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WD 2004/ 060920 PCT/ US2003/ 041691 COVPLEXES OF PROTEI N
CRYSTALS AND | ONI C POLYMERS TECHNI CAL FI ELD OF THE

| NVENTI ON [ 0001] The present invention relates to

conpl exes of protein crystals and ionic polyners and
wonpaskdopons 5 conpri'sing them including sygtaisiBshiieor
rel ease conpositions. |In addition, the invention

provi des net hods for producing t hese conmpl exes and
conpositions. The conpl exes and conpositions of the

[ eatnent of di sease states amenabl e to 10t DGUGMMINIT

by sustai ned rel ease of protein-based therapies. *sig6
BACKGROUND OF THE | NVENTI ON-{-0002] WMaj or dr awbacks

exi st in the devel opnment of protein thefﬁﬁéur%ts-——__~_‘ﬁ‘
targeted to various di sease states. 15 Co al

non-vi abl e fornul ati ons, short in vivo half Wﬂ#ﬂg@ﬁﬁ”m[’m/
negl i gi bl e oral bloavallablllty are exanpl es

of these drawbacks. To date, short in vivo half-tdwes
have limted the devel opnent of sustained rel ease
protein formulations, which are typically delivered

by intraveneous 20 or subcutaneous admni ni stration.

[ 0003 ONPLEXRESY | Qfe PROTEIN NERIY $HALen D] SPNTT RITGNERES

human growt h hornone (hGH), for exanple, technol ogi es
that incorporate hydrogels [Katakamet al., J.
Control | ed WD 2004/ 060920 PCT/ US2003/ 041691 = - 2

Rel ease, 49( 1JpcHNI-C26 ¢1807)0F THHIGNUBESIONI |

emul si ons, bi odegradabl e pol yner microspheres, as
&001las p@hszephw@rrte invghytoh pethtfdscini eampReses atf

B VR BT dpaFoBed Bt < TRe e Lone

cosp i img. themnuimﬂluﬁuygdssptayn%dknﬁ%§65¢epe@BstﬁiQﬂ$e
uagadléi]%% heflghlmfl% tg&bwd&m@éﬂo@@sfep%%dmxlg

conpl i ¢a to manut acture his 1s especially
theee ofortp@exeforndl| caniress thased omhelcdmpderes and

g&n e/]&%n% a¢l gnd BLNan 5”‘1%%9{‘&{ eaﬁeeglaaehegyarly

use process use roduce
nsefosphertds tteﬁd*smetrd: @ffpri@yoeééﬁd$ttatzﬁ% a@@ehbh@, to

@kgg@rﬁee& EEMRGLAL LS +SWRERCLAN Sot O I MR aSOhYA s .

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 hélf—liveé
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 ¢ solvent interface, all of which cause

protein denaturation [Herberger et al., Proc. Intl.
Synp. Controlled Rel ease of Bioactive Mterials, 23,
835-836 15 (1996); Kimet al., Intl. J. Pharmaceutics,

approach to devel opi ng sustained release protein

fornul ations involves the use of crystallized

Fedieeises as (pay 21006t heoboy Ml BliRneEr o 20 &XaMlSs
insulin conplexed with zinc and '

rystalli.ze _ _
%Fﬁpggfﬁgaggﬁiﬁﬁ YOeEx e fgedPrereas@shehbyi a3 polyethylene

- [Hyaypanbobl £ ied oRogenber ge Rep, St ene; . '\/@ﬁ%m;.mfzﬁ-x(asz,

rd. .lLosulinlab. 1; 60-73 (1946)].. Because-differen
%%Félz%géén“r%&dﬂ aP@Venkeen ednead oprds ol Eibievey, hd -
theesulatieg Of oftnfSelivhb0ni 851 &y U WRE-s25-PI QL &1 L £ 1Y St Bl
t he geve qﬁgfn of sustained release formul ations !
d

based5R TP sEAPSL HERASH@NEAPT oty bl ubil ity

profilliestés wesianedacSUMARYOR E'éEeL-,BE@\Ql'lg\' t30e of hom

EQPOSéakn order to devel op sustained release
PET OIS B15edi PRePERtCPr 5t ingdrgat it saciche PLGA)

priesesphetavasnitinelogxpl Beésudda rRNMBhELELL G 1t ure Q%duce

Rroteins. For eéanglet the nunber of basic an abidi ¢

reSi BUSECRATTISS0IFENEnta YFRtH FopRAF honassugdl lasas t he

@He&ﬁﬂbﬁOfﬁﬁpﬁnaﬂWEbb,VEhiﬁKEMéH%%QZQrEQHXéﬁgg¥%%#9élgg&
us,

eterm ne a prgtein's overal | net charge.

3 _d
PINEPBR{ CTIH 1 EPy VBFbt BRIPT G pddePBotiFiah wHuval ue
Proredn @enspecihiba phbwbers:t he net CBP&Q.G,J]‘Htlt.h% D.
%pﬁqlgéﬁo-a gHMwm;nMansduM|tyl
VIRFEF OF 457 HEE 4 3REs PL afitiose Ty tater3al § orkd s 8955836
l(ilkekbY ; t vimaoiial . Thened Ml exmd 4R cef 1 P! ¥2a1 11085 t Py
Qagtg%gglpﬁving a low pl (nunber~of acidic groups 1n
e

a protern exceeds the nunmber of basic groups) or

gob9ahi onsart elpeehetasapwnbdith &ochighe MpiHHREE9fea
tejn exceeds the nunber of acidic

?%%Egsgrou %ﬂkaa Erfa? e} t b
“groupd) can FeSUrTA P he 'Prover nthmwistg ©
advanedlerds prphysheaks properdti €se EOGhUENGT avegabl e

L tion .,behavigr. Proteins can be crystallized -
%%é??%géiéﬁﬁﬁﬁ$gglze8 insulin complexed witﬁyzinc 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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FFE°

their pl or very close to the pl val ues. However,
addition of polyanions or polycations to protein
crystals at a pH of 15 solution near the isoelectric
point of the protein may result in poor conplexation.
WPRGosdeh dr awbacks of conventi onal conplqgﬁy'(g ,
t echni ques nay be avoi ded by using the netho slg? ?ﬂg6”
present invention. Advantagegqusly, physiologically 20
ciEtpati hkea spsdRiined LELERSE LAMLEX ngé_ Ofmeﬂsot i erent
cr stals and jonic polynmers and conpositio
%‘ﬁrveﬁfn@r?tﬁ‘elrﬂ dfe anohfas et r iFo pHhut lead plt)h@r a
'SWﬂfh@”P@r%r@e%h@EEQdéhéﬁe Jtr eRgr {J«R?tel is zero - a
e" treatnment of
ECSPERE T EQEHPLAFE vrimmsltiosr asethdyl@fest and

Sﬁﬁkﬁmeﬂzi@uﬁﬁS% abser ugkd Nerapies,, BRI EF QE§CRIPT£10n
S

. A H§£0007£ FIG 1 ilTustrates h cr P a
gc’rfoéaﬁ> Vﬁa‘% SRELRF . haE5 NeVRCAPE] BF Goatercoand

b@ﬁdﬁM FrogpdGh (ElpH*Onglg Slcatd Prot gmine, S E%E? (1

% as i nmaged by optical mcroscopy. See
DT Iy 321 SHEEO SeTQsrst 9amnamrdmgmpz (numbev

pifomhat: HumaChiped c aosphat
and caLc%rrﬁu\iﬁ%dzloomgeogz%’ SRS OO CRRAN QP08 &
SESUREL BotEeRE 481 e FrdfcHinmbaring et @nt28@onm as
dhybungl | progRfrtticle. 1§%ﬁh&@ﬁ§'@%@o§aﬂi@o Egsdihgaon

il Llustrates hGH crystals grown in presenceé of 85
r‘ﬂ@ﬁlégﬂeifum%&&e&flé C8Y6 RS /SHYSPESL 6889, mdH0y Btnblither

EhiesrHEY 4pNeB6)1886 £% Oir@np&evﬁyuéét e I-(o]wg% 0m0§%?1t10n

e opti cal mcroscopy. See Exanple
E%gg gy% §6188F¥?%54Qﬁ5I?94P€Py%t@J@rxﬁumMﬂ at a pH of

aotat dbohd=a Exanpkesiba kher m as
func&gonggf tlnenFn n%nd%ggﬂ%%égeéggﬁ%?e%%%ﬁgiﬁ T%bll]

T IRPSYT §PBBLe¥R di%ssol uti on  characteristics of

H@Hosryst aheh( ek WBEcks Jﬂﬂ%oa%ﬁ@ﬁ&?apfcongée%?fgﬁc' um
at e 2%%& év) PEG: 6000 and 100 nM Tri

68 HEEh §dareideF I PELPP nghamisiftodsopt the
Bretant nemeuithiahe. Rredddigeusulf alig, v@s fAdded Lo the

cgﬁpatible 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

Dresence of 85 mM calcium acetate and. 100 mM Tris-HC1 (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
nmeasured by RP-HPLC (Area). See Exanple 12. [0012]

FIG 6 illustrates rasburicase crystals grown in the
proesermce20f 5% et hanol and 15% PEG 6000 (pH &1@52%,021991
i mged by optical mcroscopy. See Exanple 14.

FIG 7 illustrates the percent. cunul ative di ssol ut| on
@&P&S&Mﬂo&aﬁen@ s&ers RAT car meRIPbexE Mol nih0R Ga
lymers, i. pol yar gi ni ne, pol yl ysine, protam ne

éh’acmry@rft ﬁﬂﬁ‘?ne Sep S BRRNAFI & 18. 25 [0014] FIG 8
irbboist r at egcoxal al Budie-HRSE hCHY 649652 ¥ AMdwni Ant e
presence of 40% PEG 600 in 100 nV ho hate citrate
BEEFRCq i 8521Masa ] (et dCBabpt i éal Or 6&Cop§°0 sk 0
Barpl e it9. (HA085k) Rida BAcshons bheroancantgahi praof
hGH i n bl ood 30 serumas a function of time for

LBASRS Hrvatirel BYHRRABYous SRBNKEFEP KISt ut aneousl! y

adoio] st errad.dai kMowsaldibie 1hEH 66 e cla;‘:ystmgl YPdwn
crystals of hGH conplexed w.th palyarginine (Goup 2)
8ﬁ6°§@di%rﬁ°cﬁ9‘§ﬁ‘§ﬂ§s of- IFPGHFOWB‘:?GBQ/ 6 nm as a

PEALUSRROQY @44691n mlraltééonpbaéedxamﬁi’e prot am ne
(G oup 3) according to Table 6.  See Exanple 26.
[‘88&%}0 FI E1%B5sHhb S‘ilf?eteéoﬁ&lsnfiﬁa?%lh“d-‘rn IGF-1 in

Bhaodct &ErdtNcas od huncityitaQlk ticpené@rid &/ @resence of
juvenil e 5 cynonol ogous. m)nk%s subcut aneousl y

SanTHi Q@& 35PFPEEsof ubivd NGREECE B8R e 108dMinTrie-

GICY S (g S ) haﬂo@oenéemﬁtlwnt BEPOLYRL € NnRINE & QEIIO 2)
and sodium crystals _of hGH conplexed wth protamnn

(Péoliﬁ P GG ngT T o AtISe SBlfaSEeW@(aﬁﬁﬂeéi 56. th9 “hex
[QE¢d1 &F1daa HAWhUss rafesdrhe seueNbéargitewt h of
male Wstar rats that had been_ subcut aneously

SARFAPSTET R CofPrBPle @BUg™ FenEePHR 15 By #RSseven
dhaushred Sef WH-ephCH(Af&X0UPS4 ardmpleonce daily over

UGS S, Sl Te SE L ane B L S and
See Exesphe HF sNokehahel 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 oxr complexed with
ionic polymers, i.e., polyarginine,'polylysine, protamine
and polyorthinine. See Exampie 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 cptical microscopy. See
Example 19.

.[0015] FIG. 9A shows the concentration of hGH in blocd
serum as a fuﬁction 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 I OB illustrates the daily induced wei ght
gain (grans) over a seven day period for male Wstar
rats that had. been subcutaneously adm ni stered
wonmob0920G oup 1, 20 once daily over seven aayap2003/041691
soluble h(GH (G oups 4 and 5, once daily over seven
days and crystalline hGH ((Gooups 6, 7, 9 and 10, once
m@l@aﬁemidt@ys)foa@rmmai (Ggotp FabbecdidingSee Exlabele
%e n%ElTN ED DESCRI PTI ON OF THE | NVENTI ON
?I AL ONS 0019] Unl ess ot herwi se defined herein,

§e9mt i f i FIgnd 9Bt edws cdle renmsnusadidm cfoAlEel i om blood

t r [ ti o h maani ngs
¥\%]t:al'tlﬂn airkg %oﬁﬁ%ﬁﬁ négyepl ergt(%ogle{gaf?rpo Jen Sor di nary
skidhoiggdire n@mkeyﬁmttme:t anegnk éssa@tthersmesedr égily ed

I ter C I jties -

DB i | Sl P | DR el P b e RIS
@hlerml,}yargmmncl atone)used sndmrnrrexr,}tst@rls wft hGH and”

BT 0 36 e BT orRRRE % B er S 55 Tt

SpecExwmﬁpr6 .phar noki neti c anal yses, reconbi nant DNA
'ia“? RERY | Q%AaE.‘Pl\F 'e% EREMLSLL ¢ edsaer %gkﬁ'gf male

acl ecul ri-be herei n

chem stry and bi ol ogy
Hi et &h oset sveitatk hewnbeerd scmumﬁhyousbyj adm:inhetared .5

T Iy t h
FRACERE et har Bt BN BT Fo Ph Ve et rake e
rf@anupgyl 43D Zl] ofhe d&irim bcy@rrplsexénr@iﬁrs and a
%ﬁéé@ ofe %G}Pr%ES{,\graé‘d AN J 9fiCy 80:‘8?0 over seven

ernativel the m’ cdnp 51 68X can
crys? aacmr@rpz ¢oelablarnd omS@e E@awh@cﬂﬂnd aTndeanhat

%’éﬁk ec%s [Ioe % SOP 1a£ S Moy ot eLn Céyig%l/kg/%égﬁs to

one rmo State of matter
t[ﬁﬁéél di neﬁ‘m@iorie@ﬁ ittystizatdsatthiecdaiwhi Tuosddivet ghhict

from ¢ farﬁypfmqug solid g8) gte% ggeap%alae R:QLELN LS,

in a crystalline state may term ned by any
ek olak nosen |Enlbtcrqléaa¢m,l%lyg adnxnnayer@lqifchmtmlorﬁ%oup 1,

ReWHeR. X1 { Y TLLAGt B) | coluble heH (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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.or hetero ner or smal| nolecule, inc

[0023] The term "anor phous solid" or "anorphous
precipitate"” is a non-crystalline. solid formof a
protein, which has no three-di nensional crystal
lattice. structure 20 characteristic of the

e solid state. [0024] The term"s I
%{(%zt%g?dr?h%grtl cle (SPP)" is a protein corrpog‘%}terrVIljst‘iﬁo:’/041691
has a sphere radius on the orgder of nanoneters. The

OPIRAsidoRyG OBV AT NS sfarst-akkbps pﬁrﬁ&ﬁ{dhh%u&%‘f@éﬂ?ééson
with one or nore pharnmaceuti cal i'agnostical l'y

ace agti g e‘ﬁ‘?té]ﬂ@ 0PSBk &P Qﬂﬁ §r°tF®02§ﬂleW1{1@ﬁm

mMéllcC@@@UBHemféi‘:fﬁ SnOmB MY R Pd Y "H’i@loégglgﬁg&%

ep‘f‘?Hé? Ps%o"r‘ﬁ% DRWD| 8R4t CRURPIaged &n oups: aa‘ﬁd'

a[OUEH] chamg@ 061 BdwilRAskrAsINGETeds Yr¥ePyPEL indicated,
vironnment. The 30 termionic conpound al so includes

p el &8 MpP§FRLood s eTe. tHRefeLiatincharapngs ¢

pradEin” reherseiw @ompiekei peiShd & ddyLphstered to
a living organismjin a formnulation or corrp05|t| on or

P TRCEG PR atOH T AAMROHBA - ol omEsdveL Bn. tEX difiTes

oforiglanapent refPF LiNTrYec WD SPUA/NRA2E . an ionic
PCT/ US2003/ 041691 7 prophylactic proteins include

horPRsHEY GPtcalo Cl%ll?@ﬁ -as glucagon-|ike peptide 1

an@lozm]r at hyhei te AR PR e indBtlBOS € Sre Fllis 08 PROIRIMNS of
Enbrel (etanercept) (Note that Enbrel is a dineric

¢ i prrof&ERR® cohdtadthisig Pavinger S heseer démenal aral

I ¢ gpkibitadi Nge Posti N 1@ b Bei AeBrLofP tnki hadabi solid
(g%S tunpr npecrosis factor receptor (TNFR) [ nked t

- pdPELBRT o BHRRETT 48 mT%eCIB’(?t@érJfﬁ@ﬁeﬁta‘bﬁf nay be

e(ﬂ@if@ﬂ‘r@ﬁi&i BONAAY el (HwHOMRI the the CEBgdompin,.and
hi |on but not the CHL domai n of Igcél
‘%’n‘f?%éi nGF APPSR K &e¥ 0P L EFRFRAOTgr owt h hor nones,

b[ﬂmﬂbmlOtthﬁgtéﬂﬁﬁ&ﬁ&rpﬁaug sofﬂPtQﬁ'“XhorFH8@§|on

mol ecul %ﬁ»} ,bone rmrrghog(emi proteins and | ectins

t PO L6t of §, 2 RRBIKTHES 23S bt he RO HGEorm of | @ protein,

|&hﬁch£hd§FNp ﬂhf£@¢dgmddENon$NFcr§étdi 1lbkt8ce structure
ot.axi.n ratlo |nh|b|t|onfactor GMCSF,

h
éﬁ? ackey If’téc ﬁgntobc‘:i/t bﬂ%g‘%ﬂ&@l S5PEEti mul ati ng
f dot 2t ls, meanamc'ystneusmlcamypﬁ&témﬂ fair@cliactoss) v i a

(ng%éiézggh%%éite 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 he;eropolymer) 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
dornase-a, a-1- antitrypsin, human growth hornones,
nerve growt h hornones, 20 bone norphogenic proteins,
pxoids, fertility hornones, FSH, _
tepﬁ)ase and tissue plasm nogen activator LP?‘?E&%QWO“(’M
[0027] Ther apeuti c proteinsy such as the foll ow ng,
@rephul & improtdedns 26n¢ NERB horewkes y¢ uarydoss, S sushiCds

Blpeoengitke ERpy LR P PR SIS RS eepas. | obp7

andibb@idas,gmm@msomment @rihrgandstar&?rc_hptw (Rpte that

| 7 CD29 it d 0 and
% Eré%slﬁ’ ggfrqll?]"elrtlggku iy r@%% ann|Sllso m §géde'52

(e@am'paemla\rﬂn gag)adeDﬁﬁ@%rtﬁ:Bﬁpr OD?Q hxﬁEInAm

[ Q0 $f oco at|b|I|t Nt
é}&c %%jgp clsglsg %81: cf%osalnt GehsT THe eator Q(%QER
dnnkgeénsy tSleeXc Sbey;OJSL@fa Iamin Skbeb; m Zﬁi)lt/oﬁlﬁaﬁéhﬁ)t of

SEPESTOR TA A2 P Gomorh: o SO E el oo
lrlé,glgbn [mmskjotadthes Cegn dmnlagaub€&sIgdlich iahibbhicers anglowth
Fectl J%%%%%O%Eleﬁtlr§hes, gopﬁe gg%f%gif;btors

d@ugterF@chidms Vﬁﬁhbi;oﬂﬁmwkﬁulb@ANbdneamﬂmb%éeﬁic
FEoR st g R, RN hpdebe | o’ il e
ITIGFM, ahdZJ [T1ER;, @OIFPO3AIEMNt efr—llé‘ukl'nNF,ecTelp{sorsL—s,
S EEpby T M oA o b e
IHLFYSRIL+lr]mdnuﬂytekma4r®phﬁgeIle©nyraplmu&htﬂdg-Iactors,
il 002 AR D el A, B ESoe M o
fradttadsng suest s nfENFpirpheai ng Giyétea, lePscpklnes, toxoids,
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, (D5,
Cb6, CD7, CD8, CDlla, CDllb, CDllc, CD13, CDl4, CD18, CD1l9,
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, CD4S5 énd isoforms,
Cdws52 (Campath antigen); CD56, CD58, CD69, CD72, CTLA-4,
LFA-1 and TCR; o |

[0029] histocompatibility antigens, such as MHC class I
or II antigens, the Lewis Y antigens, SLex, Sley, SlLea and

SLeb;



10

15

20

25

30

GDFs, neuregulins, TSH, VEGF/ VPF, PTHrP, EGF famly,
EG-, PDGF famly, endothelin, pegvisomant and gastrin
releasing peptide (GRP) ; 20 [0037] growt h factor
receptors, such as TNFal phaR, RGrFbetaR, TSHR,
wWeGosdeR, VEGF trap, FGFR, EGFR, PTH PR, pPR&ER03/041691
famly, EPO R, GCSF-R, reconbi nant human sol ubl e p55
TNF receptor (TBP-1 proteimn)8 and ot her hemat opoietic
feCR@t or S;in2kgfrAB38] sudit euwsf FLAALY e B, 0BI I IS UCHRA &5, VLA-
| FNaR, | FN/ 3R_an | _FEN yR_, [0039] fusion proteins;
OOM g5 4na- t%@?‘?sra&%&?gfé’ such as IgE, FceRl and
EOBRU amﬂih&%bﬁ%&ie&ﬂlwd fsachoas Messuah aasl pl50, 95;
| enent npl e ment C5b-9
AR eE T e RS 48R, PRT A7 AnaS RSelTh GeRdErarBgnd E-

' gémé&ﬁm nshicbltth@ﬁr cM@&&Q&@@BEB ROM-US2003M04 168dAM P

[0042l The term"glycoprotein” is defined as a
RBFetift e conprising a -carbohydrate noiety and a
AboBe] naCaQit&rl%nkEhy, $3s Thelprob€d,n 1CeBst [Luent

Yy 0oty it Ul syRCHGL 4700 L1 oEOrH meltt f oF 1 10

&!Blﬁl genLs ncl udi ng, for exanple, tetanus tox0| d,

i ptheria toxoi.d, viral surface ote| su cw
glloiaéégr ot eHEB Y Bn GG <1rs"HIS'V@ S@nv Ilgp iB-88,
qlLyQQprnLe$m,s 1IRSY, enuetoperiglsgcopLot ek ns;L-HIY, 1(DL 12R,

SRS ghec 9L YoPraL A pERY SINE Spe, oL YEOPTL BBy ans

glryagpeeégj ns, I nfluenza virus gI ycopr ot ei ns,

R LS R 268 S Ittt “Z?ﬂé te

giA)EC—Qpr ot e NSGraAraasi te- enzyrres 15 and bacter| al

P gﬁ?eggshe%ggﬁﬂ fAIC%o |ncI u ed a[}%gﬁgng afggb%% —

A&I;I:lf&i gaaaregunrinsa,s ﬂ%ﬁsgmmﬂ\sﬁmmmmm E@Ilé:’lﬁnanhdb/ PEGF,
Q%&%S%amg §[g§ggbéhe l%r”SQ§QiséH§%t 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, récombinant human soluble p55

TNF receptor (TBP-1 protein) and other hematopoietic

receptors; '

[0038] interferon receptors,'such as IFNaR, IFNBR 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,'cémplement Csb-9, Rh factor, fibrinogen, fibrin and

myelin associated growth inhibitor.



i ncl uded. 20 [0045] Toxins, such as pseudononas

endot oxi n and osteopontin/uropontin, snake venom and

bee venom are included. [0046] Also included are

gl ycoprotein tunor-associ ated antigens, for exanple,

wancidnemnbr yoni ¢ antigen (CEA), 25 human nu@icmais2003/041691

her-2/neu and prostate-specific antigen (PSA) [R A
son and O J. Finn, Advarces |n | munol ogy

SB0E8h 7 T SGT] "SHORA e | SF nipoIAb A & BLotite

aolBre61h e NavrBenpdrd e@iledly wWRHOAtp RSt ARRIcexLABt el y

5,000 or greater, which 30 is conposed of two or nore

RBhSREr units of |ess than 5,000 nol ecul ar wei ght

govagent | yrieonaedet 90T it UABEOBEI e t@bmAR xRt @haat e

‘enbodi nent of this invention, the polyner can_ be

EBRBPFSEIPRT FMGPAF HBY R stLMEY s Pei RieY (RATHFadimer s,

\é@nEQQéLQw&Qch%&H&ZQ%%&%L%kntl@entﬁdl[&.fcﬁng, for
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tetramers and so on. A polymer can be a hongp ol% :
GFaRBL &r opRt AT to?‘ﬁ&@uo‘?%*@&ﬁ&l frﬁﬁ?%d [‘O‘fosl] S éace

EJQBHEQQQN S GO §EFcsbiHaimer Bhan| L1 (g T 19T HIOE €
i fferent onomer units per chain. The sequence of 5
FENEHEPS LA Y LRECRT RS Ynﬁﬂ%ﬂ%oPEOHﬁ%§?3¥Qﬁ?%ﬂs g HsV

GORBH VB! g1 Fdh e eahber B | di8re IIpRC K1 yO6p S adiinst, i @als
[Cnlan Princi pl es of Polynerization, 3rd Ed 142-149
Crosiype 9%%‘62@09&15&' ype (FHE P gt Y iF AL e hai n

afhrgheater vitiay198cprbieime) deraRdloE M0, atirdS ce
connected to one 10 another. An 0|I% ?e tide is
FEEIHERS asVI TR (5 BOTHRR h PEAG IS akdFdt PR Saci ds

GRectedptor Ones, a@@ﬁragite GO roBepht epdrdsite letkgRes
macr onol ecul e haV|n nol ecul ar wei ght of greater

tQHﬁwbﬁcéeﬁl%&uPFQ¥e&8ﬁposed of one or nore pol ypeptide
Clv4ag. 15Aﬂ.@(951l']cl_ﬁ|al%dt afa] @lﬁ:ﬂdrd'nl’f&@; éef@ﬁ@n te® @der2-

dendriti ¢ nmcro a nthet
S BN Bnar ek ARET GROPELEE T pr GHeHREST R pSerb AT gee
fash entckr ant sqew) aolbpaHC@ﬁébiﬁﬂuﬁﬂigeuﬁl&ﬁd dhgshiol are
nature and functionality of which can be easily

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. Hendersén and O0.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 covaleﬁtly.bonded together. According to
an alternate embodiment of this invention, the polymer can

be comprised of two or more monomers, including dimers,



20 architecture and nonodi sperse structure of a
dendrinmer has been shown to result in significantly

i mproved physical and chem cal properties when
conpared to traditional linear polynmers. As a
vonsenuence, dendrinmers are now considered dcqd380908691
of the prinme nanoneter-scal e building blocks for 25
advanced drug-delivery systé®s:- [0052] Dendriners are
SEATRER - tPIGRdrREr 10 YRR AoPEAYIRE ¢ar hehe fir st

hBRESoUENSF alyl GBS erdPEYyREE SR LA AW I NAME-s
consistent or specific t hree- di nensi onal” structure.

BPCERE f outhtsh CGEReFIPP LIS SIRIFIAERE JtROYIYMEF Bving two
BecpBBe éﬂﬁﬁ%ﬁe&@lméﬂgméﬁ &ﬁﬁﬁ% %@Facﬁéﬁﬁerrﬁﬂ% ggﬁggnce of

di mensi onal ‘structure. enerati on,

_a@ﬁafﬂ?ﬁe%lt%&véhanc%%u %‘feerrﬁl aﬁr@mgaézei;m afhiegopolymer

- diRepsi nadriaitiuet uxsﬁoc@n%»beé/c%r&qswsai fddhan,
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| ff’g'll;‘f dsfart 3t &

ggneratlon dedrimers become highly structured
pR&reés! e ditdearmiattyPrt e seRt2rh¢entIBH WG

40045960920 JXIIU52088/ D418H neg 41 ar@hatesd %reater

dendriners that are at |east two generations.
dh6PheP IMRRIIATERE BPA{ P Preverciffveerietted ﬁ@ one

derdnkaer sacad i %@ ebthes PoOsiddiviehy a8l e ad isvehino
charged. . [ 0053 ?he term "pol ycation" refers to an

G §EmBR( %ﬁ ming; 8F 1RO PRARIHSS GRI PBS ICTRATymer

foaiso] t hata RastaiRet s ROBitde GhacrorBRESS dINGRSindNa
appropriate pH environnent. Exanpl es of polycafions

|“W&Ieﬁk}éapr‘iﬁ%ﬂﬂtn€f B5PHRPYi thate 2+ OB8| §19simeomposed of

laﬂeyBkShbﬁgr5514§e§&gagsch5@ﬁg| n basic protein,
ate, dodec Itr|nethylannonlun1bron1de

poI%nXX|n B su

OB3radyki Hish, tePer ﬁlﬁﬁ@rlmﬁ esdiers, toct yiendpiitiife and
sitbebl Scprp! hieenand deadiinmns. 3[Q0Rdds et erm
“pol yanion" refers tq an oligonmer (at |east two

FESREP L BRI LS P5PF6Fy il @ cHER T A&t TABRI D etom simple

megachve ehasgs wndek, aphappand ahe phhemddQnrente
| es of %ﬁi ani ons |nclude polyglutanate
I

y&EPHFRtESe GO dgansdcr yihg autique
quﬂla@taﬁ@e aﬂﬁi y‘maoaygb@i(éf@lgwu@ﬁ:@re of a dendrimer has

IE% yrollld ne, Xaluronlc aci d, heparin,
Faf 'EO'T‘?/ r He TRk AR Ysampﬁ?%%d nsaFpR and

Sﬁﬂéhiba$ ppebempashahes a@@b&&aﬁjﬁbnﬁk§d1tlonal 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, dedrimérs 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 uble phase. [0056]

| sotoni c sol utions have the same osnotic pressure as
human physi ol ogical fluids. An "isotonicity agent" is

WAYOHHE0Wul e or conpound that can be used t ecaais084/041691

osnotic 25 pressure in a g%¥en fluid. [0057]
0si tions fhe instant invention
%Q%ﬂg‘bees S%’n%?ﬁg’dl th B pREr ABckIRT Ty ISREER I ¢
Elxoarpjt&ﬁatr efb6Oiwemy 40 thhi @réﬁ&@tﬂtirﬁﬂmtaon the
har.nmaceuti c ceptabl e:vexci pient” is an
e%é? §6n?% e%@??Pé?séthFf%rOQHn%¥a56NSFKaTW%ﬁ9%ﬁ
1[005:e1rs used termplmrmmeubhcakeﬁ@fmafd an0BS igomer (at
erred eXCi |ents i,ncl ude; am no acids such as

LTSS e APUPRPR Sipart) BONTE R ARPE Bepct et

bysi tieve a&pagaguﬂ@er gdzuta@mrapm@rf@l pH&nvdYonment .

G300 630830 i 003 bisoste Srirs Prlehgbrie,

gal;a?qtslse,, pabpbsSe: idiral)i Reseondy| ageslinl BASE: protein,

acchari_des, _such | act ose, trehal ose, nmaltose,
SHRPBERY BoESusten e SO Re s TS ein PrRete,
Jdea(cw}alnﬁl n, slbamtm«eglgmﬁgzee,llnal db&t%}l?arlgiﬁﬁhgagx)ld
to it tito sorbito and 3
ﬁm% ?td'hd é’eé&laeﬁnﬁn%a TEEAFShFe  acid. O her
é&csqalr ent srhrencénﬂe"mmardent"r reser§uﬁh aas oliBbhyt (at

t yd | odext d the
- HRRC TR Y ST R peenel et e Ao = et

pegarss\rarmhaebleonnder mm&bpmehé ogsH dewipbasphet es of
ot assi um anmmoni um

%ar‘ﬁ%naste aﬁﬁ’ gﬁﬂi‘)ﬁn%rﬁ c&l‘f% pﬁ‘o’t? gluhaiatiee salts, such
aslpeaiaitese, cpbltgaacerylaaﬁcopbayeyaﬁc%‘dr@u%teewl si fying

S, PP 2090 a2 A 0E0! LR LBIRELRY) s,
hpmbtetdrarnnlaa:udnehepdueirc, acildateldeydl@dcamalidéb, dextran
SRLOKCUY » BOLVROLER Sy SO UL UL, S Ao

earic sor
f0PDS] ear dthe, tend "sosgrtsdpnderefats was anpahyoxyble

gSQ%¥QLu3 %%e@axlthgglyox %Hgl e derivati ves,
or

I'tan erlva I Ves; VISC SI ? IncreaSIng
neageht s, Isgthnas agkuthﬂsgbawe Blce dbame 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 excipiedt” is an excipient
that acts as a filler or a combination of fillers used in
pharmaceutical compositions. Preferred‘excipieﬁts inCiﬁde:
1) amino acids such as glycine, arginine, aspartic acid,
glutamic acid, iysine, 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 .

propyl ene carbonate, polyethylene glycol, hexylene

gl ycol, tyloxapol. Salts of any of the foregoing

wonpewsd®m nmay al so be used. A further prefepcedsginupo

of excipients includes sucrose, 25 trehal ose,

I ctose, sorbitol, lactitot, 13n05|tol salts of
UPSEndIp LR AT UMTSHBRSas 2ERRIase  phybphat esibose ;

Cdli‘éa&iceﬁurldbgr adeh Qsy §hBEosal G AU 0sRO! ?ﬁgit Lene
oxi de, pol V|nyI al cohol’, pol yet hyl'ene’glyco

rﬁﬁ&ﬂ%ﬁﬁe QP}E%ﬁcchﬁﬁH@§%y Sp@hy%ﬁfmﬁhﬂmgegtytnﬁh 'dextrans,

@_’t o] a @] X L
Eﬁ %tdiﬂ. R T M S

. ﬁ@en?PB%thﬁweaﬂéxé?p@%WEHWQﬁkﬂﬂageﬁedndrgnmadtaronlc

garcolu;p C@Bﬁé@té;&gl fentsak hs1ugdl s ohydr at es,
proteins, |ipids ,EQLselTrfactanltls %ﬂ] n%{%@%%dgﬁ Yy &fi n

eyl FMC&O%%W éﬁﬁ%mmpylt%@@l@@@nm&om the
PGHI)S200350416%k1c13 <68XR1 L elllaii, $8hEFIEd f lpo @stsﬁsm
S,

gr.oup .consi sting of: _detergents, pluronic poly
\FBige ghesmi o Ghyeaide . RifsRRaseisdef sodingh and

Poteestum, NBOLSAGNA, | dRfon i th S3GHRALLHeSng éaﬂﬁﬁlose

provi done dextrin, polysorbates, 5 hy I OXypr opy
JIPIBSEE  aRETARCOIBILE Sackech [TD5TEtEsnp) exiscatng

CERSatEONSa @60 dichd J n
conbi ned 3nt% a carF|e%ggf§gﬁfJ@ag¥ﬁﬂ£&9pzté§/§%éill1Zln9

tIFRRESwhd ke adieREi a0 daet:h@@%}ﬁmn% adpeedsl onondsttplamues
I1éb1&%hh9nmoﬁ@éﬁﬂgd%iaﬂinédj6@@yg5%61@C|Hggyl éi o%

exanpl e, Freud's adjuvant, |on exchanges,
RUTPRORF - SPRBFIAP2LEEC| FPRHIM Puafufran §ubéanam,ceecea$mch

%mogabﬁlﬁﬁ mcg'loﬁ.%hggtesoé@}:ﬁtac&l %oﬁ?gtgﬁa%sy
sor gartlal cherlde m xt ures of saturat'ed

Ve §BPe ?E}Y%Fléfﬁsdspomﬁﬂé]r sergyptdves, eW@ct rol ytes,
$iﬂﬂyo&§e9591éﬂ6'B%ﬁi%ﬁt@@@s,Jébfgfﬁyy Hgkby£!ﬁ

(Phate sodium chloride, zinc salts aFd
sﬁﬁ O5 1 “HaiReTaminct FReFER it SuchieRBUSbaSe- Ekiaaseldc acid

sifstiasces1 and qoely ethy! sae: o y%lyv%ﬂwvﬁgo%olor gel

i ncl ude,_ for exanple sodi um
@fiﬁ’&%&%ﬁs‘?ﬂ@l %’éqeuSICS%éUI?ﬁﬁ vkt gt 8srivatives. propylene
[hﬂﬁ%@&ﬁ&éhyﬁ&lyéthylene 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, pol?vinyl
alcohol, polyethylene glycol, hexylene glycol, methoxy
polyethylene glycol, gelatin, hydroxypropyl B- cyclodextrln

~polylysine, polyarglnlne

[0058] In one embodlment of this 1nventlon the
exc1p1ent is selected from the group con51st1ng of: salﬁs,.
alcohols, carbohydrates, proteins, lipids, surfactants,

polymers and polyamino acids. In a another embodiment, the
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20 pol yoxypr opyl ene- bl ock copol yners, pol yet hyl ene
gl ycol and wood wax al cohols. [0060] Conpl exes and
conmpositions of this invention can also be conbi ned
with stabilizers. In one enbodi nent of the invention,
We08/@bi2b i zer is selected fromthe group 25crus2003/041691
consi sting of: sugars,. polyols, am no acids, soluble
proteins and detergents [0061]" The term
KO BLENE | Fatsoiectedgnemnihe drougetpnetst g #F:

n i-N a It <P
GRMRIgLLE ! d%{yfailc phudess a malin oF E%ﬁ 5%%Jfﬂ'§§ggans

ot her "ingre ts needed for protein
@r"yélpaﬁr:réat | DIRr 0062y cerel emsrmﬁhaoidetshu S

1aRthaR: 484 al.S 11,9 corpt 0 g i
crystals an éré%?é cgﬁgounds ﬁﬁ%ﬁo?E%F§gﬁbgﬁ?ﬁ%ﬁfgates,

|h¥ﬂrea§§rapxbﬁﬁﬂ§mﬂpeﬁ ki creepci sesda  conpl ex and
a[ 0RiEaN MRC edbhsaddes a68eRLAR) & HsPLERLr&Ind o this
2004/:060920 PCT/ US2003/041691 14 carrier.” Anot he
STDGHtAERt AR atRe bescanbined enitthon cprrimesn @djuvant
GOROkLheAS: KANPRLehNgaaly i N5 Y WhAkes ege
in a solution phase wherein the inso |s a
doFIcERScORPragiing -a pPrereles cquﬁdaluvalahswomlolds for
omReuRd apgL@s GLRLART ANd MherahRst h&ﬁ&ﬂg I QR uminum
phase i s selected fromthe group consisting of
VESEratBuf Fepithisy o S Gar | veostgsesni euey ameitosphates,
5&;{1%1In|ezeg§r@f@ acqenehaaf_;b@geslt&&rs e%atédd;s&ftq 3' ly,

e present invention provides nmethods for producing
tHesErdefprexesramei1oabvnpod tieges abl 063 tyTiReids,
rasent, tayestd.onideschibess CUmhexespainine sulfate,
conposrtlons t hat have prolonged di ssol ut1 on
FHarosdver Pedresemhosapared sedivm kol prpdot eiimcepdtal

CUUNIBLRARS k81 DFa Widdnbhehs C@ﬂvs%ritllc%é' | Yo { QraMYAL Sgsed
15 protein counterparts. The di ssol ution behavior

LTS Retnb P e tRI4PRE 0Bl Xffolpol Peavvamie for 9e1 base
PRI AR €nc CRIOURAS el ngl P ARiikmCr ystal ei ther

before or after_ the crystalllzatlon ste The choi ce
RPN FERpbFS RS IGFPe PBLY FRARIE SN eogcmefﬁrrrwl\mnpr

| depsrky@robited - fock BERbEB{Rers, polyethylene glycol and

wood wax alcohols.

[0060] Complexes and compositions of this invention can
also be combined with stabilizers. In one embodiment of
_the-ihvention, the stabil;zer is selected from the group
consisting 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] Ohe 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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20 and the pH of the crystallization environnment.

[0064] In addition to conplexing ionic conmpounds to
protein crystals, it is also possible to prepare

conpl exes and conpositions of anorphous protein
POog6049p92t e and spherical protein particl eecsiuskoosiosison
pol ycations and 25 pol yani ons. [0065] According to
this.invention, the devel gpfénf of  different crystals

SPTPESY ei HOFHETsEUPATIaI Y QfebBE 1R RS EVERE LGN |

lreuyt@@ ﬁdﬁ&ao&@sabmte&mg dRIHI@18E aRl M NH1 M Bhase
er . of basic and acidic 30 residues

395 ﬁ%?% Jd‘n aasgﬁa‘ei% R, WASTRET | the inselyhle phase

eBVhr oanHEIx, d&mbtrldem@ranp}@tmar etekra s, Queriadhkcnet
char ge Thus, inherent to every protein is an

FoBBPERT (4T G FAPUR: S pIFRDMERYEpROTHT S bAREr BhEHR 15
@eileehédi o oaf thbegpb@ﬂ.s Bldhsils® iAGr Of : M SOMPh@xati on
cations or §an|ons to WD 2004/ 060920

BT POTt0I0a 169 1ORLCN S Dt ey nS KAV TP TP 1% pl or
hb@blﬁétuﬁﬁﬁﬁﬁ@kb&ﬂly Adﬂﬂtlo&ﬁimkt tﬁbtﬂﬁéégﬁgt@hﬂentlon

havi ng advant age hysi ca roperties, including
PRUGT BT TS OF o YBtfAAo theSEODBBY e SRpl o
icbmpuBRA SHOW h hornDne (pl = 5. 2) 5 is crystallized
%@ Fé?cipi ated in a buffer at the protein

QPd be n lﬁ:$§F9tcﬁ%Y%ﬁﬂi9§nQeFﬁEfB?%HQPmR&ﬁﬁﬁﬁ and
icotpbact i@is conpl BXvai s+ lRnlgeeatiiens1uSidd | arly,
%Bﬁoclonal ant i bodi es, such a Ri t yxan and Fbrcegtln

RAChPE Yrisent &F CRBAESEY Withiid CHELRDPEC S Tt RSP

wotiht 8pped &/ DY @A shi ﬁh@mtcroaivehu&f:ﬁamy [R06H]1 aERE
estimati on of a protein net charge can be cal cul ated

SHOECt e AWM YT PECEE - setftferftd SO URdRR PEIFHEPT iPublicly
awabhgbkehaiagraﬁs aaal&ﬁxﬁ&ﬁf@@@ﬁc&@yaﬁﬁﬂﬂﬁl@%m ahibSic
%%gp hgég:/ mmm#bkol uni v-nr.s. fr agl coggﬁé%. t
RRE“TR {15 /7 WRRCT AP obT Y&, SEFPSEr DR SnBar ) he
Amriydite? 1pza3tt:ejrn$tephos"Eh¢)rcoiceJcﬁs olﬂausﬂ:gg ) Ip'cglil’%étlonlc
02 1on chtIC (pKa Smé qﬁ %) mc acid
EORROAYBY-on S SeTRPFP e piegringr T 26PHSC TP
talnel ahbepH tmmd;hebasyet@xDIﬂtmm bhogeom@{tel ns havi ng
%OQ%Q?er CPnt%ﬂﬁtlon 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 proteing 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

is zero. The complexation of polycations or polyanions to
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20 histidine (pKa 6.2), lysine (pKa 10.4) and argini ne
(pKa 12), typically have pls greater than about 7.5
to 8.- In contrast to both, neutral proteins, those
typically having simlar anmounts of acid and basic
WP/ 0e82d resi dues, have pis that are neutPcalusioos/si1691
are typically about 6.5 to 4). 25 [0068] Although

npr ehensi t a or

ot pepehens ve, LSt 30e sraBlen bl oL,
reswhbiimanheh pnanezem yitehriogo |aeltv|antaé@écx® ,ph&tsaﬁe[ c ent

br pl.=5 1 ulin.(p 4 ran C
REPBES docl P (B P pd (Bt RR) G2s g PR KBENI S,
([996:61 6) Ffarbeahasbesaf( plurBin? provth hdrdofel 4519} 5.2)
. ecC t. ti.ssu Iasmn n, act or
e e S S SR S
D’rbte:(rplmil-la B)a nb@wtnelsommgealmi pi=teddpre, would

erl eukin 2 l.nsuli.n-11i ke factor-i
LSRG oBpbRER ] iR Bnt | s B o
ﬁéffMBﬁﬁﬂB/a@uﬂ:lB@dleaﬁ sydd0 6] ROnexambxod mmteptlﬁhn&th

e relates to ol ex risin rotein
%@g %11} and%lgﬁnl ghl"(‘?D’L?Odmcﬂoounlcrf‘?L ﬁgﬁ% Sl Xg gn

enbpdmmm iof nehtsal nwefftdren, t he proteln cryst al and
a, nol ar

f b,

e e N e S e
balcamdﬁerorenbotie nemino tdmadprset;eence: r:;@taaslceandih@cmi c
PAPPELEY =Bt BLE i8] 8 Seirace Y BRgoHeLen
ehbad(mthttphe‘/pwm]ewﬂ xmnyzshﬁrls ﬂﬂﬂdlmwcem@ibepnldtml

t t f
R s R LN
emboeimentthdsie pppoéens }tar\/y&sigala anghédnianhteaspoeand

i bout

BB Pt R bl foRaP ol YokaRdnatts W8l nate
sybodahonthavet pds Laven tilsrb6l t(:vwsw} 1c51 [t(h@76]:héﬂ laand,
pggﬁsr%p&emodmsgg {&eel g%w@ngfxs? Ands coRELECLE

rom-t group consr st her proterns,
taskedipe otrdian$,- 2gl ytm@mﬁ eGm(@ 1|0ee)aparm arglslynehepnca:

aaslg@galciﬁgpmﬁﬁ%wa{a&s é eeqsth\gugﬂ)o&uq 3o 8. 1n

pr of ant | es, enzynes,
fcoagnesit sto both, neutral protelns, those typlcally having

similar amounts of acid and basic amino acid residues, have
pls 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
selected fromthe group consisting of: glucagon- I|ike

- peptide 1, antibodies, histconpatibility antigens,

WU R0d/dc0eo sel ectins, inhibitors, growth faclt@lr,§9200%§“691
postridi cal hornones, nerve growth hornones,

clotting factors (e.g., Factéor- | X), adhesi on
nkSICE81| es,OIb%r@quémphbg@ﬁitdlim dtne’iGnsiandrd:Jedieim$o a

LS (@ Sona @V BAKLOGS SHRRE> 21 a8 Drodie Zompouna.,
IAnFONGLDNi e drl -éxbokfigent | @h iy Binveohi&d, fast @rotein
@N@%% 1! Lad }é&1é&cog888§%b%% TR @g§n00|o A ratéo of

stemr tlng actors r e col ony 3t
frastten s l@l@lg COH@@EH@) ot naibeutdriug Stespstlance lprzm)t ei ms,

I , LeLy o]} actor. VIl]
%Hygl%lﬁlﬁ N ¥' déo}1 Has g aﬁPé@ C%ﬂﬁ)t}’r’t v gsi%n8 Hifeh grERERY
mcreﬂ@mesenhenwea \W@o2e0n/ @6@9:20:@@%&:!82@@81@465%0@75 1

QLOULDDOF FDNCK, /fone rDLANOREN! GBESKELDS. i 308 20

I'n 'yet anot her  nore prefe

ermysdideand i¢mic td@elpape@tarce s s 8abeuteich fivadr:

p I Sdi n e tide 1,
KATERLOHEEEENS O BucP it P SARESAL T IR nd
sajcadiernsmbp@hndit.ontde growein fagtssrs, an@o'sdzrucdlqoaipound

e h_h | .oad ott]

0:@‘%'}%%?:1’8 £ % QLD f QHPL o @8 L 0L 1 4 %eue 1222
rﬁw;ﬂh@g@nﬂé -‘pr brhins Ardoréstd s ar epheendoe tadedikent,

cC [ sugch IL-2, IL-4, TNF, 1L-6, IL-6,
facy(h(%?ngnyglia% %&r ation inhibition factor, IL-7,
a

0701 nonéeryz eeraiEragdagebedimant sttheupactain feamytstrd, is
rggltaccé At frsssmé agqf]o%p%g\gsméingmef ch¥pphokines,

Factor VI I any dor nase-cu,
RHatgimist r ﬁpéiw HuavEn ngr 0%k Ne B dieTimsn es e CeRrams

r%ﬂ’ygﬂétqgr qRe %en@oqf%cg%@gﬁlg@nér&l%reﬂgel O%lr“]% (L;ﬁ%e%%”t e

t oxoi ds. I n anot preferred e
tm@mnﬂonéor@one%elaé@tléqdw@m errymgsoupab ofsistantg

0%3?#&#;@% g?%@g L 10HRAE, LGhULAGONS, par at hyr oi d
[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-f8, IL-2, IL-4, @-IFN, B-IFN, v-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-a, o-l-antitrypsin, human growth hormones, nerve
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20 hornones, |utenizing hormone and follicle
stinmul ating hornone. [0074] In yet another preferred
enbodi ment, the antibody is selected fromthe group
consi sting of: Infliximb, Entanercept (Enbrel),
RiotMxdogmbe trastuzumab, Abci xi mab, 25 Pal i VigediRBos041691
Mur unonab- CD3, Gent uzumab, Basili xi mab, Dacli zumab,
Zevalin and Mylotarg. [O075R7ln yet another preferred
ErBUHR Mrmonese baryneorppgseliccredt¢imm treage oapd
consisgting of: rasburicase, |ipase, anylase,
hydr ol ases, oxi dases, isonerases, |yases, 30 |igases,
é&@ﬁ%late3@ydﬁésé§0th¢%nsﬁ@¥a@@éeroﬁﬁdﬂﬂudhmEaSesthe

e; d e n
e o naed L0000 roro pr o BPe i bl SR edlfune
Phe ahy¢%sﬂ?1%§kede¢PVEQbfh(ﬂﬂnAspedge$lLhnsnppmaetlbn11ty
anet bt Prafielhedls 0. 2004/,00092 0, PLIL 2008 044690 v,

enbodi nment’, the T i pase I's erived

I@ﬁkhé@ﬁ@i élor@@paév anem wtowahohhemorgﬁ%f érloed clotting
ABOOLOEN g [ NS.BXLAAPR . | HRRLER! £ LLOMd Ne group
consi sting of oxal at e oxi se or urate oxi‘dase
(erriagelic PGNP ﬁﬂddkﬂFumﬂ§odtnephlctﬂﬁﬁdqyase 'S
histkdase and, taeempygr%a%e, g, ;- aspar agi | eserle. 10
anot her enbodi nent enzZynme i § adenhosi né deani nase
drmpbpeoRste. JLOG78Migrriovall nghtidiohen efotime Al 7t hEL-3,
CRBLEXE S rodia %Eebglgﬁy§§€yd51§EQn%OPA&E yQB5§18£ug

this invention are 10 not protein Crystals 'havi

FESEELayer RIHSings @ﬁh@@qlu@rmoémhysablémtb:eﬂ VIII,

e pal yel I ( 1
R RN R Tt oo e e
dorpPegsi snewts aerwthf hormarss, gboop mormshcsamg pfoteins,

RUYEEBN Sna 1-RAlq¢pepti des, ol i gopeptides, proteins and
dendrinmers. In a preferred enbodi nent, the

di%0d8pept | He HwEbaTnBreteTRd ambPghmeRt, | us holmane is
ahaut:2akB-aNd. 18l @rbﬁ{:l Yond N8 1 ROLY¥PERL L He &rowgﬁot ein

has a nol ecul ar wei greatér than about
BHFTREE P ELCaIRESo| Pgéﬁ@b\tw@ $ormone, fertility

hormones, lutenizing hormone and follicle stimulating
hormone.
[0074] In yet another prefefred 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,
lipaée, 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
fromthe group consisting of polycations and

pol yani ons. [00803 In a nore preferred enbodi nent, the

PR 2602 | s selected fromthe group consipiiRGyebsi601
Prot am ne, 25 pol yargini ne, polylysine, p0|thStI3Ine,

hi stones, nyelinbasic protaign- polynyxin B sul fate,

detesyhbht Methy hamapai ue dsortdde frbhadykicRbTHeria
sperm,ne, _putrescine, octylarginine and synthetic

pEBticdes afid YdeiOTREK SPX$hF2hTot REPOHDFER r &y PEGIase

enedigesta £hen &&epgwaFi Obndistiebectedxir4yn thedase or
group consisting of: polyglutamate, polyaspartate,

pOIAFEcPYEaREe (\WolSASFanoacryl at es, pol yl act at e, .
padoy-7B- hy dr fxybaiteratie menppl yivd Mylapyer 0kl hdemneiase and the
hyal uroni c acid, heparin, sulfated WO 5004/86Q320 n
PEFr326631 841593 1291825p ot §sacldh &7 PH88T Jint. the

Al Fyleess hepadsines Wehat assansk danrdaiseers. [ 0081]

Anot her enbodi nent of the present |nvegtion relate%

(97 o mpo_PEPETL R f5r PEFNEREPR T UBFE PRERASS® ©
GedriyBtal Sodnd iiehiphpsEymeweIcE Rhsai thivdistlonbhee

phase is a conglex conprising ghgfotein cr%stég, an '

i 7 PTCEABoGRESEE AFVeRE) PreEnt BiTd WREFFEe i d

SobHidIN apN@sebsbsoss| epbedit& DM diard@roypl gonsdtsidiRges

of : water, buffer, preservative, isotonicity agents,

stBEhiYi228r22anBh0 conbi nati ons t her eof .

Alperanat i vehy, i6HEH conrpempastbhthery fakse bemplex is

pr%fared wi t hout an excipient._%OO%?] Additionally, a

pPeF 7 5t TERBo BN AEOBT CRESSFINR S 0R a8 Fnel udes a

COOP@ASdHti@RsWNEL ehdoddte R%CI prebéind sarfelieaiedndfOm In a

t i st f: det ts, 15 pluroni
BTSN S ar ey Co OGP YCANEL® JhG BT gerter

swaighy of yeesothasugsig, 2cRbl shoseimijailgonehdextrin,
P e a0RaP TARBP AT G & FEU-BIDsa ers: REl T
cenaﬁsémduﬂ1szeteiEuttmenmuﬁehltheroifgdpﬂpedﬁedofrona
;ggaégeé‘%ﬁoﬁlogoggggéig gco(r)r]:p:onsélfllgag§ ! tl‘i)e0|iyoonli§:’ cgr%&?nd 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,
dodecyltrimethyl ammonium bromide, bradykinin, spermine,
putrescine, octylarginine and synthetic peptides and
dendrimers. In another more preferred embodiment, the
polyanion is selected from the group consisting of:
polygiutamate, polyaspartate, polyacrylate{
polycyanoacrylates, polylactate, poly-B-hydroxybutyrate,
polyvinylpyrollidone, hyaluronic acid, heparin, sulfated
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proteins and detergents. [0084] The present .i nvention
further provides nethods of admni nistering conpl exes
or conpositions to a manmmal having a disease state
requiring or aneliorated by sustained 25 rel ease of
RoobRlogeo@sed therapi es. The nethod conpri segr/dsh@sn41eon
step of admnistering to the mammal a therapeutically ~
effective anmount of a conpl &2 conprising protein -
@P&Kﬁﬁ?%haﬁﬂﬁﬁshoﬁ?été%ﬁqﬁﬂhﬂi§e§0ggﬁﬁ@?&ﬂtﬁyhfﬁﬁgs and
ljauapt Lo, Alternatively, the method conprises the
step of 30 adm nistering to the mammal an effective
df88A1 of AprotdempesPeLbirtomsr itdengresdnteiimvenydeal s

| t Lanj ng, a W3i.e
FOUBEE™ I one SRBoar nant B eha Enyant: oo erBrates
Glsppnadeei in @& potaksommehdassni wheaspoupdisd dmgoluble phase
GQMROSLEL PLIS M,2004406092Q, RGT/ US003( 04169%n, - 20
conprising them wth”or 'wthout an excipient, are
aorPabnd errdl a1l erelrdenaeyshvheskeia phbd mdettiopabhase
Vet ebh DA ¥a Ofrdif RBYLAGLS GJHARRLAL 9P, Vm@e,mfﬁgr,
adm ni stered by parenteral, oral, pulnonary, nasal,
DICERTVEE Hyral | 1opagrRagalty Rgamls, G&abatizenst P@¢enous,
IR AN ESh AT ohe eBEN 28K {1411 vl aRGEH LONERI osition
mucosal , sublingal, subcutaneous,; transdernal

.t @aFC budedraged nikaettarfitalexcigaees. [ 0086] In one

i oni ¢ conpounds and conpositions conprising them
WinVIEnEEom e hsutingd u8Re| di eiposdtd cadnharsiertdg grcipient
OrAlseh QUE € OF r RATERE §L8hp F WL stliMAoP! eI IR nt o,
embodi ment,  conpl exés_conprising protein crystals and
IPHOTE BNPOLIRIS - R YR bfp o5l XG TS NOSAPF 2B$ ngrtimemacids,
Wit c8r Whihotd arulareXcidi RlosAl §oddibi Hhed nby
subcut aneous or _infranuscul ar route. [0087] In a
FAYECFBET BRI TR PTPREL cHMpIEees 6P 2IPRIGLIT POAS -
ofoddiilS | NYESHHON praker A sHisdanRetbyncsuhclitaneous
route using a neeé]e havi ng. a gauge greater_ 20 than or

RPRCSEE 197, Wi R &Py BF 301 e e gfpPeXestet from the

group consisting of: sugars, polyols, amino acids, soluble

e nentméidtti%%ahmy? N 1108 £ IR bRbod Pty $frak seand

proteins and detergents.

[0084] The present invention further provides methods of
administering compiexes or compositions to a mammal having
a disease 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 brotein 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

i nventi on advant ageously permts sustained release of

conpl exes or conpositions of this invention into 25 a
MEFved0c0d2t one enbodi ment, the conpl exes or pcrT/us2003/041691

conpositions according to this invention are

adm ni stered once a week. -lmoanother enbodi nent, the

cenmbexmgamh@aWQStml ©N i tARKOI ehNgkd o AdHLS Ia&\éent i on
%% adnuplster ever% two weeks. In yet anather

e ABBETHEIT =% RECESApP &S F5 36 LcBnpdRiTashes 158dor di ng

t @ethrmanw@m p@BpAYy Ba @t mﬁpe&edlo@ncerrﬁggewynagt h.

It Wil reci ated by thos kill in the art
t RATth etesrﬁgl‘g.% ESETRaTTR Tedi nﬁhfwrrc‘r%eﬁ@ﬁalf upBFRL/
fanhFrsvagmn@hdaﬁethelphagmnﬁgkunegaﬁemwauxuﬂﬂbegmggc@¥?y
co e e .di sease to, be treate and_wei ght
B St 500 36 PRI 04 185955 D1 S HESad | et
t subeutareatied, tgensdatmghy sicgdlcatonehiddon f inktkgcranial
patignt and judgnent of the treating physician.

The present invention further provides nethods
.ﬂonsprepankn@neOEmbedEmemﬁ<ﬂﬁmheimn@éwﬁﬂﬁispaadehﬂniC

5 co op One.such net hod nprises, the steps of
(7 PO RRYA % 01 0t TORP O (Pt BPRPGF LHtps. comprising

c Itylstnal dzi Zatdrowi theagemt emm;h@np I O8lb€ EadnisAlsth-0n; by
de oni zed

to said solution;
| REaDar PN S BRERR TR En ST bot o PHATIES ghfodiment,
ab’ompléﬁemmmraélﬁgtﬁmmm LUI@'SB&ILM\B&EH 1 rakobmgothds

- and .about grote|n crystals are _fornmed;

aﬁ&d(aym%ﬁﬁf hgnchﬂf ST FHER 7T EFHREoA™
feannglemnnﬂaxe aﬁm$ﬁkdt$waﬂ(ﬁyTSﬁbyﬁt@ﬁébuM16} sai d
|g%t% usgppund u[COOQO] Typically, crystallization of
a pro 'SThore 15 likely to occur at the pH of
sdDQB7bn nelar sappebeered ssyiiqdimeher etite tdwenresdei 8-S
har ge f SLEEr Q. er, the., addition of
poly n.bﬁgﬂg? po??%gt%%wg J‘”br@fglﬁd%}ﬁ%ﬁ%ﬁﬁéa EY
th@bcupanaQHSJ&@unayusesgla naeqa@ohacﬂmpla»gHUg@ngaéater
a.resylt, the cql X of rot ei.n crystals
|o§fce A‘sbalpol 59 A{ I(ian‘—’l\/vel@{l? and }ﬁ%t CEI TSt
a@pmgpgttgmnanmaynba admlnlstered by needle-free 1njectlon

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



manmal . For this reason, it is advantageous to include
an additional optional step between the
crystallization and conplexation steps, steps (c) and
(d) respectively, of the above-identified nmethod. In
woabosadeed i onal optional step, 25 an additi gRa{us2003/041691
excipient is added to the suspension of protein
crystals fornmed in step (c) 2n-order to reduce

| §BFuB?H?r§F 0f° ProfEpAtedy sieaiesaat Phisi ch ¥ faemelit i bn oot

- the phti&ft ahystakbheat '&n’th@'tlrgafﬂn% kst i me
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ghanglng the charge of the crystals Fhus 3"
ARERLI ng Thfe REEHSBEUERTSIEG Qo AP BRat i mrowidds aethods

-_makypg@béfhﬁa:%gmbggxeng%rﬁ;gﬁgggngr gg Pl ex £an then

be fornmul ated for parenteral |on lmﬁe?e in
FREPPHYEst B gtich pajraDlasgbeabes pthe estirps PH: 6(&) t o
E\lﬁln@ra w&tlla)%r O?l_g?&lét%.kllne Wt.Lei:l Qr@iny%talllza

a

adm ni stration. According to an alter e enboalﬁ%nt
Fﬁégvﬁy2@@ﬁﬁﬁﬁﬁg29uF%ﬂﬁlﬂQyN¥300416©ﬂ addi2®y deionized

above- 19&5531|d9%@1995b19{‘a4 c %@ubQE!L n? egal%jdsori%tﬁan n??@

exci pi ent to'said solution to mal aln crysta

BECYRER ARAW 7 aBfyabetts %uﬂ'lo{tléschian@etdmryalﬁumé béreveen

pEELEi N e yahiabSoubefoveen $1ens ok eand, ﬁ‘?‘ tals 0091]
The gresent |nvent|0n also prOVI es an a er nat

BtHoY B9 pfepaffigs cohplosies cofopuet gim aanyﬂstsalstmd
EQBﬂnCaC:E&mléEkd%f dhie pRIhad eoppLires, fdie 3Lars.ofs
é m xing a solution of a protel

PYRPEIY zati on reagent nmix to produce a solutlon'
(bdosridi narydaicant el iBheLat 0380 S YMLION: 5 % ﬁore
addi ng an ionic conpound sal d solution;
Fhﬁ%hht‘?%é’cé‘éﬁ'rd a§oble iBh qfoﬁOE)étv\eremeaabwtpratam' s pI,
abéﬂélﬂa:}@lﬂfr%téﬁnastmrlat uhe-petyeen.,apout, 4. G and
8 ut 40 until protein crystals are forne A

g gb?ﬁ%’ﬁ#%ﬁﬁ%@&“b?“%ﬁvfﬁﬁﬁﬁ@étb@n$rﬁ%1mﬂvennlQHYMaws
be endfi G GVetal ngf {4uRr 0L ehHoAN| pg@ﬁtﬁeﬁpgm%at

may be onl gh ysi cal . associ ation
Bllecthbet HGRFnt B ATTBHS] Obf PHPwt it rrrvsysial amhdionic

boDjte £ armowad wehR092) Adt @gemfrfmlmtrgﬂa% e o
to thﬁ above- identified nethods for preparin
X

CoHPT exed Bf 6t EFFEDD dity dFapSvarerRgasvisc t@om@luﬂjs
and extor 1eRipt@bnadl S dp GRRWBEn 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-énd thus enhancing the subsequent
complexation with a polyion in étep (d) . The resulting
complex can then be formulated for parenteral
administration, wherein the pH must be at a physiologiéal

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
conpri sing adding the ionic conmpound in the above-
identified nethods, the polycation and pol yanion are
waded0dh2 N a ratio of protein:polyanion or g} %ﬁ%&ﬁ&n
(ng: ng) between about 1:5 to about 1:25. [0094] It an
exci pient is added between 8geps (b) and (c) of the

‘abeve-Jjefeanifede gphoholsst g éhelndds exddificers excipient

inc gents, pl.ur.ani polyols, 30, .
Cockyte Aok aants Bl WA G810l 80 B0 3y o
Sugarsls lndl |tgl gbengpottiad @ie odexbei protpainy saybates,

the protein in step (a) of

-B¥9%8§¥Q5 A (c?ekh&lﬁﬁ and ascorbic acid. [0095] In
a preferre R

.enbodinen

* {AR93bove-Thiepriespad mdddon elppesemtides sai d1l¥Emate

concentration bet out 0. about
Fgrat . corag9sidsi.n  Fhos hesthmdefcompeisenbddi nerbs dbhe (a)
cystallizat] reag 1% in.step (a)_ of the above 5
ident?f%é%éaégﬁgﬁgﬁigq%% éﬁf@ l%%o%1%?%§%ﬁl ﬁﬁatlon
EB6ASLRYE i igE ¢fo PFEBe#ICL, saERESH ; ackl atd]inghdepbal ged
GhiLate, horaf Lodazple, Bi.s-tris, bicarbonate,
ca(boné?e,'$+?%@ugg%?hn&gofﬁgﬁiﬁoa?a%% %%‘%%P&“%ﬁdtO
eSS $plyigtorananderld) piefuatddge sbbdi sentt,ionhéor between
byt | 4 Zat A F §80RNdMX S [eSER (i Lhe
solution at a concenté%ﬁ%ﬁﬁ% gef%gg%réﬁﬁﬁj b%BWéeﬁufeﬁﬁF ¢
abotrd SEEUWHVEC| T another ppeesiar raayseabedanentqrmethe A

ch¥st &k | b Zasdienyt e ] s.a: pH bet ween about. 2
B T OB e, 2 SRR LR EER R
checpretetl tdHe the podutimmndn isnép ¢dypaind ke may be only
abgues i dentidded ogds d s S S8t
crgsﬁzlljzatigh Fgg%£n€§§%X.%Fgggg?gﬁﬁaghgttSFaCtlons)
@ﬁbEH??ﬁ#ﬂ Qﬁyaﬁﬁé abdviecriigesompedd . met hods, t he

gebykj On 1 &, AR edni R RELWSERN, ADUL, Pre aaggeé‘bom
two days at a tenperature between about and ~20
aBgnEiBieg methods for preparing complexes of protein

crystals and ionic compounds, an excipient or a salt can be

30044059920, RETLUSSO0OAEAN o 23 copluli on gt g

added to the solution between steps (b) and (c).

[0093] Ih énother preferred embodiment, in the step
comprising adding the ionic compound in the above-
identified methods, the polycation and polyénion 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 excipienﬁs
include detergents, pluronic polyols, polyols,
glycoaminoglycans, amino acids, starch, glycerol, sugars,
cellulose, povidone dextrin, polysorbates, hydroxyprbpyl
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
protein conplex suspended in a solution phase,
conprising the step of mixing said conplex prepared

WooRl@bdsh t 0 the above 25 identified nethods, Hﬁmﬁmywxsm
sol uti on phase selected fromthe group conS|st|n

water, buffer, preservative, 23isotonicity agents,
stabitioreps énaoé%ﬁﬁﬁﬁ%ﬂ?pnnbetWee@odbout[©190¢glmnzand
pad el red aghedi ment, the stabilizer is selected from
the roup consi sting of: sugars, polyols, 30 am no

aby e soI&BIén®F¥ﬁ¥ﬂH¥?feé€Eérg@bmdnmamd cohbi nat i ons

t&%yéﬂglllkg%géh féhégﬂ@e%#&hﬁh gp%ge&gnpleggnr%g%v

better understood,” the ow n
f%ﬁ%ﬂ$lfFﬁés@etb%%wwH9§eéeetédrfr@e o pesepotonsisting of

It UstHat | agoegl v,and @re 04/ 060920
PCT/ US2063/ 041601 C 24 to 5@ %:oncsli%ﬁ’&%a B #5%i ti ng

tﬁﬁugﬁﬁﬁéfoPth@r#%NéﬂFﬁﬁhonaheanynﬂumaee EXASMPLES
[ébéﬂgﬂldgme1&9ﬁ$&Wﬂd¥11@a 8£Bakg?W@ﬂ§ uﬁe[ﬁigs%ﬁg%her

exa 5 set forth erials
(Rﬁég;’ Eesl padEme bl éhﬁeeﬁnbtﬂb&uZdu;wanrgagww&1mlx 1s

hordmne (hEHL Y@s,dimBr gsa Q%At{%tlghsbg‘;%p e

Australla) ol yet hyl ene glyco avera
viti Yt 6R966004¢ FEIG 60060) Inasnétitam HamptoneResaaidifvent

& L 0 rota e sul fate was
oy el L RO Y B SR s

(?ﬂQF%%ﬁ¢gﬁo PA) . Annonlun1phosphate Tris-HO,
tEAL Sno 590l osph |
st ¢ ! rodidsiecio-paunalencl g, 5ol un,

acetate, calciumchlo
ﬁﬁ%sluoam-ehﬁ*ew delland sbei ahvez mntmmemmﬂo@t her the

Waie each QQté%§§¥£ﬂ1 Lghe t.sburgh, PA).
Pouyargln?ne was talneg ?ro%?%égn%‘ (St. Louis, M.
BO&%dI yti éal aq%}ﬁo? goesdanantassfayde above-identified

methods, the solution is incubated for between about one
and about two days at a temperature between about 4 °C and
about 37 °cC.

[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 cdnsisting of: sugars, polyols,

amino acids, soluble proteins,_detergents and combinations

thefeof.
[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

- Chromat ogr aphy. Reversed phase hi gh performance I‘i qui d

chromat ograns (RP-HPLC) were acquired on an Agil ent
1100 25 series HPLC (Palo Alto, CA) equipped with a

Wo 2080056 4.6 mm 3 mcolum (Supel co, Bel]sg
PA). Sanpl es were dissolved in of dissolut |1Jon [%9405/0“691

(50 MM HEPES pH 7.2, 140 -n¥4NaCl, 10 mM KCl1 and' 0. 02%
ety EoNadNJormtd ubl| fer om0l thp peere afo tihy doveohion
l;‘tl Utah N, Jfles were nmonitored at 30 214 and 280 nm
usi ng gra I ent -met hod of solvents A and B. Solvent A
consi sted of 99.9% dH2O 0. 1% TFA. Sol vent B
consi sted of 99. 9% Acet orB3AMHLEE 0. 1% TFA. Al |
chem cals were HPLC grade obtai ned fronngl sh

e exigples

H%3%2ns wWete SROL2H6BP 0BYSTO PETEES 0937

pevf eowed ®yBiw.15 min. using a gradi ent design of 0-2
mn 40-50%B, 2-12 min 50-60% B, and 12-15 60-85% B
Aflow rate of 1 m/mn and a colum tenperature of

Z}\Qat(;_.rwags mai nt ai ned throughout the run. Data was

ana zed u5| ng 5 Al | | ent tatl on, sof t Pal o
CPTRFSL S o SERE £ o CRPBRRE Sy I Ry

F}szfn@nréamféﬁGH)Slea% %hUSt@Qa@éH Q. ogma&é% HPLC)

wer e acqw red on an il ent 1100 series HPLC (Pal o

A radap) quf?*pr?éﬂlY\hef‘ alygak- "Gt BYOBRSIKIC ol Ufn

(weardrt @8456600 Taszmjl GB|O©$eﬁaéLﬁoni@IaMbBbgOM@éé’a&dH gLaguna
PA) (7.8 mm x % an Agilent 1100 series
MRS V) €2 ééﬁ?}ffé‘sa w&“é1 &i 8%%?‘%% 47 EGES WS gpurchase

Ot 19ElgH ir@Bhbuf f:65m anth Bidmyaiddld ened Priotsb@rgh, PA).
injection into Agilent 1120 secgl es tenger at
ti 3N &

BFOARFE8: for &1 besic
”@cﬁkﬂitﬁrﬁ ethoapnaddl, ajid cilim 288t£am Wil iamnmehidei phaserEs,

ot et bl Chod2g T FRforiad 2Rl i b8 B B

\N&é@orﬁ’@cgfj&Sedhelﬁlvngcama%gl beosidddD @ rer Fesheﬁlegasser .
[0106] UV-VIS apsorption and Optical M.crqgscopy.._.
VR LS55 s pBR L ofOUGIRABRES S SBHCAF R gl Shame
Beskmarb M, 7#60. spectrophot onet er, Becknman Coul ter
Inc., Fullerton, CA. Optical mcrographs were

obt ai ned by bright field imging

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 pm column (Supelco, Bellefonte, PA). Samples were
digsolved in of dissolution buffer (50 mM HEPES pH 7.2, 140
mM NaCl, 10 mM KCl and 6.02% (v/v) NaN;) and filtered (0.2
um) prior to injection. Elution profiles were monitored at
214 and 280 nm using gradient-method of soclvents A and B.
solvent A consisted of 99.9% dH,0/ 0.1% TFA. Solvent B -
consiéted of”§9{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
| mge-Pro 25 software, Media Cybernetics L.P., Silver
Springs, Maryland, under the magnifications of 40x to
§HD04/06008VPLE 1 [ 0107] Crystallization of hGi{ 5%5})3,041691
anmoni um phosphate. Commercially avail abl e hGH
rrE% sfrst di ssolved in- 36 45 M Tris-HO (10 nmM

8- (?V&lrallﬁz'éb“ ad¥ilmst a2oxaddent reshidns ofCl-2 Iflin
nM) $)¢-%830)2 -usi RenasPlegLce Dalkyzer: s caftdd.dge hayin

| ecul ar i ght cutoff M?\%% gg Lo éjd 8r0g %Pr‘gt}é(in"9

cagg%n? dt | \r?e ala@msqceldlnﬁytwgn@w%agmo °C was
PEILAS2O0Y @41683hod6 rieni f I
M1 Ljpore concen%r at or (IW\C(&) ng%o‘%]s Uﬂa}%&%d us”?%r
20 933%@ UEEStathen cemiarreat(Paho ob ‘P—FG—ICAA/as found in
aloangle Of BCeABxBULS] on 3% HBASHEE
280 Q. 813 (1 ol hG ARRG 588ehY. (IR PREEGRnce
uRT £3) SRS e TR O3kE81Sd §BEdHPRC heeres slcgtiiped ton an

yAQiﬂera:. fri1nal sawéglﬁpﬂ@%%%fﬁtgn &) Q;nxﬁga AWMy 4
grown by addi ng amo m

t al f hGH we
pﬂ%g p‘?;:‘?a]tS @'%PIQIIQIEW@F’CE?W‘T 5 PRt 008420 s dTasdhoBiosep tliat,
aMoxflttét&kex@G)ﬁQﬁat reaj oy of ofh 03 U%rw_mg_ﬁ.grr@ \g@ lent
i ncubat e P A%

obt ai ned.. The 10 sol uti on was then
hot?'$ SfFiss MDNGEW e- 3mRd esr ystal @lwle’e@btlal mez;l nehE

| aRgest 1 cepbieakr SAETPOSCOPY: fIf@efé&?ﬁb% gpt cgc1on

vvere found to _be approximtely 8
wWHEHe L PSEal P S et e yeaPgTratue cxardirolfiad 90% 15

E%@&&ﬁéﬁﬁie&010§1u51&§t§§dﬂliég'Qgrﬁfmgﬁ§ﬂ6¥ehh ?0914‘and

Citrate Commercially avail ur i
andl? di™divdVz edmahtle &hReenef ab @dﬂl‘ésT@@séﬁqlbeGSO mM ‘Nacl,

Eﬁa@‘ﬁ avaly,, Qem0ﬂ|5zed;o\m@g1§rt mﬁ_s Aadded ta &Q
cenﬁlr ated sol utjon of hGHto yield a f?ta ned at 25

pr ot & VEBhE et TatdesRssed 19s ?ngéﬁ%t 31 &0 gfertien
weegageown by adding sodiumcitrate (Na-Citrate) (1.5
concentration of

SREERN no 7o e aPBPGRRESBh A AeBEC T SBicTsAEYaS Thas
| spedat@thok@braphs 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-HC1 (10 mM, pH 8. O) and dialyzed against 2 x
4000 ml Tris-HC1l (10 mM, pH 8 0) using a Pierce Dlalyzer

 cartr1dge 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
obtained were found to be less than 8 min length

with a crystallization vyield of greater than B5%
wAbRlE9 [ 0109] Crystal lization of hGH wi t pcgafhdbBha1691
phosphate. 30 Commrercially available hGH was purified

and/ or_dialyzed and concéntfated as described in
ERBRP} 21908 URit28 P Ve POkgs caaaert ¥ qthg MWCO 10, 000)

GONEEHS e G RCHSOb Uhi ot el YirgkdednddNalatOn of han
2004/ 060920 PCT/ US2003/ 041691 27. protein

wakcEritrdtiror sAg9. Gt 13ﬂﬂ§5ngy9pfml TR$ smeaGHTEENPY pH

- 8pBdr¥@scadded ghond/ f b nals C(Qn%@'ﬂn&aﬁd;@'hm 10Q.8M

Crystals of hGH were grown by addi ng di basi c sodi um

BRESHPARES (WMEZRPOIP1ANIeG Fatise waFudddnd §@ that a
Ebmatlén coanGartiGabi ool HOR M N@%EE%A/@%nOQ%aweﬂo
Z‘BSOl ution was then incubated for 16 hours at

te- | FREsEadEy of alEH e SBCHPNBY aﬁ@lnwg@@nbym

SRbLERAL 4N GIQELARY . (2 Tma )CIYsS te@eS sem@i&?d Jeergaf oynd
to be between 5 and 25 in length with a

é?—?@%a???“ze&”tqrdﬁlff’PePg féﬁo Je dtelRhata T 598t aloeEXAVERE

4000216 sy Hhelnl hAatbaeDiE A sWhbhr§al Cidgmraceth &l e -
and Protamine sulfate, Commercially avail abl e hGH was

POFEf FEESCakRIMSESdPRIGPREE a7 JRE8AL Pyt et igel

desepbbsgy i n MReampl8rdis JBAHzeGPRt B5 RS Agded to
the concentrated hGH solution 15 to zl eld a final

ﬁPBF@?‘h‘“%‘b‘ﬂcﬁérﬁ &t Pén“‘&f”’i@%@/tﬁl wiEhsa FRYELEIME ZpHion
§i6)laves geldad t enanfbegl concentration of 100 nmM To
this solution, Protam ne sulfate was added to fi nal

concentratlon of 2 mg/m__Crystals of hGH were grown
addi ng cal ci um acet aﬁwéé—&et ate) (1 M to the

éghkghon ZgwgﬂzhnggaﬁlgﬂQ%#ﬁgﬁggﬁQ%rggd%ﬂnQ%ﬁ%ath

t ai ned i on-was
|C\¢@mbat:edlhora®ﬂi@p&s hEH Bk Quridedbeahd ke @h)asyabé and

[ al m osco
crygtegP%Q% tal ne S\f/eg?gg ounO]E}{)a[ll&pt:}(:é IlI eslgé @er

warsgeAdeflt ho sthey yongehtzattddreclivglidnobf hGH to yleld a
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

yvield 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. Delonlzed water

was added to the concentrated hGH.solution to yleld a final
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25 greater than 70% See Figure 1. EXAVPLE 5 [0111]
Solubility profile of hGH crystals prepared by salt
i nduced crystallization. After the incubation of the
crystallization solutions in Exanples 1-4, the.
O were pelleted and the remaining

g&%@?ﬁg aﬁt removed. The crystal pellets we/US2003/041691
resuspended in 0.200 m of- dissol ution buffer (50 nivi
HEBESi(Gptbrceérnatiéd o NaGh .1 4G my/KCL apd; 1
O%él/ 06092% dSF/ us2 03/ 41691 - 28 0. 02% v/v) Iﬁa

i PRRr APt Ag 6Pa OTPRSEHF Yy PBref W Myl

e:qmsltah)e abe thdm rweaﬁpgﬁéimir%ﬁ| 3adi®oManbh 85c Mo inrPC.
Prote r&}? rr]r%o on after pel |l et resuspensi on was
&5&98 t &137 ﬁg i) FRetBanfPbiimer ot AL a final
cmmtcrenﬁugeﬂor&i ot 650, FRONKEPJ, Ofas? OBt BULES. anghd R®1ution

supet nat ant letely renoved for determnation
FOERI b e P

oF “profei i et t I OrP TR e dPatC 28dTeRmh By Like

RRyiHPEC:s S HPtGiaed éNd\ﬂn%ge-Fh%yC ny@iféidlnﬁ%r%%lt' BS
(0] i ssol uti on

e fur f nded N 200
T VAT S 0B RO Lo B pLal SP0 PArBFFwaRS dorect Bl em
pmot'LengtWamttYeas wiredthDl{hex i SURAkNat @ﬂtgreTJHeSc P:'h%e%"
is referred to as sequential dissolution. [0112]

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

digdabent (%)stiﬁl %a%gopm&ﬁgz gr @QPVG aSacetate and

function of “time in mnutes i SSOT UtT O WaS
fegsaréde agubla tunuFarheec pekloe rivagéanhel mm iwaed plrdmied

%H@/‘é@' HES1 Pled N &w&A%ee&%y AUBDL S, ghe %g%ﬁ' ts

denonstrate that divalent calciumcr ys
dedopr ged aratesivgsi fildentty meowemceﬁtrmesi tHean solutlon

wNQNghgns sadiumat . MO W GLYSEal Se Ofs P e The e

data illustrates that hGH crystals prepare
&4di ti¥n Bf 850 mRENadERd re & éri@aéonpmmreiqatmossotfvedo

di.er 160c A1 8 W A% 1bA, A0 Ldihe AH-GEYSIA S pepared,
by the addition of 600 mM NaZHBOA or g‘% 34%5 nal
&receBteprpPetcd ¢ asésbl V%W%iifatler o60h@H VS arigmeiwes by
eepast bé(ﬁcl::Vum dRrthbe @@Q%cé@'ﬁ% Q%Fr’é/étt‘ﬁes solution
prepared b¥ t he addition of

so that a final concentration of 85 wmM 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 supernatane removed. The
crystal pellets were resuspended in 0.200 ml of dissolution

buffer (50 mM HEPES (pH 7.2), 140 mM NaCl, 10 mM KC1 and
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85 nmM Ca- Acetate and Protam ne sul fate dissolved

completely after 390 minutes (refer to Table 1

bel ow). Table 1. Sequential dissolution test nmeasured

at 280 nm 30 for salts of hGH in dissol utlon buf fer
Na- 600 mM 860 mM 85 mM Ca-

8({9%%%99[\@/'@04 NHAH2PO1 Acetate + (Ex. 2 W‘ﬁ)‘%"j’“’“”l

(Ex. 1) Protamine (EX 4) - 3g0..00 0.00 O. OO 0 .00 WO

EO@&PO@@BQDIE@EAUSZQQﬁﬂQéiﬁabett13§ OJWJB%t%QQkﬁfééﬁsre
V. 860 8t m}_ll émnutesl(]trate Na2
%%iﬁ%P‘Eﬁ“N&gw L& d tFop B30 ZaxiMREELY) 15 prinubespagt A fe

- (PExtedd cdificehlkra®idl. 98 &3Pl 18453538 O 136, $8s85

3 5 99.99 99 99 9950 26.81 60 100. 00
%3’8r861‘§%t%ev %4 “@2’“ 75 100, GPLES. Bora 0vhen. ceagrafuged
H001000000x 0P £b&0206}11412té732 ank02 ht004,00-400,00,1Q0. 00
46. 2 0 100. 00 0 100..00 49.62 135 100.00

f86‘986t“i ’iﬁﬁ“"é’f °r1 LI L PB0CHPIVEITO 55, 08

165200 OO HDGeABUEQ. HO Fib 26 b%:Sﬁpl@@L@O slaQOFQQc or
59.65 195 100.00 100.00 100.00 63.95

%&87’88 10@%6’%’66%81’6@/ B/ Leyss wene . Her ity G@Sn:ege@@ed

69. D720Q460 kﬁOd&@s&:@Gtﬂ%h 1%%%% %%%6%%(3 38, CCJ?%%Q cated

100.00_100..00 .74.35 270, 1

élg’g 08° 0T S0 359 € 1850001 ¥ 8350 me388T 9B 0L -1E00. 00

B0DePDaBInt06 This process is referred to as sequential
dissolution.

{0112] Flgure 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 sighificantly 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. In addition, hGH crystals prepared by
the addition of 600 mwM 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 3950 mM Na- 600 mM 860 mM 85 mM Ca-
(minutes) Citrate Na,HPO, NH,H,PO, Acetate +
(Ex. 2) (Ex. 3) (Ex. 1) Protamine
(Ex. 4)
0
0.00 0.00 '0.00 0.00




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
WoRdRbed@rgyst al |i zation of hGH with cal ci um ageldioss @i
2% PEG 6000. Commercial Iy available hGH was purified
ed and conr‘p‘nt?r%t'ed
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9,65

al conneeddt r at i gigogfo
V) HE@&QOO wais o aghd

own b dn ng s%g (H)W

IIC DUI utl I oU lIfqt
Na- 8081 ¢ | 98 h1%i
at ed fooroolle houwos . @t
ver e ,@b§al ned aRdyd

100.00 100.00

100 183
ed.  67.57

1 acetat B,

a 1T 1T1idal
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25 Cr74.35
maged ;BYgs

78.39

5t al 207 h

Aot ot o) LD I\J
I‘\\JSédJ.L C} \f 1V
rentrationlof 5 .
it i o”A>3vas t hen ioocub
ile 20 | i ke crysfoabs

I
285 100.00

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 80.57

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

-[o113] Crystallization of hGH with calcium acetate

PEG-6000.

and

2% 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-

HC1l (1M, pH 8.6) was added to a final concentration of 100

mM. To this solution, 2% (v/v) PEG-6000 was added.
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m croscopy. The crystals obtai ned were found to be

bet ween about 25 and about 75 min length with a
crystallization .yield of greater than 85% EXAVPLE 8
25 [0115] Crystal lization of hGH with cal ci um chlori de
@0ch004B%IREG 6000. Commerci al 'y avai |l abl e hGpMaK2003/041691
purified and/or dialyzed and concentrated as

described in Exanple 1. Dekonized water was added to
Ehestedrc ofit hat edeteGdroghuby oaddimy Weeladegatena M) to

BIP g eiBi 8 e 3 ek orReMinatian Gh B OF T
Aeettdiies wesl obtamed % (Thev o PEGEGD 0havaseadigcubated for

The B S6047 060520 B UEDtOM GHEDTLSoTo S Gt ohe 8

ithegeda Hyi natic@hoamn:roa;tszp of TBS Wdﬁ'ﬁ@sZowaslned were

{ned, T t n ted for
P‘%ﬂ’?dz%%c.b em@%&f’%’f b%rﬁg\r,\@gt af"g ?/\]/Oe?ue obt 4"'n&d ]a‘?lrbgt Wlth
& n@g@ttaki)lizeptibca!lerhdcDésgopyteﬂ'l’tdlam wstal s obt ai ned
were found to be 5 between greater than 100 min

length with a crystalligzah yi el d of greater than
90% EXAMPLE 9 [0116] Cryslg;%*’rzati on of hGH with

cal T4 Jum acedetel ] Hm REE 6808caNH: £ T pesuLial &ng 62
Corrmsr cially 10 available hGH was purified and/ or

Brars A afAmesrekttvarsatlakl e iwsed Pkl Bednined/pr

Pri DRz dnwabehcdasaddedst GestP&onceriLabed NGH
sojution to yield a final protein concentration of 15

Wyt oizer MELREIVAAMAISA Bo6F hnecnrriedated BCH | rliution

eoONeRNly at |fQﬁanpﬂ%1mV|coE@eﬁBf§t§9{ W 98, mgPml. Tris-
Protamine sulfate (1 ng/m) and 6% PEG 6000 (v/v) was

HddedtM cRfisfafs WS r?éqe\%ei;@ gr bl by oRgeraga CeACRR atod

. M drast bersoled | &y 39/vhabe@-dddlwagORagaEr ati on
- Acetate was obtained. The sol uti on was

of 85 nM

‘E’Fpé%taﬂﬁscl?égg@& w$TF I YRoRYs22E iy t9diNgedFet2tke(Na-

BEytsded)s (aewe ebtmmma@laﬂdsbnaw Ddyientical

m Cr osco ﬁ$ stals obtained were found to be
Hriog B 59

PR ALt -fFehate a5 SPEREPSat | oFPSi el d
obl gt vat east Raen 70%uSeedFEgYr 86 3hours 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 pm in length with a crystallization

.yield of greater than 85%.

EXAMPLE 8

[0115] Crystallization of hGH with c;lcium chloride and
€% PEG-6000. Commercially available hGH was purified
and/or dialyzed and concentréted 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 concentratioﬁ 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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- concentration of 15 mg/ml. Tris-HC1 (1 M, pH 8.6)

EXAMPLE 10 [0117] Crystallization of hGHd with cal cium
25 acetate and 6% PEG MVE-5000. Commercially avail abl e
hGH was purified and/or dialyzed and concentrated as
described in Exanple 1. Deionized water was added to
WwbQ004% ntrated hGH solution to yield a fi ,

pr ot ei ﬂﬁﬁﬁoncent ration of 15 ng/m . Tris- mf%?’fsmos/ouwl
pH. 8. 6) was added 30 to a fimal-concentration of 100
Ml drhi sosohatt 1201E1rB% covbuht P et RY! eBengl Y50l 4
oo irreetdhyl Tﬁt her.- 5t0.00 &,PEG— - . 5000) was added.
Fystals of "RGFWete qr $/F BHRIRIPaEEIWERP0bE/ B80St
PCT/70S2008¢ k69 ke 32ysPebs aberd bolhihed thes sQldylion,

sQ.d-hat gnif:i Qal concernt ration _of 125 m\V Ca- Acetate
wes 0Bt ai ned: > IR sol 0t GRYRASLE A ainseunarediowrd 1o be

heeveecat g2bater Nged aooi ke ehyséadih WRER s0bt ai ned and

i optical. m crqoscopy. The crystals 5 obtai ned
SRR P s L R B b e gt h o th a

-crystallization yield of greater than 90% EXAMPLE 11

[0118] Sol ubility profil egxaMpPnEHocrystal s prepared
with polyethylene glycol. After the incubation of the
1608 st al Fry&taldd zdiion ofish@l epiaredailni Eranpl es

aaéékaﬂéjes%cﬁy§léﬁd% W ngkgﬁ%éﬁjéﬁl%ﬁégg f $%&é¥gy%lly

supernatant renoved. The crys pel
re@idFeRaeCH e purifepd dndbot Wtiadnzbaf frd d&eRntrated

Bt r2heBY1 L1 i pettj el exi ng before
bei ng equi T br atée)éo%l %fg gbpr%%?orrrg &Y Tgeﬁw n?f{d@g &P
FheCccorrens Rt SIGHe soluheon centyidldgeds ahal k@A X ¢

fmc2nirdt 63 &nd <t he /syperpat ant.was,r enpved

for
determnation of protél h concentration’' neasur@d "4 2864
A By TRP2HPECICSTECAHPPE of 1RO VIMS. Thetbiyssallding,
peldrets neWeh e: 1y thepghasys d g _dissol ution
buf f er .and the 20 (pr og(/esspr%g%gete}géﬁ%n???gnk)vijve?t ecfabl e
i'n HBES elds Pfe 8CH nerheoxupebyatdding [Qd-Fetate (1
R )gwiee the 2880 )€ <@ khhpstr t ity -
behavi oreof huGH élr ;st als pr e%farr?aeld%\%n?%kg%ﬁéé/é’danSFgM
A - AR AE Bt Y OR6% PEE- 6000¢ SOTL uRioNawAe et ladre, i riUbated

Ricz GB0BL8Bs at 37 °C. Needle-like crystals were obtained
and imaged by optical microscopy. The crystals obtained
were found to be less than 25 um 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

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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25 mM Cad 2, 6% PEG 6000/ 85 mM Ca- Acetate/ Protam ne
and 6% PEG MVE-5000/125 nM Ca- Acetate as a function

of time in mnutes. hGH dissolution was neasured as a
cumul ati ve percentage and derived from AUC val ues or

wWeg-2Mafoeosgy/ Ml neasurenents. The results demes%%gmm

that the hGH 30 crystals prepared by the addition of

6% PEG 6000/85 mM Ca- Acetage/Protam ne are the

3tovest (tloMidi ssothe, satitthonceaptiedte egioﬁ.&/@%gggg%entration

[ fter. 495 m nu The 4

P tisslEontendte 45 #’ESF’H‘E?ys i SUUELBPVER dthenoo

merbaEed dor2¥%6 PE@&:G@CHI/ a5 °¢rj|\/| @&eﬁaglt-agge C@Sjyysgtallltg Qlére
e. othe stal s Tabl e equent i a

BEEl A B e Rl SRt aR & TPRG it A1e
shtasneaf weGH lfﬁuﬂdiStScﬁlhﬁ ileBsbthiersdligwe 1290 PEGh 6%4th a

%.PEG. 6% P 6% PEG: (i nutes) 6000/ 85
K607 S0 22000 06 B0D0) 8L RIERREL M T M Nac. M Ca-
Ca- Acet at e/ 5000/ 125 Acet ate Acetate Chloride :
Protam ne mM Ca- (Ex. GEXPERLE 71 (Ex. 8) sulfate
Acetate (Ex. 9) (Ex. 10) 0 0.00 0.00 0.00 0.00 0.00
18188141 1430%31961633’59 idesgf BEH 1wI80rd3, ggem@rego with
a1 AR 87 : 64\ 347 4nd 71 {4k
%5.%%%. 4o GaPedly e tadTuddadligh of P 50,
SRY B 124 2p6 109 osghuyigrEg pPgErayed 0L R EXEHp82s76- 14,05 he

740, 188. 8 77.91:.15 ; 59
D e e e e T a6 s et Seggndfeio
yongredy, Fheggrpatab Y 169s60erd 65 suprgnded. 58 A.00.100 of
3528140000, £280 902323 9@ 40q, 9 9°
R R N O R Rl R R E R il
iﬁmﬁqﬁnglbgﬁolgobggpg equilibrated for approximately 15

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
proéess 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;GOOO/BS
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/Protamlne are the slowest to dlssolve, with

complete dissolution occurring after 495 minutes. The
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56.18 78.86 77.90 28.15 82.70

105 62.70 88.66 85.26 31.77 91.15

120 66.49 90.36 90.59 34.05 95.70

135 70.0? 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 92.90 100.06 100.00 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

345 100.00 100.00 100.06 76.26 100.00

1360 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

420 100.00 100.00 100.00 92.25 100.00
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(mg:ng) ratios are indicated in FIG 5. The graph 10
illustrates that Protam ne significantly affects

di ssolution of hGH crystals. EXAMPLE 13 [0121]
Crystallization and conpl exati on of glucose oxidase.

pol ycations and pol yani ons.

wa

diafil

ered j

wat er —a

d ucose oxi dase (Sigm)

g
th

32
5.
4

n _.Ti“th
> TS
0 i soprop
D. After
Cand cry

| %‘@E&:’E

aR&dcatd
mM(xt.Ng),
talliz

D
(5876,
r egoent
Oadetlike S
t hex.20) s

tion was! all owec

hrs W4h st

cr

I rio i Ghod

t 100.6p

0&3& Q:I;_I 1
D@h1HP &C €
bl itk G

m  1p133

@/agogf}?én i %ed

fl concentrated ta 15

";°fA%6;EsC‘pE?'1: |
]ga- cetd
BBt

VaSsdlEaest &
| t ¢Exproce

@9%7;2?4
@l

' xedate
dEkoriop

) S%PEFr |

‘buermeosaxi dase (pl 4.6) can bind to both 1%cr/us2003041691

:

'] d uepse

OXh 696

St alss ar

e aghlea

t edl&yoo

Cent gy Toyd

arTon, al,.

000, R

f or
in

:'rQ;Ggi ntt
10% PEG-

TS. LI

0348

secryst

1694984

ar S dl T

wrﬂlﬂr%‘hﬂﬁ

o &
TTICTT T o U3

WD._20681/934

penaea

0920000

PCT/ US?603/

041680

- 3bo.swu

ch tihatood

oncenbs avi

on106.00

proteia®Sin fheogugnensi@nod $ 1300 M/|M . The grlystal So
are then renoved Tnto 4 x 1T matiquots and 100 1. A
1 M buffer stock sol uti exasfereghycine (pH 2.5),

acetate (pH 4.6), MES (pH 6.5) ofr HEPES 5 (pH 7.5)
ddded]l t o onfrfeaft bliePfotumiale gudirateTon edisisiod ution
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351 9hPieane PR e A e R DR e TForeorRgLem

hati osystal psadtwiionpol Viawimatios/ wf heke teSFredaming: 1,
-1, 511 and 15 10.1..The protej.n: ppl yani on_sol utions

R R T L R AR LI

dneusheateseriat fPorgédmate 10 migmechot 1¢ 0 Miavtses bef ore

1120 THPSLNAL ATler S.L8MRYEd. The resulting pellets are

EXAMPLE 13 _
{0121] Crystallization and complexation of gluccse
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] Giucose 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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resuspended in 10 m of dissolution buffer (10 nM
Tris, pH 20 7.5) at 37 C. Control sanples are prepared
by taking 1 mM of protein crystals, wthout
pol yani on., renoving the supernatant, and
wexesmendi ng the pellet in 10 m of di ssol UidraR2003/041691
buffer (10 MM Tris, pH 7.5) at 37 C. Both conpl exed
and unconpl exed proteins aré5resuspended in fresh 25
gusbotbrt orerisentent byrraf Sreseds. iPrgieignspension is 15
GEneent rald ey stonscorplaxed and uacompl exed prgtein
I'S'read over unti|l conplete dissolution is
a@ﬁqawed.amLﬁl 14 4 0124 ou@rtyst at bek atalort iamdof
cqonpl exat | f. Rasburica 30w th ni ne,
RITBURF o Lb (B o2 SHET Va0t Pt PERACPLY i §TSHRPES
Spuetrhanols &rmlieHS%P&& G&K)O:raat fbQrngl tdruotda naltopeakers
con entration. then centrifuged

A0 B 0% P FERB o RO ER BT O BTh Sind meR o o
1@1@4/3.05998&% /1@821@@811%&6&9:1 A @6nmt hem;ar]e:sraesﬁpended
in fresh, npther_ | i quo The crystals _obtained were
TRGEAT P D (alt  BFREE0hy S FI68 PRRTPESS)EY [0155]
-m'li@ribsﬁbppf ah ﬂﬁg:/eﬁ‘sasysptﬂ:EEIMCGhtﬁatyScbral@ﬁ PEG or

pelgEgunLe 5 2lelal s pLaLeLD BOLYTET Fatle, (v

fmz@]hrs To Sirtﬁexmenhllywsgérpﬂmwae pentri fuged ko5

renmpve _ super nat ant, soI ve

G o e pEP R gt R o8t el Rea bR be coh R apace
tdrme aldaeahenpofrmmr e, byhd\Vead ]SwdmgbyaRPod;-thJE: The
saturation,point of 1 r ot ei | ond
i R Rl T SR GRSV A T e
nE@ESIUr ed‘he[ﬁiatﬁe}lnT@olyﬁhloﬁ sobutighel agespeasi on of
cr(¥1‘st al s, yar n| ne socadd ?1 at_a rotel n: Iymsr

Iovved 5 %%m |%ra]ie Sf 6
hdfa:tzslﬂmgequentiqa rl_iﬁl tfbe sanrpirmtxmsbeénrmth@ed to

Sisiar o8t Ao dhasglund 10T Lo, bur e
dirssdpdnided £hneo wals dfhelﬁlsaehlsmo&d bulfif etdv{ W0 SnRDrT:b.ys RBH
HEHS'EEX%wp%E 1%bntrol samples are prepared by taking 1 ml
‘of protein crystals, withéut 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 resuspended 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) wéé crystallized
at pH 8.5 with 5% ethanol and 15% PEG-6000 at 10 mg/ml

fihél-protein concentration. Crystals are then'centrifpged

at 2000 rpm for 5 minutes to remove soluble protein and



10

15

- 20

25

30

20 [0127] Crystallization and conpl exati on of
Rasburicase wth polylysine. Rasburicase (Biozyne)
was crystallized at pH 8.5 with 5% et hanol and 15%
PEG 6000 at 10 ng/m final protein concentration.
Woy:sssakd2@re then centrifuged at 2000 rpm f¥R2003/041691
m nutes to renove soluble protein and then 25 are
resupended in fresh nother-I8quor. [0128] To 1 nml of a
SthRJ! ATes §FERsRSed ofn dnpshamethendl iduesi.neThs addeadls
abbtth R GbePOLYIBRYE HAR: 6 - o Q05 L. L L
5:1 and all 0\7/ed t%@éequ}?l ipbrlatw{ém%%ﬁ;of(%orpgj (Bee"Figure 6) .
stbsteduent g, 1sBhptles & E9d@at pusrrye o ofempyet 80,
sppBfNRtiathe diss@hdedid B 1@ I ffer.contajnin
150 © M NaQ at 37 C Conp etogMdgs%%]}ﬁx}%lroﬁaH?rew}swq 5t
thet Gmasdred:by VL WG 6l lbyeREHRIqDI1Theasat fomatd Gs.
PoltecilenViDy 200400020 PELLUEZO0M D416 o 37
protein: pol ymer ratio beyon Ich dissolution is not
efYRTEGaRan alserbedriasiferM EIAMVRLELES EOARMning 150
Gay a1l bzabh o and coaRLexatd f R fyximab 5 with
pol yaspartate and pgl ggl ut amaéfsgg.lu 'lfjuﬁlx}t'ryrrﬁ% J(sldg1 5/ m )
WBREHmpstt BY | PYe¥itHyormbyi R HPRE . of Theheaanrhbboly pditdt bf
rotdirS byl ep £oNAiYY,NG40,72: M cal ¢l ym acetate, 0.1
II\?I) e gn(gH 8.0), f%%dpﬁé%pbo SSEIRE (Rt
t ¥R €@ feB 2heereRoImsppuehdni stry ni xer (Mbdel 346,
Fishm) Sci et ifhe)odQ al 5ogm LY gcat 225 rpm
After 24 hrs at ro%m teg%grat%fr?e, toglx:grfra r}c’Srztyas,]ts‘giI S
MRRAYRF I BdaE evas kaddqd sttepsproke i frrlyeer FOL30] (wWor) of

Oz o1 rgndotalﬁovseﬁrgééﬂ ecﬁ%ﬁﬂ%gékgnf@; .é:rk%%t al §ubse

pol ygl utamate is added at a protein: polymBr ratig iy
(WSysSapple1nas : gentrigmopd 4o lremovie angeahkoned 4ol
e&ﬂaﬂéc!l%@t enf 05 &vhiSis %HE?SQU%H g, )S%gpd:gig_n?‘re 150 mM
centrifuged and supernatant rem)ve(i he crys?gal

&% gg then O 6F 9 edisFP 1T il tTne swamififhem measured
centiai-vitego: 56y N Naglc at 37 C. Conplete dissol ution
time is then nmeasured by WVIS or by RP HPLC. 20 The
saturation point of protejn:polynmer ratio beyond which
di ssolution is not effecE&k ]\%a‘in_]a? so be measur ed.

5%dﬂd7ﬁr 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 NgCl-at 37 °C. Complete dissolution time is then
"measured by UV-VIS or by RP HPLC. Thé saturation point of -
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, preparations using other polyanions may be made.
EXAMPLE 17 25 [0131] Crystallization and conpl exati on
of Trastuzumab w th histindine, trehal ose and
pol ysorbate. 10 ml of Trastuzumab (22 ng/m) in a
wotdoenéonm sol ution (0.495 ng/ M L-histidi nectigdaeofhsdid1
mg/ mL L-Histidine, 20 ng/mM trehalose, 0.09 ng/m
pol ysorbate 20) was mi xed wPth 10 m of 30
BF s H {RAITEEN T BEFT dieyersouyPEer 48bS SHntierops| Bile
8f¥éMed Linl aMsdrbs ddiidBed). and 5% PEG 8000) and
i ncubated at room tenperature overnight. The m xture
was tunmbled in a WD 2004/ 060920 PCT/ US2003/ 041691 38
hemat ol ogy m xer and fu@éﬁ&f—@u—?a%l emented with 1 m of
ene stuzu wer tain
?Rgpy#ollé%P%%a éiza? %ﬁ%o pégﬁskﬁ?acﬁe %Vn%msg
gtispepsl rsrofr tartpstad spo@gﬂoityagﬂatﬂéarmft:e:m&mdd étlo atg /aml)
r ot ej atio (w ! :
B8 SrPete B B8 el & rdr o hRe S Slphygfafp
sarrpbbstmm el hiuged. 2and @&penmaaaﬂttater,emovem The
taI X £ ' | ved
SRR TSI Bh® b TRkt Rt LheBhge on -
demaobh:bgﬁfbrtamttrs hivesr ndasieled4by EJVshéleS@nebylfer
H The saturatio nt of A tel ol r_ratio
yon%mv%e%erg’sso b :lP%én M no eFFe ph %gﬁ aPso be
mealgaredureE,XAi\ﬂ%hJﬁlﬂnSbléryfé):ba?q h@vysgahéaacﬂaiﬂloﬂteanﬁusters
con‘E ?xatlgn of Rasburicase wth ionic polyners.
K53

icase (Biozyne) was crystallized at pH 8.5 with
q%Lavhanol Tanu 515% PEG 6908y /atl sLBprysidn fahairygtet ei n

neentration.. Cr I then rif d 0
PSWV?THE A, Sef\ét%ogré?mv 8838&‘ %ﬁn ané89 b
tthen wepe:resupended andfarle’siwerﬂ)ttbeeqhmwate [for34] hrs.

léfuf% nﬁuga{; Cgm%g&%gw' case &w%)ugvgés g&ygﬁgééaa%%qt in

i ni ng uricase, 10%
FiE@oﬁr@ao dnel Q@aﬂbﬂlgbympl@c (Jpﬁ—lt@e@t) digéokreqqran 10 mM

cubat i.od . 4 r t
SEPaien, SRS 8 annal 4t be cotbile.
(ﬂmaamlntmgn152@é%a3-60@@,m3£sﬁred by UV- VIS or by RP HPLC.

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.

EXAMPLE 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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et hanol, and 25 nM gl ycine (pH 9.0). The crystal
absor bance was neasured at 280 nm and the
concentration of the crystal was neasured as 38.8
ng/m. Crystals were then divided into 5 aliquots of

wB 2bosRadlh each a! i quot having 30 a total Weic@hk 085041691
0. 78 ng of Rasburicase crystals per tube. To a
control tube (bare Rasburicase crystals), 10 | of

Hndiddiedymiker ddquertwas adeerbmeheegacheRf 1 thie of
remai ning tubes, 0.2 ng (10 41 of .20 n‘%/m S0 utlorl]x)
RIFCIAENS ILHeC D JUEFIE092D PO ISS0ySFB4q BRI Mesy the

fé%jdmgn@gdggnplex?tion_CEUponentf ras_added:

ol yar gi ni ne, ol yor ni t hi ne, _pol si.ne, or _

B‘? @mgne?oEgcﬁp‘t‘h)!ﬁ Ras m@ﬁl@%pﬁ%q%ﬁﬁ@a Sge?ﬁﬁtrﬂlsat
b Gglh3Rke ik a@identt @ shudyit iR 1dh@sokut ioN(w/w) of
ehavi or of 5 Rasburicase_ conpl exed Wﬁtg varlgus

}ohi @ PBgmetsl thel ¥ PORPKES st Mad PHBSP ghied. 6 Té -

stysdplenty, eashipds the cabevertedeanesapsasieshiv th

uri case diSsolution buffer (150 nM NadC 18 MM Tri s
tprPEd) ) The FRESED} |SWOTG ot el ben f%“laS@@lrfe fin 10w

gL 55 0btdan cbut b enings Addednhol eac et vbe,  @mgiktehe
resuspended crystals were incubated_at room

ferpelatinte tirgr 19 Whsirmeesuspd BE WindS w&r BYt ReiFLC-
¢88t £4§wueed Jobolf: & RS iat pd0PRer At i4) behiend which
supernatant was renpved and sayed for anal ysis and 5)
§f 8pelyutirmivdise nPE pREE R ShiGaR a&ﬁﬁp?%t“éeaﬁuégl' ution of
the crystals was achieved. The 15 supernatant from

each wash cycle was anal yzed by SEC-HPLC (protein
peak for 130 kD el uted Mﬁ#ﬁe&-ﬁn&tely 6.7 ninutes)

34 3per centryediiliaki ¥ olli &5 | ddiripdBxk Of orf At RYISBUR i cHES
reported in Table 3 and illustrated in Fi gur.e 7. 20

Tate 1301 phEMerenmi AT Ve B6s SPUP T8I of**Rasbur i case
CegRkexedzaM tdt oniecs Pelyiress dhshoBased RashwmEceaseo at

Rasburi case Rasburi case Rasburicase C%Ct'!ag Rasbur'éﬁase
&0y FBATL cF3Ra L PO P af ORTSFETA T 08 y ST BT - T dhpiéxed ="
cRMRk-eXede€ | 2oed reanpbe X duitivt-BsWe b hratidve \soflhble

Byorl(?yt%rl Ighgeﬁhgrlolvgr)ésg:ggu err%eac{ni%efggls Onrmmlr{ehrl ri(:i‘.qugro
[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, thelcrystals 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 Rasbﬁricase 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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42.0 5.1 6.6 2.95.5 23.9 70.0 10.1 49.9

7.0 11.9 _
é 39.1 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 99.8 43.3 99.4 37.3 74.6 8 100.0 45.0 99.4 42.1
W6.2804/0800300. 0 46.3 99.4 49.4 78.2 10 47.0 ngﬁmﬁﬁy&uml
79.7 11 49.2 99.4 58.3 80.9 12 50.6 100.0 62. 8

13 53.2 66.4 83.3 14 54.6 6% 3 84.3 15 56.3 73.0

8914 ow16g 58 1#5aR 1 086 camY¥ 24 WAE0929: 4 ;
2000 oags ot e R e,

US2003/ 041691 -

%ﬂé’ OgRLLingy Jié’lg%l%eesn‘i profapang. gEFBEUpe was

6828 88c2oDed oveZnifhd 2.4 °80.7 23 74.0 93.3 92.8
96.5 95.5 26 84.0 97.7

25 77,
§@1§21379gg9égg§g tggSEUdééﬂﬁadisgglatgglgeh@glgg gf
QQSBuQQCése1ﬂbn&Q@x@de@tﬂ)€H¥ld%s[gé§§$ ﬁ%ﬁ?ﬁé%%nptﬁe

ng:,dlred a different nunb wash cles to

of
ESHPPEEET et sa’la\?edFﬁbgrEFéjre é"ll”ecﬁﬁw’é& i each of the
Rasber tehse wanesvakhed e HIRIRAERA3 COM T Q1 2 LRAEE,

in ten washes. The pol yargi ni ne,
1¥§t%h éf30|vgﬂ Tris (pH 8.5)) in thg f3&10w1ng order

po%¥ar§inine,

1) 50 pl of dissolution buffer was added to each tube, 2)

the resuspended crystals Were incubated at room temperature
for 2 minutes, 3) the tubes were then centrifuged for 10
minutes at 7000 rpm, 4) the supernatant wés-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.

Complexed with Ionic Polymers

Percent Cumulative Dissoclution of Rasburicase

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 0 4] 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 S7.9 25.4 70.0

3 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 95.4 42.1 76.3

S 100.0 46.3 99.4 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 - B83.3

14 . 54,6 69.3 84.3

15 56.3 73.0 85.4

16 58.5 76.0 .86.2
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pol yorni t hi ne, and protam ne-conpl exed crystals of
Rasburi case required 30 washes for conplete

di ssolution of the conplexed crystals. In contrast,
the polylysine 10 conpl exed crystals of Rasburicase
Wodd4oed20lS washes for conpl ete dissol uti opcqfustddSosie91
conpl exed crystals. In addition, the

oIvarQ|n|ne conpl exed RastMJcase showed the best

filesow th [the crystals Ty griaduaktys )
12 sing over | OFiRy 7t | Polvornlthlmeﬁconplexed7lb
Resptri-case—whi-He ?%@Inn approxi mat el Bsthe sane 88.7
HqﬂbCI of—wwashes +§4§%canuo did sio w8 a guddefs-4

89.2 50.1

w2St fottowedpy %jgw dirssottttof

. | 92.1 50.7
PalayTlysi ne- conpj] exedy asbyricase u15p%@¥§§~vefy~—357;————

14t le i nprovenent owver tHe control [(bargs. c£rystatsg, 5

Schl di ssal ved al ntiss i nedi at el y. |20 BXAVPLE 19 o5 ¢

ng37]4{1ygig¢1' at#0f and conpl exatli onsof7 oxgl atese. s

ox tase—Ooxat-ate exg}kkyar which was {mi niofed | y. 982

ex@ressed—n yeastyspas—goncentat d13°12 ny/m  980%e
99.5% b

T agi_|por i o of | —thg, gnzy e was—ther u.§§f7mefh e -4

pOI‘tI ons of a 2Zb cryst art1zi ng redgbm contar+hg 269’8

PEG 600 in 100 mM WD 2004/ 060920 PCT/ US2003/ 041691 41

.phosphate citrate buffer-at pH 4.2. After m xing,

doyssal s Wﬁ&fa@@léfi&ﬁuﬂrem' Bhe refyst Lﬁnb%*%t ; &dsn

y - optical nmcroscopy (see Figure

'f@fgg ?t%ﬁmBﬂQﬁS&Vsdl%ﬁﬁﬂ%ﬁe?h@x aaseocquMRﬂe3eﬂere 5

e st e S LD Sl

? fESSYUPRSgIB) ten graghsisd aThe polydrmmyseal

@u&peﬁﬁim A 204l atam on was
ggved and 10 1 ol 20 C% %%%?3# %@7 5 kD)

ATt T TRfxB Ured ﬁmi@rlﬁ@m@h@@&iduﬂSOIEtlon of

hnursomﬁﬁéxﬁdiaﬁwbt the coiMmisx ged
for ??¥%€utes and ?he supernatg\ﬁ!tg\‘érem)végﬁ%%lxﬁi‘L nd

FeLR THeLE RerResREisserdEaTR DA wekhes for
dbseDE i | s dai1fiebn (50 THd HeRBPecd40 AN . 140 T

Kg%itgon, thg Do%gaggﬁyﬁhgcomplexed 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 digsolution. 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 portlons of a

crystalllzlng reagent contalnlng 40% PEG- 600 in 100 mM
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[0139] Crystallization and conpl exati on of

Bur khol deria cepacia |ipase. Burkhol deria cepacia

| i pase was diafiltered and concentrated to 44 ng/m .
One 1 m portion of the enzyne in 100 mM sodi um

woeb@lerfPH 5. 5) was then 20 mi xed with one P@qmsmgyoggg]
a crystallizing reagent containing 50%tert-butanol

After mxing, crystals appeared within 1 hr. [01401
Afpephdt&rsitigpyaseuCtystal omer e washed: Wik R0 cr Sbals

anpl _and 100 Tris buffer (pH 8.5) and t
}?b%%g%épaeht edrll T3504 12 rP it o PPEAURaD V4R T‘F"laged bY

b@fcﬁeal(rpj:brc&cﬁapy toeyiighie 23 .ny/ M crystal

Si on, al i of cryst al suspension was
%aesgd andftfd - k“’F’ U5y %@aﬁﬁ S EYYERGE nF TS MR Fe5EK D)
aegbddt oith . 25?41@mebdds Eand\aR 0 l&@lubﬁigdbﬁﬁerﬂpﬁodr §)
Al e t hat the orrp ex, was 30 centri

hen ré P fﬁg) :
m nut€s and the Bef’?la%Sa‘ht B 8danghkno r“%l"ﬂrtlﬁn@uffer

Hl ets) & siesuspepg f [
bt 1 or ()gce)gnﬁr HEPE% 14 ot %Q%lsftag Sﬁﬁ%f%t“ s 3§ Kl

vblgegu/@%mtpm sum@w/c@nmmreéavemulﬁ 2l of 20
] a ompl exation of anyl ase.
h@%i D%“y éI Eﬂsw& ag;g(eg \?\Eg éo%\%eﬁt_ﬁat 2’@ fgxgare
Wgﬁmnculgat@de fl)rn117 pkmnlnrsm fottehetﬁél‘zynﬁqé/\/&@rrblléﬂ was
s i 4 partion_ of tallizing reagent
e BB oS e o5 Rie cariiineater BeEowd.
FHeb6rfsulfirey p2lhess ﬁéﬂétﬁédséa@hti@@ ¥as &onpl gke and
% PEG 8000 in 100 nM

t.ne crystal re washed in 2

FPPESINT I RIS, 450 M FRERS S peAdBA AT 2500PES. BODO o
7n2100 MM Tris buffer (pH 8.5) to yield a 40 ng/m
crystal suspension. [0142] After 2 hrs, a 10 .tl 40
mg/ M al i quot of cryst aIEXAﬁ ensi on was renoved and

10 .tl of 40 ng/mM poly i (MN:9 5 kD) added to

ifbzzdhe m
t[h:aflii j‘|t he %%ﬁ%%ﬁ%ﬁ%%ﬁ&é@é %Ztl%;m nut'é& h?ﬁn Stia

Fﬁ@a%ﬁe}%%t Benbhetertiae cepsgliai hipageel waks were

| ff
E%%g%ﬁ?ﬁhj%ﬁ m@é%ﬁcéﬁ@éat‘,@ds% ﬂhmg/% %’ne( ?Omfwglaortlon

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 nl

aliquot of crystal suspension was removed and 10 Ll 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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EXAVMPLE 22 20 [0143] Crystallization and conpl exati.on
of Trastuzumab. Trastuzumab (anti body CHO
cell-derived) is reconstituted in water 22 ng/m . One
1 mM portion of the antibody is then mxed with two

Wehbdsiekpesf a crystallizing reagent containi
PEG 400, 10% PEG 8000, 20% propyl ene 25 gl ycg?’égj@%“‘"”

Tween-80,0. 1M Tris pH 8.6.- T4 -m xture is incubated
overni ght at roomtenperature. Trastuzumab crystals
are obtained the follow ng day. After crystallization

is conplete, the cryst almw W th
crystallization buffer ( 0, 7% PEG 8000, 30%
3M1rnopy! esey 9 HMAQlzat Qoh%aJieenAQxAr 1 2ed) -
A 200 | aliquot of crystals aréﬁrgrmvg‘gﬂ C?Fm&gahe

VITH 256  BPPerpitlaion Pﬁgze%y%fwepprpse@;)to 40 mg/ml.
2:91%4/10@@913&#?% 32093/ Qé}}ﬁ%él weltd th[efllr%‘lieéf %id% l&n%f a

0 mg/ M suspensi on of crystals, totamc a
(PPGtﬁonzef ndy/ Y, S U9 81 RD) r%?Q%p&PPFGlHlMI@ Y REOGUADOO,
]a_Ql ¥ OZQMngémlun{VWc%QaEQ) atE Spl—@ckd%d KE@erra eis

i ncubat ed at room tenperature 17 hours Af ter
tHAErat hézebinh &as §omaé%%eem¢ |tﬁ1@geuyfsbal$ wHmsueshed

and 2lbBe pBYPEs AAtiant obepR Ve S g pellets are
resuspended in 2100 | of di slssol-lﬁl}ﬁf%% g}ﬁ%f ?dlde

ESESnded 487 ndvd NEEC 8200 nive K10 'TM—IT??lE)bUEGMVP(IpE 83510to

[Qt43] aCayshaytii zatiseR1 apds sopplexation of  Et anercept .
Enbrel ). Entanercépt (Enbrel) (human reconbi nant CHO

cfélll42]der i HEERr i hdesakt el i 4:DOmMnIralsldmﬂtf @If Cpblstal

%) concentrated to . One 0.5 m portion
osfu ﬁE‘Sl%ﬂt‘i’%sodSF“Pé’eShaﬂdn%%& Wit ﬁotmérél Rsrliviegas ngpe

a(xvmagc Bysbal ddzNgor €8geNth& aRbduRengad 694 REGH4A000, 17
gﬁ nesi.um chl ori de and 100 nM Tris buffer at
ST fiRGtur PP sCPTRUBAMES . 6FBF Rt rehtf Fo8m

tnejmeeat sne. theEupaenaepht (Rl CristAd$,13@g pellets
obt ai ned the foll ow ng day. After crystallization is

G5 EEEUSPPRASS yidt 808 ut @@oiwsvﬁeélwmuﬁﬁﬁrf €i50( 20%
RECEE0004 0. dv Mabi, S a0PkMBKE®) ; & 7.2) .

EXAMPLE 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—SOOO, 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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200 | aliquot of crystals is renoved and washed with
buf fer containing (20% PEG 6000 and 100 nM Tris buffer
(pH 8.6). [.0146] To 13 | of a 30 ng/m suspension of
crystals, 25 polyarginine (10 I 20 ng/m, MAN 90 kD)
%o APloshoypine (amount 10 1. 20 mg/nd, MA Q0D bdeor
added. The m xture 1is incubated at roomtenperature
for 17 hours. After that, - tahe-conplex is

moaragent rid yugeqif of & 20 A8 andpbheiosWerdigkant s,
renmoved. The resulting pellets are resuspended 30 in
2odvplotamicouligt i(GA BUf fT EFOLmVMHEPES:D]140 rivbhaC ¢

10 . KC1, 7. 20 060920 PCT/ US2003/041691 -
et e 18 5P St 20, KT 5 franc L fhe

. sddgitureacet fdcaianedoet Him GROQereoumer £6al1Y hours.

vai | abl e hGH was rified and/or dialyzed and .
R PaE o i RIBIFT bLE TP eRRF S 2956 f5% nisBates

\waide theasupeittert dne  thaoeedc embeatredudGrhg gbaitlicanr ate
yield a final protein concentration of 15 ng/m . Tris-
HEfUEPeRfed H 8. 250 Wasohdderalottdaoni Ruf feontehtmMaEBES
afs 0l QB nAM , T tdM K30l i Py 6% (v/v) PEG 6000 was
added. Crystals of hGH were grown by addi ng sodi um
acetate (Na- 10 Acetate) (2 M to the solution so that
a final concentration Na- Acet at e was

i,ned. The l.ution was,then.i ncubated for 16

R o S e RO 280 B (SRR E LB O piaree <R
i frgeelhy opttiaslrceptcrbsicos)y). (Theaar ystahsiohitaicaedcell

re faound to be between 15 about .25 _and about 75 Am
e ey o TH L R, Shar? I DALTO UEEE b gt apd
tdraircBb¥Ya t EXAMPLID 2y /M0148Inroy.st alll bzation of tueH
w t h._sadi um acet at.e. .20, Her a frozen bul k feed
R R o TR g A sy S ety
(ary@iHp1hva g indt me auethtf cont4ivei st acles PEGeaeoo derdov ast
fromE. coli-,(Noyarti.s nd,. the other fro st
(TEERyY lé%l 8§}é]§e%eara§td eagﬁaﬁ?s{é%lso u?ﬁ%ﬁ %grglgggd & r ofi®
mixtoge iantnyésstedsbueknsgihtutdwneomeseinpethtiure.hGH
'EH@&%%rEESt (Enbrel) crystals atre obtained the following
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 KC1, pH 7.2).
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25 sanme crystallization and solubility characteristics
irrespective of its source. Approximtely 3.3 ni '
(10-20 nmg/m rhGH as supplied in unknown buffer) of
thawed rhGH feed solution was purified usi ng a
wo¥gsdasal ting col um supplied by BioRad. PE"’i‘)U@foo:I/&mm
sanpl e | oadi ng, the colum 30 was conditioned

washi ng the colum with 306 att of Tris- HCL (10 rrM pH
8. O) The rhGH sanpl e wasaMpeR 24 iz@aded and allowed to

t he Vi t ar di_n

?I rstd t hr ecg SL&QHT‘LP %Iac?]‘ ano h % %ﬁa%rﬁlland 6%
PEGS60HCL Mdm&e@cmslyt hemiadied. h@HSuatd gmjrlthed and/or

esalte rhGH 4/ 060920 / US2003/ 41691 -
%?Sa \é;feuc? ‘%/i\% Qg C%ncen%gcg Gh By p0
@enhd:mizfe;ga\tatem was addweh tperther neﬂcensumag;eal NGH| s@Diteion

nce t 000 OO r for O 30 min.
%%e con(%:ae!dnt rag3 ﬁ % C)ncenl AT 3hd egn Wb/ m T -
Hﬁasme\@ o 8bsor bam caidetd E&OanﬁiﬂaBJ@orﬁ:e&ﬂ:ragiaﬂl & o0

80 813 a 3 ) I s wer.e gr own
y'ad hl elsc?glﬁgéggwa er V/if? PE&:{EQ Hag. éfl
GQQ@taml d\nfaha;ﬁetvare grovn 1y addmngnscscaitunomwfatéomaﬂvl
%., (v/ v) 00 pecti ve [ ot al
2‘8 u% ﬁa % Wa 1Suft&t°§1 %ﬁ%%n? rg;lr"'l n of 15
nghntntﬂ&tacsobtﬁt 0N MaN-Adehanenwae bigaritley . anthe

- %ggggg&%&gt (B2 LOLLL2de douts. ho&ﬁd;@é&og%{ i -

S Wwere ained and imaged W
ande 18B)stalllre wergstht sinahged imageddhh ogtrieal.

' ely.2 to 22,1 After centrifuging an
%gﬁ%g%(%é%; t h)ghg r C%Ya'fa & & Bée?ng?lé%t#??\ﬁ@ &Rt g%c]?%td"een
abdut 125 carystaa)bhtzasl on i dlethgwas whelasalread saalyt eat B5n
than85% . The crystals_can also be fornmed at
tyerrper Lﬁ’es 5ét ieen 33C and 15C but require
i ncr eased crystallization tine and possibly result in
reduced yield. [0149] C%ll’ﬂ%ég—égn of sodi um hGH
crystals wwth ionic 20 dditive. Once
deyéBhl | i zGwomrlyiierdigmert deHemrithesod sadiagateh&H

&t stal gfslv%%#g%ﬁg%gs;d%d%; g)onng sgé&%oggcgméanan

@iroHared @ nirhPHOt was nebtdirfegt §rom. tvio Ztogksl - one

%ﬁggiﬁaﬁ S@oh halng d)Na) GARCEAL AN 92 east
(Lucky Gold). Separate analyses of rhGH derived from E.
coli and yeast stock solutions resﬁlted in rhGE having the
same crystallization and solubility characteristics
irrespective of its source. Appfoximately 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 coiumn

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 then added. 4.5 ml of the desalted rhGH was



10

15

20

25

30

25 sodium rhGH crystals was achieved. The protein to
additive ratio for rhGH to Protam ne sul fate was
approximately 3:1 (ng:ng) and for rhGH to

Pol yarginine was 5:1 (ng:ng). These ratios are

G BbdRbsg to be nole ratios of approximte ,
for rhGH Protam ne and approxi mately 1:0. SS%T/LJSZ(%}B/M]%M
rhGH: pol yargi nine. The abovg.rhGH pellets were :
hogpdgnaus|ap 1Lersispensied, .1 L be AP oLher
Qgg%‘? éa}%%ﬁ%ncubgggdp@ove?ﬁf&ht atgg %&%r %“%r “Bei ny”
ébnnrpeu@@ohetdou@bnau Ll l\alllcmq:d@nseucprettztaeior Th@Co 10, ooo)

DTESLAD) e S qmed e 0 2001 060884 o o

rhegsapk Iotiwmll rquosasyndd Mutibisgnb@qmlagmerso nm/0.813
RIRLYHE A AkoLed. 81 LiGonbaLa0L, Al {0l DL

1 oni po yner a ditrve ratios taln

gaeyiRnhy tard iadd ideil ovi sedh oertarat rrc;mssHthVuH ¥ .60, tEEG—

rg'atoeegna waarceve_@cgetét Elday gz%c%eﬁegwgoﬁso &L 1fowm of

GH. For exanp , I NCrease oncentrations o
Férvasvar andh €5 OBUIMMat seERECEiva/smin Ehet betaitsrdutibgueith a

%gga?ega&é?%glv tec%n%ghgwt@o%aaﬂ Eg&g/gg@nggsu%%g%m@ieﬁ was
Cospamaxey gpitdivmacddymeudar et @di 88°G fofre@lh @6 hours.
hvanLl e, lcqullﬁ%goeagm@é%mmstg%@éd af 4 n'ng\?%&ua¥th

was to assess the in vivo armacoki netic pro
EMCK%@&I | 18%e andc 6ABI narffheh mmstgi swrdndest noné ebghleH)
adm ni stterled sgbc%aneouz\[% to feml .
ﬁ’S‘n%P%r%’alsmam?nR’eﬁ Shef & d2PA
predeeting esiallrysh ads noel supmrnacant r ohd eedctrxélh&aae afl,
e rhGd.in_blood serumand for weight gain
s\‘x’&ttiab: ?:?"i‘tolnorbfylé?ﬁ?s?’%?|‘P‘°r?es‘+r|’f‘é|—|aﬁe?5ﬁ%%%er TEBFe
4CheEmprtmtaaﬂn Iaas;bghefmrnﬁrd rat eebpeithvsrds Hat@gen 33°C
gl s&; r.at.i on _Dose Dose

Fore of oI tonten eraastel oﬁry%Tlulrfeza&ﬁoﬁaﬂme(ﬁ%%r)
@ngﬁnbﬂy(néé&lﬁ ipFeedlegd 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
sodium rhGH crystals was acﬂieved. 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



Daily 0, 24, 48, 72, 1 Solublea 96, 120, 144 0.8 3,2

0.25. 4 Na-Acetate, 0 0.25 4 2 PEG 5.6 22.4

pol yar gi ni neb Na- Acetate, 0 0.25 4 3 PEG 5.6 22..4

protam neb ' Commerci al I'y-avail abl e hGH (sol ubl e,

uncrystallized form was obtained from Novartis and
W%iz‘}:?f‘%?of’?é’r ed in WEl . Group 1 (positive cont PET)US2003/041691

recei ved soI ubl e hGH on each of the adm ni stration

f%/ o 25 ' See Exa E aration. Al doses

e dé’T?R?eFSdS’é? Hr’y Fe@ﬂ © [TABEE BENOE femal e

(fvimviemid &cﬁM.EOEBI}@@@H?adm&KQ)éT)’ laﬁaest@géa ded i pt 0 g hr ee
S, avli Qur .ani.mal s er 30 roup an

ILEOP auniRCSr bPBt oriGier LOBHGhPEL IR A0G Gape1Fatios

mspdbennhﬁaﬁabals ofafhiGld WiHleh aBEG: angl dBHdé%&%h@hBﬁ

. anf )QD 2004/ 0 0920 PCT/ S2003/ 041691 - :
cor BT oD O] ﬁ?ﬁﬁy@%sé%5§eéﬁlF%GP 21
mgwmh ofPECEGaII’Jd pdsf)t@mmﬁecamupeﬁse@ccf&{c@d%&ak%ﬁé%@' e

The nkey rangi ng from 2-6 i n_weight and
Pﬁo')?an)l/léher§ 259 e?i% "ar)iséfl B]Fetrf‘ Sfert duRErean be
usedi o diralaliy 50ﬂ§tﬁbldpdi steaubbessi &l eal 18@8eSadditive

gq%: fped with an automatic watering system or water
t The ani mal room envi ronnent was controll ed
10 - (approximately 21 3 C, 30-70% hum dity, 12 hours
light and 12 hours darkness in each 24-hour period,
and 12-20 air changes FEAMRBEr3Sand twice daily, the
[A0s Mbnk eyepars €1 ¥€ thith Slaaddighdmeer s tdd 4 Gonwergh al
chow HarI an Teklad Certified Primate D et
j@‘é?)%rra%‘} Cyn[c’@fé FOHRIORN Pat e TR WIRAWEE CHaguEtedy jwRs
torakesedso thaeajlsuv_ev@krtdl&aﬁ@aﬁenéefélrﬁw( 3%“35%61]{' ons gf
I nsulin-Like Gowmh Factor (1G--1) after the
15 C’é%{}%qéﬂeat’%ﬂm}isnwt MEH §TPREN farms I FhCEbdvhen

a@m:misaiare@f stubh&irt amédmé?@Gtoamdm@Dé YOF 188 (S Rk R)s .
Cg umcrystals of. rhGd with PEG and protan ne
ou Lf)

we§8d§e%ﬁﬁiﬂﬁqSlﬁePEd?ECEﬁCﬁﬁfablls a model for

controlled release of crystalline rhGH in blood serum and

for weight gain as a function of crystalline rhGH release.
20

Table 4. Experimental Design for Primate Studies I

Group Samplé Adm;:i;i::sion Dose Level Dose , Dosg Num?ar of
8 . (mg/kg) Concentration-| Volume Animals
v - 24(h2:f)72 (mg/ml) (ml/kg) (Female)
ai , . '
1 Solunle? 96, 120, 144 0.8 3.2 0.2 :
‘Na-Acetate, 0 0.25 . 4
2 PEG, 5.6 22.4-
polyargy:’mine’J
Na~Acetate, 0 0.25 . 4
3 PEG, 5.6 22.4
protamine®

Commerc1ally available hGH (soluble, uncrystallized form) was obtained from Novartis and
diafiltered in WFI. Group 1 (positive control) received soluble hGH on each of the
administration days.

25 "See 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
30 group, and were administered either soluble rhGH (Group 1),

sodium crystals of rhGH with PEG and polyarginine (Group 2,
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for all animals at transfer and prior to dosing on the
times indicated in Table 5 above. Bl ood sanples 20
(approximately 1 m) were collected fromeach ani mal
via the fenoral, brachial or saphenous vein on the

rni f days -216, -120, 0, 2, 4, 6, 8,
%,Zﬁ%’,%é‘g, 120?/ 144, 168, 192. 216, 240, z"égf%sﬁ‘éé’“‘“”

and 312 BI ood was coll ect into serum separating
r&-JQr 13024541 .

RSBkl a0 s LB 050 R g

?ﬁmlme’spabta@m‘)e r{fmougadh asesxdnnsamgl Exampleplilt. i Ahe

moﬁkeys ?éé&;ﬁ% é%%% %akg g wéﬁdHEJ%%F Qo%hyégréMnygge

were-st'o rror to

él‘typak@alolnyetthé v tremt10@epé mdﬂqu&ua\lés’ hseﬂedso-n‘ or
deter t : [

T e R e g e
sl;u@:ent GDIVWIBUHE loCbttrJe;pi i c&hesangeile d:ooNDERO0 4P OEHI2 Fas
PCT/ US20Q3/,041691. 54] | ect sgrum.sampl es
WREIHET dRBPYIET G #y[% c%ﬁ?tn ?a??on see abhg
Edurd\b]h@hlthahdapprlqrp.rnsatdarkdebﬂt1ror&qkeme -hade perirdizH
concentrations. that fe Qut si de .t he standard value

% 51%& PyaFigione erh§83r§ § %ﬁ%ﬂdgﬁgyhd|V|dual
memkéyslﬂ@reaﬁeﬁagestﬁnﬂqydouadthéwed qﬁmmqmmlamtprimaﬁe

eLage Ma ub act e serum

g@%l Eﬁ%ﬁ%ure%la¥ l%ﬁeﬁeﬁ ££ eféﬁét FEE
sobsEkct . “lih’uescQrm@t@obnmilyuwsspemnquttaeqomnnbrderetq hen
averaged to %QE%rQ gegggr%pgggtgean of r |nn§erun1
TS arfthisr FOSPPEF s Ter e Then Gar by usi ng
$haﬂﬁﬂm{L1hée@maWthnFadtdﬂwdIG@FneCafmbxnnhe adohidi i ckedion

r-hGH

.a¥o §u§ﬂ¥%%| y g%ﬁgrgyzéfdlﬁglgré%tals oé %%Ehswiég PEG

ah&+¢¢ﬂygmgmylmené$ram@:3 (esddisofi vwh G yrtotlamod e YhdH el th
Roar et syl Chod e saatintbdhen e s agie,
Epr. alhr&nxmalwbbe Eh&hE fhGadgolbyaegi v négsing on the
TIRELPLAAAL NG 1(nebtd 4 NGRS, (BOLO)santkQ 4 7 -4 7
(approximately 1 ml) were ccllected 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, 96, 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

1
centrifuged at 2-8 °C for 10 minutes at 3000 rpm. Each

serum sample was split into a 100 pl 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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--120 8 9 7 57 0 343 65 -4 3 -52 372 48 -6 6 1 12 4
262 37 11 9 20 12 6 205 45 85 45 94 3E B 132 29 186
93 159 5, 10 18 37 409 202 381 185 24 -14 7 404 17
333 31 48 -7 8 178 33 216 43 72 -3 10 77 35 86 |E

WO%M)&”% 12 14 21 12 120 -11 5 6 13 2 11 pE4Asi083/d436910
12 168 10 11 -2 4 -1 11 192 -11 10 3 2 0 i 216 -

-13 9- 18 12 9 6 240 1 548-14 31 12 264 8 3 20 5 17
[0134] 28B cdbl&ted] seyun SdmpIFED wkrg thbn8adyly ANt €or

_ h valuelsth aiu from4, ani mal s .t hat
-hGﬁaS G- BAEET né egdjgﬁ%? dé/ %.O,te SPRE frpRpriate

dihaSébnﬁewezBaSﬁden&ol sh@hecwmﬂ;g@tobnma{:hﬁs Bl =

20 _and O 20 15 Fi
ou’tlsﬁ tF% e%tafrhdeaﬁ eve rﬁ%—l i %Jls%erg#nues af§%s used to
orhhassl anelm@limmtpgrammihrm\tanaugeobatkgﬁomﬂd hetes of

n 2004/.060920
or}: FJS%%B/ érﬂfgf e aﬂbma A e B° Larmarpriioted from

tmhaenamokevre’ts cnq@amamét et seddsedmenpodat afomn thall eest
| a., e Amount ) 3.2 .22. 4
SHUL. o e Biet e &R beh B sES 5500
av@8dged. to(divhaih B0 cb@redtiEs (edr) oASZAGRSD3 SHhfm.
-Standard errors were then calculated by using standard
deviation of the corrected mean and divided by the square

root of N=4.

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

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

Time Group 1 - std. Group 2 - std. Group 3 - std.
in ‘Average daily Exrr. Average sodium BErr. Average sodium Err.
hrs soluble rhGH rhGH/polyarginine, rhGH/protamine,
(ng/ml) (ng/ml) (ng/m1l)

-216 4 7 -4 7 -2
-120 - 8 9 7 5 7

0 343 65 -4 3 -5

2 372 48 -6 6 1

4 262 37 11 9 20

6 205 45 85 45 . 94

8 132 29 186 . 93 159

10 . 18 37 4039 202 381 -
24 -14 7 404 17 333

48 ~7 8 178 - 33 216

72 -3 10 77 35 86

96 -9 9 12 14 21

120 -1l 5 6 13 2

144 B - -3 13 -6 10 3

268 10 ) 1l -2 4 ~1

192 -11 10 ) 3 2 Q

216 -13 - 9 - 18 12 9

240 1 5 18 14 31

264 8 3 20 5 17

288 -15 | 8 1 4 17 |

312 4 | 7 1 5 8 |

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 &
-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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(ng. hr.kg/m .nmg) T904 (hr) 20 74 77

Commerci al | y-avai |l abl e hGH (sol ubl e, uncrystallized
form was 5 diafiltered in WRl. Group 1 (positive
control) received soluble hGH on each of the seven
wom®iosdor@t i on days. [0156] The data above pcr/us2003/041691
denonstrates that the tinme at which maxi mum hGH
appeared in the serum (Tn,29was 10 hours 10 for the
patapdregisni nsuamap}t extedhaedadok DiatsitalbahEiietdfs e’ on
for the Protam ne conpdtexeich Jagiienscrystal hGH and 2
hours for the soluble hGH Even though the sol uble

hGH was deliveredaabuplA7th tthe desepaf thé crysbap 3

A Aretatfainsg thé-©Toax val ues Bigted above im.4

| TERFageq (madksy t hat  hGY-%hen 15 delivefed in eithed- &f
1

2 L;%Jﬁed ¢ryst '—*'322 ne—forms—si*ghi-H-cantly rédlbce
lo sefumeonegntratomr—spi - ﬁdditg'i", &

T&Q%I\/a@,m J;gas been cal cul at ed f or the sollubl e an

cryst.al [ime groups. The TO0%for Goup I, fhe sofuble

T ermergied 1 PG vhidiabss hethdreladle hencTi@@%lfLozredG.‘campSvaa 20
%"ﬁ Jsterf%emcvzf | SRR 1ch3?§’t"'si-P’F| Fretiad) rigceivef esorublgnieHy gn
Fdr s PeShEdt PR THER ™ ¥8sul t s cl early show t hat
f{B‘fssFO”WT‘?PéeEiaEé)’éﬁ&Ué &AL B LESU L R E?&{é‘t
hGH level s for significantly longer tines t
whiehanasgimys BCHT apprarzsl (0157 sereddiThidnwes 10 hours
9@&%@ rwll(@&tf%lﬁgrwmpﬁ%@eegg@& &;,s%falh%h 1 nours
| evel was al sO neasure function
f-@ﬁetheB;PWe‘:@mrliengorﬂm@do@s@tlpmncwwa@:mﬁ anﬁez hours
ebi cacys phudiRGHwes @Bsge ttn@alg tpd a&lﬁb&ebﬁ&ﬁ%
reports the 1GF-1 concentrati or ani mal s |na§oups
dedivaedigguid 798 the dseatods ttlha@rlf&jiallowdmgnbasmnms,

EHQt &actioneoh ;:endoagnaus 1Gral i L eyehs,y, %ggplhgéﬁ%en

XSt Alline formulations have denonstrate
Bt iveyed drsEiftpat of U9 Z00LeBed 20 RECHLUSRE08p 041 691

éanlfiEénﬂfy Qéaﬁcgqgﬁgrqgkﬁaﬁosegéﬁl&bﬁ%%%%@k@lon spike.

adim ni strations. These results, in non-human
BRI ARt Esion ndi Tasevatig hasobrePacabeislafesofarnghe o

genﬁbwvaerm I&@sﬂamp@e AV agegesty, usedch8uachi eve
ggghb?é g%réhcigé EQ héﬂ?g?swhereas the Tys for Groups 2
and 3, the complexed crystalline forms, were 74 and 77
hours, respecﬁively. 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 rhGH 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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5 Table 7. IGF-1 levels for Goup, Daily sol uble,
sodi um rhGH pol yargi ni ne and Sodi um r hGH pr ot am ne
Time Goup 1 - Std. . Goup 2 - Std. Goup 3 - Std.
in Average daily Err. Average sodium Err. Average

WodusmsEbd . hrs soluble I GF-1 rhGH pol yar gip@irn@mmmm]

rhGH protamne, (ng/m) 1G-1 (ng/mM) 1G-1 (ng/
-216 -48 54 263 148 31 94 - 5420 -0.63 22 4 34 218 115
QCGE8178elaG tbBpa?4¥l 860 2239y3201UB: IAinI6t184i oM .

2 -344 191.-120 114 6 37 45 -244 189 -19 96 8
_%%1523 F%%‘f‘rttﬁol?aﬁoﬁ%umafb Pfdé“ag;%sz A0 iops e, TBEt 04
T3EmEk 3Ot i &6 22¢B8r223g 24 G 4416e59id:64na%;443e191 1243
72 414 95 248 224 .340 2Q7. 96 485.114 402 67 416 24
BB AR5 395 4 5554 268 ATie v, FAROYET cof DAty e gBamans
168 636 82 415 191 240 176 192 438 71 356 136 227 153

0 1597 u57 93 144

ao valioce ecal el at ad rom-A4
T A2 A=Y o T

r nart Aad ~ca Llnn LAV}

Ml T Oehodp ST AV E Ty © TV S Wiy & T oo g g “&roup 3 - std
ani nad s| xGadehvatry haver.beemnvbagedotine AdgpSt €dyerdge Bogium | Err.
s <t g H angini h p amine

val U&* ni misYas%t i ne. Bclsré‘im(ﬁi’é(jg oitthe j‘f?'ﬁﬁgﬁﬁg mine
values at 1 = -Z4b| -1£{(J and U NOoUZS| PLE Z7 37 92
[ 158 Phar nooch&yhami® study of huran geewt h hor nome 115
L A . 73, 2 ., -268 [, “hsg | -249 86
15 g stered gy St or—datt ylswmmgé reotHs “5e Tod
infection to hypobhysadt om zed made|[rais: | The goariz@ 114
H 6 _ 4 <l i Lg—l PR -3 PN tho AfFRA LA 188 diffaront? 96
t 'S got Uy was [ >) CUTTgr T 1c—<C1 T ey oy o [or T o Ry 119
formd ati ons of b Whea ] -491 219 4 86
24 130 130 ~-106 278 223 214
4B 446 59 164 244 191 164
72 414 95 248 224 340 207
S6 485 114 402 67 416 243
120 524 73 484 126 392 216
144 636 63 574 189 397 187
168 636 82 415 191 240 176
192 438 71 356 136 227 153
216 288 87 155 108 117 146
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: IGF-1 values are reported as the average values calculated from 4 animals
that have been baseline adjusted, i.e., value minus baseline. Baseline is the

average of values at t = -216, -120 and 0 hours.
EXAMPLE . 27
[0158] - Pharmcocodynamic study of human growth hormone

administered by single or daily subcutaneous injection to
hypophysectomized male rats. The goal of this study was to
compare the efficacy of different formulations .of hGH when
administered once or daily for seven consecutive days
subcutaneously to hypophysectomized male Wistar rats. The

study design was as follows:

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/mi




adm ni stered once or daily for seven consecutive days

subcut aneously to hypophysectom zed mal e W st ar

rats.

The 20 study design was as follows: Table 8. Study

- Design - Sanple Description Goup # Sanples Sanple
Wesogsogireon or Test Conpound 1 Daily Sol ublgusi@snsieon
h&H) 16.7 ng/mM D-mannitol, 26.7 ng/mM WO 2004/ 060920
PCT/ US2003/ 041691 - 51 \feluicl-e - Sham sucrose, 50 mM
NaH2PO4 | pleh&:18) - SWpopeWysc@@t oy mDalalpo Sepiull ® (No
hG) 16 ; Sfﬁmutm E9)6;7mr1/rr1 2 Vehicle - ;
lLow ucros iy H 6 7;5')19\] Pamanmhiqly 26.7 mg/ml
$ol ubl e ﬁ "7 suffﬁsct}%rmnnl Ej%O“ B 7 ﬂg/ m 3
ehicle t Mlgp Si)UleFl@SG, (no 1 mg/ml
0. 713 ng/ mMverh@e, - Boaty mglkfdseD-mﬂlnlNhEJPoq 4p:»Da| d;)y
Soluble - 26 Poagy/ nd QIJ(‘I‘_OQP 50 mivi NaH2Pg§J4 (pH 6.5)
Low Dose| BaDgi $31uSQl ubl® %l FRFE r BGH, Vel P gg’“ﬁf
D- mafini tpl', 1d05@e26. 7 Thyl MO/ TLEPTOES 58 TMHRRPEY ©-5)
PH-6-5) QQ!Ub'? -3 5 ngéni rg 16. 7 my/ nd
. Daily Solu e
> maani t ol "6 SnGTE B ?égmfsﬁ@ it %g%/@ﬁgizag;,m
NaHZPOA (IOH Piie 1 gt wsﬁ,/ﬁplrm& Ih BT A § - BT
rys¢al | j neifigierho1250 |nddl. Nadghey, suc?ronysbaﬁwsNaﬂzﬂﬂJ ohu626s)
PEG- 6000, 253tieghPees- HQ1 (pH 8.6), 3.6 Dose ng/mi
pol yar gi ni me1Hedi {iawl arlBr ét“lgémlofcrﬁrﬂl’f@l—% Ilsﬂﬁﬁglzﬁp e Wang’
[ 0. 587 Sotwitks - 256 1 >
ris-HCL| 8 Pogfan ne (nqléh Zi;@;’ﬁ {g o Fofam ne
sul fate | O yslhadis Pr ot [aasio ﬁaoicﬂgd%nbfad'i%b/@[ aiﬂ k& ris-HCl
HGB 250 niWrhee®Aes 9 GRystsal 9.75 lmgwlb Yodekm 20800 fa2b
ATris-HC1 EEE®sg) 10 75 Dose ng/nl protanine
ul f at e ( nolmbtamahéd o of2%3p‘;‘g/‘2éogrﬁ’§§aﬁlge rﬁigl 2(5;’1 mM NaOAc,
9 Crystals - Low ris P 8-?)' 0.75
Dose mg/ml protamine sulfate (molar ratio of
rhGH:polyarginine is 1:1.715
. 18.7 mg/ml crystalline rHGH, 250 mM NaOAc,
Protamine 6% PEG-6000, 25 mM ;ris—HCI (pH B.6),a4 ©
10 Crystiis - High mg/ml protamine sulfate (molar ratio of
ose 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

hGE samples were filtered with 0.22 pm filter after brlnglng 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 R ose Animals
Compound (ul) egimen (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 daily 11
doses
5 0.8 1 80 7 daily 12
doses
6 5.6 3.5 160 Day 1 11
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rhGH pol yarginine is 1:1.715 Protamne 18.7 ng/ n
crystalline rHGH, 250 nM NaQAc, 10 Crystals - Hi gh 6%
PEG 6000, 25 mM Tris-HC1 (pH 8.6), 4 Dose ng/m
protam ne sulfate (nmolar ratio of rhGH pol yarginine
w6 2doabeobdd- Vehicle 250 nM NaOAc, 6% PEG 60Q@y, 2505 M 1601
Tris-HCL Control- (pH 8.6), 3.6 ng/m

pol yar gi ni ne-HCL 11 Pol yargisaine Crystals Vehicle

16.7 ngf W_Ergvannj T Olys. Z6. /[ NG/ SUCTURE, 1 12 COoMt gt =

Single 50 MV NaH2POA (pH 6.6) 3Bol us "Aldy sanpl es ware

prepared usihhg WH undledr steril3 condi tnagns. The 12

vel ioC! el andSSoluble MGE sanpl®¥s were Favliterdd witiz

622 —mfitted after bel ngi-ng—tHE solutilMsl t o [t heirll
12 d 1 ....d. r—:j: 3\0 fa C‘+D¢-.¥ A r\nni a4 11

lFprbl ve—ft+rat oo —5 Tabtre—9—St oy —gm

Adm ni stration Group # Dose Level Dose Conc. Dose
Nunber of or Test (ng/kg) (ng/m) Volunme Dose Aninals
¢oanUnd (wgorRag&meal (medeesgall @i0t200rat Haikyghdng
daily 11 do%es 300 80 7 dail
G804 201906 s, BE1ns pmesor 58712 B0t
daityol?, dases gréup-Bodsdl 1elkiePayodt 241 MR 20044 069920
PCT/ US2003/ 041691 52 7 5.6 18, 7 30 Day 1 12 8 0 0 30
éa?p{oaizimatge fegxpgrg‘eu{%yz:ﬁ_ 13 °C, relative humidity 30-

70%, 12 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 appreximately 100 g + 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
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" and 1OE§and summari zed i n Tabl es

10 5.6 18.7 30 Day 1 12 11 0 0 30 Day 1 11 12 0 0 30
Day 1 11 [0159] Upon arrival, 138 male Wstar rats,

wei ghing 5 approximately 90-100 granms and bei ng
approxi mately 25-30 days old, were group-housed under
wonbdsdkdeggl conditions (approxi mate tenper at

C, relative hunidity 30- 70% 12 hours Iigthgﬁgaﬁ%mﬁ6ﬂ
hours darkness in each 24--heyr - period, 10-15 air
ebARgEsePel howr Hasadi Ui veir=2eeeshe t orkth BWonf bedthe
wat ey and, | aboratory chow ad |ibitumthroughout the
YBLEDT IME St §a\‘1—x€r%a‘éjrrll%\ﬁe§3f‘@lﬁc&’fli'%%ft3é°rt ®ft he

eACHE POIRRMg frihet Word@eks, Mxa@ip10286 LSt NeheH . @L60hmine
The 138 rats_were_adm nistered sanﬁles according to
P

t{ FEEBRACR AT Con EXGBPLRE? UnFraE5PHY PERYT FeFSVARTERY e
%n&g \Ttlﬂﬁs%@%t d@@ﬂ?%&ﬂf@cd&tﬁ‘ﬁ_o&dﬂgﬂi%ﬁr @ﬁo%cal, Oho
C ai r .seven consecutive days_as a single
BOFisOF nf SL14 6n DSt EAPRH UGSPURR £ HEndicrs GiYa BhS T
sketénofiay p&citdian cwesp Shavethra BYpBBRKELE iyt @ a8s0a¥Sows
ior to dosing.and thereafter as required to
PhEi PPERED G475 PEAT TS C0PebrpbundoTReNET . Tats
ad it A Shes e hdiSinA gt 8r38- a0l ydrfim eedl B

: t bached o
i.nge. Test caonpounds were carefully

%ﬁ g 300 | %ﬁ{ ,
IHVEFT eBCT TP dEFUEE oW SisHeREF ol HRCL iSH QVPBNSevVen
dalyE0E Ahh Yt Wbdeh @lal sCaHSE N dOAMnAE 1 BEE AL td1uble hGH

gﬂthdramal into, the syringe and again prior to 25

§rPHPstt 883 Th dap0181] STy HaYSai nCReer TR stifdégranaes
peeaedrdds i€ &solwdek! Yndd thaneakiSs1 g1 &Nithe2t3BAs of
daily fromdays -7 through 14. Rat wel ghts were
REOVBRPIRLET yorRI6 Y TOUR AL IASCFHER THEIGeSH ts of
peaeestitatleedrgrovhh arest) Jusasent eoh hdt Ritaurast: 104y
_ 10 and 11. In Table
FEYS* R §hP oS PEfF LSRRt X HEID 580410 TFIERE
RGTEeHE26034 04 169 k£ 4 cAdiowd/ dg/aseel. sdhepatdch
illustrates.the conparison of the weight gain of rats
ﬁgmlﬁésgeE??uﬂ%§ﬁ RPECYFOR of rhGH: pol yar gi ni ne (G oup
7, Exanple 25) or rhGH protam ne

Table 10. 8 Day Induced Weight Gain in Hypophysectomized
Rats
Group # Sample Description Day 8
or Test Induced
Article Growth
1 Sham hypophysectomy 22%

7

Polyarginine crystals -
high dose

21%

. 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
5 Protamine crystals - low 2%
dose

Table 11. Daily Induced Weight Gain (grams)

in Hypophysectomized Rats

Group

Day

2 3 4

7 10 13
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(Groups 9 and 10, Exanple 25) crystals over a seven
day 5 period versus a daily injection of control

(Goup 1, no hGH) or soluble hGH sanples (G oups 4
and 5) over the sane seven day period. Goup 1, Sham
wypophyeect ony rats, shows the normal gr owtdgrRMSIo03/641691
seven day period. Mreover, rats having been

adm ni stered rhGH: pol yargi gne. (G oup 7) had a 10

higher percent 1iwWuckd g owfh wst h]ongsi nj[ectaoon [OVen
seyen | daysztlhanst hoke ratsi|that ere admini stered 13
sokubljegh (G eup b) each|dayzf ol saeven [days. 20
Goser Jed difflerences| between daily sof ublle igj ections
and sijngl € 31 nj ecti ons of2 pol yargi ni nez conpl exed 2

crystal bi hearhGHscanpot zbe 15 st atijstizal lly-veri fii edz

These results illustrate that hGH crystals and

formul ati ons according to the present invention are
as efficacious as daily soluble rhGH adm ni stered
over one week. .20 Tabl exa¥pLB :[my | nduced Wi ght Gain

LBy FAPOPTASELAN 0t SR, SO, SR R ELL PP
Pypbmy&emdlfyté?_%ﬁeﬁ)l yaalfgbneméoﬂr]ysﬁe@lds selR2d06n Rifgh
do%_\e%lg Dai §O| 151'I uce SEG%O(hG%{ Da | y :l:‘tyb <§ from
POwW dos & *t19% 19 %tp rys HGH ), e 855 S5t T6°
Dﬁb|sytc5cﬂdsub| enSIdil@i‘:EvéablflISnQ% hcb dmﬁlﬁv o&uaa:ﬁntmin
GEIShi G Yothr TSI by pBRY LU LA Rath ~E
&Geoiped flrah B.4cbH1H éhd.ﬂéd&t?sﬁGcHSsdIhﬁﬂbn%Zresulted in
rhGH having the same crystallization and solubility
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-HC1l (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.lo,OOO) 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
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“WWO 2004/ 060920 PCT/ US2003/041691 54 7 0 4 10 15 18

192021 402345B1111 50 3 6 10 12 15 18 20
1005975665 603322232 9044202272
2 EXAMPLE 28 [0162] Crystallization of hGH with
wodbums@eet ate and 5 Protamine sul fate. Helper®2003/041691
frozen bulk feed solution of soluble

reconbi nant | y- produced hGH £3 hGH) was obtai ned from

fe}zqmgl&igo%hﬂ?n@m yid 23 i \a@grbmﬁgﬁemd ito( MNevamt i $|)ftaal’i:d
the ofther ro ast ep rate anal yses
P HEHOL0E, PO | GED. EhP | CEVAF Y ehea PhRgthachnE vas
é;aiztadt@as ah@sUtipskd1n ikAciboH hevd Mgt Reasar®d as

%/st allizati on and solubility characteristics

HHFebPPe®bF-its source. Approximately 3.3 ni
(10 20 ng/m) of thawed rhGH feed sol ution was

purified using a 10DG desal ti ng col um supplied by
Bi oRad. Prior to sanpl Mbﬁ%@g the col um was

COTEBTt i Oned"yb}tal5lﬁ\ﬁﬁi’&rﬂ@ft hencel thimsasiitdh 30ebhtofand

Trj s- HCL pH 8.0). _ The rh S s, then

P et e 4 oft SFOPRR DO AT thool AT Pt
%Lﬁgleﬂu@@:@mﬂmg?th% ;fﬁddslbeahrl_l%g (#ha) wakuUaBtained from
anot her 5.0 1 Tris 1

Bve §HOgF th8n8e§%ﬂveggw|fl’f@lll fasCetut &ﬂ"’&ﬁ&lé I?récgttét?
3bn&pnment vakkonLiyke ald) f ugatbaratv@sinangepest armd

sin M1 Lipore, concentrator ( 1Q 0) at_ 3500
HREIYed e PR T o SRR e AE oot | TR B oRe FRALLEaR In
FRG enzﬁflrﬁgo the/ Bhma@Scryiasunedt: byn ahsDdrdeaneel aty 280

@FO 813 /m hGH A280 =_ 0.813 absorbance units
S e g bRy A 715 25 ey oI Sed WREGFImacdLy

I8 smHGh d2id 8gBhl) REG4AR08A Photafdde soibﬂtﬁ.ahewéﬁld

Na- acetate to final ncent.rati ons of 1O(il

OF U5 Lo rtFi caRA SO0 TV T EsBBLETYAT P IRt R TR
s;@hutl 105 avwrtphealbaﬂaﬂlg ,prwie.elcblammeam rca:tndﬂmmfledEby
n‘%éﬂ“b%? e-crfle CO %tﬁl 8n’f)hwfaagrt Zof %g%r]g&n f%g'?IPIﬁeB o)
Chystiatis sserpdeolhai tieeh 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, polyarginine
HC1 and Na-acetate to fihal concentrations of 100 mM, 2%
(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

ranging in length from approximately 2 to 25 um. After
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WO 2004/ 060920 PCT/ US2003/ 041691 55 ranging in
l ength fromapproximately 2 to 25 pm After
centrifuging and pelleting the crystals the
supernatant was extracted and, crystallization yield
wasomaeds ed as  greater than 90% S5 EXAMPLEZ%dh3Rake:
Crystallization of hGH with sodi um acetate and
pol yargi ni ne HC1. Here, a fgezen bul k feed sol ution of
SRlcuhlragh 86 o sty i fg othus as-Ed 16r ) s refaaineds
from10 two_stocks - _one derive romE. coli
CNGREFEAsFAn SRR 210t ART 97 o‘fﬁ%é’aé"taﬂme&?u@ﬁ H°
gS%p,@@at enapabyses of rhGH derived fromE. coli and
lé/oeas stock sol utig_‘ﬁs resulted in rhGH havi n t he
ed crysPAFPPYEh ithe SRECERHDI TS ORa %%t% Stics
dddespeat ilMeS@rflef ideﬁ:a&ng? ﬁwaﬁpﬂf anlnlattebylaﬁ ahB eflample
10- 20 of . t hawed r ol uti.on
EERYaS) HG O, JEar ST o Seopty b by
&w}a@ apBakent ttr el ofl oadingsy tdxa 1¢o0liMhavessrt in
condi tioned. b washi n Qe colum with 30 m of;
SR 9L R0 IAP B O8) EhL Ao Y B iTBrE TS A Hen
droaded and abhoneshtienenhey bdemaie atlettEBobyigiaub ty.
After dlscardln the first three f _eluant,
Hiarich S0 Lt SR 9Fi S0P D o0 RAE SRRy
KeeiH, ahciheifdgsaid egpeh@ivesbeiinegdsand col | ect ed.
Concentration by centrifugati on was then perforned
using a MIIlipore concentrator (MACO 10,000) at 3500
rpmfor 20-30 25 m n. The concentration of hGH was in
range of 30 nmg/ M as neasured by absorbance at 280
nm 0.813 (1 ng/ M hGH A280 = 0.813 absorbance units).
Crystals were grown by addi ng deionized water,
Tris-HCL (pH 8.6), PEG 4000, polyarginine HC and
Na- acetate to final concentrations of 100 nM 2% 30
(v/iv), 2 mg/ 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



WD 2004/ 060920 PCT/ US2003/ 041691 56 centrifuging and

pelleting the crystals the supernatant was extracted LLOYDWISE
and, crystallization yield was neasured as greater

than 90% [0164] Although the fso_/r egoi ng i nvention has

been 5 described in sonme detail” by way of illustration
and exanple for purposes of clarity of understanding,
it will be readily apparent to hose of ordinary skil

inthe art in light of the tG&adhisngs of this

invention that certain changes and nodifications nay

be made ther et wi thotRMADEYepamp T nagidig om phe- s8khih protein
e

or seppe:Qi Lhe diS¢ r herei.n,. including th

apﬁggggd enbodinentgggﬁgcﬁBmﬁpgﬁd'S?aééAPMQlQLCQMPound-
conpPexngorptéstag arpmecher GREupr ebakR 5+GLYSt and .

an ig@%c goppound, said ionic coﬁpound Sbgﬁﬁgcgtﬁggkéﬁ?tlons
fromt epgr%upl%%ﬁsisting of polycations and

pol yani ons. 2. The conpl ex according to claiml1,

wherein said 2rot gHz i&m§alset e grou _
consi sting of: ther apeu'tni@é1 pr g%%éﬁﬂ%&%ncg?ﬁf‘ et nswherein
gl yCUPTOtRI S 1 reept bestedyhirbmt the agkbgpnsonsisting of :

I eCofFY e L | . yiral surface proteins, '
hor mones.” ant | bp%?es?lré%z_yﬁ%g,lon F%BO'Fgé@ﬁenﬂi}’C@?@biteinsy
peptisitantaral |syreaie popt ddesgess, TRE-SABPLEX antigens,
accq;iq:[arhg Stoer'cl aim2, wherein said therapeutic

proteinis sel¥ct &F TrE hehgFeepes comst sbbdgest : enzymes,

[u redd ti ' i [ es, - .
%i sfﬂgmatﬁrﬁ%& %ﬁ?lﬂlgceﬁﬁ;éﬁ’?%?ée%r i3Rd LiPpgRFi peptides.

inhibitors, growmh factors, postridical hornones,
nerve grow h3hor nBhescombded ekobtringgf @et @MSiim 2, wherein

adhegi;gn S one .nor phogeni ¢ proteins,
| ectins, tth%gjgﬁ%g}t%fcaﬁbro&s%l%y][% % et¥en fronvrhep

gomrese g, dm ettt o) S,

inhl6nggﬁmp5§&?6#}ty_antlgens, integrins, selectins,
inhibitors, growth factors, postridical hormones, nerve
growth hormones, blood clotting factors, adhesion
_molecules, bone morphogenic prbteins, lectins, trophic
factors, cytokines selécted from the group consisting
of TGF-B, IL-2, IL-4, o-IFN, B-IFN, y-IFN, TNF, IL-6,
IL-8, lymphotoxin, IL-5, Migfation inhibition factor,
QMCSF, IL-7, IL-3, monocytefmacrophage éolony _
lstimulating factqrs, and granulocyte colony stimulating
factors, multidrug resistance proteins, lymphokines,
toxoidsf erythropoietin, Factor VIII, amylin, TPA, |
dornase-c, a—l-antitrypsin, human growth hormones,

nerve growth hormones, bone morphogenic proteins
1

growth differentiation factors, neuregulin, and urease.

4. The complex according to claim 2, wherein
said hormone is selected from the group consisting of:

human growth hormone, glucagons, parathyroid hormone,



GMCSF, . 1L-7, 1L-3, nonocyte-macrophage col ony
stinmul ating factors, and granul ocyte col ony LLOYD WISE
stimulating factors, multidrug resistance proteins,
| ynphoki nes, toxoids, erythropoietin, Factor VIII,
anylin, TPA, dornase-a, a-l-amndgtrypsin, human growth
hor nones, nerve growth hornones, bone norphogenic
proteins, growth differentiation factors, neuregulin,
and WS84as8.4 -4 > _conplex according to claim 2,
WhercLafir n sg”ll&:yhohro-r%ﬁoenelss’ slelf)%eeﬂlezd”fgr JEMNY B follicle
consisstimyg agfing hormorgs owmt h hor none, gl ucagons,
par at hyroi d hornone, LLOYD WSE 58 fertility
hor nones, IuteEizin% hornone and follicle :
sti mul ati ng- hoPnonel8, C9RRl8B¥npFERr@éear dpnglabmek ai Wherein
2, wherd mntsaicdyantd hedyd fromthe group .
consi_sting of ; Fﬁflixina6#§ﬁf§kgﬁt§%ﬁ qg%ﬁ%dqéﬁilé%lng of:
trasg&f&ﬁéﬂwaﬁbcﬁ%@@ﬁﬁFeP@Li@HZMWah@bNUmmmmﬁﬁ%daEb,
Gent Basgil i xi. ~wDacli zumab, Zevalin and
Myl of 5’?33 an bThga%&)‘(n’lﬁ%gl%a&cg"]%‘&uﬂ‘&n?@‘gpéirmGE,mt\melﬂ@ihq
sai dBeszyiBimabseDectduadn ZoeadidUBnSORSISkiang Of :
rasburi case, |ipase, anylase, hydrol ases, 0xidases,
i sonerases, |yases,_.|ligases, adenylate cycl ases,
transferases, Oxi dorEdlCIHRERS HGITIERB 0 | abetme, wherein
dehydabgeansgmepersoxidasesga ydapt gi €polici KNE
conpl ex acco?ding to clain11?gaﬁe?g?ngkgg§dCPéﬁﬁgglng of::
conpb@fduFscaefect éBaFronrMéageoubydrohabseti ngxalases
pol y ept, i , olj eptides rotei ns and
Qenc | oo SROG¥PTREEES,) S159888F (rAg vaBrarkr rases,
wher erans aradspe) ypeptodedoct pos i i €0NPeBERt 9hcsakd.
ioni(?e q&g&ound has_a nol ecul ar wei ght of greater than
abouTe Y {PIS 50 RORPTEN28RE o AR Ny €anEpanAse ,
wherein said polycation is selected fromthe group
consi sting of7. Prat@nidagp 1R YWic@irding RPIMMS N wherein
pol yhi sti di ne, _ '

Salca 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 1, wherein
said polycation is selected from the group consiéting
of: Protamine, polyarginine, polylysine, polyhistidine,
histones{ myelinbasic proteih, polymyxin B sulfate,
dodecyltrimethylammohium bfomide, bradykinin, épermine,
putrescine, octylarginine and synthetic peptides and.

dendrimers-



hi stones, nyelinbasic prot.ein, polynyxin B sulfate,

dodecyl t ri nmet hyl ammoni um br om de, bradyki ni n, LLOYD WISE
sperm ne, putrescine, octylarginine and synthetic

pepti des and dendriners. LLOYD WSE 59 10. The

conpl ex according-to claim1, yherein said polyanion

is selected fromthe group consisting of: '

pol ygl ut anat e, pol yaspartate, polyacrylate,

pol ycyanoacryl ates, polylactate, poly-B-

hydr oxybut yrat e,, pol yvi nyl ol I i done ,hyalurohic
aci d, heparin?OSuIf%?%d&6§¥y§%c%?ﬁﬁ¥%&%$-@@x@lahm 1,
sul f athesieirhepard paydrates andAendd T8,Sy 1,

A
conpositLon,conprisiqahgn i nsol ubl e phase suspendett?
in a SOIEtanDRfse Pty eitemadied Hodywlape gihase i s

a comllgécgg,m&ies,i it - f rotei.n crystal, an
i oni ¢ compound, sa?%’?gﬁ%§“§§%§§%§  h By S &tsed Poly -B-

f r omPYRE CvBus veansi, s iodgvahypplyyeatliicse ,a_q»g,a luronic acid,

ol ' a n.excipi.ent and wherein sa
o s A R e e o weamst suilifgtes,

of . heperinbelifigarepr eser vahii¥e mek-got ONni city agents,
stabilizers and conbi nations thereof. 12. The

conposition according to claim1l, wherein said ,
protein is selttted? FOMPGSE tgrBuFOTPaISIisY ey dftsoluble

t her ppevei suBpehBLAS inf YSLBR,PE 8L €l gl ycopr.ot ei ns,
receptors, sy%thetic%gntigeng?58#e%§%§?haﬁ¥e5§ﬁpg§ﬁ§9
vi ralnSetrhate phasei hs, ahoomphes, coapriibad5es, pre- formed

enzy . Fab nt cyclic peptides, and |inear
pept?ﬁi%?qu?L#%gggbn%%s%¥P6ﬁ Sg@g?HP g £81€l aPmig2compound

mherleéingadaeilédﬂEéaperlbﬂnCtﬁéOéfibﬂii éoﬁghsggﬁg SEOBLE DEat ions

gro%ﬁagons'stin of : gl ucagon-1ike pepti

ant i i RILYFREPRDInpRET bR | €yC dpt ¢en3dndi whegeinssaid
sel egd1Siom NhhPEL O] S, f r postridical .
hornDnes,l%ep@g gromﬁhsﬁ%gﬁgﬁgsﬁﬁ% o% © cFortPngensisting
facﬂ%ﬁéﬂmﬁﬁﬁésibmfﬁ@tecmreser%mmﬁvaprp@@@@ﬂi@i@yo&géﬁ§s,

stabilizers and combinations thereof.

12. The composition according to claim 11,
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,

and linear peptides.

13. The composition according to claim 12,
wherein said therapeutic protein is selected from the
group consisting of: glucagon-like peptide 1,
antibodies, histéompatibility antigens, integrins,
selectins, inhibitors,.growth factors, postridical
hormones, nerve growth hormones, blood'clotting

factors, adhesion molecules, bone morphogenic proteins



LLOYD WSE 60 and lectins, trophic factors, cytokines

selected from the group consisting of TG (3, IL-2, LLOYD WISE
IL-4, a-1FN, 3- IFN, y-IFN, TNF, I1L-6, IL-8,

| ynphotoxin, IL-5  Mgration inhibition factor,

GVCSF, IL-7, IL-3, nonocyte-nmag ophage col ony

stimul ating factors, and granul ocyte col ony

stimulating factors, nultidrug resistance proteins,

' ymp [ t oxoi ds hr opoi etin, Factor VIII
anyl?%ﬁ ?%&tlggrngggg§lc g%EQ9ﬁ§¢lﬁﬂi9 HQﬂHﬁﬁiQFHﬁﬂffrom
hor mohes graepv e odisQeith n EhQE”Q@@S g,bane Jrorphogen ¢

proteins, and urease. The conposi ti on accdr I*o
clai At¥2 v- %ﬁ@%e?NFéaﬂélﬁorﬁén@ |§yyahetkedmfrdnmthe

) h
groupig¢aRshat LAG ek tl%%ﬁ?%c%para?g@%gnnqﬁbrngﬁgn

growt h™ hornone, - gl ucagons
fertmpnpyythomaome@hagetenuamggsh@mmqaelagdf&@ddf@ €and -

St'”ﬁ%%&ufg gorno e. 15. .Th onposi tion according to-
cl ai whereff SBVdséﬁPP 6&9nssf§§F@@ﬁedwmd@mdﬂmg
gr oupeseobshati pgoekinknfh %bﬁ%hunggan%BQ%ﬁhs

Ri t uxi map, trastuzunmab, cl xi mab, Pal i vi zunmdb,

NMruﬁBﬁ%BrﬁﬂeletE§ntﬁ?GﬁQE VBééhlamyﬁabﬂ Deal,i ddormbse-o, o-
Zeval L gnand ta 6 cpnposi tion_accordi ng

to claim ZrYBEHQreB%mgél8réﬁ§hn§n?§°§SFecPSEVFrSEPWHQ
grou@orMQnssstbngeomorphsganncaﬁeotéuﬁgseananmkagge_

hydr ol ases, oxi dases, isonerases, |yases, |igases,

adenyl at e cyclf.es,Thransferases oxi dor educt ases,
nitrilases, |accase. 'efYAP6§eh408 2pEPsRigsES si@im 12,

hydamh@r@ﬁmesaiﬂCH$kM%§E 81sdYecdbg £L8RO
according to claim11, m%erzlnegald |o§?c§%%n%gaﬁa IS

sel SRR Fr BT t Pk gPOUPN @BAYERt heagmoke , pblyarr growth
p0|Mﬁﬁﬁ%&ﬁ@ﬁ’gPUégggﬁgt'g§§athyr01d hormone, fertlllty.

hormones, lutenizing hormone and follicle stimulating

hormone.

15. The composition according to claim 12,
wherein said antibody is selected from the group
consisting of: Infliximab, Etanercept, Rituximab,
trastuzumab, Abciximab, Palivizumab, Murumonab—CD3;
Gemtuzumab, Basiliximab, Daclizumab, Zevalin and

Mylotarg.

16. The composition according to claim 12,
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.



proteins and dendrinmers. 18. The conposition according

to claim1l7, wherein said oligopeptide conponent of LLOYD wisg

said ionic conpound has a nol ecul ar wei ght of |ess

than about 2 kD. 19. The conposition according to

claim 17, wherein said polypemi de or protein

conponent of said ionic conpound has a nol ecul ar

wei ght of greater than about 2 kD. 20. The

conposition according to claim 12, wherein said

pol ycation is | ect f e .gr.ou consi sting of:

Prot ami ne, pol §Zr gi nlﬁ%e,({%%/ %slg):]ne,aoccpooﬁ%%ﬁ%i‘ﬂé}lm. 11,

hi st’Uhé§?_lny§aiidbam_mmmdpdlsymie@t_ea_ FFAl®e group

dodegxhgggggghyg%qnogﬁun1bronld , ___bradykinin, .

sper m ne, put resci n€° §8EISar §enYREPsAdessy plfigicbept ides,

pept pdeseand daddderdrsmezt.. The conposition according

to claim12, wherein said polyanion is selected from

the group consjsting of: polyglutanmate, _

“pol yaspart at e, -2 pol YICHRE S 153100 paseaciyicattes claim 17,

pol yhaetat 8, sRokY B u {3 4

ponvinyIpyrolIidoné?aﬁsgﬁéﬁgnFé%g%ﬁa?t ﬁgngﬂﬁ,lonlc

sul f @PBeCpoefyBagchampdesuldexweaghsubfatess thepakbBut

sul fategs and dendriners. 22. The conposition according

to claim 12, wherein said excipient is selected from

the group consisting of: detergents, pluronic .

pol yol's, polyd%, LIre¥DcdhBEsi6208! yeeawynagl ¥6abSaim 17

am ng acids, starch I%cerol, sugars, cel ['ul ose, _ '

povi dore” textdt ,pB%Y§§ FbdEest PRYERERYPPBRYNENt of said

cel | 11058 AHbRASEQr RA Ci osktion

according to clain112§ §mﬁg}ggﬁlggrgeg$§€i?#nge?ger than

sel @RV 3 Rt he group consisting of: sugars,

pol yols, am no acids, soluble proteins and

gftergents- 240 Userft BofiB0BL EXoACSLSLRYE0AMY1 308 1
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.

21. The' composition according to claim 12,
wherein said polyanion is selected from the group
consisting of: polyglutamate, polyaspartate,
polyacrylate, polycyanocacrylates, polylactate, poly-B-
hydroxybutyrate, polyvinylpyrollidone, hyaluronic aéid,
heparin, sulfated polysaccharides, dextran sulfates,

heparin -sulfates. and dendrimers.

22. The composition according to claim 12

1

wherein said excipient is selected from the group -

consisting of: detergents, pluronic polyols, polyols;



clainms 1-10 for the preparation of a pharmaceutica

conposition for treatnent of a disease state in a LLOYD WISE
manmal . 25. Use of a conposition according to any one

of clainms 11-23 for the preparation of a

phar maceuti cal conposition for §2eatnent of a disease

state in a mammal . 26. The use according to claim24

or 25, wherein said pharnaceutical conposition is

adnmi rjlsicRred nddl ik TRElo by 8l or
parenteral route. 27. The use é?bé?m%%% é?kﬂ%ﬁ%ﬁ%ﬁ?l'

wher 49358 FPHarmecoutdcdldaenpiesition iglysorbates,
adm mi,Si e ai | by, subcut aneous, or
i nt ranyﬁscﬁrrfo%n}%ut%l%. ;ighearyuds@s&?E 5% clai m

27, wherein said pharmaceutical conposition is
admi ni stered t@3sai dhavermmedodiyt isstb G ANQDUS WLE aim 12,

usi n dl e .havi ng .a ., gauge greater than 27. 29.
The g’ggr%g%orséilﬁg Stté‘%&ﬁ i rzgsoﬁe’}@,Cte\%érréﬁﬂh tdw group

phar reasubieal eENPRSGEIraN ibS198TisNi Shened , Ly said
mamal by needl e-free injec io?gbf by %?AS§E§FW3FOlUble
nmeanBYOtELBPDANESEEt63I8MESThe use according to clai m

24 or 25, wherein said pharmaceutical conposition is

adm ni stered 3 saifd I ek. 31. The use |
according to claim?24 or 2 ,daﬁﬁiﬁg:gaﬁﬁr ing to any one of
phar fb@eusi éal Oc6pposhei pmeparadibni sfeaedhatr@asaidical

ma very t weeks. 32 The use according to
ol o DS e S8R Y oke PP ReERny prarndiBaereaptate In o
conposntadn i s adm nistered to said mammal once a
nonth. 33. The use according to claim24 or 25,
wherein said manmal _is a human. 34. A nethod for

produci ng a prot ei nUSEoRpl 8x CORBREE LS PRgatherdtiegs tof any

"one of claims 11-23 for the Preparation of a

pharmaceutical composition for treatment of a disease

state in a mammal.

26. The use according to claim 24 or 25,
wherein said pharmaceutical composition'is administered

to said mammal by oral route or parenteral route.

27. The use according to claim 26, wherein
said pharmaceutical composition is administered to said

mammal by subcutaneous or intramuscular route.

_ 28. The use according to .claim 27, wherein
said pharmaqeutical composition is administered to said
mammal by subcutaneous route using a needle having a

gauge greater than 27.

29. The use according to claim 24 or 25,
wherein said pharmaceutical cohposition is administered
to said mammal by needle-free injection or by

transdermal means.



(a) mxing a solution of a protein with a _
crystallization reagent mx to produce a solution; (b) LLOYD wiSE
addi ng dei oni zed water to said solution;, (c)

i ncubating said solution for between about 2 and

about 48 hours at a tenperaturqx$etmeen about 4 C and

about 40 C, until protein crystals are fornmed; and (d)-

addi ng an ionic conpound to said solution, wherein

said ionic conpound is selected fromthe group

consi sting of Eolycatlons and pol yani ons. 35. The

met hod accor di sivfsAccaydisn fag tHerine dprasess,

the ghepe@h QQQHH I ,d .sol utig

bet ween st eps (b)ggﬁgn%§%hal% v C&%g% gi aﬁgFﬁdﬁtered

for Epoéaéﬁn@amméénposetaoweekonprlS|ng a proteln

conpl ex suspended in a solutlon phase, conpr|5|ng t he

step of nmixingspaid X red accaqrdin

claim34 in a sgl ut |Tgln s%se 118G &8 Fﬁ&ﬁ g}ro@é

conSWQErﬁgnoéaldapharmhuéheﬂca1pb©&pbﬁathbﬁ,1s admlnlstered
|sotgn|0|t§ a entiE stabilizers and conbi nati ons
t her 68f $23%. "HE2mePRGE S¥ESYdEHE tE&eKBai m 34,

wherein, in step (a), said protein is present in said

solution at a xpncenh@ahg@nag%bwggﬁ heut.] /
and about 200 nmg/m . 38. The netho accor 1%16% e 25,

cIa|W?%Helnmﬁ@%@|Hharﬁa§€éElGé} Cgmpdsctysnahbladmunmstered

reagept sgi X mhsnsel d_f he group consisting of:
Tris- Hdi IEPég acg%gte %gﬁ%éphate citrate borate

|n1dazole Bis-tris, bicarbonate, carbonate,
N-(2-acet am d®3. i nthediiaeeticcoadidgand MESim394 theas,

gcordlqg to claim34, wherein said
cryggg?flzatloﬁ r%%ﬁ@%f W x3i BUB?RBsent in said
solution at a concentration between about 0.5 nmM and
about 500 mM 0. Themeehbadfaecpedineihg &l giBt34n
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;.
(c) incubating said solution for between about
- 2 and about 48 hours at a temperature between about 4 °C
and about 40 °C, until protein crystals are formed; and
(d) adding an ionic compound to said solution,
wherein said ionic compound is selected from the group -

consisting of polycations and polyanions.

35. The method according to claim 34,
which further comprises the step of adding an excipient

to said soclution between steps (b) and (c).



wherein said crystallization reagent m x has a pH

bet ween about 2 and about 10. 41. The method according LLOYDwise
to claim34, wherein in step (d), the pH of said

solution is the sane as the pH of said

crystallization reagent m x. 424 The net hod according

to claim34, wherein, in step (c), said solution is

“incubated for LLOYD WSE 65 between about one and

about two days at a tenperature between about 4 C and

about 37 C. 43,_The_nethod according tg clai m 34,

_wherein said 7ni cAc&%glﬁﬁd%i% SELERNCAAY PowOrpOsition

gr oupompoisisyi agpobtepal ¥oRPpSexPoL¥RERLLLe -
oliﬁggggtides, prot ei ns andbdendringrs. 44?nTﬁeS°lutl°n'
met Teor oGt 6781 Blfh 88ep @femékhngasdid complex

ol i gopepiidde sorppaent oL Ld iopi compound has a

nol ecul ar meight of I%ss tﬁg%ggbggtEnzakgggﬂg?o%hghase-
met Y et df nemt ohe| groud3cons et 8 Nosai Mater, buffer,
pol ' rotein conponent of said ionic
con%oun&hﬁggggv%bl%%%T%?l FYREITREGr eBE P11 haers avedt

2 U.cohfoirfdtel ores hogesesprding to claim34, wherein

said polycation is selected fromthe group consisting
of . Protam ne,_polyarginine, polylysine, _

pol yhi sti di ne, hi st bhgsTer)edi apdatrdipgotei alaim 34,

pol wReddin B syl dade, (LHod ri ) aﬁynnium . ,
broni de, br adlyki ni nE? (s)g'e%%%,é%%%m heoresent in said
oct WA ifime tarsd eyt iat i grepie eseantbslends | MRS/ /m1 and

47.aggagn§d5m%1@§@3rding to claim 34, wherein sa

polyanion is s ed from pol ygl ut amat e,
pol yaspartate, polyacrylate, polycyanoacryl ates,
pol yl actate, pel.y- Brlydieoxybdityd@d®eding to claim 34,

pol%%%@§Hp roIIidone,ﬁgyaluronic acid, " heparin,

sul f'atéd pol ySashTd i s, sfebd ey shalfldizat idreperdgent mix
is selected from the group consisting of: Tris-HC1,
HEPES, acetate, phosphate, citrate borate, imidazole,
Bis-tris, bicarbonate, carbonate, N- (2-acetamido) -

iminodiacetic acid and MES.

39. The method according to claim 34,
wherein said crystallization reagent mix is present in
said solution at a concentration between about 0.5 mM

and about 500 mM.

40. The method according to claim 34,
wherein said crystallization reagent mix has a PH

between about 2 and about 10.

41, The method according to claim 34,
wherein in step (d), the pH of said solution is the

same as the pH of said crystallization reagent mix.

42. The method according to claim 34,

wherein, in step (c),; said solution is incubated>for



sul fates and dendri nerspol ygl ut anat e and

pol yaspartate. LLOYD WSE 66 48. The net hod LLOYD WISE
according to claim35, wherein said excipient is

selected fromthe group consisting of: detergents,

pl uronic polyols, polyols, glygpam noglycans, amn no
acids, starch, glycerol, sugars, cellulose, povidone
dextrin, polysorbates, hydroxypropyl cellul ose and
ascorbic acid. 49. The nethod according to claim 36,

wher 19T WRE™ JABT | PrRrand alpeet bdofdayst e groemperature
consiystd fa S j-ne.~aci ds, sol uble
protgﬁﬁﬁgkenigﬁggﬁg éﬁgg%%%%%ﬁg?ﬁgﬁscfhereof. 50. The

met hod according to claim34, wherein said protein is

sel ected from the. gr'8up mebhsiisécngrdoingt her apeuhi 84,
proteins, fusion, proteins | ycoprotejns, receptors,

synt he elrcela%t%g%%s%“%%c%?%‘?%ﬁ%% hit§ genstedi Fapm the group.
sur f agenir<d @idise £ NQFADRERSE s, @é"l*@é’@ﬂ:f@es,er@ym%g@?des,
fragnments, cyclic peptides, and |linear peptides. 51.

The MBHGH B AHIHIFRN40IREBI m 34, wherein said |
therapeutic protein is selected fromthe- group -
consisting of : o) ucagen-hikeopeplifedlng AOLbOM, CFs,

hi stoconpati bility antigens, Integrins,” seleéctins,

i nhi bihersin gsa hoi dgopestigestomdooaht Hbr svhE@Sionic
nerve ornones, . blood clotting _factors,
adhe§¥%ﬁ9%%9%2% st %%%%cﬁg?ﬁh%%b%P€ %Fof%?ﬁs?han about

| ectilaskDirophic factors, cytokines selected fromthe
groups consisting of TG--13, IL-2, IL-4, a-IFN

(3-1FN,. y-1FN,_ TNF, IL-6, 1L-8, lynphotoxin, IL-5,
Mgration inhi%itiol¢ d88'drod GkssFEding 7to j¢laim 43,
NDNOGY Ere IRRCE LR t ' f ;
granul ocyte coIoﬁ%ﬁgﬁgﬁﬁgﬁ??ngp?ggé%gg? gﬁggéﬁ???d?ﬁgsald
r esi sidhce CyrRRWIGshas yaphokemebar wox@hidsof greater than
erythnoppi e iy, Factor LLOYD WSE 67 E ' :

46. The method according to claim 34,
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 andISYchetic

peptides and dendrimers.

47. The method according to claim 34,
wherein said polyanion is selected from polyglutamate,
polyaspartate, polyacrylate, polycyanoacrylates,
polylactate, poly-B-hydroxybutyrate,
polyvinylpyrollidone, hyaluronic acid, heparin,
sulfated polysaccharides, dextran sulfates, heparin

sulfates and dendrimerspolyglutamate and polyaspartate.



VIIl, anylin, TPA, dornase-a, a-l-antitrypsin, human '

gr ow h Ezrnnnes, nerve growth hornones, bone LLOYD wISE
nmor phogeni c proteins, growh differentiation factors,

reuregulins, and urease. 52. The nethod according to

claim 34, wherein said hornonegiks sel ected fromthe

group consisting of: human growth hornone, glucagons,

par at hyroi d hornone, fertility hornones, |utenizing

hornone and fol]jcle_.stinulating hormone. 53. .The
net hod accordiﬁg to gﬁﬁiﬁ@§%9d EPEC " Gait® StEitBody -

i s seliestednfsomit Becgpoupt €8nskstERgq0krohnEhibXHFBA,
Et anercept, Rituximab, trastuzumab, Abcixi mab,
Pal i ViQutabt 1 Mir efbnddt epgent Eenplizamabs Badivbizi nablyols,

Dacl i [ d t 54 met hod
accor%%g%g?% c¥§}¥§%§$’ aﬁ%bgiﬁgggfd ggggﬁg’igﬁycerOl’
sel ecteghfs oncehbuhoroap poondosei dgxotinf apbUys6asetes,
| i pase, ,anyl ase,.. h ol ases, oxi dases, isonerases,
Iygs§%¥d¥$%%%€%?ylaﬂ%ﬁg?g?ﬁecﬁe as8sOrbiandfafases, .
oxi doreductases, nitrilases, |accase, dehydrogenase,

per oxi dases andi9 hydantomsased 8ecorfhenfetROdiaim 36,
according to claimb54, wherein said enzyne is |
sel ectRFEFIBNTIHE FFdRbl 1 2dhsi st PReBESIAEpengthe ugroup

Or yzag, Ayl @sey Bur khobderi a,,eepaci a Li pase. ; gxal at
oxidggé and %?%te oxid%se. g%? gﬁe cp%p#ex %%%%?ﬁl%%fuble
to clrionding, Xetovheerin zaddcpndieanicnystiabrést not
an insulin protein crystal. : :

50. The method according to claim 34,
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,

and linear peptides.

51. The method according to claim 34,
wherein said therapeufic protein is selected from the-
group consisting of: glucagon-like peptide lf
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 selected from the
groups consisting of TGF-$, IL-2, IL-4, oa—-IFN, B-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, and multidrug resistancé

proteins, lymphokines, toxoids, erythropoietin, Factor
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VIII, amylin, TPA, dornase-o, o-l-antitrypsin, human
growth hormones, nerve growth hormones, bone
morphogenic proteins, growth differentiation factors,

reuregulins, and urease.

52. The method according to claim 34,
wherein said hormone is selected from the group'
consisting of: human growth hormone, glucagons,
parathyroid hormone, fertility hormones,. lutenizing

hormone and feollicle stimulating hormone.

53. The method according to claim 34,
wherein said antibody is selected from the group
consisting of: Infliximab, Etanercept, Rituximab,
trastuzumab, Abciximab, Palivizumab, Murumonab-CD3,
Gemfuzumab, Basiliximab, Daclizumab, Zevalin and

Mylotarg.

54. The method according to claim 34,
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.

55. The method according to claim 54,
wherein said enzyme is selected from the group
consisting of: Aspergillus oryzae amylase, Burkholderia

cepacia lipase, oxalate oxidase and urate oxidase.

56. The complex according to claim 1 or 2,
wherein said protein crystal is not an insulin protein

crystal.



