ypropyl ene
bottle, to which 350 ml of purified water was added at roomtenperature and
stirred sl ow y until a clear solution was obtained. The pH was neasured and
found to be 7.2; 0Q.1N HCl was added drop by drop.to adjust the 10 pHto 3.8;
then the vol MRiNGRIEe.RY adding Qﬂ‘?hebﬁlpﬁeﬂfseﬁl‘-'%?%ﬂ"ﬁtﬁ'%taég'ﬁ"m@ywd%tﬁal

vol unme. The e f t | tered
t hrough a 0.%@-%@!‘% H"’f"t g]rbagﬁ-'d %@%s@% rgtel@??t; élg"lquut et eﬂpﬁg't é'?n
sol uti on. Di¢ambioatiarfs tHe®ast: I hsebmttemptwihavenrmhmtbl vayEdidegrees 16f2migsd nl  of

rhGDF-5 solution was carefully transferred to a pol ypropylene flask, to
whi ch manni t °68%-uti on was careful | y added to adjust the volune to 150 m .

The pH was nmeasurigd Rard Noaurs318898 ahd75,57685300iHE1088 iMprovild proedsédy ofld
m nutes at room tenperature. The UV extinction coefficient was obtained to

cal cul ate anprﬁéla'ﬁ'f‘ﬁt @Mﬁ’r Svebsing ofdran, aulfate . inpihee guiyre; medisn, @&Hl%“ohnr e
o' oS O, MRRAANAY o Sl BehR S3U0EAE RASASIER R Ghel, 2
readi ng i ndi uﬁfeldexnlpieﬂtsn@/ sﬂabqhzettbe preteisetn US Pat. Nﬁihé ,JEEERT Yimeatralt ol
SoLULT o0 v L AL U ol AR PRl 0P SSRREEF B S Y ¢ ©
ochr o1 " yag coa et S 8 siatp e gidnipate, o @
Although Yim et al. disclose that the Iyophlllzed formulatlons retain blologlcal
activity as evidenced by the W-20 Alkaline Phosphatase Assay, they do not
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

10



inserted into small 2 cmby 5 cm PETG trays, and the small trays were
inserted in |arge PETG trays and | yophilized. Each |arge tray acconmobdates
24 strips. Table 2a: Stability of Heal ose with mannitol (250ng) plus rhGF-5
(2.5mg) per strip at 25C (Exanple 2) Test Paranmeter 0 nonths 1 nonth 3
nmonths 6 nonths 9 nonths 12 nonths RP- HPLC 0/0 main peak 89.54 78.89 63. 10
51.48 At six nonths, the main peak was markedly decreased and accumul ati on
of aggregates was increased. The stability studies were term nated at siXx

nonths. RP- HPLC Q/0 aggregate ) )
composition comprises at least one BMP and trehalose in an amount sufficient to

stabilize the BMP. Such compositions are useful in treating a variety of
musculoskeletal defects by directly applying the reconstituted protein solution
either directly to a region of the anatomy of a patient, such as for example to a

5 bone fracture, a bone gap, a bone void, an intervertebral disc, an intervertebral
disc space as surgically prepared for fusion, a chondral defect, a tendon, a
ligament, and the like, or to a material to be implanted into the patient in contact
with bone or cartilage, such as an artificial hip, an artificial knee, an artificial
shoulder, an artificial intervertebral disc, a tendon anchor, a ligament anchor, a

10 suture, a staple, a bone cage, autologous bone chips, allogenic bone chips,
xenogenic bone chips, demineralized bone chips, and the like.

As used herein, the terms “morphogen”’, “bone morphogen®, “bone
morphogenic protein”, “bone morphogenetic protein”, “BMP”, “osteogenic
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.

11



0.00 5.67 12.24 12.56 Tabl e 2b: Stability of Heal ose with mannitol (250ng)
plus rhGDF-5 (2.5ng) per strip at 2-8C (Exanple 2) Test Paranmeter O nonths 1
nonth 3 nmonths 6 nonths 9 nonths 12 nonths RP- HPLC /0 nmin peak 89.71 89.12
86. 26

It has been known that rhGDF-5 has poor solubility at neutral pH in the
range of pH 4.5 to pH 10.5. It would be difficult to formulate and manufacture
rhGDF-5 products in this pH range. Therefore the inventors designed a study to
evaluate the solubility of rhGDF-5 in pH 3 and pH 4 buffers, which is critical to

5 select a suitable pH range for the development of protein formulations. The study
results are described in example 11. The solubility of rhGDF-5 depends not only
on the pH of the buffer, but also depends on the ionic strength of the buffer
solution. At pH 4, the rhGDF-5 solutions at approximately 10 mg/mL were hazy in
5 and 10 mM sodium phosphate buffers, while in 50 and 100mM sodium

10 phosphate buffers the rhGDF-5 formed large particles and finally precipitated out.
In another study (data not shown) when rhGDF-5 was formulated at 3.5 mg/mL
at pH 3.5 and pH 4 of 5 mM phosphate buffer, the solutions were also hazy.

Normally solubility of a protein substance is determined by measuring the
protein concentration after centrifugation 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

12



81.02 82.97 79.78 RP- HPLC % aggregates 0.00 0.00 2.70 3.21 4.01 4.12

Exanpl e 3: Heal os(r) strips (sterile) with rhGF-5 (0.5 ng/m, 5 m/strip)
and trehal ose 100 ng/m . Each strip had 2.5 ng of rhGF-5 and 500 ng of
trehal ose. 5Preparation of trehal ose sol ution: 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 roomtenperature and
stirred slowy until a clear solution was obtained. The cl ear trehal ose

sol ution pH was nmeasured and found to be 6.2. HCl was not added to 10 the
trehal ose soVilh Esnrameunldpiusehalpge sufficient te stabitizeviie BMPu Middthgi dny weight i ed
water to obtaj | pal I : I d e
6.3. The sol flzjé'lth|Bo‘ﬁloﬁe/aﬁs]akljjgsée |Nr"gc% } FP t"il)-lﬂgel Fﬁ%@%g‘sg?gt@'ﬁﬁq@of‘%{%d E‘Efut i on
of rhGDF-5 siéhalosen per tthngr BMR, cared swdretpreferalilpan.tbe mahgefofrdt@iE-5 ngptait i on

was carefully tr. erred . to a polypro e flask, to.which trehal ose

o1 Ut on wasSaRHiceD SPE RiRos, BaE Totd Py oF ARcorab AR sy, £,
neasur ed mndpoduaE. TRebRIdRidh of heh 64! btAidedfor SinbFdvad Aubik§ aRd siagfityat
roomtenperature. The WV extinction coefficient was obtained to accurately

cal cul at e t hef thedrelein indwertitizask fosnulaBiars d-vephtigatianisrpestarmgd aespedingto

trehal ose sojution. gg%, t desired concentration of 0.5
ng/m in 175Ehlr¢1dr§§llcs§oi u |on;g"‘{ ﬁ%&%ﬁﬁmwag eJrr?—gasured and found to be 3.0; the W
readi ng i ndi cat ednGnatiterrambddipeot thencanopasitidn addonding to the pridsent invention

rhGDF- 5/ trehal ose sol uti s filtered through,a 0.22-m cron fi and was
Looq direetl an Beganarad by, epiang 8 aulictsmdus; 6 al lqdst pes B, 40

25pi pet tqp, gmouml oPirehAIERE safficicitab AtilfR! thel BMP\amddh INFRARE dy2he ™d i ps
equal ly at Zﬁots for a total of 5 mM of rhGDF5/trehal ose sol ution per

each strip. tiors of paftasing anent eovides fasdmprovagssolubilivhand stabiiy of the y
packed Into ﬁl{o?%hlslr? PRl RBH R0 BibEARBARIE TlreRh 'ARRI kh&@h P fhe!nder

sterile cond
art include glycine; sodium, 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

13



Table 3a: Stability of Healos(r) with trehal ose (500ng)/rhGDF-5 (2.5ng) per
strip at 2-8C (Exanple 3) Test Paraneter O nonths 1 nonth 3 nonths 6 nonths
RP- HPLC % nmain peak 88.5 83.9 90.0 78.9 RP- HPLC % aggregates 0.0 0.0 0.0
0.0 Exanpl e 4: Heal os(r) strips (sterile) with | ow dose rhGF-5 (5
m/strip, 0.5 nmg/m ), trehalose 40 ng/m and glycine 10 ng/m . Each strip
had 2.5 ng of rhGF-5, 200 ng of trehal ose and 50 ng of gl ycine.

concentration of from about 0.001 mg to about 0.2 mg per 1 mg of BMP. The
addition of surfactant provides additional stabilization to the protein by altering
the solubility and lyophilization characteristics. Lyophilization would be performed
according to the practice as generally known in the art.

5 In another embodiment of the present invention, a composition and
method for preparing a stable lyophilized BMP is comprised of at least one BMP,
the lyoprotectant trehalose in an amount sufficient to stabilize the at least one
BMP, and at least one additional excipient, said additional excipient selected
from the group consisting of buffers and surfactants. The addition of such buffers

10  and surfactants provides for an incremental improvement in the stability of the
lyophilized BMP over compositions having trehalose as the sole excipient.

In an alternate embodiment, the composition and method according to the
present invention can 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

14



Preparation of trehal ose/glycine solution: 17.84 g of trehal ose

di hydrate and 4.03 g of glycine were carefully weighed and transferred into
a sterile polypropylene bottle, to which 300 M of purified water was added
at roomtenperature and stirred slowy until a clear 15 solution was
obt ai ned. The pH was neasured and found to be 5.5. Wthout adding any acid,
the volune was adjusted to 350 mM with purified water. The pH was neasured
and found to be 5.5. Dilution of rhGDF5 solution with trehal ose/ gl ycine
sol ution: GDF-5 sol uti on was carefulh&ﬂtransferred to

39. 47
a pol ypr opy! EREOR$.alokn qrglam@w ligamentss ehgndial Refests in ipgicutngacrititage
carefully toaﬁfbﬁﬁ%héﬁ@a\’@éféﬁﬁ ﬂ%ﬁorﬁatmg camﬁ H was neasured and found to

be 4.1. The solution was stirre 15 mnut%s at roomtenperature. The W
extinction coef filgiamalterastesernbodimend, the c@mpmsaloelgnobaiedwcha@qrdlegpm theei n

concentratiop t re. trehal s tlon ed to
obtain the d%@sgﬁg%g%ﬁ@%%?saw OH?@Z%dOQ% p%arﬂngl %q |I%ed )ggr u?%lvaﬁl ﬂe pH
was neaslg edop@MP WA dtdebst dnel extipent)\etemslititihg e ig Kﬁﬁz&.l BOiP muxtite
protein concentratl on. The solution was filtered throg}%% 22-mi cron

filter, and WHR ¥@tefi diNgassolvtiqise@r dPPRR t MArFRY gRsRiEiRe Qﬂﬁ‘ sRlaging ¢ the
Fl eal 0s(r) SF cbRStj tuHﬂ BOPSdd ﬁdr?orﬁb\?\gésﬁhg&ed?coﬁa@é Eﬁor to surglgaIGImLPazilrrtatloq 5

r hGDF- 5/treh ose cl ne so ution | spense to stri
spots for a obthel BMP/G)IIagenfmluhEE)FT Be collaganocapepticeally se eitper dioesdinkegps

I d t t whi ch full ked int t doubl
bouchbs. and O aitarayzed & Bt GiosnriRed and i ndrize B S a5 &6 Reiidashby 158 ©
Tabl e 4a1g St pakdridl krdlvnHaa! 964163®WMTHE Edipedine® aRAGMBIHOWE Goviied in this
(2.5nmg)/dycine (50 ng) per strip at 2-8C (Exanple 4) Test Parameter O

nonths 1 mnewbgdmntrﬁ;eaoarmwlﬁ%v reefubim_treatingimediea icopditiong 3nghedietd 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 directly applied to defect sites in a 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

15



80.1 RP- HPLC % aggregates 0.0 0.0 0.0 0.0 20 Table 4b: Stability of

Heel os(r) with trehal ose (200nng)/rhGDF-5 (2.5ng)/ d ycine (50 ng) per strip
at 25C (Exanple 4) 5 Test Paraneter 0 nonths 1 nonth 3 nonths 6 nonths RP-
HPLC % mai n peak 87.9

microns in diameter by about 110 microns length, which yields a flowable

composition suitable for injection into a surgical site. Reconstitution of such a

composition can be performed using a mixture of an aqueous solution such as

sterile water, saline, or bone marrow aspirate, and collagen gel, with the collagen

5 gel providing control of the viscosity of the reconstituted product. The collagen

gel contains from about 0.1 % to about 30 % w/w collagen, and more preferably

from about 0.3 % to about 3.0 % w/w collagen, with the viscosity of the collagen

gel preferably from about 10 cP to about 400 cP, and more preferably from about

70 cP to about 100 cP. The pH of the collagen gel is preferably from about 4.0

10 pH units to about 8.0 pH units. Such a composition is useful for treating a variety

of musculoskeletal conditions, including but not limited to 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

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

16



78.7 78.1 67.7 RP- HPLC % aggregates 0.00 0.00 0.00 0.00 Exampl e 5:
Heel os(r) strips (sterile) with rh@GF-5 (0.5 ng/m, 2.5 ng/strip), trehal ose
40 mg/ M, glycine 10 ng/mM and pol ysorbate 0.1 ng/m . Each 10 strip had 2.5
ng of rhGDF-5, 200 ng of trehal ose, 50 ng of glycine and 0.5 ng of

pol ysorbate 80. Preparation of polysorbate 80 sol ution: 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 obtain a
honbgenous sol uti on. Preﬁaration of trehalose/glycingéag&ysorbate sol ution:

10.19 g of t Fevesseskehagenitat en anMydac3@t8 P4 calumn A @ngdaa dewl 1afe @ki ghed
and transfer i a t ke:.p : af L.eh the A

pol ysor bat e Q%dé'i')'{hh@l onrﬁgsﬁ)pmbasogle'%%g%@e%g .&%éhg&fyg%%ﬂgﬁ Eetiﬂbg%%a?
rinsed 2 tingluaidaeeild anid usingpUM detectionaatdd14amd. t he rinses transferred to

the 5 trehal ose/ gl ygine/ pqlysorb solutiaon. An additional anpunt of
pur i f1ed water velorgiigat gl e aCmRout iR BEN PR PO TR 1 or
total volsimeapfai9OMBdel BOBSSCIrElIbP DiMRSIsAT sbéa%ﬁ&ériraet@r.nabgélirieO%laeé@é n a
cl ear solution. The pH of the solution was neasured and found to be 5.6; the

vol ume was afnsswiticesesipmding exaipiepusgans sereaubtracteddrem the samplesseans. and
found to be . LUt i ryh P i AL

t rehal ose/ gl ?E?n%%ﬁ%@é%r bgﬂgﬁlzgldu%%ﬁwﬁ% Lﬁé@@.}%‘y}%@hwvaﬂ%bﬂ;_ 15155)0?% ion
was car ef ul | insertingsf mto the équagiopol ypropyl ene fl ask, to which the
trehal ose/ gl yci ne/ pol ysor hat e utio added refully to adjust the
volume to 170 { h‘g%bpﬁxagssidmiﬁ%”@d&%%ﬁ)%ﬂ% ptagﬁ]be 4.1. The 15 sol ution
was stirggd for 1lphavBleSst [8f) waa0sRIERERE R waitferdth & GivachbaR residue
coefficient was obtained to accurately calculate the protéin concentration.

Based on t heellipti¢itesiiMrallynenestimatebbsegandacy slsugivleywas letermingdiusion this

added to obt gj i . j . / i 5 m of
solution; th }o&@r&ggﬁﬁg,ggcﬁ?g?@@@?@@ﬂ%%{@@éjﬁﬁl\wA?go%tefsgadl ng i ndi cated
0.510 ng/ m  pr ot eDiffe?étizn eeanming icabrimetry (DShewas petfbmetvan 4 MidreCapvrPhr ough
a 0.22-mcron filter was used directly to di spense onto sterile Heal os(r)
strips in a P2 nstrumesly ndd8 srideratav@ds: 8 Clondihe tamperatyre jagge Wases—

pi pettesqyes 2. I i r i

G Spensot? on 00 S BN gcRg saf oyl Gaipp WS Qb RapreBitdth (X1 stple

r hGDF- 5/ t r ehhkatsssfagl Yhe pedtpn garsebtiatorswhs Oidhmgemieach strip. The strips

T Lo on ot Bk LTy ol T Y St e BE SRR
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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Tabl e 5a: Stability of Healos(r) with trehal ose (200ng)/rhGDF-5
(2.5ng)/dycine 5 (50 ng)/Pol ysorbate 80 (0.5 ng) per strip at 2-8C (Exanple
4) Test Paraneter 0 nonths 1 nonth 3 nonths 6 nonths RP- HPLC A) nmin peak
88.4 84.3 86.8 82.2 RP- HPLC _ % aggregates 0.0 0.0 0.0 0.0

Example 1: Healos® strips (non-sterile) with rhGDF-5 (0.5 mg/mi, 5
ml/strip) and trehalose 50 mg/ml. Each strip had 2.5 mg of rhGDF-5 and 250 mg
of trehalose.

5 Preparation of trehalose solution:

25.48 g of trehalose dihydrate was carefully weighed and transferred into

a sterile polypropylene bottle, to which 350 ml of purified water was added at

room temperature and stirred slowly until a clear solution was obtained. To the

clear solution, 0.1N HCI] was added drop by drop to adjust the pH to 3.9, then the

10 volume 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

18



Exanpl e 6: Lyophilized vial product of rhGDF-5 (0.5 ng/m ) plus trehal ose 10
(50 ng/ M) Preparation of trehal ose sol ution: A sterile pol ypropyl ene
bottl e was charged with 12.16 g of trehal ose di hydrate and magnetic stir
bar, to which 190 ml of purified water was added at 15 room tenperature. The
sol ution was stirred at roomtenperature until the trehal ose was conpletely
di ssol ved. The pH was neasured and found to be 6.5. To the clear trehal ose
solution, 0.1 N HC was added drop by drop to adj ust the pH to 5.8. The

vol unme was adj usted to 200 purified water; H was nmeasured and
found to be S8 ecrwé%wdl?&m %@ ‘F’T’IR%T@dTQYﬁr Bﬁﬁﬁh@sﬂ'@“ﬁﬁiﬁ%\ﬂe%‘ﬂﬁﬁﬂ and

Lo U520 R g P i i ptiase ety SR g

solution wt solutio

vvas

carefully transferred to a pol ypropyl ene fl ask,

3P 122 STanbbEor GRS nih, iehdSe, b

0. Based on 10 the WV reading,

was slowy a
sol ution was
was neasus edswipcht 2880 dELAMpPR B
sol ution was added to obtain the desired concentration of 0.5 ng/m

m of solution; the pH was neasured and found to be 3.1;

i ndicated O
through a 0
15Filling v

into 5 m T

st opper pri
st oppers we
off-white ¢
trehal ose (
nmonth s 6

10
1

Test Parameter 0 0 3 6 9 12

months | 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

—an

SW I

Rl

TO—T
22-m g

ype 1 f
r to |

arest 1.

fm—proterm
ron filter
1Patanedter h(
lint glass V
oading into

qmd

cornceri
g

he |}

s|u
‘]éreh

ratTon

sed d

4HH”@%§9

philiz

The™s
regtly
sOl ut
hmaniis
br . Af t

oot T omn
to is&
on

hqond

r_lyop

oot

was {11

ilizati

mt o
sed

3

rtered
i a
1

PR

on, th

nu

h

3

:

e Ies
k&P-20

nth $

ity

sed and cri

Lol

C (|[Exanpl ¢

ed. T

aBylsat Y 83 28

e prod
[
2 6) Te

—

uct was

Al gphgr
5t Para

obt ai n¢

"G ob

heter O

n )

[

d as wh

0769/ N
nont h ﬁf 1 nont

lifteto
ryphop

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)
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9 month s 12 nonth $ Cake Appearance & Integrity white to off-white; intact
white to off- white; intact white to off- white; intact white to off- white;
intact white to off- white; intact white to off- white; intact white to
off-white; intact Reconstitutio

Example 2: Healos® strips (non-sterile) with rhGDF-5 (0.5 mg/ml, 5
mi/strip) and mannitol 50 mg/ml. Each strip had 2.5 mg of rhGDF-5 and 250 mg
of mannitol.

5 Preparation of mannitol solution:

23.03 g of mannitol was carefully weighed and transferred into a sterile
polypropylene bottle, to which 350 mi of purified water was added at room
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

20



n Tine, mnutes <2 mn 1.13 0.28 1.32 0.38 0.44 0.34 PH of
Reconstituted 2.0 to 3.5 3.0 2.5 2.8 2.8 2.9 2.9 Solution

inserted into small 2 ¢cm by 5 cm PETG trays, and the small trays were inserted
in large PETG trays and lyophilized. Each large tray accommodates 24 strips.
Table 2a: Stability of Healos® with mannitol (250mg) plus rhGDF-5 (2.5mg) per

strip at 25°C (Example 2)

N

Test

Parameter

months

0

month

months

3

months

6

months

9

months

12

RP-
HPLC

% main peak

89.54

78.89

63.10

51.48

RP-
HPLC

% aggregate

0.00

567

12.24

12.56

At six months,
the main peak
was markedly
decreased and
accumulation of
aggregates was
increased. The
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 months | month | months | months | months | months
RP- o .
% main peak | 89.71 | 89.12 | 86.26 81.02 8297 | 79.78
HPLC
RP- %
HPLC | aggregates 0.00 0.00 2.70 3.21 4.01 412

10
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Protein Concentratio ng/mn n 0.49 0.46 0.46 0.48 0.47 0.45 RP-HPLC %
mai n peak 90. 74

Example 3: Healos® strips (sterile) with rhGDF-5 (0.5 mg/ml, 5 ml/strip)
and trehalose 100 mg/ml. Each strip had 2.5 mg of rhGDF-5 and 500 mg of
trehalose.

5 Preparation of trehalose solution:

25.49 g of trehalose dihydrate was carefully weighed and transferred into

a sterile polypropylene bottle, to which 190 mi 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 6.2. HCI 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

22



88.58 92.91 92.96 92.77 93.19 ak RP- HPLC aggregate 0.00 0.00 0.00
0.00 0.00 0.00 s

10

15

strips were placed on steel trays, which were carefully packed into sterile double
pouches and transferred for lyophilization under sterile conditions.

Table 3a: Stability of Healos® with trehalose (500mg)/rhGDF-5 (2.5mg) per strip
at 2-8°C (Example 3)

0 1 3 6
Test Parameter | onths | month | months | months
RP- % mai k 88.5 83.9 90.0 78.9

HpLe | % main pea : : : :
RP- | o, t 00 | 00 | 00 | 00

upLc | % aggregates : - : '

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.

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
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:
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Tabl e 6b: Stability of vial of rhGDF-5 (0.5ng/ m) plus trehal ose (50ng/ ntl)
at 25C (Exanple 6) Test Paraneter O nonth s 1 nont h 3 nonth s 6 nonth s 9
nonth s 12 nonth s Cake Appearance & Integrity

39.47 ml of rhGDF-5 solution was carefully transferred to a polypropylene
flask, to which trehalose/glycine solution was added carefully to adjust the
volume to 295 ml. The pH was measured and found to be 4.1. The solution was
stirred for 15 minutes at room temperature. The UV extinction coefficient was

5 obtained to accurately calculate the protein concentration. Based on the UV
reading, more trehalose solution was added to obtain the desired concentration
of 0.5 mg/ml in 300 ml of solution; the pH was measured and found to be 4.1; the
UV reading indicated 0.507 mg/m! protein concentration.

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
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white to off-white; intact white to off- white; intact white to off- white;
intact white to off- white; intact white to off- white; intact white to off-
white; intact white to off-white; intact Reconstitutio n Tinme, mnutes <2
mn 1.13 0.26 1.44 0.38 0.52 0.33 pH of Reconstituted solution 2.0 to 3.5
3.0 2.52.8 2.9

10

15

Table 4b: Stability of Healos® with trehalose (200mg)/rhGDF-5 (2.5mg)/Glycine
(50 mg) per strip at 25°C (Example 4)

0 1 3 6
Test Parameter | ronths | month | months | months
RP- | % mainpeak | 87.9 78.1 67.7

HPLC 6 main pea : 78.7 : 7.
RP- o t 0.00 0.00 0 0.0

HPLC © aggregates : : 0.0 00

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
strip had 2.5 mg of rhGDF-5, 200 mg of trehalose, 50 mg of glycine and 0.5 mg
of polysorbate 80.

Preparation of polysorbate 80 solution:
23.03 mg of polysorbate 80 was weighed into a 50 ml sterile disposable
tube, to which 25 ml of purified water was added and vortexed for 2 minutes to

obtain a homogenous solution.

Preparation of trehalose/glycine/polysorbate solution:
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2.8 2.9 Protein Concentratio ng/m 0.49 0.46 0.46 0.47 0.45 0.45 n
RP- HPLC % mai n peak % mai n peak 90. 74 86. 24

10

15

20

25

10.19 g of trehalose dihydrate and 2.303 g of glycine were carefully
weighed and transferred into a sterile polypropylene bottle, to which the 25 ml
polysorbate 80 solution from above was added. The polysorbate tube was rinsed
2 times with 25 ml of purified water and the rinses transferred to the
trehalose/glycine/polysorbate solution. An additional amount of purified water
was added to the trehalose/glycine/polysorbate solution for a total volume of 190
ml. The solution was stirred for 2 minutes to obtain a clear solution. The pH of the
solution was measured and found to be 5.6; the volume was adjusted to 200 mi
with purified water. The pH was measured and found to be 5.5.

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
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
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
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.
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87.75 85.39 84.19 82.45 RP-HPLC ok aggregates % aggregate s 0.00 0.00 0.00
0.00 0.00 0.00 Exanpl e 7: Lyophilized vial product of rhCGDF-5
(0.5 ng/nme plus mannitol 5 (50 ng/m) Preparation of mannitol sol ution:

A sterile polypropylene bottle was charged with 11.52 g of mannitol and a
magnetic stir bar, to which 185 m of purified water was added at room 10
tenperature. The m xture was stirred for 10 m nutes at roomtenperature
until the mannitol was conpl etely dissolved. The pH was neasured and found
to be 6,6. To the clear solution, 0.1 N HCl was added drop by drop to adjust
the pHto 5.5. The volunme was adjusted to 200 M with purified water; the pH
was neasured and found to be 5.7. The solution was filtered through a
0.22-mcron 15filter and was used directly to dilute the protein solution.
Dilution of rhGF-5 solution with Mannitol solution: To a

Fo whi oh’t ne Allne opebuffel bistlel Wi umnaRet GPPy IR GBES hateb/S0EHE" -
The sol ut §on (3mmgdPiolyseebdte80X0. 5ingypesstap at 2B?Ct @xaaipié 4fe. The WV
extinction coefficient was obtained to accurately calculate the protein

0 1 3 6
Test Parameter months | month | months | months
RP- .
HELC % main peak 88.4 843 86.8 82.2
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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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/ M protein concentration. The solution was filtered through a 0.22-m cron
filter and 5was used directly to dispense into vials. Filling vials:
1.1 mM of mannitol/rhGDF-5 sol ution was di spensed nmanually into 5 m Type 1
flint glass vials, and each vial was partly closed with a stopper prior to

| oading into the Iyophilizer. After lyophilization, the stoppers were
pressed and crinped. The product was obtained as white to off-white cake.
10Table 7a: Stability of vial of rhGDF-5 (0.5ng/ ) plus mannitol (50ng/ nl)
at 2- 8C (Exanple 7) Test Paraneter O nonth s 1 nont h 3 nonth s 6 nonth s 9
nonth $ 12 nonth s Cake Appearance

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 r:;‘r?t;e ofif;]\;vahcl:e, white; | white; | white; | white; | white; | white;

intact | intact | intact intact intact intact
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& Integrity white to off-white;
I ntact ntact white to off-
intact The stability data at 6 nonths were not prom sing as evi denced

by the decrease in the main peak and the increase in aggregates,
stability studies were term nated at 6 nonths.

nt act

intact white to of f-
whi t e-

whi t e;
intact white to off-

" intact white
whi t e-

hence t he
Reconstitutio n Tine, mnutes

Reconstitutio
n Time, < 2 min 1.13 0.28 1.32 0.38 0.44 0.34
minutes
PH of
Reconstituted | 2.0t0 3.5 3.0 2.5 2.8 2.8 2.9 2.9
Solution
Protein
Concentratio mg/mil
n 0.49 0.46 0.46 0.48 0.47 0.45
RP-HPLC %p;naa:(in 90.74 | 88.58 | 92.91 9296 | 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
A %::nce ;’:\ﬁi;ﬁ, to off- | to off- | to off- | to off- | to off- | to off-
8‘3 ?nte rit intact ' | white; | white; | white; | white; | white; | white;
grity 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 29 2.8 2.9
solution
Protein mg/ml | 049 | 046 | 046 | 047 | 045 | 045
Concentratio
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<2 min 0.95 0.26 0.39 0.22 pH of Reconstituted Solution 2.0 to 4.0 3.5 3.2
3.3 3.9 Protein Concentratio n ng/m 0.41 0.39 0.37 0.36 RP-HPLC % mai n
peak

RP-HPLC % mai
hmain | 974 | 86.24 | 87.75 | 85.39 | 84.19 | 82.45

% main peak peak
RP-HPLC %
% aggregate | 0.00 0.00 0.00 0.00 0.00 0.00
aggregates S

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
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89. 85 86.65 82.04 53.59

RP-1-1PLC ok aggregate s 0.00 0.00 4.3 7.82

10 Table 7b: Stability of vial of
at 25C (Exanple 7) Test Paraneter O nonth $ 1 nont

10

rhGF-5 (0.5ng/ m) plus nmannitol

h

concentration. Based on the UV reading, more mannitol 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 3.1; the UV reading indicated 0.498 mg/ml

protein concentration. The solution was filtered through a 0.22-micron filter and

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.
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
A Cake white _to_ to off- | to off- | to off- | to off- data at 6
ppearance | off-white; hite- hite: hite: hite: th
& Integrity intact white, | white, |- white, | -wnite, monins 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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3 month s 6 nonth s 9 nmonth $ 12 nonth s Cake Appearance & Integrity white

to off intact white to off- white; " ntact intact white to off- i
ntact white to off- white. intact ntact white to off- white- intact ntact

The stability

%
RP-HPLC aggregate | 0.00 0.00 43 7.82
s

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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data at 6 nonths were not prom sing, hence the stability studies were
termnated at 6 nonths. Reconstitutio n time, mnutes <2 mn 0.95 0,35 0.35
0.28 pH of Reconstituted solution 2.0 to 4.0 3.5 3.4 3.6 4.0 Protein
Concentratio

% main

RP-HPLC
peak

890.85 | 3431 | 26.04 | 34.62

%
RP-HPLC aggregate | 0.00 705 | 1421 | 17.30
S

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

5 Preparation of irehalose 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

10 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

15 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

20 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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nnmg/m 0.41 0.32 0.28 0.26 RP- HPLC % mai n peak 89.85 34.31 26.04 34.62

RP- HPLC oh, aggregate S 0.00 7.05 14.21 17.30 Exanpl e 8: Lyophilized

vial product of rhGF5 (0.5 ng/m) plus trehalose (50 mg/ M) in glycine-HC
pH 3.0 buffer.

UV reading indicated 0.507 mg/ml protein concentration. The solution was
filtered through a 0.22-micron filter and was used directly to dispense into vials.
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
5  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 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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5Preparation of trehal ose sol ution: A sterile polypropylene bottle was
charged with 12.16 g of trehal ose di hydrate and a magnetic stir bar, to
which 200 mM of 5 mM glycine-HCI buffer pH 3.0 was added at room
tenperature. The solution was stirred at roomtenperature until the

trehal ose was conpl etely di ssol ved. The pH of 10trehal ose/ gl yci ne sol ution
was 3.1. The solution was filtered through 0.22-mcron filter and was used
directly to dilute the protein solution. Dilution of rhGDF-5 solution with
trehal ose sol utjon—Buylk rhGDE-5 solution was dialyzed against a 5 nM
gl yci ne-Ha buffer 280Gver hitgRff-wRithg a 3000 M W cut- offf membrane at
2-8C. After dia yS|sTne sojution was [Stightly concenTrated 1o 3-8 nu/nl.
14.47 m of rhaF-$Nthtiop n SR, WhitRf|ul | yosgansterrgg o Ja polgpropyl ene
flask, to whichjtrelfPese-g j@qufew@lﬂ yti on was sl bwly added toa final
vol ume of 100 nf—white sw —thebgttie—The b)fUTI un ]
occasi onal Iy at| r odmehper at id, wbite ]}5 n‘iag&,es; th was dreasdred and
found to be 3.0, Ba466Con thdow-wblé&jl ng, nore treh ?ose gl yci ne solfution

Bfp—o

was added to obpain—the—desired—protet IITU‘ITC@TI‘L"I_(I IITI O—5—grm—+Hn 110 nl

of solution; the pBimedhneasdaid, white flound gg : tghe WV readi ng
i ndi cated 0.507) ng/ #0OEr ot errtomﬂmmm riat i oﬂ LI' >0I 8?1 on was filterled
t hrough a 0. 22- merorfi-ter—and was—dsed—di+reecthy—to—dispense H}tﬁ vi al s.

Filling vials: 1.1 m of rhGDF-5/trehal ose sol ution was di spensed manual | y

into 5 m Type 1 Ekhﬁ‘ﬂplégbaL%p‘h'ili%béMlé!'b%di%@Bf HEDF YR, Qﬁ{gthw) ﬂb@ﬁ@ﬁal‘é‘séh a

stopper Sprior to loading i'nto the |yophilizer. After lyophi'lization, the

st oppers wer épmagvbdn ahasphatepeffer atH grilbduct was obtai ned as white to
off-white cake. 10 Table 8: Stability of vial of rhGF-5 (0.5 nmg/m ) plus
trehal ose (50 mg/mM ) in glycine-HCl buffer pH 3.0 (Exanple 8) Tine and
Tenper at uge ECaksarafipeof pelcdos®bolution appear ance

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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after
Ti me

99. 6

reconstitution Protein main peak % recovery HPLC cya aggregates HPLC
zero Solid, white- to off-white, clear 100 0 1 nonth, 50C Solid,
white to off-white clear 100 0 2 nonth, 50C Solid, white to off-white cl ear

10

concentration of 0.5 mg/mi in 110 mi of solution; the pH was measured and found
to be 3.0; the UV reading indicated 0.50 mg/ml protein concentration. The
solution was filtered through a 0.22-micron filter and was used directly to
dispense into vials.

Filling vials: 1.1 mi 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.

Table 9: Stability of rhGDF-5 (0.5 mg/ml) plus trehalose (50 mg/ml) in phosphate
buffer at pH 3.0 (Example 9)

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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O 3 month, 50C Solid, white to off-white clear 100 O 1 nonth, 250C Solid,
white to off-white clear 100 0 2 nonth, 250C Solid, white to off-white cl ear
99.0 0 3 month, Solid, white clear 99.3 0

2 month, Solid, white

400C to off-white clear 974 0
3 month, Solid, white

400C fo off-white clear 97.4 0

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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250C to of f-white 1 nonth, 400C Solid, white to off-white clear 98.7 0 2
nont h, 400C Solid, white to off-white clear 99.1 0 3 nonth, 400C Solid,
white to off-white clear 98.9 0

The solution was filtered through a 0.22-micron filter and the solution was
used directly to dispense on pre-formed morselized collagen cylinders that were
packed in a Teflon mold. Each cylinder was dosed with 5 ml of rhGDF-
S/trehalose solution prior to lyophilization.

5
Table 10: Stability of morselized collagen cylinder with rhGDF-5 (2.5mg) and
trehalose (250mg) per cylinder at 2-8°C (Example 10)
0 1 3 6 9 12
Test Parameter months | month | months | months | months | months
RP- | % main peak | 87.28 | 87.29 | 86.67 | 90.01
HPLC ' ' ‘ '
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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Exampl e 9: Lyophilized vial product of rhGDF-5 (0.5 ng/nml) plus trehal ose
(50 nmg/ M) in phosphate buffer at pH 3.0. 5Preparation of trehal ose

sol ution: A sterile polypropylene bottle was charged with 12.16 g of
trehal ose di hydrate and a magnetic stir bar, to which 200 M of 5 mM
phosphate buffer pH 3.0 was added at roomtenperature. The sol ution was
stirred at roomtenperature until the trehal ose was conpl etely dissol ved.
The pH of the 10trehal ose/ phosphate buffer solution was 3.0. The solution
was filteredthrough-a-0.22-mcrgnfilter and was used directly to dilute
the protein|{sgputjon. Dilution of r hGDE-5 sol ption with trehal oseg sol utiion:
Bul k rhGDF-5% gpl utipngvas di apgyzed qgailngp gohpspiat e bpfder agey |nighy 15
using a 3000 MW cut-off rﬁpnbrand at 24{8C. After diglysis the solution \pas
slightly concentriated to 3/8 g/l . 14J47 m pf rh -5 solution was
carefully tnappferred to ai pol yprjopyl ene flask, to which trehal ose/ phosphate
buf fer sol uf i_IJQﬁLwas—ﬁlOQ’ff y adged to, g fii nqj vpl ynge af éOéO i QM?i | e §Vg riing
the bottle. spl uti o’ was Swir|l €d o%cam onal I'y” at] room terperature for 15
mnutes; the pH 20 was nmeasured and found to be 3.0.| Based|on thel W
readi ng, nore trehal ose/ phosphate buffer solution was added to obtain the

desired protein concentration of 0.5 m jn 110 mM of solution:. the pH
was reasured and PHIRIENG exasmpigs @f mﬁ'ﬂnﬂrﬁ/‘z’\”éﬁ@i ﬁ@rﬁﬂ'&\e@élogﬁgﬁ?@@%ﬁﬁ“m
prot ei n conceRbihfn Te | AHd ikt . 1

filter and wggélgggaso P?eé(}?ﬁ]@gt%&lgleg%ﬁeﬁai %ttgéé\?ﬁg??legig:@’l ?Té\);%\épa?)?n%lel m
of rhGDF- 5/t massvadated fartiisqrerimadce sdakility, anchease of manofagturingType 1 flint
gl ass vi a#s, and each vial was partly closed with a stopper prior to | oading
into the Fyophilizer. After lyophilization, the stoppers were pressed and
crinped. The Myroglizeld O6iligehtBdangsleds white to of f-white cake. Tabl e 9:
Stability of rh@GF-5 (0.5 ng/m ) plus trehalose (50 ng/m) in phosphate
10buffer at pH 3.0 (Exanple 9) Tine and Tenperature Cake appearance Sol ution

appearance after rpemefitéd bbiiRfen cylinder & thGDF-5 Iyophilized 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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Protein main peak % recovery HPLC ok aggregates HPLC Tine = zero Solid,
white- to off-white, clear 100 O 1 nonth, 50C Solid, white to off-white
clear 100 0 2 nonth, 50C Solid, white to off-white clear 99.8 0 3 nonth, 50C

Morselized Collagen Example 4.

-Morselized collagen cylinder & collagen gel together as a paste
-rhGDF-5 is kept separate in dry form

5 -Both are kept separately in separate syringes at 2-8°C.
-Both are mixed prior to injection

Morselized Collagen Example 5:

-Morselized collagen cylinder & collagen gel together in dry form
10 -rhGDF-5 is kept separate in dry form
-Both are kept separately in separate syringes at 2-8°C.
-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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Solid, white to off-white clear 100 O 1 nonth, 250C Solid, white to
off-white clear 100 O 2 nonth, 250C Solid, white to off-white clear 98.7 0 3
nont h, 250C Solid, white to off-white clear 99.7 0 1 nont h,

rhGDF-5. Bulk rhGDF-5 displays two major transitions: one near 40°C and the
other near 85°C. The high temperature transition probably represents the
protein’s thermal unfoiding. It is interesting to note that the meiting temperature
(Tm) of the first endothermic transition is increased by 7-14°C in the presence of

5 excipients. When considered by itself, this study suggests that both trehalose
and mannitol could be equally effective as a stabilizer.

PLM (polarized light microscopy) of the trehalose/rhGDF-5 formulation is
shown in Figure 4. The sample does not show a major birefringence
phenomenon. Thus, the system is amorphous, which is ideal for therapeutic

10  applications. Figure 5 shows the PLM of the mannitol/rhGDF-5 formulation after a
period of storage. Many crystals 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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400C Solid, white to off-white clear 98.7 0 2 nonth, 400C Solid, white to
off-white clear 97.4 0 3 nonth, 400C Solid, white to off-white clear 97.4 0
Exanpl e 10: Morselized collagen cylinder with 2.5 ng rhGDF-5 and 250 ny
trehal ose 5Preparation of trehal ose solution: 9.56 g of trehal ose

di hydrate was carefully weighed and transferred into a sterile pol ypropyl ene
bottle, to which 145 m of purified water was added at roomtenperature and
stirred slomﬁy untiI a clear solution was obtained. The cl ear trehal ose

sol ution pH found, t

with purifie8tbir 1hY S ERRIRea 5 heler ot vBRORE! metepilighe A8 on
was neasur ed fahdIdtinad PIléb bfeSred) tiﬁ’(@ eIy idata Wiiﬁcétéeﬂaﬂ 'rﬁGE)‘FleltrbﬁaIGbé ute
the protein solution. Dilution of rhGDF-5 solution with trehal ose sol ution:
formulations having phosphate or glycine as a buffer to control the pH is even
better than rhGDF-5/trehalose formulations without buffers. The real time stability
5 data indicate that the ideal storage of rhGDF-5 trehalose/glycine formulations is
at 2-8°C, and also that storage at 25°C is adequate.

In addition to the favorable biochemical and biophysical data of trehalose-
based rhGDF-5 formulations, these formulations also showed potency in the
alkaline phosphatase biological assay. Physical chemical methods of analysis, in

10  vitro assays, and real time stability data show the promise of trehalose as a
superior excipient in stabilizing rhGDF-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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1516.45 m of rhGDF-5 solution was carefully transferred to a pol ypropyl ene
flask, to which trehal ose solution was added carefully to adjust the vol une
to 120 m; the pH was neasured and found to be 2.9. The solution was stirred
for 15 mnutes at roomtenperature. The UV extinction coefficient was
obtained to accurately calculate the protein concentration. Based on the W
readi ng, nore 20 trehal ose solution was added to obtain the desired protein
concentration of 0.5 ng/m in 125 m of solution t he pH was neasured and

found to be 2.9; the UV readipg.indicated 0.498 ng/m protein conceniration.
Dosi ng of moiauales; QYbRdelgARYAa dERter Jyash sPeRHOSAKen HP (20 Al o

The S0l Ut | On cBftenl vab 8Arer LA 18 1R B2aKE BAMniEl iéroBelyt he sol uti on was

used directly to dispense on pre-fornmed norselize cyl i nders that
were packed in a Teflon nold. Each cylinder was dosed with 5 m of

r hGDF5/ t r ehal ose | Wt L.Qr I j.lization, Table 10: Stability of
nor seli zed col |l agéﬁ Wﬁqﬁégﬁ%w@m@@ (2.5ng) and trehal ose (250ng) per
cylinder at 2-8C 6Reamll ef tBhcdriaitedPa POt ﬁmwm%lbﬂod wasntransferredt thsa 6
mont hs 9 nonths 12 ponths RP- HPLC % mai n peak 87
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 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.
10 25 mM phosphate buffer at pH 3:
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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87.29 86.67 90.01 Study in progress RP- HPLC % aggregates 0.0 - 0 0 O

The data below in table 11 show that the rhGDF-5 w thout any excipients and
deposited onto Heal os(r) and lyophilized 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 sanples, but not the -20 C sanples. 15 Table 11: Stability of
Heal oe strip with 5 mM of rh@F-5 (0.5ng/ M) w thout excipients at 2-8C and
at -20C Test Paranmeter % lLate Fliitinn O nonth

Sample Preparation
Bulk protein rhGDF-5 (Lot # 2142131) was thawed at 2-8°C. The bulk
protein solution (24 mL at 3.8 mg/mL) was concentrated using a centrifugal
5 filtration device (Pall Life Science, Cat # OD010C37, 10K MWCO) to a volume of
approximately 6 mL. Approximately 0.9 mL of the concentrated rhGDF-5 solution
was transferred to each dialysis cassette (Pierce, Cat # 66380) and dialyzed
against the phosphate buffers over night at room temperature. The concentrated
rhGDF-5 solutions were carefully removed from the dialysis cassettes and placed
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

44



h 2 nonth s 6 nonth s 9 nonth s 12 nonth s 18 nonth s RP- HPL C 2

9.0 12.8

10

156

20

25

yielded clear solutions, indicating good solubility, while higher ionic strength
buffers of sodium phosphate at 50 and 100 mM yielded hazy solutions, indicating
poor solubility. At pH 4, the 5 and 10 mM sodium phosphate buffers yielded hazy
solutions, indicating poor solubility. Sodium phosphate buffers at 25, 50 and 100
mM vyielded clear solutions after centrifugation, but had nearly zero protein
recovery, indicating that the protein had precipitated. Thus, low ionic strength
buffers near pH 3 would be preferable to higher ionic strength buffers at higher
pH.
Example 12: Stability of rhGDF-5 at various temperatures in various buffers with
5% trehalose

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
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
1900 ml 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

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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36.5 45.9 49.0 42.1 RP- HPL C- 20 C0 2.6 0 1.6 2.2 2.7 3.8

D fferent exanples of making fl owable norselized collagen/rhGF-5 with
exci pi ents and sol ubl e col |l agen gel have been devel oped, and each exanpl e
was evaluated for its performance, stability, and ease of manufacturing. 5
Morsel i zed Col | agen Exanple 1: -Mrselized collagen 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 prior to

I njection I\/br se ﬁg@g EFi npl e 2: -Morselized col |l agen cylinder
& rhGDF-5 & @ dPfloet her in wet form (not |yophilized) 15-All

are kept in a SI n9|6765h‘1[_';ﬂﬂ)%ph8nc¥v§&|dfé2mmo%t 1a§~¢)wé§4$hsfé?rééﬁﬁy Wo@glmzed

Col | agen Exanple 3: - Mrselized col | agen c linder &r col | agen gel

| yophi | i zed bgaakerecontaining 1900 mL of DI water; the solution was tltrated wnth a NaOH
solution to pH 3. Additional water was added to make up 2000 mL and the

5 solution was mixed thoroughly.

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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dry form20- all are kept in dry formin a single syringe at 2-8C -
rehydrate with water prior to injection Morselized Collagen Exanpl e 4:
Morsel i zed col l agen cylinder & collagen gel together as a paste -rhCGDF-5 is
kept separate in dry form5-Both are kept separately in separate syringes at
2-8C. Both are mxed prior to injection Mrselized Coll agen Exanple 5:
Morsel i zed col |l agen cylinder & collagen gel together in dry form 10-r hGDF-5
is kept separate in dry form-Both are kept separately in separate syringes

at 2-8C. Reconstjfute e rh@F-5 with sterjle ter or. bone narrow
aspirate Dry mrg—éFirQ@br%C%IsP%@ﬂs HRe %FP%%?P@P@YH%@WWW%%FP? ut ed

rhGDF-5 sol ubh@nrfidféed Qo | SthAF |48 Hettles. ProldlR IiBhirhfiohsLbf RNESbuRiones
assessed using the follow ng techni ques: RP-HPLC, differential scanning
cal ori met ry @esCmeasiuresibging @nclyovis specimphotenaterz Ee brajain was faygigied

PLM , d al [ , AM, T al i pi h it ol :
Snd 11 ehal oo@t APPIATRRL Oht el Rt 58 R LR TP T ghe MRSC ke BHE o
Several sgcr ¢iggre@Ootiraiigh 22 YR Milldrg eTthé Aoitiche wafe GtorelCRF2-8Pey phispeg an
undesi rabl e yell ow col or and gl assy cake structure during storage and

t her ef ore wefy@phiizat®ni si ng. The mel ting behavi or of |yophilized

rhGDF-5 formgat | ; ,ed using DSC. The DSC data denonstrated that
both trehal gfgﬁﬁ&gmnﬁm@%#@gsed 25fornul ations significantly inproved the

tper Eal st abi | ;t?/Eath]l?Mﬂmulét@H)Esﬁlution wdsi }ﬁllleds idto 3-mhd @asslk10¥vah q?vmri SOP
of the DSC profiles g e tre 0S r tion and. itq ornmul ati on o
ThGor-5 conpinemasedtical Servien. (ot §SBOBIE Ak T, RENATS Hhes sy SeiaEoRs o
transitiggs: rp@@ﬁ‘quPe\ﬁﬁh 406pehd (Wfst@ﬁ&hd&@ﬁﬁcﬁ%w@%@, Il 3 Ny (oRABBB 86)U B R

oba the p h I I't s

transition p y represents t rotein"s thermal unfolding.
i nteresting ti@naiered: ttathe Hyophdlizer i T6e bysteat, ukyoStanmil) oThermotaupies were

exci pi ont s, WREAOCBhaasePe.Valy 1 atppor ies el ol g aEET B £l
trehal ose angnpiieRifberhulafith Gvilte neaehdiysee WatChlsy Stedfeda 200a8L | df286. mg/imL.  PLM
(pol arized light mecr oscopgg of the trehal ose/rhGDF-5 fornmulation i s shown

in Figure 4. MaBFs&ifp! MK sebitioonwas angdesed i eegh glage N apd dvpphilized.
Thus, thqssystem i s anorphous, which is ideal for therapeutic 10
applications. Figure 5 shows the PLM of the mannitol/rhGDF-5 formnul ation
after a peri dohabfticst Metigpeds Many crystals were observed in the sanple,

indicating that th nni.tol had crystallized during storage. This result
suggest s t hat tre@?g@@qfiy?ﬂ@ﬁ%w‘eﬁaﬁeﬁoprot ectant for rhGDF-5. The far W
CD spectra reveal gfet Raphilized A MHseLAaS kel i icaRh HRES pBint CRPNEIAERS,
structural distribution 15conparable to that of native bul k protein.

Real time st abrinkage andicolispspyof Rephitized eakes ophi | i zed rhGDF-5 with vari ous
exci pi en?a clearly denonstrated that rhGF-5 in the presence of trehal ose,

at eithef"50 ng/mM or 100 ng/ M concentrations, with or without buffers, and
with or without p®e¢sastitation Teemsi stently inparted inproved stability

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.

47



20 upon rhGDF-5 at both 2-8C and 15-25C storage conditions, whereas mannitol
failed to provide the sane |evel of stability under simlar storage

condi tions. The real tinme stability studies of |yophilized cake

formul ations clearly showed that mannitol did not stabilize the protein, as
evi denced by the main peak being decreased significantly while the aggregate
peak is increased at room 25 tenperature, as well as 2-8C storage
conditions. The aggregates are the npost undesirable species in the protein
formul ati ons as they nmay cause inmunol ogi cal reactions and side effects. In
contrast, trehal ose stabilized the protein very well by inhibiting the
formation of aggrggqugmognd protecting the main peak, particularly at 2-8C
storage conditions, as evidenced in real tinme stability studies. Thus
trehal ose is betteH eheacheglntiensampleswapimeasuied divechty 8sing 4 cakhratedi piis.
Also, the re ime stability data indicate that rhGDF-5/trehal ose
formul ati ons havi'ng phosphate or glycine as a buffer to control the pHis
even bett®r than rhCDF-5/trehal ose formulations without buffers. The real
time stability 5d%$? inqicate that the ideal storage of rhGDF-5

trehal ose/ gl yci ne NoPREFERSCORY is at 2-8C, and also that storage at 25C is
adequat e. I jti f avy, bl i 1 calsirpNd Bhophygigal
data of trehal oseggggg" rh%%rl]:%égﬂ#dgtgpml a\?lé%ns?jeﬁrgge or qn{?lug]i 0?2 al gg \gﬁowed
potency in t spectréptictometsiiodhieacasesitationgpt ahGBEsaywarhsaltwatedc beingcah

met hods of anal.vsis, . in:. 10 vitr S | time stability data show
the prom se (?%{'%@@i}a(foggféc'%@ Ongsﬁsp&'ﬁrﬁg xgr%?(gaﬁ&"i n stabilizing rhGF-5 in a
| yophi | i 26d st and-al one product, as well as col |l agen-based conbi nation

products for use in the treatnent of a variety of nuscul oskel etal disorders.
15Exanpl e 11: Sol (LG Methad r hGDE-5 in different ionic strength sol utions

and two pH bUffersi’h%fhbr?’-ré’dlﬁeﬁ"‘gﬂ)l?%ctrneth\@ (T Sod8ANIChH ﬁbéetﬁ'@d‘tigbbﬁi{o?ns of

sodi um phosphat e buffer were us I's study. A bul’k proteln ution was
concent r at ed nadifigrhspediesaoting [roteiy/ e teatisathples meate wlilutedsyith 60 A, acgticand

100 nM ph hat g, buf f t 3 =20 ARt ial ysi th

wer e chgclcz:g 31%51? t%%&?ﬁeqr"ff“g‘ﬁap Q{Haf'!%;mg'ﬁlrﬂgoﬁoéﬁltﬁnc?ﬁeﬁﬁ@gi%ﬂﬁ%ﬁggﬁb’ﬁf/-\ﬁ S
spect r ophgt oRERY wekeirfédted oBtPTRIMPES lemAqY9dadedsbrsaVC18ebiefin). The
Preparations 25100 mM phosphate buffer at :

€ a H 3: 13.5 ni of )
concent r at ed SRBES weLe siwiedswithitQ. b5 onadvi ?Eﬁslﬂe\"ﬁfﬁﬂ angd 9.t860vM) PeAldBr, to

whi ch DI wat : : &ﬁ%g% T ' j with
a NaCOH sol ut ?"%ﬁ@?”%ﬁﬁﬁ‘gﬁﬁ°‘%"&ans erér‘teodﬁrﬁ)m‘g%gg%-éﬁfkéﬁ ngla%\@té re%a%:%ﬁteﬁg’etr.
Addi tional watldrnmaRemddtagetal aamh peap 2640 W asicalcitated donwottitondlse chamyesafr ed
back to the geaker. and m xed thor uggl : 58 m\/kﬁhosphate buffer at pH 3:
56.76 nL of ¢OMBIEAR P&glean rRe_L S R§f3§‘8 PEAEY- was transferred to a
2000-nL bgaker, to which D water was added up to 1900-nnL mark. The

solution was titrated with a NaOH solution to pH 3 and transferred to a
2000- mL gr aduat ed Si38 Exelusion SAdupmatagsapiat®iChwas added to nmake up 2000 ni.

phosphat o buf fer SIOBHT $061eedo a8 ifeled SEnaB BE: BB BE 4= ™
sol ution was dfr gaui aestedamdled w0 0njatiebeaitédtyl ohtoowbd SECARIUnmPNTTSEM
water to 1900-nL mark._ The sol ution was solution to pH

_ titrated with a NaCOH
3 and transf &iesdencs. sC20d0 08048} andachded Withdbi% AdwiviTiohandyefA5sr Whe
added to Kk 0 C S aker
and i xedst hacausifis inatel AEaater it SphutiRe Th ool bkl fpnipee A
concent r at ed 288RMar(d thegpevbestabeaof eggregsta wasisaleuladetl.t o a 2000- nL. beaker to
which DI water was added up to 1900-nlL mark. The sol ution
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20 was titrated with a NaOH solution to pH 3 and transferred to a 2000-nL
graduated cylinder. Additional water was added to make up 2000 nL. The
content was transferred back to the beaker and m xed thoroughly. 5 niv
phosphate buffer at pH 3: 250.676 nL of concentrated H3PO4 (14.8 M was
transferred to a 2000-nlL beaker followed by addition of DI water to 1900-nL
mar k. The solution was titrated wwth a NaOH solution to pH 3 and transferred
to a 2000-nL graduated cylinder. Additional water was added to nake up 2000
mL. The content V\%SIH a?sfﬁrred back to the beaker and m xed thoroughly.
Sanpl e Preparati o?® =CCUBAMR™ ot ei n rhGDF-5 (Lot # 2142131) was thawed at
2-8C_The bul k_pr piéiblh &dtates dddidtradda Gmill BRIcESIwerRsalse RIGTEIRS edlnySi ng
a centrifugal 5 filtration device (Pall Life Science, Cat # 0D010C37, 10K
MACO) to a valgetelettrophoresis metbog. bypicallyAgppwximatedy 0 ugpprateiofwashdried
concentrated rhGDE-5 so] uti s tr r to eac | al ysi.s casset t
(Prerce. cat ndcwsanyiaied Wit 153u BESHSPAGE ‘Bl hfe? iatodsovcat & on
at roomtenp ; > 4734 0 i

emmved f SomCng ol e yAABEEN0%I RN INGS [He saRpIeFherr Relbdeliar |
check sol uti @°Clfar § nyinutésoApproximatednt 8 aili cfreachesampletweasrioaded on wngély- Vi s
spect rophot onet er as descy,i in_the Analytical Methods section. Solubility
at pH 4 155”21?1&@93;1, t4¥‘oﬁ\%5?’é1%?’9pa '?dg)éﬂ%rwetrﬁ_er”d\-i”@'%@f EYINIRG l?ﬂﬁﬁrng
more NaCH Sogw’ﬁ chOChf# Nﬂ’b@oir’fntﬁ‘tfz‘ﬁbsvoltlaés Parosb%um_sg%m%ﬂ ¢ ?s%é‘éyzed

agai nst the uffers at roomtenperattre over night. T es were
anal yzed f or thesl stined withuSimplyahe soldlion (nvegentGati# 606080) And detstained

o 181 c iR PR E SR PPl Bl P s BBl Chr e, or o
agai nst a bl ack background. The clarity of the test sanples was conpared

wth a pure water _sanple as, a control. The pH of each solution sanple was
nmeasur ed direct | yBiHogigalRCtyity ASPBY at ed pH meter. Results The results

of the solubility di. 0f 2 / = | YLy, @ 1 ha h ower
ionic strength bufqﬂe)rs%gf %éﬁi'ﬁ?ﬁ %82 ataerﬁglt%gg@rfg'taéaﬁg%gw %/P%I 5‘9&

cl ear sol uti dersulatioh) caeien@nglyadd sfor ubdlbgical aativitye Thegleell-biasad cassiaye(ldd h
buffers sodi hosphate at 50 an 00 nmM vi el ded haz ol uti ons

Cni cati g popebluRantRRd, 8 Rieabirs: Yialige Phiaphals el ABRRY. i bikBitie ane
buffers yi el degbiltpaytrecddmpiess, indicating poor solubility. Sodium phosphate
buffers at 25, 50 and 100 5 mMyielded clear solutions after

centrifugation, but had nearly zero protein recovery, indicating that the
protein had preci W&E; egnte'ﬁtgus, |l ow ionic strength buffers near pH 3 woul d
g

be preferable to higher 1onic strength buffers at higher pH Exanpl e
12: Stability of TheDReistuae coatandassaewasraindueted by &0 asimghauKbadriSsetarh 10
5% t rehal gse In this study various buffers were tested for their

effects GH prdfAONMEN87 g/ nL rhGDF-5 in a 5% trehal ose sol ution during
| yophili zation and storage at 5C. The buffers tested were 5nM gl yci ne- HCl
pl-13, 5 mM sodi um phosphate pH 3, 5 nMsodiumcitrate pH 3, 10 nM sodi um
| actate pH 3,Resulls% TFA in water, 1 15 MM HCl, and a control solution of

rhGF-5 in 1 nmM 1@,‘%[“\%0%@{??@"{25@@@}:%&% present. The buffers were prepared
ycine p

as follows: 5 nmM er, 2000-mL beaker was charged with
0. 75g of glycine (WEY gamplegalesdin 0 stPfe condifiond appéaned sdiid amd whitertowas

et Soceabh o R 5Bt e ki bh S b mS ot Ben Sorked B 51
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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25A 2000- nL beaker was charged with 2.11g of citric acid nonohydrate

(MA210. 14) and 1900 m of DI water; the solution was titrated with a NaOH
solution to pH 3. Additional water was added to rmake up 2000 nL and the
solution was m xed. 5 nmM Phosphate buffer, pH 3 0.676 nL phosphoric
acid solution (14.8M was transferred to a 2000-nlL beaker containing 1900 niL
of DI water; the solution was titrated with a NaCOH solution to pH 3.

Addi ti onal water was added to nake up 2000 nL and the 5 solution was m xed

chor oo PRB GEBHTAE Pkt chymbid o) cafhs 0o o e Sioe
resul ted sol yithQd H&salbdd %@‘qut_vm' th a NaOH solution 10 to pH 3. Additional

wat er was added to nmake 2000 nmi and the solution was m xed thoroughly. 1 mM
HCl solution 1 mb of 2N HCl solution was transferred to a 2000-nL

beaker contai ni ng : DI water. Final volune of the solution was
i AR

adj usted to 2000 ing nore DI water. 0.01% TFA sol ution

0.2 nL TF& sol uti omewaililiterayfsiater wds hdded #OO8ctarhpiekgal &Qhe tinteadfitestihgl 900l
of DI water. _Final vqlunme of the so]ution was adjusted to 2000 nL b¥de%ddi ng

addi ti onal Br SAMP'e nd'aSo| IRNYn NS idtdd eRBRSEHAN . P8, WASt [&5R
P i i 4 .2~ 8C,
reparation 2\&5&%%9{&9 'Bc{ ko %e&b@@sé %vn@gr%nt?%h%%dv‘%? fh@a‘éﬁﬁllpfe’egloa 8Ccakde

bul k 25 prot solution (55 nL at was concentra using a
centrifugal ®plubilifit.i on device (Pall Life Science, Cat # 00010C37, 10K MACO)
to a volune of approximately 10 nL. Approximately 1.4 nL of concentrated
rhGDF-5 solution was transferred to each dialysis cassette (Pierce, Cat
#66380) apd the cgsagbhasamgre di al yzed against the test buffers over night
at 2-8C The rhGDF-5 sol utions were renoved carefully fromthe

di al ysi s casset t eRegapstituiedsalytiangsarapleparare drspestashundersa vertisaklight on a

concentrat | O’Bﬁacﬂfbatcgﬁro%ﬂh%ﬁ Qé'rﬁala}%%o?utmsd%é? iBeIBSr 4% Ebfone

spect r ophot onet er. e protern s tornul ated at approxi nmat e?%y 0.7 mg/ mL
with 5% (wfv) trehalose in the test buffers and 5filtered through 0.22 tm
filters. The sol ut'l_ions were stored at 2-8C prior to lyophilization. Filling
and LyophilizatioH Each formnmul ated solution was filled into 3-nlL gl ass

vials (Wast Phar maagUubH Ctl re2ohititaRY sélatiod w0 Akkbledlusthg bVidllbratéepi al s
were close 10 partially with stoppers (West Pharmaceutical Services, Cat #
99150630) andneteandreughequt the: ¢purss op riudy Abere(were ry sighificany gbarges in)pH

Ther nocoupl e r C i Vi j : i 40N
process. As. 45 feBse Eh g GRS, B1F of IR Aaiod SAAES cobfeihg
tested. 200 piehafosé/buffery mtasr BfdondS3i0 +1020MTHE psiolofitthe nfowaglatioansitiouted to
each gl ass vial and |yophilized. 15 Analytical Methods Integrity of

Lyophi | i zat i digheigegwds aboutd | yophilized sanpl e was checked at each time
poi nt fokgcracks, shrinkage and col | apse of |yophilized cakes.

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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20 Reconstitution Tinme One mlliliter of DI water was added to each
| yophili zed sanple and m xed gently. The reconstitution tinme was recorded.

25Sol ution Carity- Visual Appearance Solution sanples in small gl ass
vials were checked for clarity and particles. The sanple vials were

i nspected using a vertical |ight against a black background. The clarity of
the test sanples was conpared with a pure water sanple as a control. pH

Met hod pH of each sol ution sanple was neasured directly using a calibrated
pH neter. 5 Spect.rosco, ot ei nconcentrati onwasdet er nj nedusi.n UV- Vi s
spect rophoto#é/'[‘@&?‘ Ef'ﬁ'@ EB’HEeﬁ'Fa’E‘?Mn‘ iy 2“@3&93‘;}%% '853?‘& eﬂ%‘ze 69%8“%311

extinction C%Sﬁw‘;gbﬁh@ﬂtwtﬂéh havd st 2680daneddt P80 nd | - PLC net hod _The
non-reduced rpHPLC nmethod (TM 0051 D) was used to nonitor nodified species

of the protein. The test sanples were diluted with 50 mM acetic acid to

approxi mately O. lNthr%Q%%ﬁ{Hﬁtépé%on. The diluted sanples (500 15 each)
col um

were injected onto <] ydac 218TP52, C18 columm). The sanpl es
were el utgd w th ThéSPen-redured FAHPLCWaietitodanas Quskd%o monjtor Efe idegradation

acetonitrile as the ile phase at 0.3 m/mn. The el uted peaks were
detected at ?Eﬂc‘ﬁ%‘)fg_g%&fﬁ?a Z"‘g’f Wé‘aeclf\or kpﬁm%th!f&&'é“e’cQP‘@GF'E@’eﬁe@'B'dﬁﬁﬂ?tor
the changes @dadtidh Jm h@?fééé?ﬂ%ﬁﬂé?% wepéh® sﬁ%ﬁﬁéﬁﬁ%ﬂaﬁ&%ﬁ?per@@népg?fusi g

Excl usi on Chr omat ogr aphy ( Protein aggregation”was nonito
a SEC net hod theTydire pleply, fosali [the fofmwakidns: stereds ahgteE Ghasd i2§ ecloe® mondst | y

U S S AR IO A .
S
Eal cul at gd. Gel %Ildggt r opﬁor esi s Pr otaei ﬁeﬂ%?egat esnantclimgegr aded smal |

pi eces wer eI al so foweverewhga e dorguylatignsc wesp neipead at nasgelprater) sierage
e _ . ) . o b
S RS Syt s, . g iougo i i

SDS- PAGE sanp I nvitrogen, wth or hout
p- ner capt oet BéraialosEiglysinephad greater thao it ed the neBiCpeak a8 tine Genesth time

roximately 1 of ,each s | e was | oaded ta lL.nhvitrogen.. Cat #
NBO3a 1By - PRI qeins’ ainee oakirs, e nffEe e 8, M el AR aeing
NPO002) ap 2G&nudhtiordamdedr thebaidbelBPatel nytro%gLe Tdvddaring. VR4GicllBay, sheDred
wi th Sinplyblue solution (Invitrogen, Cat # LC6060) and de-stained 10 with

D water. Thé/tiRhalospdne! iramiptiendingd pRuGESe wéike BN pepkat the Stpgnidime
ACtivity ASS@8Wint  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

51



Only the 6-nonth stability sanples (glycine formulation and HCl fornmul ation)
were anal yzed for biological activity. The cell-based assay (TM 15 0046) was
used to neasure al kaline phosphatase activity to determne the stability of
t he sanples. Water Content The noi sture content assay was
conducted by PDD using a Karl Fischer 20 Titration nethod. Results Integrity
of lyophilization cakes Test sanple cakes in all storage conditions appeared
solid and white to 25 off-white fromthe tine zero through the 9-nonth tine

oint. Slight shrinka ed a ound .t he cakes r the ca wer e
EI ightly sgpar at e!f' mgﬁt%aég%g‘g v61s CHB‘ ted at a&’@‘?’ﬁ"’@%&’n@b &ggep\)ed
when sugars uchy ?%n&r99c‘?1§}rﬁ§Wltﬂrs%‘{WVﬂ?fl‘éh%fo%eLbﬁﬁdS?rﬂvl lﬁﬁ’f\éﬁH@H bﬁF@Pét pFl_ here

was no col |l apse cake in al t est sarrtp cake col | apse may
alter the re@oﬁbeufommlatedtsowlwerea@etdoto firiotdemt. glass aials atymMnial end

prosent - Rec SV IETR TomuRR TR 1oPnf ?%4 SRSl dutle: Dol of 2"
sanpl e vi 8l @6°C/60% iRk anl 40?9/75% Rmhe\tmﬁldtsvmtg@mﬁﬂe/pmmenheaswnples
reconstitution tinme was record ag&%éogr oxi mat el y t o 40 seconds wer

required for WeRe aPgh3eeiiPoine st Heupraduety: T GSBqudérPSGda'lnl i study
Reconsti t ut e?cﬁﬁﬂéﬂdaﬂa a rance rr@cdd%ﬁf?fﬁ%heﬁm‘égdﬁlutﬂ)nvecﬂ%itga' pH,! a

bl ack background; e solutions are fount ear an ol orl s pH
15The pH of (reyorsst mthased highl Lpartanmanse nlicuidr cbromatoagraphypl UHf afudics- pllelletret er.

Thr ough out the cours t u were no. signific N

val ue across 81‘3”]:t ?Sr?gpg)o%rlzuéa@'%hgxg]ﬂﬂogfcww@g*o@fﬁﬂfﬁt?rg(ﬂ %gﬁi rsop98¥ﬁs "ni ng
t r ehal osefbufsfier B-enattaeRiiage 3t Qhe Qhide Q'tbﬁag@‘ic@ridltlm flpwml fRuhanthat tHeet
trehal ose was about 4.0. 20 UV Spectroscopy rotein concentration

was neasur ed Wie aRoUIgNiksant e shakgafot hhened mhrtB%gFPramlati% WithiyProtain
h
were no si gnighig atﬁh@@n%ﬂ‘?aérbvpﬁgtoehﬁgfﬁﬁ §§chr| osp /n‘iL g‘?ﬁ?rﬂﬁéﬁnjﬁ’é iRS€

formul ati ons contal ning the glycine citrate
buf f er, | act abecénifdtien, was tdo nm%m asT B Tadrsad O8N 0y /1, tﬁeematmsneﬂnodeased

in the rhGF-5/tre aI os [ HCI @; I@Eion en it was stored at 25C/ 60% and
40/ 75% RH.  T¥#® O8hE 3??‘5”‘ &%? BINAT & ?ﬁgfftsed to be increasing in the

formul atitgn that whag I%t:,grt%fahus@tﬁdyt.h@icat@ tHaallymmtz@unrmpfsnfdrmummngf
0.7nmg/nL at time zero was increased to Ing/nL at the
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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6-nmonth tinme point. This may inply that trehal ose m ght degrade to furfural
conpounds, which have sim | ar absorbance at 280 nm Non-reduced rhHPLC
results 5The non-reduced rhHPLC nmet hod was used to nonitor the degradation
speci es of rhCGDF-5, which were forned by nethionine oxidation, deam dation
reaction and ot her reactions. There were no significant changes in
percentage of the main peak for all the fornulations stored at 2-8C and 25C
for 9 nonths, except for the HCl formulation and the formnul ati on w t hout
trehal ose. Both 10 fornul ations had | ess than 90% of the main peak at the
9-nonth time point. However, when the fornul ati ons were stored at
accelerated storagengpggbhbqqglﬁﬂﬁh 400/ 75% RH, only one fornul ation
(i.e. rhGF5/trehal ose/ gl'yci ne) had reater than 91% of the main peak at the
6- rmnt h time p0| nB.x Bh sbglyemef @A%?é@ﬁghwaﬁeweghed inte 30aB0RO-mY. beakers

r hGDF- 5/treh S cgel t or

condi tions. r8t ?é&:oarlé}&y @ﬁf‘p@'ﬁg' ;‘Qat)"iﬂ%%sf éaﬁ'u? fo Sgﬁalggac!%?'y gg/o of

t he mai n pealsohitiohd wvebe titratel withra |-|u©|| sullutioni topHe 3. Adaitidnal witernwastwideBlte
chromat ograns, of rhGDF5/treh Iose ci ne formul ati ogn and

r hGDF- 5/trehal%§’é§‘|H€i“m%Pﬁ§p® Ogﬁg%aea'fermé/mw&waahb nont hs. Fi gures
8, 9, and 10 show the % protein recovery of 20the various buffers tested at
storage at 5, 25, and 40C. The results fromrpHPLC anal ysis indicate
that a combi nati offochulatien&lrearationl gl yci ne buffer provides the best

stabllltytolyop i ze t t he
formul ati on of gSLk IQ??' %ﬁ?&g?{ ?%1ﬁ2§§ﬁs@a§9€a‘%%€ ? 'lll{e[ PrcS’ﬁednam d
of HCl mayg h&wmt:aﬁn(eedmt abasls mmmL@fW&:banmt&mm udiny at @emm@amltﬂauaﬁ
trehal ose. Exanple 13: Stahility of various te eratures in a pH

3 glycine bufdeyices Pallslofe ﬁéf%!ﬁ@s&at f ODU1|Q$3t7h|1§"sM}€( O)r wdume

e o S gty 5 S DA

sol uti ons werkGDEeD solitibn Iwasi tnar&ferl[e@ltcwsc dialysis cassettes [(Rieate, Lal #Waﬂ)al S
werelyophlllzd The, | Lz sanpl |alswer d at 2-8C, 5

25C/ 60% RH arif M@/g%ﬁht&b BE' gHﬁ fe%’e{.“#ﬂ!‘ Si%%% the sanples were
anal yzedqgor the ghabihi@op.s50dolbtithsPivertutrhRsfertBe frovh NREl Hialgsd da@sétmsstosaudy

i ncl ude cake appear ance, reconstitution tinme, solution clarity, pH, rpHPLC
(reverse phas@ali @iassebpdlamREdtein ganeemrtionames: Wrewsvw t AR- UVOV'ét
spect roscopy)g X si s.
10 After 6. mﬁﬁﬁtﬁéﬁf@%ﬁ%mﬁt PR B AR Aeg TR Bt afis hofh AR ST o
t here were norsi@hi (w/@hrttefmmuegasdoﬁsaM/@yame tbluéfef asmdeatnibeds abbvél phet ei n
concentrations fromas | ow as as hi has

protein conc Wﬂtﬁﬁﬁegrﬁq}&ﬁ?”ﬁd%er?d&@@eéﬂ%’ﬁhﬁ 20“@1 '&ﬁ%a@g@nq'ﬁg}ahzvglﬁn@‘%@stl ng
nmet hods illz3 {;ﬁt enough to detect mnor changes. 15The results of
this stu y |n |cate hat |yophilized rhGDF-5 fornul ati ons contai ni ng

trehal ose and glycine-HCI with varying protein concentrations were stable at
2-8C, 25C160% RH f [) ad% Ieaﬁlt g nont hs. Slight changes in rpHPLC profile
were seen in the Sq Ree k‘ RYRRYCY: accel erated storage conditions of 40C 75%

RH at the 6-nont hEtalcﬁBofpmenForm@ﬁté_d(Qﬁlml@nsl'ﬂver@tﬂﬂbd||hf0¥31h’ﬁL lafsfse\nan@t(West
concentrations of rhGF-5 at various tenperatures in a % yci ne buf f er

wi th 5% t r endihasmaceutical | ewviges, raldf PREFNRIH) waks T mlpfmaét ePloRrais soest w)

t rehal osggan |Gy g5 of
0. 01 0. 05 G rpriighiich Sergltes "hapls BuLopato) he@RRTaNplacRE S e s o
of 4.5 ng/n Trtie(ilﬁnﬁle\/vaialz;pwepmtradsimred mo%(lvbpblllzeredﬁa]&ﬁqsm Eyaﬁtargllym ne
buffer (pH 3)T or conB:far son. hféforrmlated| o ut i Fiwe en fil in
3-nmL gl ass vi (,negmg;[:o Bt NGEra Plags 'Pﬁ&%‘fﬁqol V] o-m%m%; B‘ﬁ emgg[f 'ér;EnEJP Were
stored in stamlr,hgq phiaben procegs™ G yci ne- HCl buffer, pH 3 3 x 0.75¢g
glycine (MW75.0 gbwas wei ghed into 3 x 2000-nL beakers and appr oxi mat el y
1900 nL of D water was added to each beaker. The 5 solutions were titrated
with a HCl solution to pH 3. Additional water was added to the final volune
of 2000 nmL for each beaker and m xed thoroughly. Formul ati on Preparation
Bul k protein rhGDF-5 (Lot # 2142131) was th&3ed at 2-8C. The protein



10 solution (96 nL at 3.8 ng/nL) was concentrated using 4 centrifugal
filtration devices (Pall Life Science, Cat # 00010C37, 10K MANCO to a total
vol une conbi ned of approximately 24 nL. Approximately 3 x 8 nmL of the
concentrated rhGDF-5 solution was transferred to 3 x dialysis cassettes
(Pierce, Cat # 66380) and di al yzed agai nst the gl yci ne-HCl buffer over night
at 2-8C. 15The rhGDF-5 solutions were transferred fromthe dialysis
cassettes to a snmall glass bottle. Protein concentration was nmeasured using
an WV-Vis spectrophot ter. The protein was fornulated at various )
concentrations w ?‘Ha"éfaﬁﬁ ML Wsed, detp o8IBigh dios tWem%cHEe%u?tftye a3
descri bed abgygmpiEae ff #kdypat ed solutions were filtered with 0.22 gmfilters
and stored at 2-§C prior to 20l yophilization. Fill and Lyophilization

Each of the fornmul ated solutions were filled into 3-nmL glass vials (West
Phar maceuti cal Services, Cat # 68000316) at 1 m./vial. Stoppers (West 25
Phar maceuti cal SeR@ssts cat # 99150630) were partially placed on the vials.
The sanmplg vials re.transferred to the |yophilizer (FTS System LyoStar
I1). TherYocoupl eﬁﬁﬁ%ﬁl%og&%ng?'ﬂprb?%{@ébo vials to nonitor the tenperature
profiles during | yaghddrh@atdaRes i 88 8f¥age conditior@ppearéd kol hh® WhitdSRsin Wer e
simlar to those described above in exan‘gl_es 11 and 12. Results 5integrity
of | yophiliziMecteredhiesgh 6-montstimenginte Sigiteshrinkaae wast drsegeedaivgnditoes
appeared sol i i i e L*g[;‘h : t] Lot =..Sl.L ght
shri nkage mgg%%gfwgd&%?%%%}% ﬁelﬁ‘éﬁkgéeg)atége? he c%!gegsg]v\wépedfgﬁ Fgﬁ%’ﬁf%‘gdgr at ed
from gl ass walite abrinien wheh sugaty, Sucls agirdhalosensrsucndssnasugsed as auniking
trehal ose_or sucrose are used as a bul ki n 3‘0 ?%Znt. No col | apsed cakes were
seen in 401 @REN: By calarppd cakarowBiRGann FUnG FERESamples. “one mi 111 11 ter of
wat er was added to each sanple vial at the tinme points of testing. The vial
was gently m xed and reconstitution tinme was recorded. It took 15

approxi matel y 30 Recaostdeltambigef or the cake to go into solution. Solution

Clarity Al l 0 L tu I n I n the
protein solutions b\%%rrgﬁllmﬁésrp&efg'?ae%p% % ﬁa%gggggfélaggls%}rﬁg%tv ?aéééﬁﬁésﬁﬁquﬁ'ﬁ%?

bac kg][ ound. R%]shting. The Wl wmgéﬁﬂy'bhwmals@lreﬁdir?ﬂtwrtfﬂﬁ tmefbatsoreﬁamw tﬁbk No
significant changes | e observed in all the sanples through the
course of 9t hépem%av?te%h@ﬁﬁ%a%%’sdsofw&wecwrtmodmooﬁémwe in the range of
3.0 to 3.3. UV Spectroscopy The protein concentrati on was neasured

using the WV spectroscopy nethod. The UV spectrum coul d al so provide

i nformati on on pr Spbkitiondéggriygat i on (baseline light scattering). For protein
concentrations fr Q.01 -1 g/ L 0-,mm cuyet was .used. For .
rotern concent r atgREoTstifled W gppParel GER, S04 Shlofie S 3ithie Bdisin no
di lution or gelusishdwerdlirspepieddvitiNe veiizal ﬁdma?hin@hélbm Batkgroungi n
concentrations were observed in the sanples of 0.1 to 9 ng/niL through out
the cour$8 of the stabi lity study. For the | ow concentration sanples 5 of
0.01 and 0.03 ny/ Bj_, nore variation was seen because the absorbance was too
| ow. A new sanpl e preparation nethod should be needed for the | ow

concent rati on sanphesreconsfitutadr sokutiodi was WNEd tedoeasurehpBLC Nessigniicaid The
non-reduced rhHPLC i s ,used t???rmni t.or "rd(ﬁgradefi StBeCi s,,.of rhGDFf- 5, s(wr:h as
met hi oni ne o895 R §VeiB QheEYEAIN 2 SAITRIGS PEHIN G RONLSY B 198 SHTK age
of the main mheloHRaiaes S dev@emuRtiahd wb_h?in&ﬁ%b@?e f 910ad 3. 2-8C, 25C and
40C t hrough out 6-nonth storage, The nmain peak of rhGDF-5 of sanples that
were stoked for 6-nonths was still recovered with .96%and it was

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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15 conparable to the data obtained fromtine zero sanples. The | ow
concentration sanples of 0.01 and 0.03 ng/niL were difficult to anal yze by
the HPLC net hod. A new sanpl e preparation should be needed for future

studi es. SEC 20SEC 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 sanpl es
of 0.01 and 0.03 ng/nL were not anal yzed. 25Gel Electrophoresis

Protei n aggregation a d degr ad em es re al ored u5|

el ect r ophor egﬁ “?ﬁ:ga?(’{;r?ir‘? E’a‘fﬂ”cemﬁ E‘Eﬂ]:%pq %”éﬂ’fn"t Re'- I es
through out @u@t&ﬁa.@h@é@@ﬁth no dilutionBFed sérﬁﬁlﬁfﬂiémétéaf Nohﬁ?ﬁnlf @éﬁ'dha‘v‘@é@ not
formed in any sanple during the stora as these were not found on reduced

SDS- PAGE 5\Waireretstit @ﬁncentratlonsh‘eewapgﬁer&@m@nth@ samplas ohrhl do Qemg/miow,
ranging fro CRLI V\%q.'[;b
protein congrﬁ?'r}g? :ogkg‘egﬁggrﬁérm%oﬁ%en??u% Fto;rgé'gll %’Oﬁg c%i t hat {Ege

| yophi | i z&d ohGIH- SndJDcﬁﬂmtgstml,nnoﬂeevanaesarvm 4é=robetaetwihesasbsunbargieywase
buffer are s able at, 2-8C, 25C/ 60%RH nd 401759 f.0 6, nont hs, as
ovi denced by SpAPECAREVCERMERE HRPHENADHPS oS pPUR oPs Tuertots I9roMAIISH od a
various Conceaﬁéé{t#a@iﬁﬁ s%l?rﬂﬂé@ﬂarffutglfé Sudiegso 9 nmo/ nL (pre-lyophilization) with
5% (w'v) trehal ose nmM gl yci ne- HCI buffer (pH 3) and |yophilized. Wen the
protein was formnul at ed at 15 low concentration such as 0.01 ng/nL and 0.03
mg/ m., the existi l'nﬂiy limtations to detect the changes.

The present inven °on h &g%en Lg‘:'a?crl ed relative to illustrative

enbodi nenps. Si ncéheerohaeducétaﬂgdﬂms/ub@d tradmnitor tlé@-adbd\@emsmierGDGns 20

wi t hout departln fromthe scope, 0 the nt |s| tenddthat al |
matfor cont aBnWeh s REIGHTE Realot ihsh SBRMSRRR. N SHasRaD FOFAgER A"

draw ngs be 'pBFc%rnPJg%t 8CthaSmalr Péél{ et/ 6b§é}%@% a!l'lhét sahﬂﬂléé Q%ré@'&?@ gecor

exanpl e, one skill In the ar recogni ze that the fornulation of the
illustrative 2§rﬁ‘a@fldTéﬁf@ tbfougmeouhﬁenombnsﬁo@geotTha maiacpeak afeh@DFb BIP and

b d h her bi 25f bl b
T o al 0 1 Sompn gl e AT oTRE P waF sy KecReS MRS oA LR

generic agd %aﬁfpbfat%ft@mélam &HtainB8 fidhy Gifie %o%lé@%@ﬂ#b@nc@%h@h'
statenents of the sco of the invention, which, as a matter of |anguage,

m ght be sai Gapplesaof ﬂh@nd %@3 wgmL wemeatifficult &9 apnaiuze by the HPLE o ition
conprising r ufficient to
st gEI [ zegsa?\gﬁ%w&\gﬁﬁgﬁe@ﬁ%&gﬁ%fﬁ@%%%&{ fotéﬁllﬁﬂgés&gal of about 2.5 to

about 3.5. 2. A device for inplanting in a mammal, said device conprising
a bioconmpatible rrggdsx and a conposition conprising rhGDF-5, glycine, and an
anount of trehalo ufficient to stabilize said rhCGDF-5, wherein said
conposi tphgn has agpid Wasatp.@élt to?manitér é‘i*é%lﬁ a%g?egatlon:”TthE\M@?é’hé%lﬁlf&irﬁ" m 2,
wherein said bioconpatible matrix 1s selectéd fromthe group consisting of
col | agen, ni wbaeges taindon| aggsegationl efsalbthecedmplem phishpwateetestes thideghout

containing calci u

pol yl acti de ?‘%LsJ'WOB@\ %’ﬂ%@@% twe%;dﬁ%ﬁﬁb@%é pgé'%ge 8* goqj'y% bon%\te
pol ycapr ol acthegreml wené wotxdnalyeedt her eof . 4. A surgical k| t conprising a

bi oconpatible matrix and a |yophilized BWMP conposition, wherein said

| yophi | i zed BMP conposition conprises rhGDF-5, glycine and an anount of
trehal osegsuf fici ey Eﬁ%n—%?ﬁgféslisze said rhGF-5, wherein said conposition has
a pH of agout 2.5 to abou ) S. The conposition of claim1, wherein

sai d conposition Psoteybpmnegata@n apd gegradation speciespiere ﬁistgrrwmtn@n:usng

o1 yei ne. - and SehSkRBRRECERR: Tk B8 of NPRed WarERL TS AL Setepiess

wher ei n sai d tigenghdut 6aontasteragel of about 2.5 to about 3.5, and
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| yophi | i zi ng the conposition.
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Small fragments of the protein were not formed in any sample during the
storages, as these were not found on reduced SDS-PAGE

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
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
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
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
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 rhGDF-5, glycine, and an
amount of trehalose sufficient to stabilize said rhGDF-5,
wherein said composition has a pH of about 2.5 to about 3.5.

2. A device for implanting in a mammal, said device com-
prising a biocompatible matrix and a composition comprising
rhGDF-5, glycine, and an amount of trehalose sufficient to
stabilize said rhGDF-5, wherein said composition has a pH of
about 2.5 to about 3.5.

3. The device of claim 2, wherein said biocompatible
matrix is selected from the group consisting of collagen,
mineralized collagen, salts of calcium phosphate, ceramics
containing calcium, autogenic bone, allogenic bone, xeno-
genic bone, polylactide (PLA), polyglycolide (PGA), PLA-
PGA co-polymers, polycarbonate, polycaprolactone, and
mixtures thereof.

4. A surgical kit comprising a biocompatible matrix and a
lyophilized BMP composition, wherein said Iyophilized
BMP composition comprises rhGDF-5, glycine and an
amount of trehalose sufficient to stabilize said rhGDEF-5,
wherein said composition has a pH of about 2.5 to about 3.5.

5. The composition of claim 1, wherein said composition is
lyophilized.
f6. A method of stabilizing a rhiGDF-5 comprising the steps
of:
providing a composition containing rhGDF-5, glycine, and
an amount of trehalose sufficient to stabilize said
thGDF-5, wherein said composition has a pH of about
2.5 to about 3.5, and
Iyophilizing the composition.
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