WO 2004/ 060920 PCT/ US2003/ 041691 COVPLEXES OF PROTEI N
CRYSTALS AND | ONI C POLYMERS TECHNI CAL FI ELD OF THE
WORMENGION [ 0001] The present invention rel at eBCTWS2003/041691
conpl exes of protein crystals and ionic polyners and
conpositions 5 conprising them including sustained
rel ease conpositions. |In addition, the invention
provi des net hods for producing these conpl exes and
conpositions. The conpl exes and conpositions of the
present invention are particularly wuseful in the
treatnment of disease states anenable to 10 treat nent
by sustai ned rel ease of protein-based therapies.
BACKGROUND OF THE | NVENTI ON [ 0002] WMaj or drawbacks
exi st in the devel opnment of protein therapeutics
targeted to various disease states. 15 Commercially
non-vi abl e fornul ati ons, short in vivo half |ives and
negligible oral bioavailability are exanples of sone
of these drawbacks. To date, short in vivo half-Ilives
have limted the devel opnent of sustained rel ease
protein formulations, which are typically delivered
by |mxmﬂnemmmu@FZ@RQTEﬂﬁyﬂﬂ&ﬁiﬂiﬁ;&ﬂmﬂLQNQQwﬂQLﬁMERS
[0003] To provide sustained rel ease formul ati ons of
human growt h hornone (hGH), for exanple, technol ogi es

that incorporate hydrogels [ Kat akam et al ., J.
Cont rol | ed 1PCHUS2003hRARBRLY - 2
Rel ease, 49( 7T, tTpOSONMES, Ol

£l onsy &8 Osphesfs1eRSs of
[W as pokf gélﬁéjﬁeeg{ dﬁp%i%tgm%lfﬂatlon [Fsgg?seet °
pidtein. c@rsaiammm 1 @ild @lym@a@%aczlmmamr}s

have, been develo wever, the
QB S O Pty St TR R BT PR e
T8l R a&‘ié”ir'i‘@el@@:[@rht M@l@é@/r@étlﬁ@&s bfor producing

conplicated to nanufacture This is especially true of
thae forplezes orrd barEredht T3 act Tle coRBPYREFF c23%i d

PL GA, m cr os | oQY, u

SRS D SELE AR, BvpabasRises bueDuatesey
u§@ﬂ@1ti@nshéutheasmeﬁtewﬂt@ﬂsé@a@eseaUeesamenable to

surfactants, organic _solyvents
treatment by susgalned release OP protein-based therapies.

BACKGROUND OF THE INVENTION

[0002] Major drawbacks exist in the development of
protein therapeutics targeted to various disease states.
Commercially non-viable formulations, short in vivo half-
lives and negligible oral biocavailability are examples of
some of these drawbacks. To date, short in vivo half-lives
have limited the development of sustained release protein
formulations, which are typically delivered by intraveneous
or subcutaneous administration.

[0003] To provide sustained release formulations of
human growth hormone (hGH), for example, technologies that

incorporate hydrogels [Katakam et al., J. Controlled
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aqueous/organi c solvent interface, all of which cause

protein denaturation [Herberger et al., Proc. Intl.
wepen@/060920nt rol | ed Rel ease of Bioactive Materi 8CS/US2B3/041691
835-836 15 (1996); Kimet al., Intl. J. Pharmaceutics,

229(1-2), 107- 116 (2001)].-[H004] An alternate

Reppaceach 4vq 1developieng 19wst ai, nad pdsehRase RMOkfifl sions,
bf,ornulations i nyol ves the use of crystallized
pPOEEIrRSaRd SpRPLYBETT Ré Crosmlicatison 2sFoe 120 aex avlvethylene
ey ¥t akbhzed dsubi Lexed Wi th zjng a
gp?otam’ne exﬁﬁbits gi%%%ggg %gréagg %%EQViorem" 271(36),
2LKPayenbunl (1a8d) RosenbebgenRepvelverd. Madwekesd. the

rd, .lnsulinlab, ,1: Q-7 194 . Because different
=ERULFArY tariaabiare Qe laboPes br taariBRRRL PEare drug,
ukbehbaka m&ndkaaehu&hgncghdatgbﬁ%na%é/B&Ohapnb%fySta"
t he_devel gpnent of sustained release fornufations

cemBédcahedi Fremaptiacyyrals Fhiengsvasbensaldyl uimidki bf heH
i i Lze Y. THE- | NVENTI ON, 30

f?%%g%%eﬁﬁh%rgggégogae§gpg§ggﬁgngﬁgéng éSSQClg (PLGA)

mtompepheirensechndlbber ebtcpuekeihecpystaks, ukBe to FrOduce

resent inpvention exploits the anphoteric nature o
tBP GREFReSPRGF o= ok aRRF 6E0t REPATHDEPISE LEEBFCERAB a8i di c

186hdd@stanal on in.chai t
S B e B B e B n R, DL 6h T B0t

aguegeséprvneia ppovenh' snbeefabk, nellchér ghickhuause

' n protein_is_an_isoelectric pH value
p%§£§£§r&%nggﬁg%?$¥% éﬁFﬁk%Fgthgtn% “¢h FSE‘anFﬁe Symp.
Cpnorel hetisReéease af Plibwberecpmatei-nagel ubslibysipse
(rgégy_is,the | opest _and 5 créstallizatLon I S nost

y FoMoBEuRrt - ThéREdnpYexBipsHacertpeprycalPéhs2io 107~
1PEotLbHS) having a low pl (nunmber' of acidic groups in

a grotein exceeds the nunber of basic groups) or
[9@P4hni ondnt alpeonetasappvoaghatbdi ghvel ophngbetsdhined

i roups.in.a protein exceeds the nunber of acidic
DRl 5. L 0UPS, A2 RUPLEL B, eXPesdp, Lhe, purber of
cagyeal BYeed Sprty she abs PHABET bf eshe | AELHAT #9: bAVOr ahl e

di ssolution behavior, Proteins can be crystallized

e¥&@E}?,a§r%$§ﬁ%}lzed insulin complexed with zinc and

protamine exhibits extended release behavior [Krayenbuhl
and Rosenberg, Rep. Steno. Mem. Hosp. Nord. Insulinlab. 1:
60-73 (1946)]. Because different crystals can modulate the
degree of solubility and the rate of dissolution of a given
protein crystal, the development of sustained release
formulations based on different crystals having various

solubility profiles is desired.

SUMMARY OF THE INVENTION

[0005] In order to develop sustained release
compositions of different protein crystals, the present
invention exploits the amphoteric nature of proteins. For
example, the number of basic and acidic residues available

on a protein chain, as well as the pH environment, will
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their pl or very close to the pl val ues. However,

addition of polyanions or polycations to protein
wonysiEieoat a pH of 15 sol ution near the i soePeTIS2@®3/041691

point of the protein may result in poor conplexation.

[ 0006] Such drawbacks of canventional conpl exation

deeebnigues peyrbenavobdedaby usiknanhbgenet hads, OEnhE%ent
present invention. Advantageously, physi ol ogi cal 'y 20

CRoRPatYbPECEEE Al fiedlr éFOR @Céﬁmﬁleﬁeyaéﬁepdpﬂélnr a

S n pal opposi ti
B L e PALYTRES BUGE TR P08y 1o s -
pHnvbateoprptevhdeslubti hady farwapeepaki BHeSU6West and

conpl exes and conpositions and for the treatnent of
CHYSbalbiErhteR 1EqUPFEng bP HnEP| BPENEA byhescomplexation

osusbai-nedibgke 2b i gs FpgrﬁggllfPOl\l
§ YVVBE% EO@% FF%?H% nggg rgtégﬁﬁég crystals k

a@i@%ﬁ gHouRe ipreskhekedh 8Bcamtisatbeunuaberabé hadic

g}8$%$§AJ£I§Otg%%£§y opglgﬁg ﬁﬁ%rgr§%%§]Qgﬁiggxaﬁpﬁéumber

od.bp8DO8Yr&lfes Pnshopsoselnbekib¥aef tBAMRANEEY of acidic
hosggate sodjumcitrate, dibasjc sodium phosphate
IEAEPT &I CRINT VBN 2D O4T 0609 2DT PET USPevBNe4agyant agaous

pﬁ§§£ééf/§¥&§éftﬂssSa££518§i§§;$§9§#£§%§og?éEﬁgﬁtgghas

function of tine. See
b¢haw3©rateEr©t¢1@$ysaalbegcnyatahlihed mceseycetoélsﬁer

ga |un1acetatf 69%évév%]P 00, 100
1°% pITBY 65 AT Bfi R X% 13F e (ﬂOWﬁYﬁ¥) gddition
ofn@@Bﬁab&o@@t¢ﬁa¢oD?@é@§§QQYtoSﬁﬁoggﬁﬂpéﬁygtaigoég]a pH of
FIG 4 shows solubility of hGH crystals grown

SAtebtAm MEet® ExanpPesl &cubleuprint caf athogoreneds way
réy@ﬁlﬁl’ﬂ ]?&ﬂ_l e%f %@y&@s See Exanple 11. ;O [0011]

FIG 5 ilTustrat di ssolution characteristics of
[O@ELrystshsh (doawieacks ¢hecqpiesentensf c@@pnakgai@ﬁunw
£ etate, 2% v/v PEG: 6000 and, 100 nM Tri s- 1 (pH

B S e PSR 1R Y Ja ARG BRIt Bodp OF Ehe
plﬁ%%é@&n vt i@ﬁ e RIP4 R0 Heosst § atenwes, Adgedap t he

compatible sustained release complexes of protein crystals
and ionic polymers and compositions comprising them are
obtained. To that end, the invention provides methods for
preparing such complexes and compositions and for the
treatment of disease states requiring or ameliorated by

sustained release of drug therapies.

BRIEF DESCRIPTION OF DRAWINGS

[0007] FIG. 1 illustrates hGH crystals grown in the
presence of 85 mM calcium acetate and 100 mM Tris-HCl (pH
8.6) and Protamine sulfate (1 mg/ml) as imaged by optical
microscopy. See Example 4.

[0008] FIG. 2 shows solubility of ammonium phosphate,

sodium citrate, dibasic sodium phosphate and calcium
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15 crystals and allowed to sit for 1 hour before the
concentration of soluble hGH in the supernatant was
woresmeedo by RP- HPLC (Area). See Exanple 12. [ 8012J52003/041691
FIG 6 illustrates rasburicase crystals grown in the
presence of 5% et hanol and-15% PEG 6000 (pH 8.5) as 20

a é@é&%g/pq]y OR8] s 1 o QSCaH 1288 ol e ho dRS]a
FI G i ? ustrates the percent curul ative dissolution
fuwfctRasbuwrii ddses ei tIre Ejaam@b’:r Econpl exed with ionic

mer s, €., ol i.ni ' , ]
[Oqﬂdd%pol yoP}ft%‘i ni ném@% %%ry}}g%j[rge 4 lei:?%ll ntgne
prddaisdd ajessHxal adaelmrdaaeeww,t &% Gromn PEG-60@0, 100
ml\Eresence of 40% PEG 600 in 100, c%l“io hatg Clt a@
FFieg-HEH PD)8 o) | 3R SF PAbISG ti:?o T IpY. MG
- sh t RONE tratl on of
1%@}&6%%{&2%5%%{%%%%& f(ﬁ}%%ﬁa of tle@rre for
[dehal e | UNER | £ squ&nmmb@@ubunnnwéygﬂéuﬁﬁww@mk%ugxgwn
adm Jstere dai S | e ou
ac&?% 0% o dﬁ@“@% %x (z m?/ﬁlﬁl C%iyai’?g%gm ne (g&]oup 2)

f@ﬁ@tﬁ&@l&fﬂ@ﬂétﬂﬂa&nmuw ma@o&em@wml
PCT/ US2003/ 041691 _ - conpl exed Wi th gr ot am ne

[Q@%Blup S)F%co?dﬂﬂjgu%%r%%?et}%e diRROBXakphe 26.
%é%gé%eéié% g§(§90¥@%cgf%§9§ ENLESLHON Qﬁ tiE- ﬂré@ence of

Serum as a time tor femal e juvenile
85 ralyncﬁmbd:i)@ﬂu&abmikeysz%ubvzmnnﬁmsdwo@tdmldl s0erey Tris-
solu

H%% rrﬁP% x&do) W ’tIPiOB of éﬁr %&ﬁ’r ’?13561'(‘ & ]g u%ar‘n%% %:jgrg%ﬂ?{iﬁhg;f'

pESYShAhS Qulf‘&%le.wﬁ%@éﬁﬂnéw é@lf}é@éaﬁa@eaﬁ@é@um%he hGH
according to Table 8. See Exanfl e 26. 10 [0017] FIG
chpatal s usnd azetovad §@véht d&gr gt oMPBr oPehare thgst ar

cLELEpL et DRSS B P I ERRE v
mé&hré@]@ypEP4HRDd Sareate daetyEnmgeplsel2n days) and
crystalline hGd oups 6, 7, 9 and 10, once over .
(3832h 15 Hags) catoRbrRg EE FaBPar16 ot ExkRIReTET™ 10
tﬁ@tﬁrégéﬁce of 5% ethanol and 15% PEG-6000 (pH 8.5) as
imaged by optical microscopy. See Example 14.
[0013] FIG. 7 illustrates the percent cumulative
dissolution of Rasburicase either bare or complexed with
ionic polymers, i.e., polyarginine, polylysine, protamine
and polyorthinine. See Example 18.
[0014] FIG. 8 illustrates oxalate oxidase crystals grown
in the presence of 40% PEG-600 in 100 mM phosphate citrate
buffer (pH 4.2) as imaged by optical microscopy. See
Example 19.
[0015] FIG. 9A shows the concentration of hGH in blood
serum as a function of time for female juvenile
cynomologous monkeys subcutaneously administered daily

soluble hGH (Group 1), sodium crystals of hGH complexed
with polyarginine (Group 2) and sodium crystals of hGH
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nonkey dose refers to high dose, i.e., 5.6 ng/kg/ week.

[0018] FIG 103 illustrates the daily induced wei ght
wagabw/oegrans) over a seven day period for nal eP@TAIS2003/041691

rats that had been subcutaneously adm ni stered

control (Goup 1, 20 once dabl y over seven days),
c§@¢y@k@dh@tthcbﬁ@@émﬂn@ndeéoupomneadabk&lﬁgetosfabne 6.

days and crystalline hGH (G oups 6, 7, 9 and 10, once
Sewekx3BRLa dAys) according to Table 11. See Exanple

5 LE P,

T P one T 00 IO "ONT c6a o RATs CoHeT  ned hor et nitt PLood
ssnmmnasfacfandtlbnchﬁltametéonsfﬁmeﬁelmuvenméetlon

with the ﬁresen# |nve tion shal% have.t he _nea S
cYhERo brgoRBnRgHks T30S TR Sre0aE by SHOLE. SFELRE: FArYY
sSkiblei Ratihegablp TWIt BEHIumUBE §§amghQEMha§ EefplEREd

by context, singular terns shal include pluralities
whbd p@hvarg@@nnﬁ $EHPIP ALl ade Fﬁ@lu@lﬁgwﬁgﬁls of hGH

y S ipyC n

coBRER R vyt SR BRGH Ahher (5280e ) CROBBERLAN P giio1 8"
Sé@OEk@ﬁﬁQéOZ?CT/U82003/041691 6 m croscopy, W-VIS

rosco har npki net i -
RBERb e Rk i BRRL e bRt af nechbt: Sev S SSonaerarn SF ale
W@EthCQQHbSEEXtaHQd”EE@ﬁUEéBcQt9h99Ms@?Sﬁah@ﬁgstéﬁéaln

are those wel known and commonl Yy used in the art.
cpnb2ol Tﬁ@oﬂpluompngetéan%y gneesseyehefalse soluble hGH

I.ndi cat ed shal | _be rstood hav falil owi ng
(ﬁﬁgﬁpﬁgg:aﬁgogl]o?ﬁs §¥ Xﬁﬁlégv ref'e s§to8
C%Fﬁﬁéahiﬁé ﬁGHpKerh@saBd an poah@ coppeurd. over seven

ternatively, the term conplex can refer to a
daygst aFrcerdaipgr 60efAPLen1Poni €ee16*8BRPSURd - anohR that

mSﬁ&gpoaege &Q@%@L Eeeg&sﬁﬂaogéot§l CrXS%ahg/kﬁ?ﬁéékto

one rm of he soli State Of ITHtt havi ng a
[0nL8e- dunEﬁ@uoﬂaB 1&ﬂystaatEattheedawﬁychndQC@dswﬁmght

f th h
opiin (GrowEl PYas 8 BRkehagRkobSeiftr 6Pk neatL ) ERr Bats

taBthadakpewn knptheaaebuseyJadmXnhiayeerddl tbagkoon (Gkoup 1,
powder X-ray diffraction.

once daily over seven days), soluble hGH (Groups 4 and 5,

once daily over seven days and crystalline hGH (Groups 6,
7, 9 and 10, once over seven days) according to Table 11.

See Example 27.

DETAILED DESCRIPTION OF THE INVENTION

Definitions

[0019] Unless otherwise defined herein, scientific and
technical terms used in connection with the present
invention shall have the meanings that are commonly
understood by those of ordinary skill in the art. Further,
unless otherwise required by context, singular terms shall
include pluralities and plural terms shall include the
singular. Generally, nomenclatures used in connection

with, and techniques of, column chromatography, optical
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[0023] The term "anor phous solid" or "anorphous
precipitate” is a non-crystalline solid formof a

wonrai4@cop20 whi ch has no t hree-di nensi onal crysPai/us2003/041691
| attice structure 20 characteristic of the crystalline
solid state. [0024] The termé spherical protein

mparbisclopy(, SPR)-VIISs s@e difrolseiopys o mhesinod itfeati hasad yses,
sphere radi us._on % e order of nanorreters The
LEGMPOSTEE e SRt ai? Eadfqt Bt PO P Ot i e SRSTHETIRS

it B 1@NQ Qly Wicthih GRU Al 20r b%%l%'gg,g'a%%tdﬁ@eldy

accept abl e i ngredien or excipients The term

herganc agenmsbosg”’ wleéﬂeksaotvm amyl p@lrrymrly (Umabp@i \oingy art.
[%bz%ﬁteroegﬁy?%h o%&nﬁ erms %%ﬁ%%s &@%éﬁ?%%% indicated,

pepti des at” contai ['eédst™ two char roups an
Saalnebecm@ﬁgﬁsﬁboattbea%heZt%@d&bl&qwrﬂ%qm&ﬁnlngs

gw ronmen%]I The Sq termionic corrpound al so incl udes
@ Byl ect Aoy E&EM "conpep=theatesm thér spatad ©

%%%n an €8l §.dnd 2 coefp%h%fdn Whit gl fn%t&ldv@lgﬁssttﬂeec&e%

B i vi ng organismin a “formulation or conposition or
cenpiaxraceuticdalr tor mulcatistrl of eomposictingn anbxamlces

of ther i_C protei, .ns or WO 2004/ 060920
Cﬁ&?f)ﬂgfg %OffG@f PL%50phyl actic proteins include

[loozzanes gihec agoRs " pretlias crglsteagordficdke pepldme fbrm of
and parat hyroi d hornone, _antibodies, fusjion proteins,

thsbesIl iCe Sdméec &t )na(tm@tre heang Entbaesi-sligeaismanad

c t 5 | 1
chySha, RO SRR 0 oS Ul 008 Libbpo wonia
stpZ®). t Wt heec o piretiedet ars rec eptoaty st BNERne Istrakmdntay be

the FG portion of hu Gl. The c conponent of
At Bl Sored RETRE S5 ot 1 RE tor GormarT G

dRIFFER ctiedl & JodeRotk -trhag @ijf%f&h%nOf 19G ),
inhibitors, growh 10 factors, nerve growth hornones,

[81038d cl ot%%&errﬁbt"@ﬂ@rp@@@ soRdet'oron Xpmoaghesison
AL D000 A0S R S LI APEID P o,
whY-chFMa s, Grd EN,reye—ldEMen’ENBnallL-&:ye;ltlaB J1atltymeh ettaxidture

L- ration bition f qtor F, 15 IL-7,
}h@r@Ctﬁﬁﬁﬁ Qrﬁa&?’t?pl?&@été&l ?;ﬁsﬁttlaﬁﬁ’ factors,
@022y OCyt‘I@leC@eQ'?rV "%Eﬂh@ill%‘dlnﬂﬂ)rfo%‘étl‘ﬂ Palr®i%le Q%’]_?P?))"' is a
protein composite that has a sphere radius on the order of
nanometers. The composite contains crystalline protein in
combination with one or more pharmaceutically or
diagnostically acceptable ingredients or excipients.
[0025] The term "ionic compound" refers to any polymer
(homopolymer or heteropolymer) or small molecule, including
peptides, that contain at least two charged groups and a
net charge of at least 2 under a given pH environment. The
term ionic compound also includes polyelectrolytes.
[0026] The term "therapeutic protein" refers to a
protein which is administered to a living organism in a
formulation or composition or a pharmaceutical formulation

or composition. Examples of therapeutic proteins or
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mul ti drug resistance proteins, other |ynphokines,
toxoids, erythropoietin, Factor VIII, anylin, TPA
wdap@Ease2cu, u-1- antitrypsin, human growt h hoPaoDmss003/041691
nerve gromﬁh hor nones, 20 bone norphogeni c proteins,
urease, toxoids, fertlllty Hornmones, FSH, LSH,
preplyl agelanpret espe hna%ﬁdﬁoggﬁmoa%%ugévaag?WﬁA)such as

T r ot h W ng,
oL 000Ln [RELEDRUEL CaB! D1 EhBSnsPHiERy O A RoLOREN NG,
aﬁﬁlﬁﬁﬂleﬁiﬁfuﬁiﬁn LDt eifip, EﬁﬁﬂelCIBtaﬂErtapttIﬂmbte that
CD11c, CD13, . CD14, 18, CD19 CD@ CD27
Ephget t §S| fgdhuerEpn ahaanEOF?@anagnSéﬁ }h9p9! zthe

e£§r§ceEE@@a@nﬁlgaﬁdngﬁagﬁg Piandokt shel hgand, 76D40
and its Ilgand p39, CD44, 5 and i soforns, 30 Cdwh2
k{adpatona PVgényquEBBeCEEBSS €E690rCD$QGPEWEA(ZNFR

1%3@%& 83&%;%% ggﬁglogl °ﬁ8 gbh't¥h n%hgggﬁponent of

f he ew
eBahkgesspt SbﬁXalﬁbeyheSt‘@ @dS’tﬁhlrS,Lelihe \,@32%4118(160%2&1 hinge

PCT/ US2003/ 041691 8 [0030 VLA-
reeies; Pyl PQ’CVEKGZCHJVL‘?APT“%%“ \Rf&el% I 1:>LA %n%{)?ﬁts%r%nogromh
f&%@B}SS[QQ? Sgggﬁﬁhoﬂogﬁbﬁgg|e§1055091@§tNB§ £a8R8rs

selectins, such as L-selectin,
(E-geLeEacnoandXE7 Bdbekéoni moaaduil hej r bone morphogenic

nt errecep VCA | CAM 2 F
oEGH3S55! ARar LEGRITE ToheRiGe ThrepkSy | b5tof st A as
Tek=-8, tt-6, kt-4, bLiaN | B-16N, | i~ iﬁN | tN¥2, TEL6131L-8,

IL-14 and IL-15; 10 [0034] |nterleuk|n receptors,
lywehohexin. 1RL- Pl - ¥Rgrafpfonrinhibsriop faRECK) - FHCSF,

~8
t 1§§LI%LlﬁgPngté}ﬁagkbpgage cb&oﬁ sstghuiégun% factors,

gitaaplopf@astothegokicnes lastol éscﬁéﬁs RANGES, CSHI- M)
THRCEBFES ShehRenTRAEFBhE L FarGGR T BpERoRinde) Boias,
erythropoietin, Factor VIII, amylin, TPA, dornase-o, o-1-
antitrypsin, human growth hormones, nerve growth hormones,
bone morphogenic proteins, urease, toxoids, fertility
hormones, FSH, LSH, Alteplase and tissue plasminogen
activator (TPA).

[0027] Therapeutic proteins, such as the following, are
also included:

[0028] leukocyte markers, such as CD2, CD3, CD4, CD5,
C¢Dé6, CD7, CD8, CDhlla, CDllb, CDllc, Cbh13, CDl4, CD18, CDl9,
CE20, CD22, CD23, CD27 and its ligand, CD28 and its ligands
B7.1, B7.2, B7.3, CD29 and its ligands, CD30 and its
ligand, CD40 and its ligand gp39, CD44, CD45 and isoforms,
Cdw52 (Campath antigen), CD56, CD58, CD69, CD72, CTLA-4,
LFA-1 and TCR;

[0029] histocompatibility antigens, such as MHC class I
or II antigens, the Lewis Y antigens, Slex, SLey, SLea and

SLeb;



10

15

20

25

30

GDFs, neuregulins, TSH, VEGF/ VPF, PTHP, EGF famly,
EG-, PDGF famly, endothelin, pegvisomant and gastrin
woebaasinng peptide (GRP); 20 [0037] growt h faeComs2003/041691
receptors, such as TNFal phaR, RGFbetaR, TSHR
VEGFR/ VPFR, VEGF trap, FGFR 8EGFR, PTH PR, PDGFR
[baB0l Yy, EEEEE@rEEﬁF Rucheasnbiihaht 6URAN BOI Lkl €Lp58, VLA-
TNF receptor (TBP-1 protein) and ot her hematopoietic
37 e¥Ebt bF sVLE5 [OﬁggrelﬁP@r¥ Pohireceptors, such as

ng;g | FNafiR-28f mbrbeyRes] 0038h hysuas-pr ahai psso, 95;
] Igs and their receptors, such as IgE, FceRl and
[FoBRI | ; andl86tfin64l1pubhosd La@ﬁéﬁ@tlﬁucﬁ gslectin and E-

SF%@FEEHEPLGC?ESQEnggFFggFﬁeSﬁﬁgbﬁée??%ﬁaséocgap g Ream-2

growkR -k nhi bitor. MD 2004/ 060920 PCT/U82003/041691 9
[0042] The term™" | ycoprotein" is defined as

[AOB3LuUl e iBERPLRYKAGSa EHFBORFILAT e noiFety eTnIr‘d3 IL-4,
Ig_\f %tehﬂa%eoﬁi smoiet . [0043] TheqRrotgl-AocoRsthbuUent, -14

thé conplexes and ‘5 conpdsitions of thi's i nventi on
af@y Thei1agny natural, synthetlc or reconbi nant protein
anti gen |nclud|n for

t et anus -toxaqj d,
[Qpﬁﬁ eri alf6Rsite k&Frﬁec§ %F%@e SEF gﬁngE’é%th%§2
I§.| YGOPHOLERNS 1B, 6'11 ang,-g@ | lrr,-gRV- T1.-anwgl qpe 11r, IL-12R,
ycop roteins, RSV envelope gl ycoproteins, HSV 10
IanaelRopeLgnyé@oprIét—éﬁrRs IEBVY drpdl opd ¢ FEGErotidinfs Erap and
nvel ope gl ycoproteins, HPV envel ope
EFQ@O% r6di ns, 1nfluenza virus gl ycopr ot ei ns,

fdexatyi ti s dr@fﬁdmrmgf ateh @t iRgens RANTES . MIRict,uMgPl,
proteins, viral enzynes, parasite proteins, parasite

b@#%f@opreéftoé’irnék%raé?r i egnzyrres 15 and bacteri al

09:{1 @i ns. gx%% A&y idcldided & eNphantigeRsa, BMPs,
as h neu, nucin, CEA and endosi alin.

Gﬁﬂgﬁgﬁngﬁgﬂiﬂn%w5Mﬁﬂs@EQﬁﬁﬁPEntR$Hﬁﬁnd@ﬁ'ﬁ%wibd EGF,
lgD%ansa?mentl %endsota}le 1ur{,UShlgqflsaorn%.nt and gastrin releasing

peptide (GRP) ;

[0037] growth factor receptors, such as TNFalphaR,
RGFbetaR, TSHR, VEGFR/VPFR, VEGF trap, FGFR, EGFR, PTHrPR,
PDGFR family, EPO-R, GCSF-R, recombinant human soluble p55

TNF receptor (TBP-1 protein) and other hematopoietic

receptors; .

[0038] interferon receptors, such as IFNaR, IFNGR and
IFNYR;

[0039] fusion proteins;

[0040] Igs and their receptors, such as IgE, FceRI and

FceRII; and
[0041] blood factors, such as complement C3b, complement
C5a, complement C5b-9, Rh factor, fibrinogen, fibrin and

myelin associated growth inhibitor.
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i ncl uded. 20 [0045] Toxins, such as pseudonobnas
endot oxi n and osteopontin/uropontin, snake venom and
woeeosoeomam are i ncl uded. [00461 Al so i ncl udedrarais2003/041691
gl ycoprotein tunor-associ ated antigens, for exanple,
car ci noenbryoni ¢ antigen (CER),” 25 human muci ns,
[PR42D/ neuThAdtpEBst i Ecepset et " ahfi gehippdaps pRIglecule

. ) ‘ |

QP Sh508:2 otk arBbs o TRET L art sobbuee Harerde;

maigolrecul e having a nol ecul ar wei ght of approxi mately
5,000 t which 30 i d of t

(§p%3ker UAPESPEPLPASSCPRSH U800 bl BEGI APTRAEHRE Sio

céﬂ%@k%&bﬁsb]@@?Eﬂiépgﬁbgﬁﬁioﬁcﬁﬁydbegah? naBudhllgrnat e

odi nent o I's invention, the polyner can be

sgobhpetsedoof remombinapteproheh®r 3Ntigenudnagudiingr s for
VWO 2004/ 060920 PCT/ US2003/ 04 z catr :

=HBTPAfter SSAHA S0 TOROTR phy EPLCAn CBE A% honopal SHEr 2

p@btBeher opakyimes, cMIChLugicbgreepahpnB,sH pAAd48IThe HIV-1
term copol yner conprises a | yoer hayi npr.e

]

poly aying two or
env el epeng 1 ERBFEr St s REYr eeﬁsﬂﬁPeTﬁiyseaﬁé’ﬁ@énéﬁ HEV
9ae %}Egﬂ&fggﬁ%%'i st,h%BQV%h@le%o@%ﬂ%@%bb%t{éfin%, VZV

copo be alternating, block, Or Statistica

eh@dilape Biliyroppbes iofs, PEPYrenvearipen 913cdrEPLeing2- 149

91 Q049] A pol t.i de i.s_def.ined_as .a.chai f
T IREhES THaN o6 RO DERLBE . oA g iy or el
a6enbeekedvigaane cicanebhebrofeinlsi, gapeptll dazyses,

defined as two to 50 am no acids and/or imno acids
PesAIeELe P0G G  aRGIRELLe PRYSTPTRLS G ei RIS S ey REYMeS

c I l-e i nol ecul ar wei ght of greater
TSRS g,

i's conposed of one or nore polypeptide
[Olai4ns. 131sa05HcITided ers 'tdewdr iamgri'genesf, erssiatp ag her2-

dendriti,c nmacronol ecul e,, ich is.a synthetic
ngYdi FETLPon&lEA r‘?é’éir &%Oééﬁ@npr e;%@rléa&gféﬁlsa SER G douse
dashign & memigem! qolb@nqp&d\s@n@ﬁwigaﬂst sind Rgushiol are

nature and functionality o whi ch can be easily
igedtadsid.ed and varied. The uni que

[0045] Toxins, such as pseudomonas endotoxin and
osteopontin/uropontin, snake venom and bee venom are
included.

[0046] Also included are glycoprotein tumor-associated
antigens, for example, carcinoembryonic antigen (CEA),
human mucins, her-2/neu and prostate-specific antigen (PSA)
[R.A. Henderson and 0.J. Finn, Advances in Immunology, 62,
pp. 217-56 (1996)1.

[0047] The term polymer refers to a molecule having a
molecular weight of approximately 5,000 or greater, which
is composed of two or more monomer units of less than 5,000
molecular weight covalently bonded together. According to
an alternate embodiment of this invention, the polymer can

be comprised of two or more monomers, including dimers,
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20 architecture and nonodi sperse structure of a

dendrinmer has been shown to result in significantly
wonprueeedo physi cal and chem cal properties whear/us2003/041691

conpared to traditional linear polyners. As a

consequence, dendriners are How considered to be one
tBimense, pkeREARRROMBR@r SQcale bhi PALYESH| oaksbeof 25

n e 4F o) RV TarLoinat PRPSLRERES, O °

[obt8E genEhatfens. cdpeyymee eumptlsaadampbhpMEr having two
conS|stent ore€£e0| ic three-di nensional st uctu

yIPRe fhbf EReYemBrBYToh, Uathar PREr shetare e speauence of

m@§@@@§ SRIEL T GRtnARdc ke éagﬁa@m éoﬁﬁ@é?ﬁi@é bBr 8ecopolymer
di mensi onal structure. By the fifth generation,

cgende i akEernabied a bb@@kst@ntsb@ﬁlgbé@alu&Odha@e
pdi OED ?89aéféééﬂ?&&%fzgéﬁgnbegﬂg%p;he1%bfHQ9 44901 ]

gener Ners” becomne Structar

[someles Onpokybedt hdat 1of dehénpdesent thsent bbHng¥Erter
2004/ 060920 PCT/U82003/041691 - 11 _ relates to
CBRRdPP NBRENPhat1af e2BE/ PEasP i PRoAGefEr gPRBRSEEd| ho one

a%BQ%QFr eghodi BﬁeﬁﬁlégelgrSéEEEeHnXQnEWSntotQ@ amino

rimers can e elther positively or negatively
achésgedd/o¥0®63¢0Thelderqohpecyeétt@nbnﬁeaeoshen an

i at _b5 | east t o, onmer _unit p
[ghggﬁ that RES* 3 Het® p05|¥$$em% grégf%ﬁae? ga¥Q§5 &
maPeEapat-aheight enyi gosaest. thixangpbes aﬁdp@by@amp@séd of
i ncl ude Protam ne, polyaraginine, polylysine,

opsl §ki BPFdi RelYRERE bARSCHAYBFi n basi c prot ein,
[ggk%?yx'nTﬁéSH££ﬂtedeﬂ@??ﬁ%%“rkg§59¥l BWBHaHHHQEQHbde

radykinin, spermne, putrescine, octylargini ne and
maynbmelecubeptwueshamd deaﬁnthetsc EGGSM?nﬁhen&érm

%80|ﬁ§ ion' refers tg an ol goner Iﬁast %mo ol

SGHF EsPTEP2HERy Br 2cREFR Vi ? [3§hACRefrom simple

pPgdahkdemenamge uUndes, aghapRhenikabkfdpPEuABYE HARMEBEY. of
15 Exanpl es of polyanlons i ncl ude pol ygl ut amat e,

wbépyagearbat@aSpéYyQ@ﬁyraﬂéedp@n9cyaﬁéaéry|Eh@sunlque
a98#Xk38E Lg aﬁ? §0508X9% %QUE¥E9EEur oﬁ a dendrimer has
on 8, eparin

yV|ny pyr o al'uroni ¢ "aci ,
bsahfahednpobysaeuharndesigdéfﬁcant1yuﬁmpresedhphgsﬁnal and
cﬁgggggisbrggg¥ggggh% & gg%pggg rLgEE%éditional linear
polymers. As a consequence, dendrimers are now considered
to be one of the prime nanometer-scale building blocks for
advanced drug-delivery systems.

[0052] Dendrimers are similar to ordinary organic
molecules for the first three generations. They are small
and without consistent or specific three-dimensional
structure. By the fourth generation, dendrimers start to
become spherical and to take on a preferred three-
dimensional structure. By the fifth generation, dendrimers
have a consistent and specific three dimensional structure

and beyond the fifth generation, dedrimers become highly

structured spheres. One embodiment of the present invention
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20 [0055] The term "suspension" refers to an insoluble
phase di spersed within a sol ubl e phase. [0056]
wO0i4maoo sol ut i ons have the same osnotic pressarﬂmzmmm4uw1
human physi ol ogical fluids. An "isotonicity agent" is
any nol ecul e or conpound thatl can be used to adj ust
r@k@ﬁﬁ$c¢©2ﬂ£¢¢¥%@@¥% thal greent flerdt F@psygnerations.
£xes a d 0 n ve on
05%9 Tonbin dBHB?% 6f Qﬁ aéﬁ%%%n fﬁ tl%@ceg %ble
d@x@rm@ﬂé c#¥E Clos ddaiﬁghéﬁ }_bdﬂ‘,aﬁtiﬁéilbﬁtd):ﬂFMe@atlvely charged.
harnaceutlcally acceptable excipient” is
[%i 23bhi entThe teHt HPLYGRLLOR! | FRYSHF Epc%ﬂb?%ég?%ﬁr fat
1&1&% & %o URGHohsr @Hﬁﬁgﬁcsygps%m@m@@éw@ﬁét has a net
Preferred excipients 1 nclude: am no aci ds such as
g$ytlwa cmm§m$nmmdeas®arﬁppr@prdateg@@t%ﬂ?tr@@mﬁnt
par ut a roline;
ERdTBORG (oL Rey e O ot Do bieha TaeL ElEh B grTEbEAS
H!??@Qﬂﬁ@ﬁoﬁaﬂyﬁig¥LEBQQS/Hﬂéﬁ@ﬂes, wZelinuochese, protein,

act ose, mannose, ar abi nose | ose, ribose;
p@lE@E%h%r?d%§1f§E@h agdeayt bsamet hxhangsel Uabrawéde.
po [ S
oSH81R3RinPLYSPERhEL| b paBtil oo TR OB

syathéet b, paytideb aﬂdléenerMersorbltol and 3)

ronl acj d_an | act ur pn Ot her .
[géggglent hep ?Eﬂquég %ﬂé??rlﬁgfegﬁcﬁ Ca8™ ﬁ%?ﬁower (at
1§¥§£0Qﬁ5tﬁbﬁ®m8¥dﬁﬁiyﬁ§0@%'poﬁyﬁ&ﬁ'@ﬁé%hftna@nﬂabha net

i ke; inorganic salts, such as sodium chloride,

np@@bsgﬁuﬁhatﬁtoﬁn@@r ﬁﬁgﬂ@@?@ﬁ?éﬁF@rPHeenﬁh§§BﬁﬁﬂEs of
m38p 0L A08 8 POLASALUTLCPORLCoBEL g1 ROHRBEY T

carponat e um p osp fe;~organic Salts, such
pasyasphatese, cpblgherylaseorpalgcyhaoaarglaEBBIS|fying

or squbiIizin [stapilizin agents I| e aca
DRLELRGROFam LY Py ¥Ry HaHbELoaPat BO T EE7 LRT o1 11done,

hQQ@Q§5H§BOEQHHneheEE§hE agh@fa@EEYboﬁyﬁgeéharlaes, dextran
pol oxamer, pol ysorbates, sodium[aury fate

seléatcee, h@pdrlgosbiﬁaheﬁmnﬁpéupaﬁéha§@sbaﬂéndendrlmers
(B887L 57 3h8 p20A +BALBELATCASr UBLhLep o DAl AX¥Tube

ati ves | ene derivatives,
pﬁagélaaapdeeemaWuvasn andolub$90§hh¥eanreasing
[nggents Igg%gngg gg?&tigkgiﬂggea%hg same osmotic pressure
as human physiological fluids. An "isotonicity agent" is
any molecule‘or compound that can be used to adjust osmotic
pressure in a given fluid.
[0057] Complexes and compositions of the instant
invention can be combined with any pharmaceutically
acceptable excipient. According to this invention, a
"pharmaceutically acceptable excipieﬂt" is an excipient
that acts as a filler or a combination of fillers used in
pharmaceutical compositions. Preferred excipients include:
1) amino acids such as glycine, arginine, aspartic acid,
glutamic acid, lysine, asparagine, glutamine, proline; 2)

carbohydrates, e.g., monosaccharides such as glucose,
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20 and its salts, guar gum pectin, polyvinyl alcohol,
pol yet hyl ene oxide, cellulose and its derivatives

wonropylcene car bonate, pol yethyl ene glycol, hergirasen3/041691

gl ycol, tyloxapol. Salts of any of the foregoing
conmpounds may al so be used.- AZurther preferred group
fuesaipi ankadiededesasunsos gralhesehakpbese, ribose;

bitol . lactjtol, inositol, salts of
LI BT RN A et g L s pl s

Aidrades pohptadchal 3 Nesudl Himel t R yiet vl eNfexrrans,
“oxi de, polyvinyl alcohol, polyethylene glycol,

nggisran mekdids@l s potudt A eraniyl yebl ,xylitol,

e 1, ; o] A cycl I . 30 .
lﬁ%ﬂy%’nrgﬁp%%’y%’g%%%eg [%1%45:3%9 nléoﬂ%mé%bao%qn% acturonic
afid hi Dtihmeidipidies exdiylentydiodetiected, f4om tde

r.Qup, consj st i of: salts, alcahols, carbohydrates
T S N e S R A e B
1agtdls .1 ddvrqaranotdier: ¢ madinmy s ddie, R 12004/ 460 ]
PCT/ u§200323/aa04169‘1 13 excipient 1s sél ks tum
FHeORGGup RS Sumglfori diet artyemintes whmadium and

. p | s,_ gl ycoani nogl ycan m no_acids, .

p;s%?éaa}r/c l,Squfl ?/Ac%t?lo ,acgrlo%osagﬁgac Tar |r%ec§afrsbocﬂasaecc jggenium
pieddptaase, quamndoneIdext rduth pol yerthalas, Sitrate,

hydr gxypropyl cellul ose and ascorbic acid. [0059] o
%Wpﬁ%r Lo SHYHoHSE Hdth_H Pk Hizing/stabilizing
dgaiy o an Al 50, e Lo wd h e

adj uvant, a suﬁgtance thafg%&ﬁgkaa ggﬁ%%ﬁanﬁ%bstearate,

herairtdpeut ionadeds leminaypraees idasi detaloy]l Bdamilds,

of juvants - ncl ud for_ 10 ex | e,. Freud's _

B3, Oéga{énn LRSS é—’ﬁcgeéss', Seﬂ(%’ﬁnh 3@%3}% Sﬁﬁrﬁjatsq'eér:rtﬁaéf,lc

deeiod t Hoxbid eforsiiRataness scrigh a5 sl @S e, and
cine, sorbic acid and potassium sorbate, partial

gl . . .
5 HéshMafisteof rodiipratie dardgatapias f ata®y, aci ds,

t 1t r ; ; e Pr. ine .
e R R S ot AR H YRS ana
i andide; iziameassdins  reagante  datucti ldsc agamgnrdsiiime acid

45 T8 S, e P M
PolIGete;] iy x| &el130didsd D PRETRIIWI GRS @3 pyiene
pol yacryl ates, polyoxyethyl ene-

carbonate, polyethylene glycol, hexylene glycol, tyloxapol.
Salts of any of the foregoing compounds may also be used.

A further preferred group of excipients includes sucrose,
trehalose, lactose, sorbitol, lactitol, inositol, salts of
sodium and potassium such as acetate, phosphates, citrates,
borate, glycine, arginine, polyethylene oxide, polyvinyl
alcohol, polyethylene glycol, hexylene glycol, methoxy
polyethylene glycol, gelatin, hydroxypropyl-B-cyclodextrin,
polylysine, polyarginine.

[0058] In one embodiment of this invention, the
excipient is selected from the group consisting of: saltsg,

alcohols, carbohydrates, proteins, lipids, surfactants,

polymers and polyamino acids. In a another embodiment, the
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20 pol yoxypropyl ene-bl ock copol yners, polyethyl ene

gl ycol and wood wax al cohols. [0060] Conpl exes and
woanpasi®oons of this invention can al so be ceabiusew3/ 041691

wth stabilizers. In one enbodi nent of the invention,

the stabilizer is selected f}dm the group 25
exohRisRt ngsoselengad sfremdl Yof sIranp ngcnsiasingoPiipl e

' an e 0 te :

G e T BT LB ol P LI e egamipoatveans,
aiconpostiden sbaebh| ngludesodn, sabhos@EChabufiéer and

pt her i ngredients_needed for protein or polynmer 30
d%%@%?%?r'éﬁﬁroﬁ¢f%63%§?rcﬂEO% SF nEREC By pPaLYSorbates,

h&@ﬂ@ﬁ?#?@p&@'éé@§ui@s@ afQNRLE3rB8PAESENG protein
crystals and ionic conpounds. Another enbodi nent

[P0%Plides GowphpBsst PR WATRHSEBRPREsescardipaprexthahd

B LB oSt ok Boa BTt FLEhRn B Plel braiigyant.
acghbdt arot ohathewhast affiefinvenii bherspkates, t speeds or

_conpositions conprising an_insolubl e phase _susggndeg
1pRraves| tEFoRChhaBe, WhaTBIAStRE PHsBVeBrE pRESEAS) sigT

c£QUPLEX £PONAN S BYSAvRAL! €1 BnCE¥Shahged) hPOIENnA, aluminum
conpound and an exci pi enf and wherein the sol ution

sphasates lselbbind bnbherheupgsbvapcesnssvthngsophosphates,
ter, buffer reservative, isotonigi agent s

o $75EnE 1 BrEBhRa BB HaPP FREST NEr SOFD0 ki, PRORSFLy.

glheepi @sent xtO¥ent b8Nsaptiodtdasvesebadsef 6atpyyroducang

t hese conpl exes and 10 conpositions. [0063] The
wakesent SpATENPFoRlEEEEPLBESScoRPFExas BrAtamine sulfate,

d§g8893§th?8§oggﬁt ﬂ8¥ hQEQ[OQQSﬁuHiéﬁQBHEBQ?_zinc salts,
characterfstds as conpared with their protein crystal
coblint dapart $ior, wnbhneheéium, convenlioaakl ycedinalasedbased

1 rotei n_cqunter ts. The. dissol uti.on_behavi.or is
SR ERBFFEna by e CRUBFEFOR L8PSR0l yeHs PERTG Sofor 881 base
£oh¥anhoNk 6c16aBpOEBESckOmB1 Rl ObBHMukr ySt al ei t her

before or after the <crystallization step. The choice

cerbasymgthyperyéucionre POLYPEFYAAFERI cCPOSHBBURBNWIFRE -
p8§98§9p98p§ﬁgn8Lb9Bc§ nggf&ﬂers, polyethylene glycol and

wood wax alcohols.

[0060] Complexes and compositions of this invention can
also be combined with stabilizers. In one embodiment of
the invention, the stabilizer is selected from the group
congisting of: sugars, polyols, amino acids, soluble
proteins and detergents.

[0061] The term "crystallization reagent mix" is defined
as a composition which includes a salt, PEG, buffer and
other ingredients needed for protein or polymer
crystallization.

[0062] One embodiment of this invention relates to a
complex comprising protein crystals and ionic compounds.
Another embodiment includes a composition which comprises a

complex and a pharmaceutically acceptable excipient or
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[0064] In addition to conplexing ionic conmpounds to
wonaaimcop2ar ystals, it is also possible to prepRC®US2003/041691

conpl exes and conpositions of anorphous protein

precipitate and spherical-pkbtein particles with,
capotyeat i oAsonher 26Mpefiymanbnef FRO65ERsSRerbr dnHgnE 0N

o1~ BPBL B noRay= UL S rea P BT BAZE “Rotpoet EPORCCRRrT

sti€b¥n@adt he anpboteios pR&égee wherpint ehesinkoluble phase
_exanpl e, _the nunber  of basic and acidic_30 residuyes
18vai FaBPeSEnCamPF bEERA BhRFAtCAR GEYETas: t AR pRPRLC

cgﬁggﬁﬂanggﬁ’aﬂﬁékcgﬁigﬁﬂjQﬁdawHéQEﬁhnfﬁe0¥Si@£Eoﬂebhase is
char ge. us, Inherent to every protein I's an
sedeetedt Firompeheagueup (pbpsdstangpeéi f wetpH, wheféerhe

net charge of.thE rotein_is zer 9. Thi.co Iexgtion
PBESBEN AL PondSBrOPot yaki BRENEE” vB- 30037 660526"
cBEBi H5200360446940f: 1RJIAREQBARNSyhavhagpaekewrpinoention
hi gh pl, respectively, can_ result in the protein
pravidgsaneshedgebas PRySHEANg pReFEr EPBRLEKRE| 88Fng

- i ssol ution behavior. [0066] For exanple,
C;ﬁﬁﬁﬁﬁgggagémmh hormone (pl = 5.2) 5 is crystallized

[opn6pideci pThat edebana buftscian pHsZribke cpmpileikgs and
woul d be negative charged_and t.herefore, would
CPRPEPACLoB Lo EX Vi PROPORIEH: PR &raPParly,
cHRrackerakrapti hadiespasdghwashRthexan pasd chier eepiical
wWth pls greater than 9, would be able to conpl ex

conkerpaptly i washi hAhaelt eanventfiensllyoderputpéed
estinatiaon_of t ei ety .can cyl.at ed

DR e T U 53 AEE e  cedian a SRR EE 1ERT Hebay SR o O
aavainpahlstedr bgr abie addibeoacoés ped yratdoadrpbirspolihindonic

(see http://wwebiol.univ-nrs.fr/d abim_conpo-p. htmn
cesrRNadFt £F: A WRREPATO sw&@&i frrSery ?D@éP&&a u|a%§h€.r the

c%g%@5§1i%%%ﬁ%&ﬁ%tebhothEr@h%ﬁ@% BavisRang B @k cationic
content of aspartic acid (pKa 4.5) and glutamc acid
ofrp K 14788 onifcy giop@iolupdh anie Lp epep@e ot i &Lt @6 24 prgyein

2L3C pihel Dandy bash e 1948EAS onf RARA RGNS having
[0064] In addition to complexing ionic compounds to
protein crystals, it is also possible to prepare complexes
and compositions of amorphous protein precipitate and
spherical protein particles with polycations and
polyanions.

[0065] According to this invention, the development of
different crystals of proteins for sustained release
compositions will rely on the amphoteric nature of
proteins. For example, the number of basic and acidic
residues available on a protein chain, as well as the pH
environment, will determine a protein's overall net charge.
Thus, inherent to every protein is an isoelectric pH value
(pI) or a specific pH where the net charge of the protein

ig zero. The complexation of polycations or polyanions to
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20 histidine (pKa 6.2), lysine (pKa 10.4) and arginine

(pKa 12), typically have pls greater than about 7.5
wO0Qao@B/066920 contrast to both, neutral proteins, PCAS2003/041691

typically having simlar amounts of acid and basic

am no acid residues, have -pi% that are neutral (pls
PEPee P BaV1 59 abol®WePE ¢ Tid) DD TOUBBFL A EhBughan

Q12 £0MN ggpéﬁé(fn'ﬁ ng Ol EXEL. Jfégf, %y@l&g?r

var1 ous eutic pro &
pr@p@ﬂbi@ant1n@hmﬁlngyfhvop@bbe|d1$@¢buﬁ1oﬁ1behavépr

REFShy ) st Sttt { abf PutBh araven EMREEL ST - 5.2)
1§pér?s@%llIk@ﬁoéﬁsﬁréglﬁﬂta@ea)1n|é BufBeftPhE6pH) 7, the

reconbi nant tissue p asm nogen acti vat or
P¥9¢GBHSW®UEd b@)mﬁ@@tbﬁ@likﬂha¥®$&6aﬂd7t@?ref©§§toWOUld

1V%|%? 33§%1$Q°V£§§ 5?f§8%£98 $kép§l$$?%r%§btor 1

mé@beﬁoﬂéla@ﬂtfbbdiEQlnsﬁph—&@ Eituﬂﬁh2@ﬁd/ﬂéﬁééﬁt1n, with
PCT/ US2003/ 041691 - %OO69L One enboﬂlnent of this
P RVERERbAT r BRafel- t%oald fpfeke chbAPFPEPAT<a"pFBt ei n

pSin:géﬁ%nQngnaﬂeﬁ@Pé@ 5Qepeygd. According to an

odinent of this invention, the protein crystal and
[pO6VE conpPoendshivapiesent gnpaoheiarneht fhasgescan be

oteip:i,onic c ound_of abqut 1:250 t
Ri e G Benothdn R aREnS! a 828 bedifRle, 20 SRSk SR
PGBRIROUdaval BaPl 8SpRbgrama pafAt BeNateBs8e808P0HABomplish
rati o of about 5:1 to about 40:1 I n anot her

thuBodPRENEELP RS/ BB BiAL - BRY¥rBFS %a/%hbéméeﬁwaana html
aﬁgeh95§ ??&whnangEQ%géH 'gfmgeiglegyﬁggﬁguiéﬁ h O Ohcidic

about out In anot
peubeﬂhaenthoBheppobéena haysnglaahdghenlconbﬁpbund

are resent protein: |on ¢, conpound .rati,o bout
2358 rEL 80000 o RaPS bl At AL EERRT R P bdanbRt Br Alr o
tophedi Mnhavet pak 18lke tﬁaﬁ & EEW$04 15OhOQK@]otﬁe@ hand,

preferred enbodi ment, the protein crystal is selected

bRpéf PRECEiLBEp EBRSESPrAGCHRS hA¥iageat Régbproreragnt of
PSP CLEATE o0, YIORELI0Ra 80P IR, gr 0PI e
1ph ot eypscahdynbaes, past ghedtes, tharyabsputFahs to 8. 1In
cgggggggt%o both, neutral proteins, those typically having
similar amounts of acid and basic amino acid residues, have
pIs that are neutral (pIs are typically about 6.5 to 7.4).
[0068] Although not a comprehensive list, some examples
of pI for various therapeutic proteins are as follows:
recombinant human erythropoietin (pI=4); Etanercept
(Enbrel) (pI=5.1); insulin (pI=5.4); granulocyte colony
stimulating factor (pI=5.5-5.9); TNF-a (pI=5.6); fibrolase

(pI=6.7); IL-1 B (pI=6.9); recombinant tissue plasminogen
activator (pI=6.5-8.5); Orthoclone OKT3 (pI=6.7-7.2);
factor VIII (pI=7-7.6); bovine somtotropin (pI=7.4);
Interleukin 2 (pI=7.44); Insulin-like growth factor-1
(pI=8.4) and Aprotinin (pI=10.5).
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20 cyclic peptides and |linear peptides. [0071] In a

nore preferred enbodi nent, the therapeutic proteinis
weebambedof rom t he group consi sting of: gl ucageai/usedos/041691

peptide 1, antibodies, histconpatibility antigens,

integrins, selectins, inhibitors, growh factors, 25
[%@@Q}ud|c%meh@mhgﬁemenhe@ﬁet@x@m&ﬁVﬁ@thgneselbtgédto a

Fact or he
ciriat G fhehs Arafanerfctaratdl af 8] 2hpig compound.
A& EOPhL g fB6t 8F Sembey i @khbest stichs asn'é&hrt 160, | the, proteln

IL-4, u-1FEN, ,6-1FN, 'y-IFN, TNF, IL-6, IL-8

C¥¥%%%bt%&¢nlomLcscowP@w5@|%ﬁe|mﬁ$%ﬁ@vohnse pgipprratio of
pf%@éf# brfe & éouﬂHnBEyé oH@CioﬁgéggoCQEBHY In
stinul'ating fact

granu ocyte colony stinul atlng
amatharsembedgmenCSFtB¢ pnuteldrugysbslsaadceopmoteomgpund
ot he i nes %t ropoi etin

e P rRe SRS AP RaLEt LeR i horPryRar Rt Rdngl BhstEnS L

tHOosPBRES4 0 NET VR /WD, 2004/ 8680 PEIHES2RE3L 048681protdin
grow h hornones, bone norphogeni c proteins, urease and
Crbﬁbﬁhsan@OGVQ}clﬁOVE?uﬁﬁo@ﬁ@rPﬁﬁﬁﬁnbréﬂeﬁrEHOteln ionic

§ﬁ§8gﬁgeP£t15h8f gﬁs&@pfytgct@rggshe F %ek@g&?d f;ﬁm

roup consistin ucagon- |ke pepti de
aﬁﬁthbﬁdeﬁbodhmshtoanE|prthynauryQEBQ ahdt égninsgcompound
sel ectins, inhibitors, factors, ostri

I
= hor RERESTEnefve BFOREATROPTORCSOTBIGEH ERaLP! Ry Sbout 12:1

cbaghghe €8:19(w/Ffct Ohckdrainghesi an AvLeeHkes, chBBBiment,
nnrphogenlc protelns and | ectins, trophic factors, 10

tbgtokahée $ach:as (V&M 0, IL-2, I'L-4, TNF, [IL-6, IL 8,
h¥ 7RI OXEl o braeeM@hathBlaL ALY, LAY ER6LES, Lhybean 1o

macr ophage col ony &t 1 mul t|ng
s8ukttdaugromeshst aneeppeoheipsingt bEr themhpbunés
Factor VIILI, anylin, TPA, dornase-cu
P€95?l§ﬁt|ﬁP?h@PnerGﬁéﬁsgrS%VHOEEOESFﬁﬁme§eCﬁ€F9€S'

gﬁg&@é Boéﬂgg?énson%cgﬁbﬁﬁgﬂgnbﬁt@@@h@'n%nra§r§@§%ace

t oxoi I n anot her preférred enbodi nent
pthemosnnhermsnesele@tg@oﬁneﬁ»thezgmegp Eehsitxreongnss:

CVSE?||g @Egeshor heg&u%%%ggéeSparathyroid hor none,

[0071] In a more preferred embodiment, the therapeutic
protein is selected from the group consisting of: glucagon-
like peptide 1, antibodies, histcompatibility antigens,
integrins, selectins, inhibitors, growth factors,
postridical hormones, nerve growth hormones, blood clotting °
factors (e.g., Factor IX), adhesion molecules, bone
morphogenic proteins and lectins, trophic factors,
cytokines such as TGF-8, IL-2, IL-4, «-IFN, (-IFN, y-IFN,
TNF, IL-6, IL-8, lymphotoxin, IL-5, Migration inhibition
factor, GMCSF, IL-7, IL-3, monocyte-macrophage colony
stimulating factors, granulocyte colony stimulating factors
(e.g., CSF 3), multidrug resistance proteins, other
lymphokines, erythropoietin, Factor VIII, amylin, TPA,

dornase-o, o-l-antitrypsin, human growth hormones, nerve
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20 hornones, |utenizing hornone and follicle
stinmul ating hornone. [0074] In yet another preferred
wenhadicoent , the anti body is selected from thecgmusaw3/ 041691
consisting of: Infliximb, Entanercept (Enbrel),
Rituxinab, trast uzumab, Abtikinmab, 25 Palivi zumab,
Qmss , Cepn@ zZiprehoBant ¢ | R aedins Daet¢2seradnd
ﬁ% dén and Myl otarg. [0075] In yet another preferred
e ment, the enzyne 1is selected fromthe group
[@@ﬂ%]stlngnoyetraﬁ@uhétaﬁ@re pf@ﬁéfre@nyMBéﬁlment the
drol ases, oxi dases, isonerases, |yases, 30 |igases,
% R EC CHEPERER, 18 rspkeetad e%rora xtla%r%a%@ a%%%smtmg

t
ofli d%%%%% nil’é ei@ﬁ&gg%tﬁg@yﬁr OgePaSEa1 PET omggé&ﬁpé@ﬁblllty

In a nore preferred enbodi
amh%;@m@laSQt$9rln@r|sebe¢tDM$ﬁsp@hgbitussorgzemthlﬁactors,
anot red WO 2004/ 060920 PCT/ US2003/ 0416
oSRELhohl MRHTSERT | Fpate YSoter  VeRTphom Dlood clotting

tRkhol derga, eepastarx) n y@heaioh heslpeeles] edone
enbodi nent , the oxidase is selected fromthe gr oup

MRBARPIERHY BFOBRENAL *BNGx} AAEENDr L EPRREC ok dBGES
HUOLEASE) cun [ Q0THAp| B Ofie orbodi entyet e Lyase,ig

I St ase ydrol'ase’i's L-aspar aginase
1anphdieex enb ol ANt Mighet i enzyneib st adenbst ber dedht NASEL-3,

d 078 rdin one epbodi nent e
T e i GTOPBIeE F AL Y ST S S ForF EopBF el Garus
réd SthNVENbLOPeBhe, AOh&Pt1PHOhEkInES ESP%’%P aying,

mul tilayer coatings of sequentially absorbed

ampbbei t BPY, chargese pat yet braibl jreesin EFhunanogaoeth
07 .
hgg%o ég gérgge%fgﬁgﬁfﬁ ?#QQ 08888n§8£Pﬁ%?%%§%fprotelns,

conp ex’i's " sel € group cons
upehyaessd Aoxpodypepti des, ol i gopeptides, proteins and

f d enbodi t
8575 hpept ractRathal mor SEei 5 GErGRLNGRE | ocke thgrmone 1o
s@P@@Eeé fEbﬁth§'§}$@%lH@néb@tlﬂgldPepﬁuﬁ§no rQhOhei n

has a nol ecul ar wei ght of greater than about 2 kD.
hégrener netecagpes ol Pgopepyrded opormone, fertility

hormones, lutenizing hormone and follicle stimulating
hormone.

[0074] In yet another preferred embodiment, the antibody
is selected from the group consisting of: Infliximab,
Entanercept (Enbrel), Rituximab, trastuzumab, Abciximab,
Palivizumab, Murumonab-CD3, Gemtuzumab, Basiliximab,
Daclizumab, Zevalin and Mylotarg.

[0075] In yet another preferred embodiment, the enzyme
is selected from the group consisting of: rasburicase,
lipase, amylase, hydrolases, oxidases, isomerases, lyases,
ligases, adenylate cyclases, transferases, oxidoreductases,
nitrilases, laccase, dehydrogenase, peroxidases and
hydantoinase.

[0076] In a more preferred embodiment, the amylase is

derived from Aspergillus oryzae. In another preferred
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20 pol ypeptide or protein conponent of the ionic

conpound of the present invention can be sel ected
wonrewoké0 gr oup consi sting of pol ycations andPCT/US2003/041691

pol yanions. [0080] In a nore preferred enbodi nent, the

pol ycation is selected frem8&he group consisting of
elbod amene, BﬁepmhyaégimenéermvédlﬁsbmeBumbhpﬂderﬁdine,

hi st gnes, _ nyel i nbasj c protein, I%gg in B sukgatex.d
ceeaeéﬁrtrrﬁevﬁyraﬁﬁBHeEnPEFSﬁrae éRWﬁFE € oxldase

§p§éﬂbeged EEB&GEHéHSroeﬁtMbﬁégbehﬂg ardog¥NLhet b&idase or

peptides and dendrifrers. In another nore preferred
ueabedonedasetNericapebyanlon is selected fromthe

[gg?ygc?gribzghggoﬁgggéﬁgh #h?nﬁ&gsepg yﬂ%@@&ﬁé&%’and the

pol actate
E@k&si&seydeomaebmr:agenaseotryvr nyhpﬁhothedoembodlment the
yal uronic acid, heparin, sulfated 2004/ 060920
epEYMES2E03,68069 e Jeggingsey O4c CRAFFASE, dext ran

[iﬁb% tes, ﬁ%%géah sulf ahes caReaidendr i RRES colPdkks of

er e |nen of the present invention relates
ptotelmommgstaﬂenaudnppmscn@oéwmem§obdbk@lﬁhagee@tlOn are

sus ended in a qut hase erein sai.d_insalcubl e
nBhaE o reTh S YPLR BOTIRor Y A gy Cer A APSar s an

%h'e?lt 1%@1%0 %@o&%@dan oppeispitent, andreeer giolyediett rolytes
ution as is selected fromthe group consi sting
(& lwdﬁ@anBUﬁﬂér preservative, isotonicity agents,

[ %gggllzer aﬁ%ny% | IR0 E the complex is

natively, such onposition may al so be
seylepareel frcnhalite @roemqmrmist:{r@oam Addiviiegrsal |y, a

preferred enmbodi nent of entron cludes a
QPQHE%4§fb| %ﬁ§'§§¥¥i% o &

e&rr%ldip é%r@?ﬁiﬂéd%g e dati ?’c@%ﬁt&del@a@ W elecular
pol yol s, polyols, glycoam nogl ycans, am no acids,

vwetiarith o iyl e mharswgm@; 2cé<rD mrﬁ%@lnﬁd«ﬁrdlcyhe &t rin,

DRk es.: IMatarprany . Gellulose A ROl g cacer
ﬂﬁHﬁN&hddﬂnn\Mnﬂ%ﬂﬂuﬁdhermdﬂﬂI|uhH okngnﬂegnxﬁtfqnnn

the 20 group consisting of: su ars ol yols, amn
Rﬁgxﬂgpg&gqﬂﬂgeproteln compone e “1onic compound of

the present invention can be selected from the group
consisting of polycations and polyanions.

[0080] In a more preferred embodiment, the polycation is
selected from the group consisting of Protamine,
polyarginine, polyiysine, polyhistidine, histones,
myelinbasic protein, polymyxin B sulfate,
dodecyltrimethylammonium bromide, bradykinin, spermine,
putrescine, octylarginine and synthetic peptides and
dendrimers. In another more preferred embodiment, the
polyanion is selected from the group consisting of:
polyglutamate, polyaspartate, polyacrylate,
polycyanoacrylates, polylactate, poly-B-hydroxybutyrate,
polyvinylpyrollidone, hyaluronic acid, heparin, sulfated
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proteins and detergents. [0084] The present invention

further provides nethods of adm nistering conpl exes
wonroEmepasi ti ons to a mamual having a di seasePeTAIS2003/041691

requiring or aneliorated by sustained 25 rel ease of

protei n-based therapi es. Thel¥ethod conprises the
peleprethahiies st deXhEaR oSt heapammalhepat her apbleteal apd
dg£é§§$%¥§_annunt of a conpl ex conprising protein

crystals and ionic conmpounds according to this

[008ENt | onAndther natbe@iyent hef nehbopdresapt i segehhion

of 30 adm nistering to the, mammal , an ﬁ&%fctive

ste g [
v %%E%% oP A CBAPDSTPONCRBRPE F ST AR Pr HEE? §spapse

s§ &é&diﬂﬁéhsoi@@i&nC?HQQéndﬁhéPQiﬂns§¥§iPﬁ§8iuble phase
[0085] In one enbodinent of the invention, conplexes

ipfa peopbén coysratsingnd poateivonpyshes, apd ionic
conmpositions WO 2004/ 060920 .PCT/ US2003/ 04169 s 20 -
GRBRTLi RGO WL Ho0r WErOUE 2k eRer b SfUCApg phase
iadsénéstedetlrahotite groas Poantietingpbat magedti coliffer,
veterinary or prophylactic preparation, They may be
PLERFRYRE &Y Rd byOpartnt Y afgeBtal , ShaPhbhaRyS ABSal ,

c@ME?ﬁat?oﬁ@aﬁhefégfnalAlggfﬂgiivgfylaéucﬁnér@¥ﬁﬁ8§§tion

intramuscular, intraarterial, Inttaperitoneal,
maycasad, bsubtépgatd withcut aaroes¢ipiensder mal ,

i cal , cal or.jntracranial routes..[0086] _In _one
LB e R C R8T D end R R Brped e Lhost ops | BRg
1hPBhE€16ANRDEN AN ANEAIEOMY08bbOBSE EOAPKhELEUn tA8Mexcipient

Wi th or without an excipient, are adm ni stered by

igrapleeued BFopafienteravpreerelsting pfef defeggents,
PO TR o SEPLEIP SR LA L P VBB 20,

fonrc c nd” conp
swetrbhorgytéool , apuddrexcepl balosar epadintdonst éerdrby,

subcut aneous or . intramuscul ar_route. 087] In.a ,
oS O Pa St ntoU R DT OHEL cBapt BRBSS s7hd CompBEPt forgid-
[0088Ni s | ANEPhEPNpraf 8rAHT BELELRENDYinsUhELEageouUs

route using a needle having a gauge greater 20 than or

cegpaitdon7wharetnnbhevetgbilheerohpl egescopd from the
group consisting of: sugars, polyols, amino acids, soluble
proteins and detergents.

[0084] The present invention further provides methods of
administering compiexes or compositions to a mammal having
a diseage state requiring or ameliorated by sustained
release of protein-based therapies. The method comprises
the step of administering to the mammal a therapeutically
effective amount of a complex comprising protein crystals
and ionic compounds according to this invention.
Alternatively, the method comprises the step of
administering to the mammal an effective amount of a
composition comprising protein crystals complexed with
ionic compounds and an excipient.

[0085] In one embodiment of the invention, complexes of

protein crystals and ionic compounds and compositions
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conpositions may be adm ni stered by needle-free
injection or by transdermal neans. [0088] This
wonvamkinn advant ageously pernmits sustained reCease006041691
conpl exes or conpositions of this invention into 25 a
mammal . | n one enbodi nent, - conpl exes or
CMROS itdPh e Caf i g vttt Nt &g, are
adnmi ni stered once a week. |n another enbodinent, the
St T AHHROsiI T 6B Pate sifdishPhRarareut ¥vaht i on
r
t

YalpaMal! r A :ﬁ%%hﬁx ln yet t

Vzént%o%?{r?exn%}t ,%Ie @%553?@[ %cx%l\;@&)r cotr%pd(;ns'i t i%n arﬁg%([) rbcﬁ ng

admnitrhi o drede ity e reeTe: ekl nicstadlr e bulomoe ey erryasaint haural,

It wl] he appreciated by _those of skill in the art

Mt (RE et 19 1 eat At e giHETR AT e pEHdE A THRAH L 2T

fraGtQrEerSitah as dhh NBISRGOKT RRIdSE A ORAIKI BsgLf, t he

conpl ex, the disease to be treated, the age and wei ght

PO NG SFFERH0 6 (I SIS0 (37048691 bucell qhel pgatdargnial
treated, general physical condition of the

patient and judgnent of the treating physician.

[ooesd] Thempreeseembatidendritoro ff wHaemvyerrmdaes pmitwids

for prepari conpl exes of protein crystals and ionjc,
B i ﬁd@ %@{&@mﬁmwﬁ FEMFTIRES hhieoTist RIS ing
i, MPHNGA WwHHEUO RO fes@ RIURI N Wd lhdninistered by

crystallization reagent nmix to produce a solution;
Q! aitey deirpiedErajatmutte sdind ssgnafiarsed gmbodiment,

' bat i i.d saol ution f.or _between about 2 and
daqbq%me%ffn %gﬁrﬁjsrdla%sl%gj tperr?rrJl: St (7 B& eaﬁwgoloé’b]o%tcoéfnlt?unds
A chgdsi4l dts Windr iy ioieithet,y siialls o avifisu®din

and (d) adding an jonic conmpound to said solution
FIORE ConR ek My S SHast dvh SRATAREIMS PBai d

Y S LReund,,, JH090] Typically, crystallization of
a proteinis nore 15 likely to occur at the pH of

LH8R]i on rdeare Pymfsrged srgodingmdr eithea ypletzean' o
overal.l_.char IS .zerQ. wever, the . addition of

SR A Oglso%%p(ﬁsri}fatﬁ%vne& O pr Gt r?dér}]};%}tséi%recgtby
dteivtatlectd uesivBYLdEsHd idedIROMB0MY eXdd it Yreater
that pH As a result, the conplex of protein crystals
R iBnied B pt vier ey gdatdate lahd ths agsetlaxgoor

éHMBdEfEﬂ&Hé‘Méﬁ'béiadministered by needle-free injection
or by transdermal means.

[0088] This invention advantageously permits sustained
release of complexes or compositions of this invention into
a mammal. In one embodiment, the complexes or compositions
according to this invention are administered once a week.
In another embodiment, the complexes or compositions
according to this invention are administered every two
weeks. In yet another embodiment, the complexes or
compositions according to this invention are administered
once every month. It will be appreciated by those of skill
in the art that the specific treatment regimen will depend
upon factors, such as the pharmacokinetic properties of the

complex, the disease to be treated, the age and weight of
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manmmal . For this reason, it is advantageous to include
an additional optional step between the
wonryeoadd2o zat i on and conpl exati on steps, stepeCctal2@ad41691
(d) respectively, of the above-identified nmethod. In
that additional optional stepl 25 an additiona
L cppttanti Eoabdedreatefie gempeasi physicaprodrihtion of

d. ] { ' der .t d :
oG8 ERE el I WAL o8 she SFERRANG PREFER IR om
[od@9opH ofTherystabht zahivontivhi ferahethgreaiBeti fBthods

changing the charge of the crystals and thus_ =
e hRheP At R eCenBsetEe L Jorebiph exBYPBAL A BRdalonic
Y¥hofsi N p : e ' c I n,khen
c%ﬁ?f%rnﬁlatgﬁgf%ég%a?%ﬁggéafgké%ﬂgﬁ?s?ggtggﬁggmﬁéfe#%)
mixengH neetubkont ol dhysdoiodogi ¢ath aHresgallpkh6idnt o
7 or_any, ot her .pH suitable, for oral , .
=dagen? o iR PP Eaalth of 85 o int (B radet udai vehes
wather Wb 20044 0609201 &7/ USP003E04469dg sad solution for
above-descri bed optional step includes addi ng an

DREETPR eHPOUE 02 sald aBPUE | bh ROURRI At af ntempstatiiaibgtween
h ' talos but . t t H_of th
abut Ne R Ol pdily Sigles H@ggg gg)afeggg (h:g)ygtgﬁ[soa§%

protein cryst et weeh s
fdtrecr esedt (dhvedding ah sboptovedesoandats esasiiesolution

nmet hod for. prepari ng.conpl exes of protein crystals and
ETOHI ¢ COMbERS. TRTQ WECHOU COTPTALS YHERsPepS HpRLC
cdoutid Xi Ng a solution of a protein with a

crystallization reagent mXx to produce a solution;
[Q%gohddiHEYHE¢@leedCHIBW@&%#ZQ@l@@i@fs@ID¥®bﬁin(t$ more

' n_jLQnjc.co sai d. solution; and (d),
l?g%%gg%$n%&§%%da§o€%$rgﬁ é%rs e EBbud %r%B%l% s pL,
wiadoeit n 48hdoprstainas t VP Bl Udiea bgd Wweenzabout dowdré@Ad the

@%ﬁgt 40 %; urtil, rotein crystals are forned, A
a 1% Pt Pt BABYRANTT iR hoeR b OB B &0 i PYeheiBreragtals
aberBedp §0-6EYSER O L6, DE 0181 HoBRbRH £xSOMRQUIE that
or may be only a physical association (1.e.,
PRl ech® ozt aetelt ntehactoupbyx of proteim crystalsamidd ionic

oS5 RS Y RRR) 0, ORABET, IS el oLeLSE 1o
maanpl exesoof tipf Ot £éAs@N, CIYy Sidl Sdvatt 4 §BbEs CONPOMATISde an
aggagggégiegétfénSESS%épcggk£§;n the crystallization and
complexation steps, steps (c) and (d) respectively, of the
above-identified method. 1In that additional optional step,
an additional excipient is added to the suspension of
protein crystals formed in step (¢) in order to reduce
solubility of protein crystals at pHs different from the PH
of crystallization, while at the same time changing the
charge of the crystals and thus enhancing the subsequent
complexation with a polyion in step (d). The resulting
complex can then be formulated for parenteral
administration, wherein the pH must be at a physiological

pH, e.g., PH 6.5 to 7.5, or any other pH suitable for oral

administration. According to an alternate embodiment, the
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added to the solution between steps (b) and (c).

[0093] In another preferred enbodinent, in the step
woan@roicei2ng addi ng the ionic conmpound in the abovas2003/041691

identified nethods, the polycation and pol yanion are

added 25 in a ratio of prote?f:pol yanion or polycation
apaye ngyscoébederrbbonel 1stepoinpbudes: a8dihg0oy] ex¢inhent

cEXELEN 001 21 BCES RRLNESDu bepsc Ll 800y (F) L PhSrein

ctystate vetetgeshsngpl thenbE POl yhkspreekynl 6rydals
choanlnoglycans am no acids, starch, glycerol,
b%%ﬁ%?% sters| (Fbsend pé% done dextrin, polysorbates

[@Uﬁipxypr@9¥|pr§§éﬁ9|9ﬁ€eﬁago§589§9'§r§§£§es[999§1té9nate
a preferred enbodi nent, the protein in step (a)

me Heodbbez- Pd@paringdcqmph6338|@fppeeeﬁinlnrgatdlwmhnd
l2004/060920 PCT/U@%OO3/O4% % tlog (
TBhE eRYFEPTBAS bet Weeh BBb c%mﬂﬁ}ﬁ?s oht %60 a)

miBi Ay . a[ 06861 ibn aposheropeehenied gnbediBNlizhbeon
crystallization reagent mx in step (a) of the above 5

TEYSREE f ey Ret RBEdUFrs 3ePetUBHORy ofPt hedgingpdeionized
i sting. of 1 . hos
W§QQ§'§$'%918 solﬁt§o§E;gfgéggﬁé?gcgﬁai nlB g?ﬁﬁd to

citrate borate ris |car
saadbsohue;ohk(andaCélanhdobatnhgodhadesobuatoﬂ Aodl between

nothe greferred enbodi nent ,

2ESE 21 P aRPORE  SARREEH E18 SO EREHES | HerHgen about o

°sQlnd iMhat £ cencentrat bedrhkehweed 2bagt 4@ Efoli‘Me@nd A
about 500 mM I n another preferred enbodi nent, the

C@W@%@&IPFQE@¥$@nbYe%@%nmethdh9§ shjp#l beverthonboay be a

”Qrggﬁg %ﬁ t%goéz%t PnaQBéhE nE&?%?&%§9§§”89d&”§”£e only

Ion 1 n s
aaphyeitcdenasfoetlatbdhods. &S, t Gkecsanetasicaifdteractions)

crystallization rea 'x. 0098] I n anot her
OEn%BBFﬂ%ﬂtCBYSFﬁi %%gvéOPH%nF PPEd et hods, the
[60b%fion s aﬁggﬁéfegmﬁealmsﬁME§@1§@@gtt@ngheaago@@out

two days at a tenperature between about 4 C and 20
1@@@g;f§edcmethods for preparing complexes of protein

crystals and ionic compounds, an excipient or a salt can be
added to the solution between steps (b) and (c).

[0093] In another preferred embodiment, in the step
comprising adding the ionic compound in the above-
identified methods, the polycation and polyanion are added
in a ratio of protein:polyanion or polycation (mg:mg)
between about 1:5 to about 1:25. '

[0094] If an excipient is added between steps (b) and
(c) of the above-identified methods, preferred excipients
include detergents, pluronic polyols, polyols,
glycoaminoglycans, amino acids, starch, glycerol, sugars,
cellulose, povidone dextrin, polysorbates, hydroxypropyl
cellulose and ascorbic acid.

[0095] In a preferred embodiment, the protein in step

(a) of the above-identified methods is present in said
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[0099] The present invention also provides an
enbodi nent for preparing a conposition conprising a

wonaid@cop2conpl ex suspended in a sol ution phaseCT/us2003/041691

conprising the step of mxing said conplex prepared
according to the above 25 identified nethods in a
WU Vh Hh s E QTGRS Fowpeteeey ralpite ohs? 19 Al oind

MRLET o AT my preservative, isotonicity agents,
stabilizers'and conbi nati ons thereof. [0100] In a

regedr r ed Tentrodihant  prdveestadbidnizsiimnent sellget ed from
t he .gr.oup consistin f: sugars, polyols, 3Q am_no
TR L ERU S R e " G (d ForibihaRiror:

fdwieiafied QdtHodd 1 des1ddiady kS ey PPt ing of
better _ understood, the follow ng exanples are set
Tt HiC ITh e ESox st tek qar oHamphates purijuss ofborate,

il 4l i o onl.y: and, . 004/ 060920

B DA T A S A e T e -

ddetianindp )t-hieniscahie oft idedityenid MES | N BNy R ther -
LE %&1(%] The fallowing materials were used in

R Xt 1RO B At of driteh Bl L INgtadriioqt sreqaproamix is

premaiciial lnhavrithabls, T | pnd, f

hor none l( r hGH) mﬁr%ma%?%g?&n Ltd. Igége%ne,n J.at}jout

OAds tivh laing)  alsaity &0ty Iidhe  dlry colotlich ranedieanyee dradndoid iakent |
[ f Q0 (PEG 6000) was .from Hampton Research
o A T RO, T TR et GRS 2
apudr cvased 1¢.hr ough Fi sher from | CN Bi onedi cal s | nc.
[ioPi t7 sburgh, PA). Ammoni um phosphate, Tri s-HCI,
I¢dm ci drafEcthistasire ey reshiamaosiasstiat éhec alttiafmthe

aetale ¢alg | oyd S i | ori,de, . .
pot assi ur%] chsf%gr#nd@a%rc? ggrtﬁ E%POE% éi%%%nlfg]r?e I%nyﬁthé]tqﬁgerls the
Space aga sl iobtcaiyeeeh fliemtBicshercagekitt eibur gh, PA) .

SRR TS B30 e e SO (5L LS M
methods, the solution is incubated for between about one
and about two days at a temperature between about 4 °C and
about 37 °C.

[0099] The present invention also provides an embodiment
for preparing a composition comprising a protein complex
suspended in a solution phase, comprising the step of
mixing said complex prepared according to the above-
identified methods in a solution phase selected from the
group consisting of: water, buffer, preservative,
isotonicity agents, stabilizers and combinations thereof.
[0100] In a preferred embodiment, the stabilizer is
selected from the group consisting of: sugars, polyols,
amino acids, soluble proteins, detergents and combinations
thereof.

[0101] In order that this invention may be better
understood, the following examples are set forth. These

examples are for the purpose of illustration only and are
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[0104] Reverse Phase Hi gh Performance Liquid
Chr omat ogr aphy. Reversed phase hi gh performance |iquid
wohoamatngr ans ( RP- HPLC) were acqui red on an AgCraisto03/041691
1100 25 series HPLC (Palo Alto, CA) equipped with a
C5, 5 cmx 4.6 mm 3 m cotutth (Supel co, Bellefonte,
n@h) toSaepressweved apsibnyeéngntle arses| ofi BRepifyertion
1% - WE$E§§ pH 7.2, 140 mM NaCd, 10 nmM KCl and 0.02%
v?vy and filtered (0.2 n) prior to injection.
Elution profiles were nonitored at 30 214 and 280 nm
usi ng gradi ent nethod of BXANEBRES A and B. Solvent A
consi sted of 99.9% dH2O' 0.1% TFA. Sol vent B
[on0gf st edThbé 981%ewAngt vateribés @e1e TFAd Ap| the examples
chem cal s re HPLC grade obtained from Fi sher.
sefufP&hE Rﬁrewmo 2004/ 060920 PCT/ US2003/ 041691 - 25
performed over 15 min. using a gradient design of 0-2
mn 40-50%B, 2-12 mn 50-60% B, and 12-15 60-85% B
Matekdwlsrate of 1 m/min and a col um tenperature of
t t
Bd0r red CoTng B AT ey e Eat o eol Funr [ groves
h8kteneCAYhGHO 105 Srzem Exeba@ennLﬁﬂroﬁﬁhe@aapbmq ngh
perfornance si ze exclu3| n%bp r ans( SEC- PLC
A%§F§a&é&uvr88186t§¥ SRGi P KFO 1U6 VESHBLE°BEM
w%lgﬁ 6@@@' @%@ ~Wiotold ) awaES$I@%lHﬁﬂ@@@@“&bs@@h@%ﬂ(Laguna
part# 08450, osoh Blosep LLC, 10 Montgoneryville,
NBANe(7. 8aimiprsdadmang Frosadias AgiLEeHE WBEOPUIEhEEsd

0GRk SRR SRR 2 g, .

 Aric@GRin0Bhdshe tAgi ITerls -HIN( seidies tenpertat,uddbasic

control |l ed Autosanpler. Elution profiles wer

SSHITO RSP ENEEA ARG ST PEETRRS wiceH & Wb @ ise FEPES,
%éﬂfﬁ%'@MiBPfaé, %Dﬁggéfﬂm.Nﬁyorld%(giélgﬁﬁiudﬂdiadé

um tenperatu was nmal ntained at 25 C, solvents
satheurs iwegreareaddi [odrita 11e00 fymm @sle@é”gasser

106 bsorption and Opti_cal r os
&3} 4?u€§?ws§@3tro Jt Sthphd Was ¥%ﬁheéfgﬁ¥%F Sigma
ke iU 1400 spectrophotoneter, Becknan Coul ter

nc., Full'erton, CA. Optical nicrographs were
obtalned by brlght field imgi ng

Analytical Techniques and Assays

[0104] Reverse Phase High Performance Liquid
Chromatography. Reversed phase high performance liquid
chromatograms (RP-HPLC) were acquired on an Agilent 1100
series HPLC (Palo Alto, CA) equipped with a C5, 5 cm X 4.6
mm, 3 um column (Supelco, Bellefonte, PA). Samples were
dissolved in of dissolution buffer (50 mM HEPES pH 7.2, 140
mM NaCl, 10 mM KCl and 0.02% (v/v) NaN3) and filtered (0.2
pm) prior to injection. Elution profiles were monitored at
214 and 280 nm using gradient method of solvents A and B.
Solvent A consisted of 99.9% dH,0/ 0.1% TFA. Solvent B
consisted of 99.9% Acetonitrile/ 0.1% TFA. All chemicals

were HPLC grade obtained from Fisher. Elutions were
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using an A ynpus BX-51 m croscope and captured by a

Sony DXC-970MD 3CCD color digital video canera using
wonre®eéno 25 software, Media Cybernetics L. P. pPCEUS®B/041691

Springs, Maryland, under the magnifications of 40x to

1 [0107] Cryst&9izat f hGH with
%“%ﬁ ptrs h]a'-{ duin %dfvﬁﬁbé"fﬂ:uaamlﬂgzﬁadaiﬁ;?q gfb@&*elaﬁa%@ 50-2 min
T
mso/%asB f 'iﬁfz M BYsbs B, Hhd S Srée-dly 10, E%ow

H 8. ‘and di al yzed agai nst x 4000 (
nﬂ\me g 0l Areimeprad Fa ecrcr:]elrm dlgramaratnard rcbﬂgao h%\nwra@

concee];:ra ro}}mf?/&]“ (f(l%%(ﬂﬁ 6%%@ “?Silnng

HGT/d52 QRGN on scgiﬁcwaClQ{lt (odugatian, usng a
M pore concentrator (MACO 10,000) at 4000 rpmfor

B30R mi nufire Bl upirie it aanarHfamion kol qertrmance
B0l 3 (T R B SIS Ron
Agriltes)t Deli (hi sredi emtERL WatPaddr ed tap, tdre) eplifipab wich a
%}?qu%a CI%WI\‘?\;‘?@%&SR{?N r#gtl on of 10- ZkSrRlngs{erg Lre,

Nwmﬁﬁih@i NHA2 2.5 M hen s )0
fi nallggélncent ??tg)l) o§1 081ES 8. éio@rg\/l NH4QJ 3‘04 rhnéoaﬁ i lent

H&Oaﬁmesr%mm Eb) Ut | ADAES e |dfﬁcﬂﬁ3dt‘\€&ﬂ fm 0. ml of
| nage&ﬁ.’tb b%fé&e(g.rﬁi d d(e (%T{ tsl:lhe esre%re loObIt gﬁg’g‘%nc ion

y optica m croscopy. Cryst
kTR pfg:mlmhti albe spprexivaimine Bito cﬂc’&ltrﬁdlmécﬁngt h,
W|tha stallization vyield of greater than 90% 15

70108 G AT Pt IRH 5A%at sHdidid and
2®d e ewltq:pwcsaﬁé Yorea | bl hrﬁ-imss J f|la§b oM Nacl,

and/ or dialyzed and concentrated as desc
BXatpNaNs., PHI dnbzedonamer tewasraiddee WaSt hne.lntalned at 25

o f .h
ConSERLLAL 0, B0LUaR. gL A Hheh 013 20 TN o

dseyassgirown by addi ng sodi um citrate (Na-Citrate) (1.5
concentration of

t the solution so that a_ final
50 S NV 19 P SR PP Rt o AR AP UeiS. ¢ KBk VIS
PRI dYraphs were obtained on a Beckman DU 7400
spectrophotometer, Beckman Coulter Inc., Fullerton, CA.
Optical micrographs were obtained by bright field imaging
using an Olympus BX-51 microscope and captured by a Sony
DXC-970MD 3CCD color digital video camera using Image-Pro
software, Media Cybernetics L.P., Silver Springs, Maryland,

under the magnifications of 40x to 400x.

EXAMPLE 1

[0107] Crystallization of hGH with ammonium phosphate.
Commercially available hGH (50 mg) was first dissolved in
15 ml Tris-HCl (10 mM, pH 8.0) and dialyzed against 2 x
4000 ml Tris-HC1l (10 mM, pH 8.0) using a Pierce Dialyzer
cartridge having a molecular weight cutoff (MWCO) of

10,000. Protein concentration was adjusted by
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16 hours at 25 C. Needle-like crystals were obtained

and 25 i maged by optical mcroscopy. The crystals
wohv@aioaedowere found to be less than 8 min | eagis2003/041691

with a crystallization yield of greater than 85%

EXAMPLE 3 [0109]. Crystal]jzat§on of hGH with sodiu
compebhagat 19 wotrmerei bl 1 1RR%T | GPReSHGrR RS Mfiqf@ﬂe%l 000)

agﬁé&; figfﬁl' Zed @l GOnGENd rat e as, dﬂ@éﬁ\%%&@f‘oﬁ%f heH

|on|zed wat er was adde
wmrtb@mnaiaileda hkhgo! of | D0-49 yyahl, aasi nedsWed by

2004/ 060920 PCT, USZ 03/ 0416 ote|n
SRR e Torr Of T 019 b b/ hBE kR 180 81k
a1 S HESe agdedst 0 e { bake € OREESE T Fhi 083853 100 b

Crystals of hGH were grown by addi ng di basic sodi um

sphesphrat eo (ReeHPar) finalMpreotehe coneenbrasborhaf H0-20

5a r gt 0] P
e o G e el (R R bat er ey Tathas, SnadhOa
pﬁ@@ﬁh&télk&HﬁﬁE&@l&(% 5eX e bt ehaedobntdionpged byat a
optical m croscop The crystals_obtai ned were found

f%%a%eC%?%%ﬁa%l%ooésﬁ*w YedhERwief gbtained.  The
s&]".%(@iéh' wZat tl@@nyiﬁégb&tfie@rﬁéi e{sthafr5%e 10 BXAMRIdedle-

Crystallization of hGHd with calciumacetate
1 8l CFYetah$n@eSﬁl@bt@lnﬁ@n@@dcl@ﬁg§dabﬁl@Bbl@ahGH was

mEREGrTERY | Bl 84S BT EHISEa Rkt cFolad haazt 1o
appeogonseslyas etdoh( gal ithi Dendbht owytkl d erysvallization

protein concentration of 15 ng/m . Tris- HC1L (1M pH
v8eby QhsInaEdedrt bhanfPRal concentration of 100 nM To

this solution, Protam ne sulfate was added to fina
concentration of 2 ng/m gpx@hyskalbs of hGH were grown
by adding cal cium acetate (Ca-Acetate) (1 M to the

[é@bsljl on &ngeay!maeléhnak EQHC%EEhatsbaﬁﬂuﬁf 88 AN,
Acetate was obtai ned. The sol ution was then

Commabanea1Yoavalh@hls REH 8IS PuKeédee- pndéorr gsedysed and

d i g 0 al CLOSCO T.

B EPABLA AL EPEH B e BESE! ;T CHRRERRY o Tl en
whengthew tb 8her yshaéhtzate@nswatdoﬁf oZ5hg@gHeabeyiehdna

70% See Figure 1.
final protein concentration of 17.5 mg/ml. Crystals of hGH
were grown by adding sodium citrate (Na-Citrate) (1.5 M) to
the solution so that a final concentration of 390 mM Na-
Citrate was obtained. The solution was then incubated for
16 hours at 25 °C. Needle-like crystals were obtained and
imaged by optical microscopy. The crystals obtained were

found to be less than 8 um in length with a crystallization

vield of greater than 85%.

EXAMPLE 3

[0109] Crystallization of hGH with sodium phosphate.
Commercially available hGH was purified and/or dialyzed and
concentrated as described in Example 1. Deionized water

was added to the concentrated hGH solution to yield a final
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EXAVMPLE 5 [0111] Solubility profile of hGH crystals

prepared by salt induced crystallization. After the
wonoeuaedzon of the crystallization solutions PAT/US2003/041691

Exanpl es 1-4, the crystals 30 were pelleted and the

remai ni ng supernatant renoved! The stal pellets
Pﬁ%?%lﬁe%@%%%%@%@t¥ﬁn00§0®2nﬁ b7 - ﬂl@gbmﬁtloﬁribuﬁﬂér(lM, pH

® 804 B0830 bty k2637 ba18B1E A 3508 GELLEY, Bk

Chysealbeof ph@it véng grownrbyxaﬂglhgf@ibasbelﬁgdlum
eqU|I|bra d_for pprQX|nate y 15 m nutes at

PRYBPRTS c MR Feat aFPeFhﬁeFPéPtﬂ€§u§§eﬁ§@ﬁ1QM§§na1

@ﬂ@é@&&@i@iﬁy 2 890 M NBgisephes en
Ccentrlfuged 5oat 10, 000 xgé or£2 %?ﬁ%?%%gandThﬁe501utlon

- wampeheat dREuRRESd CEAP| bﬁehyuren@weasfcﬁ delerdiestilon

C tion neasured at_ 280 nmb

R Bfe e PREET AR o8 SRASKA Sy Jortr e e irraceey-
Ther erysitdherobesispandetde £ould200 P& Bét@des80EULKAN2S um
buf fer and,the process_repeated 10 until no detectable
1B oPRINR WAS easTFBathl { het 1Qupst Abd apf . ITRREPHr BaBs75%.
is referred to as sequential dissolution. [0112]

Figure 2 shows the sol ubigkirbyprlehavi or of various hGH
crystals prepared with nonovarent (Na or NH4) or 15

[eive] ent €Lpdesalt satNoEX8APLEE 1 6nabQYE S Bcetate and
function of° tinme in mnutes. hGH dissolution was

Prieasmied aeléateunu¢@mm®90pelbrna@@elahﬂedh@Hvedsfponified

SR oy UM S TULRL PEHESBELSs ToEy L oRilAS 1

DEicrOrY® Wit er Swghi ddcant ty Sh@m@én@@nﬁﬂéﬁe&hHGH solution
nonoval ent _sodi um or ammoni um crystals of hGH  The
tAar et tst R bsPYPEe IREFPRFSRERI BIpR ePhir b8 BY/Mhe Tris-

H@ﬁdkimogp@f 8 39P w&@h@a@%&reeea 9n@$§é§§yr9t§89'§§dloo

fter 60 minutes. In ition cryst pr epa
miy Thetladsi sobunt DCbn 6 0Br ohhan2¢1PO4] Ha t & 60a Ve MEEERPOAr inal

are 25 co et S d after 6%;@ 75 m nutes
ShSeanrToity of dh THERE R e Rodter Kehp ShSin by
aPd engr €8l Oyu Necaegiéi 00a Ace 88t aM Ca-Myretat ena@ndolution

Protam ne _sul fate di ssolved conpletely
so that a final concentration of 85 mM Ca-Acetate was
obtained. The solution was then incubated for 8 hours at
37 °C. Needle-like crystals were obtained and imaged by
optical microscopy. The crystals obtained were found to be

less than 20 um in length with a crystallization yield of

greater than 70%. See Figure 1.

EXAMPLE 5

[0111] Solubility profile of hGH crystals prepared by
salt induced crystallization. After the incubation of the
crystallization solutions in Examples 1-4, the crystals
were pelleted and the remaining supernatant removed. The
crystal pellets were resuspended in 0.200 ml of dissolution

buffer (50 mM HEPES (pH 7.2), 140 mM NaCl, 10 mM KCl and
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after 390 mnutes (refer to Table 1 below). Table 1.
Sequenti al dissolution test neasured at 280 nm 30 for
weoeabwmemRohGH i n di ssol ution buffer Tine 390 nRCNaS200041691
nv 860 nM 85 nM Ca- (minutes) Citrate Na2HPO4 NHAH2PO4
Acetate + (Ex. 2) (Ex. 3)-(%&.-1) Protanine (Ex. 4) 0
0002® Ov00) ONEN;)0.100 ADIRO04 QBOY2AMNPCTY Umﬁﬂj.eﬂéfore

PR X T T T Y T

PidxeiR) cof¥endyaPiohaniver (58114} rdSudpenfidl. ¥8s
93.77 8.53 30 99.36 99.85 99.18 19.39 45 99.99 99.99

apRreHiBBtely B0madol 00 Tke. HamDbesowsye 9gpherscanprbbuged

*05°188% 06 106700 18505 4658 130 185-08-150. 66"
cQ00l §0= LY. BaM0TaS 100. OO 4HHiHAL16A. 80 HLoF8in150

100. 00_100. 00 100.00 55.08 165 100,00 100. 00_100.
CEFCTO T A8 0B 0D 100, db 18910 By B5-HRLS, 1%@CO%PLC or

U001 90 16Re 08r$3: 91 i #d Opd DD 08 @Qgeoguﬁgﬂegorgguégended
225 100. 00 100.00 100.00 69.17 240 100.00 100.

1109 900 ml 63t @sgsqb@tognlb@fb@r1@@@oohe4p35ceasorepeated
300,00 0:00, 00,0010 B 2850000,00 1000, 100.0
sU0Er0ot 400, 00TBBs IWroSSds 108. DO d BP0t A 08s OePleRTial
dissolution.

[0112] Figure 2 shows the solubility behavior of various
hGH crystals prepared with monovalent (Na or NH,) or
divalent (Ca) salts in Examples 1-4 above as a function of
time in minutes. hGH dissolution was measured as a
cumulative percentage and derived from AUC values or UV-VIS
mg/ml measurements. The results demonstrate that divalent
calcium crystals of hGH dissolve at a significantly slower
rate than monovalent sodium or ammonium crystals of hGH.
The data illustrates that hGH crystals prepared by the
addition of 390 mM Na-Citrate are completely dissolved
after 60 minutes. 1In addition, hGH crystals prepared by
the addition of 600 mM Na,HPO, or 860 mM NH,H,PO, are
completely dissolved after 60 or 75 minutes, respectively.
On the other hand, hGH crystals prepared by the addition of
85 mM Ca-Acetate and Protamine sulfate dissolved completely

after 390 minutes (refer to Table 1 below).

Table 1. Sequential dissolution test measured at 280 nm
for salts of hGH in dissolution buffer

Time 390 mM Na- 600 mM 860 mM 85 mM Ca-
(minutes) Citrate Na,HPO, NH,H,PO, Acetate +
(Ex. 2) (Bx. 3) (Bx. 1) Protamine

(Bx. 4)
0 0.00 0.00 '0.00 0.00




345 100. 00 100.00 100.00 90.57 360 100.00 100.00
100. 00 94.20 375 100.00 100.00 100.00 98.28 390
waQQ40809200. 00 100. 00 100. 00 EXAMPLE 6 [ 0113] PCT/US2003/041691
Crystallization of hGH with calciumacetate and 2%
PEG 6000. Comnercially avail?$bhle hGH was purjfied
ard/ ofFit¢ al y7 &d0amt Neorlcent®at®d as FESCP befl §h ™ Ca-
EXanfpiees) 5| Defioirred watBEifas dddBd g t he SoStace *
cdncent rat ed| hG¥sofut ijon Efo Yi elld &Fi hal pro OESfﬂZ?e
coneenttatiof—ef—15—nghrt—Tris—HE (M pH86) was
added t0 a final c@hcentratiorf-8f 1100 @#RL7Tp thig 8.53
sol uti 88, 2% (v/Vv) ¢PEG 6000 was gadded. \A©. 2004/ 06092%:9

fiinal é8ncentrati anoofo 85 nmVi@a-coAcet at @9vaS | obt ai AedE2

The sol7ation|was then,j hcubatgd far 16, oyss at 255Gq
Negett-e- 'Oi ke—¢rystats were obtarnegand 5 1 nmaged by

optical” nmcroscopy00T¥el crysi®l-£0dht ai nd@-QRie folAdt?
t o| be, Bt ween aboutyo2& pnd abewtooq5 m imol.em@h W th.26
a cryswadTization 'oEqI;pd m?f h%qufosr thzjll_nlo%f'g% EXAI\/PIZI§_|672

[ O 14— CrystatHHzat+6R—pi—hawtR—soditmacetate—and

U

OB n hAat o

6al 10'PEG 6000. Qommet Ci al | $0@aill abl el HGPPwAs 5273
purifiedoand/for diglyzed andy,gandent raiwdoad 55.08
degcripggTmExanpte I. [ Deioni zed wat ef_was [added _{ o

t he_concentrat ed HEA-8B1 uti oA%91%8 lyi ol 2 X PP 34 57.20

pr ot ei A8%oncent r atioonoof 15 nydrdo.| Tri stooHCL |(1M  pHI. 65
8.6) wassaddgd to g fLnal co riation; of 0400 15 gl o5
Tothi-g—getuti-om %’%%Q v) P:%ggggdo was adted:

Crystals’ of HGH werd-g9 pwn hyOdddi g soMiUfPacet at &7-57
(Na- Acéefate)| (2 Moot §othe sabutdoon so idmabod finalss.17
concengggtt o of 500 nmvi'Na- Acet at ] was tatned. T
sol_ui_i_égiwasﬁthen 1R bhat ea 2386 hourgg)oait%o’S & .3
Needl e 250 |i Ke crystoabs |wer e 10bt@® ned ahepP i%fdged by4-35

opfi cal27om crioscopy,, The crysygls pbtai pggd ovgre foundss
t o fhe—hgtween—about Z25Tandapout 75 AM N T'ength W ih
0 100.00 78.39

a ¢rystallization 00.00 100.00
300 100.00 100.00 100.00 81.06
315 100.00 100.00 100.00 83.97
330 100.00 100.00 100.00 87.97
345 100.00 100.00 100.00 90.57
360 100.00 100.00 100.00 94.20
375 100.00 100.00 100.00 98.28
390 100.00 100.00 100.00 100.00
EXAMPLE 6
[0113] Crystallization of hGH with calcium acetate and

2% PEG-6000. Commercially available hGH was purified
and/or dialyzed and concentrated as described in Example 1.
Deionized water was added to the concentrated hGH solution
to yield a final protein concentration of 15 mg/ml. Tris-
HC1 (1M, pH 8.6) was added to a final concentration of 100
mM. To this solution, 2% (v/v) PEG-6000 was added.



i0

15

20

25

30

yield of greater than 85% EXAMPLE 8 25 [0115]
Crystallization of hGHwith calciumchloride and 6%
WOE®4BG20 Commerci al |y avail abl e hGH was puri PCeAS2003/041691
and/ or dialyzed and concentrated as described in
Exanpl e 1. Deionized water 3Ras added to the
Crywriedrst radt édbth @d solgrdawan byt addielgd Ga fAdwlat otleiM to

concentr.ation of 15 m.. Tris 30 H 8.6
LTS 1 &% %#ala%mtmq%wrgfglmo 5 1 ¢
ARl QRis GHHawMed PEGROQI MAS R tHdy sitithibdted for

hGH were grown by adding CaCl2 (1 M to the WO

16 o6 392 @ PCE: US2Beetdatddke crystads) werr@nob§@1nﬁdt and

{-r 0 t
e e R Y
foherdllte> [Hek etrwestiralebortr @ Dbiral rétbrand’ 5 NRgeih Bength with
ti cal ni croscop The crystals obtained were found
tcgf g}yﬂ&it‘grOftl%’F AHEF hAa 18¥fgth with a
cryst aI li zat| on yield of greater than 90% EXAMPLE 9

[0116] Crystallization ofxkebt s +h cal cium acetate, 60
PEG 6000 and Protam ne surfate. Commercially 10

[oaviai]l abl e RGEE avars Aupddd ek angt oF: @i Al E8th d¥btate and 6%

concentrated as described in Exanple 1. Deionized
PEfhteet0Gvas Quatiesty i1 livh @ viegnledniter a1 Wmm:ﬁm argl/or

fi ' i} /-
BRI oA < E TSR, oy LT
Detioitierdd atdter ofaslGiided tko dHa S:cﬁ*ﬁﬂdﬂﬂr@ltecﬂﬂlGH solution

Pr ot am ne 'sulfate (1 nmg/m) and 6% PEG 6000 v/ V) was
togdsdd & ysingls IOHER R EGFaRT IR &id et atets-

Hc(ll (SM Ly té"'es SQl IR\ RP ddat ﬁrfdln%orfc%}ﬁﬁ!ﬁﬂl%ﬂ ¥UE 100

cetate was obtai ned. The sol uti on was
MWh@hHUhmﬁxﬂqintmnn ¥3 houre REBFWO0 Needlaglddde

st.al s obt ai ned 20 .and mged tic
AL St TThe R S Gk AR VRS D 1 ea-
Adeﬂf&ﬁ:é)ha@ 25 md nHeng@litidh o tg{afsstaalﬂnkﬂl on yield

of greater than 70% See Figure 3. EXAVPLE 10 [0117]
CySEtEat iXa ith 0 AeH NG tArtatd ofs obtained. The

solution was then incubated for 16 hours at 25 °C. Needle-
like crystals were obtained and imaged by optical
microscopy. The crystals obtained were found to be between
about 25 and about 75 um in length with a crystallization
yield of greater than 85%.

EXAMPLE 8

[0115] Crystallization of hGH with célcium chloride and
6% PEG-6000. Commercially available hGH was purified
and/or dialyzed and concentrated as described in Example 1.
Deionized water was added to the concentrated hGH solution
to yield a final protein concentration of 15 mg/ml. Tris-
HC1 (1 M, pH 8.6) was added to a final concentration of 100
mM. To this solution, 6% (v/v) PEG-6000 was added.

* Crystals of hGH were grown by adding CaCl, (1 M) to the
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25 acetate and 60 PEG MVE-5000. Conmercially avail able
hGH was purified and/or dialyzed and concentrated as

wdesaroctred in Exanple 1. Deionized water was addas206/041691

the concentrated hGH solution to yield a final
protein concentration of 153Mg/sM. Tris-HC1 (1 M pH
S B)tivs, adethd) a £ ndl nedncancent 1@t i oh ® WO0caM, was

T RS 08 (Pias VS B0b) Wb Aot VA hers at

of doCH \N%%etl@f—Q\MkebY: 2N %r\éﬂo%(%%/n%@f)%%% imaged by
PCT/ US2003/ 041691 - 32 Acetate (1 M to the snl I on

@aﬁﬂtqﬁe}t B EeRgoRONc e arnystald ddm i Cavdioet Bbend to be

:g%q: T ol on_ was the ncubated for 16
ours at C?rnr\éjfﬂ 1qu e" clr%/s RS %"P‘ét% obt ai ned and
a el biyzagpitdrc ati gl reoS cpateheciefrysded s 5 obt ai ned
were found to be less than 50 min length with a

crystallization yield of greater t han 90% EXAMPLE 11

[0118] Solubility profile rystals prepared

t | yet h | ft t bat f th
ik, o o RO i i b gy Sl es
£odéhtd hess GFpsidd Go Wi P ﬁ%‘&eﬁz‘iﬁge aélfhlfé‘@e r e'@énﬂﬁé’%lally

super natant renoved. The crystal ets were
FesusieiRi e waE puniigfed cﬂrsis/oimtdmiytnﬁd emnd semcentrated

Y, i etti r. Xi ng befo
{%l ng equﬁcfbr at%%o ngpr yﬁgﬁ%}lﬁiﬁ ?W aééie%ﬂt to
3% Conlemtyaialde home s ieibre ey Ifdlged atinah0, [HBRA o4 10
for 2 m nut es and t he supernatant was renoved for

PSR G i"H co%ﬂ‘r}ﬁﬂ o Mrve &8Uréed Jatwazs®dded
W&fl@ﬁl"'%o%ce%%ga'ﬂ Acn Y YoV aééllﬂeion
pellets were further resuspende [ sso]1 ut1on !

Hypftfearirensullf@tz0 (@r ogp/'ssl )r epehatasd REG—|6001D da'txactv&tﬁ e

Fie" S RIS MR AePHh vk e (g Acetate (2

mettayut@fe o lvBH oty v altmremaned Wdde 2REGSHIMY &% v
Ca- Acetate, 6% PEG 6000/500 mM Na- Acetate, 6%

qﬁEéO@G@G/eswa?s Javedaer?, GHePEGISTGOMBIaEM tterAcatatsited
ﬂ%fnfﬁﬂﬂaﬁr%n%t6%ﬁ BEGFNNEeéQQOilﬁé Hykg@afgekgkg %%talned

function
and 1maged by optlcal microscopy. The crystals obtained

were found to be less than 25 pum in length with a

crystallization yield of greater than 70%. See Figure 3.

EXAMPLE 10

[0117] Crystallization of hGH with calcium

acetate and 6% PEG-MME-5000. Commercially available hGH
was purified and/or dialyzed and concentrated as described
in Example 1. Deionized water was added to the
concentrated hGH solution to yield a final protein
concentration of 15 mg/ml. Tris-HCl (1 M, pH 8.6) was added
to a final concentration of 100 mM. To this solution, 6%
(v/v) polyethylene glycol mono methyl ether-5000 (PEG-MME-
5000) was added. Crystals of hGH were grown by adding Ca-
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m nutes. hGH di ssol ution was neasured as a cunul ati ve

percent age and derived from AUC val ues or W-VIS ng/nl
worasocesrent s. The results denonstrate that thech@h®6/041691

crystals prepared by the addition of 6% PEG 6000/85 nmV

Ca- Acetate/Protam ne are ti2 s owest to dissol ve,
Adéﬁétecbhphbt@odtBsoémﬂmtﬂme©@rthm© af fefa¥9oncentration

{?#%g The WO 2004/ 060920 PCT/ US2003/ 041691 - 33

t Vst e TR kS of e PRt 2 Jerr i e30+fion,was then

15&@&(@9/% iVl @uf@eé@t?s o1y st "Ne%cﬂr less fc@cr 48 s were

other hGH crystals. Table 2. Sequential dissol ut| on
ohtexinerband em@mecisb)y epforab MEGestosgl t sSThé trbials

ol s ot s Facor S o ol oobor s e o

mm&i\&ﬂi yid] Laof tMeceMKan S Acet at e/
5000/ 125 Acetate Acetate Chloride Protam ne nM Ca-
(Ex. 6) (Ex. 7) (Ex. 8) sulfate Acetate (Ex. 9) (Ex.
10) ooooooooooow_issmmzsees
5.66 9.50 16,80 23.03.19.50 11.58 28.46 45 27.64
(G637 Salehl S5CHgrUAT kD BB hFH Aoreatals corsuipid with

9
PGy T 0, 10 SR B 2

cmstmlnz@tmmg@tﬂmgcpwpame@amse:?mpms o107 the
90.36 95 18 38, g 98. 18 72, 87, 90. 36_98 04 40. 60
R T Y S e%sa%o LRMSLINGE HEPSTRACIE 23

r&oREd 100109 dby 6021 08e Dlet 4 9 SD. Qé%s&ép&edé@olﬁoo 2 ml of
47.52 100.00 210 90.23 100.00 100.00 51.27 100.00

dimep oyt Hon 1pet Her 1699 0EIEEe 190. 00 eDdgenpOpetbngoer
véxoé’e;g%lg‘?%ééoﬁé’%é’&g 2834 PP 1912 109 PO 109,00 Bfahy 15

100.
minutes at 37 °C. The samples were then centrifuged at

10,000 x g for 2 minutes and the supernatant was removed
for determination of protein concentration measured at 280
nm by RP-HPLC, SEC-HPLC or UV-VIS. The crystalline pellets
were further resuspended in dissolution buffer and the
process repeated until no detectable protein was measured
in the supernatant.

[0119] Figure 4 and Table 2 illustrate the solubility
behavior of hGH crystals prepared with 2% PEG-6000/85 mM
Ca-Acetate, 6% PEG-6000/500 mM Na-Acetate, 6% PEG-6000/85
mM CaCl,, 6% PEG-6000/85 mM Ca-Acetate/ Protamine and 6%
PEG-MME-5000/125 mM Ca-Acetate as a function of time in
minutes. hGH dissolution was measured as a cumulative
percentage and derived from AUC values or UV-VIS mg/ml
measurements. The results demonstrate that the hGH
crystals prepared by the addition of 6% PEG-6000/85 mM Ca-
Acetate/Protamine are the slowest to dissolve, with

complete dissolution occurring after 495 minutes. The



270 96.61 100.00 100.00 58.61 100.00 285 96.61 100.00
100. 00 60.28 100.00 300 100.00 100.00 100.00 64.90
waQo48092815 100. 00 100. 00 100. 00 68. 04 100. OOPCB®82003/041691
100. 00 100. 00 100.00 72.46 100.00 345 100.00 100.00
100. 00 76.26 100.00 360 1003®0-100.00 100.00 79. 36
olROr 08ry3¥81408i880108408t 1800 0RiB3tes ESQ.Q@ PE@GGOOO/SS
100. 00 100. 00 100.00 86.17 100.00 405
062 0bCeYats THPSHols 498 i@@soéOIoéhGOOEberobGﬁzcﬁsstalS
100. 00 WO 2004/ 060920 PCT/ US2003/041691 34 Tinme 2%
PEG 6% PEG 6% PEG 6% PEG 6% PEG (m nutes) 6000/ 85
TeR0E/ 200 SBEOAEBS a0000/s85 lmniELt oyl GeaavvedaatniéCanm for
Ca- Acet apet &5AQ0£4P6s Afch@r eidcéiatelChioni deffer
Protam ne nM Ca- (Ex. 6) (Ex. 7) (Ex. 8) sulfate

Afet atige ( EX. 29)peGEX 6k0prc435 6R0Be®0 [10G:008:d00.[06% PEG-
94 (40nite8) 00604305 10600 5200. GBoL €k 006980/36 ®0(J. OBME-
465 100. 00 |16@. GO 1j00mOE'a98. |07mM1.3B.-00 Calr%eqa)@/CCFOOO/HS
100. 00 100.|08cF9te7| Foeter 49Blordde00 PrOQ2mEre1q0,WQca-
100. 00 100.|06E=-EXRAMPLE*127) 0126 - EPf elct saflfifreotanm s
s-fate—ontdi-ssolution—echaracterstes—o—hGEH
cnyst als. BIG 5.4d | ustratws| the oaunt of G 0.00
cryst %Es 585 mVhcal ci um acgtate, 2%;(\v/v) 5 PEE|60004, 50
and—1Qg v Trs=HCY(pH 8- 6)) di ssol viedafter 1 [ nhour
incubationlin dF<¥%) utidh-Bufferldt5%7 C af tbr°83ddi #§-4
an amddnt df Pmmtam'ne suwlfsaf e to7thel pre-exisking 4s8.04
calcrwm h ¥s§7a sol 171t§4 n_. ng ef atios o{”ﬂgg—l to62_61
Prutcuyllc (ug fi—tat+oes—arertndrcated—n—F-G—5—The
grlaph 710 i)l lugBr¥it ps thatlePr ot afV ¥ Signi feEfRtlly 73.76
afiffect®® dijssolygti®on of ;h@d crystal & | EXAVPLE 113 82.70
105 62.70 88.66 85.26 31.77 91.15
120 66.49 90.36 50.59 34.05 95.70
135 70.07 90.36 95.18 38.83 98.18
150 72.87 90.36 98.04 40.60 99.60
165 74 .82 90.58 100.00 43.28 100.00
180 90.23 93.06 100.00 45.69 100.00
195 90.23 95.80 100.00 47 .52 100.00
210 90.23 100.00 100.00 51.27 100.00
225 92.90 100.00 100.00 53.38 100.00
240 92.90 100.00 100.00 55.31 100.00
255 96.61 100.00 100.00 57.24 100.00
270 96.61 100.00 100.00 58.61 100.00
285 96.61 100.00 100.00 60.28 100.00
300 100.00 100.00 100.00 \ 64.90 100.00
315 100.00 100.00 100.00 68.04 100.00
330 100.00 100.00 100.00 72.46 100.00
345 100.00 100.00 100.00 76.26 100.00
360 100.00 100.00 100.00 |’ 79.36 100.00
375 100.00 100.00 100.00 83.20 100.00
390 100.00 100.00 100.00 86.17 100.00
405 100.00 100.00 100.00 89.15 100.00
220 100.00 100.00 100.00 92.25 100.00
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[0121] Crystallization and conpl exati on of gl ucose
oxi dase. d ucose oxidase (pl 4.6) can bind to both 15

woabosaedzons and pol yani ons. G ucose oxi dase ( BCOME2003/041691
was diafiltered in water and concentrated to 15

g/m . The enzyne (JOfniJ' ixed (1-1) with

he Byt all | %sz’ réa oﬁfal? “ng 18% PIEG 60 ?f‘ PEG-

D IRTEGPF o aﬁHP 0% dicQpt/&e %P%§Ff%%
0. Af?erp %;gf d Oggd;;lgfpﬁ‘%abaﬁgrr%aﬁﬁzs

C and cr)squ?gzctl @R W3 qjlt owgd |t o Py ageed |f Alerdde
s with stirring at 100 rpn [0122] A(HE0SH OXi@asero)

ystalss anre colfeqted b dent ] rugation at 0 rpm
als 1nﬂ alliks %éooﬁ!tgcs_n %‘S?'ILO | L u g }har\l ."%SLL'JSP :‘ﬂdégo.oo

" 10%°PEG| 60060 and 16%4 s0gr anmloo\;\l) 200495066920 100.00
"T/ Us2003/04169%, |- 3340 3%CH tQ@g.ogcncent raf bon of 4. 00

Ul. cﬂé'd) HArthe—susgenstonr T35 15 1lgl m——The crystats
en remyed%ont o A0&-0P i 183-%9ots antP-P | 10Q.00
M Uﬁﬁfef st 96K, 09! ut wom. 0df| ghyciong (pH Zoc.9p |, 100.00
cetate (pH 4.6), MES (pH6.5) or HEPES 5 (pH 7.5) 1s
added to one of the fourgahymou®mts2 To ensure no
di ssolution of the crystals, concentration of protein
[bD20} he sppeepat ant pi-6taRaaLr edldhtA28R ﬁmssémyztllaﬂs
of crystallinity of the protein is also neasured
chicrosespytirs aéchSHaFyystAésconEeft rat FéﬁuéFrPE@SthG
10 | SORLO 0 r egdt a tabbki
f01h5] BroRPRecekSeplr (aSnt, PanE b e taksl 22y rp)
PEGd6@O5 andlyan|mnswr$aeﬁcas(pﬁl9a§bardaseo¢wed after 1
| yglutamate are . a . . For W
nB3) G8CBPAThPBt anOROPoHF SR RAfhr Bt 4t o 2 B4 jadding
ah’ Amodnt 8Rdplstifile EU@EQEQtEbntﬁ@|ﬁ@@Léﬂlgehﬂbl68301um
are then equilibrated overnight at 4 C. The sanples
heHectrirehalcenintfiaged dheletipm Pér heH FPnBresapefsr e

t he natant. | hg Resul ti P s are
(P‘%sﬁ“s?@ %8% %8 nPdﬁgggl ssoﬁ |I<E);r'1 Euffgge( %gla%}\l/l
iTnusicratde20 t?laﬁ) Pabt3niGe E€dghidlcaanplesfdeetpr epar ed
by taking 1 ml  of proteln crystals, wthout
GpEEPARESAT PEMBFFNGT¥RE>ISuper nat ant, and resuspendi ng
the pellet in 10 m of

3

QJI—‘QJ'O 'U_'_"'O SoShOorwW

EXAMPLE 13

[0121] Crystallization and complexation of glucose
oxidase. Glucose oxidase (pI 4.6) can bind to both
polycations and polyanions. Glucose oxidase (Sigma) was
diafiltered in water and concentrated to 15 mg/ml. The
enzyme (10 ml) was then mixed (1:1) with the crystallizing
reagent containing 18% PEG-6000, 32% isopropanol in 0.2 M
sodium acetate buffer at pH 5.0. After mixing, the
solution was transferred to 4 °C and crystallization was
allowed to proceed for 24 hrs with stirring at 100 rpm.
[0122] Glucose oxidase crystals are collected by
centrifugation at 1000 rpm for 10 minutes. These crystals

are then resuspended in 10% PEG-6000 and 16% isopropanol
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di ssolution buffer (10 MM Tris, pH 7.5) at 37 C. Both
conpl exed and unconpl exed proteins are resuspended in
wobnreshve®ado di ssol uti on buffer every 4 hours. Pr®Ce®ius2003/041691
concentration for conplexed and unconpl exed protein
is read over time until comPete dissolution is
sachi ehed. cEXAMPLEa L doh 0dR4prar gt alhi agi ewspagsion is 15

I ti f bur i 30 wit |, Nni
@b | AR o B b3 g o) ek 6Py SEHF TP 9ot Aot & Blui ¢
9 15% P i ; [
DB e ORGP o e TRt caney T Sobd o 2000

glpeiher (BHNM2 N} esatetaecapVeHsél 6b) eMPEolPEN6ahd WD HEPES
2004/ 060920 PCT/ US2003/ 04

6 - 36 hen are
(PEstpendedl PAIFFeSR ABENE Eﬁaug?ngﬁil%P§gFalsTO ensure
nSbEQEFSQu%@6ﬁ bragad byyephisal cBheeaseapyohseg pirgueeén in
6) . 0125] To 1 m: of a 5 ng/m suspensi on_of
tbeystipbsnatpptyasgnapaered abdBeaoaiiMa pfBYelRSFoPYmer
ratio.(w of -5,1;0 5. 1, . 1; 5; l L.owed to
CE&E#P%&FE?%Yf8F E%ﬁrg?gtgggs%aug%FPyTéggﬂ%ngb re

méerberbpgged 6 neaeeearyypehnatantendirasobvedfi REGOomM
Tris buffer containing 150 | ete

. . g mM NaCl at 3 .Co
igreserarren i ﬁfé\Cff@aﬁﬁéntOn@ﬁ%HFéaanW-Z@E%l‘o“ﬁt y RP
kS TheT%aEHéaEb?%tBQ'%hs@%n%@oﬂ%ob@i@HDQLEUEM.%QIEQS
beyond which dissolution is not effected can also be
amdagusedpoll@e2épnEe sush ef RO3yAFhRI teispOsber ysfutamate

tal s, | L ni ool
e BoCEnw) POF AN R Sotgd rubgl Rl S0 e
ot e 18URSRGUeALLY , (wV)t Rees @apltedwas .qent,r ilf:uged :tlo and,

renove supernatant and dissolved in 10 nM Tris buffer’
10pH -8. Fhec pROHSHFOLYG NN ReEULiONST7 &S ete

| S§QhyL! ' + hen jmeasur ede By mpbVe¥l 8rar th¥nRP
e%ﬁﬁé&h&%&%@LEh%gn. 0127] Crystal?iza?ggn ang
ceerplieaticdorm tofl ORasdpur ifcasd 0 wirtutes Jefsinge the
Rasburi case ,(Bi ozyne). was,crystal-l.i.zed at . Wth
%ﬁ%%?ﬁ%ﬁﬁﬁld%ﬂrﬁﬁ%W%%}Gg%ﬁi%F%ﬁ}qﬁﬂQﬂﬁ§%¥%ﬁi§%$%tein
RORGRIHRLY o 1@ WSt A5 dErssdihaiiceemufiffaiged @tmM Tris, pH
7.5) at 37 °C. Control samples are prepared by taking 1 ml

‘of protein crystals, without polyanion, removing the

supernatant, and resuspending the pellet in 10 ml of
dissolution buffer (10 mM Tris, pH 7.5) at 37 °C. Both
complexed and uncomplexed proteins are reguspended in fresh
dissolution buffer every 4 hours. Protein concentration
for complexed and uncomplexed protein is read over time

until complete dissolution is achieved.

EXAMPLE 14

[0124] Crystallization and complexation of Rasburicase
with polyarginine. Rasburicase (Biozyme) was crystallized
at pH 8.5 with 5% ethanol and 15% PEG-6000 at 10 mg/ml

final protein concentration. Crystals are then centrifuged

at 2000 rpm for 5 minutes to remove soluble protein and



10

15

20

25

30

2000 rpmfor 5 mnutes to renove soluble protein and
then 25 are resupended in fresh nother |iquor. [0128]

woao/oev920f a 5 ng/ M suspension of crystals, PCT/US2003/041691

polylysine is added at a protein:polynmer ratio (ww)
of 1:0, 0.05:1, 1:1, 5:1 and%liowed to equilibrate
60 @4q Lesungidrilicht |Sregnmntdenrld awn 1 i flypdtystals

Iy t i.ssol . \ved. . Tris ffer
IS WP AR by U dhake ] Tldde A Ee 6 .
04251 s t Man 1 nelasalf ed Hymd MalVIshiagrerhyi 3P dHPLGySihel s,
sat urat.i on poj nt 2004/ 060920 PCT/ US2003/ 041691
PolyFraining e AdARE Ftatd PIRKRY RENE T It () of

1:9,naf. oeff ected, can alixd be SRS WS LB
0129] Crystallization and conplexatié% ofwgkgﬁ%?%%% %Shrs'

hee prsinfdspartanel st ol gyl idngesl R t:?emc:]mao (10
: Iljzed i xing 1.m t -
Ses e, Ao B 00 ety WSiganing 150

nalNsidimeaac eate,. 0Cbml eitei dazebeutpdn8 Qe 1@%hen
PEG-8000. M xture was tunbled in a . '
HARESORY Hhem st 19 %P @del e saia@tion point of

PR fd Syl ata QOB RIRETALE A s?o%L%tfi%P} /o LRl
24 hrs at room tenperature, R'tuxi Tab crystal s havi ng
afdedited idea clst érss megsgwrefdar med. [0130] To 0.5 ml of

/' M _suspensi of_ crystal s ol.ygl utamat e
@&%e?ggat gsopﬁot% no%oel y5mamr£y/S iséiﬁ _10%1‘ O]§§Wsd:,asls'
gb1Q&rGinkink waisl santkdldowedridt SaiddIBnate J b @F B of
Subsequent |y, sanples are centrifuged and supernat ant
‘drse 2 LR

& Yt @uidriizat g £athén hisssolSpedaquersly,
. ¢ M
+HY &%ﬁﬁjpgﬁﬁﬁﬁéﬂHgf¥%§é§tﬂ§Q: Sed,at H%%HNF§¥S

Compl eté dissolution tinme is then nmeasure
Gregpyl vieldl HPLQ.0 201 Thel s dtufifatd ofpHpd@ .®) afontaining 150 mM

ratein:._polymer ratio, beyond i¢ch dissolution is not
D%?ﬁeé?éggba -al §6"BdhEa 6?§8$GEFHPIEﬁmepWéﬁaFQ?PoW§asured
wising vatdheyr pgt yaniggng may be made. EXAMPLE 17 25

[0131] Crystallization and conpl exati on of Trastuzunab

wi th histindine, trehal ose and pol ysorbate. 10 m of
EXAMPLE 15

[0127] Crystallization and complexation of Rasburicase
with polylysine. Rasburicase (Biozyme) was crystallized at
pH 8.5 with 5% ethanol and 15% PEG-6000 at 10 mg/ml final
protein concentration. Crystals are then centrifuged at
2000 rpm for 5 minutes to remove soluble protein and then
are‘resupended in fresh mother liquor.

[0128] To 1 ml of a 5 mg/ml suspension of crystals,
polylysine is added at a protein:polymer ratio (w/w) of
1:0, 0.05:1, 1:1, 5:1 and allowed to equilibrate for 6 hrs.
Subsequently, samples are centrifuged to remove
supernatant, dissolved in 10 mM Tris buffer containing 150
mM NaCl at 37 °C. Complete dissolution time is then
measured by UV-VIS or by RP HPLC. The saturation point of
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Trastuzumab (22 nmg/m ) in a buffering solution (0.495
mg/ M L-histidine' HCL, 0.32 ng/m L-Histidine, 20
wagbwosenehal ose, 0.09 ng/ m pol ysorbate 20) wras/uszo0sd41691
with 10 ml of 30 crystallization buffer (25% PEG 400,
10% propyl ene glycol, 0.1 MTris épH 8.5) and 5%
PPEC: 806DPLlunari nebbat bayandr yBATht ehpeparaien 1s not
Lgh T I XL u umbl ed in a WO 2004/ 060920
e%&%@o%@?og%&%é-&gggﬁﬁgﬁétoI ogy m xer and further
supplenented with 1 m of propylene glycol.
Trastuzumab crystal s werEXaWPRENEE the foll ow ng day.
[0132] To 0.5 mM of a 5 ng/mM suspension of crystals,
[61pel ygl utayeteliszadded ahdacpmptlexatpokymér Ridixdmab
(Ww of 1:0, 0.05:1, 1:1, 5:1 and al Lowed.to
weblh PPEVACEAFEATE A PodyGLEAaRALFy, Eéﬁ%&@a&élo mg/ml)
wsnkiituged and %9%&5&%3% miepBvede ZTheiobust @hith 1 ml
conpléx is then dissolved in 10 M Tris buffer
ofompalbipg CSOtaNnNagl Oal ¥7celccomphrecéatg, 0.1 M
.di.ssol utiogn.ti I s.the ] ed ERY( r ;
i Ra20 o dBEL BuBLr | 3R SpaP R CoF Cpr of SR BSl ey FAPTeC 1R @
heeyendowli/chemdisss9l ttikewr i(Slodell e#becteédhean Salisathdic)
measured. EXAMPLE 18 15 [0133] Cr)ést al lizati on_and
& 0 FPPEX &EMBR T8t UREs Blr Pe&s&P™ni t REEGHI @ 4pdrFmaits Toom
Li-cgse gBi shallingedealyiRH1812 WillBters
P R N T R B g e e A oot e g
wearc €ptrmadi.on. Crystals were then centrifuged at 2000

r or 5._mnutes.to_remve sqlu rotej

ERER er o TPedupeitedt & Fr BoR o ehEPEThsE: B FhTA e
pQﬂ?@@%@aﬁa’t@niBa%@d@dC ase a2k itapoiyeialdsitzed (vi/w) of
a 1l m batch containing 32 _ng/m_purified uricase, 10%][1
1PBG 6006, land A5 wwlgpdl R 1Oyado te) eapfldPrgre for 6 hrs.
[ [ per.l f rS- :

SRRy DR S R T RS A shetne
reatvaioni N@HES WrREGB0MPle% et hdeol dismdlr®diyn 10 mM

l.yci ne H 9.0). The cryst sorb e, na d
0 e o Gty S O et e oyt SPTRgEee
JBASHNRG #5 B3&B 1H/UHen Qlasshadesl War erv-hars o Wydeb HPLC.

Iinto 5 aliquots of 20 | each, each aliquot having ,
The saturation point of protein:polymer ratio beyond which

dissolution is not effected can also be measured. Similar

preparations using other polyanions may be made.

BEXAMPLE 17

[0131] Crystallization and complexation of Trastuzumab
with histindine, trehalose and polysorbate. 10 ml of
Trastuzumab (22 mg/ml) in a buffering solution (0.495 mg/ml
L-histidine'HCl, 0.32 mg/ml L-Histidine, 20 mg/ml trehalose,
0.09 mg/ml polysorbate 20) was mixed with 10 ml of
crystallization buffer (25% PEG-400, 10% propylene glycol,
0.1 M Tris (pH 8.5) and 5% PEG-8000) and incubated at room

temperature overnight. The mixture was tumbled in a
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30 a total weight of 0.78 ng of Rasburicase crystals
per tube. To a control tube (bare Rasburicase

wonyeEded, 10 | of nodified nother |iquor wasCaasem3/041691
To each of the remaining tubes, 0.2 ng (10 | of 20

ng/ M solution) of one of -t ke WO 2004/ 060920

neRGEHJISRR0H194W6 ¥hna -£13% hdw|dupp Iegnerangal exiath dn ml of
conmponent s was added: pol yargi ni ne, ol yor ni_t hi ne,
prsatiilepsi eyl pr GieaR EUNER rpqylﬁ;@]‘,igueqq.' taindd the

f%4} %gﬁggq}ﬁyernlght at 4 C. [0135] In order to study

tion behavior of 5 Rasburicase conplexed

[032] var TS ioml @blwr&m/mlh@uﬁmﬂwrn@%tw
designed. Th of th

e cr s in eac V e
DU AP i RO b R 1T G TS Iea‘{ﬁ‘go&”n/fw) of
1 Mg, . M Trd s £ pH Bad)aiidswddecd @d_[\ﬂh/\l:ngrwtréjefolc d)hrs.
50 | of di'ssol ution buffer was added to_each tube, 2)

suﬂ@etqmen@sms Rk e 3Bt Aentikaigel (ARd IR TR
t
r%nécaip%i u%l’(ljeforyﬁ%afn g(?]ﬂ:l ex s LGt UPESs 8?%3\9&1”‘1?”10 M

es at 7000 rpm
Tﬁi@%tﬁﬁaﬁ@@tcd\ﬁlﬁaiﬁimgeﬁ5 and Navkedat 037 aital y dosnpaied €5)

steps 1-4 were repeated until I ol ut
o ab Bl STt B ey diemTee S DL b e SRE P obf e
Tﬁ@C€ ?@?@tf&ﬁl ofﬁé dhaby3esi RYpSEmEPLLat {Preeeond which
or

pea 130 kD eluted at approxinmately 6.7 m:nutes)
dango et tent igunot aef fectpd sermt #bRO 0 BARAUEPBUp  was
reported in Table 3 and illustrated in Figure 7. 20
Tabl e 3. Percent Cunul ative Dissolution of Rasburicase
Conpl exed with lonic Pol yxemsLish Bare Rasburicase

Rasburi case Rasburi case Rasgurlca Cg i case
(01931 al cFyEEERLILEFEEAPCHY tgpmp2ﬁ§§F PHC8ES§ yricdse
w&‘@ Lgxed %8&%%?%?0' CRARLEXEEa¥Et NEVNGEPmW) t hai th

arglnl yl'ysi ne protam ne polyornlthlne 0 0
cﬁy@t@llizéa at1pH9843. #ish158. ethangs, gnd315%78EG- QQOQ at

1§8m§/@g glnalzgrgtg§n4c%gc%n ragloﬁ 98r§s§g1§ %gré then
centrifuged at 2000 rpm for 5 minutes to remove goluble
protein and then were resupended in fresh mother liquor.
[0134] Uricase (from Rasburicase above) was crystallized
in a 1 ml batch containing 32 mg/ml purified uricase, 10%
PEG-6000, and 25 mM glycine (pH 9.0). After an incubation
period of 48 hours at 4°C, the crystals were washed with a
modified mother liquor containing 15% PEG-6000, 10%
ethanol, and 25 mM glycine (pH 9.0). The crystal
absorbance was measured at 280 nm and the concentration of

the crystal was measured as 38.8 mg/ml. Crystals were then
divided into 5 aliquots of 20 pl each, each aliquot having
a total weight of 0.78 mg of Rasburicase crystals per tube.
To a control tube (bare Rasburicase crystals), 10 pl of
modified mother liquor was added. To each of the remaining

tubes, 0.2 mg (10 pl of 20 mg/ml solution) of one of the
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599.5 37.7 97.9 25.4 70.0 6 99.6 40.5 98.4 30.7 72.1
7 99.8 43.3 99.4 37.3 74.6 8 100.0 45.0 99.4 42.1
w@ao@/06@2000. 0 46.3 99.4 49.4 78.2 10 47.0 99Pd4TA32003/041691
79.7 11 49.2 99.4 58.3 80.9 12 50.6 100.0 62.8 82.0
13 53.2 66.4 83.3 14 54.6-6993-84.3 15 56.3 73.0
£8314wihG 2Duipleka? 136 2oWBo2ARRH/00R22Qgded: foagar?inine,
PCT/ US2003/ 041691 - 40 7 60.5 78.9 86.38 8 62.
P§%§§r§1F§lnf9 &91Y1y5ineggor prOtEeMiney7. Gagl 4ubpl was
9; 1 2.7 .3 980.7 23 74.0 93.3 92.8
tg%n7%5%“%?%%6927%%n%%h%7%é 365 05,5 26 840 677
(08381 27 85. 9rU8r8te8s2udg8th’. #i8804ud8 o b%%aQ?o& of
7.99.4 30 100.0.100,0 100.0 [0136] Each sanple
R§§EHF%8885 89@?@?5ﬁ? bV 351 OWds i OTd e Ped Yigrs . the
foomplehel ¥rddgsabyedebeghane orneorplexedsSin cach of the
Rasburi case crystals. Tﬁe untreated control or bar e
a@PY@tEPQG&i§§6ﬁvy@8h@dt@mthaghesas%hdlgebyatgpnub?ffer
Yokt hhne, ja anj.ne;c Iexeggpr stals.o ]
(%ggbﬁgigggg’rgguﬁgeggg% Kgghgsgyzrlgo Fe¥8&§OW1ng order:

18l ssoLut bendeksotbeieanBlexed ghyshaked LB €9pbr asbe, 2)
the polylysine 10 conpl exed crystals of Rasburicase
thgqggpggpggdﬂdsﬁgystggs were incubated at room temperature

for 2 minutes, 3) the tubes were then centrifuged for 10
minutes at 7000 rpm, 4) the supernatant was removed and
saved for analysis and 5) steps 1-4 were repeated until
complete dissolution of the crystals was achieved. The
supernatant from each wash cycle was analyzed by SEC-HPLC
(protein peak for 130 kD eluted at approximately 6.7
minutes) and percent cumulative dissolution for each group

was reported in Table 3 and illustrated in Figure 7.

Table 3. Percent Cumulative Dissolution of Rasburicase
Complexed with Ionic Polymers

Wash Bare Rasburicase | Rasburicase | Rasburicase Rasburicase
Cycle | Rasburicase crystal crystal crystal crystal
crystal complexed complexed complexed complexed
with with with with
polyarginine | polylysine protamine |{ polyornithine

0 0 0 Q 0 0

1 27.0 11.9 42,0 5.1 6.6

2 95.5 23.9 70.0 10.1 49.9

3 99.1 29.0 96.4 15.2 61.9

4 99.2 32.3 97.5 20.3 66.6

5 99.5 37.7 97.9 25.4 70.0

6 99.6 40.5 98.4 30.7 72.1

7 29.8 43.3 99.4 37.3 74.6

8 100.0 45.0 99.4 42.1 76.3

9 100.0 46.3 89.4 49.4 78.2

10 47.0 99.4 53.7 79.7

11 49,2 99.4 58.3 80.9

12 50.6 100.0 62.8 82.0

13 53.2 66.4 83.3

14 54.6 69.3 84.3

15 56.3 73.0 85.4

16 59.5 76.0 86.2
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conpl ete dissolution of the conplexed crystals. In

addi tion, the polyarginine-conpl exed Rasburicase
weoehomwdorzhe best dissolution profile, with thecT/us2003/041691

crystals very gradually releasing over a long tine.

Pol yor ni t hi ne-conpl exed 15-Rasburi case, while taking

dfproxi mately tlhe sem® nunber of washes fg0odi SISOl VEg6.8
difd so with a dudde#e burst|foll owed by sfow 87.3
_dPssiol ution. Pdlyl y&ide- conpl exed Rasburiszase 88.7
- dPspl ayed very [Iitt%%3i nprbvenent over' t e .control _ 89.4
j’l&rn crystal s [ whi & 2di SS')[ ved al nost | nifedi ately. 20.1
?@n.PLE 19 10137 f?%%taLl tion and comfl-éxation oP0.7
—gfatate—oxi-dage—Qkalat e bxidase,which %ad nini nal P38
—UEpressed—in—yeast; Was—cpreentiate 02825 g/ Fﬁgﬁ
3¢t portion—of —fﬁﬁ:%nzyn sfthen—nzx%ﬁgﬁge# twe——=->
portjons of = 40‘le§gdlllLlug reagetit cg ﬂg%nrhg—402§'2
PEG 600 1 100 [TV-Wy 2604/ P60926—PCT/US 2\#374341«391 589
43 |phosphat e gitragEspuffer at—pH 412 AL 51 LR NYs5.4
goysital's appearediabIer 1If nr. Tne CrysStahs oot lleuloo.o

were i nmaged by optical m croscopy (see Figure 8-
[0138] After 4 hours, oxal ate oxidase crystals were 5
washed with 25% PEG 6000 and 100 mM'Tris buffer (pH

81881 AN0ubbANaLRIVEDROARE-LA 2548 PEG 8000, 00 100 Mheon

C$Q$pentoonompléﬂely ahsqumVeothéryataloﬁuéaﬁﬁ§é9€dmﬁs
R gnved and g ﬁ; pol yar gi ni ne. (MA:7.5 kD)
%ﬁ Hl?ﬁs?tCIXﬁ xtu?@e1BHRE§aFﬁ@u69F5601oPrlbare
chputsls Al 8501 had 1ﬁh€eﬁoﬂ95§ésmﬂsThg1é&g§§9§%ﬁ£ﬂged

for 5 mnutes and the supernatant reno
PPLERreibgipel | end mepeamesaspendbedxed 20Pstabs of

RIS s e R TREGEE | Bisofompysa i ad 1 onton of

tb@dccmpbéﬁa@ttﬁﬁsbilﬁurkbﬂ|d@ﬁtﬁas@?p@ﬁéapbl?§§§1ne—
Bur khol deri a cepacia |lipase was diafiltered and
CUBRCERTT at B t o A4 hgRafPutheade fre@at ¥ednl5 ofashes for

c@ﬁﬁY@@ei@ié@glﬁﬁﬁéﬁdéﬁn%ﬁéeééﬁﬁléﬁéh5c§}s@@fstth
addition, the polyarginine-complexed Rasburicase showed the
best dissolution profile, with the crystals very gradually
releasing over a long time. Polyornithine-complexed
Rasburicase, while taking approximately the same number of
washes to dissolve, did so with a sudden burst followed by
slow dissolution. Polylysine-complexed Rasburicase
displayed very little improvement over the control bare

crystals, which dissolved almost immediately.

EXAMPLE 19

[0137] Crystallization and complexation of oxalate
oxidase. Oxalate oxidase, which was minimally expressed in
yeast, was concentrated to 12 mg/ml. One 1 ml portion of
the enzyme was then mixed with two portions of a

crystallizing reagent containing 40% PEG-600 in 100 mM
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20 m xed with one portion of a crystallizing reagent
containing 50%tert-butanol. After mxing, crystals

wappEocedowi thin 1 hr. [0140] After 3 hrs |i paBeT/us2003/041691
crystals were washed with 35% Tert-butanol and 100 nmV
Tris buffer (pH 8.5) and theni25 resuspended in 35%

phesphbﬂéanﬁtrané bO@fead Zei pubuyf ber QEHerSmﬁka FO crystals
i quo

% /m _crystal suspension. A 20
é?eéF§at§ tg% pehsi onThas CrERbéd Qhéaloeﬂ weTeoimaged by
ogHAeblpahxébgbeppe(éBM¢§ g %g) added to it. The

m xture was i ncubated ours. After that, the
(8dABlex WAEt8E éehouicbugedalete5oridatescapdtbhe were

uper.natant jre d esulting ellets wer e
W?egugpgﬁgg 2§ﬁ"g%§ Fogp apgsiﬁﬂtwgn b&f PeELEB0 (R 8- 5)
ahBPEBen148sudpdaged 10 oivhKEhc-Bblod. ahd WGb2Q94&9§99§9ffer

PCT/ US2003/ 041691 - 42 EXAMPLE 21 [O

(pHy8t &b | i kat vdaldnd @@npgématcnysb&lanubp53s1oﬂnylAseo pl

éﬁ pergillus Oryzae) was concentrated to 80 ng/m. 5
gUetnPLpeFYFbAlo FuEE@néh@?nﬁaﬁa§emﬁ¥ﬁdnﬁnédl@Auh ofie20

"R oB0bT - PARLNS Thiredr BV kT a8ERkectR: Thh 6%0e Rirbpee

washiscubaystiaEbrzari hauwas CﬁﬂbéetEhaﬁd the ebw %lékswas
wer e masheg ig £5%>PEG-8000 in 100 mM Tris buf
MECEPCEHET 16YdGE peRted PARYESS PERH B0 EHPQGOaﬁﬁP¢rF§mOVGd
f . y CLys
T heral Y| %ﬁ%?ti\f%«é%gﬁﬁ? B8 oo R . of
dabsqlotiof buyseal (SeuspensPes, wasorenonsdl andolful ke, pn
ﬁg ng/ M polyarginine (MM9.5 kD) added to it. The
kture was incubated for 17 15 hours. After t hat,
the complex was centrifuged for 5 mnutes and the

supernatant renoved. Thegxgepififng pellets were
resuspended in 200 i of drssofution buffer (50 MM

[ bERES, 14@:9@%§@§lza%Qoﬂ“gﬁglcoﬂbhngklogxéypggr%goggerla

[0143] Crystallization and conpl'exation of
cgpasiazbimpse.- Tr@sr&bGﬁdbrtancep@dyaC}{paséIwderlved)

di%f ﬁgggﬁé %H%egonc?%tﬁggédzgong /%?e One E m Iggrtion
of the enzyme in 100 mM sodium acetate (pH 5.5) was then
mixed with one portion of a crystallizing reagent
containing 50% tert-butanol. After mixing, crystals
appeared within 1 hr.

[0140] After 3 hrs lipase crystals were washed with 35%
Tert-butanol and 100 mM Tris buffer (pH 8.5) and then

resuspended in 35% tert-butanol and 100 mM Tris buffer (pH
8.5), to yield a 22 mg/ml crystal suspension. A 20 pnl
aliquot of crystal suspension was removed and 10 ul of 20
mg/ml polyarginine (MW=7.5 kD) added to it. The mixture
was incubated for 17 hours. After that, the complex was
centrifuged for 5 minutes and the supernatant removed. The
resulting pellets were resuspended in 200 pl of dissolution

buffer (50 mM HEPES, 140 mM NaCl, 10 mM KCl, pH 7.2).
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m xed with two portion of a crystallizing reagent

cont ai ni ng 50% PEG 400, 10% PEG 8000, 20% propyl ene 25
wQyeme0920. 2% Tween- 80, 0. IM Tris pH 8. 6. The nPETAWIS2008941691

i ncubat ed overnight at roomtenperature. Trastuzumab

crystals are obtained the fokRow ng day. After

crystallization is conplete, the crystals are washed

with crystallization buffer (30% PEG 400, 7%

PEG 8000, 30% 30 propyl eg&gﬁg&% 0.1% Tween-80,0.1 M

MES pH 5.5). A 200 | al ystals are renoved
she caont | S buff

B0 S0 BeoNa0 REH CSOOR BHBOT L £5 TORAA

Aww&d ofslﬁarmzrmlsﬁomnwa@ BndnstAledl to 80 mg/ml.
E l'yal utamc acid (101, 20 mg/m, MN 90 KkD]_or

ar tilc P JéPD( Sfodhe ﬁ;laymezovaf?g/trlﬁen WAL ROt one
RE4e0, S48 111 :hrgf %%{?%%tatcd’r&%m&l%g’%@t WiR:-8000,

for 17 hours After t the conplex is
im SrOdc et daflirgeth fagretBtrd it el Garfd t B tsuper atsant

SRt A s I EPEs LY ERs T as mefhed
1FM2KEL prEH 86.02) -1 dEXANPN 23310 HuFFEs] @)l izgation

and conpl exation of Etanercept (Enbrel). Ent aner cept
ed dpurkd? PESoRGPadn GH0 ¢ ITrigedduiddyr i @H 8.5) to

b 8.0 d
@%ﬁéﬁetr??%gt gng%lng%gét%r% Lguﬁi{: i ?)o?tnl on of the

[i2ody inFien mﬁsﬁd antoh uhmerr@%m QNS Rlotd oS crystal
crystallizing reagent containing 16% PEG 4000, 200

svegresEion eflso rhedevarnd alﬁD TOMUIY i laof frey/nélt pily@rGinine

The m xt re ncubat er ni ht at room
MRTer alkl]?r dd@r&t ?‘En )ur@rwtsaﬂgl%b@ted for 17

rehirai ned fihe ft@ia!tothm c%%ble&f bRls Corthaldiged 110}
conpl ete, the cryst als are 20 washed with buffer (20%
m@@twoem@i the Bupsrnsiagterenevez00 [Thel inpsetl tdlng pellets

stals is renpved and shed with buffer contajnin
e PEGSEE00 S5 160 T Rits BRI tASK PREGRT (DAY

HEPER3 4@ o R/ o SERRNASI Qi of grystals,

BEXAMPLE 22

[0143] Crystallization and complexation of Trastuzumab.
Trastuzumab (antibody CHO cell-derived) is reconstituted in
water 22 mg/ml. One 1 ml portion of the antibody is then
mixed with two portion of a crystallizing reagent
containing 50% PEG-400, 10% PEG-8000, 20% propylene
glycol, 0.2% Tween-80,0.1M Tris pH 8.6. The mixture is
incubated overnight at room temperature. Trastuzumab
crystals are obtained the following day. After
crystallization is complete, the crystals are washed with

crystallization buffer (30% PEG-400, 7% PEG-8000, 30%
propylene glycol, 0.1% Tween-80,0.1 M MES pH 5.5). A 200 pl

aliquot of crystals are removed and washed with buffer

containing (MES buffer (pH 5.5).
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25 polyarginine (10 | 20 ng/m, MN90 kD) or
polylysine (anmount 10 I, 20 ng/m, MAN 90 kD) is
wadaEbeodthe nmi xture s incubated at room t enpeCcatuSL@®3/041691
for 17 hours. After that, the conplex is
m crocentrifuged for 5 minut®% and the supernatant
[oegwVed. The2oepll bEng pel hgywlasespeayspandeédcdfstals,
200 | of dissolution buffer (50 nM HEPES, 140 mM Nad ,
pdDygMiKEnhi cplicZd2) 10WIL 2024/ 080820 M@TBUSBD@BD@4&69§rth
- 44 EXAMPLE 24 [0147] g%lstalllzatlon of hGHwth
aghdi pinguetaie &ﬁd é@bmp 60U0. S@okher épaphged. The
b ur, i f md y d
S PR LG PR B ELEL EE B nouge.
Aﬁﬂéerthas adtdedcbopi bz menmentoabadrh@h@sdlﬁbroﬁ miiputes
g a flnal rotein conéent tion oﬁ 15 /Eh. Tris-
i ﬁFPSHnQ éthéémSHG § FPRYLteoRc gEPoRTe
aT9ohbh v G— 0
rg%aéégna gy 2007 Ml A8 LB ey PR (ST eeEs.
1aoethHaCNa 1m0mﬁcatatepﬂ(2 B) .to the solution so that
a final concentration of 500 mM Na- Acet ate was

obt ai ned. The solution then_jincubated for 16

hours at 25 C Needl e- |ﬁ§§ME£§s£é|s wer e obtai ned and

[ d by C m groscopy. Th stals

RERETS o0 tha LiEPidEn SETAEole s iR e PE SR R

(Eepgh )wi t @n@a%we%kl '@ﬁbkem) YhehEnofcgbadt 8bnthafo cell
85% EXAMPLE 25 [01 Crystallization of hGH with

dg@dvadﬂacétdﬁ@alZ@dHéneloamMrEZéﬁ bulfketred®ts8l- @Y i end

of sal ubl e g egonhi y duced

St LR A B e S P
ahbevaeki Sk anénthﬂx@ﬂhaﬁthr@mr¢ea@brt@bnek¢feald)
Separate anal yses of rhGH der.ived from an
cy¥aseldtsdids leaordhs CPESafRAd; Pr6r°héF|Gh§\9|OHg @l‘?& 2%‘

mégﬂes%wc@ﬂﬂ Szl QRgand oS ivu ki ist %u@f@&a%ttegnstsl @S The
I Trespective of Its source. Approximtely
m@k@ui@ iy AmcublaGddasverppbihsd aitn rorkn demplegbfare . of

e&gggﬁH g%&ggﬂ%ﬁ%%&% %lga%r%urbgﬁ%%e%SE%% %ollowing
day. After crystallization is complete, the crystals are
washed with buffer (20% PEG-6000,0.1 M Tris, pH 8.6). A
200 pl aliquot of crystals is removed and washed with
buffer containing (20% PEG-6000 and 100 mM Tris buffer (pH
8.6).
[0146] To 13 pl of a 30 mg/ml suspension of crystals,
polyarginine (10 pl 20 mg/ml, MW 90 kD) or polylysine
(amount 10 pl, 20 mg/ml, MW, 90 kD) is added. The mixture
is incubated at room temperature for 17 hours. After that,
the complex is microcentrifuged for 5 minutes and the
supernatant removed. The resulting pellets are resuspended
in 200 pl of dissolution buffer (50 mM HEPES, 140 mM NaCl,
10 mM KCl, pH 7.2).
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supplied by BioRad: Prior to sanple |oading, the

columm 30 was conditioned by washing the colum wth
wG@Qowo6@R0 Tris- HCL (10 mM pH 8.0). The rhGH samuisen03/041691

was then | oaded and allowed to enter the colum by

gravity. After discarding -t4® first three m of

el uant, another 5.0 m OoEXANMPTHHRIT4is- HCL pH 8.0 was

dded. 4,5, .th ted rhGH was WO .
58801 a0o0sr it thasbiPBagtoach. wsh "Shgiln dRgtate and 63
PE@Lk@@bed-CGEﬁéﬁaiéBI%OﬁvQY1§BDéfh@Hgﬁééo u%@ﬁieahsﬂd{or

perforned using a MIlipore concentrator (MACO 10, 000
dael3ze0 apeh feRCONCBACATnas TReseshbedt +at EsamBiehtH

I r of . 30 S a 0 n
oYk eg §39% "3 e T e R0 G T RO 6 B o
tonyis)ld & §shal spweteingeomnehyraddongofielpninggal. Tris-

water, Tris-HCL (pH 8.$é, PEG 6000 and Na-acetate to
HET &l WorBBnbrat i BRE BPOSB0EMA BOR2LVFOSCaREEBBEOMPE 100
mieSPeEt EMekYsbtuthent obal (sl yt beA-Bbbb fasfhiakq.

protein concentration of 15 ng/m . The solution was 10
Criehabbxefl hent wgrandroweubzt eddang3gadiom agetgte (Na-

APRBBER) whent) e teFcot bERolnBS B e B S ars T

cbangadranibangehsobr am mpprext aakelys2obeazhe. Afher
centrifuging and pelleting the crystals the
sQUPELABt HAE hWaSNekbrabpE8dafar 18 BPYEEaffi 2ation Needle-
1ykel d g@éaﬂsa®e£@doﬁﬁa95@atsﬁdtmaagéé@%yTest§53§tals
can also be forned at tenperatures between 33C and
miBCobabpyequithe cnyeetadedobtginabl weaei Saunfdntoabhd between

VBB Bl yLalg (gieo) comleration oo

vaddyt b¥egreneerceishabbkzation yiel d was determ ned,
sodium rhCGH crystals were re-suspended in nother
liquor (250 mM NaQAc, 25 mM Tris-HCL (pH 8.6), 6%
PEG 6000, and either 7 ngggkpfgoggnine sulfate or 4.2
mg/ M pol yargi nine) so al concentration of
[2148F/ M ofky2BadddizamiohGeHfch@st atichwasdachi evedatehe

rotein_to addjtive_ratio.for rh to.Protanmine . .
BBt oPoThasoaonrbl: bl §o3ifiop e b81RIE A I8 kpinape 1y -
pPelvacal RtRe (WASHD: FakNMBLbERinedN€s8m E@dbl 88cakE - one

calculated to be nole ratios of approximtely
derived from E. coli (Novartis) and the other from yeast

(Lucky Gold). Separate analyses of rhGH derived from E.

" coli and yeast stock solutions resulted in rhGH having the

same crystallization and solubility characteristics

irrespective of its source. Approximately 3.3 ml (10-20
mg/ml rhGH as supplied in unknown buffer) of thawed rhGH
feed solution was purified using a 10DG-desalting column
supplied by BioRad. Prior to sample loading, the\column

was conditioned by wasghing the column with 30 ml of Tris-

HC1 (10 mM, pH 8.0). The rhGH sample was then loaded and

allowed to enter the column by gravity. After discarding
the first three ml of eluant, another 5.0 ml of 10 mM Trig-
HCl pH 8.0 was then added. 4.5 ml of the desalted rhGH was
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1:1.715 for rhGH Protam ne and approxi mately 1:0.587

for 30 rhGH: pol yargi ni ne. The above rhGH pellets were
waanagemaus| y re-suspended in the appropri at ePaDIS2I03/041691

 iquor and incubated overnight at 2-8 C before being

centrifuged to obtain a congensed pellet. The

e BUREE NAL AL S] VEE €e d ENBYREL AL £ 116n VI, 2004¢ PEPIZR: ion was

PCT/ US2003/ 041691 - 46 pellets were re-suspended in
thére sentomedhersinguarMilivpeotit coReret HRF9HRfMWCO 10,000)

e)_and t 4 I
L
r&@gdlﬁg 3®em@ﬂﬁ1tayem§@@@ﬁ@arbylawsérbm@ée1atoﬁsohﬁm/o 813

not her uor while still resuspending, to 21 ng/n of
(T R TG Rbabh e b osbaoEomEh( o t Shs GFVEEALs ere

Eé&ﬁaﬁgfn&dé%&% &ﬁ&éa%@éi i -1 heneDt bgr i YOI prG-

can be tal n a rati o upon resuspenS| on Of

6®@@}hn®dwataaetabé Ro1fingl ExeWPEEC RSt f QNS 1PE 100 mM, 6%

(SRTRRLEL! g Phgr rRcdymay 51wl g5 1€y o cren o

£Y881 pBoBSsRSSohbENtRaYi¥A PharsBegkhDet i u:hersbuheloﬁ was
15 crystalline_reconbi nant human growt h hornone (rh

thh@nmﬂa@% aeBE &Y eAndubBOvBARBAsRY 33 ¢ Rl e12-16 fouzs.
@fgnl ggod an %yérxnggféewgﬁéaoM@éngﬁngﬁat§Qa§@d W1th
1S a e

er to es for controlled rel ease of
TEmy$FaGSLnesAh&hﬁimstoodTberunyandlsfnangedghn ganhgth
as a function of crystalline rhGH rel ease.  _20 Tabl e
EnomERpRYPHENEEE 1 Dedi §R £Br pr i ket ganesifuging and

o et ! N
PESTL0L 5L B LoD, Pig 006 Ikt Len U8 FRURLELEL pnc
cfygt&glléagiﬁh)y&ﬁﬂﬂkgﬁs(ﬁeaaheéd Bai byeBte?24-hd8, 832,

0.25 4 1 Sol ubl 96, 12
TbezgrzstglpEégnggésgzbg %BS ér@FnFﬁ@Beg@té&gga gtwgen 33°C

and 15°C but require increased crystallization time and
possibly result in reduced yield.

[0149] Complexation of sodium hGH crystals with ionic
polymer additive. Once crystallization yield was
determined, sodium rhGH crystals were re-suspended in
mother liquor (250 mM NaOAc, 25 mM Tris-HCl (pH 8.6), 6%
PEG-6000, and either 7 mg/ml Protamine sulfate or 4.2 mg/ml
polyarginine) so that a final concentration of 21 mg/ml of
godium rhGH crystals was achieved. The protein to additive
ratio for rhGH to Protamine sulfate was approximately 3:1
(mg:mg) and for rhGH to Polyarginine was 5:1 (mg:mg). These
ratios are calculated to be mole ratios of approximately
1:1.715 for rhGH:Protamine and approximately 1:0.587 for
rhGH:polyarginine. The above rhGH pellets were homogenously
re-suspended in the appropriate mother liquor and incubated
overnight at 2-8 °C before being centrifuged to obtain a

condensed pellet. The supernatants were removed and the
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Na- Acetate, 0 0.25 4 3 PEG 5.6 22.4 protam neb
"Commercial |l y-avail abl e hGH (sol uble, uncrystallized
wobanmjosewas obt ai ned from Novartis and diafilt eceasze3/041691
WFl. Goup 1 (positive control) received sol ubl e hGH
on each of the adm nistratiof days. 2 5 bSee Exanpl e
péblées peepatatisaBpetdel dﬁsehevveaeledelb'rcherfediqﬁber
daily bleed. [0152] Twelve fe j.uvenil e
W&EBHBFO@@H%CWBHQ¥V§IMé@é1téVg?d@HdlﬁFSrFﬁréé §r oups,
(82607 havi Rgahieybnani FRbLE . p@Bn%@}?BQy&eraB@d&%ﬁ%e ratios
adm ni stered either soluble rh G oup 1) sodi um
meyybeabbtefinedGEywvenyPEG &he pddyangEnpnec@Gt@aplgn

4/ 060920 P /US 003/041 4 accordin
E%WE? o3 TE, MEE R SAT O alE O PRl P ERUpERtiRY o 21
mBy el aBiEnehGE. oupos, caeepea, nganeEéé@plc@naéhtr}Ethns of

nonkeys, ranglng from2-6 kg in weight and 4-7 years
Pgptagencafulhatenda -5f Mgy Bal ndht thferethRd \;L.laagm gan be

uggﬁsﬁg bBe2ist al phess 3Ledl r%%&% e%%‘i'o?ip%‘% Wh%}ﬁ[e.agddltlve

automatic watering system or ma bottl

od@ninal. roon1enV|ronnent was controlled (approxinately
21 3 C 30-70% hum dity, 12 hours light and 12 hours
dar kness in each 24-hour period, and 12-20 air
changes per hour) and twggeméael ¥y the 10 nonkeys were
fed a standard certified commercial primte chow

[0I1I§|1I]an Teripzd atdie Phadmpcofaranticets tegdBsC)in feness
%1Er'%§&%m%h%> Lﬁ@%K)%% Cteq’he g @%e%ft%hlgeg%%gg was

conmpare serum concen t1 ons of
tbnaube&sLth@ Growtivd-phbamaco@Ent) iaf e ftile of

adm ni_stration 1 of soluble rhGH sodj um
CEYPERALE TS TR tpEgmaz &rﬁm%%grﬁm@ (é%z%‘; ypen
a?ﬂgnﬁ%@%H%%F@%&kﬁk%n%@u%ﬁ?Hﬂﬂ trRmaREG Y10 onkeys .

Group 3). Body weights were recorded "for all aninals
Tae str daghe weged geniegated dosiorglesn tchestelddsh a model for

ed in-Tahl e l.ood S
s At gt BT ik soma on
fera wetib@ tf efialas kr dofickli cor cfapliered 1Meien roiCH elease.

nor ni ngs of days -216, -120, 0, 2, 4, 6, 8, 10, 24,
48, 72, 96, 120,

Table 4. Experimental Design for Primate Studies I

Group ) AdministraEion Dose Level Dose . Dose Number of
# Sample of Dose (mg/kg) Concentration | Volume Animals
(hour) g/%g (mg /ml) (ml/kg) (Female)
Dail 0, 24, 48, 72, 0.25 4
1 Solubi%a 96, 120, 144 0.8 3.2
Na-Acetate, 0 0.25 4
2 PEG, 5.6 22.4
polyarginine®
Na-Acetate, 0 0.25 4
3 PEG, 5.6 22.4
protamine®

aCommercially-available hGH (soluble, uncrystallized form) was obtained f£rom Novartis and
diafiltered in WFI. Group 1 (positive control) received soluble hGH on each of the
administration days.

PSee Example 25 for preparation.

°all doses were delivered after daily bleed.

[0152] Twelve female juvenile cynomologous monkeys were
divided into three groups, each having four animals per
group, and were administered either soluble rhGH (Group 1),

gsodium crystals of rhGH with PEG and polyarginine (Group 2,
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144, 168, 192, 216, 240, 264, 288 and 312. Bl ood was
collected into serum separating tubes, left at room 25

woenp@mcaur e for 30-45 nminutes to allow clotti RQT/USR@®3/041691
centrifuged at 2-8 C for 10 m nutes at 3000 rpm Each
serum sanpl e was split intosa 100 | aliquot and

acSFRINNG o Ehdatille 280t RrOfs o it aSls0 ol ¥HGHE FAth
10 C prior to analysis. Typically, the smaller 100 |
PE[a pqEbpregemiged (STduer 3 h@dceatérd f&t F ¢ AR - The
rger remai.nder. s.u f; I, '
m S’és 'V\Elaélgé%l%e fg\ﬁnegt_i%g%g, lgllrjé'J egg&v%%tfné _o?%}éa%% of age
at! epld eales REFedatha tWBrt)04/060 926 IRCHUISAG0 34D 1in -

4
ek QLo ol ected serum SAr S AT, LIEN, anal st

sy AP R Q1R exdiddtid 1008, Werife nfiendl0 vd¥dd environment was
concentrations that fell outside the standard val ue

corangea. 1Al : (a@mesimg:redws:ﬁd # @ 5CobBAarf0&n hiumdidditaual 2

per anj mal avera ackgroynd | evel of i mate hGH,.
hORfiSs Heihtariiihl L RSt ige SRR bR o T e ReiRe
arll Vel S Jeasur@th e £a6dy tHdr)Paind thilcd hidilestthe

subj ect. The corrected values per time point were then
mavereg et st @ fandard et Weaf FOTIRFFIN Jerrate

10 S d Y '
c}écf“é n {fgalr’] aarra e@elr}éfgl% nd%&t %lgee cg o%e%ﬁe%t%geatﬁ y%\}rﬁilEk Et(;Jlkig)\/l ded

[Mys3he squaie priovitofsinady Wbl corkluctedH 1mvetder oro
groups 1 (daily soluble sodi um

, 2 15
MPFRTHY D A YA GFPRHE %ﬁr’a““%? QISR F I Prat AT heT T e
I L?iJPn—]'L%keStéiroxﬁ@uﬁa@tér Stthr G PUprEer the. adhimistration

verage daily Err. Average sodium Err. Average sodi um
ofrsolubts sitHibl@rowsH f hGepony ey fides of rhGH with PEG

aégﬁggf§§%%ﬂ%£§é7%@9@&%)%fg%é&g%oéggén%%y%ﬁg%§3§57ﬁ%§§gwith
P ladd pAoSRind drSup0312 Bol@PSwdbglBbs 46efd BEcorded
for all animals at transfer and prior to dosing on the
times indicated in Table 5 above. Blood samples
(approximately 1 ml) were collected from each animal via
the femoral, brachial or saphenous vein on the mornings of
days -216, -120, 0, 2, 4, 6, 8, 10, 24, 48, 72, %6, 120,
144, 168, 192, 216, 240, 264, 288 and 312. Blood was
collected into serum separating tubes, left at room
temperature for 30-45 minutes to allow clotting, and
centrifuged at 2—8‘°C for 10 minutes at 3000 rpm. Each
serum sample was split into a 100 pul aliquot and remaining
aliquot, both of which were stored at -70 + 10 °C prior to
analysis. Typically, the smaller 100 pl aliquot was used
for rhGH determination and the larger remainder was used

for IGF-1 determination. There were some exceptions, due

to volume of replicates needed.
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8 132 29 186 93 159 5i 10 18 37 409 202 381 185 24
-14 7 404 17 333 3i 48 -7 8 178 33 216 43 72 -3 10

wGzo@He@301E 96 -9 9 12 14 21 13 120 -11 6 6PCB/UR2MIN041691

144 -3 13 -6 10 3 13 168 10 11 -2 4 -1 11 192 -11 10
320216 -13 918 12 96 248 t 5 18 14 31 12 264 8
13315 17 Crillez88:d kEmBinl shrpd el wedk? theh brmlgzed for

rhGHvIuel th erage v e from4 ani mals
R o i 5 s e R A Vet 'R e e
diasaliiores wRaselidr ito tﬂﬁ}}ﬁ\t@rﬁ@@ltﬁ:fat\&fﬁﬂéestkﬁt tre1l
-216, -120 and O hours. 20 [0155] Figure 9A

qutisiste ahes auandasbvadiue pedden séldmvalafasmwere used to

ogﬁ%@lg gaglpg_qifw 'H;drgdl %r@% '@%%91%@ d WAL S evel of

RCTEUS20E .04 168k perdSinifalil @V@.ragmm’a/ safbtracted from

har macoki_neti.c paraneters base data i n Tabl
%oﬁ TR GO 2 TG S o < Hegyis Poshet test

féctDosqgﬁe (c'Hiz’r@teQi 8fa51u%55 IOE%e( 1'Ht) wehe 49%n
f r(‘g( % 2 10 10 AUC (0-t) 4570 3503 3455

1rr|'geo%c(1me)ct;e@i 'mga717 ofg rhGH in serum.

| b| hGH tall
] UL I ol e
deoritartdlon rogc eihee dcaatddiler] hddmorndeativieled gy seeBquare

adm ni stration days.
root of N=4.

Table 5. rhGH levels for groups 1 (daily soluble), 2

(sodium rhGH/polyarginine) and 3 (sodium rhGH/protamine)

Time Group 1 - std. Group 2 - std. Group 3 - Std.
in Average daily Err. Average sodium Err. Average sodium Err.
hrs soluble rhGH rhGH/polyarginine, rhGH/protamine,
(ng/ml) (ng/ml) (ng/ml)
-216 4 7 -4 7 -2 1
~120 8 9 7 5 7 <
0 343 65 -4 3 -5 <
2 372 48 -6 6 1 12
4 262 37 11l 9 20 1z
6 205 45 85 45 94 3E
8 132 29 186 93 159 57
10 18 37 409 202 381 18¢
24 -14 7 404 17 333 37
48 -7 8 178 33 216 43
72 -3 10 77 35 86 1€
96 -9 9 12 14 21 13
120 -1 6 6 13 2 11
144 -3 13 ~6 10 3 13
168 10 11 -2 4 -1 11
192 -11 10 3 2 0 7
216 -13 . 9 18 12 9 [
240 1 5 18 14 31 12
264 8 3 20 5 17 11
288 -15 8 1 4 17 11
312 4 7 1 5 8 17

Note: rhGH value is the average value from 4 animals that has been baseline
adjusted, i.e., value minus baseline. Baseline is the average of values at t
-216, =120 and 0 hours.

[0155] Figure 9A illustrates the level of rhGH in serum,
after baseline adjustment, as a function of time in hours

for Groups 1, 2 and 3.
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[0156] The data above denobnstrates that the tine at

whi ch maxi mum hGH appeared in the serum (Tnmax) was 10
waamune090 for the pol yargi ni ne conpl exed sodi BAT/US2003/041691

crystal hGH, 10 hours for the Protam ne conpl exed

sodium crystal hGH and 2 hows - for the sol uble hGH

eil & houghsdniesol afb lphdYaE s netelld velethatderd Haved on

the dose of the crystajatadﬂhntabnatisons t he Cmax

val ues |isted above in Tabl'e & show that hGH when 15

dettvered—Tnej uu—;rgrg{l HE COfTpl exgduprystal i ne d.QhLp5s

CSEOTHGRE@NREY [ EUUTE 3T @e Tl al seﬁym concepntrati omn. 4

SP:HR. (md/kgAdd[ Ti 0N, oag I190% vl ue hasebeen cpl cul atsed

T, . tg/ms0l ub| € and3oepystal || ne grawps. The| T90% 3Bor

G onyp. Ihrithe BHoluble2form was 20 hours, whereas the

TO@%e f ar-tfx oups 2 204%zavd 3, the conp$®xed crystall pes
(hors kalwlr-@g¥4| and 77 hours, | respectively. [These

reébMIéh@lparl show 2hat the rnnnlﬁ&pd rrv\talllnz7

@W%%ﬂslurﬁ*f%%a%}ee@a% Qf°ﬁ‘€§4el'e‘&ré1ré’5tﬁ‘]&rlz§.‘? o
dﬁagh of | {Re 4FT hdfﬁ Sltth‘ée SRR T3S f@f‘slﬁ/}l on
e GPE B PP URPET r]ﬁan:é | SR DT serum concent ratl ons

| I
[#iﬁéi?zn L etﬁ%g% %goéé}aém&ﬁét é@s Hrﬁﬁe @§m§ at

y nmeasuring t production of |G-
wHi chi heaef duive alagH oéppéﬁhdvasn as]n:erd;armed(Tn];abl ead belloonrs

reports the 1 G--1 concenfrations_for aninals | Gr S
£4E SR Copl Gore oins | PoSe | Sted TRAtOT of T bRy el Fhefours
féﬂbﬁﬁécﬁf89am9ﬁee@Q@?F@Q@& é&ﬁiém'@ﬂ?é@alcﬁﬁﬁ|§ﬂ@d2 hours

crystalline fornulations -have denonstrated the

fabi the ysobubl e nafdt e WER200490809Pe PeT Wshe0BEFG4189 1
d%%ﬁ¥%F%$F %. Z%Eﬁsﬁﬂgogggéag%t ﬁg g§¥£¥a§o£&B£SlStratlonS,

ese resu
t@él@@&GSaluéélEﬁQEeﬁhabovéotﬁUTablenS ehomrdhag heH when

this invention may be advanta eou used o achi eve
dei xyeredei i ehEher nohurBRscoms %%a gH?YSF kL 1npefRTES

I e
g A R Wi

In &fiditGpoupal3TsesSrdluei hapveeagecdathyated. favethge
sg?ggfg1§£é chGEagflﬁgdégghEET' The Tgoy for Group 1, the
soluble form, was 20 hours, whereas the Ty for Groups 2
and 3, the complexed crystalline forms, were 74 and 77
hours, respectively. These results clearly show that the
complexed crystalline forms result in elevated hGH levels
for significantly longer times than that of the soluble
form.

[0157] In addition to determination of serum
concentrations of hGH, the level of IGF-1 was also measured
as a function of time. By measuring the production of IGF-
1, the efficacy of rhGﬁ was ascertained. Table 7 below
reports the IGF-1 concentrations for animals in Groups 1-3.
Figure 9B illustrates that following baseline subtraction

of endogenous IGF-1 levels, complexed crystalline

formulations have demonstrated the ability to stimulate
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hrs soluble I G- 1 rhGH pol yar gi ni ne,
(ng/mM) 1G-1 (ng/m)

w0 42604350924

| G- 1

(ng/ m)

r hGH pr ot am ne,
-216 -48 54 263
-120 -0.63 22 4 34 218 115 0 48 7BCTAB2003/041691

158 -249 86 2 39 32 -160 146 -56 104 4 22 52 -344
191 -120 114 6 37 45 -244-189 -19 96 8 -22 9 -464

I14701- 661848 d6mpABabBe- 881d219y4s8bub24 43AiA3B8trdOhons.

78 223 214 48 446 59 164 244 191 164 72 414285 248

Thoge3upsvhy s opR 4881 14YMABPEF 3 §8S p43ndi0pt 62

38 484

fé%ﬁu@gglgﬂé 2d88r88656805¢#1 489In3Qrht 184 mlHB8pE36 82
191 240 176 192 438 71 356 136 227 15

aQVam559¢c85117u&a@ to4gchiove9sigylsr ¢8ficacy264 hemans.

216 288

67 88 82 85 167 288 222 113 243 95 201 208 312 178

175 79 120 86 149 Note:

| GF-1 values are reported as
t eaverage naa-ued esalleulfaire o daanymycs ubl@ t Raddium

have beemddasRlll/Re At ethd IsdBiuny Ahder /PritSmine

baseliné€ Baseline IS the average of values at t =

T2%6w {12Q-apd 0 NpowEEs. EXAM%&E 27 [ 0158}a; Group 3 - std.

Phaint ocdyagadiiey st LRty o . ?fle‘vgt H W@Jr-rmnehvzr/@g sodium | Err.

A i , o)

adrfi*hi st BPEG7ET i pgl e of 81%,{;?1 itutlaneous| 158 ti/ﬁﬁ'f

t{0 —zieypophySect om Fed smf € rats hessgoal 1o | Thi s 94

dt Utk Wwas to  chfare $2h]e efficacy of [diff#rient 218 115

ftof i'g"p” att+ons—of g‘é 1 VAVf‘ﬁII adhrnt-st c?_g'%u Gné?&? o+r—ckat Y _322 122

florzSevyen consSeced | Ve eaysS  subcUt apequst Yol [0 ~120 114

Rypéphysect om zed il e43W st ar rat s -2FHe 2@k udy -19 96

d ArciBanlumne Ac f R?a e Tahl o © Ct .'.%ﬁ r\nnij'?‘)n CAanrl n_66 119
Qi(Mll VV.(.AQ ao T \ibé VAN 63' a.lJl T U, JL Uhlgyl I-ICQ!zwl. Uallpl A>3 4 86

Desgription G aup| # €S Sanpl eidJgSTr iz on 223 214

446

59

164

244

164

414

95

248

224

207

485

114

402

67

243

120

524

73

484

126

216

144

636

63

574

189

187

168

636

82

415

191

176

192

438

71

356

136

153

216

288

87

155

108

146

240

210

69

197

57

93

144

264

161

67

88

82

85

167

288

222

113

243

95

201

208

312

178

175

79

120

86

149

Note:

average of

[0158]

administered by single or daily subcutaneous injection to
hypophysectomized male rats.

compare the efficacy of different formulations of hGH when

values at t =

Pharmcocodynamic study of human growth hormone

-120 and 0

EXAMPL

hours.

E 27

administered once or daily for seven consecutive days

subcutaneously to hypophysectomized male Wistar rats.

study design was as follows:

The

IGF-1 values are reported as the average values calculated from 4 animals
that have been baseline adjusted, i.e., value minus baseline.
-216,

Baseline is the

The goal of this study was to

Table 8. Study Design - Sample Description
Group # Sample® Sample Description
or Test
Compound
1 Daily Soluble (no hGH) 16.7 mg/ml D-mannitol, 26.7 mg/ml




or Test Conmpound 1 Daily Soluble (no hGHd) 16.7 ng/m
D-mannitol, 26.7 ng/mM WO 2004/ 060920

wWeOeCH4Ws03/ 041691 - 51 Vehicle - Sham sucr oBeT/US2005MWE1691
NaH2PO4 (pH 6.5) Hypophysectony Daily Sol uble (no
hGH) 16.7 ng/m_D-nannitol - 26. 7 ng/m 2 Vehicle -

Low sucl o8ehic58 1rivhhiaHR P@kofpH 6. &) WBEg®, (pal bys5)
Sol ubl e | (Hedptyfectemy hg/m D-mannitol, 26.7 mg/m 3

Vehi cl e - DRiLYh S%E‘*P]@se (50 bW N&H? P i m%rrepsn)to@os%ﬂ mg/m1
0.71 ny mVePh‘é% 1 W7 LI 92 ﬁe?nﬁfl’ tN&FIzP% ﬁBéIi Fy5

Al 1ihl
\vJ

o ene S T R

D- manni § o sucrose,

(pH 6.5) Sotubt e 3. DOngL/—%/rﬁlnHTGH 15_;7 T/8 D-mannitol,
D- ngnni { dlails Silpgle -Bobelsy A6/ml H@éxﬂ&ise&w Qf enargfb,Mu 6.5)
NaH2PO4 (pHIG’WSI?OSGHl gh Dose PoI yargl nine 18.7 rrg/m

Crystat iR g ueRl T rheéH O1%5Y Hgyml D Indinie s,
PEG 6000, 25 BMdris- H‘uls.(7p Brniblucrds6, 4098 WM, (pH 6.5)

pol yar gif ni NeocHkie (HDOI af 3 (AgPmDirhéi Gl PP hyI D BN ItS 1,
1: 06 587 | So$igiie BolR60 Nk Na@htyl 606cHEse; 600N BB, PdYl (pH 6.5)
Tris-HC1 8HPyloPasene (pH 8.6), 0.75 ng/nml protamne

sul fate| Gy SiBeot aiffeng/m8 ayyeHaléinsrafii 360 mM NaOAc,
r HGir, 25@149:@/{%% Crt 9| €F REFaPL00- {%WG%JPE@?%G@E 8.55, 3.6
M Tris;HCL (pbd. 6), PIFE ERSE-S ta@ijlferatlo of

ne ig . 2~

ot+Hf o+ —F
St GLF \an g 1gll\J © 254" ﬁgﬁAéa ﬁE 03 “Tris-HC1
Progam ne 1§ tahd C | é%f al b %i@o@%l%ﬁ@ 'fate

10 Crystals CryEEaGL@ 6000 25 Tr| s-HCL (pH

6.b), 4| Dose ITDIm Pr D8 AT P S W i S8 1 {AD - REH] 35 0P NaOAC,
rhGit pol y@ﬁﬁs B s 1| &% 2H8-6000, 25 mM Tris-HC1 (pH 8.6), 0.75

S - mg/ml protamine sulfate (molar ratio of

Dose rhGH:polyarginine is 1:1.715
Protamine 18.7 mg/ml crystalline rHGH, 250 mM NaOAc,
) 6% PEG-6000, 25 mM Tris-HCl (pH 8.6), 4
10 Crystals - High . .
Dose mg/ml protam}ng su}fate (molar ratio of
rhGH:polyarginine is 1:1.715.
Vehicle 250 mM NaOAc, 6% PEG-6000, 25 mM Tris-HCl
11 Control- (pH 8.6), 3.6 mg/ml polyarginine-HC1
Polyarginine
Crystals
Vehicle 16.7 mg/ml D-mannitol, 26.7 mg/ml sucrose,
12 Control- Single | 50 mM NaH,PO, (pH 6.5)
Bolus

°All samples were prepared using WFI under sterile conditions. The vehicle and soluble

hGH samples were filtered with 0.22 pm filter after bringing the solutions to their
respective final volumes.

Table 9. Study Design - Administration

Group # Dose Level Dose Conc. Dose D Number of
or Test (mg/kg) (mg/ml) Volume Qse Animals
Regimen
Compound (ul) (males)
1 0 0 200 7 daily 13
doses
5 , 0 0 20 7 daily 11
doses
3 0 0 80 7 daily 11
doses
4 0.143 0.71 20 7 dally 11
doses
5 0.8 1 80 7 daily 12
doses
6 5.6 3.5 160 Day 1 11
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Vehi cl e 250 mM NaOAc, 6% PEG 6000, 25 mM Tris-HCL 11

Control- (pH 8.6), 3.6 ng/m pol yargi ni ne- HC1
weabosaegizni ne Crystals Vehicle 16.7 nmg/ M D neamiusedo3/o41691

26.7 ng/mM sucrose, 12 Control- Single 50 mM NaH2PO4

(pH 6.5) Bolus 'All sanplessawere prepared using WI

under $terid.e conditizng. THe vehi cl ¢ andaygal ublle hGE

sagples were filtlered wth Q.223m filterpaf tier 11

br$ngi ng the sol utiong.to their 30respect bae ifi ndl 12

valounes. 55Téble 9. Staudy Dasi gRC- Adni npPsy rlati dn 12

Gup # Dosé@ level Dos@ Cong. Dd8e hwnbepabﬂ- or| Testll
(gl kg) (nmgPm) Mol ume®Dose |Ani #8l s | Confaiidd (| 11

Ner

Regimen (rmales) 1 0 0 200 7 daily 13 doses 2 0 0 20

7 daily 11 doses 3 0 0 80 7 daily 11 doses 4 0.143
20 7 daiI 80 7 daily 12 doses

(8165573 ukgp Mail %5 JBohroussagr rats, weighing

g}gi%&é%ggéi‘}%@% 00- g:'?%ms 7a§d6bé §n%oégp96xlﬂaa%%ly82 8-90

dags Qldo Peg6 g@yum mQuSQQ oncegocgayr@llgd[cmsgptmpnﬂ
arrival st ar

bR ity b0 s hians hoa T LS P iy 3o-

78%; 302 hours light and 12 hours darkness in each 24-hour
period, 10-15 air changes per hour) and given access to
purified water and laboratory chow ad libitum throughout
the study. The rats were allowed to acclimate to the
environment for two weeks prior to testing.

[0160] The 138 rats were administered samples according
to the concentration, volume and dosing regimen in Table 9.
The test compounds were administered once or once daily for
seven consecutive days as a single bolus injection
subcutaneously in the dorsum area. The site of injection
was shaved and marked up to 3 days prior to dosing and
thereafter as required to facilitate injection. The test

compounds were administered using a 30-gauge x 8 mm needle

attached to a 300 pl syringe. Test compounds were
carefully inverted in order to ensure suspension or
solution uniformity without causing foaming prior to
withdrawal into the syringe and again prior to
administration.

[0161] Weight gain was measured and recorded twice
weekly during weeks -3 and -2 and daily from days -7
through 14. Rat weights were approximately 100 g x* 10% at
dosing. The results of percent induced growth are
presented in Figures 10A and 10B and summarized in Tables

10 and 11. 1In Table 10, “high dose” represents 5.6




10

- 15

. 20

25

days ol d, were group-housed under controlled
conditions (approximte tenperature 23 3 C, relative

waanidice9eo 30- 70% 12 hours light and 12 hour sPdafismm®3941691

in each 24-hour period, 10-15 air changes per hour)
and given access to 10 pur+fi®d-water and | aboratory
mg /ey @deki bi THEN Bhtaughdubtrhbesstudycofperisba vEr ehe
allowed to acclimate to the environnment for two weeks
W%%%F g8ipesfi AGLS[ BABOIITReS1BE patBIREEEOD Of
I r di n I
O Rt AR5 n IR0 (95ofRCR: Thdingh§ §5F GENERGM, BLpPimine
(GnuppanasamﬂréOadEkamgleréE)oncgsbalsnoeedaalyeﬁen day
sevea consecutlé ? ysS_as g |n§ e _bol us |2Eectiog
PEbRtt XREEHS! § PR Ke BéPShnPEr 8. CTRE St 485PUP L. 1O
h&n) esti gB1uwas Bhavedmphdsmackedpdpat and d3ysvRE Bhet Bame
d05|n8 and thereafter as required to facilitate
seWpBceErBnPeThedt esErouPcdmpsintisHyBrehyaairhPsyerags, shows
tHé'HQrﬁa%o Qé%gﬁ évér”H’E8$Qheda?t?§?F88 toméréggek, rats
ounds were inverted in
havdﬁg beeanadménﬁsSpeadlthHrpoighmgunmnenmﬂmbapty had a
mﬁ#hout causin foanlng grigr to, withdrawal ,into
highfhgReRREREgAPAYRRoFTPYC 5Wé5H1ﬁP§tF5ﬂFSElOFO?8Tf seven
dé@égghhaaatﬂo\é@s rEeasuhed fBder aapkHdedtbweaesoMaBkky han
during weeks -3 and -2 and daily fromdays -7 through
(€1ouRab) m@aghtéaMeﬁ@raspV@nudEVély PbgegvedoFdferences
of. [ c r
ofPEeRk dainy Eoguble 1B at e aa canag rha§EEids of
p$apbe§1n1&eaﬁdm@1exbﬂ EaQEEalmlnehrthdcaanotebéesentS
5.6 WD 2004/ 060920 PCT/ US2003/ 041691 -
skaFkgrweek lYTNETd4( 5T | | dSEPSL é@sflﬁésc6%H§F§Sﬁeoithf"ﬁehGH
%ﬁbggﬁsgéhﬁ QEr&ﬁﬁ%tﬁéﬁbngcéo§6EQPetb”kﬁ%tb?@s@ht
pol yargi nine (G oup 7
ink€Htprot amenes e@ﬁoaps19uand81dalEyaﬁpﬂeb25)rbﬂﬁstals
gver atseégn da¥ 5 erléﬁ)versus a daily injection of
BRfrGFEEEPoay ST, O or sol ubl e hGH sanpl es
(Goups 4 and 5) over the same seven day period.

Group 1, Sham Hyp ectony rats, shows the nornma
Gradueh fer %Ikamﬁgl hdtg igh Iﬁﬁkﬂnkﬂ Hypgrhiysectomized

Rats
Group # Sample Description Day 8
or Test Induced
Article Growth
1 Sham hypophysectomy 22%
7 Polyarginine crystals - 21%
high dose
. 5 Daily Soluble high dose 20%
4 Daily soluble low dose 11%
10 Protamine crystals - high 5%
dose
Daily soluble single bolus 2%
6 \
high dose
N Protamine crystals - low 2%
dose

Table 11. Daily Induced Weight Gain (grams)
in Hypophysectomized Rats

Day

Group 0 1 2 3 4 5 6 7

1 0 3 7 10 13 15 19 22
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havi ng been adm ni stered rhGH: pol yargi nine (G oup 7)
had a 10 higher percent induced growth wth one
wonpewsean over seven days than those rats thaCTWSz®3/041691
adm ni stered soluble hGH (G oup 5) each day for seven
days. Cbserved differences shketween daily sol uble

Y] eqt I,OMS & Signgl B 1 Aectfionsg of | polgyar pi nkae 21
CPTTPIEXey Cryst akTinpg rhf5H canngt be I5gStafisthcallly 11
veTTfed: eSe fesu[ s pltustrafe {hat, NGH Chystals 2o
iy EIOI’\IL.I‘:%[I onS g accprarag 1ot rge p esent m/ed’ltl on s
are—gs_efffi-cgcrogs—as darty [solubie{Th apm stegred
o‘%"er orfe-week- 2—Ta icdé‘O. 8 u%y rluuuj'wv |g% T
} l—l\nthlr'\ (ﬁzr\ri- arme —zaod D . i 2

1y pPopTty SECTOm—ZCU nat=s" Uup # oculpl CESCT T PUTOTI
Day 8 or Test Induced Article Gowh 1 Sham

hypophysectony 22% 7 Pol yargi nine crystals - 21% high
dose 5 Daily Sol uble high dose 20% 4 Daily sol uble
Iow dose 11% 10 Prot amm@ 28 s - high 5% dose 6
dRdy_sol 2] Pl ROk Usr 211@14 N 00581 o RG 8t Seand
cryst al s dose Table 11. Daily Induced
DMt gyt nSadunl farauns ) He%e | re Hypophy sectlonf oed! Ratwtigmyot

EVREECE EECERRCREI S
e?® 2docies 0= 20 & Brdd AdomED Bl INI2adbidB & the

other from yeast (Lucky Gold). Separate analyses of rhGH

derived from E. coli and yeast stock solutions resulted in
rhGH having the same crystallization and solubility 4
characteristics irrespective of its source. Approximately
3.3 ml (10-20 mg/ml) of thawed rhGH feed solution was
purified using a 10DG-desalting column supplied by BioRad.
Prior to sample loading, the column was conditioned by
washing the column with 30 ml of Tris-HC1 (10 mM, pH 8.0).
The rhGH sample was then loaded and allowed to enter the
column by gravity. After discarding the first three ml of
eluant, another 5.0 ml of 10 mM Tris-HCl pH 8.0 was added.
4.5 ml of the desalted rhGH was eluted and collected.
Concentration by centrifugation was then performed using a
Millipore concentrator (MWCO 10,000) at 3500 rpm for 20-30
min. The concentration of hGH was in range of 30 mg/ml as
measured by absorbance at 280 nm/0.813 (1 mg/ml hGH A280 =
0.813 absorbance units). Crystals were grown by adding
deionized water, Tris-HCl (pH 8.6), PEG-4000, Protamine
sulfate and Na-acetate to final concentrations of 100 mM,
6% (v/v), 2 mg/ml and 500 mM, respectively, in the total
solution with a final protein concentration of 15 mg/ml.
The solution was then mixed gently and incubated at 33 °C

for 12-16 hours. Needle-like crystals were obtained



10

15

20

25

30

1005975665 603322232 90442022
2 EXAMPLE 28 [0162] Crystallization of hGH with
weadimacet ate and 5 Protam ne sul fate. Her ePC®US2003/041691
frozen bulk feed solution of soluble
reconbi nant| y- produced hGH (BBhGH) was obtai ned from
rdndR 1 OGKSL endtle ek \Eshid:omdte 18013 HNavanins) mivkr
the "other from yeast(Lucky Gold). Separate anal yses
cesft riHogingerand Pelah Mo 19 Wi ipdasttha stypernatant was

|_ut.i ons S [ - ; VA SAUE-

e}gtlroryas ta i% éf ‘i t)gnéygérii:dﬁi 121 ol[léugbi{lltblq%_bn %gh&agﬂa{#z?l st cesd a8

grddespatidvead. its source. Approximately 3.3 m
(-10-20 ng/m ) of thawed rhGH feed sol uti on was
purified using a 10DG desalting col um supplied by

Bi oRad. Prior to sanpl exxtreadigng,o t he col um was
condi ti oned by 15 washing the colfum with 30 m of

[O¥6 3} HC1 Guos M 1 3R 81Oy . Oof THEH riidHh s¥erbt en ke Eaen and

| paded. and | '
PRI B b T S, HPIATELLY SR i or
s herréodinvd nadt 1P- bt desd HEH pHl8sH) weess adldieglined from

4.5 mM of the desalted_rhGH was eluted_and col| ect ed.
L) TEREEht T RO OB ERRt FTP gt i %?#Jwag“?‘ﬁae‘ﬁt Rt fentrehne

ot$d P9 for gﬂyééé@@ﬁ@cﬁﬁn@mf at 0fe A MM 14h D003 e 8t 0 B5PRGH
rpmfor 20-30 mn. The concentration of hGHd was in '

deniged af r30 Bry/ ol Asandernsas vdshyclabsol baiers areggbted in
n 0. 813 (1 nmy/m hGd A280. =. 0. 81 o its).

r n%;s]?%Yané\E’f%gg?%% %Jfly%td%i]l‘lnbzigloei %%?zée%ﬁlv\ng?le?& )

cH&FScHG 4Pt 8. 6)re BEEC Y008, oPr Dt angdercsul f apprantimately
Na- acetate to final concentrations of 100 nM . 6%

3(3/wY, (D0rRP i ARd) 500 FvAWedsHRER | 1Ry, SPhUEhant Beal

: . e resh ry. T .
PARVLALINALAD 2 {hnolsdset elacoosegh abiensst 59 mionac.
Prheubad edampl 831 280ngor tie- ¢61lhwureas Needflet f pRed by

crystal s were_ obtaine 2004/.060920
wpehs B8 Bahegh Vi Ehs r‘gﬂg?ﬁg§¥hsT%ﬁjgt (19, m, DH 8.0).

TREPLA%L MBLRbYe 2wh8 2ReRM oAlterangeallbfieg@i g énder the
pelleting the crystals the supernatant was extracted
cahdnnchysgapvitat i oL yrEl 8igasrAbaguFBE Asrst three ml of

eluant, another 5.0 ml of 10 mM Tris-HCl pH 8.0 wasg added.
4.5 ml of the desalted rhGH was eluted and collected.
Concentration by centrifugation was then performed using a
Millipore concentrator (MWCO 10,000) at 3500 rpm for 20-30
min. The concentration of hGH was in range of 30 mg/ml as
measured by absorbance at 280 nm/0.813 (1 mg/ml hGH A280 =
0.813 absorbance units). Crystals were grown by adding
deionized water, Tris-HCl (pH 8.6), PEG-4000, polyarginine
HCl and Na-acetate to final concentrations of 100 mM, 2%
(v/v), 2 mg/ml and 500 mM, respectively, in the total
golution with a final protein concentration of 15 mg/ml.
The solution was then mixed gently and incubated at 33 °C

for 12-16 hours. Needle-like crystals were obtained

ranging in length from approximately 2 to 25 um. After
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greater than 90% 5 EXAWMPLE 29 [0163] Crystallization

of hGH with sodium acetate and pol yargi ni ne HC1.
wolkom/o6e26 r ozen bul k feed solution of sol ubl ePCT/US2003/041691

reconbi nant | y- produced hGH (rhGH) was obtai ned from 10

two stocks - one derived fr®en E. coli (Novartis) and
ceht‘@if%ﬁlﬂﬁg thampopeastihgckiieColrgtpradepahat euppahpsest was

of rh erived fromE. coli and yeast stock
eXE@ﬁQtEdngndesGKV@GaﬁﬁlzﬁHEPPhXQ?ﬁg VRE ygpgured as

r all Lzati.@n and solubility characteristics

gr%?%é%pébﬁpv%oéf its source. Approximately 15 3.3 ni
[006@120 nginhpugh thawddrehGimbedtveptdtnohagapeen

purified using a 10DG.desalting_colum, supplie %
deprERRAES iy FoTte; GECATH B9 B8 HG, 1th R 4o examp1e

&SESPITTWAS

£ogOoRdi Hg%%%dotﬂ’ cl\é@@l%'g/n ot hedeekuamatiny) 3@ miilaf be
Tris-HC1 (10 M pH 8.0). The rhCH sanple was then |

rebdaded appé rantowed hosee Rfe PTEREXY EHidmn 1By tgeafity 10

After discarding. ficr st .the : a ]
LGRT R Bt CHECETES B TS e 67 AL add
chhngad a0fd thelidesaltiethsr @t Wes meldst édhearead oc oliltdoued.

Concentration by centrifugati on was. then perf.orned
depsivig g M %56 eqFUo‘:rJrcter??‘r G M?@éhfo,‘ﬁﬁtﬁlofturfsoo
LR 065 20530 2P tH apPa8i el GaHd @it 0f hGH was in

range of 30 ng/M as neasured by absorbance at 280

nm 0.813 (1 nmg/ M hGH A280 = 0.813 absorbance units).

Crystals were grown by addi ng deionized water,

Tris-HCL (pH 8.6), PEG 4000, polyarginine HCl1 and

Na- acetate to final concentrations of 100 nM 2% 30

(v/iv), 2 mg/m and 500 nM respectively, .in the total

solution with a final protein concentration of 15

mg/ M. The solution was then m xed gently and

i ncubated at 33 C for 12-16 hours. Needle-Ilike

crystals were obtained ranging in length from

approximately 2 to 25 m After WO 2004/ 060920

PCT/ US2003/ 041691 - 56 centrifuging and pelleting

the crystals the supernatant was extracted and,

crystallization yield was neasured as greater than

90%



[0164] Al though the foregoing invention has been 5

described in sone detail by way of illustration and
wexenpee?20f or purposes of clarity of under st an#Cmgs2008/041691
will be readily apparent to hose of ordinary skill in

the art in [light of the teachj-ngs of this invention
that certain changes and nodifications may be nade
thereto without 10 departing fromthe spirit or scope
of the disclosure herein, &Ll ng the appended
enmbodi nents. WO 2004/ 060920 PCT/ US2003/ 041691 57
CLAe/B:1aMnclaim 1. A conplex conprising a protein
crystal and an ionic conmpound. 2. The conpl ex
accordi ng to kil ai M Igommbesr etompal L pd i Pretein crystal
sel eq%ed fronlthg [ oupy consi sting of: therapeutic
pr ot&t i} ¥UsTon"Proteins, gl ycoproteins, receptors,
synt hetic antigens r ecombi nant anti gens, viral
surface prote2ns, tio nenes]ex andtdcdoding, tenzyats, 1 Fab
fra ments, cyclic $B tldes |nea eptides. 3. The

%&e%%c%ﬁ%ﬁwﬁf atn oo e%%% et P8 g group

thg&ﬁﬁ?ﬁéﬁfn r@fe'@héﬁaﬁ@u@f&@&réi@ﬂhéhefu@f&prrotelns,
consisting o gl ucagon-Ii ke peptide 1, antibodies,

hi sgbycmpmtmmm yreeepgens, $m*elg¢th@ angeyersins,

|nh|b|t r omﬁh factors pSLI ] I hor e

ner Ve EERE nE bR Ee  bT bRl or bt £148 PRagE bRes “hormones,
adh@ﬁtﬂbo@@é@ﬁUéﬁﬁym@@neF@Brph@@ﬁ@mtspr©y©lﬁ6 peptides,

| ectins, trophic factors, cytokines such as TG-, 6,

I L- §1n¢@r4pe@t+¢$p 6-1FN, y-1FN, TNF, IL-6, IL-8,

| ynphot oxi n, 1L-5, ngration inhibition factor, GMCSF

IL-7, IL-3, n@nocyt@hgaséﬁgb@ﬂea@%wynéttau&@amgz
factors granul ocyte colony stimulating factors,

nulthregnrealétah@eapeuteanrObeh@r1$yﬁ9h©ﬂtﬁ@sfr0m the

LoxaLd SEYAISEROLhET o FREk Gt L BEMLLR, TEA
antibodies, histocompatibility antigens, integrins,
selectins, inhibitors, growth factors, postridical
hormones, nerve growth hormones, blood clotting
factors, adhesion molecules, bone morphogenic proteins,
lectins, trophic factors, cytokines such as TGF-§,
IL-2, IL-4, «a-IFN, B-IFN, vy-IFN, TNF, IL-6, IL-8,
lymphotoxin, IL-5, Migration inhibition factoxr, GMCSF,
IL-7, IL-3, monocyte-macrophage colony stimulating
factors, granulocyte colony stimulating factors,
multidrug resistance proteins, other lymphokines,
toxoids, erythropoietin, Factor VIII, amylin, TPA,
dornase-o, a-l-antitrypsin, human growth hormones,
nerve growth hormones, bone morphogenic proteins,
growth differentiation factors, neuregulin, urease and

toxoids.

4. The complex according to claim 2,

wherein said hormone is selected from the group



nerve growt h hornones, bone norphogeni c proteins,
gromh differentiation factors, neuregulin, urease and
woan@iode204. The conpl ex according to claim 2, PCHMMUS2@®B/041691

said hornone is selected fromthe group WO 2004/ 060920
PCT/ US2003/ 041691 - 58 consisging of: human growth

hor none, gl ucagons, parathyroid hornone, fertility

hor nones uten%;i hornnneaaﬂd follicle stinmulating

[

l
hor AR SEI0FhRl £ HPFaR JERBFRI RGERBne) aphHoaIORMer ei n

sal fa2at hpadyai Ros@bee| efobt M EhehgrAuResCORSLSh] Aing
of : Infliximb, Etanercept, RituXimab, trastuzuma

Abcherrmane #adi {eklhabe stiuwbabnbn@BermGeat uzumab,
Basi | i xi mab, Daclizumab, Zevalin and Mlotarg. 6. The

conpl ex accorging cl.aj rein said enz IS
sel ect ed fron?fhe %@%uég&g%%éi%¥$§5§%?g SS%S?% gge,
| i palsereamysase, anbyidoay asesse battlad esrohSONBr §866p

| yases, .|l jgases ad | at e cycl ases, transferases,
oxi GorSltiiagcat: ThEi1¥aueR; FaceasechHenyreybrate,
per oxh desesmapd ABYIRNGH NaSE] 1 i zUHeo COMRL-&Xonab-cD3,
according to claiml1, wherein said iohic conmpound IS

sel eeMedzyRIMm t Brs bt oxipmakonsiclimgnalh; Ppevyhensand
polqi?g%éﬁgs, ol i gopepti des, proteins and dendri mers.
8. e conplex according to claim7, wherein said

pol ypepti de or protein conponent of said ionic

conpound has @&. nol Bicell esmpbéghicodr@teates ¢hamm apout
2 k. 9., The ggqylex according to_claim7, wherein

sai B ot Ypet + Ue™ oY B 1 pF Bt 8F e € offiieliee ¥ rowR d
| ONkSn S0P F S SEkeet £eh £& prri%;sfz%% Z%g%]og%f:l sting

of : polycations and pol yani ons.
PCTAEDF o1 6idases, isomerases, lyases, ligases,

adenylate cyclases, transferases, oxidoreductases,
nitrilases, laccase, dehydrogenase, peroxidases and

hydantoinase.

7. The complex according to claim 1,
wherein said ionic compound is selected from the group
consisting of: polymers, polypeptides, oligopeptides,

proteins and dendrimers.

8. The complex according to claim 7,
wherein said polypeptide or protein component of said
ionic compound has a molecular weight of greater than

about 2 kD.

9. The complex according to claim 7,
wherein said polypeptide or said protein component of
said ionic compound is selected from the group

consisting of: polycations and polyanions.



- 59 10. The conplex according to claim9, wherein
said polycation is selected fromthe group consisting
wofhoo4Peaan ne, pol yargi ni ne, polylysine, PCT/US2003/041691
pol yhi sti di ne, histones, nyelinbasic protein,
pol ynyxin B sul fate, dodecyltr?%et hyl anmoni um br oni de,
bradyki nin, sperm ne, putrescine, octylarginine and
synthetic peptides and dendrinmers. 11. The conpl ex
according to ghai mfe ¥REIEkNa88bEIPRLYRBI BDakR 9,
selected fromthe group <consisting of? polyglutanate,
pol yaspaitaseid polyastybatés pelgcyadobroyl bhesgroup
pol yl actate, polLy-B- dr oxyb rat . .
ol S Phs el P HoREo EAREY o 1Yk S iming, el yLysine,
SU|%@1?ﬂi@@i&§ﬁé?hﬂﬂéﬂ@ﬁesdemyéamnBaéiatp@otehﬁpapbmymyxin
sulfates and dendriners. 12. A conpositjon conprising
an Bneelipre, padsevibspeabedlprmansvrubrenigfase,

nhepelg ehdn | 030MHPLE PBASECLSiAeCOBBLEXaL0MRELS! Oy
a proteYn crystal, an ionic conpound antd an~excli pi ent
andsyhehet hcspedt $dkat bod pghadeimsrsel ected fromthe
group consisting of: water, buffer, preservative,

i sotonicity ent stabilizers and.conpi nations
thereof . 13, The cORBoSPRPRY aCeoparigor SoCRaPt;

wheyBERe a1 dapaobeitahsosel eckellettom FRemgEBEPgroup
consisting of: therapeutic proteins, fusion groteins,
eg@@BFéﬁEFHQ,OFéCEE BE%Pt§VﬂFﬁetP@1§ﬁFP@§E§,e'

rec ig p [ -B-
nor pongace LAk, OBRLycYahBR-FYIAREE, PO OB Latey oLy -2
pephiydesxyblitpeatepepbilgesnyldyrdhéidonpeshyrdnronic acid,

according to clai 3, -wherejn said therapeutic

o oREPAL TG SERLCRERT PaHY PRECHEF S8BT OAB5oRaT Sl Eates,
PCThUS2093/ 84168t es- 286 dghavRPmeeBRsi sting of:

gl ucagon-Ili ke peptide 1, antibodies,

hi stconpatibility antigens, integrins, selectins,
i nhi bi tors, giéwt hAf §efBPS1thest FPEpEaping an insoluble

phase suspended in a solution phase, wherein said
insoluble phase is a complex comprising a protein
crystal, an ionic compound and an excipient and wherein
said solution phase is selected from the group
consisting of: water, buffer, preservative, isotonicity

agents, stabilizers and combinations thereof.

13. The composition according to claim 12,
wherein said protein is selected from the group
congisting of: therapeutic proteins, fusion proteins,
glycoproteing, receptors, synthetic antigens,

. recombinant antigens, viral surface proteing, hormones,
antibodies, enzymes, Fab fragments, cyclic peptides,

linear peptides.

14. The composition according to claim 13,

wherein said therapeutic protein is selected from the



hor nrones, nerve growth hornones, blood clotting
factors, adhesion nol ecul es, bone norphogeni c proteins
wana4oeed ns, trophic factors, cytokines such BET/US2003/041691
TG--,6, 1L-2, IL-4, u-1FN, ,6-1FN, y-IFN, TNF, |IL-86,
IL-8, |lynphotoxin, IL-5 Mg@tion inhibition factor,
GMCSF, |L-7, IL-3, nonocyte-nmacrophage col ony
stimulatin r n t I | ating
rEOrE, SO Tt IR B B Sy
Iy@@h@k@@ﬁ@s, mbgwmdﬁpaEIyihrbpoaetlgenEacintegkims,
anylin, TPA,  dornhase-u, tk sin, hunan ro
PR ORI n et oL G HBF SRRt S BhNE® noPRBGeREES

Drﬁéfmaﬁes Uﬁ§@§§ §£QWEHXH69@on4§ Eheogoepeetihgn

according to claim 13, wherein said hornone is
sefecteUSfr@ﬂh@ﬁeogrm@becebﬁsrsb@hg @@rphgﬁenlgrevpﬁelns

nopfBnEecPulRy, roshlc ROLERDS, SLUSROANS, SRAkALVEERds,

Or nONEs “hermone”an
fOtLLQleI§t4ﬂubaIFNg ghorrpne-188, TkE, CDBPGSIELGB
according to claim13, wherein sald antlbod IS
sel sepkatersm t Re- aroMbgr@Bhens%nhgbaFlonnﬁﬁFRPﬁabGMCSF

Et gnencept . 5 F“%Hﬁbé?@e maéeébﬂagaaeoléﬁglétqaslatln

Pa |V|zunab Mur unonhab- it uzumab, Basi | IXIHH%
Datbhizamab, gZeualonyaﬁdCONthtatgmulatlmgef99hpu§ut|on

accor di, to clai 13 rein sa en

Sore i teborer ey on o bEREhE, b T MBnkRinsse,
|'@@§61dQWYE@§€hrV§¥Qé@hﬂ$eSac@érdH$@$ h&ONBRRASESA,
| yases, |1 gases, 2004/ 060920 PCT/ US2003/ 041691 -

61doaaeﬁyraueacycﬁa§é§rypsaﬁsfePaeesgrewFaoheamepsees
hygg&vés §owk30§8§$ﬁngshyﬂaﬁge&eeﬁhoggh i dages a0

nt ol nase e Céﬁ'pOSItI on  ac toc al m
12urewbBer end sakdideni ¢ conmpound i s selected fromthe
group consisting of: polyners, polypeptides,
O||90peptlde§5. The composition according to claim 13,
wherein said hormone is selected from the group
consisting of: human growth hormone, human growth
hormone, glucagons, parathyroid hormone, fertility
hormones, lutenizing hormone and follicle stimulating

hormone.

16. The composition according to claim 13,
wherein said antibody is selected from the group
consisting of: Infliximab, Etanercept, Rituximab,
trastuzumab, Abciximab, Palivizumab, Murumonab-CD3,
Gemtuzumab, Basiliximab, Daclizumab, Zevalin and

Mylotarg.

17. The composgition according to claim 13,
wherein said enzyme is selected from the group
consisting of: rasburicase, lipase, amylase,

hydrolases, oxidases, lsomerases, lyases, ligases,



proteins and dendrinmers. 19. The conposition according

to claim 18, wherein said oligopeptide conponent of
weabd/eemdc conmpound has a nol ecul ar wei ght oPCIra$2003/041691

than about 2 kD. 20. The conposition according to

claim 18, wherein said pol ype&jiti-de or protein

conponent of said ionic conpound has a nol ecul ar

wei reater_than, abho 2 kD, 21., The

e R

olm&mlacmes:r IS chdy ORIy Beanan, Heraidhddidnd

conpound is selected fromthe group consisting of

po YESRItSHEIEHR; pol yani ons. 22. The conposition

according to claim?21, wherein said polycation IS

sel ected fromg he ﬂ{@%mﬁd&%ﬁﬂ G Qg 4, %Cj’tt%“&%lm 12,

pol yar gi ni ne,” pol yl'ysi ne,  pol yhlstldlne i stones

ny@haﬂﬁmn<sqwdnxpnnc;nnmpqnnd1u$sﬂﬂﬂ&ﬂ&ad from the group

dodec [.tri.ret hyl a ni_um broni.de b ki .

Spet ﬂyﬁégtlﬁbgt rc}e/%scﬁwo YIS HGETRE lacﬁ?&”y %ﬂllﬁtg;%ﬁ tides,

pepirndes rand e ilrid®sers23. The conposition according

to claim21l, wherein said polyanion is selected from

the group consisting of: polyglutamate
pol yaspar t at e-9 W0 BB AWETTAG- Imer/agsRyss/e teo rlaing A8,

po'm}f@éir?tseal@%ly?/@%@@% rféqltylcﬁf; € R B-

hydr oxybut yr at e, yvinyl pyrol I'i done uronic
aciapmpchephrtias Quﬂldlaﬁcedlapolwmarﬁ desss dehetrr @mbout
sul.fates, heparin sulfates and dendriners. 24. The
co&b I'tion according to claim12, wherein said
excipient is selected fromthe group consisting of:

detergents, ploroniee pOnysPStipel Middrding to claim 18,
gl ycoam nogl ycans,_ am no acids, starch, glycerol, _
sugdieEeide 33D ROIRAR S FeRHATR LI sIFEMRRe e said

hy%%ﬁsboréepaﬂo&fd Il ose r@a]%&afa%r Rl AR bf ZPreal® than

conpaosi tion accordi ng toclaim1l
about 2 kD.

21. The composition according to claim 18,
wherein said polypeptide or said protein component of
said ionic compound is selected from the group

consisting of polycations and polyanions.

22. The composition according to claim 21,
wherein said polycation is selected from the group
consisting of: Protamine, polyarginine, polylysine,
polyhistidine, histones, myelinbasic protein, polymyxin
B sulfate, dodecyltrimethylammonium bromide,
bradykinin, spermine, putrescine, octylarginine and

synthetic peptides and dendrimers.

23. The composition according to claim 21,
wherein said polyanion is selected from the group

congisting of: polyglutamate, polyaspartate,



wherein said stabilizer is selected fromthe group

consisting of: sugars, polyols, am no acids, soluble
wonraaidmcor0 and det ergents. 26. A nethod for treaCTUG2@3/041691

di sease state in a mammal, conprising the step of

adm nistering to said mammal &2 t-herapeutically

ef fective anount of a conplex according to any one of

cl aj 1-11. .27. for treatin di segse state

i n%c{;ts}'naacn%ﬁ]l aftec'orf%ll@g&r%l ahcgryéjt‘—"etpeSo’f Egodﬁf ]rﬁ%tt%‘? nde B~
saitgydraml tyacd s apduthicatlipy i flecddiwe, appiirfid@ acid,
conposi tjon according to any one of clains 12-25. 28.
ThelSRATGH #tbldradisty R Yt Fhasl s 2 dextimn e Eafiee

corpd N Lerpasid iy id ip,stered to said manmal
by orggcf%lroute or parenteral route. 29. The nethod
according to claim?28, wherein said conplex or

conposi tion i%#.adiihd staemees ittoloms dabominmed thy claim 12,
subgut. aneous .of i nt.ranuscul ar_ r.out.e. 2004/ 060920
PIEADSS s L AR YR g it I R
cl alon2%tinthesfi rietal ) exl GforGamasivid 1), igolyols,

adm ni stered to said mammal by subcutaneous route
usiHY PLHESNE ¥Ry 2H PRFE G e dttar dtharglyce i,

Th d accondi | Al 27, ' j d
conly o CaRndd e Sl SR
by meedheadraaryli mjeddivilarseorary dagemndder did neans. 32.

The nethod according to claim?26 or 27, wherein said
conpl ex or c osifion is adm.istered t.0 aid rraml
once a week. O% $ r%qn}?(?dsla@cjtod} cﬁchcgfrc%rbq dimPe o 12
27 wheneireiga iShist GOmpl % Ofs EHIRARIdd Hrdr® the grou
adm ni stered to said mammal_once every two weeks. 34.

Th& SRR HId Rt S id iSRS ¢ IRGIM A6 oramizio aghiskni eadaille
Cogl 6 s %}@Qggéﬁéﬂ% adm nistered to said mammal

once a nont h.

26. A method for treating a disease state in
a mammal, comprising the step of administering to said
mammal a therapeutically effective amount of a complex

according to any one of claims 1-11.

27. A method for treating a disease state in
a mammal, comprising the step of administering to said
mammal a therapeutically effective amount of a

composition according to any one of claims 12-25.

i

28. The method according to e¢laim 26 or 27,
wherein said complex or composition is administered to

said mammal by oral route or parenteral route.

29. The method according to claim 28,
wherein said complex or composition is administered to

sald mammal by subcutaneous or intramuscular route.



35. The nethod according to claim26 or 27, wherein
said mammal is a human. 36. A nethod for producing a
wQnRai4@cop20 conpl ex, conprising the steps of: (apCmius2I0g/041691

a solution of a protein wwth a crystallization

reagent mx to produce a solukion; (b) adding

dei oni zed water to said solution; (c) incubating said
solution for between about 2 and about 48 hours at a
tenperature b%tmeen about .4 C and ahout WD 2004/ 060920
PCT/ US2003/ 04£891 ThegRethgdcacaRroi ngr SCeich admy $%al s

ar ew&l@&@a@h saaad 6&%;1@9@0&9 o b@,mt@oaom%%ml&ﬁs%%'r%d to
met ho

sol ution. d for pro u0|ng a prote
conpPég, mé@mgﬁu§Wh§UbW@t§m@pySOﬁou@a)uwumen@ weedle having

solgtgggggfggegkggekﬁgg crystallization buffer

to pr solution; addi ng dei oni zed water to
said solution; (c) addlng an ionic conmpound to said

sol ution: and3(d) mheubatihng sacdrdohyt ken cflernbeween 7,
about 2 and abaut 48 _hours at a tenperature between

aboUfCEeE afig h6aTPLIEE X GRIPPSHFSPBI AScPfliaistared to

forpgedg ﬁgmmgmeb?EhE%@l@CQQE@'QﬁjE@tEbﬂ'gks%XOEr%%sdermal
whi ch further conprises the step of adding a

excl'gPBRAt to said solution between steps (b) and (c).
39. A nethod for producing a conposition conprising a

. protein conpl gx suspengded, iR gcgg%agnﬁgnghﬁsﬁgpgﬁear 27,

conprising the step of mXing sal
accwhdragntsamﬁacnm35e&roSGcbmpassthhlQB administered to

said mammal once a week.

33. The method according to claim 26 or 27,
wherein said complex or composition is administered to

said mammal once every two weeks.

34. The method according to claim 26 or 27,
wherein said complex or composition is administered to

said mammal once a month.

35. The method according to claim 26 or 27,

wherein said mammal is a human.

36. A method for producing a protein

complex, comprising the steps of:

(a) mixing a solution of a protein with a
crystallization reagent mix to produce a
solution;

(b) adding deionized water to said solution;

(¢) incubating said solution for between
about 2 and about 48 hours at a

temperature between about 4 °C and about



phase selected fromthe group consisting of: water,

buffer, preservative, isotonicity agents, stabilizers
wana4meedad nat i ons t hereof. 40. The met hod accopdrg206/041691

claim35 or 36, wherein, in step (a), said protein is

present in said solution at &4cencentrati on between

about 0.5 ng/m and about 200 ng/m . WO 2004/ 060920

PCT/ US2003/ 041691 . - .65 4%..1The gethod acco&di n tg

claim35 or 36, wherer nWFh'sPERCEAS, CEypfals afe Iformed;

crystallization reagent mx is selected fromthe

group consisting of: Tris-HCl, HEPES, acetate,

phosphat e, ci{at édsgingt én iLeindsz sloaPouBics tioy jseid

bi car bonat e, car b%[?ﬁh%io (2-acetam do)- i m nodiacetic

acid and MES. 42. "The method according to claim 35 or

36, wherein said crystallization reagent mx is

present in 8&i.d #ohatthon dtora predoeriticata rdietiveen

about Q.5 mM and about 500 niv g}} The met hod

ac COMBIYEE 1t §BPAHHES 538 Rh&Tei n sai d

crystallizati@n reasamg M xdakidPBs Retegr iabqutcr? a

and about 10. 44. The method, according to claim35 or

36, wherein in stcapystallizssion suffan toolnmadirs @

the sanme as the f..saj.d crystallization reagent

m x. 45. The net h(%’ghglg’ég)?{di ng to claim35 or 36,

wherein, in siap @Xielh deionidedndter siepaid) seflution;

claim 36, said solutjon is incubated for between about

one and about(%wo 3¢5} AT e CATRA Sk thRe &7 1gbout

4 C and about 3 7 451,t46n;Thedret hod according to

claim35 or 36, wherein said ionic conpound is

sel ect ed fromdhe igraodpat igensissitd reploftiquolfprehstween

pol ypepti des, oli eptides rot.eins.and dendri ners.

47. The net hod ac%‘gj%éﬁngz taéidcla%oﬁaég Werl’seia% $ai d

ol i gopepti de conpanrgfiereftid@l bdtiech about 4 °C and about

40 °C, until protein crystals are formed.

38. The method according to claim 35 or 36,
which further comprises the step of adding an excipient

to said solution between steps (b) and (c).

39. A method for producing a composition
comprising a protein complex suspended in a solution
phase, comprising the step of mixing said complex
prepared according to claim 35 or 36 in a solution
phase selected from the group consisting of: water,
buffer, preservative, isotonicity agents, stabilizers

and combinations thereof.

40. The method according to claim 35 or 36,
wherein, in step (a), said protein is present in said
solution at a concentration between about 0.5 mg/ml and

about 200 mg/ml.



conmpound has a nol ecul ar wei ght of |ess than about 2

kD. WO 2004/ 060920 PCT/ US2003/ 041691 - 66 48. The
worbhagdoaecording to claim45, wherein said PCT/US2003/041691

pol ypepti de or protein conponent of said ionic

conmpound has a nol ecul ar weighgsof greater than about

2 kD. 49. The nethod according to claim45, wherein

sai d pol ypeptide or said protein conmponent of said

771, COMOUTd, 5 35,0 SLAE, B0, 605881 o,

of pol ycati on§tand

accRdiagnt 0i £l atBH43a) , Wogt &I Bratd1pobyeabhoPeh§ent mix
sel ected fromthe group consisting of: Protan ne,

pol yar gehenesdpérginyshaegropp| gaAnsLFBIAY, o sTEAESHCL,
nye sic in Xi n a .
dodﬁ%gﬁ?fiﬁ% E%F%nn8ﬁggh¥%¥%hi85F§gE%a§§E?EFh,lmldaz°1e'

speBirREripyt besairbenaoet ybtargonahe, aNd (2sgnthemido) -
pepti des and dendriners. 51. The nethod according to
cl atWingdiaGRELE] AC4di BPPolFEni on is selected from

pol ygl utamate, pol yaspartate, polyacryl ate,

pol ycyanoacr yhat esrhePpk¥hagt ab€ording to claim 35 or 36,
pol y- B- hydr oxybutyrate, polyvinyl pyrollidone, '
hyatbeveic geid, chgpapilaizasiphareddpolygagchar pgesent 1in
dextran sulfates, _hepar,i -
e s e U
met Bad apeordspng td.cl ai m 37, wherein said excipient

is selected fromthe group consisting of: detergents,

pl uroni ¢ pol yal_s, % | yol coam,nogl ycans, n

| ] .
43 op?%hggg§¥§9rgéP9uF sg,aﬁgsggoﬁg 36,

acids, starch; gly

dexthiReiPOkygal batesa11hydrovnprepykentetlisl ose andu
ascorbic acid. WO 2004/ 060920 PCT/ US2003/ 041691 67

53. behwernt hbdudcordidngbodtclQi-m 38, wherein said
stabilizer is selected fromthe group

44. The method according to claim 35 or 36,
wherein in step (d), the pH of said solution is the

same as the pH of said crystallization reagent mix.

45. The method according to claim 35 or 36,
wherein, in step (¢) of claim 35 and in step (d) of
claim 36, said solution is incubated for between about
one and about two days at a temperature between about

4 °C and about 37 °C.

46. The method according to claim 35 or 36,
wherein said ionic compound is selected from the group
consisting of: polymers, polypeptides, oligopeptides,

proteins and dendrimers.

47. The method according to claim 45,
wherein said oligopeptide component of said ionic
compound has a molecular weight of less than about

2 kD.



consi sting of: sugars, polyols, amno acids, soluble

proteins, detergents and conbi nations thereof. 54. The
worbhagdoaecording to claim35 or 36, wherein Baras2003/041691

protein is selected fromthe group consisting of:

t herapeutic proteins, fusion-péeteins, glycoproteins,

receptors, synthetic antigens, reconbinant antigens,

viral surface proteins, hornones, antibodies

enzymnes, Fab ag cl.ic | des near

pepti des. L% HEH?h%ﬁgéggo?SEﬁgéfﬁchﬁr 35Mo 536,
MheWEeﬁeSﬁlQaiﬁepﬁb?pépﬁlﬁéobﬁlﬁrb§e§ﬁ|@é&ﬁgnéﬁenbfhgald
group consi sting gl ucagon-|1 ke peptide 1,

anti%%ﬁ?egomﬁPgﬁéc%ﬁﬁaﬁrBP pEylant veéakt PhAt sgeRAST than
sel ggti,psy jphibitors, growh factors, postridica
hor nones, nerve growth hornones, blood clotting
factors, adhesion nol ecul es, bone nor phogeni c
proteins IeéﬁinsThermphhodfactordingytokbhe$msash as
| L-2
e \ghefryﬂpﬁ%i%xrﬂlyrfpéldn ara%%ﬂ PHRFB: B SATPaECRE, of

GMCSEid ibnic tbmBouRBNOSYEE1 HBEEQPHASR €RLO8¥oup
stinulating factors, granulocyte colony strnulatrng

f acEOREIStHw  PHr BglYeat §0RACRNPr BOEYABIODE her
| ynphoki nes, toxoids, erythropoietin, Factor VIII,

anylin, TPA, 5gornase- Qe Hoii QBE&L%&’H i Do, Bﬁm %OVV”‘

hor nones, nerve gromﬁh or nones nmor phogeni ¢
pr oveépsin @atdwm05Y¢aELent1atseheéaedofsom the group

reure ulins as toxoi ds. 56, The ,

accor n@t%%go?ginﬁﬁggﬁwl%% pﬁﬁ%?%?ﬁ“%ﬂ?d BB?¥£¥§1?§'
e|§@lﬁﬂ1§tﬂﬂ1ﬁ@? Ei@ﬂ@n&ﬂ)zﬂﬁéiﬂﬁﬁggﬂc %roteln, polymyx1n
PCT/U82003/041691 - 68 consisting of: human growt h

hor Rofiel L4t @ic agefReY L paiwe Yy brenpt woneronede| | i ty
NOr IPRSS Uk ezl g nDOT J00Ee A0 L 01 bLCY €2 301 uhal Lg

hormone’ &7. The neth cording
whesgnbhsaid pept bdey aBdS@éR@rEdefeonithe group

51. The method according to claim 48,
wherein said polyanion is selected from polyglutamate,
polyaspartate, polyacrylate, polycyanocacrylates,
polylactate, poly-B-hydroxybutyrate,
polyvinylpyrollidone, hyaluronic acid, heparin,
sulfated polysaccharides, dextran sulfates, heparin

sulfates and dendrimerspolyglutamate and polyaspartate.

52. The method according to claim 37,
wherein said excipient is selected from the group
consisting of: detergents, pluronic polyols, polyols,
glycoaminoglycans, amino acids, starch, glycerol,
sugars, cellulose, povidone dextrin, polysotbates,

hydroxypropyl cellulose and ascorbic acid.



consi sting of: Infliximb, Etanercept, Rituximab,
trastuzumab, Abci xi mab, Palivi zumab, Mirunonab- CD3,

worod4sesrab, Basilixi mab, Daclizumab, Zeval in a0®/US2003/041691
Myl otarg. 58. The nmethod according to claim35 or 36,
wherein said enzyne is selected/ftromthe group

consi sting of: rasburicase, |ipase, anylase,
hydr ol ases, oxi dases, i sonerases, Iyases, | i gases,
adenyl at e cyclases Lransfera or educt se
nitril ases, | Casgh d@%y%?og%ﬁgggg X|agses g%d

hy d@é ok NAS8a 189st dBE1 Meéhods acebédte@ £oo@l ah& 3boap
36, wherein said enzyne is selected fromthe g rouE
congPBELAE1BY: OAS pERGRT FusPBlY2 a8  afflBReacids, soluble

Bur]fkpekgf aéedgggeagﬂgg Qﬁéeco%%éEgoﬁé' Qﬁéﬁeéﬁd

ur at’e oxi conpl ex according to claim1 or
2, wherein said protein crystal is not an insulin
protein crysfal. The method according to claim 35 or 36,

wherein said protein is selected from the group
consisting of: therapeutic proteins, fusion proteins,
glycoproteins, receptors, synthetic antigens,
recombinant antigens, viral surface proteins, hormones,
antibodies, enzymes, Fab fragments, cyclic peptides,

linear peptides.

55. The method according to claim 35 or 36,
wherein said therapeutic protein is selected from the
group consisting of: glucagon-like peptide 1,
antibodies, histocompatibility antigens, integrins,
selectinsg, inhibitors, growth factors, postridical
hormones, nerve growth hormones, blood clotting
factors, adhesion moleculesg, bone morphogenic proteins,
lectins, trophic factors, cytokines such as TGF-§,
In.-2, IL-4, «o-IFN, B-IFN, vy-IFN, TNF, IL-6, IL-8,
lymphotoxin, IL-5, Migration inhibition factor, GMCSF,
IL-7, IL-3, monocyte-macrophage colony stimulating
factors, granulocyte colony stimulating factors,
‘multidrug resistance proteins, other lymphokines,
toxoids, erythropoietin, Factor VIII, amylin, TPA,
dornase-a, a-l-antitrypsin, human growth hormones,
nerve growth hormones, bone morphogenic proteins,
growth differentiation factors, reuregulins, urease and

toxoids.

56. The method according to claim 35 or 36,

wherein said hormone is selected from the group
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consisting of: human growth hormone, glucagons,
parathyroid hormone, fertility hormones, lutenizing

hormone and follicle stimulating hormone.

57. The method according to claim 35 or 36,
wherein said antibody is selected from the group
consisting of: Infliximab, Etanercept, Rituximab,
trastuzumab, Abciximab, Palivizumab, Murumonab-CD3,
Gemtuzumab, Basiliximab, Daclizumab, Zevalin and

Mylotarg.

58. The method according to claim 35 or 36,
wherein said enzyme is selected from the group
consisting of: rasburicase, lipase, amylase,
hydrolases, oxidases, isomerases, lyases, ligases,
adenylate cyclases, transferases, oxidoreductases,
nitrilases, laccase, dehydrogenase, peroxidases and

hydantoinase.

59. The method according to claim 35 or 36,
wherein said enzyme is selected from the group
consisting of: Aspergillus oryzae amylase, Burkholderia

cepacia lipase, oxalate oxidase and urate oxidase.

60. The complex according to claim 1 or 2,
wherein said protein crystal is not an insulin protein

crystal.



