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particularly, highly concentrated whol e anti body or antibody fragnent

crystal fornul ations.efsrAQMOP WhOLE ANPIHEBEHS hRD ddciwret 1arge.
unts
THEREOF AND METHODS FOR MAKING AND USING THEM

This application claims the priority benefit
of U.S. Provisional Application Serial No. 60/258,704,
5 filed December 28, 2000, the content of which is

incorporated by reference in its entirety.

TECHNICAL FIELD OF THE INVENTION

This invention relates to éf&stals of whole
antibodies and fragments thereof, and formulations and

10 compositions comprising such crystals. More
particularly, methods are provided for the
crystallization of high concentrations of whole
antibodies, and fragments thereof, in large batches,
and for the preparation of stabilized whole antibody

15 crystals for use alone, or in dry or slurry '
formulations or compositions. This invention also
relates to methods for stablllzatlon, storage and
delivery of biologically active whole antibody
crystals. _

20 . The present invention further relates to
methods using whole antibody crystals, antibody
fragment crystals, or compositions or formulations
comprising such crystals for biomedical applications,

including biological delivery to humans and animals.



of antibodies in a small volume to a subject, when and 5 wg%'ﬁ é}tﬁ are
needed. According to one enbodi nent of this invention, whole LA tT0ody
crystal s%?oélﬂf%g%dy fragment crystals are used as a carr PEFUSPEE6He| i very
system whi ch can slowy rel ease active whole anti bodies or fragnments
thereof, to a subject, where and when they 10 are needed. According to an
al ternate enbodi nent of this invention, whole antibody crystals or

anti body fragnent crystals, or crystal fé&rnulations thereof, are

. encapsul ated within a matrix conprising a polyneric carrier to forma

conposi tion. Monetprudsiculkanlyo hiohvl vedoneenpratad ndrolst st ity
formul ati ons vg].g% i stal ' f nt crystals
usi ng phar macg;uli ica &?%rgpﬁ%ﬁ%éyo%%é%?%l gﬁ?@hﬁ% Xgﬁ{siag%gl |y
encapsul at i ng canpo s tyiond save esgfthl féordal avieays o lanys wmnint 20

carrier to praoduce sifions_a I.n uch _crystals. for hionmedical
applications, ?dﬁc?rh%lﬁ%&)%%ivgr? %’gaffh\é‘g%é@ﬁt R rg’tuehjr?sc':and"__ AHes.
BACKGROUND 50F wittdird NotiNT | a3 Aneedbedi esAcedrdiigh theioneeapbclinerabidfity 25
to specifically target di stinct,antigen gn an endqgenous cell,. bacteria,
virus, or toxi%}l%oﬂ}‘f‘?%ﬁ%"' p‘gk}\%}?u?m?ﬁé?‘gﬁeﬁﬂ’@tﬁ‘ (& AMARABF i zed by
limted side Bfdpndst Qeyetalsaatéebask@sasntr eduead romred el Eddket over
t he past few years have. achi eved, 30. astopi shin succes“a‘l i.n treating a

variety of di SOARRT Whieh [ RRS LRI Taha2 Phf RS EoMnote At Sr -,

respiratory, ahd frdpeénosistidéseas psto Thesabgee tWOuWRRIR 2636 whet) My 2005
- PCT/ US01/ 49628 currenqs(_la% ag&roxi nat ell\% 480 | iunched and devel opnent al
anti body plograffs MEFIEMN deCBITHHRI whHP cRR afL ELRERALEY embodiment of

this invention, whole antibody crystals or antibody
fragment crystals, or crystal formulations thereof, are
encapsulated within a matrix comprising a polymeric
carrier to form a composition.

15 Methods are also provided for preparing
stabilized formulations of whole antibody crystals or
antibody fragment crystals using pharmaceutical
ingredients or excipients and optionally encapsulating
the crystals or crystal formulations in a polymeric

20 carrier to produce compositions and using such crystals
for biomedical applications, including delivery of

therapeutic proteins and vaccines.

BACKGROUND OF THE INVENTION

Antibodies, through their exquisite ability
25 to specifically target a distinct antigen on an
endogenous cell, bacteria, virus, or toxin, constitute
powerful therapeutic agents characterized by limited
side effects. Several antibodies introduced onto the
market over the past few years have achieved
30 astonishing success in treating a variety of diseases,
including cancer and inflammatory, cardiovasculax,

respiratory, and infectious diseases. There are



inthe United States. Over 20%of all biopharmaceuticals currﬁ @/ bei ng
evaluated % clinical trials are antibodies, according t 02 2005
Pharnaceutl PR arch Institute of Anrerica reports. The peorasbeshehdited
States antibody narket is anticipated to increase about ten-fold over the
next decade, to $10.1 billion in 2010 (The Cenesis Report: 10 25+

Busi ness. Devel opnent & I nnovation Qpportunities in Monocl onal

Ant i bodi es- Energi ng Opportunities in 2010, 3 The Genesis C?oup, Mont cl ai r,
NJ). In contrast to such efforts in antibody devel opnent, techniques for
their purific&UBenshaFEppretimataly s%senalem:héell laYRY el ophR 12N

Timted. It is Jdy ey, the phgher o t hreg- di nensiona
architecture o? terfﬂg}éﬁét ctuf%’d? Sé ? 85 U@l Fer8/ dpaatsid such

time that the. in rt:chxanmuajechr&uamg/ mﬂ)x&ﬁmlzﬁsabc REQUI red to perform 20
t he use of

‘their unique f t e lmti factor for
ant i bodi es, palrﬂ)'Itll ?1’1 r}"] ;éoel"ﬁta %alrsaﬁzeltﬁ’f? nf%g?%ﬂ@ evaddiated Ha sensitivity
of antlbodySStFQGnumal1nrnaﬁananﬂ &ﬂuhﬂﬁaﬁégglaggagggh tieQ@n cgacount er ed

during deliver ches ave been enpl oyed -ZS to overcone these
barriers. Homeégf&l ﬁeeélzc ﬁ"g‘r r]'betl'lé’H:Jrt?'H:"th Pésgm@ﬁflplaon:epnrastlw ty

or the additiofiae pemgemmedﬁUnmUadﬂStgﬁégnAﬂgiggd?aﬁ%kgéﬁ g
formul ati ons. In?ﬁ tability of. small nolecule crys I ne § drugs is such

that they can ERAG S e EcrEASS ahpM e hEohdnavatt thengepeocess

(see United St deeadepatents19,.910.:118)n Siqprgd‘lq; cg§hgr ?‘ggom ﬁt ed \{:\n th
mlling na rglcles ,of cr&;talllne mat eri al - relatrve FREBIFGbI e
dr ugs and ol ags: BURdgess @é@l%%&ZUOEQOWQQﬁ0@@§86t8€ﬂ:b§9%ﬂ9628 4

Monoclonal Antibodies- -Emerging Opportunities in 2010,

The Genesis Group, Montclair, NJ). 1In contrast to such

efforts in antibody development, techniques for their

purification, stabilization or subsequent delivery are
15 often limited.

It is imperative that-the higher order three-
dimensional architecture or tertiary. structure of an
antibody be preserved until such time that.the
individual antibody molecules are required to perform

20 their unique function. To date, a limiting factor for
the use of antibodies, particularly in therapeutic
regimens, remains the sensitivity of antibody structure
to chemical and physical denaturation encountered
during delivery. Various approacﬁes have been employed

25 to overcome these barriers. However, these approaéhes
often incur loss of protein activity or the additional
expense of protein stabilizing carriers or
formulations.

The stability of small molecule crystailine

30 drugs is such that they can withstand extreme forces
during the manufacturing process (see United States
patent 5,510,118). Such forces are associated with
milling nanoparticles of crystalline material of --

relatively insoluble drugs and include: shear stress,



turbulent flow high inpact collisions, cavitation and gr'zgd'mg mal |
nol ecul ar stal |l i ne conpounds have been recogni zed as b nor e
stabl e t%‘?’é‘”&ﬁ’ ¥ni cal degradation than the correspondi ngP4 H8$38 5
solid [Pical, MJ., Lukes, A L., Lang, J.E. and Gaines, J. Pharm Sci.

67: 767 (1978)]. To dat e, those of skill in the art recogni ze that the
greatly enhanced stability of the crystalline state observed for snal

mol ecul es does not translate 10 to biol ogtcal nacronol ecutes, such as whol e
antibodies [Pical, MJ. and Rigsbee, D.R, Pharm Res. 14:1379 (1997)].
For exanpl e, huubwlentuddavsi dHotofimpagrstenllheionsul mvaia@tmmyagqiu ghtly
nore stable ( legr, f f

suspensi ons O%Qéﬁggp ous égeqﬁ%é§%£§fSgrﬁ%éﬁgifggrgg&é8§9€gve und S.

and Vol und, Abeepharemogaeszed@ a'ﬁlBDGJ(I!EBQIB-)C]h nore het sbl e dtsvare, Iyophl lized

anor phous )| r | e t I'Lin nsulin

under all congHHngnéﬁl % ta%agﬁo%’ art% %%%%?pg%gﬁg LIBO%D%J% %e

Pharm ResS 14013d9 (PAteQ7) M. Jiommm«es,uﬂﬂg 1 vibangdel . EroaednGalgéscose

oxi dase and I|pa§ Sheno ,7,pe rated that dry crystalline

f or mul ati ons gaﬁ—E%L§¥gg¥¥¥t 1F o table than their anorphous

counterparts (Shenoy BTcetda%Ee althoseBlcqt el  BhOERE. aXB( becS§si 88
stal s._ of whole

(2001)]. Surprisin , the pres i nventio rovi gdes cr

anti bodi es angkéFy §§ﬁa§%Wuﬁi;Qﬂﬁ541qﬂﬁ ﬂ%ﬁ gn??%o yyerabhihes or
Fab antibody teageerisserdie fab’ srﬁamndmﬁé&uié@taeeg RoPdtpgnd14bat are
nore 30 stable than_their soluble gntihbhody or antlbod%%fra gnent

count er patPs. EPeSPPLOFCEN MAFRRVLREH LS TR REcHRBLBgINt 4RAGEEFI y, two

probl ems contifpigaho hv 1y t atx{be M%‘:}Sge, b G 01 $RArHBCREED! €4U) §5o1 N -
i ndustry and nedi ci ne. 28 A

(1997)]. For example, aqueous: suspensions of

crystalline insulin are only slightly more stable (to
the degree of a factor of two) than corresponding
15 suspensions of amorphous phase [Brange, J., Langkjaer,

L., Havelund, S. and Volund, A., Pharm. Res. 9:715

(1992)]}. 1In the solid state, lyophilized amorphous
insulin is more stable than lyophilized crystalline
insulin under all conditions investigated so far .

20 [Pical, M.J. and Rigsbee, D.R., Pharm. Res. 14:1379
(1997)]. However, using two model proteins, glucose
oxidase and lipase, Shenoy et al. demonstrated that dry
crystalline formulations can be significantly more
stable than their amorphous counterparts ([Shenoy, B. et

25 al., Biotechnol Bioeng. 73(5):358-69 (2001)].
Surprisingly, the present invention provides crystals
of whole antibodies and crystals of single-chain Fv
(scFv) antibody fragments or Fab antibody fragments
(the “ab” stands for “antigen-binding”) that are more

30 stable than their soluble antibody or antibody fragment
counterparts.

_ Despite recent progress in protein technology
generally, two problems continue to limit the use€ of

biological macromolecules in industry and medicine.



WO 02/ 072636 PCT/ US01/49628 5 The first problemrel ates toufg %oﬁé
stability and sensitivity of higher order tertiary struct P hem cal
and physﬂyzﬂ 202#4f ur ati on during manufacturing and stor agBCTRISEHAG?S t he
field of biological delivery 5 of therapeutic proteins requires that
vehi cl es be provided which rel ease native proteins, such as whole

anti bodies, at a rate that is consistent with the needs of the particular
pati ent or disease process. Although crystallization of whole antibodies
10 has been a subject of significant interest for the last three decades,
very few whol eThat fboar eprplemevel abeen t oc mpdeaiuliaze ds tartoli 1 e randien,
»solely in the r s L.J Skaletsky E. ,
and l\/t:PhersongQH,g%RngI\/gl thIHEPHEg?g%gg% g%r?—'l_%éjé)) SEATTESS 1°).

Larson, S.B. @Rﬁ'ﬂé@ékyané phygsdchi Pdensbnragtion Iduming cngamaﬁacﬁayr:a\i@
- 163: 35- 43(1998 the ys S £ al d hy vapor dlffu5|on
t echni ques, V\%u%%hélf/%g?%ed on ?ogavetr:gi!esf\{%ﬁ% (éla%nt |lt°§‘°(%l%‘—’} Sveryy
structural anadfstBerspehtycepustuens taquheleewt%tth@admw%@d for
phar maceut i cal S r her ap i catiqQns. Furthernore,
such | ow yi el d&F vaggggl argcﬁ rg???f‘sﬁupgggss Pﬁé’t& i'c it 2S Wheks body
crystallizati oantileotibes heat aekatevehatl dsgeonisiet ete wie I & ds
ol i gosacchari deé on thelé §1f aces the .25 high degree of their .
segmental flexThi FiEyPIERBCH ?FbBﬁ)t/lFP gREnCLSRAFE RESSSEen crystal | i zed,
but solely for use||1>@Aayhoogysbaybegnapbaelahrb@twmﬂléﬁéﬂﬂfﬁbdﬁéﬁ
Ito€ Act a Crxg Lg tall ogr. 57:1700-02 30
2001) aceus%a%‘ﬁe%t aP“PI &k &?é?ﬁFFﬁ&PntDlnﬁie&]es &9fsttdle ogist
57:1307- 09 (20fH3ee Sa@d:aﬁésal verBi 6ewgwholkki ahtaﬁoa%@%a(\ﬂe‘)%%r %&ma et
al., J. Struct._ Biol 113 é6 é1997?: Manl n(;li et al., J. . Biol
¢rystallized an ven tChen ely in the context of

structural studies [Harris L.J., Skaletsky, E., and

McPherson, A., J. Mol. Biol. 275:861-72 (1998); Harris
15 L.J., Larson, S.B., Skaletsky, E., and McPherson, A.,

ImmunoloqicallReviews 163:35-43. (1998)]. All of these
crystals were obtained by vapor diffusion techniques,
which yielded only a very small quantity of crystals
for structural analysis. Such yields were far below

20 those required for pharmaceutical, diagnostic or other
commercial applications. Furthermore, such low yields
were largely attributed to the difficulties in antibody
crystallization due to their relativel& large size, the
presence of oligosaccharides on their surfaces, and the

25 high degree of their segmental flexibility.

Fab antibody fragments have also been
crystallized, but solely for use in X-ray
crystallographic structural studies ([See, e.g., Ito et
al., Acta Crystallogr. D. Biol. Crystallogqr. 57:1700-02

30 (2001); Covaceuszach et al., Acta Crystallogr. D. Biol.

Crystallogr. 57:1307-09 (2001); Saul et al., Bioorqg.
Khim. 25:247-52 (1999); Pichla et al., J. Struct. Biol,
119:6-16 (1997); Maninder et al., J. Mol. Biol.

242:706-08 (1994)].



242:706-08 (1994)]. WO 02/072636 6 5 10 .28 AUG =5 PCT/ USOZ g4 %8 he
follow n @Qkﬁ rovi des a general conparison between cryﬁggbéézatlon for
X-ray c§§£ %%raphic structural studies and Iarge-scaleP 1318 zat i on
according to this invention: PARAMETERX- RAYLARGE- SCALE

CRYSTALLOGRAPHI CCRYSTALLI ZATI ON STUDI ES Crystal size> 500 pn0.1 - 100 pm

(l ongest dinension) Crystal qualityVery inportantlLess inportant G owth

rat eNot inportantlnportant . Yiel dNot inpértantVbry | mpor t:ant

Preci pitateUsual | y present ly present. Crystallization of whol e

anti bodi es, or 15 fragnémeal?a{ﬁeﬁ/%ﬂl?g dreleaPyevidsse 2 geRs@dss al | owi ng

an al ternati vVedupds dn deddwedy EO5st NET 8pgHELA famt ikDqdiyes, has never
bef ore been expl ored. Antibodies, and fragnents thereof, are increasingly

enpl oyed in tFEYSAIRRBARE  SHighest} cotpdigfd andsdande iSRRI i es.
There i's a greal diepd {Ad: Ald Qié@éfd’fn?té@' thiat LaReRieRflures, which are

fast, inexpensi've and Moreover, stabiTization procedures are  needed that
do not involve the excessive use of excipients, which can interfere with
t he functi onsof—25—whote—=antTbpdies—Thepresent—nventtonmr—seeks—to
overcone Barfiers PREMIETER despf ead us&-&AYanti bod| es fHRGE-SCALE
CRYSTALLOGRAPHIC CRYSTALLIZATION
STUDIES
Crystal size > 500 um 0.1 - 100 pm
(longest |
dimension)
Crystal quality Very important Less important
10 Growth rate Not important Important
Yield Not important Very important
Precipitate Usually present Rarely present

Crystallization of whole antibodies, or
15 fragments thereof, on a lafge scale, a process allowing
an alternative route of delivery for therapeutic
antibodies, has never before been explored.

Antibodies, and fragments thereof, are
increasingly employed in the pharmaceutical, diagnostic

20 and research industries. There is a great need for
alternative stabilization procedures, which are fast,
-inexpénsive and Moreover, stabilization procedures are
needed that do not involve the excessive use of
excipients, which can interfere with the functions of

25 whole antibodies.

The present invention seeks to overcome
barriers to the widespread use of antibodies for
therapeutic and other biomedical purposes by providing
methbds for crystallizing whole antibodies, and -

30 fragments thereof, on a large scale.



t herapeuti c and ot her bi onmedi cal purposes by providing nethods for
crystallizing whole antibodies, and -. 30 fragnents thereof, on a | arge
scal e. 28 AUG 2005 WD 02/ 072636 PCT/ US01/ 49628 7 SUMVARS AUG 208 | NVENTI ON

The we9gntsseventi on overcones' the above-described &ébggz by
enpl oying the nost stable formof an active., whole antibo P f ragnment
thereof,. .5 the crystalline form .In one enbodinent of this invention,
crystals of. a -whole -antibody, or fragment thereof are used as is or in
fornmul ations or. conpositions, for various bionedical -applications.
According to alternate enbodi nents of "this invention, 10 crystals of a
whol e "anti body; or fragnggy %§r T i I ons or conpositions
conprising them may be: ' i i ngredi ents or
excipients to the crystals, or (2) encapsulated within a polyneric

carrier to produce onpgsi tion that contains each 15 crystal for delivery
to a subject and sugggqgg enke Layentdon, Qyercongsl hant i bodi es. . Any

whol e antbbedydescitibedenbstheneal KRk afd ngd{ st abi | i zed
in this n@nner according to the nefﬁgdggiéy%ﬁﬁsl}négﬁ??ogégé;s 25 30 .

Accor di ng*PEMaOfi Bt 2GEp¥Ey , Whede ARSAbiosy mixrament cthetebfof a whol e
anti bogy, thaeeeiyBtsandner ¥otal, | 5 y. & 3:,.sheet structura
content, as ind?cated nbé a corrZPa§?%ng§§§#@§é§g%én&ﬁ&%d to the sol uble
count er patBVBRt3and SrYFEBdY, cdsadwhedri nad ibpdyTl Rx tfrdgméstbet ween about

0.8 and abRYtedfOardcoedi B8 48 BROLHCEIFREG 1 e d,nvention provides a
compositions, for various biomedical applications.
‘According to alternate embodiments of this ihvention,

 10_.d:ystals of a whole antibody, or fragment thereof, or
formulations or compositions comprisiné them, may be:
(1) stabilized by adding ingredients or excipients to
the crystals, or (2)_encapsulated within a polymeric
carrier to produce a composition that contains each

15 crystal for délivéry-tb-a subject and subsequent |
re;ease of active, whole aﬁtibodies. Any whole
antibody or fragment thereof may be crystallized and/or
stabilized in this manner, according to the methods of

this irnvention.

20 According to a first aspect, the invention provides
a crystal of a whole antibody, wherein said crystal is
characterized by pB-sheet structural content, as indicated
by a correlation spectra as compared to the soluble

25 counterpart of said antibody, as determined by FTIR, that.

is between about 0.8 and about 1.0.

According to another aspect, the invention provides a
crystal of a single-chain Fv fragment of an antibody,
wherein said crystal is characterized by B-sheet structural

30 content, as indicated by a correlation spectra as compared
to the soluble counterpart of said fragment, as determined

by FTIR, that is between about 0.8 and about 1.0.



by FTIR, that is between about 0.8 and about 1.0. crystal of a single-chain
Fv fragnment of an anti body, wherein said crystal is characterized by
(3-sheet structural content, as indicated by a correlation sg?chnpaag
conpared to the soluble counterpart of said fragnent, as determ ne 8 AUG
2005 7a According to anot her aspect, thg invention provides a crystal of
an Fab fragnent of an antibody, wherein Qaid crystal is characterized by
(3-sheet structural content, as indicated by a correlation spectra as
conpared to the?5ce3cdmde %Lﬁﬂ%?fp%lfta%pe@an dtaﬁt LpyeptipagmEavides a

det er m ned cl}%{/ﬁele’of hat, 'ﬁa@ekgﬁgﬂ\eﬁgo%f aeplfpcl M/, f%hgrehﬂ sallgab

particul ar sai d whol e anti y or S|ng e-cha raghent or
fragment i §rarStCIaér arﬂemha:ramtmbm@d ory 1@—-aheebody riicagment .cohhtensgai caanhol e

ant i body or; | e- ch Fv fra t. or Fabfragrre a pol ycl onal
anti body, of r%&néint 7t h%reoc?ngeorfa%al%ngé’leﬁﬁ @ afifi b8‘a§}¥a5?df r'g%netﬁ'te
t hereof s Thelablst al covytbephsta Caf ri &fxid r eanphppaRceut F&ghendd as
controlled release crystal. The said antibody may be selected fromthe
group conSieSETRGNEE Rhi FElRe a?h‘?‘boélﬁesbeqﬂﬁﬁ’hl 2bguiintq vodped, about
non-gl ycosyl at ed anti bodi es, bispecific antibodies, human antibodies and
nouse anti bodies. 20 The said anti body may be selected fromthe group
consi sting of TgGpalrgNijcullgk,, Itde, sng,m&mﬂfsemmmhqmy dﬂﬂéﬂngﬁeathdum

parti cul ar . the antl ody is.selected from e oup consi stin lg

9@, 19G3%Y i &%‘1 Fa&n?ﬁagwn and Iag UrAS é‘rﬂﬁlﬁi’&&%’ Or 25 The
sai d whgl ea@@tlbgggryfqbgge&gl e-chain Fv anti body fragrrent or Fab anti body
fragment may have a greater half life in vivo than the soluble counterpart

of said antibodfheopaist whedy Brgghesy. or single-chain Fv fragment or
Fab fragment may be a polyclonal antibody, or fragment

thereof, or a monoclonal antibody, or fragment thereof.

The crystal may be is a carrier- free pharmaceutical

15 controlled release crystal.

The said antibody may be selected from the group
consisting of: chimeric antibodies, humanized antibodies,
non-glycosylated antibodies, bispecific antibodies, human
antibodies and mouse antibodies.

20 The said antibody may be selected from the group
consisting of: IgG, IgM, IgA, IgD, IgE, and serum IgA
antibodies. In particular, the antibody is selected from
the group consisting of: IgGl, IgG2, IgG3 and IgG4, IgMl
and IgM2, and IgAl and IgA2 antibodies.

25 The said whole antibody or single-chain Fv antibody
fragment or Fab antibody fragment may have a greater half
life in vivo than the soluble counterpart of said antibody
or antibody fragment.

The said antibody may be an anti- idiotypic antibody.

30 The said antibody may be selected from the group
congisting of: Rituximab, Infliximab and Trastuzumab.

The said antibody may be selected from the group

consisting of: Abciximab, Palivizumab, Murumonab-CD3,



The said antibody may be an anti- idiotypic antibody. 30 The said antibody
may be selected fromthe group consisting of: R tuximab, Infliximb and
Trastuzunmab. The said anti body may be selected fromthe grou dﬁﬁﬁibgting
of : Abci xi mab, Palivi zumab, Mirunonab-CD3, 26 AUG 2005 7b Ge£§ ,
Trastuzumab, Basili xi mab, Dacli zumab, J;%aner cept, and Ibritunomab
tiuxetan. The said anti body may be selecTed fromthe group consisting of:
anti-TNF anti bodies, anti-CD3 anti baodies, _5 anti-CD20 anti bodi es,

anti - CD25 SRMCHGHEY, ant i TRIR A Dodi esBAEALHXEMRB ant | RRR HLUMAR i - HER?

anti bodi es ge 3atl-oHBY anld bediiesmARld tH%eant bodies, anti-HCV
anti bodies, anti-GPlIb/Illa receptor antibodies, anti-RSV antibodies,

anti-HV anti bo8hes, sahti - #8Vibpdy bothes bendselécanti - EBYmanthdodimsip The
sai d antibody may.be seLected fromthe group _consisting, of: antihodies for
treating c% Fov %@%Idg 'dfggﬁ%éﬂ&%nﬁpﬁgépg%eFOr ??%ﬁt?ﬁﬁ ﬁﬁgﬁﬁ%ﬁﬁﬁFy

di seases amtiiboes fantibeaiédg tiastue dDansphabiboejiest i omnth> cp33
anti bodies for treating organ_transplant rejection, _antibodies for

treating c&REEPOIIREIboded & r ERGIRPALEH | adfdtiorERY sedtdbafies,

anti bodi es jusedpfy 1 adicigBRM her apy: 1 Ag&or di Bgctoanakher Clgeyf here
is provided a dried 20 crystal of a whole antibody as clainmed in claimal.
There is akssipodiieded antbnPbElb/ Dhlgomsdepitoy taet ibadilesy ystradi-Rsit d

a1 50, pr ovi GBEEOPBF Sl At Bh: ELLT PO on2n5S Eoipr FoF HSAESS @ hol e
anti body ceystakpvaasici@ocHelkai n Fv anti body fragnent crystal, or an Fab
anti body fragnment crystal, and b) at |east one ingredient,

The said antibody may be selecte from the group
congisting of: antibodies for treating cardiovascular
disease, antibodies for treating respiratory disease,
antibodies for treating tissue transplant rejection,

15 antibodies for treating organ transplant rejection,
antibodies for treating cancer, antibodies for treating
inflammatory disease and antibodies used in
radioimmunotherapy.

According to another aspect, there is provided a dried

20 crystal of a whole antibody as claimed in claim 1.

There is also provided a composition comprising the
said crystal, said composition further comprising at least
one polymeric carrier.

There is also provided a formulation, said formulation

25 comprising:

(a) a whole antibody crystal, a single-chain Fv antibody
fragment crystal, or an Fab antibody fragment crystal, and

(b) at least one ingredient,

wherein said crystal is characterized by p-sheet structural

30 content, as indicated by a correlation spectra as compared
to the soluble counterpart of said antibody or antibody
fragment, as determined by FTIR, that is between about 0.8
and about 1.0.



wherein said crystal is characterized by (3-sheet structural 30 content,
as indicated by a correlation spectra as conpared to the soluble
counterpart of said antibody or antibody fragnment, as determ ned b FTIR
that is between about 0.8 and about 1.0. 26 AUG 2005 7c ThéBeAYG

provi ded a conposition for the rel ease_ of a whole antibody, a S|ngle chain
Fv antibody fragment, or an Fab antibod§ fragnent, said conposi tion
conprising: (a) a formulation, wherein said formylati co ris

whol e anti body €R§5EEafs RIENGPERTHIEH Ry CRAECSIdY O cF?iFQFe or an
Fab antibody fragns \’}é} Shystahy, a0d Ang1inghedinenty éﬂ@llﬁ@aiyatfrb%a@htone

pol yneric carrier, erein sald crystal is characterized by P-sheet
structuralorlancEabeant1bsdyndreamedtbySaldoﬁpwpaﬁﬂéh0§p§@mpal§§n80npared

to the sol e counterpart of said antibody, o a

det er ni nedLeBi Orpﬁgﬁtlgnbet\?\%%ﬁe%%oﬁa%i Eo?ﬂaigg ég : % i §ﬁt he
sai d COﬂD0§hB&enaﬁE1E@agub@ybeal tBesaﬁbﬂbodhalﬁrF&nhmhdﬁpd&r&gﬁgmbnmrystaI
may have a concentration greater than about 1 ng/m, greater th about
10. 1 ng/ m SrygEait eroFhadfaboee ANWRIAY Jrieadmant h4t YAl 5@’%/

greater th Q0_.ng/ M, greater than about 120 ng/m, 20 or greater
t han aboutﬁggggﬁg%nﬁf ﬁathe said conposition, the said polyneric carrier
may be a bi(bflegtallebke pokypelymemitheagaiiérconposition, the said

pol ymeric c rrler a bi gconpat.i bl e pal. r, | rticular

pol yneric U PrP&R ﬁﬁgdbErgsgaﬁyﬁﬁrC%ﬁgaSEg %gﬁ PVO%\S oS Ségpgtoﬁjthe
group geNSkehkBALOf aaPAlnNgi ALY IhE @Ccairrep@tyoﬁcsépa@aeaybat empareldy

(am no acids), pon (anhydri des), poly dep3| ptlde) poly (esters), poly
(lactic actd),tll PoLlRdei cCRERTEEIRITE C O cu%ﬁ}l @Rodyp| 9T antibody

(b-hydroxybytryate) . a%O'd%&%&rrfé&%fnﬁmPO&ﬂaédaexgee%)en about 0.8

and about 1.0..

15 In the said composition or formulation, the antibody
or antibody fragment crystal may have a concentration
greater than about 1 mg/ml, greater than about 10.1 mg/ml,
greater than about 20 mg/ml, greater than about 50 mg/ml,
greater than about 100 mg/ml, greater than about 120 mg/ml,

20 or greater than about 200 mg/ml.

In the said composition, the said polymeric carrier
may be a biodegradable polymer. In the said composition,
the said polymeric carrier may be a biocompatible polymer.

In particular, said polymeric carrier may be a polymer

25 selected from one or more of the group consisting of: poly
(acrylic acid), poly (cyanocacrylates), poly (amino acids),
poly (anhydrides), poly (depsipeptide), poly (esters), poly
(lactic acid), poly (lactic-co-glycolic acid) or PLGA, poly
(b-hydroxybutryate), poly (caprolactone), poly (dioxanone) ;

30 poly (ethylene glycol), poly ( (hydroxypropyl)
methacrylamide, poly [ (organo) phosphazene}, poly (ortho
esters), poly (vinyl alcohol), poly (vinylpyrrolidone),

maleic anhydride- alkyl vinyl ether copolymers, pluronic



30 poly (ethylene glycol), poly (hydroxypropyl) methacrylamde, poly |
(organo) phosphazenel, poly (ortho esters), poly (vinyl alcohol), poly

(vinyl pyrrolidone), maleic anhydride- al kyl vinyl ether copzhyﬁﬁiégp
pl uroni c 26 AUG 2005 7d pol yols, albumn, alginate, cellul osé®a | ul ose

derivatives, collagen, fibrin, gelatin,, hyaluronic acid, oligosaccharides,
gl ycam nogl ycans, sul fated polysacchafz es, blends and copol yners thereof.
5 Said polyneric carrier nay be poly (lactic-co-_glycolic_acid). ILn the
conposi ti oRO1¥aL 8/ pol 3HRHTE? car Al 'be C%%ﬁPégFFed 34 h ﬁﬁhﬁuéﬁﬁﬁyl

al cohol ) . hBrihe: ¢ORROSI ddPMagd] d MOLMEET | GePRELLET NV BRofic Boid,
co-polynmer. In sard tornulation or said conposition, said ingredient may
be al bum nolligosacdhboidekati on or saicaohpesivdams, said i nguddisgsd may

be selected fromthe_gr.oup nsi,sting of 5 sucr tr.ehal ose, lactitol,
gel atin, hyaﬁ3?96?58§?9§S¢y§ﬁ8&8§t?Pﬁ,CRBP%XQ§6%|§§§E§P£ﬁe gl ycol and
pol yethyl ene gkyeal . pRAasaiediing teanpdéher magpeds thele i Slalcadcpioovi ded a

conposition_or fornulation according to the invention for 20 use in
nedi ci ne. Bé¥6PdiLRgAcid) anot her aspect, there is provided a |arge-batch

crystallizationrpgetind fQimclystald | Ziddd @ pWhoherapt i bogy¥ied Shdif! @eChai n

Fv anti body fragnment or an~ Fab anti body fragnent, conprising the steps of:
25 (a) mi xemglaifokdt wathopod ywHoliaydneilbotipl)a singl e-chain Fv anti body
fragment or an Eab anti bod frggnent Wit I}rﬁystallizat.ion solu%ion or a

crystal | i 2t on Burt | SaMHootbFohg AN SR o Gt GPECPer BEtheRR Sbout 3
and abgyt 48-pRoymerat a tenperature between about - 21C and about 61C,

In said formulation or said composition, said
ingredient may be albumin.

In said formulation or said composition, said
ingredient may be selected from the group consisting of

15 sucrose, trehalose, lactitol, gelatin, hydroxypropyl-p-
cyclodextrin, methoxypolyethylene glycol and polyethylene
glycol.

According to another aspect, there is also provided a
composition or formulation according to the invention for

20 use in medicine.

According ‘to another aspect, there is provided a
large-batch crystallization method for crystallizing a
whole antibody, a single-chain Fv antibody fragment or an
Fab antibody fragment, comprising the steps of:

25 (a) mixing a solution of a whole antibody, a single-chain
Fv antibody fragment or an Fab antibody fragment with a
crystallization solution or a crystallization buffer; and
(b) agitating said mixture for between about 3 and about 48
hours at a temperature between about - 21°C and about 61°C,

30 until crystals of said antibody or said antibody fragment
are formed.

The large-batch crystallization method may further

comprise the step of drying said crystals by a method



30 until crystals of said antibody or said anti body fragnent are forned.
The | arge-batch crystallization nethod may further conprise the step of
drying said crystals by a nmethod 28 AUG 2005 7e selected fromthe g p
consisting of: air drying, spray drying, |yophilization, vacdiMV6v

drying and nitrogen gas drying. In the |large-batch crystallization nethod,
said 5 tenperature may be between about® 4C and about 37C., between about
-20C to about 4C, or between about 22C and A about 61C. In the |arge-batch
crystal | i zaeleatadt Howm tHee paTEOND AP ISSidAl PErattiich BEYIRY: nEYTBY

within a ran ro : : 1 a 1 i ki a from
about pH 1.59?3&abgg?&gﬁﬁggg%lgg¥mggﬁkggoggg%HagY%% Zﬁgh?EEEO%S% gg@
within a rapgengrom about pH 9.0 to about pH 11.1. In the |arge-batch

crystallization_nethod, said 15 crystallization buffer may conprise .a

pol yet hyl ene gl ¥Bol €) f@B‘ﬁEélﬂ?Fa ior?r@f\ﬁlzt\?;lﬁéa\%elé)ﬁ‘ abBu h%gand SZBSut
40%  bet wegpyabgelird- HARNhabYU QY hebweensabouind. Weaw 3abaeut, 5%
or between about 20% and about 81% In the |arge-batch crystallization

net hod, sabdtwgencabeusl FR2AECi 6p bbbhsr Aty esnpetyecpolypety 228€E gycol
(PEG of a ﬁiﬁg %3gging bet ween about 200 and about 20,000, between about
200 and ab8ttf“80,000, between about 200 to about 400, or between about 400
t o about 80, 000Inl nHehel drygebdatichceypstallzant oon mesttiosd, the pR5of

concentration in said solution of t anti bo or ,si.ngl e- chain Fy_antibody
fragment of2fgh W?%ﬁ%/l??%b%ntb‘{ Ye MBYystal lel;@d‘%’ra? BT wéd T about

0.01 ”g%”1a389taBﬁuﬁ.5OQo ABoe. pRetwean gReut n0 a0k Mgt rand ajoit pi
ng/ M, between about 10 ng/m and about 25 ng/m, between about 3 ng/m 30
and about 200 ny/ abputr pHetwden batween2edomy/ pH anangbedout pH 10, or

within a range from about pH 9.0 to about pH 11.1.

In the 1large-batch crystallization method, said
15 crystallization buffer may comprise a polyethylene glycol
(PEG) concentration (w/v) between about 5 and about 40%,
between about 1.9% and about 80%, between about 1.9% and
about 5%, or between about 20% and about 81%.
In the large-batch crystallization method, said
20 crystallization buffer may comprise polyethylene glycol
(PEG) of a size ranging between about 200 and about 20,000,
between about 200 and about 80,000, between about 200 to
about 400, or between about 400 to about 80,000.
In the large-batch crystallization method, the
25 concentration in said solution of the antibody or single-
chain Fv antibody fragment or Fab antibody fragment to be
crystallized may be between about 0.01 mg/ml and about 500
mg/ml, between about 0.01 mg/ml and about 4 mg/ml, between
about 10 mg/ml and about 25 mg/ml, between about 3 mg/ml
30 and about 200 mg/ml, or between about 200 mg/ml and about
500 mg/ml.
In the large-batch crystallization method, said

crystallization buffer may have a salt content between



500 nmg/ M. In the large-batch crystallization nmethod, said crystallization
buffer may have a salt content between 28 AUG 2005 7f about 10 mM and about
400 mM between about 0 mM and about 4 M between about 0 mM and about 2
mV or between about 1 M and about 4 M According to anot h28 A&, there
is also provided a 5 nethod for purlnyé pg a protein by affinity matrix
purification, said nethod conprising the"steps of: (a) mxing with a

bi ndi ng buffer crystals of a whole antibod a single-chain Fv antibody

f r agment oﬁleHtFéIQ rré(htair@ooa)oqutag%%tmm@? Wﬁe%aPGO‘ahtpbé‘éﬁya@d AABody
10 fragment, pfﬁ el o le td"WrQﬂcf'Qbé‘S’t-bbE M keget@@gna%@ow 3

protein soluti'on conpr|3|ng the protein to puf i to
crystal / buMf endmeibute4 #c) incubating the protein/crystal/buffer mxture

for a tinme and_at a tenperature sufficient t ermt b ndin of. 5 the
protein to the &fFPEIHP% arﬁrioszc}’biff FRTEN ; %e\,\éghfi Sot WildES & wi th

a wash buf feikhoand £ Fu&umglhge [y ot Qkatéiﬁm e nhifﬂﬁ@twﬂma%&l&l ution
buffer. According to another aspect, there is also provided a 20

di agnost i c Pkiri EigRtime | waiidk methede comprishngn the: S§ePS 9f:a sanple, said
Ki t conprising 183374:?)138‘ H%’ﬁt al ‘%Ilr?d ! %ﬁ%lrbog*—‘gséa Ey%ﬁ' OF gl e-

chain Fv antlbo a cry an Fa nt| fragnent,
wher ei n saiattdbbidgodya orsmlgtlleb@dyalfnr algvrerammbod% ta@grbdaet oforspeni fHadal | y

binding to sa nt n; and (b) .one or nore.rea for detectin h
bi nd: ng of a?&: go é(nltl @W‘eé}tygt;"f nereimhe i BNS f?ﬁgﬁﬁﬁé Yer ¢t al? rit:}bgﬁ{)' ©

antigenpi n rsabthes@NMPhe. HlffF ibhe difRanesld ¢riditleinsaidd RNGuaarr iy, be a viral
30 antlgen(b) adding a protein solution comprising the protein to be
purified to the crystal/buffer mixture;
(¢) incubating the protein/crystal/buffer mixture for a
time and at a temperature sufficient to permit binding of
15 the protein to the antibody or antibody fragment;
(d) washing the mixture with a wash buffer; and
(e) eluting the protein from the mixture with an elution
buffer.
According to another aspect, there is also provided a
20 diagnostic kit for the in vitro detection of an antigen in
a sample, said kit comprising :
(a) a crystal of a whole antibody, a crystal of a single-
chain Fv antibody fragment or a crystal of an Fab antibody
fragment, wherein said antibody or antibody fragment is
25 capable of specifically binding to said antigen; and
(b) one or more reagents for detecting the binding of said
antibody crystal or antibody fragment crystal to any
antigen in said sample.
In the diagnostic kit, said antigen may be a viral
30 antigen.
According to another aspect, there is provided an in
vitro diagnostic method for detecting the presence of an

antigen in a sample comprising the steps of:



According to another aspect, there is provided an in vitro diagnostic

nmet hod for detecting the presence of an antigen in a sanple conprising the
steps of: 28 AUG 2005 7g (a) contacting said sanple with a cryshﬁ& # a
whol e antibody, a crystal of a single-chain Fv antibody fra@r’e a
crystal of an Fab anti body fragnent, rein said antibody or antibody
fragment is capable of specifically 5 bi%hding to said antigen, under
conditions which permt said antibody crystal or antibody fragnment crystal
to bind to(adnycamtageingn said fEmle 2N b dervetdhg 2he di HECL§ of

said antib . t al fAi yfﬂﬂgfg cany..ant| N [ npl e.
10 There iggg gé& t oV g(ysg:%llalr%%-%a%c cgyglﬁ%' iggt ?%Irtlg%%g hgg%lfgg‘re 2
crystallizbopg &a wigkeadntobodyy Babi reglte-sithi nfrEgmanti, bodyefe agne@tidor an

Fab anti body fragnment, conpri.si t he steps of: ) m xing a_.saluti.on of a
whol e ant i BBEYPOFYsidy! aPEHEPHY %gf%ﬂ}“eé’rﬁ i g%dfaﬂ‘%’ r?en?§or5%£r?1§&t§a i body
fragment wit QaangCeyskakhi aakiieRnsolubie®n cohdatohal Whiah @ dauff &aiqand

(b) agitating said mxture for between about 5 minutes and about 72 hours
at a tenpepatibedpetcmtaiabottr antGhosy E¥rEmewy Coryrtpl GysPanrd &P said

anti body or _sai . ant.i fr nt .are formed. There is also provided
the use of aflﬁea\%ﬁéégnaﬁ%li %%%ﬁ S&r gt%él ag((:icordi ng, the single-chain Fv

ant i body fragnedétectysgal ther Hihelikap aift i bady famgieody cromsgtstialacear di ng
to the inventjon, for the preparation of a.nedicanent for 25 treating a

manmal . ThéReiPedy| S5agFERtdEd PRY GDE1GE™ HE E8rFoSPfPdF ‘or  formul ation
accordifig to th?PE?’%ﬁr!Lté 0 560 Re dRGERAT BLEGB-bRECA MadistamantzftAlon

treating a mammal . e nmedi canent rmay be admi ni stered by parental route,
30 oral routthod pmeedyetdilbezingeotiwhiple antibody, a single-chain
Fv antibody fragment or an Fab antibody fragment,
comprising the steps of:
(a) mixing a solution of a whole antibody, a single-chain
15 Fv antibody fragment or an Fab antibody fragment with a
crystallization solution or crystallization buffer; and
(b) agitating said mixture for between about 5 minutes and
about 72 hours at a temperature between about -21°C and
about 61°C, until crystals of said antibody or said
20 antibody fragment are formed.

There is also provided the use of the whole antibody
crystal according, the single-chain Fv antibody fragment
crystal, or the Fab antibody fragment crystal according to
the invention, for the preparation of a medicament for

25 treating a mammal.

There is also provided the use of the composition or
formulation according to the invention, for the preparation
of a medicament for treating a mammal.

The medicament may be administered by parental route,

30 oral route or by needle-free injection.




WO 02/ 072636 7h 10 28 AUG 2005 PCT/USO1/49628 Various aspects of this
invention are particularly advantageous. First, crystallin?hy migﬁsored
mat eri al Ssw@ o€k | nportant, since large scale crystallizati oﬁ be
introduced as a purification step and/or concentration stedGHUS1{49528al
manuf acturing processes, such as those for nmanufacturing therapeutics and
vacci nes. Moreover, large scale crystallization can replace sone of the
purification steps in the nmanufacturing process. For exanple, whole
anti body crystallization can streamnline t fie production of - anti body
formul ati ons and conpositions, naking the procedure nore efficient and
affordabl e. 15 28 AUG 2005ariouen/aFpes3s RET/WIS0/ UPeest BoSeanrd,
macronol ecul ar HAteRaghL2AS WRSh + . in solution are prevented or
severely reduceg in t%e c?ystal |r?%%s%'fdlést'e, due to considerabl e reduction
of all reaction rates. TRagstthexrysrsaldlinitey taff est sré&d unhgeelmlsuiilsed to
the storage of pgLxtut ol e, anti.bodi es r fragme .thereof. Third,
solid crystallig§§gré§§P§EP§E$'ﬁ&?qﬁalaaﬁﬁI%F#iﬁxﬁﬁé%?%ﬁiﬁz?518€n€P§te
ready to use pkeeaheradupedpasatl @ugilfdvatdg orerstdp Enasi-body 10
concentratisns. C—Txgi %EI I gi for subgutaneoys .adm nistration, injection
vol urres ‘of 1.5 FPFERE1QPeSERRY 1Ty GldRAGAd: -AGGr Gt BYTASCEREE ar e
dosed at 1 nuy/&gchnas vkekkyrbasmanuaptelding CMNGARLALO8 fhaat

vaccines. Moreover, large scale crystallization can

replace some of the purification steps in the

manufacturing process. For example, whole antibody

10 crystallization can streamline the production of

antibody formulations and compositions, making the

procedure more efficient and affordable.

15



| east 50 ng/m is required and 100-200 ng/m is 15 preferr %.é o
concentrati e difficult to achieve in liquid prepar ? " eto
problenﬁ”é@gazﬁgiegation and viscosity of the liquid sanp?éga ﬂ496contrast,

they can be achieved in the crystalline preparations, or fornulations or
conpositions thereof, 20 according to this invention. Fourth, whole

anti body crystals, or crystals of antibody fragnents, also constitute a
particularly advantageous form for pharﬁﬁceutical dosage' ."preparation. The
crystals may be used as_a baéis for 25 sI%g rel.ease in vivo. Af t hose of

skill inthe art will SppPBEr aPBCTRAPLECMAY ARG ITRMANIP t he

di ssol ution ofcenysial sodndibal aasepebvasitied or shameelpkiddwsednitihe art
will also appreciate the_rate of antjbody rel eas tqépelnﬁeaégedic abl e
if the crystatke3prrataliiBst Shets: | FuenitoGaNRi4s AR &i TG F M bt

cont ai n anmor phpys,-pLEEE Bht 2heesThushudh)oledieardhindyl 1 Dhysé@dtse D§ crystals
of "anti body fragnents, na advant ageousl y used on i npl ant abl e devi ces,

be
such 4s t$|os‘én€l@§€1Yb§Hi¥ﬁdP€‘P bRee St OXFPIS &ft iHHINT Y/ 200196 AUG 2005

WO 02/ 072636 9628 PrLARLAR: 838wy I's are generally on the order
of 25-250 p|£ggé?§ﬁ%%§§ égluﬁegﬁéstrictioﬁ,.a preparation of high

concentration (greater Thandi0®plidd caymtalhine DERPALYEicRs JaRyi ba
vehicle is pr red, - t i.ho I Y, | s of anti body
fragnents, a§%§§%?nﬁef§h§%$§ﬁfﬁ@e§?1gﬁﬁ%ﬁ?ﬁﬁiﬁ??ﬁ?eﬁéi?éé formulated in
non- aqueous spspenseuad pmepachAthiogls heondentvery owsgh RpERbOdYie use of

whol e ant| pody _crystalsogt 1gikshals dloAntibodaliagrents, and

nposItions nprising them. for slow rel ease of the
administration, injection volumes of 1.5 ml or less -are
well tolerated. Thus, for proteins that are dosed at 1
mg/kg on a weekly basis, a protein concentration of at
least 50 mg/ml is required and 100-200 mg/ml is

15 preferred. Such concentrations are difficult to
achieve in liquid preparations, due to problems of
aggregation and viscosity of the 1iquid samples. In
contrast, they can be achieved in the crysﬁalline
preparations, or formulations or compositions thereof,

20 according to this invention.

Fourth, whole antibody crystals, or crystals
of antibody fragments, also constitute a particularly
advantageous form for pharmaceutical dbsage
preparation. The crystals may be used as a basis for

25 slow release in vivo. As those of skill in the art
will appreciate, particle size is important for the
dissolution of crystals and release of activity. Those
skilled in the art will also appreciate the rate of
antibody release to be more predictable if the crystals

30 have substantially uniform particle size and do not
contain amorphous precipitate. Thus, whole antibody
crystals, or crystals of antibody fragments, may be
advantageously used on implantable devices, such as

those described in PCT patent application WO 96/40049.



anti body after delivery to the intended site, advant ageousig rgd S the
effective biological half- life of the whole anti body or an Hﬁgb agnent
in vivo 89878 i ncreased. Sixth, another advantage of wWHOVESHFHody
crystals, or crystals of antibody fragnments, is that certain variables can
be mani pul ated to nodul ate the release of macronol ecul es over tinme. For
exanpl e, 20 crystal size, shape, fornulation with excipients that effect
di ssol ution, and encapsul ation into a pol Ymer matrix can-akl be
mani pul ated tq produce delivery vehicles for the antibodies. The process
of crystallizatMRRMT KRRAEVOLIS A HERMeEasLYves §be oxderasfa 250W&T ul
Sprotein purifigal lpnPrepiafelgab! fst Pobe Bk abSQrALRALIS g e oSt
concentrated protein formpossible. Such effects have significant
potenti al for Ndah eancens xate omt toeat edethanr § 0%t endf aamiingmudose of
vhol e anti bodigRufl ¥ AN, thetfole FUTLDEEIDLEL bY WHIRLOYI g
crystals or crystal fornulations or conpositions o ol e "anti bodi es or
anti body f Bagrartidyodyrcaikstialegty @ cxywiatssofi antdbpdysifiiagmemtearry out

the control -| Se . I | badj e . fra ts thereof at 28

AUG 2005 WO (;%CZE/C{) 2636 P%T/%%%’l%g%@ﬁéﬁaﬂggtélgﬁagei gg%g% istent with the

needs of the framuilafed SubjErtaguedisessspenstess. iAs stlod hdatgh of

crystal diSde&Aé@h‘¥§%¥5§ on crystal norphology, crystal size and the

presence of exclpients, and the 5 particul ar encapsul ati on techni que or

pol ynmer preparation enpgioftdd, thestse | ohewhbbeeaantibbdgi exystalls,agirent s

e ad%, 2SR AL Lo UE A AR | ELa{hE8es D' M TERATA9BRLC LY ™ el e
compositions comprising them, for slow release of the

antibody after delivery to the intended site,
advantageously permits the effective biological half-
life of the whole antibody or antibody fragment in vivo

15 to be increased.

Sixth, another advantage of whole antibody
crystals, or crystals of antibody fragments, is that
certain variables can be manipulated fo hodulate the
release of macromolecules over time. For example,

20 crystal size, shape, formulation with excipients that
effect dissolution, and encapsulation into a polymer
matrix can all be manipulated to produce delivery
vehicles for the antibodies. _

The process of crystallization of whole

25 antibodies serves not only as a powerful protein
purification or stabilization tool but also affords the
most concentrated protein form possible. Such effects
have significant potential for delivery to the intended
delivery site of a high dose of whole antibodies, or

30 fragments thereof. Furthermore, by employing crystals
or crystal formulations or compositions of whole
antibodies or antibody fragments, for delivery to
subjects, it is possible to carry out the controlled

release of the whole antibodies or fragments thereof at



10 are not stable when held in solution at anbient or el exygtQss 2008
t enperat yre nevert hel ess be successfully' stored in ég,éj r l'1ine
formforwoo?izéogg%?i ods of time at such tenperatures when o S@Vé&tzg

crystallized according to the methods of this invention. 15 BRI EF
DESCRI PTI ON OF THE DRAW NGS Fi gure 1 depicts the norphol ogy of Rituximb
(Rituxan'") crystals prepared as described in Exanple 6... Rituxinab
crystals forned in needle clusters. Fi gurl 2 depi cts the -ior phol ogy of

Infliximab 20 (Rem cade'") crystals prepared .as described in Exanple 34.
I nfliximab cr9s§3F§ f5fedS; ﬁo}(‘&d—%ﬁi‘%edﬁcﬁrhsrt}é‘? sr.‘eeff?%u‘? Qepicts the
nor phol ogy of pRrtixunak suBjedtabr’ Hidesadal Fridaar edagst Heseatbedri n

Exanpl e 28. Rituxinah forned cube-shaped crystals. 25 Figure 4 depicts the
mor phol ogy of CRYBHRLmEH SSORMEGERN depPeridrs 1of) LYY JBPERNAERSEY i bed i n

Exanple 26. R{HxhMeRiber apd Ml preef]es ldKeekdisiahss, FAQdr€ne depicts
t he" nor phol ogy of = Trastuzumab (Herceptin'") crystals prepared. as described
30 i n Exanpl eP3TtiTudaTryLRGRPSMIATEP™s FEANTHEBE L iRRLYBeYstal s. 26 AUG

2005 WD 02/ 0%@%9&_@%@%&%@%&,%@&%&iﬁ‘héiam&lté '5&@18@&9@9'8@ of
Trastuzumab (Herceptin'") crystals prépared as described 1n Exanple 32.
Trast uzumab f 6rasaengsg theggiod maye alaoy ialvsed a5 qurearrdept £reet he

nor phol ogy of o} gf,| ixxhah. Rereade m. crystals prepared as described in
Exanpl e 37. ?’rast%u%bef or e starr- shaped crystals. Figure 8 shows that

crystallized Rituxi mab Wholeagalblidastidasnduci figpamaditectheyeof oxhtchy

response 10 agabnfbet e B JeIP TR Gal Isdd Dot BEXREPLEE 58r
elevated temperatures can nevertheless be successfully
stored in dry crystalline form for long periods of time
at such temperatures when they are crystallized

according to the methods of this invention.
15 BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 depicts the morpholégy of Rituximab
(Rituxan™) crystals prepared as described in Example 6.
Rituximab crystals formed in needle clusters.
Figure 2 depicts the morphology of Infliximab
20 (Remicade™) crystals prepared as described in Example
34. Infliximab crystals formed in rod;shaped clusters.
Figure 3 depicts the morphology of Rituximab
(Rituxan™) crystals prepared as described in Example
28. Rituximab formed cube-shaped crystals.
25 Figure 4 depicts the morphology of Rituximab
(Rituxan™) crystals prepared as described in Example
26. Rituximab formed small needle-like crystals.
Figure 5 depicts the morphology of
Trastuzumab (Herceptin™) crystals prepared as described
30 in Example 31. Trastuzumab formed short needle-like

crystals. -



Figure 9 shows that crystallized Rituximab is capable of inducin
Conpl enent - Dependent Cytotoxicity against RAJI Lynphoma C2BI BUG& Exanpl e
56. Fi gur‘@of@ﬁ'ﬁé?’% pl ot showing the results of an 15 analREITES0bHIE2Be
stability of crystalline Rituximab in the presence of PEG ethanol or a
conmbi nation of PEG and ethanol. See Exanple 68. Figure 11 is a plot
showing the results of an analysis of the stability of crystalline
Trastuzumab 20 (Herceptin'") in the presdice of PEG ethanol or a

conbi nati on of PEG and et hanol. See Exanple 69. Figure 12 shows an

SDS- PAGE gel of whol e RiRigunels adapimoy s anawgohdlogly ssbl vi ng Ri t uxi mab

. crystals (as J)_whhat. had been 25 stored at roo

t emperature fg:r%(%?éf%o"ﬁ Eg'g%?(;ére}%erf r?g c%fsgtsaoﬁbﬁle%Fe%%Ee%xaﬁp‘?%s%ﬁ.lpﬁlgure
13 i s a chronstroghamplmt3 depi Ttassthmmale sidtsedfldnigaheéadleryskal | i ne
- Trast uzumab (cl-%rsg:e tsi n"") with acetone for three hours. The 30 Trastuzumab
remai ned whol e dnd mal ntained its native structure. See Exanple 65. Figure

14 is a chsomat ogram t hatigiep ¢t Sldgie-t s ashd toxfhdIeqy i of Daflveihsw! ubl e)
Trastuzumab (Herceptin.').w th acetone for 20 mnutes. .The 26 AUG 2005 WO
02/ 072636 PCT/%ECP D TP R RASRAO (A RS Setsdnt® EXUPPHEL at ed
after the acdamne Trasiumniab dimmead reddmglgead Scfstdibs, St ruct ural

integrity of the native Jrastuzumab. Se Exanpl e 65, Figure 15 is a plot
that conpares the rate #t*I4H%f c%n%ﬁ)'ﬁ aﬁ%ﬁ%é:rﬁf%]u]z Prewrirab is

bi oavai | abl e idapable of inducing a Direct Cytotoxicity response
10 against the RAJI Lymphoma Cell Line. See Example 55.

Figure 9 shows that crystallized Rituximab is
capable of inducing Complemént—Dependent Cytotoxicity
against RAJI Lymphoma Cells. See Example 56.

Figure 10 is a plot showing the results of an

15 analysis of the stability of crystalline Rituximab in
the presence of PEG, ethanol or a combination of PEG
and ethanol. See Example 68. o

Figure 11 is a plot showing the fesults of an

analysis of the stability of crystalline Trastuzumab
20 (Herceptin™) in the presence of PEG, ethanol or a
combination of PEG and ethanol. See Example 69.

Figure 12 shows an SDS-PAGE gel of whole
Rituximab antibody obtained by dissolving Rituximab
crystals (as prepared on Example 1) that had been

25 stored at room temperature for one month before being
dissolved. See Example 64.

Figure 13 is a chromatogram that depicts the
results of treating crystalline Trastuzumab
(Herceptin™) with acetone for three hours. The

30 Trastuzumab remained whole and maintained its native
structure. See Example 65.

Figure 14 is a chromatogram that depicts the

results of treating native (soluble) Trastuzumab --

(Herceptin™) with acetone for 20 minutes. The



t he bl ood when adm nistered intravenously (i.v.) with thegéi/{g% Iood
bi oavai l en Trastuzumab is adm ni stered subcutan

DETA DR L VRN ON i or der that the. (n R
described may be nore fully understood, the follow ng detail ed
description is set forth. In the description, the 15 following terns are

enpl oyed: Wol e Antibody or Antibody Fraggent -- a mhole'antibody or
anti body fragnent, e.g., a single- chain fragnment or Fab. ™ anti body

ant Lbody 20 1 rtere/ <P 8518, REYSPLERRep Bebeadifn R o o i1

specific anti gafetdnditroadiment, Vdémonalﬂd'aﬂﬁ}hg ianilidsd eomnyhs ubsequent

actions associated with, antibody- ., Direct Cytotoxicity,
Conpl enent - DepRdAE et ot BEEEFEHY( @%CFP‘%Aﬁ‘ﬁt%éﬂ"y TR iRt §Rdtoxicity

(ADCC) . AnDr phgtsm ;g|@5-- a non-crystalline solid form.of protein
sonetines referred to as_"anorphous precipitate”, which has no nol ecul ar
lattice structure char abi@RFEt#e of PhRLOLhAY iSRRI LhatRtgrt

Anti body -- a \ghy&QPE Sy et A1 0f napPPEAstTBLMaM M ek2fhd bid¥ai BapI@dused by
t he hunoral armof the_ ipmmune system of vertebrates in response to the
presence of foFk# dhl?ﬁfﬂeﬂhﬁﬁsaiiﬁlflhétﬁé’ﬁ\‘]‘ infmaysnesbs fue 2b0sitino
02/ 072636 PCT/\4R01/409628f 181868 6:‘&680&'1%151%tty)"'%‘vrfgr?vﬁfﬁét%'z@fﬁébrP§°| ution
of infection by mcroorganisns, e.g. parasites, bacteria and viruses.
Anti bodi es perddministerednsubent ppeonsdygrisziang -and binding, in a highly
specific ngpner, 5 .protein (or, sonetines, other organic nol ecul es
i ncl udi ng polysaccharides, gl ycopr ot ei ns, Iipids, or

DETAILED DESCRIPTION OF THE INVENTION

eln

In order that the invention herein described may
be more fully understood, the following detailed
description is set forth. 1In the description, the

15 following terms are employed:

Whole Antibody or Antibody Fragment -- a
whole antibody or antibody fragment, e.g.,-a single-
chain Fv fragment or Fab antibody fragment, according
to this invention, is a functional antibody or antibody

20 fragment, i.e., that is able to recognize and bind to
its specific antigen in Vltro or in v1vo, and may
initiate any subsequent actions assoc1ated with
antibody-binding, e.g., Direct Cytotoxicity,
Complement -Dependent Cytotoxicity (CDC), Antibody-

25 Dependent Cytotoxicity (ADCC).

Amorphous solid -- a non-crystalline solid
form of protein, sometimes referred to as “amorphous
precipitate”, which has no molecular lattice structure
characteristic of the crystalline solid state.

30 Antibody -- a glycoprotein of approximate MW
150 kD, that is produced by the humoral arm of the
immune system of vertebrates in response to the ..

presence of foreign molecules in the body. Antibodies



nucl ei ¢ acids) configurations called antigens (or epitopefigﬂ,j I ncl udi ng
those on invading mcroorganisns and their products. Anti iAUE WBhd their
t ar get 10W9rﬂ2{°dé%§ t hrough hi ghly specific interactions bePGE®§01/49628
hypervari abl e domai ns, called antigen-binding sites, on the antibody, and -
the epitope itself. Upon binding to the antigen, antibodies activate one
or nore of the many effector systens of the i mmune systemthat 15.
contribute to the neutralization, destruct3on and elim nation of the

i nfecting mcroorgani sm or other antigen-containing entity, e.g. cancer
cel | . Antibodi @5¢ ag@sencbaliskarf het prevenhi apnengf resmigdrion mif ammat i on

~cardi ovascul ar ; Jisge dp, 28 rej ecti virtue of their
specific bindfng aﬁgggu egugﬁ%gﬁgaﬁégﬁ%tagrgh g%QFﬁgxﬁéﬂlﬁ%ﬁte %ﬁgets,
whi ch are invoapedvinusikseashnsibhodiesperfoxanphds fumuticrlbyant i body

Infliximb bin C | actor. and,neutrali.zes its role in 25
i nf 'anmat i on bgé%+§%£?g§éi?§8i%?é?ggéro%gmftﬁlggﬁy SERtacsE M EStor ;

whil e.. R tuxi nebotaigef{sr masogatnned, oyhphooyyasiky maledulgd o their cel
surface CD20 nt{gen, A single antibody | ecul e has a strucfure 30
conposed of tmg“%%%%%?%a?é%%%%§c§ﬁ5%§§s(653H08Pr8§§ﬁ&ﬂ' ﬁ?ﬁdﬁfﬂ?qd»

coval ently boumdcleieasbhidsheconfagdravbohsdentiltald landilgestini tr (each of

approxi mate MN_ 25 kE% eachlc valenélé bound to qne of the heavy chains.
The four chai nSPRTRPET} anhRBa PRI FARES cORYENY8dANE FPEH ORI T 2636

PCT/ US01/ 49628add tié¢if . prbeubost Onhnt E95d0E st BendYtHed e aldefbtt he Fc
region ("c' stands for "cr stalggéggle" 0 alternatively,

" conpl ement @ bi ATF HFEYS S PUIls Y'%B%%%FiFhénéﬁFPSG&Pqﬁ1ﬁﬁ9VQﬁﬂI

menbr anes, and kysortoriable domains, called antigen-binding sites, on
the antibody, and the epitope itself. Upon binding to
the antigen, antibodies activate one or more of the
many effector systems of the immune system that

15 contribute to the neutralization, destruction and
elimination of the infecting microorganism, or other
antigen-containing entity, e.g. cancer cell.

Antibodies are also used for the.treatment of
cancer, inflammation, cardibvaséular disease, and

20 transplant rejection, by virtue of their specific
binding and subsequent neutralization of the cellular
targets, which are involved in disease states. For
example, monoclonal antibody Infliximab binds to tumor
necrosis factor and neutralizes its role in _

25 inflammation by blocking its interaction with cell
surface receptor; while Rituximab targets malignant B
lymphocytes by binding to their cell surface CD20
antigen.

A single antibody molecule has a structure

30 composed of two identical heavy chains (each of
approximate MW 50 kD) covalently bound to each other,
and two identical light chains (each of approximate MW
25 kD), each covalently bound to one of the heavy-

chains. The four chains are arranged in a classic “Y”



5 bind macrophage cell's and activate conpl enment. -The two erm ﬁ t he
top of t 00 107 1735 called Fab regions (the "ab" stands foi’CT/US()l 19628
"antigen- ing”). Each Fab region contains a constant region (at the
juncture of the Fab and the Fc regions) and a variable region 10 (which
extends to the tip of the "Y"). Each variable .region contains identical
antigen-binding sites (at regions within khe varlable regi ons call ed
"hypervari abl e" regions) at each tip of t% "Y". Thus, each. Fab region

her of or 6 has Baet Bt | 3R BB RARnG o8y oDE PTE W GEHIGTRRE |,

antigen- bi ndlr@&bﬁemon ataadarﬁblry “cmatralldgmarhllédbctyr.are | dent i cal to
each ot her, t heref ore.t he anti

. J.C fo one a

i s "nonoval ent temnapikgiber 6P g%ﬁtarblﬂ%g‘é’l%r?t sarb Ja%t‘r‘%eo%y‘g?ml ecul es
have been isolﬁ@%fouﬂat entThede ddthin @=qlr mendizdredd y, afditalg® to

engi neer ed fro e or {xe corrg&& nt i de nol ecul es Theserfra nent s
i ncl ude Fab® RRSTPR"8PfRgF afﬁatacltsl ahs SUPFBRE 25 ROnbYRt e
la:n'[)l body :oy d: %ﬁb g@gaw thet bepeaﬁymepawgl ra)rocle bcm]dld &d amb 2régg]ﬁgﬁ@n_tz ((jtvvo
abs coval entl y-bound to eac t her, pr.oduc | estln t anti bo
with the enzy %eBéP'r’m)Stﬁagsf ?'Sgrré‘ﬁf’g: 1958 %o‘ﬁt%‘dé‘cg’f '|P§ab F(ab' )%
fragments are pigPefi EbfitaRasea! kbnst amtmiigion SQ@MQefmﬁ&mi@@dy _
fragments have been introduced. These include doubl e-siranded Fv (dsFv)

fragnents and the nGrb- aRdi Rhey FesEegionsdg it @ (favelakle sFegirn f or

vari abl ey pn bRilcRagREnad deFink daRPRle aansi ol of math Nab:{aspent
m nus the constant regions, i. UG 2005 WD 02/072636 PCT/ USOl/ 49628

15 consi sti ng - o&@yoBf Cpnéa\ltaﬁl é@le@trlé:@llor@tdfg%lml%dSlF?ﬁhfa%hal n
coval ently boupgd,ignhgaghcfiRetheAveGikble regions called

“hypervariable” regions) at each tip of the “Y”. Thus,
each Fab region has one antigen-binding site, and the

15 complete antibody molecule therefore has two antigen-
binding sites (i.e., is “bivalent”). The two antigen-
binding sites on a naturally occurringlantibody are
identical to each other, and therefore the.antibody is
specific for one antigen (i.e., is “monovalent”). A

20 number of molecular fragments of antibody molecules
have been isolated to date. These do not occur
naturally, but are engineered from one or more complete
antibody molecules. These fragments include Fab
fragments (a single Fab that is isolated from a

25 complete antibody by digestion with the enzyme papain),
and F(ab’), fragments (two Fabs covalently-bound to each
other, produced by digesting the antibody with the
enzyme pepsin). Fab fragments are monospecific, while
F(ab’), fragments are bispecific. Recently, a number of

30 engineered antibody fragments have been introduced.
These include double-stranded Fv (dsFv) fragments and
single-chain Fv (scFv) fragments (the “v” stands for
wwariable” in both cases). A dsFv fragment consists of

an Fab fragment minus the constant regions, i.e.,




fragment is a single polypeptide chain, consisting of the_varia region
of a heavy chain |linked via a 5 peptide |inker to the vari 218 AU on of a
|'i ght chX%/(?ﬂmméﬁ:’éssi cally, both dsFv and scFv fragnents aPST/UROnE%aBent
(and thus nono-specific). However, two dsFv fragnents or two scFv
fragments can thenselves be I|inked to forma bispecific fragnment (which
woul d be 10 anal ogous to an F(ab')Z fragnment w thout the constant

regions). Furthernore, it is possible tol19nk two dsFv fragnents or scFv
fragments with different antigen- binding.sites (i.e., different

speci ficitiesconsdstgma anly -ahethe¢ ivafraighentegSonk bfagnmbatsymandbe used

as 15 either r r t.qol i¢c or diagnostic reagepnts. There
are five cl asslg'é%gcf %&ﬁlﬁboﬂ?ﬁléﬁg%ﬁq et i%%ﬁﬁo@’?éﬁﬁl’i ng) gFﬁvhumans:

1 gG 1gM | gAfragBentarics |ggEinsbd polypepisidenchaifgyecohaisetrgi 8fi cs and*
- 20 function. | |gD,_,and 1gE are all nade up, of one . anti body nol ecul e,
white I gA can tglg n\%a%ela&)gleofreg%]é?nt?\g aol?e?‘ﬁbfeghgheh ﬁBF@auVéi‘.. nd | gM
consi sts of fipeptideuntitiemwr ey tie hawithlé hesgianeofour 15yhel anses . of

1gG (1gG, 19g@&, 1a3G3,,.0r | , .and t subcl asses 25 each of 1gMand | gA
(1 and 2, respeéti (ﬁas})l.Y’FﬁO%'L ¥ 1 h%c%ng’é?ﬁﬁﬁptﬁnf‘f-’ﬁody Ri t uxi mab

(Rituxan'") imeonavadlgdt afdridodyus ThensHspedclif 8d) Yy ogewetrepry epbi hadies are
derived from ) Si ?}%:ﬂ speci es er%i,n ered anti bodies 30 _and antibody .
fragments may B&S e P (D BT t B S perR ekREPSghVREI Pei . e., may be
chimeric. To ddinked niauSoxund ibEdpdeimit chiadnhé st anthhedi subaveebeen
generated, thou ot her species! conbi_nations are" possible. Chineric

ant i bodi e<®haf&HEaPUYIHha™ b AR 24 TAgmertos i oW/ Hroeamstant
PCT/U801/4962&ebaons). Furthermore,; it is possible to link two dsFv

fragments or scFv fragments with different antigen-
binding sites (i.e., different specificities), to form
a bi-specific fragment. Such fragments may be used as

15 either research tools or therapeutic or diagnostic
reagents.

There are five classes of antibodies (also
called immunoglobulins) in humans: IgG, IgM, IgA, IgD,
and IgE, each with its own unique characteristics and’

20 function. IgG, IgDh, and IgE are all made up of one
antibody molecule, while IgA can be made up of one, two
or three such molecules and IgM consists of five.
Furthermore, in humans, there are four.subclasses of
IgG (IgGl, IgG2, IgG3, or IgG4), and two subclassés

25 each of IgM and IgA (1 and 2, respectively). For
example, the monoclonal antibody Rituximab (Rituxan™)
is an IgGl antibody.

Though naturally occurring antibodies are
derived from a single species, engineered antibodies

30 and antibody fragments may be derived from more than
one species of animal, i.e., may be chimeric. To date,
mouse (murine)/human chimeric antibodies have been
generated, though other species’ combinations are-

pOSsible. Chimeric antibodies have been further broken



down into two subtypes: chineric and humani zed. Chineric ﬁ_r,jugemrran

antibodiga)&ﬁghgkn approxi mately 75% human and 25% nouse qu@gugﬁ?y

sequences, Spectively. The human sequences represent the 5-constant
regions of the antibody while the nouse sequences represent the variable
regions (and thus contain the antigen-binding sites) of the antibody. The
rati onale for using such chineras is to retain the antigen specificity of

t he nouse anti body but reduce 10 the inﬂﬁhogenicity of t'he€ nouse anti body

(a nmurine antibody would cau an i ne response against it in' species
ot her than th&oHBudSFCakdx I%b’}etgé’eaqb‘l & ]d“e%’n‘gl%?gt MaHLfEHa in human

t her api es. ChiciB k¢ i cAftulied /2 funiirs Grihidodliee ¢ hoset abhcappedrinaeeChPR 15
regions fromdifferent human antibodies., COR regions, also called

hyper var i abl e 78éghsaan A LEFUARNRE AN 3¢ HE FSHPEBFESregi ons of
anti body nol eqiylses drhdle1yenan eunith ¥ dwaicds ndépgesthestheDR regi ons

‘are’ so-named becCause thé binding site |s_conplenentaré in 20.shape and
charge di stri [s@nisgARNto NEgE AR t%%éih%&fgtrﬁ%%v BRteethat Mguse

Al ternatively,. Gl gRid dQdie s HOPL #5501 & T ABBYGRK &AGORAUET OM one
ant i body and f%g%%ﬁgﬁﬂ%rqn1another_antibody?gghineric antigodies al so
25 i ncl ude t hasmbatire khsorgnt igerchd pdpdnsitedm af FegsNtdRedYi-f f er ent

human anti bodigs, HTRA A&d fd}g]ilpﬁqi@ssu&@néﬁmeﬁger%i FB! ek¥a9@%her nmore)
human ami no aci Sequences. e only murine sequences present are those
for the hyper \stiigieire spesidh ¢t thatofartehe Heowge uant 3bodnt byénrBrddieng sites
cont ai ned in t.he v

mouse | mhinoddih iRt Bt 3%, e (IOUES; ARCLBBRY (AT FRealel D0 ™
general |y two dangigsodyf vantidothese amatmmane beedbonEagagaiadtbytt Hai v
SDECifiCities@gﬁ%f§§33¥gg% than the mouse) and thus be able to
employ the chimera in human therapies. Chimeric
antibodies also include those which comprise CDR
15 regions from different human antibodies. CDR regions,
also called hypervariable regions, are sequences within
the variable regions of antibody molecules that
generate the antigen-binding sites. CDR régions are
so-named because the binding site is complementary  in
20 shape and charge distribution to the epitope recogniied
on the antigen.
Alternatively, chimeric antibodies comprise
framework regions from one antibody aﬂd CDR regions
from another antibody. Chimeric antibodies also o
25 include those which comprise CDR regions from at least
two different human antibodies. Humanized antibodies
contain approximately 90% (or more) human amino acid
sequences. The only murine sequences present are those
for the hypervariable region (that are the actual
30 antigen-binding sites contained within the variable
region). Humanized antibodies have minimal mouse
immunogenicity as compared with chimeric antibodies.
There are generally two types of antibodies

that can be distinguished by their specificities:



WO 02/ 072636 PCT/ USO01/ 49628 17 pol ycl onal anti bodi es and ngrhgghﬂw

anti bodi gi /Eﬁlp%d onal antibodies are those that are foun e

i munogl SHAP? action of blood, and are essentially a PBHNEOYAA28 i xture
of many different types of 5 antibodies specific for the different antigens
the individual has been exposed to (i.e., they originate from many
different clones of B | ynphocytes (or B cells), the cell that produces
anti bodi es). Mnocl onal antibodies are antl bodies of a -10-single

specificity, i.e., that are derjved froma single clone of B | ynphocytes
(B cells). Thé’é’glycéfﬂr}%(ﬁ"é'sl 2x3RA dhanockeeat i antibediesheir target

*antigens and algahdle RIABEAEGS Ml hEBWY S SJ(—eefouH&QQSti;ﬁées)-
They are useful as markers for 15 specific antigens (e.g., cancer
antigens), as "Wapedaluel dydmactiony.of inlerdayand cadetessentiakty al i ke
HVD), and apdiienapail infiagan 1 WEle ofBnoflenat, aoLiBpdi es are those

that have a classic _nolecular structure that 1 ncl ud wo conpl ete heavy
20 chai ns &nd ankd keshisetsPaqidhicc dien she Thifféwsentdi ant hgens helde f r om

anti body fragnepiis,; h )2, Fc, fragne . dsFv.fragnents,
and scFv fr a%rrenlt sl.é’%é?laé'l ti onall y%:)gﬁrr%’n%cgltocga . aé;\lti b%ig)ésoﬁé%%na% been
produced by f dgioty many atitf fsopntprodngsipB Relymphwehtas (oroBt al

hybri doma cel I, hq genghat c ' ) i ch.continually produce
nonocl onal ar?teit bo i'egthl%necce]] %cﬂu t:t [}%l%d'%géghaer% ne?%%%lsfhat IS
traditionally used to gdwmcstlensincoitoiriaidisd idosli st Bfod hesl yesat he

phage- di si'ay ROy T Gt and 3 h ol er oot 6T £ i bodi es may be
produced in visuodle |droge qfam iltyirgshday tgenets craélys_) . These :
antibodies have exquisite specificity for their target
antigens and also can be produced in high amouhts
(i.e., high titres). They are useful as markers for
15 specific antigens (e.g., cancer antigens), as
diagnostic agents (e.g., in assays to detect viruses
like HIV-1), and as therapeutic.agents. Whole
monoclonal antibodies are those that ﬁéve é classic
molecular structure that includes two complete heavy
20 chains and two complete light chains. This is
distinguished from antibody fragments, such as Fab,
F(ab’),, Fc fragments, dsFv fragments, and scFv
fragments. _
Traditionally, monoclonal antibodies have
25 been produced by fusing the antibbdy—producing B céll
with an immortal hybridoma cell to generate B cell
hybridomas, which continually produce monoclonal
antibodies in cell culture. Another method that is
traditionally used to generate monoclonal antibodies
30 involves the expression of the monoclonal antibodies in
bacterial cell culture using phage-display technology.
Currently, however, monoclonal antibodies may be
produced in vivo in large quantities in genetically-

modified animals, such as cows and goats (Genzyme



nodi fied animals, such as cows and goats (Genzynme 28 AUG 29 UéNﬂi@Z/O?ZGSG
PCT/USOl#ﬁ?@%ﬁzéﬁ Transgeni cs), pigs and rabbits (Medarex,
Ther apeut’i'cS), d chickens (Tranxenogen), and in plants}’ F0142685hacco
and corn (Epicyte, Integrated Protein Technol ogies, Meristem Croptech, and
others). 5 For exanple, |arge anmounts of nonoclonal antibodies can be
found in the mlk of genetically-nodified goats (Genzyne Transgenics)-.
Antibodies fromall such sources may bel&ystallized according to this

i nvention. Furthernore, as a result of transgenics, 10 nm ce have been
nodi fi ed to corfBPECBAGSEXxpPESS ARE rahhits hiMadaretel PPEenome (which
encodes humanthaphpladies) ., AR eialckentlChrtiRREASHLA) M aad( Abgeni x) are
a source of human antibodies for crystal]ization acCording to this

i nvention. |tP3RBEPd BuChofEd tokpaccol gl \rEy | AEPHRYFS! spatrairated t he

ani mal that i (o} ID0Gi LS. h n Iyodi es
from sources gfﬁéggﬁhg%gﬁhﬁgg?ﬁﬁ%%(ﬂﬁiifgéﬁmn ?ﬁg%§?érgﬁP ngg%ggration
profiles. $heFefkoesampiike Waxige amowdd «xf onordagbrathanhibedies lsedy 20
fragnents or b .bedy.fra f [,S; tlQR: <k isplay nodified
glycosylationggrfggkddggl§%gs3ﬂggégﬁp£¥ﬁl %%ﬁ%gfghégﬁlﬁggﬁbgocgﬁétaIIized
accordi ng to t(beszymeeMraosgarscs)ncl vde iderdiesi £edm ahblli bodhes. Such

anti bodi es i n¢clude _t hose rivati 25 with et hyl epg.gl ycol or at .
oast one. car BHyar R BV SR as At d AR R Yo ckRR br oup.
Clinically réheeantioanti Faditdsermresl s e ceéasgdtfofdtaansgeigst,0 the

therapeuti¢ area i pn_which the re to . be enployved, .Such_antibodies
#gr g&gﬁpﬂgyetﬁggg (% %ﬁi%&)t .cégkayn-and express % e

i ncl ude, reating cancers (€.9., pancreatic
cancer), i nfleam@atohymdins Bases ) gehameaulwi hobhinendodeashsman '
antibodies). Therefore, such transgenic mice (Abgenix)

are a source of human antibodies for crystallization
according to this invention. It should be noted that

15 glycosylation is specific to the animal that is
producing the antibodies. For example, human
antibodies from sources other than humans will have
subtly different glycosylation profiles. Therefore,
the whole antibodies or single-chain Fv antibody

20 fragments or Fab antibody fragments of this invention
may display modified glycosylation or be
deglycosylated. Antibodies which may be crystallized
according to this invention also inclﬁde derivatized
antibodies. Such antibodies include those derivatizéd

25 with polyethylene glycol or at least one carbohydrate
moiety or least one methyl or ethyl group. Clinically
relevant antibodies may also be classified according to
the therapeutic area in which they are to be employed.
Such antibodies include, for example, those for

30 treating cancers (e.g., pancreatic cancer),
inflammatory diseases (e.g., autoimmune diseases,
arthritis), cardiovascular diseases (e.g., strokes),
infectious disease (e.g., HIV/AIDS), respiratory-.

diseases (e.g., asthma), tissue transplantation



arthritis), cardiovascul ar diseases (e.g., strokes), infectious djsease

e.g., H respiratory-. diseases (e.g., asthma), ti .
'Eragspl anyaﬂ@ﬁ%% 02/ 072636 19 . 28 AUG 2005 PCT/ US01/ 49628CHe3m&0628n and

rgan transplantation rejection. Such antibodies also include antibodies
190? radi oi Irorrrunot herapy.J Anti bodi es which nay be crystalli zg_ad_ according to
the present invention 5 include, for exanple, Abciximab, Palivizumab,
Mur unmonab- CD3, Gent uzumab, Trastuzumab, Bas |iximab, Daclizunab,
Et anercept and_|briturmomab tiuxetan. Antibody activity rel ease rate -- the
quantity of whbféSShePBoayd SFEgre tapmisplRNtat iddye] &6t Loagnmesucar Fab

anti body fragneitidbasekvadspelindinlie LB L té’gep - - any substance or
mat er i aIy thatg'.J i S lspeci ficall ylr eco r?i zé’gﬁarﬁ]]boundoﬁy an anti body.

Antigens are tyPREQLMPUBRRPRTAPYCes ifpogtisishsvibclf peati des) found on the

' ' [ HS ani . Antibodies are thought to
surfaces of cettgsenlinyadi RecoFGheOLY; Ir&rges roéjsre%ﬁ HovVeRFHeR  n Pengt h.

speci fical | [ecogni ze_anti gens as - smal - ! .
aﬁd t he subgtim?mﬂeof £oRI gx8mplani Abcdciithatan Pabdlistmani i body

& . ; DOV B o
recognition ofmMbPemBasbLEBSAr cBRELE 20 for which it is speci _
Ant i geni city -- the abili £y’ of atrzl aﬁ Fgénr'[{r&s%éz"%ae%q fl?f%%’rfil"%‘_&%%gm zed
and bound by RchhivBady.EtAneanepgennids Idbaiid uneorb i hihkstamt | geni c

confort onwhen, ! CoRobap gL ealLL SIS RIe b Y he 7o)
which is the gbiantityfofinwhalegentibodel,i eiingile LG Ohofp Gy i bodi es
specific fp§ th%gﬁgﬂéggp'Fab antibody fragment dissolved per unit
time. '
Antigen -- any substance or material that is
specifically recognized and bound by an antibody.
Antigens are typically small pieces of proteins
15 (peptides) found on the surfaces of cells or invading
microorganisms. Antibodies are.thought to specifically
recognize antigens as small as four amino acids in
length, and the substitution of only ohe.aﬁino acid can
abolish antibody recognition of the particular antigen

20 for which it is specific.

Antigenicity ~- the ability of an antigen to
be specifically recognized and bound by an_ahtibody.
An antigen is said to be in its antigeﬁic'conformation
when it can be specifically recognized and bound by the

25 antibody specific for the antigen. This is differént

from immunogenicity, which is the ability of an antigen
to elicit the production of antibodies specific for the
antigen.

Anti-idiotypic antibody -- antibodies having

30 specificity for the antigen-binding sites of other
antibody molecules. Anti-idiotypic antibodies are
generated in the following manner: an antigen elicits
the production of antibodies (called Ab-1 or idiotypes)

that are specific for that antigen. These antibodies



Anti-idiotypic antibody -- antibodies having 30 specifi CI fAﬂfi w

anti gen- W 612 ¢l tes of other antibody nolecules. Anti- g@gﬁﬁ%lﬁ g

ant i bodi es are generated in the foll ow ng nanner: an ant| Bs  the
production of antibodies (called Ab-1 or idiotypes) that are specific for
that antigen. These antibodies '28 AUG 2005 WD 02/072636 PCT/ USO1/49628 20
(1 diotypes) are then used as immnogens thenselves to elicit a second
generation of antibodi es that are speci ic for Ab 1. Thesesecond
generation ant %dl es r# ta]ee cal Ic?d anti-id |chant| odies (or anti
5 i di otypes), ‘and &lyﬁ?gr) A% gt e c?%sﬁmg}upgﬁﬁ dt oSSt NES Hi} i al
antigen used edigdneratseodind. geam::macaf oast abs@iescthafabyeal |y in
vVivo, in response .tQq ni_c st nul ati on, and by nmeans of these

anti body- ant PB6G 1&32) g’&b SSTRRRORY sPERFratipneans ibodins

essence, internast 2w e iealifed Iatnttha-slcbm’y D8t Hhat BdaikBat(oRy agxRl-oi ting
this capabl lity, anti -| di otypic .antibodies can be used to prevent certain

i nfectionsS aRAOLYRES)som@kiGidhSH BdM@r OENBYSafLeaslYniaratad

aut oi mune di geasehe i%iAtdibedt R -ddd® to §Ohe2REEDRALES 1 BMHO, the
time in which a given amgunt of whol e antibody, a_ single-chain Fv antibody

fragment or. FEBCAAOSo®).SH roéij-“rtﬂé-’ntnatd#f@]r&uéédVtLMOBO%IOreSPQYMSm ttical

concentrationg Il h I bout 1 ough
| gG3 has a hal P[tqgfetéﬁg‘ Q%n @ﬁlﬁe@ il Bﬁtem%mg g\f‘ Bﬁggﬁd gﬁéave typi cal

hal f-1ives of ang ibgalys lrﬁamfé'-lcmﬁay@e mmdayystemspecab&el y.0,Arfri body
| oading - Esé%ﬂc@dﬁn‘i@? :crl{) WHen f OJ Al OfgoﬁésCBQBRSB%;Egﬂslataes

cal cul ate as a per cent ag y welg t ant| a sSingle-chain
anti body fragtbat oy I@a@mtnlmmwmrsagrmﬂblletm i getieidiotypic ‘

antibodies can be used to prevent certain infections,
and treat some kinds of cancers and various immune and
autoimmune diseases.

_ 15 Antibody half-life -- for antibodies in vivo,

the time in which a given amount of whole antibody, a
single—chain Fv antibody fragment or Fab antibody
fragment, are reduced to 50% of its initial
concentration. IgG typically has a half-life of about
20 21 days (though IgG3 has a half-life of only 7 days),
while IgM, A, D, and E have typical half-lives of 10
days, 6 days, 3 days, and 2 days, respectively.
Arnitibody loading -- the antibody content of

formulations or compositions, as calculated as a

25 percentage by weight of antibody, a single-chain Fv
antibody fragment or Fab antibody fragment, relative to
the weight of the dry preparation. A typical range of
antibody loading is from 1-80%.

Antibody release ~-- the release of active

30 protein from a polymeric carrier, as controlled by one
or more of the following factors: (1) degradation of
the polymer matrix; (2) rate of crystal dissolution
within the polymer matrix; (3) diffusion of disscelved

protein through the polymer matrix; (4) protein



the weight of the dry preparation. A typical range of antigggg Iﬁi ng is
from1l- 80%;0 Hzp_&dy rel ease -- the rel ease of active 30 pr Ue m a
polymeric cartiér, as controlled by one or nore of the folRCHWHY49638t ors:
(1) degradation of the polynmer matrix; (2) rate of crystal dissolution
within the polymer matrix; (3) diffusion of dissolved protein through the
polymer matrix; (4) protein 26 AUG 2006 WD 02/ 072636 PCT/ US01/ 49628 21

| oadi ng; and (5) diffusion of biological rediuminto the.antibody
crystal / pol yne tri x. Acruequs -organic solvent mxture -- a mxture
conpri si ng. nO/ng’ggéHBc' §61C1/e(r§8, diffdrus ipn ohdeiebegicahdnedigd amtonb

aqueous, wher ethel ant@®ody Bir9arail /4Rljddr -rat bey degree to which a
substance, e.g., an active antibody or "anti body ragment, administered in
vivo, becores .avail abl e £SMINE-CISAIZ G Salvent ihixtubet ance mixtarget ed.

10 Accordi ng teckhBi$ siimve sl Ip,i-ll,,q% | It - f to. fhe degree
to which a whol e gnti 69?5, o(ra%gfaral ment t .et!r'eoq,@]lt‘%g? %%sg%é“é%?%d '?ﬁl‘gtered
in vivo as °a @Py8ndl m§r agueomsositiesie or FHri@0ai on thereof, becomes
avai l able in the bl ood. éqggg%i- :q h,: s 18 .nvention, bioavailability
also refers to the abilifTy igapid o ancgfﬂé;.(g??r%% 'é%t"l?}@)e&érﬂ‘i body or
anti body fragfehetangepelf.@-m anf agttiiven;ant ipody dbar et ileydpt oxi city, at
the target tis t nce, .has been delivered. Bioavailability
may be measur egy?ﬁggggé %ﬁ%&ﬁ%@%rﬁ%g’n &0 RETMER FMhtals dFe of t he
subst ance, e.gtheahiasuevécanhibbdyher saigthatye s agi®dsedrasured as a

function of oti fB.LEALRG B Q998" §8AThHlr OB A & BOL YIE) Safgo PO YITET S

refers to the degree to which a whole antibody, or
fragment thereof, that has been administered in vivo as
a crystal or a composition or formulation thereof,
becomes available in the blood. According to this

15 invention, bioavailability also refers to the ability
of the substance, e.g., an active antibody or antibody
fragment, to perform a function; e.g., direct
cytotoxicity, at the target tissue once thé substance
has been delivered. Bioavailability may be measured in

20 a number of ways, e.g., as the concentration of the
substance, e.g., an active antibody or antibody
fragment, measured as a function of time in the

bloodstream.

Biocompatible polymers -- polymers that are

25 non-antigenic (when not used as an-adjuvant), non—.
carcinogenic, non-toxic and which are not otherwise
inherently incompatible with living organisms.
Examples include: poly (acrylic acid), poly
(cyanoacrylates), poly (amino acids), poly

30 (anhydrides), poly (depsipeptide), poly (esters) such
as poly (lactic acid) or PLA, poly (lactic-co-glycolic
acid) or PLGA, poly (B-hydroxybutryate), poly
(caprolactoﬁe) and poly (dioxanone); poly (ethylene

glycol), poly ((hydroxypropyl)methacrylamide, poly



25 non-antigenic (when not used as an adjuvant), non-

carci nogeni c, . non-toxi ¢ and which are not otherw se inhe2dnal§ 2006

i nconpat ivbb @233 | i vi ng organi sns. Exanpl es include: pobgTiaei/ydeérs acid),
poly (cyanoacrylates), poly (amno acids), poly 30 (anhydrides), poly
~(depsi peptide), poly (esters) such as poly (lactic acid) or PLA, poly
(lactic-co-glycolic acid) or PLGA, poly (0-hydroxybutryate), poly

(caprol actone) and poly (di oxanone); polyg2(ethylene glycol), poly
((hydroxypropyl ) net hacryl am de, poly 26 AUG 2005 WD 02/ 072636

PCT/ US01/ 49628 (329561%‘)%6QFEBQ&QGQZGWW PRVt HO It @t ey PGH 1“ nyl

al cohol ), poly_(vinylpyrrolidone mal ei_.c anhydri de- al kyI vinyl et

copol yners, pP&FSRPE)poPPals, Vl&h’%@lﬁrﬁ"ld-ld@r{fdtle mad& i (g8 dikfe -

cel | ul ose-der hm&uveﬁmy& %QhE%Q%BpofP})afe'ﬂb gﬂ'ﬁ:‘dd}c i ¢ aci d,

ol i gosacchari des, glycam nogl ycans, fate pol ysacchari des, bl ends and

copol yners t helbbming ededrassnl éeééwﬁ?&es and s ilivdose idarivrdgreries by

hydrol ysi sgor C%Qhﬁg'eln' 23lihedn , Dganadald, Oyl il Padief er ogenous - -

occurring primarily at the particie surface, or honogenous -- degrading

evenly throughdgpserehasigas: Saycamineiadlysginsal svdiadies) ecul e - -

bi ol ogi cal \ | el gds (DNA) 15 and
9 @ng%%\%ﬁﬁ)‘é%ﬁgéé p%@'éﬁ'd%s an‘ée@&»\#d H &l %r% (DNA) - 18

ri bonucleic a pur poses app i cation, biological

macr onol ecul es are al so_&eﬂeﬂmd_gl%m@mml-ecmoésmmu ion --
crystal s of t o rsGrystal f: 1Sl - chai AN ody
fragnents orwagggﬁgg Ib?’t ngglgf’ééné%t %Oﬁ‘ﬂnf%rrm atnl onsD%t ereorkf &M| ch
have beenlencapsubat &eéterbenocaspel-ywece rdary iparintaer i liyoran adet ed

particles.

particle surface, or homogenous -- degrading evenly
throughout the polymer matrix.

Biological macromolecule -- biological

polymers such as proteins, deoxyribonucleic acids (DNA)

15 and ribonucleic acids (RNA}). .Forlthe purposes of this
application, biological macromolecules are also
referred to as macromolecules. L

Composition -- crystals of whoie-antibodies

or crystals of singlerchain'Fv'antibody fragments or

20 Féb antibody fragments, or formulations thereof, which
have been encapsulated within a polymeric carrier to
form coated particles.

Controlled dissolution -- dissolution of a

crystal of an whole antibody or single-chain Fv

25 antibody fragment or Fab antibody fragment, or a
formulation or composition comprising such crystals, or
release of the crystalline constituent of said crystal
or formulation or composition that is controlled by a
factor selected from the group consisting of the

30 following: the surface area of said crystal; the size
of said crystal; the shape of said crystal; the
concentration of excipient component of the formulation
or composition; the number and nature of excipient

éomponents of the formulation or composition; the



Controlled dissolution -- dissolution of a crystal of an whole antibody or
single-chain Fv 25 antibody fragment or Fab antibody fragmgg auer2e6

formul at i omo@r/oTw@sEOSI tion conprising such crystals, or rePaRERkd NE
crystalline constituent of said crystal or fornulation or conposition that
Is controlled by a factor selected fromthe group consisting of the 30
followi ng: the surface area of said crystal; the size of said crystal; the
shape of said crystal; the concentrationyaf excipient conponent of the
formulation or conposition; the nunber and nature of -excipient conponents

of the fornul aticie Qi1 60/RAYHE OF thae &2& AHG R0 '
PCT/ US01/ 49628 23 nol ecul ar §I\Nei ght of the J'exci pi g%.ﬁﬁg%%%&gﬁc&e t he

formul ati on or fCspdsitijonn on wemMpesditd oaf: tthee pwtumes iaf tdee mMansme @ind

combi nat i ons t hengQfer LCOARA Wlbiiatd BY Wil JEe with nore than 5 one
nononer species. Cystal -- Cystals are oné form of the solid state of

matter, which is distincCo-pedvaesecond frmlymer nave anoriphemrse siard st at e,

whi ch existg e%%%ntnj %‘r&ér a5,e] Sdnorgani zed, heterogeneous solid. Crystals
are 10 regul ar three-dinmensronal arrays of atons, ions, nolecules (e.g.,

proteins such as antibodiCaygtadr -molCeygitarl saseenidnees cren @f the solid
ant | gen/ anti body , ORIl GxEsLy émgg'hisanﬁs' A G WSt a i

bl ocks call ed asymetri c uni consi’s
crystallized) th&hearsoaphangedoladcsttditeg twhiwd lexdeftisned sypiriliyes into

ARG X T RTTET S A C  O
Practi cal Apprcagulazndhede-dimendfohald ar@eheyr &fUritvaissi tib,ess, New
YOrk, New York’molecules (e.g., proteins such as antibodies), or
molecular assemblies (e.g., antigen/antibody
complexes) . Crystals are lattice arrays of building
blocks called asymmetric units (which consist of the
15 substance to be crystallized) that are arranged
according to well-defined symmetries into unit cells
that are repeated in three—dimensionszw See Giegé, R.
and Ducruix, A. Barrett, Crystallization of Nucleic
Acids and Proteins, a Practical Approach, 2nd ed., pp.
20 1-16, Oxford University Press, New York, New York,
(1999) .
Dissolution of crystals -- dissolving a
crystal of a whole antibody or fragmehé thereof in
order to recover soluble antibodies or antibody

25 fragments. -

Drving of Crvstals of Whole Antibodies or

Sinqle—chain Fv_Antibody Fragments or Fab'Antibody

Fragments -- removal of water, organic solvent or

liquid polymer by means including drying with N,, air or
30 inert gases, vacuum oven drying, lyophilization,

washing with a volatile organic solvent followed by

evaporation of the solvent, evaporation in a fume hood,

tray drying, fluid bed drying, spray drying, vacuum

drying, or roller drying . Typically, drying is



(1999). Dissolution of crystals -- dissolving a crystal of a who

anti body or fragnent thereof in order to recover sol uble 28 N6 or
ant i body wee2irageents. Drying of Crystals of Wol e Anti boeimesoarise2s

Singl e-chain Fv Anti body Fragnents or Fab Antibody Fragnents -- renoval of
wat er, organic solvent or 1iquid polynmer by nmeans including drying with
N2, air or 30 inert gases, vacuum oven drying, |yophilization, washing
with a volatile organic solvent followed by evaporation: of_the solvent,
evaporation in a fune hood, tray drying, fluid bed drying; spray drying,
vacuum dryi ngachietveld! whedr yhagecrysypleabkyomdr 4i figekes £4&wAHg 2005 WO
02/ 072636 PCT/ US01/ 49628 24 achi eved mhen,tBe crygtals becone a free
flowing powdePYEryi ngPFEyPem¥r PRedabnie y OBhs S¥nB2g S Bednt A Fhs over
wet crystals. Jhe%SQSoﬂﬁy Per sergst8Ushr othet BasImAYPbEOBRISHERE Friom
nitrogen, argon, helium 5 carbon dioxide, air or conbinations thereof.

Ef fecti ve ampubie-9TaHP#B0PISbing efysPafrepenanafgere RELiBBdy or a

crystal of & staghénChdbRi&Y, a0tibed¥ohbagEeRbnar thakeakt i body fragment or
crystal fornulation or conposition of this invention which is 10 effective

to treat, inmmunize, boosEifgeBiverampuntir-oprn aBPYREf pit RecxyBitadt o area
to which it is;2dph81 8t RhESHONPr 0B 0aEPEEEQY BE b gﬁnglfgulc%ﬂhe&wv-- a

surface active agent which reduces interfacial tension between pol yner
coated 15 cryanbibodvidfraguention. FRbr antabpey fragmenbi eat cowssrlcrystal s

of an whole apbiReflyeish 8rCOIRbOBLEEBNCbECEXILALAVRheIbAILAI BN FV
anti body fragnent or crystals of  an Fa
10 effective to treat, immunize, boost, protect, repair or
detoxify the subject or area to which it is
administered over some period of time.

Emulsifier ~- a surface active agent which

reduces interfacial tension between polymer coated
15 crystals and a solution.

Formulation - a combination of crystals of an
whole antibody, or a combination of c;ystals of single-
chain Fv antibody fragment or crystalé of én Fab
antibody fragment, and one or more ingredients or

20 excipients, including sugars and biocompatible
polymers. Examples of excipients are described in the
Handbook of Pharmaceutical Excipients, published

. jointly by the American Pharmaceutical Association and
the Pharmaceutical Society of Great Britain. For ;he

25 purposes of this application, “formulations” include
“crystal formulations.” Furthermore, “formulations”
include “whole antibody crystal formulations” and
*single-chain Fv antibody fragment crystal
formulations” and “Fab antibody crystal formulations”.

30 Glycoprotein -- a protein or peptide

covalently linked to a carbohydrate. The carbohydrate
may be monomeric or composed of oligosaccharides.

Homo-polymer -- a polymer made with a single

monomeyr species.



anti body fragment, and one or nore ingredients or 20 excipients, including

sugars and bioconpatible polymers. Exanples of excipients IEA bed in

t he HandbWék024f72¢3aar naceut i cal Exci pi ents, published .joi ’MUBM 45%

Anmeri can Pharmaceuti cal Associ ation and the Phar maceut i cal SOCI ety of

Geat Britain. For the 25 purposes of this appl ication, "formulations"

i nclude' "crystal formulations.” Furthernnre "formul ati ons" - incl ude

"whol e antibody crystal fornulations" and 25singl e-chain Fyv anti body

fragment crystal fornulations" and "Fab antibody crystal formulations". 30

G ycoprotein -- a pr ot ei nimhunephédgpeaoyal ent by !ahE':‘LBgdg o% &3 ég?hl’dr ate.
ari

The carbohydrat be np oqsrlf or conposed of oligosac
Hono- pol yner - - %E?nﬁgﬁ% i thagmenhgps Fﬁbn@nﬁubgpgcfeagm@ﬁtOZéO?ZGSG

25 2 8 AUG 20051mﬁ&89éfaﬂ;9&2t81¢ NPRERL her gpeu t Lhody cor .si ngl e-
chain Fv anti bod%%fralrgrrent or Fab anti bgdlgq}‘g%rgg%reﬁta%l@? b 6?‘518?& Qutic

when-it has t hé®aREFTFYR o™ PYRALEY n‘@opﬁoﬁ‘é@@rv@elhmmrystooa baﬁaérial |,
virus; or baitejtastfhﬁlaﬁﬁﬂ 19 | 1\ S reduce or
elimnate said tugor cell Sg/n;&rus or %rggtée)?yygﬁlgér% TeRt sOf - CAnYIBRESpi ent

or excipients, SFHeI Uy Cfﬂﬂa?wrra‘é’e‘iﬁc%l’ bageediants or excipients.

Exci pi ents include, for %ﬁldﬁ dde fol i dif ents acetic
acid, glacial acetjc_aci C|tr|%: aci d, Aé?ﬂnu|%&a%$% %W%gﬂ%% R¥ & aci d,
diluted hydr ocHIGMngG iRhasRaqeutical mgmd:lmtsi opfmsqi)ipiéﬁtsam d,

di | uted phosphatidi fdits BHAUdS, Al et AL | CGepnd fgfiow1ng

10 Acidifying agents
acetic acid, glacial acetic acid, citric
acid, fumaric acid, hydrochloric acid, diluted

hydrochloric acid, malic acid, nitric acid, phosphoric

acid, diluted phosphoric acid, sulfuric acid, tartaric
15 acid

Aerosol propellants
butane, dichlorodifluoromethane,
dichlorotetrafluoroethane, isobutane, propane,
trichloromonofluoromethane
20 Air displacements
carbon dioxide, nitrogen

Alcohol denaturants

denatonium benzoate, methyl isobutyl ketone,

sSucrose octacetate

25 Alkalizing agents



Aer osol propellants butane, dichlorodifluoronethane,.

di chl orot etraf |l uoroet hane, isobutane, propane, trichloronpgoiUa@Osnet hane
20 Air digelarssat s carbon dioxide, nitrogen Al cohol dengdyieitiders
denat oni umbénzoate, nethyl isobutyl ketone, sucrose octacetate 25

Al kal i zi ng agents 26 AUG 2005 WO 02/072636 PCT/ US01/49628 26 strong
ammoni a sol uti on, ammoni um car bonate, diethanol am ne, diisopropanol am ne,
pot assi um hydroxi de, sodi um bi carbonate,,sodi um borate, -sodi um carbonate,
sodi um hydroxi de, trolanm ne 5 Anticaking ‘agents (see glidant) Antifoam ng

agent s di net hi cone, si rre%?%((r}l?%gam%ﬂgi gcg?gjc%gzr gﬁﬁ)ﬁgh}nvggrgg%gglgoni um

chl ori de, benzal koni um ¢ sol ut1on, nze oni um chl ori de,
benzoi ¢ acid, dbmtziyhnobhwdhe)  dbiggppapabebaminey| potadsaam . chl ori de,

chl or obut anol ,, chl orogresol .. .cresol . oagehk G, ' et aben,
nethylparaben,h¥ék%§}§3ra%%%l&%o %%{gﬁﬁ%g%l,géﬁéﬁ?lgﬁngealgéﬁgﬁﬁ

phenyl mer curi ccdfbatgt @t esodphemyhy@roxide, ntrodtminpot assi um benzoat e,

pot assi um sorbate, propyl paraben, propyl paraben sodium sodi um benzoat e,
sodi um dehydr oacetate, sodium propionate, sorbic acid, thinmerosal, thynol

Anti oxi dants 20h@S6Qkbh§ ag§éscsacoedyflpahatsate, butyl ated
hydr oxyani sol e, butyl ated hydroxytol uene, hypophosphorous acid,
nonot hi ogl ycerol, propyl gall ate,

Antifoaming agents
dimethicone, simethicone
Antimicrobial preservatives

benzalkonium chloride, benzalkonium chloride

10 solution, benzelthonium chloridé, benzoic acid, benzyl
alcohol, butylparaben, cetylpyridinium.chloride,
chlorobutanol, chlorocresol, cresol, dehydroacetic
acid, ethylparaben, methylﬁéraben, methylparaben
sodium, phenol, phenylethyl alcohol, phenylmercuric

15 acetate, phenylmercuric nitrate, potassium benzoate,
potéssium sorbate, propylparaben, propylparaben sodium,
sodium benzoate, sodium dehydroacetate, sodium

propionate, sorbic acid, thimerosal, thymol
Antioxidants

20 ascorbic acid, acorbyl palmitate, butylated
hydroxyanisole, butylated hydroxytoluene,
hypophosphorous acid, monothioglycerol, propyl gallate,
sodium formaldehyde sulfoxylate, sodium metabisulfite,
sodium thiosulfate, sulfur dioxide, tocopherol,

25 tocopherols excipient



sodi um f or mal dehyde sul f oxyl ate, sodi um netabisulfite, sodiumthiosulfate,

sul fur dioxide, tocopherol, 25 tocopherols excipient 28 Al

02/ 072636wBGh/osead/ 49628 27 Buffering agents acetic acid, %ﬂﬁ}ﬁ

carbonat e, anmmoni um phosphate, boric acid, citric acid, lactrc a4

phosphoric acid, potassiumcitrate, potassiumb5 nmetaphosphate, pot a55| um

phosphat e nonobasi c, sodium acetate, sodiumcitrate, sodiumlactate

sol ution, dibasic sodi um phosphate, non si ¢ sodi um phosphate, histidine

Capsul e lubricants (see tabl et and capsul@ lubricant)' 10'Chel ating agents

edetate di SOd'é{ﬂEd&L %e d4n netetraacetic acid and salts, edetic acid
um

Coati ng agents so oxynethylcellulose cellul ose 15 acetate,
cel l ul ose acetate phthal at e, ethylcellulose gel atin, pharmaceutical gl aze,

hydr oxypr opyl cel |l ul ose, dro met hyl cel’) ul ose, hydroxypropyl
met hyl cel | ul ose pht hal at3€ f%ecf haa %“’3%’??1” opBFABREE. nRPRGNERM ul ose,

pol yet hyl ene gikms@hatp@,l ala¥ig Ve ae@m;it@aﬁlah&@faat eacthel hagq, sucrose,
titani um di oxi qbrnaub nlcrﬁiﬁstalllne wax, zein Colors carame
red, yellow, B HTPRITI s B9T TSR dot SRR PPbBESSHEN02/ 072636
PclT/ US01/ 4962 Gnetth dlavapieati 60 meedd i ah hhessidh 881 nehsbaadset §6486Hd and
t
salts acetate, sodium citrate, sodium lactate solution,
dibasic sodium phosphate, monobasic sodium phosphate,

histidine

Capsule lubricants (see tablet and capsule lubricant)

10 Chelating agents

edetate disodium, ethylenediaminetetraacetic

acid and salts, edetic acid
Coating agents

sodium carboxymethylcellulose, cellulose
15 acetate, cellulose acetate phthalate, ethylcellulose,
gelatin, pharmaceutical glaze, hydroxypropyl cellulose,
hydroxypropyl methylcellulose, hydroxypropyl
methylcellulose phthalate, methacrylic acid copolymer,
methylcellulose, polyethylene glycol, polyvinyl acetate
20 phthalate, shellac, sucrose, titanium dioxide, carnauba

wax, microcystalline wax, zein

Colors

caramel, red, yellow, black or blends, ferric

oxide




(EDTA), edetic acid, gentisic acid ethanol am de, oxyquinoline sulfate 5
Desi ccants cal ciumchloride, calciumsulfate, silicon di oxpgealgr®sifying

and/ or solplor%sed agents acacia, chol esterol, diethanol ggmigsel o628
(adjunct), glyceryl nonostearate, |anolin alcohols, |Ilecithin, nono- and

di - gl yceri des, nonoet hanol am ne (adjunct), oleic acid (adjunct). oleyl,,.

al cohol (stabilizer), poloxaner, polyoxyethylene 50 stearate, polyoxyl 35
caster oil, polyoxyl 40 hydrogenated castg 15 oil, polyoxyl 10 ol eyl

et her, polyoxyl 20 cetostearyl .ether, polyoxyl 40 stearate, polysorbate

20, polysorba&ﬁT@ex éggﬁgge 60, pol ysorbate 80, propylene glycol
di acetate, propylene glyco nonost earate, sodium |l auryl sulfate, sodium

stearate, 20 sorbitan nonol aurate, soritan nonool eate, sorbitan

nmonopal mtate, sorbitan el at e, earic acid, a enuIS|fy|ng
wax Filtering aids pomderedﬁféﬁgt %Pe%nﬁF?aﬁék |I?%%%u%ngg??ﬁt 25 Fl avors
and perfunes Z&IDWG 20&xbet IO Md)?@é}ﬁ:fﬁ'd Usfild 4&628n3Pambdehol e,

benzaldehyde et h illin nt hol, nethyl salicylate, nonosodi um
gl ut amat e, ofﬁﬂ@% +?§¥&9 T3 fahper mint, peppermint oil. peppernint

spirit, rose oil, stronger rose water, 5 thynol, tolu balsamtincture,
vani | | a, vanilla tincture, vanillin Gidant and/or anticaking agents
caIC|un1mI%(ﬁﬂ?ﬁl?ﬁﬁﬂﬁﬁlun15|Ilcate 10 col l oidal silicon dioxide, talc

calcium chloride, calcium sulfate, silicon

dioxide
Emulsifying and/or solubilizing agents

acacia, cholesterol, diethanolamine

10 (adjunct), glyceryl monostearate, lanolin alcohols,
lecithin, mono- and di-glyceridéé, monoethanolamine
(adjunct), oleic acid (adjunct), oleyl. alcohol
(stabilizer), poloxamer, polyoxyethylene 50 stearate,
polyoxyl 35 caster oil, poiyoxyl 40 hydrogenated castor

15 oil, polyoxyl 10 oleyl ether, polyoxyl 20 cetostearyl
.ether, polyoxyl 40 stearate, polysorbate 20,
polysorbate 40, polysorbate 60, polysorbate 80,
propylene glycol diacetate, propylene glycol
monostearate, sodium lauryl sulfate, sodium stearate,

20 sorbitan monolaurate, soritan monooleate, sorbitan
monopalmitate, sorbitan monostearate, stearic acid,

trolamine, emulsifying wax
Filtering aids
powdered cellulose, purified siliceous earth

25 Flavors and perfumes



Hunmectants 15 gl ycerin, hexylene glycol, propylene glycol, sorbitol

O ntent bases | anolin, anhydrous lanolin, hydrophilic oi pigmgng 2006hite

oi nt ment ,wpahlo93ei nt ment, pol yet hyl ene gl ycol ointnent, 17459
hydrophilic petrolatum white petrolatum rose water ointnent, squal ane

Pl asticizers 20 castor oil, lanolin, mneral oil, petrolatum benzyl benyl
formate, chlorobutanol, diethyl pthalate, sorbitol, diacetylated

nonogl yceri des, diethyl phthalate, gl yceré'gl, glycerol, neno- and

di -acetyl ated nonoglycerides, polyethylene glycol, propylene glycol, 25

triacetin, triethyl citrgtgnstdanol, Pol ) Lapes : 2005 WO
02/ 072636 PCT/ US01/ 49628 30 cel T ul osrtla ac%%eggg?vggtfsvégéﬁgﬁg,’ al cohol ,

di | ut ed al cohorentdmd ereethyddrsakichenyy] hencsadéymbglivtambtehol , carbon 5

tetrachl ori de, ' se L], . _ethyl acetate,

gl ycerin, hexy?]ggngego{:]%l%‘{?r iccg%ip:’r %%Rpg%f‘%gﬂbﬂ?g%%yﬁwngl 80%& , methyl ene
chloride, nethy¢ppeswtt \Wpikettonerose neth) sirongeanndsei watpel yet hyl ene
gl ycol, prqpyl.ene carhonat propyl ene glycol, sesane _10.0il, water for
inj ection, q‘agt etfemf"éoclv\’/a&eorri‘f g?a]i%?rgc‘ﬂ%%@rét eY‘Jf“i”ef;%t eY_a?bﬁlar ri gation,
purified wat ert Sortherd,s yeovidelriad cel | ul ose, charcoal, purified siliceous
earth 15 Carbon di oxi de sorbents

Glidant and/or anticaking agents

calcium silicate, magnesium silicate,

10 colloidal silicon dioxide, talc
Humectants

glycerin, hexylene glycol, propylene glycol,

sorbitol
Ointment bases

15 lanolin, anhydrous lanolin, hydrophilic
ointment, white ointment, yellow ointment, polyethylene
glycol ointment, petrolatum, hydrophilic petrolatum,

white petrolatum, rose water ointment, squalane
Plasticizers

20 castor o0il, lanolin, mineral oil, petrolatum,
benzyl benyl formate, chlorobutanol, diethyl pthalate,
sorbitol, diacetylated monoglycerides, diethyl
phthalate, glycerin, glycerol, mono- and di-acetylated
monoglycerides, polyethylene glycol, propylene glycol,

25 triacetin, triethyl citrate, ethanol

Polymer membranes



barium hydroxide linme, soda linme Stiffening agents hydrogenateﬂngastor
oil, cetostearyl alcohol, cetyl alcohol, cetyl esters a8 AYSr at ,
o0dYoResy et hyl ene excipient, stearyl alcohol, enmerGig51149628nax,

paraffl
white mg§

pol yet hyl
and/ or vi
nonost ear

hydr oxyet
met hyl cel
pol yet hyl
al gi nat e,
t ragacant
dextrose,
saccharin,
conpr essi

alginic a
dextrin,

yel | ow wax Suppository bases cocoa butter, hard fat,

ene glycol 28 AUG 2005 WD 02/072636 PCT/ USO1/ 49628 31 Suspendi ng

scosity-increasing agents acacia, agar, alginic acid, al

uni num

ate, bentonite, purified bentorige, magma bentonite, carboner
934p, carboxynet hyl cel lul ose 5 cal ci um carboxynet hyl cel | (il ose sodi um

car boxynet hycel | ul ose sodj it d2= SaLkageenan, nicrocrystalline and
car boxynet hyl cel | ul ose sodium cellul ose, dextrin, gelatin, guar

gum

hyl  cel lul ose, hydroxypropyl cellul ose, hydroxypropyl 10
| ul ose, magnesi um alum num silicate, nethylcellulose, pectin,
ene oxi de, polyvinyl alcohol, povidone, propylene glycol
si |ISebwents oxi de, colloidal silicon dioxide, sodium alginate,
h, xanthan gum 15 Sweeteni ng agents aspartane, dextrates,

exci pient dextrose, fructose, mannitol, saccharin, cal

cium

sodi um sacchagétonéeor hlltohplsotufuord sdcsitadl, awdegse,
bIe su ar, confectjone r Ta nders acaci a,
cidnh tin }E%Fﬁlﬁi( grﬁ’f‘ﬁ?laff&l ‘| %Pgé’rel aﬁn}éo:]!'gclryg e’{l?c?{ne cel | ul ose,

eghYEé@f£éh9§§1dQ?|@h&BroEtﬂﬂidcgknccﬂew guartonseed oil,
ethyl acetate, glycerin, hexylene glycol, isopropyl
alcohol, methyl alcohol, methylene chloride, methyl

isobutyl ketone, mineral oil, peanut oil, polyethylene

glycol, propylene carbonate, propylene glycol, sesame

10 oil, water for injection, sterile water for injection,

sterile water for irrigation, purified water

Sorbents

powdered cellulose, charcoal, purified

siliceous earth
15 Carbon dioxide sorbents

barium hydroxide lime, soda lime

stiffening agents

hydrogenated castor 0il, cetostearyl alcohol,

cetyl alcohol, cetyl esters wax, hard fat, paraffin

7

20 polyethylene excipient, stearyl alcohol, emulsifying

wax, white wax, yellow wax

Suppository bases

cocoa butter, hard fat, polyethylene glycol



25 gum hydroxypropyl nethylcellulose, nethycellulose, polyethylene oxide,

povi done, pregelatinized starch, syrup Tablet and/or capQLd Queidments 26
AUG 2005 Wiy 9e1832636 PCT/ US01/ 49628 32 cal ci um car bonat e,PCg}h%@%ﬁ;zgal cium

phosphate, tribasic cal cium phosphate, calciumsulfate, mcrocrystalline
cel lul ose, powdered cellul ose, dextrates, dextrin, dextrose excipient,
fructose, 5 kaolin, |actose, mannitol, sorbitol, starch, pregelatinized
starch, sucrose, conpressible sugar, conf,ectioner's sugar Tabl et

di sintegrants alginic acid, mcrocrystallI'i'ne cellul ose, 10 croscarnell ose

sodi um corspvidone,. pol i 1] Sl U | ym st | ycol at e,
starch, pr egeuasgjlerxf:%!zlé1 éat%?/(ﬁwll %%%%c?sslzatr?g;@orf&g%%%w% ﬁ%{ﬂtﬁ%am s cal cium
" stearate, glyceryl behenate, 15 magnesium stearate, |ight mneral oil,

pol yet hyl ene gl ycol, sodium stearyl fa;ﬁtr%ar ate, siearigc acid, purified
stearic acid, talc, hydP§5§éiatedIFyetBHTE o 121 nc ' EPERte Tonicity

agent 20 dext mes@ste@irnates,i hertitide®) ,ppol Bised UsenEbh Df é femagrai um
chl ori de Vehi %ée: flavored and/ or sweetenedq aromat.ic eli\gi r, conmpound
benzal dehyde S&ntanite;s&ag i Vi GIEPyepet B e bt ese 25 sorbi t ol

sol ution, syryaldioid) RAkEBREN IR, b AUG HX 5 @/ 072636 PCT/ US01/ 49628

33
carboxymethycellulose sodium 12, carrageenan,

microcrystalline and carboxymethylcellulose sodium
cellulose, dextrin, gelatin, guar gum, hydrox&ethyl
cellulose, hydroxypropyl cellulose, hydroxypropyl

10 methylcellulose, magnesium aluminum silicate,
methylcellulose, pectin, polyethylene oxide, polyvinyl
alcohol, povidone, propylene glycol alginate, silicon
dioxide, colloidal silicon dioxide, sodium alginate,

tragacanth, xanthan gum
15 Sweetening agents

aspartame, dextrates, dextrose, excipient
dextrose, fructose, mannitol, saccharin, calcium
saccharin, sodium saccharin, sorbitol, solution
sorbitol, sucrose, compressible sugar, confectioner’s

20 sugar, syrup
Tablet binders

acacia, alginic acid, sodium
carboxymethylcellulose, microcrystalline cellulose,
dextrin, ethylcellulose, gelatin, liquid glucose, guar
25 gum, hydroxypropyl methylcellulose, methycellulose,

polyethylene oxide, povidone, pregelatinized starch,

syrup

Tablet and/or capsule diluents




Vehi cl e: ol eagi nous al nond oil, corn oil, cottonseed oiI ethyl ol eate,

i sopropyl nyristate, isopropyl palmtate, mneral oil, gbt|ﬂ;ggsal oi |,
nyristyl wboobmsis 5 octyl dodecanol, olive oil, peanut oil ,p(ﬁﬁﬁg@mg@gl
sesane oil, soybean oil, squal ane Vehicle: solid carrier sugar spheres 10

Vehicle: sterile Bacteriostatic water for injection, bacteriostatic sodium
chloride injection Viscosity-increasing (see suspendi ng agent) Water

repel ling agent 15 cycl onet hi cone, di nethjcone, sinethicone Wetting and/or
sol ubi I'i zi ng agent benzal koni um chl ori de, benzet honi um chlf ori de,

cetyl pyridi ni um chl ori deya dGGis &l 1SoHeH el my@%afumﬂolsﬂéyﬁﬂét@
oct oxynol 9, pol oxaner, ponoxyI 35 20 castor oil, polyoxyl™ 40,

hydr ogenat ed CFSRSI& (€Al G BRASHIRLS eF3t @1UPOPYLEFEEL0 ol eyl et her,

pol yoxyl 20, GRlca¥8a/stlalatity 0l vied, AbwdErddt Sa11RPbYsOr bate 20,
pol ysorbate 40, pol ysorbate 60, polysorbate 80, sodiumTlauryl sulfate,

sorbi tan 26 AUSXEGEHeSwWOIEHLEAZG3 6 asmo 9ROy, nbretboseat e, sorbitan |
monool eat e,5 SQERYILEN  1RAYER! Mt e 5&ng%fg&{g?os§ %féﬁe tyl oxapo

Preferred. ingredients or excipients incl s of am no acids such
as glycine, aRfiededatinigashatiaralti dguatese compressilybe nsugaspar agi ne,

gl ut am ne, pr@ddf%céyéﬂﬁfﬂé“é carbohydrates e.g. nonosaccharides such
as glucose, fructose act os nannose, ar abi nose, xyl ose, ribose; 3)

di sacchari des, such as Iactose trehal ose, maltose, sucrose; 4)

Tablet disintegrants

alginic acid, microcrystalline cellulose,
10 - croscarmellose sodium, corspovidone, polacrilin
potassium, sodium starch glycolate, starch,

pregelatinized starch
Tablet and/or capsule lubricants

calcium stearate, glyceryl behenate,
15 magnesium stearate, light mineral oil, polyethylene
glycol, sodium stearyl fumarate, stearic acid, purified
stearic acid, talc, hydrogenated vegetable oil, zinc

stearate
Tonicity agent

20 dextrose, ‘glycerin, mannitol, potassium

chloride, sodium chloride
Vehicle: flavored and/or sweetened
aromatic elixir, compound benzaldehyde

elixir, iso-alcoholic elixir, peppermint water,

25 sorbitol solution, syrup, tolu balsam syrup



10 pol ysaccharides, such as maltodextrins, dextrans, starch, glycogen; 5)
alditols, such as mannitol, xylitol, lactitol, sorbitol; %8 meuéWs onic
acid, gal@ebminss c acid; 7) cyclodextrins, such as nethybpcTmgei/odesctrin,
hydr oxypr opyl - (3-cycl odextrin and alike 8) 15 inorganic salts, such as.
sodi um ' chl ori de, potassium chloride, magnesium chloride, phosphates of
sodi um and potassium boric acid ammoni um carbonate and anmoni um
phosphate; 9) organic salts, such as acetafes, citrate, -.ascorbate,

| actate; 10) enul sifying or solubilizing 20 agents |ike acaci a,

di et hanol am ngyg I&ﬁ]cee.r HiedRnifLarate, |ecithin, nonoethanolamne, oleic
acid, oleyl alcoho pol oxamer, polysorbates, sodiumlauryl sulfate,
stearic acid, sorbitan nonol aurate, sorbitan npnostearate, and other
sorbitan derivatives, p%l Wc% & de&s dﬁté st1cé{‘@8%n£’é)éé’08‘¥let hé(é
derivatives, sorbitan érivatives' Scosity 1ncreasing Teagents
li ke, agar, algjiedte acisbrabyk snysraistsat@uaxsqampybemlmﬂtm yvinyl

al cohol , polyeth |.ene id I it atd opyl-ene
carbonate, 30 p eaf yq({)& el }glglrhqlh gél'iejlgl@gﬁ%ynd CF&}(CQ%OI A
further presfercrcs:qr]gicniqz:a)‘fole,xm]pnmt&br pegmedi @il s perﬁ:icudb;sl sucrose,
trehal ose, |actose, sorpitol ol salts of sodi um and

pot assi um suc MR D050 3{}@5 %]7]; S%q'ﬁ%?‘?%OU 49628 35 as acetate,
phosphates, citrates, borate, glycine, arginine, polyethylene oxide,

pol yvi nyl al cohal, polyet | ene gl ycol, hexylene glycol, nethoxy

pol yet hyl ene g‘f‘i}'&‘cﬂ 'ge'ﬂf Jl% %%ypropyl 3 5 cyclodextrin. Insoluble and
stable form-- a form of crystal of an whol e antibody or a single-chain Fv

anti body fragnment crystal or an Fab anti body fragrrent
sugar spheres

10 Vehicle: sterile:

Bacteriostatic water for injection,

bacteriostatic sodium chloride injection

Viscosity-increasing (see suspending agent)

Water repelling agent
15 cyclomethicone, dimethicone, simethicone
Wetting and/or solubilizing agent

benzalkonium chloride, benzethonium chloride,
cetylpyridinium chloride, docusate sodium, nonoxynol 9,
nonoxynol 10, octoxynol 9, poloxamer, polyoxyl 35
20 castor oil, polyoxyl 40, hydrogenated castor oil,
polyoxyl 50 stearate, polyoxyl 10 oleyl ether, polyoxyl
20, cetostearyl ether, polyoxyl 40 stearate,
polysorbate 20, polysorbate 40, polysorbate 60,

polysorbate 80, sodium lauryl sulfate, sorbitan



crystal which is insoluble in aqueous solvents, organic 10 sol vents or
aqueous-organi ¢ solvent m xtures and which displays greaﬂth%Gzﬂﬂﬂ Ity than
t he sol uly@od@n8360f the counterpart antibody or single-chermséivoarst i body
fragnent or Fab anti body fragment. According to one enbodinent of this

i nvention, the phrase "insoluble and 15 stable fornf may denote a form of
crystals which is insoluble in dry preparations but soluble in wet
preparations. In any enbodi nent, the whokg antibody crystals or crystals
of a single-chain Fv antibody fragment or crystals of an Fab anti body

fragment my ReRA Aldat@, Rorb@avbh@dricdyi@ardnd daranarenbodi ment, the
whol e antibody crystals or crystals of a single-chain_ Fv antibody fragnment
or crystals ofmcnepRaMidRtiehodPrLLLARERNARRPHA Lot iWd IXPRNsol ubl e form
then dissolve or are renoved or digested once their function is 25
conpl ete. According to another enbodinent of this invention,. crystals of
whol e anti bodi es or fraéh@ﬁﬁgre@hémgmbdﬁﬁpqﬁaQﬁ(ﬁ%ﬂﬁgﬂ&ﬂﬁﬁ(ﬂnQ%ﬂd%j
stability. Acgordi er, ' t, Of 1iSd N J netal ions,
e.g., Ca", rrafﬁbes(zg‘g: ef?oft gamg?%staeﬁq rsgggg @%%Igelﬁnﬁﬁéﬁoﬁi%m%'r agment s

t her eof , r énderspeg tilte accirdy,s Elus amdrce daishl disEingd aaRaLagigige. Label --

I ncorporation aof .a l.abel to crystal. of _an kﬂﬁ%ﬁﬁggy r of,a

si ngl e-chain utaa‘rﬁlirﬁddfrforlgélr?én%%g%1(§¥inaen’ I—ééwbcgaﬁl y rea%'neérz'tg' 26 AUG
2005 WO 02/ 0 #6136 RCHAISHEA R 36 Ibriasam\f hectsseactgal fgtorse he group
consisting of radiolabels,. enzyne l.abels, .toxins,,nag 'ﬁjﬁg or drug
conj ugat es. Li"&ﬁﬂrt?spedl ﬁﬁa l-n-osf)%r écyllloqsuei 'dp bgaééeé]’sy?’n)t he'?'sleaE:(JJ ng%&sh‘er S, such
as pol y- et hyl ene-lglagc dladti=@),, tireHdloseabserlososd, agummsse ord)or gani c

sol vents. ,

10 polysaccharides, such as maltodextrins, dextrans,
starch, glycogen; 5) alditols, such as mannitol,
xylitol, lactitol, sorbitol; 6) glucuronic acid,
galacturonic acid; 7) cyclodextrins, such as methyl
cyclodextrin, hydroxypropyl-f-cyclodextrin and alike 8)

15 inorganic salts, such as sodium ‘chloride, potassium
chloride, magnesium chloride, phosphapgs_of sodium and
potassium, boric acid ammonium carbonate and ammonium
phosphate; 9) organic salts, such aslacetates, citrate,
ascorbate, lactate; 10) emulsifying or solubilizing

20 agents like acacia, diethanolamine, glyceryl
monostearate, lecithin, monoethanolamipe, oleic acid,
oleyl alcohol, poloxamer, polysorbates, sodium lauryl
sulfate, stearic acid, sorbitan monolaurate, sorbitan
monostearate, and other sorbitan derivatives, polyoxyl

25 derivatives, wax, polyoxyéthylene derivatives, sorbitan
derivatives; and 11) viscosity increasing reagents
like, agar, alginic acid and its salts, guar gum,
pectin, polyvinyl alcohol, polyethylene oxide,
cellulose and its derivatives propylene carbonate,

30 polyethylene glycol, hexylene glycol and tyloxapol. A
further preferred group of excipients or ingredients
includes sucrose, trehalose, lactose, sorbitol,

lactitol, inositol, salts of sodium and potassium such



Loss of shelf stability -- the loss of specific activity and/or changes in
secondary structure of a crystalline whole antibody or of dNﬁsﬂﬂﬁllne 10

si ngl e- chgw@omeeédgody Fv fragnent or of a crystalline Fabp@nisdadys
fragnent as conpared with the soluble (i.e., non-crystallized, native)
anti body or single- chain Fv antibody fragnment or Fab anti body fragnent
~counterpart over tinme, when incubated under 15 correspondi.ng conditions.
Loss of stability -- the |oss of specificssactivity and/or changes in
secondary structure of a crystalline whole antibody or of a crystalline

singl e- chain agtbbedwutby phogphated, Ofi tdat¥st Fria@,Faflq anti body
fragnment as conpared with the soluble (i.e non- cryst al |zed) ‘ant i body or

si ngl e-chai n F@raﬁpﬂﬁﬁdypoﬁV§§H¥ﬁ?n8rOFégeanPPBdﬂynwr agreshodount er part
over tirme, whpb@yle@ ?QEHE' gm gager h%&w%eogdmlcom thl@ﬂ,s
e 5 f erapeutlc

.Macr onol ecul es - - I ns g ycopr ot ei ns pept’i des,
proteins, DNA 8P RﬂAhNéFBéuB §C°1p09§§éééﬁarhaégoxwpg@@w t-&i-ns,
|'i popol ysacehagi desqeMet-had of Administration -- crystals. of whol e

anti bodi es or single-chain Fv anti body fragnent crystals or Fab anti body
fragment crystals, or cr¥5ﬁal_kégiéﬂduﬁéﬁbgﬁs_ﬁmmhonp@sﬁﬁﬂmngfthereof may
be appropriale(gead K2 LAl ingl Madies ok, adsl o %EF’%EL UWnaifNEge My

i ncl ude oral parentera mnistratio parenter al
adninistrationaaccbpdwnéraemehtsCrvﬁﬂ@ﬂtp@nannfbbdeptbbbdaréragmdnuﬁted

to, 26 AUG 2008, 00,02 A12R20PELLUSALAL9978 31 silacutaneqys, Lot auenous

transdermal , int anuscu ul monary I'n ation, |ntra esi 0 cal
adn1n|straﬂoonsoheedte DMJeqquns-dmgap@wdeplvenhahakmumessbnd Wthh

e'eCtrOporatiOBisB?B?ﬁogrggtg¥eg¥ab§QQty than the soluble form of the

counterpart antibody or single-chain Fv antibody
fragment or Fab antibody fragment. According to one
embodiment of this invention, the phrase “insoluble and

15 stable form” may denote a form of crystals which is
insoluble in dry preparations but soluble in wet
preparations. In any embodiment, the whole antibody
crystals or crystals of a single—chéiﬂlFﬁ éntibody
fragment or crystals of an Fab antibody fragment may be

20 active in insoluble form. And in one embodiment, the
whole antibody crystals or crystals of a single-chain
Fv antibody fragment or crystals of an Fab antibody
fragment may be active in insoluble fofm, then dissolve
or are removed or digested once their function is

25 complete. According to another embodiment of this
invention, .crystals of whole antibodies or fragments
thereof may be crosslinked for added stability.
According to another embodiment of this invention,
metal ions, e.g., Ca*', may be added to crystals of

30 whole antibodies or fragments thereof, rendering the
crystals more insoluble and more stable.

Label -- incorporation of a label to a

crystal of an whole antibody or of a single-chain Fv

antibody fragment or of an Fab antibody fragment.



5 needl e-free injection technol ogi es, including needle- free sub-cutaneous
adm nistration. Mcrospheres -- encapsul ated crystalline 8tALG WS which is
spheri calwon2/0méshl y or nearly spherical, and has a di ampCaruSortsseen about
1 nmand 10 about 1 mm Mcroparticulates -- encapsul ated crystalline
material which has a dianeter between about 1 nmand about 1 mm but has
no defi ned shape. Mother Liquor -- the buffer used for 15 crystallization
of macronol ecules, e.g., proteins, nuclee acids. Needle-free drug
delivery devices and jet injections -- delivery of a substance into the

body of a mmEHel<Hmat ey slidat® M PieNtgrouhi €édnsiDesimgto20 invol ve
using a sharp needle for injection. . This nmay be a need| e-free device

whi ch del i ver Fadielahsdison &r3me d JhedSou @ ins atRERnHe ra9eReFpPEs of
comercial ly- dguglégﬂf%dgggg e-free injection devices or systens that can
be used to adm nister crystals or crystal 25 fornulatlons or conpositions
of whol e anti bodi es or M&@@ﬂ@mﬂ PUKL m%dtrabaw sSynpbeatien
i nclude, gt %Kol%}rﬁ&vs | fEL{c'jH efd 'poipestin dYedi £8)col t trrc) Bi ph €-EOr 2000(r)
(Bioj ect , Inc.), aJet'" N&bA Nbdlcal Products, -Inc.), and J-Tip(r)
(Nat i onal wbmaﬁﬁenmexﬂﬁn%guequﬁ|QR:9rganﬁr%ekNent§£xn Inc.), Mesoflash
(also called Isojet'") y(fxoldd efa VAL BT Fl eCtEhdUEssé ENPOS Pharma),
and a two-stage fluid médi cament et 1njector (Avant EXUg Del i very
Systems, |nc. )spa&mm1WM/mmm3 USD 13200 R BB F Fankere
solvents -- a ol f e I pol ymer s
and m xtures Q%I%Zar eo&gt C%Lglalnrhlczal; \%e%‘tqgc%dl%b%r (?E é[It légsééafs%%?e

10 single-chain antlbody Fv fragment or of a crystalline

Fab antibody fragment as compared with the soluble
(i.e., non-crystallized, native) antibody or single-
chain Fv antibody fragment or Fab antibody fragment
counterpart over time, when incubated under
15 corresponding conditions.
Loss of stability -- the loss of specific
activity and/or changes in secondary structure of a
crystalline whole antibody or of a crystaliine single-
chain antibody Fv fragment or of a crystalline Fab
20 antibody fragment as compared with the soluble (i.e.,
non-crystalliied) antibody or single-chain Fv antibody
fragment or Fab antibody fragment counterpart over
time, while in solution under correspoﬁding conditions.
Macromolecules -- proteins, glycoproteins, _
25 peptides, therapeutic proteins, DNA or RNA molecules,
polysaccharides, lipoproteins, lipopolysaccharides.
Method of Administration -- crystals of whole
antibodies or single-chain Fv antibody fragment
crystals or Fab antibody fragment crystals, or crystal
30 formulations or compositions thereof, may be
appropriate for a variety of modes of administration.
These may include oral and parenteral administration.
Examples of parenteral administration according to this

invention include, but are not limited to,



i nvention include: acetone, nethyl alcohol, nethyl 5 isobutyl ketone,

chl orof orm 1-propanol, isopropanol, 2-propanol, acetonitrg AUG 1Bt anol ,
2- but anol weebdmrhessal cohol , cycl ohexane, N-nethyl pyrroli di npaguédiMsas

di oxane, ethyl acetate, dinethylformam de, dichloroethane, hexane,

| sooct ane, nethylene chloride, 10 tert-butyl alcohol, toluene, carbon
tetrachloride, or conbinations thereof. Pharmaceutically effective anpunt
-- an anount of a crystal of an whole ang4body or of a "-single-chain Fv
anti body fragnent or of an Fab antibody 15 fragnment, or crystal fornulation
or conposi ti onsubAeE £Réoudhi ChtisvehbEE! | VBahBabERaL , 21 ReRALERN 1R an
living organismto whomit is adm nistered over sonme period of tine.

Pl astici zi ng -Pulfgenary siphalatieneringrglesiopalanbppacadt hanol, to nake a

fornul ation coggisi S0 i 900! Seddl b bPdyeEEYShHA d‘9§, BBl.aRdy fragment
crystal in a solution that becones viscous affer ft is Injected

subcut aneousl yinhatathena Peirisleqieopesationg Aeyhsoli dedsiveyynabinidx is
adhesi ve, biodggrafal n | QGO ) . Ihe ' or. _anti body
fragnent is th%én re%ﬁ%%dp?%é%pic%ﬁt%ﬁ%%%ﬁ%% ??%?ﬂggﬁégn&%@?

Pol yet hyl ene gfyes|sylPEmtaneeus -adghengserabionhe PEG noieties used
according to this inventyo inte L a, 2 EG 400, PEG

10, 000, PEG 30 80, 000) ﬁ‘rjév%‘%c’ré&%‘%%%e ch%?ﬁéﬁ’%ﬁb?ﬁ?di ggY?Eﬁu BF ' of

et hyl ene gl ycohatesialleghicht he fH@Echaah. oForoughaypbe, nBEE 200 has 200

i | ; : EG 80,000, h 80, 0Q0
othyl ene ol yearPREELEdEs A a6 LER BV LF e iR laPaSr 035850288 6 auc

-ethyl ene glyco resi due poryner’,
2465 PCT/U5014296281 mm.

Microparticulates -- encapsulated crystalline

material which has a diameter between about 1 nm and
about 1 mm, but has no defined shape.
Mother Liguor -- the buffer used for
15 crystallization of macromolecules, e.g., proteins,

nucleic acids.

Needle-free drug delivery deyices-and jet

injections -- delivery of a substanée inﬁo'the body of
a mammal, or other suitable recipient, which does not

20 involve using a sharp needle for injection. This may
be a needle-free device which delivers the substance in
a pressure-mediated manner. Examples of commercially-
available needle-free injection devices or systems that
can be used to administer crystals or crystal

25 formulations or compositions of whole antibodies of
antibody fragments according to this invention include,
inter alia, Intraject™ (Weston Medical, Ltd.),
Biojector2000® (Bioject, Inc.), MadaJdet™ (MADA Medical
Products, Inc.), and J-Tip® (National Medical Products,

30 Inc.), LectraJet™ (DCI, Inc.), Mesoflash® (also called
Isojet™) (Prolitec), VACCI JET Electrique™ (ENDOS
Pharma), and a two-stage fluid medicament jet injector

(Avant Drug Delivery Systems, Inc.).



Polymer -- a large nolecule built up by the repetition of small, sinple
chemical units. The repeating units may be linear or branQie8V or m

i nt er conng@ eb7pedswor ks. The repeat unit is usually 5 equipei/esti/s28near!|y
equi valent to the nonomer. Polyneric carriers -- polyners used for
encapsul ati on of whole anti body crystals or crystals of single-chain Fv
anti body fragnents or crystals of Fab antibody fragnents for delivery of
such whol e 10 anti bodi es or antibody fragggnts, including.biological
delivery. Such polyners include bioconpatible and biodegradable pol ymers.
The polyneric carrier mayprggnac ébmgbﬁtBOLynﬁhYt ¥Revehti bfMpnbe conposed
of a mxture .of polyner types. ynmers useful as the polyneric 15
carrier, incluggUEBHSeREMBLE, bBF}uéaEByFFﬁu&élﬁP YPEEY apcy BAFEMK$Eat es) ,
poly (ami no acifs}eopo! Yor aﬁhxdébdeéhtspghytsﬂﬁgs'fB%pth@ebreaahx (esters)
such as poly (lactic acid)_or PLA, poly (lactic-co-glycolic acid) or
PLGA, poly ((3inyensigputipginds; BEEyORE, (@ashwﬂa@tl@@é\plan@esbw

(di oxanone)¢ p y I y ¢( ro yl am de,
pol y [(orggno?gﬁgég gzgﬁg ney %ﬁQ%%?F gheséep¥gb%%£P ?gbkggbggﬁgohol)
poly (vinyl pyr2obkdpasp]l, natetenahmyaEudé bata?b1V|ﬁy usened . cepblyyiner s,
pl uroni ¢ pol ur gl tyi p §es,

al gi nat e, celgi?osé§énép g?ﬁefggé dgrpégﬂY§égEQ%llﬁéggh% qﬁk??h

gel atin., hyalduonaneacedhyblagesaCehadndeshylgbymamud@gIycans sul f at ed
polysaccharlde di fi ta su | o 3L ctin
starch, 30 hyd?%ﬁﬁgPﬁnggFaébhﬁgﬂgﬁﬁacgg ggg%érgﬁt%g 8% tﬁgg%&gggrches
and any conventeonabuuyﬁeanabhbhattmﬂhbneencapb@hatetmachdbm1deysbals
Prophyl acti cal | ffe tive unt .-- an anount of a crystal of a whole
ant i body or Slﬁé gﬁﬁn56 g? BE=2605 :

Pharmaceutically effective amount -- an

amount of a crystal of an whole antibody or of a
single-chain Fv antibody fragment or of an Fab antibody

15 fragment, or crystal formulation or composition
thereof, which is effective to treat a condition in an
living organism to whom it is adminis;ered over some
period of time. |

Plasticizing -- use of a plasticizer, e.g.,

20 lanolin, ethanol, to make a formulation comprising a
whole antibody crystal or antibody fragment crystal in
a solution that becomes viscous after it is injected
subcutaneously, forming a matrix. The.resulting high
viscosity matrix is adhesive, biodegradable and .

25 biocompatible. The antibody or antibody fragment is
then released in a controlled manner from the matrix.

Polvethvlene glycol (PEG) size ~- The size of

the PEG moieties used according to this invention
(e.g., inter alia, PEG 200, PEG 400, PEG 10,000, PEG
30 80,000) refers to the chain length, i.e., number of
ethylene glycol residues in the PEG chain. For
example, PEG 200 has 200 ethylene glycol residues in
the PEG polymer, PEG 80,000 has 80,000 ethylene glycol

residues in the PEG polymer, etc.




WD 02/ 072636 PCT/ US01/ 49628 40 Fv anti body fragment crystal or Fab antibody

fragment crystal,

or crystal fornulation or conposition tipegeut, 2008hi ch is

effective W@Oyﬂ'éﬂﬁnt a condition in an living organism tOPmmi/{96iss
adm ni stered over sone period of 5 tinme. Protein -- a conplex polyner

containing carbo

n,

hydrogen, oxygen, nitrogen and usually sulfur and

conposed of chains of am no acids connected by peptide |inkages. The
range for 10 proteins inel udes peptides of 1000 Daltons

to glycoproteins of 600 to 1000 kilodaltons. Protein dellvery system - -
for adnnilyteri Rg aneaeyeThicd <l PAANGI Ny W,@hf)es an

i gle-c aln EX anti body fragnent 15 crystal
ant i body fragmfiPe Fg PR CLoPMRS L nusdird s C@ﬁ“@@ﬁﬂoﬂﬂmuﬁw(xﬂhH|S|ng such

nmol ecul ar wei ght

met hod or neans
ant i body cryst%I

crystal's, to arepeateggcahiest nhy- bBadhﬁbaerr bf%%?ﬁ 'E§H§3ﬂ9f a
€ y or

radi ol abel to.a
a singl e-chai niRy

e

rotein, such as a crystal of ant i 20 of
5ﬁ?PBSG§eFr§§HEﬁFk§r of'bgn rE@gagnuinbcdy f nesgirnly. | n

situations Bheeguitgléadi gk-ahghy1 aéqﬁl§QQEBth%Bfth'f%b as mnth 131, or
90Y, the radiolabel can_also be therapeutic, e.g ea 11
radi oi munot her api es aga?ﬁé¥m§§h§eﬁé££¥§zﬁons neﬂhmdsszﬁseﬁ Ifakeel i ng

pol ypepti des asflcghyGoRE ObRI BE RHS1KNGUE n sed.
Exanpl es of Iabelsblnclude but are notle ESY?EElghgrfgxwg%Fxﬁ of

radi oi sot opes 6%“9}%d?%%he|Eﬁt@@%@boéyifzagmemsm 0858ry8@¥1s98FcFabl | I n,
1251, d 13 ti bod
20, 13 g0y S crebipisoncor dhgsolul op Bl ghea e o

crystals or crystals of a Single-c

t or of an Fab

ant i body f}%gnﬁ%glbgﬁles or antibody fragments, including biological
delivery. Such polymers include biocompatible and

biodegradable polymers. The polymeric carrier may be a

single polymer type or it may be composed of a mixture
of polymer types. Polymers useful as the polymeric
15 carrier, include for example, poly (acrylic acid), poly

(cyanoacrylates), poly (amino acids), poly

(anhydrides), poly (depsipeptide), poly (esters) such

as poly (lactic acid) or PLA, poly (lactic;co—glycolic

acid) or PLGA, poly (B—hydroxybﬁtryate), poly

20 (caprolactone) and poly (dioxanone) ; poly (ethylene
glycol), poly ( (hydroxypropyl)methacrylamide, poly
[ (organo) phosphazene], poly (ortho esters), poly (vinyl

alcohol), poly (vinylpyrrolidone), maleic anhydride-

alkyl vinyl ether copolymers, pluronic polyols,

25 albumin, natural and synthetic polypeptides, alginate,

cellulose and cellulose derivatives, collagen, fibrin,

gelatin, hyaluronic acid, oligosaccharides,

glycaminoglycans, sulfated polysaccharides, modified

starches such as amylose starch, amylopectin starch,

30 hydroxyethyl starch, methacrylate starch, and other

starches, and any conventional material that will

encapsulate protein crystals.

Prophylactically effective amount -- an

amount of a crystal of a whole antibody or single-chain



formul ati ons or conpositions conprising such crystals, in an appzr'%ori ate
buf fer or pharmaceutical preparation. 28 AUG 2005 WD 02/ 02852366

PCT/ USO1/%8®2872636 Room Tenperature -- for purposes of thi ecruseeadvézen, it
wi |l be understood by those of skill in the art that roomtenperature can
be any tenperature from about 20C to about 26C. 5 Stabilization -- the
process of preventing the |oss of specific activity and/ or changes in
secondary structure of a crystalline wholg anti body or ‘of a crystalline
singl e-chain antibody Fv fragnent or of a crystalline Fab anti body
fragment as compaiadiMbdy hhdents obrdien BRdF- beslly ht shogl-efelgnankv

anti body fragnent counterpart, or_Fab antjbody fragnment _counterpart, by
preparing for mi&tdhs &F Cofffcst tforlaticm$poa9TBPSsthgnrethaarPALFY

anti body fragrgcipridads fati Rodyo fpaoremt £ryshaitiowi 1A §xCiPLgRES or 15
ingredients, including polymeric carriers. Therapeutic antibody or .
singl e-chai n RrgamsHoes YhayndhtlpradministeredyoyYergrenesperigd efyst al
of a whol e @antd Jady or single-chain Fv antibody fragnment or Fab anti body
fragment, or crystal 20 conposition or formulation thereof, according to

this invention, which iRrotefm nistereempben povymgrocganadningo treat a

given illness t of I ne; I bod r..Si - kn. Fv

anti body frag%%k?cyﬁ()rf k&’;ﬂbgﬁlf'bo%fy ra,g%%?{Bégﬂa%ngn%l§%%g;90§nfggr

si ngl e- chai n Pndmérpelsed raynedrmins dHabamine badyds ragneactedabyis elicited
by (1) a natiy {ige : ' geni.c agent such
.as a virus, p}ge asﬁ%,ﬁb%}f:ege%a g&?%ﬁ%ﬁ%\g?%qu?g)?%gngg‘%ﬁga%#umr, or (2)
an al l ergearn Theotprinei inclotdes tyemf 1@9s sothl ¥@@ chaktansi bodi es or
single-chain @ﬁﬁ%gﬁ£g%%&ns of 600 to 1000 kilodaltons.

Protein delivery system -- method or means

for administering one or more of a protein, such as an
antibody crystal, single-chain Fv antibody fragment

15 crystal, Fab antibody fragment crystal, or formulation
or composition comprising such crystals, to a
biological entity. o

Radiolabel -- incorporation of a'radiolabel

to a protein, such as a crystal of an whole antibody'or

20 of a single-chain Fv antibody fragment or of an Fab
antibody fragment. In situations where the radiolabel
has a short half-life, as with 131y or 90y, the
radiolabel can also be therapeutic, e;é., used in
radioimmunotherapies against cancers. Various methods

25 of labeling polypeptides and glycoproteins are known in
the art and may be used. Examples of labels include,
but are not limited to, the following radioisotopes or
radionucleotides: °H, ¢, 5N, 3%s, %, 991c, lin, 1257,
and 31,

30 Reconstitution -- dissolution of whole

antibody crystals or crystals of a single-chain Fv
antibody fragment or of an Fab antibody fragment, or
formulations or compositions comprising such crystals,

in an appropriate buffer or pharmaceutical preparation.



fragnents or Fab anti body fragnents is the induction of protective | mune

responses specific for a pathogenic agent, tunor, or aller ognpther
antigen. ¥b 4328805 WO 02/072636 PCT/ USO01/ 49628 42 Cryst H Whol e
Anti bodi es and Fragnents Thereof the Advantages Thereof Crystallinity of

macr onol ecul es, such as whole antibodies, or fragnments thereof, is of
great 5 value for their storage and deIivery In vivo. However, few
techni ques exist for the preparation of |lgrge quantities of such
crystalline macronol ecul es which are stable outside of the nother |iquor.

Crystals of proteins, SHSBma§e$B@£§t§9E'bOdE8§ ﬁ39p0€@¥“% 14 thereof,
nmust be handl ed with considerable care, since ey-are extren@ly fraglle
and contain a hPyﬁntp@BpoitlEhlbfbgohvéﬂrstbpdlbwahbSbn@M1sM1bdrfw
crystal | ograph h t C n r ronol ecul ar
VnkNake | BRadl tood Eg@ﬁapﬁkg% Bah’ B anlREIATO G

crystal s quickly degénérate upon ratron rn ai ‘TS crystal
Is careful ly §eparab@dtf2@ﬁ€|t@ ab@hErZBPQUor and inserted into a

capillary tgbe. The tube fromt usi_ng .dental wax or
silicone gr%ase al ong vm"%‘%—a—s-na'#—s bEPELE Jflam)ugﬁ Pr%?ﬁsr Ofi EE&VQ%% to
mai ntai n hydrat-henl@@s[M:PhpeebfnicAaq:thépyrahdgéerandaﬁgelsyilns of Protein
Crystal s, Robe r|e er P b|ISh 198 Anot her
techni que is toécgk? ?5%1Ona r8ﬁ%F§%3?§chW§§§&|§ Eprdéhlc

t enper atures. Jhea crysttal:slrae espmgbamﬁaaﬂdahheboaﬁpb“dl ¥ reomleedt ot 25

prevent ice lattice for I n_the aguequs_nedium Instead of_ ice, a
rigid glass fo%%s %ﬁ%%ga%g PR aR R HPO §Ytﬁr?$T?PE 88nEgEPAEEGs (it ar e
t hen nalnI@Jneﬂeaeoﬂﬁﬁué(&ﬁti%@&pnér0$yﬁgaé &haint pgr aht@Bsdyl Rodgers,

D.W, in thhogéaéﬂenn oun8g¥péEds

ab antlbody fragment
counterpart, by preparing formulations or compositions
of antibody or single-chain Fv antibody fragment or Fab
antibody fragment crystals, with excipients or

15 ingredients, including polymeric carriers.

Therapeutic antibody or single-chain Fv

antibody fragment or Fab antibody fragments -- a

crystal of a whole antibody or single-chaih Fv antibody
fragment or Fab antibody fragment, or crystal

20 composition or formulation thereof, according to this
invention, which is administered to a living organism
to treat a given illness or symptom thereof .

Vaccine antibody or single-chain Fv antibody

fragment or Fab antibody fragments -- an antibody or

25 single-chain Fv antibody fragment oxr Fab antibody
fragment that is elicited by (1) a native antigen,
e.g., an antigen found on a pathogenic agent such as a
virus, parasite, bacteria or tumor cell, or found on a
tumor, or (2) an allergen. The protein activity of

30 such vaccine antibodies or single-chain Fv antibody
fragments or Fab antibody fragments is the induction of
pProtective immune responses specific for a pathogenic

agent, tumor, or allergen, or other antigen.



30 C.W and Sweet, R M) Academic Press, v.276, p. 183 (1997)]. Wile this
technique allows one to maintain crystals outside of their2&dbaelb i quor,

it cannowdezomssmd at tenperatures higher than 100 K 28 Ad®nad0ha9628\0

02/ 072636 PCT/ US01/19628 43 In principle, dried crystals can be prepared
by | yophilization. However, this technique involves rapid cooling of the
mat eri al and can be applied only to freeze stable products: The aqueous
solution 5 containing a crystalline whol ggantibody or a -crystalline
singl e-chain antibody Fv fragnent or a crystalline Fab antibody fragnent

is first frozesvis®albeiesn oAGae -HRCi bdBE8s A8 FE&gmSnE8MMEedeyRdeEr

vacuum Ice formation 1s usually destructive to the 10 protein crystal
| attice, yieled h al s and anorphous precipitate. It is

desirable to. produce whohaNiolieSor hiletdfioteyalabligachtabe. Lhat are
pure and stable under storage conditions at anbient tenperatures. Such 15

crystal s consthodee antgdiadias ary BavaneagectBerepf iorofogagat

preparati ogs foaluéer%qe HebiSe 'aé%:é’é’%&ié'ﬁ -deﬂf‘@ef?%ﬁ%i?gyenﬁ&a?ver
advant ageously provides fornulationhs and compositions of crystal's of whole
anti bodi es. THewpresdmidueseriiat afeo phevpresarationnafatavgs and

COMpOSi L1 0ns LAL-UAe o AIPIAL IOl 100! FaBPLLORELER B0 Rl LACL 80! 1 d
particles or I spersed in a non-aqlieous sol vent. Furfher nor e, e
i nventi on may stebdpplawdide tdfe Hiormeeher bhiguayl e Cryseads bfol ogical ly

anti bodi oot netore i TRTALIETS S pborfie by Biofent i Sai et
t hi s i nveai othepesfi désist et Hothdbed cwish atdngidgrabhgl earbai aihve
they are extremely fragile and contain a high
proportion of solvent. It is well known in x-ray
crystallography that .the diffraction patterns from
macromolecular crystals quickly degenerate upon
15 dehydration in air. Normally, a crystal is carefully
separated from its mother liquor and inserted into a
capillary tube. The tube is sealed'fgpm the air using
dental wax or silicone grease, along with a small
amount of mother liquor inside to maintain hydration
20 [McPherson, A., Preparation and Analysis of Protein
| Crystals, Robert E. Krieger Publishing, Malabar, p. 214
(1989)]. Another technique is to collect data from
macromolecular crystals at cryogenic témperatures. The
crystals are prepared and then rapidly cooled to
25 prevent ice lattice formation in the aqueous mediuﬁ.
Instead of ice, a rigid glass forms, encasing the
crystal with little damage. Crystals are then
maintained at 100 °K to prevent crystal disintegrations

[Rodgers, D.W., in Methods in Enzymology (Eds., Carter,

30 C.W. and Sweet, R.M.) Academic Press, v.276, p. 183
(1997)]). While this technique allows one to maintain
crystals outside of their mother liquor, it cannot be

used at temperatures higher than 100 °K.



(scFv) fragnments of antibodies, and using such crystals 30 in various

bi omedi cal a JJI i cations. Such scFv fragments are construc@8dAlsy MBnki ng

t he vari aM@02/47%¢86on of an anti body heavy chain to a vari BPCBEUSHEHHIB of an
anti body |light chain through the use of a linker peptide. Due to their
smal | size, scFv fragnents allow 2 8 AUG 2005 WD 02/072636 PCT/ US01/ 49628
44 tissue penetration nore readily than do whole antibodi-es, and therefore
may have val uabl e therapeutic applicatioA8 for particular indications. It
shoul d be wunderstood that crystals, crystal fornulations or 5 crystal
conposi ti ons contai ni ng FoFpringgpee,sdrirdherypradisatoan ded preidarzed. in
.the sanme manneg ,a ' : cry f | e .antibaodi es, in_the various
enbodi ment s of ED1.yh|E OF%\??%’?F%%Onl'n z%g{eﬁlg%'e\#%g |_tm%ﬁ R DTS 1inﬁ’\?§ﬁ’telson 10
provi des a net hegiflocoolysgabifi ziheg madkerfiedgmad saof be. applied esmlyand

usi ng such cr a Lp_vati i i_cal pl.i cations. ,Such Fab fragnents
'are-ggenerateéﬁéykgﬁgggt?%éggacgﬁfﬁgﬁgsanti %G$QM3PHStﬁ81U§ﬁf§hE papain, to
yi el d anti bédycbnagaanhgnel ecysesll5ne whodee aattibgdy bindi ng site, as

descri bed above. Alternativel Fab .fragnents, e ‘generated by using
genetic engineSFVﬁﬁaégéﬁﬁoF68?¥é553a38 Fﬂ&FE°§¥gﬁ¥é ra%W?QF PXb 3 r agnent s
al l ow tissue pesgttallonenBab rmaadbodyt izagaenthalse fapsitbgdionen aed

therefore nmay 20 _have particyl arly val yabl e therapeutic applications for
particul ar ind%ﬁEWFSHsfgbtagﬁoﬁﬁaxﬁé uﬁgﬁpsta &t 1scrpgoyed vadest g

fornul ati ons owaeuust al 1eenposinbt@dn ieonkakNlpydeabriicagients e¢a be

gener at ed dutilized in the same manner _gpplicable to crystals of whole
95 anti bodfBs, PFRLERR G5¥PE0L SABbAFRenySeatonm & M HeuRe OF crystals

and amorphous precipitate. )

It is desirable to. produce whole antibodies,
in the crystalline state, that are pure and stable
under storage conditions at ambient temperatures. Such

15 crystals constitute a particularly advantageous form
for dosage preparations of therapeutics and vaccines.
The present invention advantageously_g;ovides
formulations and compositions of'chStalé.éf whole
antibodies. The present invention also provides

20 formulations and compositions for storage of crystals
of whole antibodies as either solid particles or
dispersed in a non-aqueous solvent. Furthermore, the
invention may be applied to the_storagé of a single
type of biologically active whole antibody or a mixture

25 of different types of whole antibodies that do not
interact with each other.

In another embodiment, this invention
provides a method for crystallizing single-chain Fv
(scFv) fragments of antibodies, and using such crystals

30 in various biomedical applications. Such scFv
fragments are constructed by linking the variable
region of an antibody heavy chain to a variable region
of an antibody light chain through the use of a linker

peptide. Due to their small size, scFv fragments allow



This invention allows crystallization of, and wuse of crystals of, all of

t he i nmunogl obulin classes 1gG IgM IgA 1gD, IgE and ﬁaimwﬁlgﬁ(sl gA)

as well 300az0123 subcl asses 1gGL, 1g&, 1gG3 and | g4, | ger/used49ékgy M2, and
| gAl and 1gA2, as well as scFv fragnents and Fab antibody fragnents, from.
all the immunogl obulin classes and subcl asses. WD 02/072636 45 28 AUG 2005
PCT/ US01/ 49628 | n anot her enbodi nent, this invention provides a nethod for
rendering biologically active cryst al's afs4 whol e anti bodi es. suitable for
storage in suspensions conprising replacing the nother I|quor with 5 a

non- aqueous salivenie peheteiatdrel heiree et iBntthdmealo oitysial | ine slurry can
be rendered soli d by, spi nn| out he first sol vent%%?ril%washl ng the

remai ning cr Y %qqdrﬁssolal e dthd l't?r‘ﬁf’arﬁacl ntNeERPe R e

water, foll O\A@@plmc%\tawsatﬂoqn pafrttﬂte;lram il BeESs SOl MEnd ol -Elueous
slurries of cruystal | i ne whol e anti hodies or scFv fragrrents or Fab

fragments are &5oqd Fhade Y ST Ssutit St fOTIM Rt 9ns

i ntramusculsar (dgidear y:orﬁfé@é&ﬁ@is & dH PR Ald (Hlﬁi‘\ﬁrﬁajgﬁnéﬂ?éﬂéa\/n% ted for
pul nonary adm ni stration. will be appreciated b ose of skill in the

art; pul monar PenGHatAs ;ﬁmids Yraridizad dm W%éﬁi‘l‘e f’%ﬂnrtﬁlbl%@%%ﬁable to

macr onol ecul egRIGH AlF q}th;lleClﬁIr;tltBbcﬁ.eéé Vein BhOthek; oout es of
admini stration. 20 Crystals of whole antibodies and crystals of

si ngl e- chai n PRbasinsgsads fadhdm sramntdgist al s of Fab  anti body fragnents
according to this inventip r%rtqlelis%fnl‘ﬂodlqné:{{@g d,gc“gpéljﬁppgnand kits. For

exanpl e, such crystals may be used 1 n a | aghosi ng t he
10 provides a method for crystalllzlng Fab fragments of

antibodies, and using such crystals inrvarious
biomedical applications. Such Fab fragments are
generated by digesting a complete antibody with the
enzyme papain, to yield antibody fragment molecules

15 with one antigen binding site, as described above.
Alternatively, Fab fragments may be generated by using
genetic engineering technology. - Due to their smaller
size, Fab fragments allow tissue penetratidn more
readily than do whole antibodies, and therefore may

20 have particularly valuable therapeutic applications for
particular indications. It should be understood that
crystals, crystal formulations or crystal compositions
;containing'Fab fragments can be generaﬁed and utilized
in the same manner applicable to crystals of whole_

25 antibodies, in the various embodiments of this
invention.

This invention allows crystallization of, and
use of crystals of, all of the immunoglobulin classes
IgG, IgM, IgA, IgD, IgE, and serum IgA (sIgA) as well

30 as the subclasses IgGl, IgG2, IgG3 and IgG4, IgMl and
IgM2, and IgAl and IgA2, as well as scFv fragments and
Fab antibody fragments, from all the immunoglobulin

classes and subclasses.



25 presence a target antigen in a sanple froma patient or another

speci men. Such a kit may conprise a container and, option2i8l AUG 1205r ucti ons
for use. Woeoamrysssal s in the kit may be |abelled with a getrasoatdeas | abel .
Met hods for detecting a target antigen in a sanple, 30 such as a bl ood,
tunor, cell, or tissue sanple, may be carried out by mxing the sanple
with crystals of whole antibodies or crystals of single-chain Fv anti body
fragments or Fab antibody fragnents accorgigng to this inyention and

det erm ni ng whet her the sanple binds to 28 AUG 2005 WO 02/ 072636

PCT/ US01/ 49628 46 the anthbaeytoérfémep@ihendhetglysigtSnt$sa | N"such
.methods nmay be | abelled with a_detectable |abel. Alternatively, crystals of

whol e ant i bodi BECVHAeE §sPaFRods LQr npgrderang riolegioatyyfaggheats and 5

crystals of FabragthDedys fWREIEN St ASSR! 85 Ngul Pablle SEHPVERLLQKe &£ Usef ul
I n chromat ography and purification nethods, such as affinity

chr omat ogr aphySUfBENekan| €OMPHE$ 179 t YeRphaeing ptire f nethennl bfuer prbtki n may
be carriedsoul Ayh-dGuédhs aienti thra Pindinge utf s Ofe @

whol e anti body or Iér%rgltlal ssof avsi ngl e-chg%ﬂ ?:v taﬁi%@%?/&ﬁ%gén’enﬁ%r
crystals of ancFadtahtinedylurraghentbe wiendenedushl bdthposyimnimmt i body
fragnent  has ght!Bhivelple (HOLPLAL Chlly 102 DRLANTLAL SflmdPr iy adding a
protei n sol ution containing the proteln to be purified {o the

cryst al / buf f ercaystakbine (g9lidcedbbng ny sheondtorgamixtspkvénr t@oti me and

ant | body or _ant ihesy Taghent B or EppRa-fion e A R’ 2 Laeh
buffer; ah@ (2quedusisglvémtprotein with an elution
Non-aqueous slurries of crystalline whole
antibodies or scFv fragments oxr Fab fragments are
especially useful for subcutaneous delivery, and
intramuscular delivery, while solid preparations are

15 ideally suited for pulmonary administration. As will
be appreciated by those of skill in the ért; pulmonary
delivery is particularly useful for biological
macromolecules which are difficult to deliQer by other
routes of administration. |

20 Crystals of whole antibodies and crystals of
single-chain Fv antibody fragments and crystals of Fab
antibody fragments according to this invention are
useful in diagnostic methods and kits.h For example,
such crystals may be used in a kit for diagnosing the

25 presence a target antigen in a sample from a patient or
another specimen. Such a kit may comprise a container
and, optionally instructions for use. The crystals in
the kit may be labelled with a detectable label.
Methods for detecting a target antigen in a sample,

30 such as a blood, tumor, cell, or tissue sample, may be
carried out by mixing the sample with crystals of whole
antibodies or crystals of single-chain Fv antibody
fragﬁents or Fab antibody fragments according to this

invention and determining whether the sample binds to



buffer. Stability of Encapsul ated Crystals of Wwole Antibodies 25 Those of .
skill in the art will appreciate that protein stability is28ndGMBhe nost

| mpor t antWO®R9T1268¢ es to t he successful preparation of pol yeavUS01/49628

m croparticul ate delivery systens that control the release of proteins.

The stability of crystalline 30 proteins, such as crystals of a whole
antibody, or crystals of antibody fragments, encapsulated in polymeric
carriers may be challenged at three separgge stages: 1) pmanufacture of the
anti body crystal WD 02/07263 6 28 AUG 2005 PCT/ US01/ 19628 47 conposi tion,

2) anti body reﬂmsamﬁmuyh&rﬁsagmem CTHPOSTYs0a1 8NdsSd iR ¥h¥B

stability after the ant i bqd reI ) I ng ara lon of_ mcroparticles
or i crospher&LR dhay e_g ‘grw%%ib ‘i])% 8 ?n%abglthe use of

organi c sol vents and Iyap]tuémaaﬁi@éuw echPe%fYWH@IélgﬁﬂiE&diespr otein

stability. Subseque eased proteins are susceptible to .
noi st ur e-i nduc¥d ék%ﬁ?ﬁﬁ% r%Eﬁﬁﬁlﬁﬁ ??F1¥Q§H35Eﬁ9m¢%%%t?0ﬁtlon 10

In order ta aC&ﬁﬁéﬁai‘B abE FFaQi &iﬁtﬂ& |fﬁék_¥mélﬂ!'tfé NS B LABHGL EONL RisWhol e
anti body crystals, stal’ of anti ragnents, or _fornulations and

conposi tions ]aﬂ:"ced?"ﬂ’r atrdat“lﬁe ]es’e‘?\tdil’?ﬂf@ﬁ‘?%’?ﬁplw #rd npeekEiggtien
restrict the m@yﬂddé/(gudﬁugénékgqny@p Enditd ﬂﬁynnlggyngaT g result

best achieved in the crystalllne solid state. For the purpose o
appl i cation, afdfint&f Malrigy M icafeirn mb 2 vibrete bgyonagshe anor phous
and crystal i NS & tdie g5yl mensi onal | ong- range order that normally.

exists. in a crystalline
10 (a) mixing with a binding buffer crystals of

a whole antibody or crystals of a single-chain Fv
antibody fragment or crystals of an Fab antibody
fragment, wherein such antibody or antibody fragment
has affinity for the protein to be purified;
15 (b) adding a protein solution containing the
protein to be purified to the crystal/buffer mixture;
(¢) incubating the entirelmigture for a time
and at a temperature sufficient to permit Binding of
the protein to the antibody or antibody fragment;
20 (d) washing the mixture with a wash buffer;
and
(e} eluting the protein with an elution
buffer. )

Stability of Encapsulated Crystals of Whole Antibodies

25 Those of skill in the art will appreciate
that protein stability is one of the most important
obstacles to the successful preparation of polymer
microparticulate delivery systems that control the
release of proteins. The stability of crystalline

30 proteins, such as crystals of a whole antibody, or
crystals of antibody fragments, encapsulated in
polyﬁeric carriers may be challenged at three separate

stages: 1) manufacture of the antibody crystal



20 naterial d
position of nolecules relative to one another is nore ranggmyug Xse

anor phous WP 03/473¢d6d states, relative to the highly orderegegiysl@éksi Ne

state. Thus,

stable than their crystalline counterparts.

oes not exist in the anorphous state. Furthernore, the

anor phous proteins, including anti bodies, 25 nay be | ess

order to use antibody crystals or antibody fragnent crystals as the

anti body source for preparing 30 antibody7fornulations and_ conpositions

according to the present invention, the problemof protein crystal
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In order to achieve high protein stability
during preparation of whole antibody crystals, crystals
of antibody fragments, or formulations-and compositions
according to the present invention, it is necessary to
Yestrict the mobility of individual whole antibody
molecules -- a result best achieved in the crystalline
solid state. For the purpose of this appiication,

solid state may be divided into -two categories:

amorphous and crystalline. The three-dimeﬁsional long-

range order that normally €xists in a crystalline
material does not exist in the amorphous state.
Furthermore, the position of molecules relative to one
another is more random in the amorphous or liquid
states, relative to the highly ordered.crystalline
state. Thus, amorphous proteins, including antibodies,

may be less stable than their crystalline counterparts.

Maintaining Crystallinity

In order to use antibody crystals or antibody
fragment crystals as the antibody source for preparing
antibody formulations and compositions according to the
présent invention, the problem of protein crystal
dissolution outside the crystallization solution
("mother liquor") had to be overcome. 1In order to

maintain protein crystallinity, and hence stability, in

Mai ntaining Crystallinity In

") had to
Y 26860 PerrbSbirwosfBensthheapt dbadyi on of

the crystals ofemb@é@.EwmﬁimﬁﬁEﬁ&eﬁ&ra@idﬁt@f$mPéf8€££P9?¥egr89”E”tS’ and
S

formul ati ons and conpositions of this invention, approaches may

organic

i ons,



and normal |y takes seconds to mnutes to conplete. 20 3. Dried antibody
crystals. The nother liquor can be renoved by filtration 2 ARMenaini ng
crystal | iWO 02A%2636 can be dried by air, under vacuum by vecHUSK/49628h wat er
m sci bl e organic solvents and/or by |yophilization or spray drying. 25 4.
The crystal size and shape can be mani pul ated and controlled in the course
of crystallization. Thus, a range of crystal norphol ogi es, each having

di fferent dissolution kinetics and subseq@ntly different, sustained

rel ease profiles conpared to 30 anorphous proteins, is available. 26 AUG
2005 WO 02/ 072886 pATAWS0iled o628t He Erybsbahsdodf whmkiengnt ibodieasl, or

formul ation by _ exchanging.t ther |liguor tao . '
phar maceut i calﬁvsac%{ei%t a’gl aenglg?gge%t f%’?gg‘% g?i’ oﬁngofof%aé:lgﬁ’ﬁcﬁpgneous
Vehicl e for comdmmddicidnslebf vehysi invendiofheseothal kippioaches hayr enoved
by centrifugat,ion and the remaining crystalline material can be suspended
in a pharnaceuH?cﬁﬂ? * acceptable solvent (e.g., ethanol) for subcutaneous
injections. The crystalline material 10 may al so be suspended in sucrose

acetate isobutyrate (SAl or gol y,éll acti c-cg- | y¢oli-c . aci 9}) (PLGA) in
N- net hyl pyr?ol¥din %  TSHRR 1P the MRt ege 1EH@Er HhéENSKFRUSE e it
comes into contactofipFodgtitny Sakedioliy ubgstine gakapren atadf agichi t at es
the controlled rel ease of the antibody or fragment thereof. Adm nistration

and Bi ol ogi cal Del iRRIYMEHLGaERI T REF apelieN¥ FPBPEMALS 8§64 48 anti bodi es,

th«'atvtehg_ener al ly beenpasheé 1 sé ey 8€abyiz2016n60488h kB 8alik@n @kg Rhudsi on, due
o] eir -
organic solvents, are compatible with polymer

10 processing conditions.

2. Kinetics of dissolution. The rate of crystal
dissolution outside the mother liquor depends on
conditions, such as pH, temperature, presence of
metal ions, such as Zn, Cu-and Ca and

15 concentration of precipitants. . By varying these
conditions, one can slow down thé diséolution of
crystals for several Hours. At the same time, the
process of microparticulate formation is very fast

and normally takes seconds to minutes to complete.

20 3. Dried antibody crystals. The mother liquor can be
removed by filtration and the remaining
crystalline paste can be dried by air, under
vacuum, by washing with water miscible organic

solvents and/or by lyophilization or spray drying.

25 4. The crystal size and shape can be manipulated and
controlled in the course of crystallization.
Thus, a range of crystal morphologies, each having
different dissolution kinetics and subsequently
.different sustained release profiles compared to

30 amorphous proteins, is available.



characteristic negligible oral bioavailability and short plasma life.
Crystal s of whole antibodies, or crystals of antibody frad@eAus s wel |
as cryst awo é7ees6at i ons and conpositions containing themp@fhugne@Es ng to
t he present invention, (which include mcroparticul ate-based sustai ned
rel ease systens for whole antibodi es), advantageously permt inproved
patient conpliance and conveni ence. Furthernore, because of increased

bi oavail ability and increased 30 stabilitygof proteins in.the crystalline
state, nore stable blood |levels of the adm nistered anti bodies or

anti body fragnents mashba& s€himgked aobgg tieah! ¥ oMl acliowehydosages. Al so,
.the sl ow and constant rel ease UG 2005 WD 02/ 072636 PCT US01/ 49628 50
capabilities afford@ﬁcgﬁngﬁﬁgpFB§eﬂPthﬁVeﬁﬂggﬁr &@vant ageously pernit
reduced dosages, duphaemgewt1efaﬁu9Lse&ese5bxgr )éoqfve%%t bye s%&ptﬁgﬁty
.Significant cost savings nmay be achieved by using the crysta I'7ized 5

ant i-bodi es and ant|5889 fof FHFP@ﬁ@UénHebéﬁstﬁ9r0ﬁ9nt§@§dedbed her ei n.
The antibody crystagsii¢eystal 9Lpyl %éogstﬂéﬁ}d 14 GBQSEBPOBE of E:Q%d
present invention enhance "~ preservation o e native -bio I'ca active
tertiary 10 struct uP® %@nﬁﬁéfuﬂéFéoan@hdodhesramdlaneaterastaéiene0|r whi ch

can slowy rel ease n ere to a
subj ect where and ﬂﬁ%ﬁyﬁﬁgcgéﬁeb%e%gggghﬁﬁg glo%oggggﬂ%gehg y\/\hole
anti body, or fragneaeceperebé, spivenbseéquegnt | gthanpe)edised in a controlled
manner over a perio a £ m ned t he rticul ar .

-encapsul ati on technl que, ons |?uf|o
crystal sike, crystm&ys@laolbetyuspﬂddehelpreaeﬁoeeaadetaabure of any

exci pi ents used. Thfsgﬁyé§9£§é ?§Xfﬁ?|or poly (lactic-co-glycolic
acid) (PLGA) in N-methylpyrrolidinone (NMP), where
it forms a gel under the skin once it comes into
contact with aqueous body fluids. The gel then
15 facilitates the controlled release of the antibody

or fragment thereof.

Administration and Biological Delivery

To date, therapeutic proteins, such as
antibodies, have generally been administered by

20 frequent injection or infusion, due to their
characteristic negligible oral biocavailability and
short plasma life. Crystals of whole éntibodies, or
crystals of antibody fragments, as well as crystal
formulations and compositions containing them,

25 according to the present invention, (which include
microparticulate-based sustained release systems for
whole antibodies), advantageously permit improved
patient compliance and convenience. Furthermore,
because of increased biocavailability and increased

30 stability of proteins in the crystalline state, more
stable blood levels of the admlnlstered antibodies or
antlbody fragments can be achleved potentially with

lower dosages. Also, the slow and constant release



20 formul ati ons and conpositions of this invention may be reconstituted
with a diluent for the parenteral administration of biol oQigcabt \¥08ctive
whol e antWP®a&s36 or anti body fragnents. Formul ati ons and FECIPSE/4H620NS
conprising 25 crystals of a whole antibody, or fragments thereof, in
polynmeric delivery carriers according to this invention nmay also conprise
any conventional carrier or adjuvant used in vaccines, pharmaceuticals,
personal care fornulations and conpositi®ms, veterinary. preparations, 30
or oral enzyne suppl enentation. These carriers and adjuvants include, for
exanpl e, Freundipalail itvieens | affmrdedchangbeSprahentnanvahuﬁbnun1stearate

| ecithin buf f subst anc such. as phos tes | ygi ne, sorbic acid,
potaSS|unlsoﬂﬁﬁifn?ﬁﬁ??%ﬁfgl9%£W+ﬁe &?%8 @bﬁ?gvéyo P§7583B95F 28 AUG

2005 PCT/ USO1d #4962 8erantdes B welry eget @bt vé adhy i BEAYS, WALAA£isahts or
el ectrolytes, such as protam ne sulfate, disodium hédrogen Ehosphate
sodi-um chl ori PSGiSRY T MaY R | 3FRLEVed | PrausiBgnESruRTYEERILAZES: €,

cel | ul ose 5 bagfdi K ANGES @m@m@ayewy&\@nstgbug%ndAequsaB&%1ofn%r

topi cal or gel base fornms may include, for exanple, sodium
car boxymet hyl (3R ﬁﬁﬁ?h%rylates

pol yoxyet hyl ene- pol yoxy prio@yi een b 9 ckrpot ¥ 181 scrygehxeteﬂn@lmst%}@' and
wood wax al cohols. 10 According to one embodi nent” of this _invention,

crystal s of arfRGhTRRARHHHRS L cEhRtRFeSeRt inYengiencrahanFe antlbody
fragment or crysidlisalidit oFaharibody SISSEEILaTRY heceoubiaed (uilh any

conventional materials used. control |l ed rel ease adm ni strati o
i ncl udi ng kﬂmu%ﬁRRﬁRQRﬁﬂofxﬁﬁ¢cWhQ%ﬁr%@@@%@daﬁﬁ1ﬂm@tﬁaeaéﬁ aSuch materials

include, for jregervoir which can slowly release active whole

antibodies, or fragments thereof, to a subject where
and when they are needed. The biologically active
whole antibody, or fragment thereof, is subsequently
15 released in a controlled manner over a period of time,
as determined by the particular -encapsulation
technique, polymer constitution, crystal morphology,
crystal size, crystal solubility, and the presence and
nature of any excipients used. The crystals, crystal
20 formulations and compositions of this invention may be
reconstituted with a diluent for the parenteral
administration of biologically active whole antibodies
or antibody fragments. ”
Formulations and compositions comprising
25 crystals of a whole antibody, or fragments thereof, in
polymeric delivery carriers according to this invention
may also comprise any conventional carrier or adjuvant
used in vaccines, pharmaceuticals, personal care
formulations and compositions, veterinary preparations,
30 or oral enzyme éupplementation. These carriers and
adjuvants include, for example, Freund's adjuvant, ion
exchangers, alumina, aluminum stearate, lecithin,
buffér substances, such as phosphates, glycine, sorbic

acid, potassium sorbate, partial glyceride mixtures of



l'e, coatings, shells and films, such as enteric coatings and polymer
g)(;:m)ngs fi Igms. Formul ations or conpositions conprising280AUG 6al s of
an whol e gﬂ&“ﬁ@&%’”ﬁr crystals of a single- chain Fv anti bodcTiusagnwag or
crystals of an Fab antibody .fragment nay be delivered to humans, aninmals,
or plants at the desired site of delivery according to this invention.
Such delivery may include the use of 25 devi ces, such as inplant-capable
devices, or may involve other mcroparti @&l ate protein deLLyery syst ens.
I'n one enbodinent of this invention, crystals of an whole antibody or of a
si ngl e- chai n RSHHTPREY wostakfentatty ciciads Fabaaat | besyt § ragnent have a

' ' | ternatively
| ongest  di mensdn-thiedMaass abouty Q. 01, pm.and abou% 500 p . :
betaeen about Q.1 pm and about 200 pﬁ? & host™ ?%ﬁ%ﬁrd iment is

that the whol e Mgt phasphaties, swdiony sthaleriafe anz o i hoxhs fragnent, 2 8

‘AUG 2005 WD O PCLILUSQ / 8 52 are between about 1 pm and about
100 Amin thei r%J&I?l?)%S%aslt |l#§%s'i g% CHr Yt S5 TRBF Sravee H wWiegre

sel ected fr&m tsag @Jﬂb&t?ms:les jangd qfolmlﬁme ?ﬁl?ﬂifls‘ ﬁg(%itéﬁ{]a?tasggsks,
A2 spher.es , S, : _
Chuares rh qﬁs,tg%'%ar g)r% @%qarptfdﬁri 'S IRy omrdrude | f ash examdd nent

squares, rhonb K _
019 this i nvent isodiun eamiloatyimethydrceddesid,i @od yaame 13000l e anti body

- i 10 chain Fv anti bod
Fragment - conceRer Srrs a0 Aeher Bla o B 167 YRk FovvaeiRab ant  body ’
e e BT I o eator
Iﬁ;gu;gghﬁ ﬁé/ﬁ?”pos Accorglng £o one embodimernit of this
invention, crystals of an whole antibody or crystals of
a single-chain Fv antibody fragment or crystals of an
Fab antibody fragment may be combined with any
conventional materials used.for controlled release
15 administration, including pharmaceutical controlled.
release administration. Such materials include, for
example, coatings, shells and films,.spch as enteric
coatings and polymer coatings and filﬁs.
Formulations or dompoéitions comprising
20 crystals of an whole antibody or crystals of a single-
chain Fv antibody fragment or crystals of an Fab
antibody fragment may be delivered to humans, animals,
or plants at the desired site of delivéry according to
this invention. Such delivery may include the.use of
25 devices, such as implant-capable devices, or may
involve other microparticulate protein delivery
systems..
In one embodiment of this invention, crystals
of an whole antibody or of a single-chain Fv antibody
30 fragment or of an Fab antibody fragment have a longest
dimension between about 0.01 pm and about 500 um,
alternatively between about 0.1 pum and about 200 um.
The most preferred embodiment is that the whole

éntibody crystals, or crystals of an antibody fragment,



15 or a single-chain Fv antibody fragnment concentration greater than about
1 ng/mM, or an Fab antibody fragnment concentration greater?28 6 2out 1
my/ m . AMOSGXAR436el y, formul ati ons or conpositions of thePCEAUSEH#AG28

i nventi on have a whol e anti body concentration 20 greater than about 10
ng/m or a single-chain Fv antibody fragment concentration greater than
about 10 ng/m, or an Fab anti body fragnment concentration greater than
about 10 ng/m . Alternatively, fornulati®Rs or conpositions of the present
i nvention 25 have a whol e anti body concentration greater than about 20
mg/ M or a singte-héweelrvabent bbdymf andnebbutcdfdepir dn drhegineat er t han

about 20 ng/ m | bod a ncentration greater than
about 20 ny/ n}(?gi?%r%g‘??gﬁé# f ogﬁéflagggrgﬁs:agg 8‘_8_%53‘&"{% S }-b%peSO t he
present invent$eledlaad Erahotlze agtobpdyonsdstantr afi:omegddatssr ridwileabout

50 ng/m or a single- chain Fv antibody fragnent .concentration.greater than
about 50 ng/msi% A Fabt ARt 0O ye?raéﬂgﬁf S5RBAREFXEEE Syr egzﬂl%rretshan

about 50 ng mpl@BAUGREHN5as \Me02407263AdPEGLETRE/, 43hdtbpidd t ernati vel y,
formul ati ons of. con%)os' tions of.the gr sem11 I nventi on have a whol e

anti body conceRtPAtiBH S AR 1P HEn aBBUP E665g/ M or a single-chain Fv
anti body fragment concentnabnenegbedinenthafi ahoet ihQent igm/,mM , or an Fab

anti body fragnment concentration reater than about 100 ng/ni .
Al ternativel y@o?‘?ﬂ HrDHRT o‘FO‘BIg%bE?'?T‘ﬁn aye ph¥hplesemtihadnt i on  have

a whol e anti bogynEariterdt 1 &t i Pre gt €At ehahhaBoabobt 1 Ad0mIVLH Dlsidgle-
'si ngl e-chain Fv anti body fragpent 10 concentration greater than about 120
mg/ m, or ¥h FERRIBAY bRl PedRgnErRIReRE eRPREENERAELORt SreptaT &bam 120"

my/m . Alter nadbod Yo . f GRGHNB! | OPSaR! FARTRABEbbAPS FRhgment

concentration greater than about 0.1 mg/ml.
Alternatively, formulations or compositions have a
whole antibody concentration greater than about 1 mg/ml

15 or a single-chain Fv antibody fragment concentration
greater than about 1 mg/ml, or an Fab antibody fragment
concentration greater than about 1 mg/pl.
Alternatively, formulations or compositioné of the
present invention have a whole antibody concentration

20 greater than about 10 mg/ml or a single-chain Fv
antibody fragment concentration greater than about 10
mg/ml, or an Fab antibody fragment concentration
greater than about 10 mg/ml. Alternatively,
formulations or compositions of the present invention

25 have a whole antibody concentration greater than about
20 mg/ml or a single-chain Fv antibody fragment
concentration greater than about 20 mg/ml, or an Fab
antibody fragment concentration greater than about 20
mg/ml. Alternatively, formulations or compositions of

30 the present invention have a whole antibody
concentration greater than about 50 mg/ml or a single-
chain Fv antibody fragment concentration greater than
about 50 mg/ml, or an Fab antibody fragment

concentration greater than about 50 mg/ml.



the present invention have. a whole antibody concentration greater than
about 200 ng/m or a single- 15 chain.Fv antibody fragment g@nusnfiiti on
greater the@o02ene63a .200 ng/m, or an Fab anti body fragnenpcragofsishs ati on
greater than about 200 ng/m . According to this invention, any individual,

I ncl udi ng hurmans, aninmals and plants, may be treated in 20 a

phar maceutical |y acceptabl e nmanner with a pharnaceutically effective anpunt
of crystals of a whole antibody or crystas of a single-chain Fv antibody
fragnent or crystals of an Fab anti body fragnent, or fornulations or

conposi tions calersiandvadysutoraifgsitadhs fof omisd 0di s togmasuf fici ent
to treat a condition i.n the.individual to whomthey are adm nistered over

sone period of PEETENCARPEPRELCHNAVE it ARATRUARE ThAY eeisRntgation

prophyl acti cal byeakkecthua adoRunt ool myyelie antd Rodyy I YAl @F crystals
of a 30 single-chain Fv _antibody fragment or crystals of an Fab anti body

fragment, or fBPEPREYoAL2NERENFOSCEGAAt ishiieatrr divm abmitall0 of
this i nvent sonmatiingh bg agf Fast bve bRy %&m&&%éé&}f{gﬂ e_i ndivi dual
e

to whomthey are admi nistered over sone period of tineg. 2005 WO
02/ 072636 PCT/ B562F%5658aB42bPP&t 409 81B/MlwholAd tannasodselar, crystal s of a

si ngl e-chai n Feogftil ROS¥nE 89MBRMpRE i #i¥sAloF théa@féaﬁbentaw@%&{ agment
or formulations or compositions comprising such crystals, ray be
admi ni stered aP8ig, 2awhotepaptibpdy spaceadedtical gysertsondhacardart

veterinary prQp@raﬁZsmhggraagigaggrghaqnp@gpgﬂe%gaé§|¥gﬁgmgﬁg on, wth or

W t hout adjuvant. T ay be-adm ni stered by parenteral “or oral routes.
For exanpl &0 t ReycRBYTBEiIORJEFRREEEr Sthaly aboalt. 120 muyarly, oxasal Fadur al

anal , 10 der”ahntQBHh9rfrgaﬁéﬁgeeeﬂﬁenkggkng§%@é@ner than about 120
mg/ml. Alternatively, formulations or-compositions of
the present invention have a whole antibody
concentration greater than about 200 mg/ml or a single-

15 .chain.Fv antibody fragment concentration greater than
about 200 mg/ml, or an Fab antibody fragment
concentration greater than about 200 mg/ml.

According to this inventién,“éhy‘individual,
including humans, animals and plants, may be treated in

20 a pharmaceutically acceptable manner with a
pharmaceutically effective amount of crystals of a
whole antibody or crystals of a single-chain Fv
antibody fragment or crystals of an Fa5 antibody
fragment, or formulations or compositions comprising

25 such crystals, for a period of time sufficient to ﬁreat
a condition in the individual to whom they are
administered over some period of time. Alternatively,
individuals may receive a prophylactically effective
amount of whole antibody crystals or crystals of a

30 single-chain Fv antibody fragment or crystals of an Fab
antibody fragment, or formulations or compositions
comprising such crystals, of this invention which is
effective to prevent a condition in the individual to

whom they are administered over some period of time.



intraarterial, intraperitoneal, mucosal, sublingual, subcutaneous, _
transdermal, topical or intracranial routes, or into the pgiota MMavity. In
ei ther WmoMeEeedsti cal, personal care or veterinary 15 appCramsni/enis
crystals of whole anti bod| es or fragments thereof, or crystal fornulations
or conpositions thereof may be topically admni stered to any epithelial
surface. Such epithelial surfaces include oral, ocular, aural, anal and
nasal surfaces, which nay be 20 treatedgsgprot ect ed, rep,a.j red or detoxified
by application of crystals of a whole antibody, crystals “of a

singl e-chain Fv antibodgrisagieniof ar whioass alrﬁ:ﬂiod)arbfaiky?&émddf a
fragnment, or for rrul ations or, conpositions thereof.

Phar naceut i caFlggiFeFPﬁéPy Sr 2prabR§Yadmagmeitte 2% é%ﬁ'ycﬁifsalc%rﬁﬁ i 3T njab

crystals of aaﬂh@b@d?ntragﬁhén@r o&f Yok atfi chesi 19| Gonidss 1k fomant i body
fragnent, or stal s of aH Fab an |body fragnment, or formulations or
conposi tions EBWEFF§FH§ SHER ErysSta § FedoRf r?gi“ﬂkﬁlﬁ%?ﬁ‘% 3irr®it i d% may

al so be sebechgdtf beMut BRaBMABBULGRRAT, SPGB RHall al ! Dr [V PaseiRsry
granul es, spheres, mcroparticles, mcirospheres and capsul es. For such

uses, as wel | PESPBrRELODseSY AECHRATLNGLt @ W@hwmcbrpr@%/m'ai@nof a
WnoleV\DOZ/O 6,55 1 U@L, t | s of a
w2BRGoPOW gghéy@a%%%vaﬁg %@ag;fﬁ % d fig Ieb:g%dy Sl%?

singl e-chain Fv anti bo gnent or cryst agment ,
or formul ati onsrgntééﬁrﬁ)ogh poad combeissi n@ogu(ﬁxmg/lﬁ,altshey meeyy dee pr epar ed

in tablet for §H9chggg%§r B8NS bl g#ﬁs%frea% £13tadpe form for

st orage of e ant i ystal's; crystal s ant’i body fragreht s,
crystal fb@rmdarmehs gr:Ué@vmoshttur@Ngnous, lntramuscular.

intraarterial, intraperitoneal, mucosa}, sublingual,
subcutaneous, transdermal, topical or intracranial
routes, or into the buccal cavity. In either
pharmaceutical, personal care or veterinary
- 15 applications, crystals of whole antibodies or fragments:
thereof, or crystal formulations or compositions
thereof may be topically adminiétered_po_any epithelial
surface. Such epithelial surfaces'include.oral,
ocular, aural, anal and nasal.sﬁrfacest which may be
20 treated, protected, repaired or detoxified by
application of crystals of -a whole antibody, crystals
of a single-chain Fv antibody fragment, or crystals of
an Fab antibody fragment, or crystal férmulations or
compositions thereof. |
25 Pharmaceutical, veterinary or prophylactic
preparations comprising crystals of a whole antibody or
crystals of a single-chain Fv antibody fragment, or
crystals of an Fab antibody fragment, or formulations
or compositions comprising such crystals, according to
30 this invention may also be selected from the group
consisting of tablets, liposomes, granules, spheres,
microparticles, microspheres and capsules.
For such uses, as well as other uses

éccording to this invention, crystals of a whole




whi ch are easily handl ed and retain acceptable levels of activity or
potency. 10 Alternatively, crystals of a whole anti body or2graust 208 of a
si ngl e- cha¥YA 0M07283t i body fragnent or' crystals of an Fab. potakedives
fragnent, or formulations or conpositions conprising such crystals, may be
in a variety of conventional forns enployed for 15 admnistration to
provi de reactive whole anti bodies or single-chain Fv antibody fragnents or
Fab anti body fragnents at the site wheresseeded. These i-nclude, for
exanple, solid, sem-solid and |iquid dosage forns, such as liquid
sol utions or s@géisidner shystiads, oZ0 agaling1-@MHFn ) Bt i8Fd,Si ons,
| oti ons, powderf%a n%%Ea%s,chags pastes, ointnents,_ salves, balns and
drops. Crystal 5 6P"Swhore CAREIBoHy © r 3 FéPaantgody Sirsgmenthaior Fv
ant i body fragmetmod acipssalbs abmpbsEahon%demﬁﬂ%Eihgf%%&ﬁ?%g sthls
formul ati ons o%aﬁog%osggignsdconpgiEhn%tsuch crystal s, accor Vﬁg to'this
invention may arso cBApFré&an] EBRYER foFA- cSuchetablesdj uvant used in
phar maceut i 6al spnpeisanel acaiqupepaeat i GRS LAF rekllrBhidN Ly géggﬁé t%gns.

| ude, for _exanple, Freund™s j uvant ,

These carrierswgng adhgvgnts 30 ini .

i on exchanger s gt GnPR5 L PRAYnFRYRT L 8ar sE¥stpdsi ofi Antibedyer subst ances,
such as phosphétegmegtyci o€, c39EbAT FaFingl aPYLASS by i€iopartial

gl yceride nixtu%es of saturated vegetableafatty acrgé,b%%%g%?ﬂgalts or 2 8
AUG 2005 WD 0510926352 PEtFity1and82gdsand| setrany eesepsabhead epratan ne

sul fate, di sodoBnacbydiegeBrppesena,e, sodiumchloride, zinc salts,
col | oi dal iélica, magnesium trisilicate, cellul ose- based substances and

pol yet hyl ehé gl ycol . - AdPhbaRRatEVe LY, t 6BYEER1Er Ofeh Whokef antibady
include, for exanpl@stals of a single-chain Fv antibody fragmént or

crystals of an Fab antibody fragment, or formulations
or compositions comprising such crystals, may be in a
variety of conventional forms employed for

15 administration to provide reactive whole antibodies or
single-chain Fv antibody fragments or Fab antibody
fragments at the site where needed. - These include, for
example, solid, semi-solid and liquid'aoéage forms,
such as ligquid solutions or suspensions, slurries,

20 gels, creams, balms, emulsions, lotions, powders,
sprays, foams, pastes, ointments, salves, balms and
drops.

Crystals of a whole antibody"or-crystals of a
single-chain Fv antibody fragment or crystals of an Fab

25 antibody fragment, or formulations or compositions.
comprising such crystals, according to this invention
may also comprise any conventional carrier or adjuvant
used in pharmaceuticals, personal care preparations or
veterinary preparations. These carriers and adjuvants

30 include, for example, Freund's adjuvant, ion
exchangers, alumina, aluminum stearate, lecithin,
buffer substances, such as phosphates, glycine, sorbic
acid, potassium sorbate, partial glyceride mixtures of

saturated vegetable fatty acids, water, salts or



sodi um car boxynet hyl cel | ul ose, pol yacryl ates,

pol yoxyet hyl ene- pol yoxypr opyl ene-bl ock pol ymers, pol yet hyl281\Ugl J8®D| and
wood wax WPDA2HdI68¢ The nost effective node of adm nistratimrr/eswd/49d8 dosage
regimen of crystals of a whole antibody or <crystals of a single-chain Fv
anti body fragnent or crystals of an Fab anti body fragnent, or formulations
or conpositions conprising such crystals, of this invention will.depend on
the effect desired, previous 15 therapy,s56f any, the |nd| vidual's health
status, the status of the condition itself,-the response t6 the whole

ant i body crystealesctnrowtr@ée s:tmhnad?vpa@téarlnd)dg shinggerent d(ir‘sybah&tns or Fab

anti body frag cryst al at.i ons .or ositions

t her eof , and {{ﬁyeé %é/ Lﬁé‘?‘r%‘?‘}?a%? t % }?'Ea?f‘ﬂérbﬂ?y éiaf §P Birni ci an. The
whol e ant | bodyccﬂwidﬁls sElich e- mdi@mélsf‘ymantrbﬁd)l1c5tégrf&€111€ﬂlb%ba| s, Fab
ant i body frag nt tal s yst for | at i gns or conpositions

t hereof | [Ea %fgngl‘fs‘ﬁ’@i%ﬁ%%sl?f“é ﬁ%% Bf"nﬁ ¥ERPt abPEIRERANES

phar maceut I$a|ﬁor | topHEd hed @ pyel %aéf@t ﬁéhﬂ@rMaypﬁﬁléQﬁélél ORSr dkafpAelime or
over a series of  treatnments. The anpunt of crystals of a whole anti body or

crystals of a SOHGIR-CHERMEENY} Bobl i PagneRPlyrcBylaEgstal s of an Fab
ant i body fragr&ﬂtyoﬁeéwmﬂ@lwmox r&&ﬁP@ﬁétbQBékCBH}?S(}néh:QQ such

crystals, which provides a sin osage w || vary depending upon the
particul ar modPlofe it RSt AT al?%e”%‘b‘éc‘i’ii?‘caé??b?éﬁ preparati on,

fornmul ati on or conpositifg Koase é@y@étﬁpg R83aAVUS£2Q8R 6
PCT/ US01/ 49628 57 dose frequency. A t@fl cal pregarfatglao%]n\)yxxgt?gggéf‘a%gd

bet ween abdut dPTIIS AFRBEMIUICDOEYSr2ierebl § veeheeantibedy ©r and about
50% of whol e anfddody &f VSt /g -chain Fv antibody fragment or

crystals of an Fab antibody fragment, of formulations
or compositions comprising such crystals, of this
invention will depend on the effect desired, previous

15 therapy, if any, the individual's health status, the
status of the condition itself, ‘the response to the
whole antibody crystals or single-chaip Fv antibody
fragment crystals or Fab antibody fraémeﬁt.crystals, or
crystal formulations or compositions thereof, and the

20 judgment of the treating physician or clinician. The
whole antibody crystals, single-chain Fv antibody
fragment crystals, Fab antibody fragment crystals, or
crystal formulations or compositions tﬁereof, may be
administered in any dosage form acceptable for

25 pharmaceuticals, immunotherapy, or veterinary
preparations, at one time or over a series of
treatments.

The amount of crystals of a whole antibody or

crystals of a single-chain Fv antibody fragment or

30 crystals of an Fab antibody fragment, or formulations
or compositions comprising such crystals, which
provides a single dosage will vary depending upon the
particular mode of administration, the specific crystal

preparation, formulation or composition, dose level and



crystals of a single-chain Fv anti body fragnent or 5 crystals of an Fab

antibody fragment, or formulations or conpositions thereofqguwiyd 2005
Al t er nat i WeDW2/02263@r eparation wi Il contain between about Op FdsAbout

80% whol e anti body -crystals or crystals of a single- chain Fv antibody
fragment or crystals of an Fab 10 anti body fragnent, or fornulations or
conpositions thereof (ww), preferably between about 1% and about 50%
antibody crystals or crystals of a singlesghain Fv antibaody fragnment or
crystals of an Fab anti body fragnent, or fornulations or conpositions
thereof 15 (W WosdJfarequanoiv.enantcygfi dahe grieadAudn svilcondiddan, a

mai ntenance dose of crystals of a whole antibody or crystals of a

si ngl e-chai n F@’e&ﬁeleﬁ’o U Oadién@rer abopdt ASS o raf erapblantissowen

fragnent, or 2GHdwtmilsatEnanabiutC GROSIE W/hd 10t HRY, %iﬁ&t%@és%%] S, may
be adm ni sterecld | f necessary., Subseque_nt[{y, the dosage or frequency of
adni ni strati on %rY oLydy sHaglesqhada Y antikedvofreiomens oyt oms, to

a level at swhicdysthas 6&ram5¢a%oa%kﬁh%&yi%ﬂ%@ﬁ@d&?dormﬂ%ﬂghﬂ%t%%ngonditiOn
has been alleviated to the desired |evel, treéatnent shoul d cease.
| ndi vi dual s may* KOHBPSL L ionggtheaecdt dwiiwt-enPlitesnarénelon a | ong-term

basis upon an r@@@&bk&@%ﬁw@ﬁltgﬁnﬁgﬁﬁiB%QQe%B %%%BEO%501%h%E%OLP§%g The

crystallized ol e antibodies, single- chain Fv antibody fragmen nd Fab
anti body fragn®its whodrd angipedyt cavstadse ber euystiadss ofher edhglaccor di ng

.t TS, P el Bt o A e 0

di seases, infections and disorders / US01/ 49 28
58 includi A§, aRtdpodyi dragmgnbuner dprwadesiwhischrcapmpesitions

thereof (w/w), preferably between about 1% and about
50%, antibody crystals or crystals of é single-chain Fv
antibody fragment or crystals of an Fab antibody
fragment, or formulations or compositions thereof

15 (w/w).

Upon improvement of the individual's
condition, a maintenance dose of crystals of a whole
antibody or crystals of a single-chéiﬂ"Fﬁ éntibody,
fragment or crystals of an Fab antibody fragment, or

20 formulations or compositions comprising such crystals,
may be administered, if necessary. Subsequently, the
dosage or frequency of administration, or both, may be
reduced as a function.of the symptoms,“to a level at
which the improved condition is retained. When the

25 condition has been alleviated to the desired level;
treatment should cease. Individuals may, however,
require intermittent treatment on a long-term basis
upon any recurrence of the condition or symptoms
thereof.

30 The crystallized whole antibodies, single-
chain Fv antibody fragments and Fab antibody fragments,
and compositions and formulations thereof, according to
this-invention, may be used to treat a wide variety of

human and other diseases, infections and disorders



treated with anti bodies, alone or in conbination with other drugs, or in
conpl ex or conjugated with other chem cal substances, e.g. BtA%i@ or

radi onucl aw¥0i0deR636% Di seases, infections and di sorders whi ®oTMS91/09824 r eat ed
or di agnosed using the crystallized whole antibodies, scFv antibody
fragnents and Fab anti body fragnents, and conpositions and fornul ations

t hereof, according to this invention, include, inter alia: A DS/ HYV
infection 10 or related conditions; autoi m8une disorders like rheumatoid
arthritis, system c |upus erythematosus, idiopathic thronbocytopenic
purpura; bl ood idicslordiateg, drter pllatsel einyadgmegatd deasanoaiich nedndbag,
inter alia, cqlorectal,, lung and prostate cancers; digestive 15 disorders,
such as coliti e Gy é%‘z&sl@o S Aoyt TR ikl e

conditions, e. @ther\Bhidss, oratia aehipldiedr HrbRafte® wikth AL
myocardi al , cardiovascul ar thronbosis; infectious diseases, e.g.,'sepsis,
ost eonyel i tis; i512dgiUPHE PCESr d & - re EXINAIY Had i Rgtides  oke:

respiratory odi $8a%8f5es Gnfedliond GRS diBRrlt LMl ich MlPidd Ssrokida
di sorders, e.g_, psoriasis; tr ansgl ant ati on _probl ens, -

. €e.g9..,. .
graft-versus- h&%t digianesed usigen FEsEl g et thste rauidedies n 25
sensitivity al l@E9enmt iy RAJMNTs aMHE IFP!EAS hd £ u tc.
I n anot her enbodi nent, th he Ycrystggflél i zed Wwhol e anti bodi Le%,éés]%é/g%nm&(;dy :
fragments and FEFRRAIHGNS andadeamud.atdednse dhsoaal o epiding o at i ons
t hereof, 30 acger;di t:Ai s i | .on,; 1< rs .l Kits
to di agnose di ggggeggg;reqlltﬁpgzt ilgl\r?gﬁ?r?dl ué{% %ﬁ'e%%#@@sﬁ%%@%f? IS,
sal nonel | 08i0s, oghingdldtesi sonddatdonise laatatimomrendlisardarsflikesease st agi ng

|0 cancers Suchyas,Aon;ipdglny'ss sl MRATRAAL 1 G TR RGO

' idiopathic thrombocytopenic purpura; blood disorders

like platelet aggregation; cancer, including, inter

alia, colorectal, lung and prostate cancers; digestive

15 disorders, such as colitis, Crohn’s disease and
inflammatory bowel disease; eye’ conditions, e.g.,
uveitis, cataracts; heart disease, e.g., acute
myocardial, cardiovascular thrombosis; infectious
diseases, e.g., sepsis, osteomyelitis; neurologic

20 disorders, e.g., multiple sclerosis, stroke; |
respiratory diseases, e.g., allergic asthma, allergic
rhinitis} skin disorders, e.g., psoriagis;
transplantation problems, e.g., graft-versus-host
disease, organ transplant rejection; reduction in

25 sensitivity allergens, e.g., peanuts, and injuries
resulting trauma etc.

In another embodiment, the crystallized'whole
antibodies, scFv antibody fragments and Fab antibody
fragments, and compositions and formulations thereof,

30 according to this invention, may be used alone or in
test kits to diagnose diseases or infections including,
inter alia, osteomyelitis, salmonellosis, shigellosis,
and the location and extent of disease staging in

cancers such as non-Hodgkin’s lymphoma and leukemia.



59 In yet another enbodinent, the crystallized whole antibodies, scFv
anti body fragnents and Fab antibody fragnents, and conposi2gons X%
formul at i YR 024B636eof , according to this invéention, nmay beposagoppeign 5
vivo imaging agents for the detection of diseases such as cardiovascul ar
t hronbosis. The anti bodies that nmay be crystallized and used according to
this invention include, but are not I|imted to: anti-cytokine antibodies,
anti-CD antigen 10 antibodies (anti-CD3, 58D20 (e.g., R tuximab), anti-
CD25, anti-CD52, anti-CD33, anti-CDlla), anti-TNF-a (e.g.,” Infliximb),
anti-rattlesnake venom amnt yetCaMothergembadimdrtAMthe &tysdGAM 204

ti-growth f i hadi. . ti-VEGE), anti-growh factor 15
eceptor anti bedbag argBORiER {Reky, cBE noty " Pragane) dibF atant | - ECFR).

anti - i rmunogl obokiibodgnfirbguieas s(e.apd, camposi¢ionsARind FIIHEI1HSord

ant i bodi es, ankbé¥ir I antib%gies %e.gu, anti-CW, anti-HV (e..g.,
anti-gp120), antr-EBY: SREPTREVI &P D150 1ayenti ofy.y 88T Seeiumed ast dn)

ant i - conpl egenvivaninbgihgsagents, fomt thES5Het@llciinel St | factor

anti bodies (e.g., anél?ggﬁlb?llla anti - Fact or 3ﬁf?,%fa??%ﬁ§$§§ﬂ%§ﬁﬁ n

anti bodi es (e.gs,céﬁ toyesgulaxt thrpmbesignti-1L-8), antibodies targeted to
the Maj or 25 Fhstoconpapahélhhfiggagggxthgtgmayaﬁgl-y%élaqugg-lgﬁéﬁyplc
anti bodies, anti-integrin antibodies (e.g., anpl-(g- -|ntegnl%,
anti-17-1A ceIFS§ﬂr?%€%r§thgéﬁ,th&ﬁtFnaﬁpglpnanpblvﬂﬂw4buandr@nﬁotCBL

Those of skillilimitbe est #hih-appeRShat Snt! agti.body, fragnments
including,_inter alia, Fv and. ng antib03§§g$gg%%htghg$ g%%an%QQen
above- nent1¥nedRhkBrdieant{ apbir €B3rayCAR 0 (Beger y B bhkimath) andntded

according to ¢bps, | ANEDLEHS2, 28nfYGBI9D anti-cpila), anti-TNF-o
(e.g., Iﬁfliximab), anti-rattlesnake venom, anti-ICAM
(e.g., anti-ICAM-1, anti-ICAM-3), anti-growth factor
antibodies (e.g., anti-VEGF), anti-growth factor
15 receptor antibodies (e.g., anti-HER2/neu (e.g.,
Trastuzumab), anti-EGFR), anti-immunoglobulin
antibodies (e.g., anti-IgE), anti-polyclonal Ab
antibodies, anti-viral antibodies (e.g., aﬁti—CMV,
anti-HIV (e.g., anti-gpl20), anti-HBV, anti-RSV (e.g.,
20 anti-F glycoprotein)), etc.), anti-complement
antibodies (e.g., anti-Cs), anti-clotting factor
antibodies (e.g., anti-gpIIb/IIIa, anti-Factor VII),
anti-interleukin antibodies (e.qg., anﬁi—IL-S, anti-IL-
4, anti-IL-8), antibodies targeted to the Major
25 Histocompatability Complex (e.g., anti-HLA), anti-
idiotypic antibodies, anti-integrin antibodies (e.g.,
anti-f3-2-integrin), anti-17-IA cell surface antigen,
anti-a4f7, anti-VLA-q, and anti-CBL.
Those of skill in the art will appreciate
30 that antibody fragments including, inter alia, Fv and
Fab antibody fragments of the above-mentioned whole
antibodies may also be crystallized and used according

to this invention.



WO 02/ 072636 PCT/ US01/ 49628 60 Production of crystals of -a whole anti body
or crystals of a single-chain Fv antibody fragment, or chIBtMJGsm an Fab
ant i body WP or fornul ati ons-or conpositions conpri FICTPSIHE28ryst al s
5 According to the one enbodinent of this invention, crystals of a whole
antibody, crystals of a single-chain Fv.antibody fragnment, crystals of an
Fab antibody fragnment, or fornulations or conpositions conprising such
crystals are prepared by the follow ng EP process. First: the whole

anti body or single-chain Fv ant| body fragrrent or Fab ant| body fragnent is
crystal lized. H&8Quc -—ée! 3 phats sugar

al cohol s, viscgysig ySl r(‘g_ac%.ir_ttt_;1 355, a d‘)NeEfa{ }‘gelog sg}_,u(b] Iégéfg ggent S,
buf fer sal ts, ~enursiTying agen s a"ladtll"m cropra agent S, —anti oxraants, and
coati ng agent fIarktaky i Odvbdy ] g . OAl ternatively, the

not her |iquor d ]% ﬁﬂm A .ié’Y‘H hs c(:Ir %taalsse suspended in an

‘exci'pi ent 20 maxi mum of 24 hours.
The exci pi ént concentratﬁmﬁctirigyrﬂmeﬁhq orzetamderd it Of Olhbsd about 10%

(ww). The ingr Qp}ggn I fi tvvee t 0.01 a about 90%
(wWww. The crysrﬁ;% conc’en atlol% |°?1baet§”\/\r}een aéb’o ctfy)ﬁ'l %%gsa% ut 99%
(W w). The rmtsnexgllaqﬂmln Fu mmmvditafgnmnti hery=tyslalof|ad ryaei t her by
filtration r se e t he cr stals are washed
optionally WI tah c{]}{ gr%l%% tbofﬁr %‘bs’o it rrore

organi ¢ sol verdosnm@r@,sdabr cryangales arest h&mﬁardwtﬂyaruie fsopswpadol or
et hyl acetl%te elther at roomtenperature or at tenperatures between -20 C

to 25 C. process

First, the whole antibody or single-chain Fv’
antibody fragment or Fab antibody fragment is
crystallized. Next, excipients or ingredients selected
from sugars, sugar alcohols, viscosity increasing

15 agents, wetting or solubilizing agents, buffer salts,
emulsifying agents, antimicrobial agents, antioxidants,
and coating agents are added directly to the mother
ligquor. Alternatively, the mother liquor is removed,
after which the crystals are suspended in an excipient

20 solution for a minimum of 1 hour to a maximum of 24
hours. The excipient concentration is typically
between about 0.01 and about 10% (w/w). The ingredient
concentration is between about 0.01 and about 90%
(w/w) . The crystal concentration is between about 0.01

25 and about 99% (w/w) .

The mother liquor is then removed from the
crystal slurry either by filtration or by
centrifugation. Subsequently, the crystals are washed
optionally with solutions of about 50 to 100% (w/w) of

30 one or more organic solvents such as, for example,
ethanol, methanol, isopropanol oxr ethyi acetate, either
at room temperature or at temperatures between -20 °C
to 25 °C.

The crystals are then dried either by passing a stream



The crystals are then dried either by passing a stream WD 02/ 072636 61 28

AUG 2005 PCT/US01/49628 of nitrogen, air, or inert gas oveygtAsmms

Al ternati MPY2ORRI crystals are dried by air drying, sprapctrusoiee:s

| yophi lization or vacuumdrying. The drying is carried out for a m ninum
of about 1 hour to 5 a maxi num of about 72. hours after washing, until the
noi sture content of the final product is bel ow about 10% by wei ght, npst
preferably bel ow about 5% by weight. Finally, mcrom zing (reducing the
size) of the crystals can be perforned if necessary. 10 According to one
enbodi nent of ©#i fitiregenti edxr ween ipeepagasy oveystilem.of a whol e anti body,
or crystals of ' P I n tibody fragnent, or crystals of an Fab
ant i body fragnég':: %%(E}rg qu g(ré E%I'att Féngg}yg?'ag%nﬁggi Fairs gé’r’rﬁ‘rlirs iy iaiwh
crystal's, enhampery, dt¥isgch lysphuifizatdens orakachol adgaghgdur g
crystallizatiop,. Eﬁgiggen%srgringrﬁdients are added to thé nother |iquor
after crystallrzation>-af?4 'Sgn Bhit FREi 6nMgPipEMWeEn aResGt 11 hend dlsout 10%
(Ww), altérnat meslipuat of abboenyeahbaisohfberWeasnaRgyt el 12Q,@nd about
25% (W' w) , altgggg iveI§ a% a,co ceFtration of between about O.f and about
50% (W w) . The" CexcIprehitR6PPFngfelifgntireli REQBYFEd i bRloweaboystals in
the nother |iquos bgrwalght, OmdstopabeekaBlhr Belod! hBHQRL E¥ely, t he

i ncubation is %grrhgd oyt fgé about 25 0.1 to about 12 hrs, afternatively
the incubation"T¥3arrfaBouY BrCLEBBLELIRI1 (¥eduséne phehsdze) | pfanot her

enbodi nent of thescipyealsosant be éﬂgbeabanifOﬁeéégggngt i s dissolved in
‘a solution, . other than the nnéher ?iquor, and the crystals are 30 renoved

fromthe mblher |iquor ahBcSEeHRHJEd PRet ABPOdiment of this

invention, when preparing crystals of a whole antibody,
or crystals of a single-chain Fv antibody fragment, or
crystals of an Fab antibody fragment, or formulations
or compositions comprising such crystals, enhancers,

15 such as surfactants, are not added during
crystallizatiqn. Excipients or :ingredients are added
to the mother liquor after crystallization, at a
concentration of between about 1 and aboﬁt.lo% (w/w),
alternatively at a concentration of between about 0.1

20 and about 25% (w/w), alternatively at a concentration
of between about 0.1 and about 50% (w/w). The
excipient or ingredient is incubated with the crystals
in the mother liquor for about 0.1 to ébout 3 hrs,
alternatively the incubation is carried out for about

25 0.1 to about 12 hrs, alternatively the incubation is
carried out for about 0.1 to about 24 hrs.

. In another embodiment of this invention, the
ingredient or excipient is dissolved in a solution
other than the mother liquor, and the crystals are

30 removed from the mother liquor and suspended in the
excipient or ingredient solution. The ingredient or
excipient concentrations and the incubation times are
the same as those described above.

The present invention may also utilize other



exci pient, or ingredient solution. The ingredient or excipient
concentrations and the incubation tines are the same as tm)Se\UtﬂeM| bed
above. ThWQe2452636 i nvention nmay also utilize other 28 AUGCHUS01/44628
02/ 072636 PCT/ US01/ 49628 62 sl ow rel ease net hodol ogi es, such as silicon
based rings or rods which have been prel oaded with encapsul ated crystals
of a whole antibody or crystals of a single- chain Fv anti body fragnent, or
crystals of an Fab 5 anti body fragnent, og2fornul ati ons or, conpositions
conprising them and can therefore act as inplants for delivery. Such

met hodol ogi es @l@WlﬂelaasenméahbdbEMghesofsaahlE@dsei1@bna&bbhﬁd&uﬂﬁﬁgnﬁntS

to the bl oodstream .ove eriod of wee k or nths. Such inplants can be
10 inserted |n?¥aﬂ%?ﬁaV£§g% agﬁanEnSBFE adgd) ¥ith sRgaPetRREd when

needed. O her éﬁy@uhaglOﬂSaamﬂomenaﬁaLbeQSO@cadetags be¢ thiss dgi1went i on
i ncl ude vaCC|nehfornuIat|oqa g. nposi ti ons conpri si ng cr¥§tals of a
whol-e anti body$ iﬁnoﬁvc??%% P Yofr39§?ﬁﬁreOEhﬁFMsFélﬁnPﬁbG@y PPagment or

crystal s ofsanarfatbaayi besymérhagnept roandl 26k UManby éeﬁl.f;e%l%%%l%sm ating
pol yner(s). In one enpbodi nent of _this invention, e anti-i1diotypic

antibody is ifYRP¥IERRT| HikMogend ¢aAnt hherefnsei ﬁﬁht ast hepMaolts Ior
anti body crystadsi fagyCr ySi@h rﬁ@éﬂyaéibgﬂés%ro@@&eoé' Ebﬂ@%amu'l‘év%'l' cit a

response to the antigen that the anfi-Tdiotype mmcs or is closely
related to. THerdtbikodier emtantibedypfragnenbsdyoctheabloadsarerype of

vaccine or theswady 208kPda C@f‘c\%ékéngr ?ﬁt‘hg' m@ﬂ@hd&@ﬁéﬁ%s Bl be

allergies, as well as viruses, exanpl e, hepatit
embodi nentl %f-§U%ﬁrV%@cl¢E¥¢@ﬁhmﬁhiYo@Bd oan cbepssfel pnsepinckdesnd S|ngle

vaccine injectidihved when needed.

Other formulations and compositions according
to this invention include vaccine formulations and
compositions comprising crystals of a whole antibody,

15 or crystals of a single-chain Fv antibody fragment or
crystals of an Fab antibody fragment, and adjuvant
and/or encapsulating polymer(s) . In one embodiment of
this invention, a whole anti-idiotypic antibody is
itself the immunogen. In this embodiment, the whole

20 antibody crystals and crystal formulations or
compositions would elicit a response to the antigen
that the anti-idiotype mimics or is closely related to.
Therefore, the anti-idiotypic antibody"can act as a
type of vaccine or therapy against cancers and

25 autoimmune diseases, e.g., allergies, as well as
viruses, for example, hepatitis B virus.

One embodiment of such vaccine formulations
or compositions involves a single vaccine injection
containing microspheres comprising crystalline whole

30 antibodies, or scFv fragments or Fab fragments thereof.
Those wmicrospheres would, for example, be characterized
by three or more different release profiles. In this
way, crystals of a whole antibody, or fragment thereof,

that act like antigens may be released over a sustained



cont ai ni ng m crospheres conprising crystalline whole 30 anti bodies, or scFv
fragments or Fab fragnments thereof. Those microspheres wou? §, A @8xanpl e,
be char act'gvr‘?%z{%y three or nore different rel ease profi | BET/UBN/bISS

way, crystals of a whole antibody, or fragnment thereof, that act |ike
antigens may be released over a sustained 26 AUG 2005 WD 02/ 072636

PCT/ US01/ 49628 63 period sufficient to generate lasting immunity. By

virtue of such a fornulation or conpositiof3 nultiple antigen boosts nmay
be made available in single unit form. One advantage of such a systemis
t hat by using SP@kbbPe %mgfb©ﬂ9n%r9@taeaeretysﬂaBSing stnghdtghai ByFv

anti body fragmepis r~€r I |.body fragnents, or _fqrnulations
or conpositions co%%?i%?n%éégu%h9%¥§§?3ﬁg§nt§5 ﬁg??QggFﬁPEe-EP&éﬁgﬂﬁnal
structures of aheigenibodses wayaneibady avaghebls anesihigitaungd 10 and

presented to the_ ] y. In thepr native form . thus eliciting the

i mune responseﬁgégguaf?% g%ﬁ%%%%ggn?#bﬁﬂsésé E%E%eThésiﬁﬁﬁﬁeb¥y§ﬁéﬁ8is
prined, ther® relyoldeaneiisodeecriotahs, adiyysalsebf egingTherahoneryi N the
15 sl ower degrading ihoculations, a |ess i nogeni c. adj uvant may be

i ncl uded and pg%é$ %ﬁym#%ﬁﬁTﬁ&ﬁﬁ’nﬁﬁ CB%Sgggﬁigng?9 #RE18PEKest degradi ng
m cr ospher es -of fradmeeritos mbnt f @nsu Baehi CeEPOST EbRPSsit flohBi SoMBYisipat i ent

opul ations in renote areas woul d not. have to 20 be treated nmultip times
' 4 o'
0

in order to provide Sproteeti garhkYe i rEeeT dlrengi eeatest ruabunes

advant age of thef priesenitiliodids ol | gnt 1hedy Cf ¥Sdmd st Of a e WAQL & QﬂﬁégOdy or
crystals of(§ S|élle-cha|n Fv_anti body fragment, or crystals 9¥ an 25 Fab
anti body fragnettd RFreIgiuRd &9 t HEPERR  SYRER™ i ccl@trpbataved within
polyneric carrifsmmt ¥ Mliciting the immune response seen with
native antibodies. ~
Once the immune system is primed, there may
be less need for an adjuvant effect. Therefore, in the
15 slower degrading inoculations, a less immunogenic
adjuvant may be included and possibly no adjuvant may
be required in the slowest degrading microspheres of
the formulations and compositions. Iﬁ'thié.way,
patient populations in remdte areas would not have to
20 be treated multiple times in order to provide
protection against infectious diseases.
Another advantage of the present invention is
that crystals of a whole antibody or cfystals of a
single-chain Fv antibody fragment, or crystals of an
25 Fab antibody fragment, or formulations thereof, thét
are encapsulated within polymeric carriers to form
compositions comprising microspheres can be dried by
lyophilization. Lyophilization, or freeze-drying
allows water to be separated from the composition. The
30 antibody crystal composition is first frozen and then
placed in a high vacuum. In a vacuum, the crystalline
H,0 sublimes, leaving the whole antibody crystal or
antibody fragment crystal composition behind,

containing only the tightly bound water. Such



conpositions conprising mcrospheres can be dried by |yophilization.
Lyophilization, or freeze-drying allows water to be separapgdafe @8t he
conposi ti KO 263D ant | body crystal conposition is first fRQIZE801&49628t hen

pl aced in a high vacuum In a vacuum the crystalline HZO sublines,

| eavi ng the whol e anti body crystal or antibody fragnment crystal
conposition behind, containing only the tightly bound water. Such WO

02/ 072636 64 28 AUG 2005 PCT/US01/49628 @wdcessing further stabilizes the
conposition and allows for easier storage and transportation at typically
encount er ed anRr&fessdmsedaribhey, Smbil tres nthel ¢owsosit font ande separ at ed

5 fromthe cryshal efgﬁ.r QR Ide d ' |ted for .the_continuous
producti on of dryc_)so i ds %%l eﬁrheértd%aoﬁ%ggrgalgtfsyaénﬁ?%?’ét%ﬁ;l%@gf“bm&rate form
fromliquid fdowsiaadily snossinieimad, ammersi orsmperat poepabl e suspensi ons.

Spray drying involves th ' Jdon aof, 10 a liquid feedstock into a spray
of droplets and contact ?’r?g Eghtﬁlorbqf e?o']sl?kﬁ hwahtoefq': &FF PH SeRYARE chanber .
The sprays &r e fmoodurded cry seiailh gremirrtiod Wherl )i HrhIWHTY es@d ©8H Z£6$-

Evapor ati on of isture fraomthe droplets and formation of dry particles
15 proceed undé:?rl%cgr?t%rtéﬁu@a'st B Y C{;‘?}f VWA oHRYi @1 HRT Rel ati vel y

hi gh tenperat upesdarg geradedatieoors iyl dartaitd: oRafmtfahe. 1 Hayeyer, heat

damage to proqucts.is,generally anly slight, because of an evaporative
cool i ng effect (%c%&fiisﬁﬁc e 38 PP Ilodéyi rﬁj‘g“ 5 P ANARIIRRRR e t he

subsequent tinBuspesxxponure Bpraly @rytierparidines Ahd - dhy-dBiShi gk may
‘be very shgrt. Pﬁv.vder. IS di scha&ged continuously fromthe drci/i ng chanber.
Operating E8ndft FoHEEn4SGAFEPClediifi® @ spray of droplets an

contacting the droplets with hot air in a drying
chamber. The sprays are produced by either rotary
(wheel) or nozzle atomizers. Evaporation of moisture
from the droplets and formation of dry particles

15 proceed under controlled temperature and airflow
conditions. Relétively high temperatures are needed
for spray drying operations. Howeveyr, heat damage to
products is generally only slight, beééuée'of an
evaporative cooling effect during the critical drying

20 period and because the subsequent time of exposure to
high temperatures of the dry material may be very
short. Powder is discharged continuously from the
drying chamber. Operating conditions and dryer design
are selected according to the drying characteristics of

25 the product and the powder specification. Spray dfying
is an ideal process where the end product must comply
with precise quality standards regarding particle size
distribution, residual moisture content, bulk density
and particle shape.

30 This feature is especially desirable for
therapeutic antibodies and anti-idiotypic vaccines,
which can be dispensed into single dose sterile
containers ("ampules") or, alternatively, any desired

increment of a single dose as a slurry, in a



are selected according to the drying characteristics of 25 the product and
the powder specification. Spray drying 1is an ideal processZﬂhﬁﬂbﬂﬁﬁe end
product mY$@O¥BREI with precise quality standards regar dipog/yseitigese size
di stribution, residual noisture content, bulk density and particle shape.
30 This feature is especially desirable for therapeutic antibodi es and
anti-idiotypic vaccines, which can be dispensed into single dose sterile
containers ("anpules") or, alternatively, emy desired increnment of a
single dose as a slurry, in a 26 AUG 2005 WO 02/ 072636 PCT/'US01/ 49628 65

formul ation or ferowiptdion or. ATl teisorc ONtBh& | Agoulde db5PENS ey
slurries, fornghgtiggge%re%o %&jtions can .t hen be capped, batch frozen
and | yophi | i zed under-osteri Pe “EEidi T A RBrPF SRR FEPRS can be 5
transported thcenghbenh beecapped anth tsitorfathAin adbk ENfoph EMPLERTYKESy Such
‘a systemis unggE.égr ﬁrgvidin sterile an%!nes and, t herapeutic

antibodi es to remdotec SRACIAdEVE opSFTHAE L § RO IR\ Camedeoi nt of
use, the anpul erasspebyddatadouighivuthe Ht eidrd1Rl Sy etoddl Lt £Ln Pl

choi ce and disgensed. For suc allcE};eparations, m nimal or no refrigeration

is required.' “FRPSABFHEFSenb ft SyStem &5 Masftubformyerwaiding a whol e
antibody, or ceyerale ohcaiseRghed Ehairagaqtan iLadbdd Ry o fd ystal s
e

of an Fab 15 antibody fragnment, accordingg}o this i nvention may
crosslinked fofddUPERBRAPPEEaRRI Sy OfTHNe WoTlshy afttaddmuipdioit td®e use of

such crystals, useystak h@piUkatk0RsH3adEUIP9SIdH WIS igteazf@ae;(foéhpe'%
|

extrenes, _such as the gastrointestinal tract of hunmans an ani il s.  For
exanpl e, ah?i bBUyPRFyeFaPE, chpdReadnd dérperees- afamedckerystals, may be

crosslinked uspp@parations, minimal or no refrigeration is required.
In another embodiment of thié inVention,
crystals of a whole antibody, or crystals of a single-
chain Fv antibody fragment, or crystals of an Fab
15 antibody fragment, according to this invention may be
crosslinked for additional stability. This is
advantageous for the use of such crystals, crystal
formulations and compositions in aréaélof §H extremes,
such as the gastrointestinal tract of humans and
20 animals. For example, antibody crystals, such as,
monoclonal antibody crystals, may be crosslinked using
one of a variety of crosslinkers, including, but not
limited to, Dimethyl 3, 3’-dithiobispropionimidate.HCl
(DTBP) , Dithiobis (succinimidylpropionate) (DSP), Bié
25 maleimido- hexane (BMH),
Bis [Sulfosuccinimidyl] suberate (BS), 1,5-Difluoro-2,4-
dinitrobenzene (DFDNB), Dimethylsuberimidate.2HC1
(DMS) , Disuccinimidyl glutarate (DSG),
Disulfosuccinimidyl tartarate (Sulfo-DST), 1-Ethyl-3-
30 [3-Dimethylaminopropyl]carbodiimide hydrochloride
(EDC), Ethylene glycolbis[sulfosuccinimidylsuccinate]
(Sulfo-EGS), N-[g-maleimidobutyryloxy]succinimide ester
(GMBS) , N-hydroxysulfosuccinimidyl-4-azidobenzoate
(Sulfo-HSAB) , Sulfosuccinimidyl-6- [a-methyl-a- (2-



one of a variety of crosslinkers, including, but not |imted to, D nethyl

3, 3'-dithiobispropionindate. HC1 (DTBP), Dithiobis 28 AUG 205
(succi ni rﬁv&ﬂzf??fpﬁﬂf onate) (DSP), Bis 25 naleimdo- hexane KGNP§O1/49628
Bi s[ Sul f osucci ni m dyl ] suberate (BS), |,5-Difluoro-2,4- dinitrobenzene

(DFDNB), Di nmet hyl suberi m date. 2HC1L (DVS), Disuccinimdyl glutarate (DSG),
Di sul fosuccinimdyl tartarate (Sul fo-DST), 1-Ethyl-3 30 '

[ 3- Di met hyl ami nopr opyl ] car bodi i m de hydro€#@l oride (EDC),..Ethylene

gl ycol bi s[ sul fosucci ni m dyl succi nate] (Sul fo-EGS),

N-[ g- mal ei mi doPXidyléithiaberhianidodshexanpanBs)(Sul fo-LC-SMPT) ,

N- hyd | f Chnl ok dyl 5 45271 - HSAR).

Sul T osuce ni miﬁﬁ? g{f I[ 5; n%%héii? ?%ggég’%éé??ﬁg?ghi\%;?ﬁ?}%séBﬁﬁ?PL’Jso1/ 49628
i dyl di ' elece . o-LC .

g?sp)[/[gl(i alzitdor(lsj?atlt [ cgl a @Ig];g y di ;&E {_l ASIED)C .and _gl ut ar al dehyde

(GAy. In a further enbog? rrentﬁlc;l)]?éﬁb%l Sél nvégﬁf"oﬁ, Oty E‘f‘ﬁs'tlgl% H%FOQ'WnoI e

anti body or5 scRwystabsenf afwhaole aant bbdiyoorFabFir égagmenal onaant i body

nmay be radi ol apel o sed in antibody radiatiqn - therapies. In such a
t herapy, for exan%)lﬁgei(,i};aorbreg%l?ogﬁ?)%'f'?léé 3ﬁt¥9cﬁﬁkéi’°§m MB¥dy°crystal or scFv
10 fragnent crlgeaiiacﬂaibelzbé)datmiHﬂ@d&sédagﬁeahtibwlayakadQétiBﬁr(ro!ﬂ ation ﬁr
conposition ¢ rising such crystals,. can be_delivered according to this

i nventi on, to%tmﬁeera%lr?se' ofﬂf t%‘y‘glén%e?beﬁﬂ’gr feri 9§??nghear el eased

anti body or safadifskgrelledrarkab- aantepdynt iBeERNErFaLRiNds LOFit S
targeted. cancer_antigen and delivers the }P‘Irﬁgdi 0i sotope directly to the

cancer ous el ' TUnoTEY SShe %I B3R 2RFLPREY 2hFPEBEP LAY YEEAL) By
according to fdimulawidt i ON.cAMbEs el bnetympsingSslencEeysthnked -
crystals in réggfugé”héf¥¥é¥28 Qgﬁbﬁéfﬁélégkfﬂgs inVéntion, to the
site of the cancer. After delivery, the released
antibody or scFv fragment or Fab antibody fragment
15 binds to its targeted cancer antigen and delivers the
radioisotope directly to the cancerous cells or tumor.
The release of the antibody may be timgd according to
this invention. Alternatively, wheh ﬁsihg.crosslinked
crystals in radiation therapy,'Ehe-crosslinkers
20 themselves may be radiolabeled. 1In this embodiment,
the whole antibody, Fv antibody fragment or Fab
antibody fragment that is in the crosslinked crystal
serves to target and deliver the radioisotope to the
cancerous cell or tumor. The radioisotope itself is
25 carried and released by the crosslinker. |
Theoretically, useful radiblabels include, but are not
limited to, the following radioisotopes or
radionucleotides: *H, %c, 5N, 355, %y, 99pc, Mpp, 1257,
31 practically, however, in vivo use in
30 radiotherapies would limit the radiolabel to I, %Y,
or any other radiolabels defined by a short half-life.
For example, the monoclonal antibody Rituximab (see
Example 1) has been labeled with *°Yttrium (°°Y), in

order to be used for radioimmunotherapy in patients



20 thensel ves may be radiol abeled. In this enbodi nrent, the whole anti body,
Fv anti body fragnent or Fab antibody fragment that is in t38 Ar® 20 nked
crystal 309207263 t arget and deliver the radioi sotope to phgyseRsvesy OUS
cell or tunor. The radioisotope itself is 25 carried and rel eased by the
crosslinker. Theoretically, useful radiol abels include, but are not
limted to, the follow ng radi oi sotopes or radionucleotides: 3H, 14C, 15N,
35S, 90Y, 99Tc, 111in, 1251, 1311 Practiegally, however, -in_vivo use in 30
radi ot herapies would linit the radiolabel to 1111, 90Y, “or any ot her

radi ol abel s deMirted rhm-&lcﬁlg@:rltn'l‘sallfy-rdpi}fcﬁhas Forrp@iinpodidie fEpnocl onal

anti body thUX| see Qp ﬁ ég has been | abel ed with 90Yttr|un1(90Y) ,
in order to b€ rYac'ﬁ G %Wfqmaterﬁlslmt@m AUG 2005 WO
02/ 072636 PCT/ Loswaq%fia 6ﬂumthh@ﬁﬂaé@@@f¢91§ ! g0 hﬁa@Ecorrpound i's
-commercial ly available as Ibritunomab tiuxetan’ {Zeva in~ 1" (
Pharmmaceuticals, (San D ego, CA). Batch Crystalllzatlon of Crystals of a

Whol e AntibodyBaidm' $hahs zaf idnSigr q@ R %PRhﬁﬁgyAﬁ&% t or

Crystal s of _an Fab Ant| ody Fraonent rotein

control | ed 2cr§ flsgRf odier Ch YL & VU Flraias

sol utions cont g b@ﬁl%r%%nbﬁ %%bVﬂﬂkﬁboﬁ %91 Pt condltlons that may be

controlled include, Tor _exanple, ration of solvent,

organic solvents, the pP&SEgéa @¥Y§ﬁpﬁ§pﬁmateramms@WUteatandleHuffers pH

and tenperat ur [ o] h rious factors affecting
@ryét%@ﬁﬁ&ﬁggaﬁ bE ??%%gw f ol %ﬁﬁ%ﬁg& 5§EH%§HQFSBH A

the crystallization of 15 proteinS has een pu
Met hods EnzynBfRueous: sepupdopngogentaining organic solvents.

10 Solution conditions that may be controlled include, for

example, the rate of evaporation of solvent, organic
solvents, the presence of appropriate co-solutes and
buffers, pH and temperature. A comprehensive review of
the various factors affecting the crystallization of

15 proteins has been published by McPherson, A., Methods
Enzymol. 114:112-20 (1985). _

Large-batch (industrial—scaié)
crystallization typically involves a much greater range
of conditions than does crystallization by the

20 classical “hanging drop” method. The initial protein
concentration ranges between about 1 and about 200
mg/ml (or possibly even more), more préferably from
about 0.01 mg/ml to about 500 mg/ml, for large batch
crystallization, while the protein concentration fér

25 the hanging drop method is limited to about 4 to about
10 mg/ml (in rare cases, up to about 25 mg/ml). A
further embodiment of this invention is a crystal of a
whole antibody, or an Fab or scFv antibody fragment
thereof, wherein said crystal is crystallized using a

30 protein concentration that is within a range from about
0.01 mg/ml up to and including about 3.9 mg/ml. A
further embodiment of this invention is a crystal of a

whole antibody, or an Fab or scFv antibody fragment



Large-batch (industrial-scale) crystallization typically involves a nmuch
greater range of conditions than does crystallization by t B8 A5 MMbssi cal
"hangi ng &?"ar?”oﬁ?é??lod. The initial protein concentration. rcarusessdses ween
about 1 and about 200 ngy/m (or possibly even nore), nore preferably from
about 0.01 ng/m to about 500 ng/m, for large batch crystallization,.
while the protein concentration for 25 the hanging drop nethod is limted
to about 4 to about 10 ng/m (in rare cas&s, up to about 25 ng/m). A
further enbodiment of this invention is a crystal of a whole antibody, or
an Fab or scFv tdhardmily Whexmbntsaiderepdtahhes ecpyseall] L2968t @ind a f
crystallized ug . 30 ' oncentration that is wthin_a range from
about 0.01 ng?r#&uegn?oc%l%rﬁn%%fhg&é%%u%s SW%D%rﬁ.rﬂ‘g?Lﬂ%rabOUt
enbodi nent of t#hingy/imivent iton arsd aimMsdﬁhgoeib@ut\AMI@%,qmj bogdlysu a0 Fab
or scFv anti bo%orﬂgnrgenq:t \/%‘Dt 2/ 072636 68 2 8 AUG 2005 PCT/ US01/ 49628
thereof, wherein said crystal™ 1€ PRI Rifyetabrof & whole
concentrati 6n Ematibdcgiyy tdy rara Feangser fd ey aebgyibo&ly rm,}ggmégpt t,gléyﬂgj)f
further . enbodiment of this invention i's a

i ncl udi ng about .10 ng/ m_..
crystal gf a \/\Akw"c})'leé‘“ebr}‘g’arftai §FFY S ant FarettabEzehtusiong 3 mepbsin t her eof

wherein said crpsicaintirataios tiildd ziegd Wisiiih & PFAEL Fr d dlg gn that is
vvithin_arangefr%{i]about 10.1 . ng/m up to and including about 25 ng/m. A
further enbod PR &P 9 @nchviditliushing abitty s2%imafmla whHol fartheant i body,

or an Fab or semboaiiedednf ragneninddi i€ 1 Vﬁ‘e&?srta'slﬁ'odf o Yikdle 'S
crystallized usin%a protein concentration that Is wthin a range from
about 25. 11%ngPREIbEYo &Fd dhdakiiory ssfouatgidady firagheny tthereof,

enbodi ment of WHb&eﬁ&V%%HHQ%ﬂf%ﬁ&ﬁ”ﬂgﬂdyyégéfﬁfgga(5sing a protein
concentration that is within a range ffom about 25.1
mg/ml up to and including about 200 mg/ml. A further
embodiment of this invention is a crystal of a whole
15 antibody, or an Fab or scFv anﬁibody fragment thereof,
wherein said crystal is crystallized using a protein
concentration that is within a range from about 200.1
mg/ml up to about 500 mg/ml. -
The crystallization buffers used for large-’
20 batch crystallization can have a pH range of about 3 to
about 10, more preferably a pH range from about pPH 1.9
to about pH 11.1, while the hanging drop method is
carried out at a pH range of about 5.0uto about. 9.0
(though usually this is accomplished at a PH at or
25 around about 7.0). A further embodiment of this
invention is a crystal of a whole antibody, or an Fab
or scFv antibody fragment thereof, wherein said crystal
is crystallized within a pH range that is from greater
than about pH 1.9 up to and including about pH 2.9. A
30 further embodiment of this invention is a crystal of a
whole antibody, or an Fab or scFv antibody fragment
thereof, wherein said crystal is crystallized within a
pH rénge from greater than about pH 2.9 up to and
including about pH 3.9. A further embodiment of this




15 anti body, or an Fab or scFv antibody fragnent thereof, wherein said
crystal is crystallized using a protein concentration that2g augiZ08 n a
range. frow@ap®12636200. 1 ng/m up to about 500 ng/nml. The peyRkadezat i On
buffers used for large 20 batch crystallization can have a pH range of
about 3 to about 10, nore preferably a pH range fromabout pH 1.9 to
about pH 11.1, while the hanging drop nethod is <carried out at a pH range
of about 5.0 to about 9.0 (though usuallggethis is acconpl.ished at a pH at
or 25 around about 7.0). A further enbodinment of this- inhvention is a

crystal of a whuwenaﬂbnbaéya eryanaEabf ar wasle amtiipedy,f Laauentefher eof

wherein said crysta Eé ized wthin a _pH range that is from
greater than apoff HaTté aytSréﬁﬁepﬁcFU&Fﬁ@fabUQFIEHHZSgldACSWSKWHIher

enbodi ment of tibi &riysvanlieed wighehyst h Shnge W@Bhﬁg%@%k@?d¥ha r an Fab
or scFv antlbodﬁ fra ment thereof, wherein said i's crystallized
within a pH r 38hGEts PHnd gPedPekot ARA ABS&PdﬁPBZaQOHE PY 4n@. i Acl udi ng

about pH 3.8. AukuhtbeemBsBOMEAENbEOENEYI $ne6nAtGH20Q5 2836
PCT/ US01/ 49628 69 |nvent on is a crystal on " EG?ngntyg ggégérggn %Fab or

scFv antibody FPayfefbtiRef¥or orwhRr Erh @élﬂCEVyénénbOdy Erggnanti zed

within a pH rapperksen ghesten 5828 caberhi P39 3 Ud'ng about
pH 4.9. A5 further enbodi nent  of th?splnven¥%oﬁ 59352%%§§ # Ek Anhol e

anti body, or aRHFEB"8F SEPV ﬁﬁ?@E@Hythaagﬂbﬁmt pHet edf ppwher ehd sald
crystal is cryshalhaz &béﬂt“%ﬁ 5Pbl. [ 8098 L £ ALY ILRRDAL nLURNCORRL SPH 4- 9
s

up to and _includi ng about A furt I men
i nvention {9 alEY?§Fb9no$SaamﬁEY%taht¢5odyth¢eaanEabodpr sﬁFanaEhbbody

fragment theregt, sWReT£h0i588¢ FLYShehe éﬁefégftawhé%ggnmggyén gkgrange
fromgreater than

is crystallized within a pH range from greater than
about PH 5.9 up to and including about pH 7.9. A
further embodiment of this invention is a crystal of a

15 whole antibody, or an Fab or scFv antibody fragment
thereof, wherein said crystal is crystallized within a
PH range from greater than about pH 7.9 up to and
including about pH 8.9. A further emﬁédimént of this
invention is a crystal of a whole antibody, or an Fab

20 or scFv antibody fragment thereof, wherein said crystal
is crystallized within a pH range from greater than
about pH 8.9 up to and including about pH 9.9. A

. -further embodiment of this invention ié a crystal of a

whole antibody, or an Fab or scFv antibody fragment

25 thereof, wherein said crystal is crystallized within a
PH range from greater than about pH 9.9 up to and
including about pH 11.1.

Large-batch crystallization can be

accomplished at temperatures that range from about 4°C

30 to about 37°C, more preferably temperatures that range
from about -21°C up to about +61°C, while most hanging
drop crystallization is carried out at temperatures
fromlabout 4°C up to room temperature (about 22°C). A

further embodiment of this invention is a crystal of a



about pH 5.9 up to and including about pH 7.9. A further enbougi t of
this invention is a crystal of a 15 whole anti body, or an r Fv

ant i bodyMO Q72636 thereof, wherein said crystal is. crysPST{USOEH6E thin a
pH range from greater than about pH 7.9 up to and including about pH
8.9.. A further enbodinent of this invention is a crystal of a whole

anti body, or an Fab 20 or scFv antibody fragnment thereof, wherein said
crystal is crystallized within a pHrange fromgreater than about pH 8.9
up to and including about pH 9.9. A .further enbodinent of this invention
is a crystal whoke ahbliboditi bydpn ErbaprFssFor agdrbedif i bergmentigment 25

t her eof , wherepn ld IS, s GI Lhzg zbm . r from
greater than gbgﬁégfkw 85%%3%&% (%%al(r(?dX§&%lgla3di (r%g\@a ou%%—f%% 1@1%2} ge- bat ch
crystallizati cempanabareareongel ifsed abbuter@2drrat wpese Heelownateotit om about
4C 30 to aboyt 37C r refe a&lh t ratures. t ha ge. from about
-21Cup to abguF‘+6§C?D"l\ﬁﬁP%§ ﬁg‘%f) lﬁ‘ﬁ&i%%% %trh&p? s rlzii Jf’clglrga ?oén Is carried
out at tenperatyseal bfom ahole 4Gtdipoty,r camarefeds abwrecFabant iBAGy. A
further enbodi_nent of %glis i%e(}v&ieon.is a.%rystalt f 2 2(? A&aﬂ)og WO
02/ 072636 PCTFUBTPRE658°F6 Mo b eRiPoSAt S 7 YAT Fabt BrosEev aht FBSdy
fragment thengehinvwaetempesaittirer yanale ifront yicld ized wptbdnand
t enperature ran%e from about -21C up to be owtabouc;t 4C._A fu%t her _
enbodi nent  of ALY RFeAO8h LETPE TS TS ZPBC L4l & it FBBEYSTor an Fab
or scFv anti begdyodhifeated ihaednvenftaios issal dkysanl of sacwislal i zed
within a tenperature range fraom about 4C up t, qz;;t:?d I ncl udj n'tg_; r 0o
tenper at uRd ( @FSEPOAYE) OTALFERCT @r?&Ydi%?’?b Ytrfﬁégrf‘?ﬂ}’én RBREPE- a
CLystaL of a Wnekeikl 3N RePsrAr idn Jraren 1Sickea apt t hodyaf ragnent -
t her eof ¥
temperature range from above room temperature (about
22°C) up to and including about 37°C. A further
embodiment of this invention is a crystal of a whole
15 antibody, or an Fab or scFv antibody fragment thereof,
wherein said crystal is crystallized within a
temperature range from above about 37°C up to about
61°C.
A range of about 5% to about 40% polyethylene
20 glycol (PEG), more preferably a PEG concentration from
about 2% to about 80%, with a PEG size (chain length,
i.e., number of ethylene glycol residues in the PEG
chain) of about 200 to about 20,000, more preferably a
PEG size (chain length) of about 200 to about 40,000,
25 more preferably a PEG size (chain length) of about 200
to about 80,000, can be used in the crystallization
buffers for large-batch crystallization. -
Theoretically, hanging drop methods can also use these
sizes and concentrations of PEG, but normally
30 conditions will not go outside a range of about 5% to
about 20% PEG 400 (size {(chain length)) to PEG 10000
(size (chain length)). A further embodiment of this

invention is a crystal of a whole antibody, or an-Fab

or scFv antibody fragment thereof, wherein said crystal



wherein said crystal is crystallized within a tenperature range from above
roomtenperature éabout 22C) up to and i ncludi ng about 37C. 2B A r
enbodi mentW8OXH646 i hvention is a crystal of a whole 15 ant PEDU$01/49628an Fab
or scFv antibody fragment thereof, wherein said crystal is crystallized
within a tenperature range from above about 37C up to about 61C. A range
of about 5% to about 40% pol yethylene 20 glycol (PEG, nore preferably a
PEG concentration from about 2%to about 80% with a PEG si:ze (chain
length, i.e., nunber of ethylene glycol residues in the PEG chain) of
about 200 to aBSUCTXPLFI0L 13RS5 IHNT o3 BEG con@EG:shréofcdiat liengt h) of

about 200 to a 40, s radl EG size , (Gghain | ength) of

about 200 to gﬁ%ﬁﬂg@?%%orfg?%afﬁe ﬁcgjd@i%?t%%a%gygpng‘l Zati'on Pouffers for

| ar ge- batch cr fé‘trélheirz@tmhﬂﬂlmente@iétﬁfcias_lynvélangbngidlr apcmtslnagjs oramn al §|(3|

use these siz d atd EG b nor 3Q _condi tions wi

not go outsi de‘%glor?%ngg&o a o'utd%% gstag;b%%ts%% g%@éy( F28MEain

| ength)) toSPEGhER®OE, (e ifrchwiin lengtty) ik éuytballerbadugtny @f this
or_an-Fab -or. scFv_anti body

: / ) i bod
invention is apeamytgleQfe &Ml & N :1§gyip\%réoﬁ5rwﬁzﬁg%ggout 5%

fragment thereof, wherein said crysta / _ o
PCT/ US01/ 49628 UP1 tios agdy sitred luidzdey whong: @ BREG wontept hati embbRameht off thin

a range from a 20 t.0._ahout. 4. 9% further enbodi nent. of this.
inven?i onis ategllriy%'st%ai o?tlf%’nv\ﬁ(ﬁ'ea acrﬁ}fsot@éy,"%ra a‘ﬁ"‘?ﬁﬁ BRtabpdvanerbedy
fragment 5 theFebf orwisewsi mrgdiodyr rtaaimdrs ahyek@bE | ZRHe ¥eiRYsa 1 aPEG

concentrati,an t..§ within range from about 5% up to and including
about 20% lﬁ f%?gﬁglﬁeﬁﬁo&irﬁ@ lg'f‘lgzet%i‘%s’iqﬂ/éht?% FRNGERE¥3EaPnothatwhol e

anti body, or ams within a range from about 20.1% up to and including

about 80%. A further embodiment of this invention is a
crystal of a whole antibody, or an Fab or scFv antibody
fragment thereof, wherein said crystal is crystallized

15 wusing a PEG -size (chain length) that is within a range
from about 200 up to about 400.. A further embodiment
of this invention is a crystal of a whgle antibody, or
an Fab or scFv antibody fragment thereof, Qherein said
crystal is crystallized using a PEG size (chain length)

20 that is within a range from about 400 up to and
including about 10,000. A further embodiment of this
invention is a crystal of a whole antibody, or an Fab
or-scFv antibody fragment thereof, whefein said crystal
is crystallized using a PEG size (chain length) that is

25 within a range from greater than about 10,000 up to and
including about 80, 000.

Large-batch crystallization can be

accomplished at buffer concentrations that range from 0
mM (no buffer) to about 4 .M, while most hanging drop

30 crystallization is carried out at buffer concentrations
from about 2 mM to about 1 M.

Large-batch crystallization can be

accomplished at metal or non-metal ion concentrations

that range from about 0 mM (no buffer) to about 4 M.
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di ng about 80, 000.- Lar ge- batch crystal lization can be
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Large- Crys T1ZatTon can acconp |shed at salt
$dﬁﬁﬂratﬂuybdran&, carbonate/blcarbona;e, fluoride, '

iodide, thiocyanate, formate, malonate, succinic acid,
bicine and EDTA.

It will be understood by those of skill in
the art that the crystallization methods according to
this invention can be accomplished using a wide variety
of reagents, under a wide variety of crystallization
conditions, including but not limited to:
crystallization in the presence of various divalent or
monovalent ions; crystallization in the presence of
concentrations of divalent metal ions ranging from
about 5 mM to about 500 mM; crystallization using
various buffer salts including, but noé limited to
acetate, borate, carbonate, succinate, imidazole, Tris,
HEPES, MOPs, ﬁhosphate, CHES, and other biological
buffers mentioned in the Sigma catalogue;
crystallization using reagents including, inter alia,
PEG monomethyl ether, MPD, ethoxyethanol, propanediol,
organic solvents, sodium or potassium salts like
sulfite (including other sodium salts), ammonium salts,
lithium salts, PEG derivatives, or any other organic
compounds; crystallization methods
;hat'are stationary or involve tumbling or mixing-;

crystallization in the presence or absence of

k)



about O MM (no buffer) to about 4 M Exanples of suitable salts include,
inter alia, chloride, acetate, sulfate, phosphate, nitrate28AUG8 Tris,
HEPES, 10YWQBHRI6H6t e, ini dazole, CHES, CAPS, MES, MOPS, tardrusiifoe2@or at e,
car bonat e/ bi carbonate, fluoride, iodide, thiocyanate, fornmate, nal onate, _
succinic acid, bicine and EDTA. It will be understood by those of skill in
15 the art that the crystallization nethods according to this invention
can be acconplished using a wide variety 7& reagents, under_a w de variety
.of . crystallization conditions, including but not limted to:

crystal lizati ofersrgeatsr esedelaftorsy i ous dival ent or 20 nonoval ent ions;

.crystallization in the pr of ___concentrations. of divalent nmetal ions

rangi ng from about 5 nmM t§ a%b;&ust %Oﬁﬁaﬁffitﬁ?l}i’éﬁ?ﬁaﬁghng vari ous
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PCT/ US01/ 49628 det er gent sagtecakatotyy sBaialst A ADLALDEA G as
arge-batcfo Cfgfig%gtzgtgagtgglgbggauméuggwiﬁé);§¥¥god S
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fragment or Fab antibody fragment to be crystallized
(in its storage buffer) is mixed with an equal volume
of a crystallization solution or crystallization buffer
(at a prescribed pH). The mixture can either be seeded

15 with crushed crystals that were previously obtained
(through other experiments) or used without seeding.
The mixture is then tumbled, for example, in a
hematology/chemistry mixer for about 5ut§ ébout 48
hours at the desired temperature (typically about room

20 temperature) .

Large-batch crystallization may or may not
involve the use of “seed” crystals, i.e., crystals
obtained during small-scale crystallizétion screens for
the determination of crystallization conditions.

25 Typically, seed crystals can be obtained from hanging-
drop methods using commercially-available
crystallization screening kits (e.g., Wizard I and
Wizard II, and Cryo I and Cryo II kits (Emerald
BioStructures, Inc. . (Bainbridge Island, WA)), or

30 Crystal Screen and Crystal Screen II kits (Hampton
Research (Laguna Niguel, CA). Alternatively, crystals
of a whole antibody or scFv fragment or Fab antibody
fragment may be prepared using a screening method;

called microbatch screening, which is, in practice, a



maxi mum nore preferably in about 5 mnutes to about 48 5 t}to%

hangi ng %‘gﬁ rrﬁ ?ods can take days, weeks, or even nonths

crystals MR8 v0re, |arge- batch crystallization uses i 4y f’clé't9?7t§n st ep,
unli ke hanging drop protocols. Large-batch crystallization is perforned as-
10 follows: a suitable volume of the antibody or scFv fragnment or Fab
antibody fragment to be crystallized (in its storage buffer) is mxed with
an equal volunme of a crystallization sol{fion or crystaltization buffer

(at a prescribed pl—% The m xture can either be seeded 15 w_th crushed
crystal s that SEHEDrINBHNGLS YR & elihe (1 aFrgRghasche cragsedildgftsionr used

wi t hout seedi ngpthddedddt ibed isbdhen tunmbl ed, for exanple, in a
hemat ol ogy/ chem stry m xer for about 3 to about 48 hours at the desired

tenperature (typically abbtRoudyrsrystathperaionepf whode satdipodies

crystallizall O died dMuBice |OWOLygnt PEcRE hreteBl yystals, ...,
crystals obtained duri ng]' snmal | -scal e Trysta |zat|on screens .for the
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crystallizati g@rotocols. Both methods were characterized by
extremely low yields of crystals and, therefore, were
unsuitable for large-scale production of antibody
crystals. Such was the case because of difficulties in

15 antibody crystallization due to their large size, the

presence of surface oligosaccharides, and their high
degree of segmental flexibility. Crystallization of
whole antibodies on a large scale, a proceés offering
an alternative route of delivery for the therapeutic

20 antibodies, has never been explored before.

Encapsulation of Crystals of A Whole Antibody or a

Single-chain Fv Antibody Fragment or a Fab Antibody

Fragment in Polymeric Carriers
According to one embodiment of this

25 invention, compositions are produced when whole
antibody crystals or crystals of a single-chain Fv
antibody fragment, or crystals of an Fab antibody
fragment, or formulations comprising such crystals, are
encapsulated in at least one polymeric carrier to form

30 microspheres by virtue of encapsulation within the
matrix of the polymeric carrier to preserve their
native and biologically active tertiary structure. The

crystals can be encapsulated using various



met hod descri bed above. Although crystallization of whole antibodies has

been a subj f.significant interest for 5 approximtely &6 AUG s2085
tmenty-fi§@§§gg&§¥ very few have been crystallized [Harri PAT/US01/49628

Skal etsky, E., and MPherson, A, J. MI. Biol. 275:861-72 (1998); Harris
L.J., Larson, S.B., Skaletsky, E., and MPherson, A Innunolpglcal Revi ews
163:35-43 (1998)]. Such prior 10 efforts utilized solely hanging drop or
seeding drop protocols. Both methods were’Tharacterized by - extrenely |ow
yields of crystals and, therefore, were unsuitable for |arge-scale _
producti on of £HHQQW$@Ckﬁiﬁﬁ%ﬂQ%OEﬂhwpdﬁgraﬁabbasppbgmansehabidgff|cul}les
‘in 15 anti body \&fi¥sledldd Ao dug ta, theirg | size the.  presence o
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Pol yneric Carri_er cqr.di .0ne, enbqdi nrent o IS i nventi
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f nt, or faqr i onpri sing such crystals, are _encapsu a?éd in at
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encapsul ati on wiriyktalt geometitcyi.x of the polyneric carrier to preserve their
structure. The crystals can be
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single-chain Fv antibody fragment or crystals of an Fab
antibody fragment, or formulations of such crystals, to
be encapsulated are suspended in a polymeric carrier
which is dissolved in an organic solvent. The polymer

15 solution must be concentrated enough to completely coat
the antibody crystals or formulations after they are
added to the solution. Such an amounplis one which'
provides a weight ratio of antibody crystais to polymer
between about 0.02 and about 20, preferably between

20 about 0.1 and about 2. The antibody crystals are
contacted with polymer in solution for a period of time
between about 0.5 minutes and about 30 minutes,
preferably between about 1 minute and ébout 3 minutes.
The crystals should be kept suspended and not allowed

25 to aggregate as they are coated by contact with the
polymer.

Following that contact, the crystals become
coated and are referred to as nascent microspheres.
The nascent microspheres increase in size during the

30 coating process. In a preferred embodiment of the
invention, the suspended coated crystals or nascent
microspheres along with the polymeric carrier and
organic solvent are transferred to a larger volume of

an aqueous solution containing a surface active agent,
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envi ronnent's or r effecting specific functions. The rate © sd?utlon
and, 5 therefore, delivery of active antibodies or fragnents thereof is
determned by the particul ar encapsul ati on technique, polyner preparation,
pol ymer crosslinking, polyner thickness,_Ponner solubility, and anti body
crystal geonetry. 10 Crystals of a whole aﬁiibody or crystals of a
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active agent,

of matter in the system during the hardening phase of

the process. Alternatively, if the coating polymer has

some inherent surface activity, there wmay be no need

15 for addition of a separate surface active agent.

Emulsifiers useful to prepare encapsulated
crystals of a whole antibody or crysta}s of a single-
chain Fv antibody fragment or crystals of én Fab |
antibody fragment according to this invention include

20 poly(vinyl alcohol) as exemplified herein, surfactants
and other surface active agents which can reduce the
surface tension between the polymer coated whole
antibody crystals or polymer coated crystal
formulations and the solution.

25 In a preferred embodiment of this invention,
crystallinity of the whole antibody crystals or
crystals of a single-chain Fv antibody fragment or
crystals of an Fab antibody fragment is maintained
during the encapsulation process. The crystallinity is

30 maintained during the coating process by using an

organic solvent in which the crystals are not soluble.

Subsequently, once the coated crystals are transferred

to the aqueous solvent, rapid hardening of the ..

polymeric carrier and sufficient coating of the
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aqueous solution, the suspended nascent m crospheres are i 8eAse@sn t he
aqueous PHASHI2G¢fere the organi c sol vent evaporates or di PEDuSE/®émy from
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| onger soluble and fornms a precipitated phase encapsul ati ng the anti body
crystals, antibody fragnent crystals, or formulations to forma
conposition. This aspect of the process i37 referred to as bhardeni ng of the
polymeric carrier or 10 polyner. The enulsifier helps to reduce the
interfacial s@rvatelisedsi ¢heoameotpuhestvepi shsepliasehe efryggbll@finen the -

SySte”‘duringmﬁ@%rﬁ%ﬁd%QEﬂgdﬁ@%%%ﬁgiothe process. Alternatively, if the
coating pol yner has “sone | nheren STt ace activity, there may be no need

15 for addition of a seffacapelymchacarsed i y® pgktheriEmehshfibesscyseful to
" prepare encap t tal a wWhol e anti body or crystals of a single-
chain Fv anti Egég ?ggg%%)?eoﬁ%ég)f?s 9y sc%fsﬁ‘#%aﬁraﬁfys&& St PEgRent
accordi ng bo shhglerchatnodvi molcitedy? € madwént Nyt akpgebahl 8¢ axemgly fied
her ei n, surfagﬁgnbgd a@g o%@er surf%ge act.ive qgents whi ch can reduce the
surface tensi on beriken FRECES $R RO & Shote™ 2Rl ¥BEY ScPYsEars or

pol ymer coat edotypetral. Thenraztl afs Iafdkdhes 56| 8t | ORe a§ckasﬁhggggerred
enbodi ment ofith's in en%iﬁn, .cr%ék?lliniﬂ¥ of the whole antibody crystals
or crystals of a®&Phgle EhEF MBS amy YaErereier rageyefatbeof an Fab

anti body fragimdtividueai poayted sgeding thererngansrhati eRePLREeSSs The
crystallinpity ia 39 naingained during the coating process by using an
organi ¢ sof velY FFRINAFEhAPRECEPESt &5 Balel oMt : SePliFerborabssquent |y, once
the coated cryslpestaie br pash@re@tanes > polyorthoesters » '

polyamides. For a review of biodegradable and
biocompatible polymers, see W.R. Gombotz and D.K.
Pettit, "Biodegradable polymers for protein and peptide

15 drug delivery", Bioconjugate Chemistry, vol. s, pp.
332-351 (1995).

In a preferred embodiment of this invention,
the polymeric carrier comprises a singie-pdlymer type,
such as PLGA. In a next preferred embodiment, the

20 polymeric carrier can be a mixture of polymers, such as
50% PLGA and 50% albumin. |

Other polymers useful as polymeric carriers
to prepare encapsulated crystals of a Qhole antibody ox
crystals of a single-chain Fv antibody. fragment or

25 crystals of an Fab antibody fragment according to Ehis
invention include biocompatible/biodegradable polymers
selected from the group consisting of poly (acrylic
acid), poly (cyanoacrylates), poly (amino acids), poly
(anhydrides), poly (depsipeptide), poly (esters), such

30 as poly (lactic acid) or PLA, poly (b-hydroxybutryate),
poly (caprolactone) and poly (dioxanone); poly
(ethylene glycol), poly (hydroxypropyl)methacrylamide,
poly'[(organo)phosphazene], poly (ortho esters), poly

(vinyl alcohol}, poly (vinylpyrrolidone), maleic



to the aqueous sol vent, rapid hardening of the - polyneric gg L}g
sufficient coating of the 28 AUG 2005 2/ 72 36 PCT/ US01/ 496 9 stal S
in the pr¥Qi0¥%63¢ ep shields the crystalline material froRCHUSY9%%S on.
The pol yners used as polyneric carriers to coat the whole anti body
crystals or crystals of a 5 single-chain Fv antibody fragnment or crystals
of an Fab antibody fragment can be either hono-polymers.or co- polyners.
The rate of hydrolysis of the mcrosphere?; is largely determ ned by the
hydrol ysis rate of the I ndj vi dual pol yner species. In:general, the rate
of 10 hydr ol ystthyReidasakkyl YHRYbuethes| gerclymanss Plusnicst ers >

pol yur et hanes 5o Radyor thpssheR> Z1gPRhYaT! HE31Rse il Bl1ose

bi odegr adabl e "an bi ocorrpatl bl e p yrrers see otz and D. K.
Pettit, "Bi odedgiakiedttvesl ypeaschoandr btsi deemcra;;exmasde Cléﬁllchg.ﬁghdel ivery",

Bi oconj ugate GHAR 54! Ve Y8 in S 1R urdA2:00L301998) g d i iREARIY o

enbodi nent of this |nvent|on e polynmerrc carrier conprises. a 'single
pol ymer type, g y(@MBROPLYIANS h auhéxtedr ppdysedahrddiamnthleands 20d

b o per o TiflebE endtebly e 6ln8R MHEEDn WAl AP LA and 50%

al bum n. O her rs use nerirc carrrer 0 prepare
encapsul at ed oiqmzailsed)fla uWnOHelherl andyRoW Balstg| ' Thfecaxrysiangl e- chai n Fv

anti body frag nt _or r f Fab_ant.i bod nt AccC |

this inventi (;ngral Het T ude gl%%%ﬁf)%}?%ﬁigﬁﬁ}%dgﬁg frpf d;f'gi from
the group cons?cslymagrsf " p@tg’démECfoessaCNd)v prﬁlg/, (myan(aamqbl atles) R.poly
(am no aci

30 as pol >} Q/%C%‘aﬁ?h% :DE 18%88180I %B Fégf}%fﬁla% eéi?’x0|c}llo(ge3tersl) such

3 (1979); E.M: Ramadan, A. El Helw and Y. El-Said,
Journal of Microencapsulation, vol. 4, pp. 125-132
(1987); 0. Phillai and R. Panchagnula,
Current Opinion in Chemical Biology, vol. 5, pp. 447-

15 451 (2001). The preferred polymer will depend upon the
particular antibody crystals or. antibody fragment
crystals used and the intended use of the encapsulated
crystals or crystal formulations. Alternatively, the
solvent evaporation technique méy be used for

20 encapsulating whole antibody crystals or antibody
fragment crystals (see D. Babay, A. Hoffmann and S.
Benita, Biomaterials vol. 9, pp. 482- 488 (1988)) .

In a preferred embodiment of this invention,

crystals of a whole antibody or crystals of a single-

25 chain Fv antibody fragment or c¢rystals of an Fab
antibody fragment are encapsulated in at least one
polymeric carrier using a double emulsion method, as
illustrated herein, using a polymer, such as
polylactic-co-glycolyic acid. In a most preferred

30 embodiment of this invention, the polymer is
Polylactic-co-glycolyic acid ("PLGA"). PLGA is a co-
polymer prepared by polycondensation reactions with
lactic acid ("L") and glycolic acid ("G"). Various

fatios of L and G can be used to modulate the



ol caprol actone) and poly (dioxanone); poly (ethylene glycol). poly
?hyér(()xypro I_) net hacryl am de, poly [(organo)phosphazene] %%6\-’ mrt ho
esters), %%Béo 2@% nyl al cohol), poly (vinylpyrrolidone), RITEWD1RAB28UG 2005
WO 02/ 072636 PCT/ US01/49628 78 anhydride-al kyl vinyl ether copolynmers,: '
pluronic polyols, albumn, alginate, cellulose and cellulose derivatives,
starch and its derivatives, collagen, fibrin, gelatin, hyaluronic acid,

ol i gosaccharides, 5 glycani noglycans, sulfated polysaccharides, blends and
copolyners thereof. Qther useful polyners are described in J. Heller and
R W Bal ar, " VA¥&baldidity &nd é’eldjionlcn’mi@itt)edoﬁlr(uqe EBLnggg%lf/mekmo % 10
Bi odegr adabl e ;R MRS, o ] Yor NY. - KOR
Lehmag and D. I%ll%tl?)rJ eher&sﬁhdgt(r:l?rigﬁe@afi{ﬂél e%"&%@,r%ﬁ?}tSSl?l)@%‘)’?rE. M
Ramadan, A. Ekigsiodudnicny. MBLGRaiphl ymeors nadtlof2 M T09eBcapstent i endgvol . 4,

. 125-132 9 ; ]E@m | sand. R..Panchagnul a rrent, Qinion in
IOCEem' cal Biol %’y?’%&“‘g : L‘#pé %Z?ﬁéjsl’S A ?%’%}3 f%% p?gf BB 0B 9Fer
will depen8 upomeisidt Mgmd@owwe;mmfymymaﬁst?rdaséebpguifragmant o
crystal s used tLhe i n use, of, t.he, enca ated. crystals or crysta
fo)r/rrul ations. Gﬁdﬂgielﬁl ataln\r(/l']teliy?’ﬁt rllzeee%s'ol \ﬁeﬁﬁdeﬁlﬁapcg?ﬁ? OPIOJE%IE?I%‘T’ qtR* n'aSe be” used
for 20 encapsudnatsiungewyolpelyniglyed) ier)y/ el s (acwid | HOdy) hemgneng crystals
(see D. Babay, A. .Hoffman anqJ .. Benita, Biomaterials vol. 9, Egjﬁ)r 482- 488
(1988)). In aCSPé’flé’FPé”é-eﬁbodi ATMSIo Y hi & TnRint i B9 - £F 95t 126D - a whol e
anti body or cryshakdeceiadessiat@les- edpddigid) iy HUd POy Ky@EIBRL; Oro£rystals

of an Fab_anti l%ody fragnent are encapsulated in at | east” one ~ polyneric

carrier. 08in§Ps §656Fe PoRd dilgkame KR Yigld inoniesti@dnarerers aBing a

pol ymer, suchlagtic acid and glycolic acid. o
Another embodiment of this invenﬁion includes
double-walled polymer coated microspheres. Double-
walled polymer coated microspheres may be produced by
. 15 preparing two separate polymer solutions in methylene
" chloride or other solvent which can dissolve the
polymers. The whole antibody crystals or crystals of a
single-chain Fv antibody fragment or crystals of an Fab
antibody fragment are added to one of the solutions and
20 dispersed. Here, the crystals become coated with the
first polymer. Then, the solution containing the first
polymer coated crystals is combined with the second
polymer solution. [See Pekarek, K.J.; Jacob, J.S. and
Mathiowitz, E. Double-walled polymer microspheres for
25 controlled drug release, Nature, 367, 258-260]. As a
result, the second polymer encapsulates the first
polymer which is encapsulating the crystal. Ideally,
this .solution is then dripped into a larger volume of
an aqueous solution containing a surface active agent
30 or emulsifier. In the aqueous solution, the solvent
evaporates from the two polymer solutions and the
polymers are precipitated.
Whole antibodies and single-chain Fv ~°

antibody fragments and Fab antibody fragments recovered



pol yl actic-co-glycolyic acid. In a nost preferred 30 enbod & GO hi s '
Il nvention F ol ymer is Polylactic-co-glycolyic acid li GAis a
co- pol y&BP%PZg’%&? ed by pol ycondensation reactions wth IBETW@ HH9628 (" L")
and glycolic acid ("G'). Various ratios of L and G can be used to nodul ate
the 28 AUG 2005 WD 02/072636 PCT/US01/19628 79 crystallinity and

hydr ophobi city of the PLGA polyner. Higher crystallinity of the polyner
results in slower dissolution. PLGA polyfBrs with 20-70%'G-content tend

to be anorphous solids, while high level of either Gor 5L result in good
pol ymer cryst Y | ¢ sgol wérgpokystalkdi figramd akivnsResd, cd‘!ﬁmﬁhetgrca'dabl e

Copolymors: 1. 2eqebdiay” O8] VAR YhBEhEFHL Yo ine (G e didded e at ter
exposur e tO\Mﬁeﬂonﬁahydsotystgref 1Buthewbsﬂerdmnmbddyﬂ@xysﬁanaw&&d

non-t oxi ¢ nono C ac d a CO|I nat her_ enbodi nent of
this |nvent|oﬁg$ TQ%S o%ld%u §18 IFBS go¥ {%QﬁTﬁﬂﬁéFés Doubl e-
wal | ed poIymercnyEMeMSanrasphabeann&pohg ﬁra@w@ﬁilmaﬁfhxﬁdxﬁélng two
separate poly r sol utions ene .chloride or. other solvent which

th
can dissol ve tHTPOFyREFES gﬁggﬁﬁ%‘fe&taﬁf‘ﬁ'ﬂ&&&‘ HAEPyr RFystals of a
si ngl e-chai n Fi/ncaiu*cabedybf/ragmaﬂiremétebyisbpb&t&fa s kadmpardd g e He agnent
are added to one of thefsobutiog igd 20 g a ersed. Here, the crystals
become coat ed TWERCFReOL T FRSt SBLPPHEr 2an¥ibAAY: R Stihasly dormametithg t he
first pol yrrerc@mteﬁpafysaatérmsn@anbyneduwlb& e riaeand 1 POk ey
sol ution. [ See Pekarek, coh, J.S. and Mathiowitz, E. Doubl e-wall ed

pol ymer mit¥ osffrEFR ’F’B?CEEaCBH?FoF?eHeHWGSnr gboate 0 1atancd, akzsit 1258— 260] .
As a result, AheopeeDadipnl ¥oBErepsansubat €8s Hdd Hbout 0.8

indicates an protein sample that has become denatured
to such en extent that its intermolecular B-sheet
secondary structure content has increased, resulting in
15 protein aggregation and precipitation.
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 not to be construed as limiting the scope of

20 the invention in any manner.

| EXAMPLES )

In the following examples, the crystal
screening kits used (when seeding from hanging drops)
were one or more of the following: Wizard 1 and Wizard

25 II, and Crxyo I and Cryo II kits (Emerald BioStructures,
Inc. (Bainbridge Island, WA), or Crystal Screen and
Crystal Screen IT kits (Hampton Research (Laguna
Niguel, CA). Batch crystallization or microbatch
screening of whole antibodies was carried out by mixing

30 the antibody with the appropriate crystallization
buffer, followed by tumbling or incubation (with or
withbut shaking as noted). Antibody crystals, which

were obtained from vapor diffusion hanging drops in



pol ynmer which is encapsulating the crystal. Ideally, this solution is then
dripped into a larger volume of an aqueous sol ution cont aidl AyGa28%r f ace
active ag™0UY2} enulsifier. In the aqueous sol ution, thBCTAISVE#G28
evaporates fromthe two polyner solutions and the polyners are

preci pitated. Wole antibodies and single-chain Fv -. antibody fragnments
and Fab antibody fragments recovered 2 8 AUG 2005 WO 02/.072636 .

PCT/ US01/ 49628 80 by dissolving crystal s,81ornul ati ons or-.conpositions
according to this invention may be characterized for secondary structure.
Such whol e antPb@hymtnqsya$@r©¢niogyerafsomfmacsbbgte%cmfnti?dnguibody
fragnent or 5 t o] b .bo ra t . may,al so be
cha?acterized ﬁé¥%3&% %e{ngﬁ?ggtﬁ?g%gCoﬁ%e%??ggggafﬁd¥@§ted by a
correl ati on sperystahbbizanpanedrooesse Ape&bbayoﬁryheawﬁtﬂgﬁeaﬂtibodé 25
(FTIR) apect r 2o epetETel U8y nEEhe SBL Gt Mo Bhant BBBRET1ng=ReR corr el at | on
coefficient of |ess than about 0.8 indicates an profeinlsanglehthat has
becone denaturgd. tp such en extent that its internol ecul ar O-sheet
secondary S%r Exanef t ent h§§ FtP@88sed, resulting in 15 protein
aggregation and preci pi tRitenimkh o&derchbabribi surAvierhivdmay be better
under st ood, the fol]ow hg ex Les are. set iorth._These exanpl es are for
the purpose of "?¥Y ??%iﬁ%ﬁﬁ€ﬁ$9y SABMSF 1ALt Yt 8VBA laBAst Afe&iddNaAM ti ng
the scope of 2(Gémentevientind. j nséayhmeanerrakXAYBLEScahn t g ol | owi ng
exanpl es, the cr stfl screening kits used (when_seedi ng from hangi ng drops)
were one or noPe Yt ??ﬁ}f%ﬂ?b@ﬁﬂ@:h%Vz%?%nlWb981VWE§?é to treat non-

10 Hodgkins lymphoma. Rituximab is a chimeric IgGl kappa’
immunoglobulin that binds to the CD20 antigen on the
surface of normal and malignant B-lymphocytes. It is
composed of murine light- and heavy-chain variable
region sequences and a human constant region sequence.

15 The Rituximab antibody has an approximate molecular
weight (MW) of 145 kD.

Rituximab crystallization, batch 1:
Materials: '
A - Rituximab antibody (stored until use
20 at 40oC, at 10 mg/ml in 9.0 mg/ml sodium chloride, 7.35
mg/ml sodium citrate anhydrate, 0.7 mg/ml Polysorbate
80 and sterile water, pH 6.5) —
B - Wizard I crystal screening kit
(Emerald BioStructures, Bainbridge Island, WA)
25 C - Polyethylene glycol-1000 (PEG-1000)
D - Imidazole
E - Calcium acetate buffer pH 8.0
Procedure:
Rituximab seed crystals were obtained from
30 wvapor diffusion drops in a preliminary screening using
the Wizard I screening kit. Microbatch crystallization
was carried out using 500 pl of a crystallization-

buffer containing 20% (w/v) PEG-1000, 100 mM imidazole,



25 11, and Cyo I and Cryo Il kits (Emerald BioStructures, lnc. (5% nbri dge
I sland, WA), or Crystal Screen and Crystal Screen Il kits Q—lszﬁt

Resear ch Wb&?ﬁf?ﬁ%f“ Ni guel, CA). Batch crystallization or m EE€SAHOYH#628
screeni ng of whole anti bodies was carried out by m xing 30 the anti body
with the appropriate crystallization buffer, followed by tunbling or

I ncubation (wth or wthout shaking as noted). Antibody.crystals, which
wer e obtai ned from vapor diffusion hangi n§2drops in 2 8 AUG-2005 WO

02/ 072636 PCT/ USQ1/ 49628 81 _prelimnary screening or from m crobatch
screening, weHEd QW TH RLEidBsasetasef apHl Bt-dt.e Afiterrgeeding zattion
process. Anti ogy i det A Nl Ir

bi refringence. 5 LI‘E%%‘?{T% ??Le%e%ﬁ);lsﬁgggmﬁ'?%% lr%ét? ?%aq—g?crﬁ %é‘gg’wtrl?ene/ human
monocl onal antMisoelyre ovderevabledaikni habematolRigycremistBementeaxch, | nc. ,

Sout h San Frangj . ' |, .antij.bqdy has b wi d used to .
treat non 10 I—@hdégié)lns ymﬁgﬁg?rgg?g%kgggllcé tgl(%%‘lskeuﬁ%l’l %]) I&tpggaé/

i nmunogl oblA | rRrMmaat broes temperati2e eneirgéghan t Ithe sard Hsedypf normal and
mal i gnant B-1y S . ] 0 of .murine |ight: and heavy-chain
variable regio stg%]iu%n%%éségrl\%dafﬁgﬁaﬁgggngttgﬁ’t g %deq%r%n%ee?daswf%e

Ri t uxi mab ant ilzodye Hastaim appsbal ke tiohecwhdich viei,ghin (dd§erafe , 145 kD.

Lo STYSAARA W PSRERGY prlLB 2L, A A ar Doy

mg/ M sodi um cirysit ]l biveydi ah ewa . InighateBobys aribdiey Snarsk siesil e

vater, pFif%EDRE%QX¥X§gI§giu€£ggt%Etﬁcge% ig% gi%rystallization
buffer containing 20% (w/v) PEG-1000, 100 mM imidazole,
and 200 mM calcium acetate, pH 8.0. The final
concentration of the Rituximab in solution was S mg/ml.
After seeding with Rituximab seed crystals from the

15 microbatch, the mixture was tumbled in a

hematology/chemistry mixer (Model 346, Fisher
Scientific) at room temperature at 50 rpm. After
overnight tumbling, Rituximab crystals in the form of
needle clusters were formed. 85% of the input

20 Rituximab was crystallized in this example.

Example 2
Rituximab cryvstallization, batch 2:

Rituximab crystals were obtained as in

Example 1, except that crystallization was initiated by

25 mixing 500 pul of Rituximab (10 mg/ml) with an equal
volume of crystallization buffer containing 20% (w/v)
PEG-1000, 100 mM imidazole, and 200 mM calcium acetate,
pH 7.0. After seeding with Rituximab seed crystals
from a microbatch, the mixture was tumbled in a

30 hematology/chemistry mixer (Model 346, Fisher
Scientific) at room temperature at 50 rpm. After
overnight tumbling, Rituximab crystals in the form of

needle clusters were formed. This protocol has been



(Emeral d BioStructures, Bainbridge Island, WA 25 C - Pol yetﬁll Ele

gl ycol - 10&9@{@?%‘200) D I m dazole E - Cal cium acetate buff Aﬁ @gb

Pr ocedur e: R ¥ab seed crystals were obtained from 30 PEFWSUiP68si on
drops in a prelimnary screening using the Wzard | screening kit.

M crobatch crystallization was carried out using 500 | of a
crystallization-- buffer containing 20% (w v) PEG 1000, 100 mm i m dazol e,
28 AUG 2005 WD 02/072636 PCT/US01/49628 $3 and 200 nm cal.cium acetate, pH
8.0. After seeding with Rituximb seed crystals fromthe hangi ng drops,
the nixture M?Pgaﬁﬁﬂedaitnpél Herfat ot dyy/cHerand r§- & xeith( sbuslaz4e,

‘Fi sher Scienti fregnllist.t sburgh,' PA) at 50 5 rpm at roomtenperature
overnight. The antibody <crystals obtained fromthis step were used as
seeds for large-batch crystallization, which is, in essence, a scaled-up
‘m crobatch pr ogedmpee barge-batch crystallization was initiated by m xing
8 m of the 10 Rituximab solution with 8 m of a crystallization buffer
contai ning 20% (w v) PEGMigmobatah rdwvistiaddzigat, iomnslc 2€6n inviicaFci um
acetate, pHsB. O The fingl centration of the Rituximab in solution was
5 nmg/m. ,I;\'?ter seedi ng M?&‘% mab seed crystals fromthe 15

m crobat ch, the mi xture Rasuximabedrystalshemte|aotyd tiedi 861 ynm xer ( Model
346, Fisher i hEi €) LoQm r t_50. rpm_After .overnjght
tunbling, Ri tﬁgkrsrg%h%rgétg}(ge%% ttklgar&%:%s#%lﬁieze Jeorgl“ﬂ%? et 8 hpEefobifed.
85% of the i npuix209REOUKLmel Ras wriymial (1ioz e Amil )t hi St leXxapeguaExanpl e 2

Ri t uxi mab Crys%@hhhéagfogrygﬁgﬁqi%ﬁtion buffer containing 20% (w/v)
10 PEG-600, 100 mM calcium acetate, and 50 mM 2-[N-

cyclohexylamino] ethanesulfonic acid (CHES), pH 9.5.
The final concentration of the Rituximab in solution
was 5 mg/ml. After seeding with Rituximab seed
crystals from a previously obtained microbatch, the

15  mixture was incubated in a benchtop shaker/incubator
(New B;unswick Scientific, Model C25){Pat 25°C at 650
rpm. After overnight incubation, Rituximab crystals in
the form of needle clusters (Figure 1) were formed.
80% of the input Rituximab was crystallized in this

20 example.

Example 4
Microbatch cryvstallization screening of

Rituximab:
Rituximab crystals were obtained as in
25 Example 1, except that crystallization was initiated by
mixing 50 ul of Rituximab (10 mg/ml) with an equal
volume of crystallization solution containing 20% (w/v)
PEG-1000 and 100 mM calcium acetate. The mixture was
allowed to sit at room temperature for 12 hours. After
30 seeding with Rituximab seed crystals from a previously
obtained microbatch, the mixture was allowed to --

continue incubating at room temperature in Eppendorf



Rituxi mab crystals were obtained as in Exanple 1, except t AUG

crystalli s initiated by 25 m xi ng 500 pI of RituXi /g) r /m)
with an e‘ggte(l)lmﬁ\%?une of crystallization buffer containing gg?o?l\%v \%sng
PEG 1000, 100 mM i m dazol e, and 200 mM cal cium acetate, pH 7.0. After
seeding with R tuxi mb seed crystals froma mcrobatch, the m xture was
tunbled in a 30 hemat ol ogy/ chem stry n‘ixeé (Model 346, Fi.sher Scientific)
at roomtenperature at 50 rpm After ove A ght tunbling; 'Ri't uxi mab

crystals in th wer e rmed T rot ocol has
been 2 9 AUG 20 %%@{%9%3/%%6 F)é#?%go??’ﬁ%é@;‘& AL e’d”P'at pH 4.0, 5.0,
6.0 and 8.0, vﬁiﬁummbacrysteallmsn EharrﬁbEm3o[ﬁI te@lddteC v Jarstdrad lwerdd | on

screeni ng of Xi nmb; Rt uximb cr re obtained as in Exanple
1, except that cr@%‘?al {T?}%a?l%%n\?\%n VAPt 5 Pgagﬁée ?"nd:%%ﬂ G t uxi mab

(10 ng/m) wi tdceraesuabncent taeioh BéyﬁQahHUZlétle@n tlufifeer xapnteay nidg, 20%

wv) 10 P m acet at e, 50 MM 2- cycl ohexyl ani noj
(et haalesul f oni cé) m%oo‘?di?ésf&l’ p“l‘bﬂQ with TﬁEYFFﬁgF g@ﬁé’@nlo&%?tq]d??%fu%

Rituxi mab i n sgl utdéSmdivesnd vasedq. After seeding wit h Rituxi mab seed
crystals froma previously obtained mcrobatch, the 15. m xture was -

i ncubated in a benchtop shaker/incubator (New Brunswi ck Scientific, Model
C25), at 25C agxﬁé@erpm After overnight incubation, Rituxinmab crystals in
the formof needle clusters (FI gure 1) vvere forrred 80%of the i nput

Ri tuxi mab was crystalli z& gSk beat 1png PeIrs £

Rituximab:

10 Rituximab crystals were obtained as in
Example 1, except that crystallization was initiated by
mixing 50 pl of Rituximab (10 mg/ml) with an equal
volume of crystallization solution containing 25% (w/v)
PEG-1000 and 100 mM calcium acetate. The mixture was

15 allowed to sit at room temperature for 12 hours. After
seeding with Rituximab seed crystals from a previously
obtained microbatch, the mixture was allowéd to
continue incubating at room temperature in centrifuge
tubes. After overnight incubation, Rituximab crystals

20 in the form of needle clusters were formed. This
screen was repeated, with the PEG-1000 concentration
being adjusted to 5, 10, 15, 20 or 40%”(w/v), with
crystals being obtained under all conditions being

tested.

25 Example 6

Microbatch crystallization screening of

Rituximab:

Rituximab crystals were obtained as in
Example 1, except that crystallization was initiated by
30 mixing 50 pl of Rituximab (10 mg/ml) with an equal
volume of crystallization buffer containing 20% (w/v)

PEG-6000, 100 mM calcium acetate and 100 mM Tris, pH



M crobatch crystallization screening of R tuximb R tuximb crystals were
obt ai ned W |0£1/ %%'J[Exarrpl e 1, except that crystallization wad 8 G 2089 eq by
m xi ng 50 p? gf uximab (10 ng/ M) with an equal vol une PEIT/US01/49628
crystallization solution containing 20% (wv) PEG 1000 and 100 mM cal ci um
acetate. The mxture was allowed to sit at roomtenperature for 12 hours.
After 30 seeding with R tuximab seed crystals froma previously obtained
m crobatch, the m xture was allowed to --8&ontinue incubating at room
tenperature in E%pendorf 28 AUG 2005 WO 02/072636 PCT/ US01/ 49628 84
centrifuge tub8sY-af Pdtesy EEROERE Middb&Riitorximali tapedradyyesteslisal Srdd 4 he

form of needl epgkysbaklyWebeaihelMgd. i creen was repeated, with the
cal cium acetate concentrati on beirrﬁgcgg}%&zled 1%2’31(5“1," € #5°S 60, 5 80, 200

or 400 mM wi t hRERPLEAs iBeRnenbhaiope dhakeer i nalubaiidi (NN BB EK
Exanpl e 5 M crgbakgh ¢k ¥st LZafl screegni,ng _of _ _Rituximab: 10 Rituximb
crystals were obt a?%égagé ﬁ%hbéxg%%pé gt ggcgptﬁt F2° SRSt atfiteati on was
initiated by RAVYRFA§IBE pncobarionyi RAbuklfaByCiys tE1lh i8 @RIy Qlgime of

crystallizati oRegghut L9R aj.ning -25% (wv) . PEG 1000 and 100 mM cal ci um
acetate. The mixture wassggpél }Vce)g/%dfPEmg t a%rhﬂéor%’ﬂa%@réﬁatﬁe for 12

hours. After XeRe@rhgdwiby RubekitmbingeBEGFYoLAl,S PEG-QW0R RreWERUS! Y
obt ai ned m cr ofgy§het-heR o r s.allowed to continue incubating. at
room tenperature | nfggnt@}r]fg:c E%g g?%eé!“am—a%nbv& k§h®EGncubat i on,

Ri t uxi mab crystaneerprahicoheat ozot pf weeHl erplsugp__gr ﬁe‘iﬁbeofb(&%%@d Thi s

SCcreen was g e ,.WMth the PEG 1000 concentration
16 p@ﬁégﬁ all Qondltlons ge?ng tested. See Figure 1.

Example 7
Microbatch crystallization screening of

Rituximab: .
Rituximab crystals were obtained as in
15 Example 1, except that crystallization was initiated by
mixing 60 pl of Rituximab (10 mg/ml) with an equal |
volume of crystallization buffer containing 20% (w/v)
PEG-6000, 100 mM calcium acetate and 100 mM Tris, pH
7.0. After seeding with Rituximab seed crystals from a
20 previously obtained microbatch, the mixture was
incubated in a benchtop shaker/incubator (New Brunswick
Scientific, Model C25), at 25°C at 650mrpm. Aftef
overnight incubation, Rituximab crystals in the form of
needle clusters were formed. This screen was repeated,
25 by Substituting PEG-200, PEG-300 or PEG-20000 for PEG-
6000 (maintaining the PEG concentration at 20%). 140
mM (instead of 100 mM) Tris was used for the screens
using PEG-200. Crystals being obtained under all

conditions tested.

30 Example 8
Microbatch crystallization screening of --

Rituximab:




being adjusted to 5, 10, 15, 20 or 40% (wv), with crystali bei bt ai ned
under all §?)%Jﬁé{6%63ns being tested. 25 Exanple 6 M crobatch 9 | zation
screeni ng}v xi mab Rituximb crystals were obtained alCt E"}a’iﬁ)l e 1,
except that crystallization was initiated by 30 mxing 50 pl of Rituxinab
(10 mg/ M) with an equal volune of crystallization buffer containing 20%
.wv) 'PEG 6000, 100 nM cal cium acetate and 100 nM Tris, pH WO 02/072636 2
8 AUG 2005 PCT/US01/19628 85 8.0. After sB®ding with Rituximab seed
crystals froma previous]y obtained mcrobatch, the m xture was i ncubated
in a benchtop shaker/i nc‘iﬁn‘é{’&’rm‘? GreFtalsi weresobsadingd aswkel <25), at

25C at 225 rpmxagls B, cabafé;bgh&haaceig étamh@att%rf%scrﬁﬁt@ia%écg ke
formof needle clusters vveqjgo%orne i s exanpl e was repeated

substituting PEGEO pEG 1o prad éé@O"‘Sdlmlt)hé’lPIEG-aGD(ﬁHt(ahl nt ai ni ng
the PEG Conc%lrﬁé%‘faér @llﬂ‘&é&SﬁYBh@E%xb%'o&Qa‘l ldesh el O wnger all

conditions being tested ee Figure 1. crobatch cryst lization
screeni ng of BEQ5Q ¢tend F@QqumMm@uS,@ghstm@ Wepemdbimidedode,i pH1B .Bxanpl e

1, except that ﬁre\istﬁg,%lzr% ]\_1@3 IEé@%té%??ul}% f@ﬁ'fl;gfho%ﬂ q_f Ri t uxi mab

(10 mg/ M) w t an equa I'zation cont a| i ng 20%
(W v) PEG 6000,Xt200 rwm:aﬁeﬂ@md a‘cetht Ribndimdd weetr icrygitals. fromfd er

e hgoh I PBAUIID 2200 £1426 AhcEoBIE AR Anl SR e U LKL,
temperature. After overnight incubation, Rituximab
10 crystals in the form of rods were formed.
Subsequently, this screen was repeated, by substituting
other divalent cations, e.g., 200 mM CaCl,, MnCl,, or
ZnCl, for the 200 mM CuSO,, with crystals in the form\of
needle clusters, disks and quasi crystals being

15 obtained.

Example 9 .
Rituximab crystallization using dialyzed
Rituximab

An aliquot of 4 ml of Rituximab (10 mg/ml)

20 was dialyzed against 2 liters of deionized water
overnight at 4°C, with two changes of delonlzed water
before being concentrated to 1 ml with a centrifugal
filter device (Millipore, 30 kD cut-off).
Crystallization was carried out in hanging drops by

25 mixing 6 pl of concentrated Rituximab with 2 upl of
crystallization buffer containing 20% (w/v) PEG-1000
and 100 mM imidazole, 200 mM calcium acetate, pH 8.0,
on a glass cover slide. The cover slide was flipped
over and placed onto a well, which contained 450 pl of

30 the same buffer, in a 24-well plate. After incubation
of the plate at room temperature for approximately one
week, Rituximab crystals in the form of cubes were

formed.



i ncubated in a benchtop shaker/incubator (New Brunswi ck Scientific,  Mdel
C25), at 25C at 650 rpm After overnight incubation, Ritux28aMVG Xt als in
the form¥PO2M0&6d¢ e clusters were formed. This screen was PEPRISV L6225 by
substituting PEG 200, PEG 300 or PEG 20000 for PEG 6000 (maintaining the
PEG concentration at 20%. 140 nM (instead of 100 mM) Tris was used for
the screens wusing PEG 200. Crystals being obtained under all conditions
tested. 30 Exanple 8 Mcrobatch crystallig&ation screening.of-- Rituxinab:
28 AUG 2005 WD 02/072636 PCT/ US01/49628 86 Rituxinab crystals were

obt ai ned as i EXgmRle| X0 1, except that crystallization was initiated by

-mi xing 50 pl of Rituximgh {19, /q£&“i:t an gngl Jvol une qf
crystallization buffer contarnrmng 20% _ S a2 FSH
and 100 nm i m dazol e, pHRiEtuximatfter sitting at roomtenperature for 14

“hours, the mxture was eded W th R tuxjmp seed ¢grystals from.a

previ ously obt ai ned nicf%ﬁé%@ﬂmgﬁ%'?ﬁ%%dgieﬁia?lFBﬁﬁFéibﬁﬂ@raﬂﬁﬂé) Af t er
o Subseguant Ly s, Sereonyae T bpcat od. by mubepeE, Padtete by
orned. Subse . ,

di val ent cati %gﬁ éé.("g?r,mﬂ%bt vt &dg?bq\%?lb%?*“gzﬁeff%lraﬁﬁé 200 S#V

CuSO4, with cmgindl swiitrhtahde:émrﬁ‘mﬁﬁgaglnenfitﬂt,eeﬁ'%é{r%éi (ﬂﬁﬁpeﬁ}g,ﬁgﬁig
crystals bein 5 qbt ained. Exa e uxi mab crystallization _
di gl yzed R t%)?ll ﬁé‘%ﬁ?ﬁ@l y qd%ﬁtfg? PR FE R bkPRabag1Gamgiatl) ouo byas
di al yzed agai meitxihd i2eena off dRiridachved fituximab with buffer and
10 additives, so that the final mixture contained 36 mg/ml
antibody, 133 mM Hepes, pH 7.50, 66 mM CaCl, and 13% 2-

methyl-2,4, -pentanediol. The mixture was tumbled in a
hematology/chemistry mixer (Model 346, Fisher
Scientific) at room temperature at 50 rpm. After a 48

15 hour incubation at room temperature, Rituximab crystals
in the form of needle clusters were formed. In this

example, 84% of the input Rituximab was crystallized.

Example 11
Rituximab crystallization using dialvzed

20 Rituximab
An aliquot of 5 ml of Rituximab (10 mg/ml)

was dialyzed against 2 liters of 10 mM Hepes buffer, pH
7.0, overnight at 4°C, before being concentrated to 54
mg/ml with a centrifugal filter device (Millipore, 10kD

25 cut-off). Batch crystallization was carried out by
mixing 20 pl of concentrated Rituximab with buffer and
additives, so that the final mixture contained 18 mg/ml
antibody, 200 mM Hepes, pH 7.50, 200 mM CaCl, and 33%
PEG-400. The mixture was tumbled in a

30 hematology/chemistry mixer (Model 346, Fisher
Scientific) at room temperature at 50 rpm. After a 48
hour incubation, Rituximab crystals in the form of

needle clusters were formed.



overni ght at 4C, vvith two changes of deionized water befo i%bnﬂlﬁ
concentrated to m with a centrifugal filter device (M1 pore

cut - off)w %ngfélllzatlon was carried out in hanging dro §3 fﬁX|ng 6
pl of concentrated Rituximab with 2 | of «crystallization buffer cont ai ni ng
20% (W v) PEG 1000 and 100 mM i m dazole, 200 nM cal ci um acetate, pH 8.0,
on a glass cover slide. The cover slide was flipped over and placed onto a
wel |, which contained 450 yl of 30 the s&® buffer, in a 24=well plate.
After incubation of the plate at roomtenperature for approximately one
week, Rituximab crystals in the formof cubes were fornmed. 26 AUG 2005 WD
02/ 072636 PCTEYSRALAA9638 87 Exanple 10 Rituximab crystallization using
dialyzed Rituximab An aliquot of 5 m of thUXlnab (10 nmg/ M) 5 was

di al yzed agai nst 2 |itefdtaX1mg il pugderonny 7.0, overnight at 4C
bef ore being concentrat : n t devi ce
(M1lipore, 10 kD cut.?gfﬁ%fﬁ§§r§¥ )gxﬁ )?§§§,EEV§E§§%§%FPQ I’Yout by

m xi ng 20 | miuéngeﬁ@r#ﬂe@ﬂQanD@hﬂﬂyWMlﬂhiﬁWfei afd0102aMdiCecdes, 0sd t hat
t he final X u 0 66
T CaCla any MabBgtaRt %hcjé%% pent S of Smetiigs Y, FepShc Rdal

hemat ol ogy/ chemdstuytbﬁum@r tmmm@lxtimﬁa msmehesatehogwchemnsm‘mn
tenmperature a r ter Loloom tenperature,
Ri t uxi mab cryénfl % ICtmoatéhlee"'f""oe’(ram srglegre? ecllllﬁgfk'J 2 wgr POrmed. In this
exanpl e, 84% tkmpeeatmymet aR t5UXimmb. WSt ey sa af Bi hedr 20cBbanploa bt

room temperature, Rituximab crystals in the form of

10 needle clusters were formed.

Example 13

Rituximab crystallization in the presence of

a detergent:

Rituximab was crystallized by mixing 450 pl

15 of Rituximab with an equal volume of a crystallization
buffer containing 20% (W/v) PEG-1000, 100 ﬁM imidazole,
200 mM calcium acetate, pH 8.0, and 0.1% Tween®80 (a
detergent) (Sigma-Aldrich). After seeding with
Rituximab seed crystals from a previously obtained

20 microbatch, the mixture was tumbled in a
hematology/chemistxry mixer (Model 346,"Fisher
Scientific) at 50 rpm at room temperature. Crystals,
in the form of needle clusters, were formed after
overnight tumbling. Rituximab was also crystallized

25 using starting volumes ranging between 50 nl and 1.0

ml. The same type of crystals formed.

Example 14

Rituximab crystallization:
Rituximab (10 mg/ml) was crystallized by
30 mixing 50 pl of antibody with 50 pl of 0.2 M calcium
acetate, 0.1 M sodium acetate, pH 4.6, 30% PEG 400.



Ri t uxi mab crystal l'ization using dialyzed Rituximb An aliquot of 5 m of

Ri t uxi mab /n1) was di al yzed against 2 liters of 10 m\ 8ol 206f f er

pH 7.0, of r°ﬁ4° 6at 4C, before being concentrated to 54 . RGTMAISOMKIYSES a
centrifugal filter device (MIIlipore, |CkD 25 cut-off). Batch
crystallization was carried out by mxing 20 pl .of concentrated Rituxinmab
with buffer and additives, so that the final mxture contained 18 ng/m
anti body, 200 nM Hepes, pH 7.50, 200 nM Cag€12 and 33% PEG 400. The m xture
was tunbled in a 30 hematol ogy/ chem stry m xer (Mdel 346, Fisher
Scientific) atAfittom seagenat wnéhaRlsoxnparb Abbdr carydtalrofirdmcubat i on,

U0 03] 072636 BT KDL 10608 BB Bt amE £ H LB LT aB Y R I T

Ri tuxi mab (10 Jnfg/émf)emasotongahémzedrpymlmexl r(glomll 3afs ,arfiidiedy Wi t h 20

"M of 0.02 M um acet a 30%

2- met hyl - 2, 4- p%gcrc]it anedl of) gﬂfﬁ%l F]%‘ap?ﬁ%&ﬁr“%t fe zgﬁ_’ FTermat fSFy /i st ry
m xer (Nodel 3&:&4r F11$¢||eba8n:onnhtfro<)>matempelﬁ‘lath(i*@pemtt%@.nf§b Ly A ter
a 48 hour inc n@é\ﬁ roEmte ure, Rituximab crystals in the form
of 10 needle ¢ usttké PeOt oP'hiE el§ H‘BF@r§3WRFFu>€iQ¥H@dcr ystal lization in
the presence of a detergent: Rituxinmab was crystallized by m xi ng 450 pl
15 of Rituxi Wi t equal volune of .a crystallization buffer _
cont ai ni ng ZM 1000, 100 nMimi dazole, 200 nM cal ci um acetate,
pH 8.0, and 0.1% Tween80R{@uximab crystallization:

Rituximab (10 mg/ml) was crystallized by

10 mixing 50 pl of antibody with 50 pl of 0.2 M calcium
acetate, 0.1 M imidazole, pH 8.0, 10% PEG 8000. After
seeding with Rituximab seed crystals from a previously
obtained microbatch, the mixture was tumbled in a
hematology/chemistry mixer (Model 346, Fisher

15 Scientific) at room temperature -at 225 rpm. After a 24
hour incubation at room temperature, Rituximab crystals

in the form of needle clusters were formed.

Example 16

Rituximab crystallization:

20 Rituximab (10 mg/ml) was crystallized by
mixing 50 pl of antibody with 50 ul of 0.2 M calcium
acetate, 0.1 M Tris, pH 7.0, 20% PEG 3000. After
seeding with Rituximab seed crystals from a previoﬁsly
obtained microbatch, the mixture was tumbled in a

25 hematology/chemistry mixer (Model 346, Fisher
Scientific) at room temperature at 225 rpm. After a 24
hour incubation at room temperature, Rituximab crystals

in the form of needle clusters were formed.

Example 17

30 Rituximab crystallization: -




detergent) (Sigma-Aldrich). After seeding wwth Rituxinmb seed crystals

froma previ ouslé obt ai ned 20 m crobatch, the m xture was Ve n a
hermat ol o¥¥Q 8HER$¥t ry mi xer (Model 346, Fisher Scientific)PGHUSY/4963% at
roomtenperature. Crystals, in the formof needle clusters, were forned

after overnight tunmbling. Rituximb was also crystallized 25 using

starting volunes rangi ng between 50 ul and 1.0 mnl. The sane type of

crystals formed. Exanple 14 Rituximab cry¥allization: R tuxinmb (10 ng/m)
was crystallized by 30 mxing 50 pl of antibody with 50 | of 0.2 M cal cium
acetate, 0.1 M sodi um a®éttasdmaiH @6, m3093 PEG 400 ry28 aAlG z260 HW\O

02/ 072636 PCT/\ 49628 .8 f . i i it uxl ed crystals from
a previousl ymggg%{ % %%?Doﬁga 'gclr"ll&?%g \?nﬂ;,( u%’te3 \@és Oigu?g:%e?? G U

henat ol ogy/ chewesiatte ,moxdr M MiRfe| 34165 . ¢ she® PBG eobiof.i c Afaterr oom
tenperature at 2 rpm. Af tear 24 .5 hour incubation_at roomtenperature, 1
Ri t uxi mab cryssteaeﬁgn r‘?’ltt@et@&r%%?a eedi @ %HEESIEL? \%5?8‘ PoPh&a 2 le 15

Ri t uxi mab &rysbakblineat imdrrdRiatet nethd i xgare) waas tampded limzed by 10

m xi ng 50 pl of anti.bod ith 50 pl _of 0.2 Mcalc¢ium ‘acetate, 0.1 M

i m dazol e, pH F‘ﬁ,tof@ﬂ)%ﬁgegﬂﬁgﬁr)&f'?]e’fers ‘a?lﬁg \(7;%415}'\ B Ei8 mab seed

crystals fromsziprevifdud! vt aleicm neshpeciohaechAr the Moxt.ur afwrs- tauhd ed in

a hematol ogy/chem stry mxer (Mddel 346, Fisher 15 Scientific) at room

t enper at ur e- afio¥35 ARy &F FPOM IR TRRER bR Fon RAL UXIBRY ERYETRLF e, .
Rituxi mab cryshakse ifdrheff efdadife NEREk e £ UFLRES FeRrRdN or ned. Exanpl e 16

10 Example 18

Rituximab crystallization:

Rituximab (10'mg/m1) was crystallized by
mixing 50 pl of antibody with 50 ul of 0.05 M calcium
acetate, 0.1 M imidazole, pH 8.0, 35% 2-ethoxyethanol.

15 After seeding with Rituximab seed crystals from a
previously obtained microbatch, the_mixture was tumbled
in a hematology/chemistry mixer (Model 346, Fisher
Scientific) at room temperature at 225 rpm. After a 24
hour incubation at room temperature, Rituximab crystals

20 1in the form of needle clusters were formed.

Example 19

Rituximab crystallization:

Rituximab (10 mg/ml) was crystallized by
mixing 50 pul of antibody with 50 ml of 0.05 M calcium
25 acetate, 0.1 M acetate, pH 4.5, 40% 1,2-propanediol.
After seeding with Rituximab seed crystals from a
previously obtained microbatch, the mixture was tumbled
in a hematology/chemistry mixer (Model 346, Fisher '
Scientific) at room temperature at 225 rpm. After a 24
30 hour incubation at room temperature, Rituximab crystals

in the form of needle clusters were formed. -



Ri tuxi mab crystallization: 20 Rituximab (10 ng/m ) was crystallized by

m xi ng 50 0 nti body wwth 50 pl of 0.2 Mcal cium acet AUG- Tris,
pH 7.0, 28\%%2%00. After seeding with Rituximb seed CM&ﬁw@m a
previously obtained mcrobatch, the mxture was tunbled in a 25 _ '
hemat ol ogy/ chem stry m xer (Moddel 346, Fisher Scientific) at room
tenperature at 225 rpm After a 24 hour incubation at roomtenperature,
Rituxi mab crystals in the formof needl e93l usters were forned. Exanple 17
30 Rituximab crystallization: 26 AUG 2005 WD 02/072636 PCT/ US01/ 49628 90
Ri t uxi mab (10 E%M crystallized by mxing 50 pl of antibody with 50
pl of 0.2 Mcalcium aceRat@yifal M Pa1RH B0 20% PEG 8000. Al ter
seeding with Rituximb seed crysrtal sly 5 obtained
.microbatch, the nixture RaSuxdmpbedlonmg/midmatael egy/sthansidy ¥y xer (Model
346, Fi sher i LTEg) &t SO : rat.ure at 225 rpm_After_a 24 hour

i ncubati on at Sﬁ%ﬁ%?eﬁge}lgt Sl;fe?%&g%?nﬁ%%&f;%t zlﬂ%s °f1'r P th! G I8 0im needl e

clusters we?e 2efhrEe. 10. ExMnBEBESS BHt Uxisnmlaoar weicalddezat ixpte,Ri t uxi mab
| of 0.05

(10 ng/ M) wasggsysial i zgd m o xing_5Q pl of antibody with 50 p

M cal ci um acet at €, %.‘liiﬁﬁi 1F{nggla?z{o 3%’ gﬁeg gFY(?%@EiE- 0K Pe BFEVEIOUS1YS After
seeding with FPPRtximed méedobayshal shérmixaupeewaaushynmipisped m crobatch,
the m xture aH{‘E?j j .hemat ol. ogy/ chemi stry m xer (Mdel 346, Fisher
Sci entific) 2’?%?460”1 t% /eérjg?ﬁ%ﬁgﬁll ?E§g¥pzplogﬁﬁe94§'2ﬁ'mﬂ?@m i ncubation at
room t enper at (F@ierRi 1 Lk hadt crysmat emBeradureatoppsoh-pheedhg (gLust gns were
f or med.

10 hour incubation at room temperature, Rituximab crystals

in the form of needle clusters were formed.

Example 21
Rituximab crystallization:

Rituximab (10 mg/ml) was crystallized by

15 mixing 4 ml antibody with 4 ml reagent containing 0.2 M
calcium acetate, 0.1 M TRIS, pH 7.0, 20% PEG 6000 and
0.1% Tween®80 (Sigma-Aldrich). After ;eeding with
Rituximab seed crystals from a previously obtained
microbatch, the mixture was tumbled in a

20 hematology/chemistry mixer (Model 346, Fisher
Scientific) at room temperature at 50 rpm. After a 24
hour incubation at room temperature, Rituximab crystals
in the form of needle clusters were formed. The yield

was 93% by this method.

25 Example 22

Rituximab crystallization:

Rituximab (10 mg/ml) was crystallized by
mixing 1 ml antibody with 1 ml reagent containing 0.2 M
calcium acetate, 0.1 M MES, pH 6.0, 20% PEG 6000 and
30 0.1% Tween®80 (Sigma-Aldrich). After seeding with
Rituximab seed crystals from a previously obtained

microbatch, the mixture was tumbled in a



Exanple 19 Rituximab crystallization: R tuximb (10 ng/m) V\@S crystallized
by nixiqg 50 %% of anti body with 50 pl of 0.05 M cal cium 28 AllGe e, 0.1
M acet at &Y OFEO#68% 400 1, 2- propanedi ol . After seeding wi t hPRI{USA/HSR8 seed
crystals froma previously .obtained mcrobatch, the m xture was tunbl ed

in a hematol ogy/ chem stry m xer (Mddel 346, Fisher Scientific) at room
tenperature at 225 rpm After a 24 30 hour incubation at.roomtenperature,
Rituxi mab crystals in the formof needl el usters were formed. WO

02/ 072636 91 2 6 AUG 2005 PCT/ US01/ 49628 Exanple 20 Rituximab

crystal | i zati GHEMaERIRGHEENUBSHEY S xRk s (Hpﬁggaﬁl‘iisz:ed’llﬁherm xi ng 50 pl of
anti body with ' { e,+0. PE 7 40%
PEG 400. Aft er@eﬁﬁ%&v&zt# %@(Fﬁ%@éggggﬁg%ygf alsio ?A #gﬁ] a%pfrtreg\% ous §/

obt ai ned mi cr dBMTHNEYRATAGR (Rl ¥RSMt haPPedatnre, Rérardinady/achestialisy

m xer (Model I i EfLcC r £ a r After
a 24 10 hour ﬁﬁgutbrgét ?%%tnz‘ito%org%‘%gérp%%g%ﬁég?%E?l%?ﬁgﬁéﬁysﬁrﬁ%%%%he
form of neédl evast B %erky vidties froetrlead . Exanpl e 21 Rituximab crystallization:
Rituximab (10 ng/ M) was crystallized by 15 mixing 4 mM antibody with 4 m
reagent containing 0.2 M calciumacetate, 0.1 MTRI'S, pH 7..0,, 20% PEG
6000 and 0. 1%XBoaei8®@3 Si gma- Aldrich). After seeding with Rituximb seed
crystals froma previ ouséjy o}ptaéned r’ri__c :tLJat h, the mxture was tunbled in
a 20 henat ol ogy/ cheni st L2 :

Dialyzed Rituximab (10 mg/ml) was

crystallized by mixing 10 pl of antibody with 10 pl of
10 0.2 M calcium acetate, 0.1 M sodium acetate, pH 4.6,
30% 2-propanocl. After seeding with Rituximab seed
crystals from a previously obtained microbatch, the
mixture was tumbled in a hematology/chemistry mixer
(Model 346, Fisher Scientific) at room temperature at
15 225 rpm. After a 24 hour incubation at room
temperature, Rituximab crystals in the form of needle

clusters were formed.

Example 24

Rituximab crystallization:

20 Dialyzed Rituximab (10 mg/ml) was
crystallized by mixing 10 pl of antibody with 20 1l of
0.02 M CaCl,, 0.1 M sodium acetate, pH 4.6, 30% 2-
methyl-2,4-pentanediol. After seeding with Rituximab
seed crystals from a previously obtained microbatch,

25 the mixture was tumbled in a hematology/chemistry mixer
(Model 346, Fisher Scientific) at room temperature at
225 rpm. After a 24 hour incubation at room
temperature, Rituximab crystals in the form of needle

clusters were formed.

30 Example 25 -
Rituximab crystallization:



Scientific) at roomtenperature at 50 rpm After a 24 hour 'n&g{) Lon at
roomtenperature, Rituxinmab crystals in the form of needlezbl wer e

f or nmed. 'N‘{QOWO@“&G was 93% by this nmethod. 25 Exanple 22 RPETASHELP628
crystallization. Rituximab (10 nmg/m ) was crystallized by mxing 1 m
antibody with 1 m reagent containing 0.2 M calcium.acetate, 0.1 M MES, pH
6.0, 20% PEG 6000 and 30 0. 1% Tween(c)80 (Sigma-Aldrich). After seeding
with Rituximb seed crystals froma prevPdusly obtained: .m-crobatch, the

m xture was tunbled in a 28 AUG 2005 WD 02/072636 PCT/US01/ 49628 92

hemat ol ogy/ cheni stry i x2t2¥¥Xpad| R3Epxippbndad 0 sd/anit)i Ma® at room

;tenperatureiﬂcﬁybiéﬂﬂiféaeﬁyam?ﬂingoﬁblhﬁc%gagdﬁlﬁgd ‘%¥EH%§?%@§§§§féld

Rituximab crystals in the formof needle clusters were forne
5 was 80% by thi% Metdote: Bedmdl MBPER triki Trab. c2§$t BREGI 280i. onAftBiral yzed
“Rituxi mab (10 gwddd )g Wasth & YehalhhBe L ihq 110 R of, antibody with 10
pl of 10 0.2 M calpi%m acetate, 0.1 Mgggéi u g?%tl;st g%%&%%.péiey By
2- propanol .5 AfRRfra kred)i RicHPhat /it ukheaabiscude empsttaimdliedomm r evi ous| y
obt ai ned m cr o L1 d i L £, W4 hn g henpt ol ogy/ chemi stry
m xer (Model 346, Fi s%g/rcSci ent | ic?xé%m?lgg%e er%%esr’a?érs’g’eé? 15 225 rpm
After a 24 hoWCisubbiforaatreenntempapatarer at Ri26uxipmab @rfitssmls Jdan t he
form of needl §,o.¢l USL&IS r 24 Rituxi mab crystallization:
20 Di al yzed Fﬁfﬂxinaﬁgéfa%ﬁgfﬁ%§ ﬁggm Egﬁggkgture, %1tux1m§% crystals

in the form of needle clusters were formed. '

10 Example 26

Rituximab crystallization -- Different

Crystal Form:

Rituximab (20 mg/ml) was crystallized by

mixing 10 pl of antibody with 10 pl of solution

15 containing 15% PEG 400, 0.51 M sodium sulfate, 0.1 M
EDTA: The final concentration of the Rituximab in |
solution was 10.0 mg/ml. After seediﬂé with Rituximab
seed crystals from a previously obtained hanging drop,
the mixture was tumbled in a hematology/chemistry mixer

20 (Model 346, Fisher Scientific) at room temperature- at
225 rpm. After a 24 hour incubation at room
Ltemperature, Rituximab crystals:in tHe_form of small
needles were formed. In this example, 87% of the input

Rituximab was crystallized. See Figure 4.

25 Example 27
Rituximab crystallization -- Different

Crystal Form:

Rituximab (20 mg/ml) was crystallized by
mixing 10 pl of antibody with 10 pl of solution
30 containing 12% PEG 400 and 1.36 M sodium sulfate and 0.1
M Tris, pH 7.5. After seeding with Rituximab seed

crystals from a previously obtained microbatch, the



crystallized by mxing 10 }al of antibody with 20 pl of filﬁb 2 0.1
M sodiun\gggéﬁﬁﬁ pH 4.6, 30% 2- nethyl -2, 4-pentanedi ol . Af ﬁ g wth
Ri t uxi mab & ystal's froma previously obtained ni crobgF"EWS‘“Z?‘S%e

m xture was tunbled in a hematol ogy/ chem stry m xer (Mddel 346, Fisher
Scientific) at roomtenperature at 225 rpm After a 24 hour incubation at
room tenperature, Rituximab crystals in the formof needle clusters were
formed. 30 Exanple 25 Rituximb crystalli2ation: 26 AUG 2005 WD 02/ 072636
PCT/ US01/ 49628 93 Di al yzed thUXlnab (10 mg/ M) was_ crystallized by m xing
10 pl of ant.ﬁ&d&F%‘% H39 Hmbted oin Mbﬁ@ﬁﬁolegy/nhﬁmrml?cesr 28% PEG
400. After idin 4 d, Fﬁmm%ﬁél@mtaﬁ&b ﬂiﬁé

obt ai ned nlcro atch, the mixture was tunbied in a enatolog emstry

m xer (Model 345, m%herAf%ﬂeﬁlt?’ileUEt lnééhﬁté@pela&t woemt 225 rpm After
a 24 hour in a t r the form
of needl e cluste sél\clxgkhrlz} o%ﬁfﬁ%éﬁg?“% %tl@?h&kﬁgﬂs aslr+|iz1]'at| on --
Different S5Crystedllewrwerdl farmesb (20 ng/m) was crystallized by nixing
10 ul of antibody with 10 pl of solution 15 containing 15% PEG 400, 0.51 M
sodiumsulfate, 0.1 M EDTA. The final concentration of the Rituximb in

sol uti on was Iﬁﬁmnﬂbiniﬁ After seeding with Rituximab seed crystals froma
previ ously obtai ned hanq& .
hemat ol ogy/ chem stry mi
tenperature at 225 rpmCsAfsterl aF@dmhbhour i ncubation at room

Dialyzed Rituximab (66 mg/ml) was

10 crystallized by mixing 10 ul of antibody with 20 nl of
solution containing of 0.2 M CaCl,, 0.1 M HEPES, pH 7.5,
28% PEG 400. After 20 days, additional amounts of PEG
400 (30 pl 100% PEG 400) and 10 pl of 1M lithium
sulfate were added. After a 24 hour incubation at room
15 temperature, Rituximab crystals.in the form of cubes

were formed. (Figure 3).

Example 29
Morpholoagy of the crystals #1

Different forms of Rituximab were obtained by
20 wusing different crystallization conditions.
For example, see Rituximab crystals from

Figures 1 and 3.

Example 30

Morphology of the crystals #2

25 Crystallization:
Buffer: 100 mM Hepes, pH 7.7, 12% PEG 400,
1.17 M sodium sulfate.
Method: 1 volume Rituximab was mixed with 2
volumes crystallization buffer. The mixture was
30 maintained at room temperature without agitation-until

crystals formed.



tenperature, R tuximb crystals in the formof snuall needl| r or ned.
i h 28, AU s

In this I 7% of the input R tuximb was crystalli I gure
4. 25 Exanpl e/@%m%i tuximab crystallization = Different CPGLUSPI496%8n
Rituximab (20 ng/m) was crystallized by mxing 10 pl of antibody with 10
pl of solution 30 containing 12% PEG 400 and 1.36 M sodiumsulfate and 0.1

MTris, pH 7.5. After seeding with Rituxinab seed crystals froma
previ ously obtained microbatch, the 28 AUBS2005 WO 02/ 072636

PCT/ USO01/ 49628 94 m xturge was, tupbl in a hematol ogy/ chem stry m xer
(Model 346, Fisher Sci engFFPif‘a?mf‘ggm@@ﬁ‘ﬁélhatsurl@ am) redlemliMea er a 24

" hour incubati oﬁrﬁthtEQeﬁfot‘ﬂéﬁeraKF&?ur@ gyxi mab crystals in the form of
smal | 5 needles were forned. Exanple 28 Rituximab crystallization --
Different Crystal Form Dialyzed Rituximab (66 ng/m) was 10 crystallized

" by mixing 10 pkx@inpast Bbody wrilselzAhagf solution containing of 0.2 M
CaCl2, 0.1 MHEPES, pH 7.5, 28% PEG 400. After 20 days, additional anmounts

of PEG 400 (30 pl 100% PERFEBBY™aRd1$0apTestmbinianthiDiv- deulifvatie \l/overe
added. Aftes ahdflah9Uedi R6HBE16RR1aknE 9881 LATRE %g.)‘irl R4
crystals.in the formof cubes were Forrrgg} flE—’l gurg .ngfé.’ glbg% a_s
Mor phol ogy of ERECEPy3fal $Genenrecks ehnct or fouth BanuFirame iwece abiai ned by
20 using differens mbnstebhhFaLALILEAPIhELOBRen R a2 Y RIS $88 (Rl yxi mab
crystals from : _

breast cancer which over-expresses the extracellular

domain of the epidermal growth factor receptor 2

10 protein, HER2. Trastuzumab is an IgGl kappa that
contains human framework regions with the
complementarity-determining regions of a murine

antibody (4DS) that binds to HER2.

15 Trastuzumab Microbatch crystallization,
batch 1:

Trastuzumab antibody was-stéred in its
original 440 mg vial as a sterile lyophilized powder
and was subsequently dissolved in 20 ml of sterile

20 water. The dissolved Trastuzumab solution, containing
22 mg/ml Trastuzumab, 9.9 mg L-histidine HCl, 6.4 mg L-
histidine, 400 mg «,ca-trehalose dihydréte, and 1.8 mg
polysorbate 20, USP. .

A 210 pl aliquot of Trastuzumab (22 mg/ml),

25 in a buffer containing 0.495 mg/ml L-histidine HC1,
0.32 mg/ml L-histidine, 20 mg/ml o,ca-trehalose .
dihydrate, and 0.09 mg/ml polysorbate 20, USP, was
mixed with 210 pl of crystallization buffer containing
25% PEG 400, 5% PEG 8000, 100 mM Tris, pH 8.5, 10%

30 propylene glycol, and 0.1% Tween®80 (Sigma-Aldrich) and
incubated at room temperature overnight. The final
concentration of the Trastuzumab in solution was 11

mg/ml. This mixture was then seeded with Trastuzumab



Figures 1 and 3. Exanple 30 Morphology of the crystals #2 25

Crystal lization, Buffer: 100 mM Hepes, pH 7.7, 12% PEG 400, € 81AUG7 208 sodi um

sul fat e. WRLOHBES361 vol ume Rituximab was mixed with 2 vol REFEUSe1/49628
crystallization buffer. The m xture was 30 mai ntai ned at room tenperature
w thout agitation-until crystals fornmed. 28 AUG 2005 WD 02/072636

PCT/ US01/ 49628 95 Result: Small (length s 10 pm needle-l1iké crystals
formed. (Figure 4). Exanple 31 Trastuzumé® Trastuzumab is:a-reconbi nant
DNA- deri ved 5 humani_zed nonocl onal anti body conmercially avail abl e as

Herceptin" (GSk¥Stads, obf@inedy fuershipmidigideer axg . tughlednshosbonal
anti body has an iy dehendsed : n i over-expresses
t he extracel lular ' donmai n of tgk?glﬂ&)ﬁl{elrsntgﬁr}?gﬁ%ﬁ ﬁgé:?%\? %ggépséfgfglo
protein, HER2Scieasifignanliiteradpaigd suppendntted contlai 268 plimafi fr anewor k

regions with I ritys ), [ lons of_a I ne .anti body
(4D5) that bi %’ggp?’g%ﬁﬁém?ﬁnaﬁ%%ﬁ{a@“ﬁ%%%ﬁ%ﬁ%r gt sl %EQFPSF}, bat ch
1: Trast uz@malnathebddy lawsngt degd | N(Higureors)gi nads¥40F nghyi ahpaﬁ1 a f
sterile | yophidi e a s .subseguent|l.y. di ssal ved in 20 o]
sterile 20 ma;llgr%.éﬁglﬁgl% | sé’gﬁv%%y\‘%?aagl&zzﬁg ysotl%lﬁ d‘?ﬁ&%%‘ﬁt aining 22 my/m
Trastuzumab, 9.9 ng L-histidine HCl, 6.4 ng L- histidine, 400 ny
a, a-trehal osequmggréagg, and 1.8 ng .polysorbate 20, USP.

; Trastuzumab Microbatch crystallization, batch

2:

10 : _ 50 pl of Trastuzumab (22 mg/ml) in a
buffering solution containing 0.495 mg}ml L-histidine
HCl, 0.32 mg/ml L-histidine, 20 mg/ml o, c-trehalose
dihydrate, and 0.09 mg/ml polysorbate 20, USP, was
mixed with 50 nl of crystallization buffer containing

15 20% PEG 300, 10% glyercol, 0.1 M Tris, pH 7, 10% PEG
8000 and incubated at room temperature overnight after
being seeded with Trastuzumab crystalélobtéined from
microbatch. Trastuzumab crystals with a size ranging‘
from 50-120 um were obtained on the following day.

20 (Figure 6).

Example 33

Trastuzumab Microbatch crystallization, batch
3:

50 ul of Trastuzumab (22 mg/ml), in a buffer
25 containing 0.495 mg/ml L-histidine HCl, 0.32 mg/ml L-
histidine, 20 mg/ml a,a-trehalose dihydrate, and 0.09
mg/ml polysorbate 20, USP, was mixed with 50 pl of
crystallization buffer containing 20% PEG 300, 10%
glyercol, 0.1 M'Tris, pH 7, 10% PEG 8000 and incubated
30 at room temperature overnight after being seeded with

Trastuzumab crystals obtained from microbatch. -



A 210 pl aliquot of Trastuzumab (22 mg/m ), 25 in a buffer omﬁahﬁjjng
0. 495 ny/ (bmpgﬁhidine HC1, 0.32 ng/m L-histidine,.ZOITg

a, a-trehal'osé" difRydrate, and 0.09 mg/m pol ysorbate 20, USPIURBE4962% yxeq
with 210 pl of crystallization buffer containing 25% PEG 400, 5% PEG 8000,
100 MM Tris, pH 8.5, 10% 30 propyl ene glycol, and 0.1% Tween(r) 80
(Sigma-Aldrich) and incubated at roon1ten§erature overnight. The fina
concentration of the Trastuzumab in sol ut?édn was 11 ng/ m-_~This m xture
was then seeded with Trastuzumab. 1 8 AUG 2005 WO 02/ 072636 PCT/ US01/ 49628
96 crystals obiBFREHZFPER HEKGF RLS dMSBRaRdSEaRDRE 2HOWD 20 Bt PRe

" Hemat ol ogy/ Chesbhsé i ed ¥8r thdbeel 18dbngFaaher Scientific) after being
suppl emented with 20 | of propylene glycol. Trastuzumab crystals were
obtained 5 on the follow ng day. (Figure 5). 85% of the input Trastuzumab
was crystalli zg,@la%gléhjg met hod. Exanple 32 Trastuzumab M crobatch
crystallization, batc 2: 10 50 pl1 of Trastuzumab (22 ng/mM) in a

buf fering sol uti on cont alRfhixonabs ng/m L-histidine HCL, 0.32 nmg/m
L-histidin 20 ng/ M a, f5 e; -di hyde - 09 m pol ysorbate
20, USP, . 3%5 m xed mﬁtﬁﬁg%ﬁgg&§§ é?yétgﬂﬁﬁ%ggfoﬁgﬁﬁfgggﬂggﬁﬁaining 15 20%
PEG 300, 10% dgreeebpnab anpibedy, cppmgrcield PE6GvadQedlancs Rentiataatk at

[ 00m t enper at Ufc. oveeal Ohie ghis! cRE! N0 AERYSAA LN THAY YAHIBNA Gyt al s
obtai ned from nicrobatch. Trastuzumab crystal's w'th 'a size rangi from
50- 120 pm wer edbikededias been foldell ngsddy o206 reRitgutewatdidanpl e 33

Trastuzumab Mgrobal €\ CAy§tAEohARL 80seR8ECP 1hfliximab is a
10 chimeric IgGl kappa immunoglobulin that binds to the

INF-a antigen. It is composed of murine light- and
‘heavy-chain variable region sequences and a human
constant region sequence. The Infliximab antibody has
an approximate molecular weight (MW) of 149 kD.
15 Infliximab Microbatch.crystallization,
batch 1:

Infliximab antibody was stoféd ih its
original 100 mg'vial as aISteriie lyophilized powder
and was subsequently dissolved in 2 ml of sterile

20 water. The dissolved solution, containing 100 mg
Infliximab, 500 mg sucrose, 0.5 mg polysorbate 80, 2.2
mg monobasic sodium phosphate, and 6;1“mg dibasic
sodium phosphate, was used for crystallization.-

Infliximab was crystallized by mixing 50 pul

25 of antibody (50 mg/ml) with 100 pl of 35%
ethoxyethanol, 0.2 M lithium sulfate, 0.1'M Tris, pH
8.6. The mixture was tumbled in a hematology/chemistry
mixer (Model 346, Fisher Scientific) at room
temperature at 50 rpm. After overnight incubation,

30 Infliximab crystals in the form of rod shaped clusters

were formed (Figure 2).

Examgle 35



3: 50 pl of Trastuzumab (22 ng/m ), in a buffer 25 contai u@zﬁj ng/ m
L- hi sti dj " 0;32 ng/mM L- histidine, 20 ng/m a, a- treha ose ydr at e,
and O.OQhHﬁﬁyﬁﬁiﬁolysorbate 20, USP, was m xed with 50 pl PG17US01/49628
crystallization buffer containing 20% PEG 300, 10% glyercol, 0.1 MTris,
pH 7, 10% PEG 8000 and incubated 30 at roomtenperature overnight after
belng seeded wWith Trastuzumab crystals obtained frommcrobatch. - 2 8 AUG
2005 WO 02/ 072636 PCT/ US91/49628 97 TragBuzumab crystals with a size of
about 20 pmwere obtained. on the follow ng day. Exa Ie 34 Infliximab 5
Infliximab is a chinerie Xdgah, Microhatch gryst 3 e3mmercially
avai | abl e as Rem cade' Mpakegntoacor, Leiden, the hbtherlands) Thi s

nmonocl onal anti body has been widely used to treat rheumatoid arthritis

and Crohn's disease. | nRodxishapead cryefadi mekmicl agdio kdppoei afunogl obul i n
that binds toglhen,1 ENG32@R 8o Idbdad Al R4 Ay | g0t - and

, heavy-chain varlgb l'e regi on sequences and a human constant region
sequence $heingibakiedad withiondd\pdidat igm)apprtdxi 48% e(wbv ecBEG@r40@i ght (MY
of 149 kD. 15l af i i b Meggbat t.al t t nfl i xi mab
anti body was st grgd inits o(rl?glfr@ %%g‘ﬁﬁlv‘%glélgi;f%p%t g&ll e'#yophi lized
powder and wasdsubtsbgusatey adinskid] e i n 2 m of sterile 20 water. The
di ssol ved sol ution, containing 100 ng |Infliximb, 500 ng sucrose, 0.5 ny
pol ysorbate 80, 2.2 ng nonobasi c sodi um phosphate, and 6.1 ng di basic

sodi um phosphakempwas 3ésed for crystallization.
Infliximab Microbatch crystallization
10 batch 3:

A 25 ul aliquot of Infliximae (50 mg/ml in
0.1M Tris HC1l buffer, pH7.0) was mixed with 3 pl of 1M
calcium chloride and 5 pl of 100% polyethylene glycol
monomethyl ether 550 (PEG MME 550) and incubated

15 (without agitation) overnight at. room temperature.

Cube shaped crystals of Infliximab formed overnight.

Example 37

Infliximab Microbatch crystallization
A 25 nl aliquot of Infliximab (20 mg/ml in

20 water) was mixed with 50 nl of-crystallization buffer
containing 20% PEG 300, 0.1 M TRIS, pH:8;5 5% PEG 8000
and 10% glycerol. The final concentration of the
Infliximab in solution was 6.7 mg/ml. This mixture was
then incubated (without agitation) overnight at room

25 temperature. Star shaped crystals of Infliximab formed

after a week. (Figure 7).

Example 38

The crystallization conditions exemplified
above are useful for the crystallization of any
30 desirable clinically relevant antibody. Clinically

relevant antibodies may be classified according to the



Infliximb was crystallized by mxing 50 yl 25 of anti body. ﬁS@‘ ) W|th
100 pl of 35% ethoxyethanol 0.2 Mlithiumsulfate, O0.1- M%’

The ni xt W8 %B¥Unbl ed in a hemat ol ogy/ chemistry mixer (REHRISVEHE28 Fl sher
Scientific) at room tenperature at 50 rpm After overnight |ncubat| on,
Infliximb crystals in the formof rod shaped clusters were forned (F| gure
2). Exanple 35 28 AUG 2005 WD 02/072636 PCT/ US01/ 49628 98 I nflixi mab

M crobatch crystallization, batch 2: Rod9%haped crystal s'si'mi |l ar to those
of Example 34 were al so obt aj ned when Infliximb was 5 incubated (w thout
agitation) w tthes®peuyig I3 400, which Fheyi sreufticerbe mmqh hi um

~sulfate, pH 8.c wafeéamcma 'tbeesarﬁxg@% 9 ;3 d ld ) mab

M crobat ch crystallzatlon 10 batc uot 0 Ian|X|nab (50
my/m in Q. mm&lsclml}buﬁ‘f@llabbﬂnoylmgllﬁﬁ(ednmlmdmml it It cal ci um
chloride and § #0(9% pol yet hyl ene gl ycol nononethyl. et her 550 (PEG
MVE 550) and i nqubate 15 (without agitation) overnight at, raom

t enper at ur & (Ol)beAMIadealarSI&efaPSO'(ﬁ KankiixGRan B/drifed mﬁtﬁpﬁ@m £daxanpl e

o7 10 MRl ot b AShl G0y 33 B ALt S gld L b (20
cont ai ni ng 20%eRE@8,. (the CthtMaifl%Sdst 8.5 5% PEG 8000 and 10% gl ycerol .
-r|;|h>e<tLlr2a\l/va(szonCa5t rgt{ {)@lg&mége(énfl | XI me [ n SOIFUtplr% L as o6ri 7R§(g;/ m. This
respiratory disease) (manufactured by MedImmune
10 (Gaithersburg, MD);
(3) Murumonab-CD3 (Orthoclone™) (anti-CD3 antibody; for
tissue transplant rejection) (OrthoBiotech, Raritan,
NT) ; |
(4) Gemtuzumab ozogamicin (Mylotarg™) (cancer (anti-
15 CD33 antibody)) (Wyeth Labs, Philadelphia, PA);
{5) Trastuzumab (Herceptin™) (cancer (anti-HER2
antibody)) (Genentech, South San Francisco, CA};
(6) Basiliximab (Simulect™) (anti-CD2S5 antibody; for
tissue transplant rejection) (Novartis, Basel,
20 Switzerland);
(7) Daclizumab (Zenapax™)  (anti-CD25 antibody; for
‘tissue transplant rejectioﬁ) (Protein Design Labs,
Fremont, CA); _
(8) Etanercept (ENBREL™) (inflammatory disease)
25 (Immunex, Seattle, WA);
(9) Ibritumomab tiuxetan (Zevalin™) (radioimmunotherapy

for cancer) (IDEC Pharmaceuticals, San Diego, CA).

Example 39
The crystallization conditions exemplified

30 above are useful for the crystallization of single--
chain Fv (scFv) fragments of antibodies, or for

crystallization of Fab fragments of antibodies. -.



then i ncubated (w thout agitation) overnight at room 25 tenperature. Star
shaped crystals of Inflixinmab formed after a week. (Figure2® AUGBXRB e 38
The crys?‘é? 92/672€360n condi tions exenplified above are usefRET/PH/O6S
crystallization of any 30 desirable clinically relevant anti body.
Cinically relevant antibodies may be classified according to the 28 AUG -
2005 WD 02/072636 PCT/ USO01/ 49628 99 therapeutic area in which they are to
be enpl oyed. Such antibodi es include, buPOare not linited to,
commercially avail abl e anti bodies, including, but not limted to: 5 (1)
Abci xi mab (Re&Reaiple @dnti-GPlIIB/I1l1a receptor; for the treatnment of

cardi ovascul ar di sease) (¢l QGQl4¢ é_eéfjeﬂn }ISB hands) (2)

Pal i vi zumab (Synagis'" %am@p‘ro%ernﬂ%mt ory di sease)
(manuf actured by Medl mmdd Eon{a@hi nerer s bof gthid) ;.n(ra)xthlbmramams@m.ll

Ot hocl oneT anti for | Ssugetrans |_ant I 0

gOrt hoBi ot ectho(R—aIr&lg: St%%él?quc%erﬁ uzun%% § Oagpﬁs%aﬁs( I'Q,ta;lﬁgﬁg
(cancer (asti-theb iGDdBogdicdthady) )claysdd 1abs, IGN | adel, phign, BRAE, (@md
Trastuzumab ( Her ce ™) ncer i - HE ody Genent_ech, South
San Francisco?® ERTPLI@% @a@% i )ﬁ%"ﬁ)aﬁs & SY{’FgﬁF?eéD%@G&ntl 138y, for
tissue transpliges reideQigoa)) IdMn adrd SIgl\BaSeénd 2gadwWahaerdqand) ; (7)
Dacl i zumab (Zenapax'") (anti-CD25 antibody; for tissue transplant

rejection) (Protein Design Labs, Frenont, CA); (8) Etanercept (ENBREL'")
(i nfl ammat or y piag@ase)a 1

Crystallization as a Tool for Monoclonal

- 10 Antibody Purification

Monoclonal antibodies including, inter alia,
Rituximab, Infliximab and Trastuzumab may be obtained
from mammalian cell culture. Crystallization of these
monoclonal antibodies may be carried out either
15 directly from the culture media .or cell extract or
after partial or complete purification. _
Crystallization may be used as a purification method
during these steps. " .
In a similar fashion, monoclonal antibodies
20 can be purified using crystallization from: other
sources including, inter alia, the following:

- insect cell culture; bacterial cell cﬂiture; plant
parts including, inter alia, seeds, flowers, leaves and
roots/tubers from transgenic plants, including, inter

25 alia, transgenic maize, tobacco, potatoes and corn; and
milk, -serum, plasma, eggs, and other areas of
transgenic animals, including, inter.alia, transgenic
cows, horses, pigs, chickens, goats and sheep.

Crystallization of antibodies may be carried

30 out either directly from the cell extract before

purification or after partial or complete purification,

e.g., directly from milk or after clarification or



25 (1l mmunex, Seattle, WA); (9) Ibritunomab tiuxetan (Zevalin'"

(radi oi munot herapy for cancer) (IDEC Pharnaceuti cal s, Sar?!)ié@om).
Exanpl e OPHE7263%/ st al | i zati on conditions exenplified 30 BEBUSVI4PESUSES Ul
for the crystallization of single-chain Fv (scFv) fragnments of anti bodi es,
or for crystallization of Fab fragnents of antibodies. 28 AUG 2005 WO
02/ 072636 PCT/ US01/ 49628 100 Exanple 40 O her C asses of |-miunogl obulin Al
enbodi ments of this invention are useful 10lor crystallization of, and use
of crystals of, all of 5 the inmmunoglobulin classes 1gG I'gM |gA gD,

| gE, and serurRagA gl 1pyikicakionasft bhespbokasaenfl daterdeg@ at bagd and
« |g&HA, IgM an , | gA2. Exanple 41 Crystallization as a
Tool for ano%?%%%FC)lggxagé%% €Q§Urification Monocl onal anti bodi es
including, inter alia, M&thodgab, Infliximb and Trastuzumab may be

- obtained frommammalia 1] tupe. Crystallization, of these nocl onal
ant i bodi es may be carrigaﬁguil€$%h§$'l%'arre Fﬁﬁ%PFBWPPhéaﬁuP@uW87R%dia-or
cell extrad drs mifxest ipard ildaler coiphebreplitéircafi an. Crystallization
may be used a [oiof ion nethod during these steps. In a simlar

f ashi on, mnocsng'r%%lélnltzlcﬁa}%ﬁ%sbuége]éa‘ﬁc”BEa OHPgi EE%UEE%O@Py%aI li zation
fromother sdEGsa0G ncladimg, Triserprl 8as, t hesf pkbpyiBae 1$e6h, C8hk

cul ture; bactq;HgJ&peH éngt e; glaﬁ%¥,$aLts i ncluding, inter alia, seeds,
flowers, |eaves and"VS9bts t%’e‘?‘g FROMTrAhsgeRite BEBRESe ddckbanng, inter
25 alia, transgenbausd zt FECEOmpOR BhEESoRELNEGhE: wiBH stirring,

10 wusing a overhead stirrer. The solution is then seeded:
with Trastuzumab crystals obtained from hanging drop 6r
microbatches. 100 ml of propylene glycol is added and
the mixture is stirred, until crystals are formed (for

approximately 24 hours).

15 Example 42

Purification of Antibodies by Crystallization

from Milk R

Milk (purchased from a local .farm and stored
frozen at 70°C) is thawed at 37°C and de-fatted by

20 centrifugation at 7000 x g for 15 minutes at 4°C. The
cream layer is then punctured using a sharp pipette tip
and the skim milk is decanted into a clean tube through
the opening. Skim milk is then diluted with an equal
volume of 250 mM EDTA. The milky appearance clearé,

25 indicating the destruction of micellar structures and
aggregates. EDTA-clarified skim milk is dialyzed
against PBS to remove EDTA. The clarified milk may
then be spiked with monoclonal antibody solutions to a
final concentration of approximately 5-10 mg/ml. The

30 monoclonal antibody from the spiked milk is then
crystallized using polyethylene glycol alone or in
combination with salts, e.g., ammonium sulfate, or any

of the crystallization conditions described earlier



mlk, serum plasma, eggs, and other areas of transgenic apingls
|nclud|ng inter alia, transgenic cows, horses, pigs, chic edﬁm agﬁts and
sheep. OrYW&®(072636ti on of antibodies may be carried 30 ouPCEUSAESIE rect |y
fromthe cell extract before purification or after partial or conplete
purification, e.g., directly frommlk or after clarification or 21 AUG _
2005 WD 02/ 072636 PCT/ US01/ 49628 101 partial purification of the protein of
interest at any stage of the process. Ml®dbd: One liter..of, e.g.
Trastuzumab -(at 22 ng/mM) 5 is mxed in a beaker with one liter of a
crystalI|zat|ohsbngferVe@nﬁﬁwnpﬁgSa@%ﬁPE®Mﬂfeﬁ¥%Oﬁ§a§ID(ED1WQNt$m¢tc
Tris,...pH 8.5 % I I d

(Si grra- Al dri chTh}g WQE?%]B% E‘rgg ?)seyt?'l;rged i (Pﬁ%e{‘tjfégj rl%Joam sen%lecr"ét ure
over ni ght w t htsansgengc ®dlksi ng a overhead stirrer. The solution is then
seeded w th Trastuzumab crystal s obtained from hangi ng drop or

m cr-obatches. 100 ml of propylene glycol is added and the mxture is
stirred, untilggayplial g3are formed (for approximately: 24 hours). 15
Exanpl e 42 Purification of Antluodles b Cr stallization fronrnllk M | k
(purchased Prom a | ocal =S e oo oL Hono op rebe

and de-fatted by 20 cent rhbugaiend®: amiﬂyyg><1kgﬁgqégidnghg@§lat 4C. The
cream layer is then punctured u5|ng 8, sharp plpette tip and the skimmlk,
is decanted into a cl eanBEQEHCES 0@ C Pl

diluted with ari equal  vekuggiaf b@mmrere%dw ol GpRsarEncencl ears,

25 indicating the destruction of mcellar structures and
' the -art that the method shown in Examples 41 and 42 may

10 be use to purify monoclonal antibodies by
crystallization, from transgenic animals (from cells,
tissue extracts, etc.} transgenic animal products
(e.g., eggs etc.) and from transgenic plants (plant

cells and tissue extracts, etc.).

15 In Examples 44 and 45, the purity and
conformation of crystallized Rituximab was assessed by
analyzing dissolved Rituximab on HPLC and SDS-PAGE,

under reducing and non-reducing conditions.

Example 44

20 . Dissolved Rituximab from cryétals obtained in
Example 1 were analyzed on a 4-20% gradient SDS-PAGE
gel, without the presence of f-mercaptoethanol. The
omission of B-mercaptoethanol from the gel
electrophoresis was to prevent the dissociation of the

25 heavy and light chains, which are held together by a
disulfide bond. Native Rituximab was analyzed under
the same conditions as a control.

Results:
Both the native and dissolved Rituximab

30 showed a single protein band under non-reducing -

conditions, with a molecular weight approximately equal



aggregates. EDTA-clarified skimmlk is dialyzed against PBS to renove
EDTA. The clarified milk may then be spiked w th nonocl onal 8aAYG (2Sy

sol uti onsMOP2472636nal concentrati on of approxi mately 5-10 wgfindso/Idses 30
nmonocl onal anti body fromthe spiked mlk is then crystallized using

pol yet hyl ene gl ycol alone or in conbination with salts, e.g., anmonium
sulfate, or any of the crystallization conditions described earlier 28 AUG
2005 WO 02/072636 PCT/ US01/49628 102 usingxa variety of salts, buffer,
organi c solvents etc. This nmethod may be used to purify antibodies from

transgenic ml&o 15xaap) ec8 boLr¥staklibzaklen +9fe MR qic}lqlﬁmgg)odi es
from Transgenic A 'nali, Tragsgenic Ani mal Products, an ransgeni c
Plants It mﬁllm?ﬁpéﬂﬁﬁﬁ t B9 hose of skill in the art that the nethod
shown in Exanpl es 41 andrye tod81bgause Iq f | onal. anti bodi es
g 7 eb{(%?@éd' )e('ﬁqg"%o%? W %xtract s,

- by crystallization, fromtransgenic animals rom'c
etc.) transgenFGHi RS pFetiled sP -pergaptegghasad.)). antatinamRitansgrit C

plants (pl et wgeldimaBpsed i 9886 eXhLEACH tibns Rsxanpl es 44 and 45,
the, purity and confornmation of crystaﬁ?i gégdéﬁttl&%sn%@ \ﬁasr&ég:sréésed by
anal yzi ng di ssol ved Rit B@8btan HPLC and SDS-PAGE, under reducing and

non-reduci ng condi tions.pdxagpl 4 | ssol,ved Rituximab fromcrystals
obtained in Exanple 1 were apa?yé%%gg%%ﬁa- Qb%sﬁﬁgﬁgéhﬁn%%g‘-a%@?d%l ,
wi t hout the preadianpfcasineioad: ochdapel . réealed £5ic0ba@ids at '

Q ner capt oet haqyod, rSanﬁﬂ"eargflabout 25 kD, the correct size for the
10 monoclonal antibody heavy and light chains,

respectively.
Example 45
Purity and Size Analysis of Rituximab
15 Crystals by HPLC

The purity and size of native Rituximab and
dissolved Rituximab from crystals obtained in Example 1
were analyzed with a size exclusion columnl(BIOSEP—SEC
- 53000, Phenomenex, Torrence, CA) on an HPLC (Shimadzu,
20 LC-10AD) system with 100 mM potassium phosphate, pH 7.5
as running buffer and a constant flow rate of 0.5
ml/minf -Both the native and dissolved Rituximab were
.eluted from the column aé a single prdéein peak,
indicating that the crystallization process did not
- 25 alter the structural integrity of the Rituximab |

antibody.

Example 46
Dynamic Light Scattering Characterization of

native (soluble) and dissolved Rituximab

30 Soluble Rituximab and dissolved Rituximab
from Rituximab crystals, prepared as in Example 21,
were dissolved in 25 mM Tris, pH 7.0, 150 mM sodium
chloride and 0.1% Tween®80 (Sigma-Aldrich) (final



el ectrophoresis was to prevent the dissociation of the 25 heavy and |ight
chains, which are held together by a disulfide bond. Natigg Ku¢wessmab was
anal yzed wgleso7263se sane conditions as a control. Results: pcBaisbi/kdags nati ve
and di ssolved Rituximab 30 showed a single protein band under non-reduci ng
- conditions, with a nol ecul ar wei ght approxi mately equal WO 02/072636 103
26 AUG 205 PCT/USOl/49628 to 150 kD, the correct size for.the whole

Rituxi mab nonocl onal antibody. The protogg4i was repeated, _u5|ng reduci ng
conditions (using (3-nercaptoethanol). Native Rituxinab. 5 was anal yzed

i ssol ved Rt uREeRs ! ingen-Bhedatity Yosad o mbrare e e odiar lo bands
at about 50 kDamddaahdytzed5okDa tpmom)r IDgeiandicz & ifght tsh:atr:l&mocl onal
Analyor s of R CaRPRks et PR B PRR e, s R St A T v
Ri t uxi mab and (Hrasakied Betwxitaals,f Faamelisi,alvn)abt aqmel;é n(daaml &) 1

were anal yzed ZEh a s'z§ xcl ysi.qn col nqiégl EP- SEC S3Q00, Phenonenex,
Torr énce, O%\) gnﬁ Hﬁlﬂﬁkc (lghf“ﬁz %(‘; £9 5f[°51ﬂ\70f1t £55- 9 zed

pot assi um phosphate, fpid Eo&pa&&sbmnnlng buffer and a constant flow rate of

0.5 m/mn. Both the native_and dissolved R tuxinmab were .eluted fromthe
colum as a single proteffs = indicating that the crystallization

process did not The hydrodynamic radius for the soluble and
dissolved Rituximab are identical, indicating that the
10 crystallization process did not alter this
characteristic of the Rituximab antibody. In addition,
this example showed that no protein aggregation
occurred during crystallization, as judged from

measuring the hydrodynamic radius.

15 Example 47
Dynamic Light Scattering Characterization of

. native (soluble) and dissolved Trastuzumab

Trastuzumab crystals, prepared as in Example
31, were dissolved in 25 mM Tris, pH 7.0, 150 mM Sodium
20 chloride and 0.1% Tween®80 (Sigma-Aldrich). The final
protein concentration was adjusted to approximately 1
mg/ml. The dissolved Trastuzumab crystal was then
analyzed on a PD2000 Dynamic Light‘Scattering detector
with Precision/Acquire and Precision/Analyze (Precision
25 Detectors, Franklin, MA)}. Native (soluble) Trastuzumab
(22 mg/ml) was diluted 20-fold with deionized water for
comparison.
Results:
The hydrodynamic radius and the molecular
30 weight for the soluble and dissolved Trastuzumab were
identical, indicating that the crystallization process
did not alter this characteristic of the Trastuzumab

antibody. In addition, this example showed that no



.25 alter the structural integrity of the Rituxinmb antibody. 30 Exanple
46 Dynam c Light Scattering Characterization of native (sq lNJ)Zﬂmd

di ssol ved W& buo2éasb  Sol ubl e Ri tuxi mab and di ssol ved Ri t uXp@pRishi/Mths

Ri tuxi mab crystals, prepared as in Exanple 21, were dissolved in 25
Tris, pH 7.0, 150 nmM sodi um chl oride and 0. 1% Tween(c) 80 (Si gma-Aldrich)
(final 28 AUG 2005 WD 02/072636 PCT/ US01/ 49628 104 protein concentration
equal to approxinmately 1 mg/m ), and anajgized on a PD200Q Dynamic Light
Scattering detector with Precision/Acquire and Precision/ Anal yze
(Precision Detgegb LA ' [RY |_u it uxi.mab (10
.mg/m) was dil Et egégg- ggﬁﬁé?ﬁogg%gﬁ}l%%d \%}altg%%gf (l)yrr%%sot%&?r 2o Re A t s:
The hydr odynaniiBdggdi fsomoreafurspgubhe hydrodysselivedaditisxi mab are

identical, indicating that the 10 crystallization process did not alter
.this characteristic of the Rituximb antibody. In addition', this exanple
showed t hat noElampéénd@iggregati on occurred during crystallization, as

judged from neasuring t nam ¢, radpus. 15 anpl e 47 Dynam c Light
Scattering Characteri zatil:}g%r% égﬁét ?%SESSI Bb}?gflg\ﬁgxggg§5|aﬁ§d Fhe<ttuzumab
Trast uzumabs cryereal syyprapbi zeldasni Bx&xpirpl 8 dichweoe diwgs9l wed-inh b MV
Tris, pH 7.0, { 0 chloride and 0.1% Tween80 (Si gma- Al drich).
The fi nal pro%ggﬂﬂggﬁ§§%¥$%}%bnaﬂ%s£ggjﬂ@t889F69maBﬁF5§FﬁatB%y7l°rng/n1.
The di ssol ved Wenstdeuembined stal hawvs dh@ddian of 72 pm and a size

range. between 50-150 pum, as characterized with a

Coulter LS Particle Size Analyzer.

10 Example 49
Peptide mapping comparison of native

(soluble) and dissolved Rituximab

A 500 pl aliquot of 10 mg/ml of Rituximab
{soluble or cfystals from Exampié 1) in 25 mM Tris, pH
15 7.0 and 0.1% Tween®80 (Sigma-Aldrich) was mixed with
167 ng of trypsin and incubated at 37°C for 24 hr.
Each digested sample was fiitered through a 0.22 um
filter and a 200 pl aliquot was loaded onto a C-8
reverse phase (Vydac, Hesperia, CA) HPLC column, which
20 was equilibrated with water supplemented with 0.1%
‘trifluoracetic acid, on a Shimazu LC10AD system. The
bound peptide was eluted with a 0-70% acetonitrile
gradient over 70 min at 0.9 ml/min.
Results:
25 Similar profiles were obtained for soluble
and redissolved Rituximab, indicating no change in
conformation, structure or size of the Ritukimab

molecule due to the crystallization process.

Example 50
30 N-terminal sequencing of native (soluble) and




anal yzed on a PD2000 Dynami c Light Scattering detector
Preci si on/ Acqui re and Precision/ Anal yze (Precision
Nat | WO @2#326361 e) Trastuzumab (22 ng/ M) was dil uted 28ctwiseywistah

The hydrodynam c radius and the
30 weight for the soluble and dissolved Trastuzumab were
indicating that the crystallization process
characteristic of the Trastuzumab anti badys

MR .

dei oni zed water for

nol ecul ar
i denti cal

conpari son.

Resul t s:

In addition,-

with
25 Det e&8 AUE, 209 ankl i n,

did not alter this

this example

showed that no WO 02/072636 105 2 8 AUG 2005 PCT/ _USOl/-496'2'8' protein
aggregation occurred durgngs61ysbiakhiagtin@b 283 148880 JdH0 Measuring the

hydr odynam c radi us. )
which 5 were crystal | izBd PRAEXakpl demopstazeythaty rnt ibrdies000,

| m dazol e, _ande 290, i Cak ehul! Rt AkgscBBufd, géﬁgaﬁ]%td%m%;]fér“%%ﬁﬁrlh ve a

nmedi an of 72 pmand a size

Exanpl e

€ nee

range. bet ween 50-

e cluster

as C

uxt ma

crystals,
100 mv

aracterized with

a GCoulter LS degradationzinpheyerystaldlivenpitatsd Répt ifdd. lowimy nas

conparison of
10 ng/ M of "Ri

A

di i i 5Q0 |
b 553%%3%&&@% ﬁa&s

crystal's

rom

al i quot of
in 25 MM Tri s,

pH 15 7.0 and Drenéforens0orSinuatdl Branbleswad rinded 1w tdespb&E ive 10f,

R e R

through a 0.22 pm

reverse phase

with water 5“&3L%E%Hf§h“%i£%§%é@%s, Inc.

10

15

20

25

30

er and a

(VWydac,

protein sequencer.

gggh di gested sanple was filtered
guot was | oaded onto a C-8
He¥peermindh) selfh€ncahgmwaswebelr i2d wask e@uirdg br at ed

(ABI) 447A automatic

Each sample was loaded onto a glass

fiber disc, which had been placed in the sequencer and

pre-cycled once.

Following the pre-cycling step, a

number of cycles of Edman degradation were performed

using a standard protein sequencing program from ABI.

The results are repotted as the major

phenylthiohydantonin'(PTH)-amind acid detected for each

cycle.

(Standard one-letter designations for the 20

commonly occurring amino acids are used to report the

resulting sequences.

cysteine; D =

phenylalanine; G = glycine; H =

They are: A =

aspartic acid; E

isoleucine; K = lysine; L

S = serine; T =

Y = tyrosine.)
Results:

Trastuzumab:

asparagine; P = proline; Q

threonine;

alanine

glutamic;
histidine;

leucine; M = me

glutamine; R

\" W

valine;

i C=
F
I

thionine; N

= arginine;

tryptophan;

Trastuzumab Form

Antibody Chain

N-terminal

. sequence
Crystalline Heavy E-V-Q-L-V-G-8S
Crystalline Light D-I-Q-M-T-Q-S

Soluble Heavy

E-V-Q-L-V-G-S



25 trifluoracetic acid, on a Shimzu LC10AD system The bound peptlde was
eluted with a 0-70% acetonitrile gradient over 70 mn at

Resul ts: v@Dwohz63rofiles were obtained for soluble and p 9&5;1

Ri t uxi mab, indicating no change in confornmation, structure or st ze of the
Rituxi mab nol ecul e due to the crystallization process. Exanple 50 30
N-term nal sequencing of native (soluble) and 28 AUG 2005 WD 02/ 072636
PCT/ US01/ 49628 106 di ssol ved Rituxinab angyqrastuzumab: fn order to

denonstrate that antibodies, e.g., Rituximab and Trastuzungb, do not

suf f er term naf—degradaton—in—the—erystatl--nre—st as S

performed on R tuxi népluhdieTrast yzumab diightal s pre ar@dIanmrt_h Qg d o
Exanpl es 21 and 31, respectively, ~and their solubfe counterparts:

N-term nal sequencing was carried out using .an Applied Biosystens, Inc.
(ABI) 447A aut gietikgmiB:protei n sequencer. Each sanple was | oaded onto a
glass fiber disc, which had heen placed in the sequencer and pre-cycled

once. Fol | owi ng W& yii@ady Horhd ‘teﬂnti‘boayr@ﬁélﬁf bycl gg. (Qf RN
degradation wefe perforned wusing astandard proteinfsequencing progranpfrom
ABl . 15 The repults are reported]as the major phenylt hi cGeglemonin

(PTH -anino ac) d defpelem for eagh cyche,. [ Standarfi one [elTer ——

desi gnations f QCClUryl nn am no _afids aP
the resultbng seq@fp@E§11ﬂm@y afe: A :uﬂgﬁy ne; CF 2@ EY§t§I€FQ_Q =

ol Sl " Any A [l =

por t

aspartic acid;[E=gtutamc—F—=1phenyaan-hre—6G yclhe;
histidine; 1 = Soluble - Heavy blocked
| Soluble Light | Q-I-V-L-S-Q-8

The results show that the crystallization process does
result in N-terminal amino acid degradatlon of the

10 Trastuzumab or Rituximab antibodies.

Example 51

PAS (Periodic acid-Schiff reagent) total

carbohvdrate'staininq.of native (soluble) and

dissolved Trastuzumab
15 Method: '
2 ng of a dialyzed sample of crystallized
Trastuzumab prepared according to Example 31, as well
as its soluble counterpart (as supplied by the
.manufacturer), both reduced with 10% B—mercaptoethanol
20 and unreduced, were run on SDS-PAGE gels. The gels
were transferred via Western blot to nitrocellulose
membranes. Using the BioRad Immun-Blot s;aiﬁing kit,
the carbohydrate moieties attached to the antibodies
(and the heavy chains of the antibodies in the case of
25 the reduced samples) were stained and visualized.
Specifically, the gels were fixed with 40% methanol, 7%
acetic acid for 30 minutes, and washed 4 times in this
solution, then left in overnight in fresh solution.

The next day, gels were oxidized in 1% periodic acid,



i sol euci ne; K = Iysine; L = leucine; M= nmethionine; N asparagine; P =
proline; Q = glutamne; R arginine; S.= serine; T = threon2@eugvamsvaline;
W= trypt dﬁﬂ&ﬁlmmﬁs Y = tyrosine.) Results: Trastuzumab: BOTAISaFigsz8imab
For mAnt i body Chai nN-term nal sequence CrystallineHeavyE-V-QL-V-G S
CrystallineLightD-1-QMT-Q S Sol ubl eHeavyE-V-Q L-V-G S WD 02/ 072636

Sol ubl e 5 Rituximab: 107 Light 26 AUG 2005 PCT/US01/49628 D-1-QMT-QS

Ri t uxi mab For mAnti body Chai nN-term nal seppgnce Crystalli-neHeavybl ocked
Crystal lineLightQI-V-L-S-Q S Sol ubl eHeavybl ocked Sol ubl eLight QI-V-L-S QS

The results show taRatithacddysald stdideofeitdse adRes 10 asiids iih
N-term nal amnm no i d de%rgi tIOB f the 10 Trastuzunab or Rituxi mab
anti bodi es. 15 digti & oHe@r atP dnERRERF paghentP remave

car bohydrat e sipairiioddcohcaat.i vee(lgowmee)m%%at@c?%q{ vaft HAK YAYRP

Schiff’s reagent for about one hour to develop stain
5 and then scanned. '

Results:

Both soluble and crystalline Trastuzumab
appeared to be nearly identical on the gel, except for
the light high—molecular weight band-in the non-reduced

10 sample of crystalline antibody. In the reduced sample,
the carbohydrate was associated with the heavy chain of

the antibody, as expected.

Example 52
PAS (Periodic acid-Schiff reagent) total

15 carbohydrate staining of native (eolubie) and
 dissolved Rituximab

Method:
This method was performed as in Example 51.
Results: :

20 | Soluble and crystallized samples of Rituximab

| appeared identical on the gel slab w1th the
carbohydrate associated with the heavy chain of the

antlbody in the reduced sample.

Example 53 _
25 N-linked oligosaccharide profiling of native
soluble) and dissolved Trastuzumab and
Rituximab

N-1linked Oligosaccharide Profiling was
achieved using a BioRad N-linked Oligosaccharide
30 Profiling Kit (catalog # 170-6501). Crystallized
eamples of Trastuzumab and Rituximab (from Examples 31

and 21, respectively) were washed, dissolved, and



Met hod: 2 pg of a dialyzed sanple of crystallized Trastuzumab, prepared
according to Exanple 31, as well as its soluble counterpat8 AHE 28ppl i ed
by the nmowhatissser), both reduced with 10% O- ner capt oet roTaise2Q9a8d
unreduced, were run on SDS-PAGE gels. The gels were transferred via
western blot to nitrocellul ose nenbranes. Using the Bi oRad | nmun- Bl ot
staining kit, the carbohydrate noieties attached to the anti bodies (and

t he heavy chains of the antibodies in thgogase of 25 the-reduced sanpl es)
were stained and visualized. Specifically, the gels were fixed with 40%
met hanol, 7% acetic acid for 30 m nutes, and washed 4 tinmes in this
solution, then left in overnight in fresh solution. The next day, gels were

“oxi di zed in 13&9@%%? | Co R0l st 29 uAUG sgaaggégugggﬁgﬁh . / USD1/ 49628 108

3% acetic acid, Subsequent |y washed 10 tines in “distilled (dd)
H20, 10 ni nut €Brasmizumnab rambviRl tyeinali ¢aacsuppteed berwannfabsueex)n t he

"dark with Schiff's re_ﬁgg : u hour Vel Of ' nd then
scanned. Resulrkfésl?e %10‘? s%?'u%gﬁ)ée“g%g <?:Crugi’y’sr&ta'al %anea'@r}%taﬁizlucﬂﬁié a%%p%%?@d to be
nearly identi cadmple twees gel xedxetph ¢gualtieliinght ofi galeskéngl bufiferght
band in the. non-reduced 10.sanple of crystal l.ine antibody, he reduced
sanple, the c%?%o‘ﬁwta‘tl%ec\l/va%s aré%ogi% e%"vmg?ﬁhf"ﬁ'e Résg%ﬂc glhga%]e t he _
anti body, as ekgme)l edi.d51201ExafpME, 52nBAS (ReNPodioc (TerdiBSolli faft reagent)

total CarbOhy§g5%615%§%£g€@!8T ngﬁgggnggLE9[e§ ﬁTdof PNGase (an
enzyme that cleaVes asparagine-linked oligosaccharides)
was added to each sample, and samples were incubated

10 overnight at 37°C. Protein was then precipitated witﬁ
3 volumes of cold ethanol, samples were spun, and |
supernatants (containing oligosaccharides) were
recovered and lyophilized. Samples were reconstituted
and fluorescently labeled with 8-aminonaphthalene-

15 1,3,6-trisulfonic acid (ANTS) aE 37°C overnight.
Samples were again lyophilized and reconstituted in H,0
and 2X sample buffer. Oligosaccharides were run in gel
electrophesis using N-linked oligosaccharide profiling
gels and buffers from BioRad, and gels were visualized

20 using a long-wave UV transilluminator.

N-linked oligosacchérides

N-linked oligosaccharides were cleaved from
the antibodies and fluorescently stained using the-
BioRad N-linked Oligosaccharide Profiling Kit. The

25 glucose ladder standard run to the left of the samples

showed the relative positions of the oligdsaccharides.
Results:
The bands for crystal and soluble Rituximab
and Trastuzumab appeared to be identical, suggesting

30 that crystallization causes no changes in the

oligosaccharide groups associated with the starting

material.



di ssol ved Rituxi mab Method: This nethod was perfornmed as 'in Exanple 51.
Results: Soluble and crystallized sanples of Rituximab app8akisd28ientica
on the gelosheire3sv th the carbohydrate associated w th therdeayMeekai n of
the antibody in the reduced sanple. Exanple 53 25 N-linked ol igosaccharide
profiling of native (soluble) and dissolved Trastuzumab and Rituxi mab
N-1inked A igosaccharide Profiling was achieved using a BieRad N-|inked

A igosaccharide 30 Profiling Kit (catalqgy# 170-6501). Crystallized
sanpl es of Trastuzumab and Rituxi mab (fron1Exaanes 31 and-21,

respectively) were washed, dissolved, and 28 AUG 2005 WD 02/072636

PCT/ US01/ 49628 109 dialyzed agai nst ddH2C2 and sanpl es of sol uble

Trast uzunab a@ 51 éiﬂglg@b (as supplied by manufacturer) were dialyzed.

agai nst ddH2QO. : al i quot of each sanple was m xed wth equal

vol umes of rel easing bufM@noSaanhadadet@m@duxnuuidhrﬁffﬂ%ﬁmnbLnndodecy
sulfate (SDS), 1.5 pl 1 .

tenperature. Subsequently F : s cteaves
aspar agi ne- | i nked ollgosawabanzdmab was added to each sanple and sanpl es
wer e |ncubq}ed 10 over ni ht at 37C. Proteln ma thentﬁ%(g%pltated with 3
vol umes of ol d et hanol, SHBPBQSREFQaEﬂSﬁ SNt nt ai ni ng
ol i gosacchari de)lwsles) fonxmm&ﬁiéﬁmiTyﬁﬁﬁmimm@H wé@ﬁpb@ﬁ ¥ee@ with

reconstituted ,and fluorescent]y |abeled wth 8-am nona al ene 15
a1 sur § et et AuedR R e (A FRR2RNLIRAE

crystals, as prepared in Examples 1 and 31,

respectively, using a Bio-Rad Monosaccharide

10 Composition Analysis kit (catalog # 176-6811).
Trastuzumab and Rituximab crystals were washed three
times in mother liquor and dialyzed overnight versus
ddH,0. Reconstituted native (soluble) Trastuzumab and
Rituximab were dialyzed versus ddH,0 and used for

15 comparison.

The samples of native and dissolved
antibodies were then analyzed for their sugar content.
Each native and dissolved antibody was divided into
three 50 nl aliquots containing 40 micrograms of

20 antibody, one aliquot each for three hydrolysis
reactions. For the neutral sugar analysis, the
reaction took place in 2 N trifluoracetic acid (TFA) at
100°C over 5 hours. For amine sugars, the hydrolysis
took place in 4N HCl at 100°C over 3 hours, and sialic

25 acid hydrolysis was performed using 0.1 N TFA at 80°C
for 1 hour. After hydrolysis, all sampleé were
lyophilized, and the amine sugars were re-acetylated
with acetic anhydride and a buffer, and lyophilized
again. Samples were then reconstituted and

30 fluorescently labeled with 2-aminocacridine (AMAC), then
incubated at 45°C for 3.5 hours. Samples were
lyophilized again, diluted, and mixed with 2X sample

buffer for electrophoresis. Electrophoresis of samples



Sanmpl es were again |yophilized and reconstituted in H20 and 2X sanpl e
buffer. Oigosaccharides were run in gel electrophesis usi 2§ AVG iﬁed
ol i gosacchWPitd@73$36fi | ing gels and buffers from Bi oRad, anetgese3/seke
visualized 20 using a |long-wave WV transillum nator. N-1inked

ol i gosaccharides N-1linked oligosaccharides were cleaved from the

anti bodi es and fluorescently stained using the BioRad N-Iinked
digosaccharide Profiling Kit. The 25 glugese | adder standard run to the

| eft of the sanples showed the relative positions of the ofigosaccharides.
Resul ts: The bands for crystal and soluble R tuximb and Trastuzunmab
appeared to be identical, suggesting 30 that crystallization causes no
changes in the vals gosaeplarsiial g0 BISS A @ieehdbibchipigbarting
material . 28 AUG 2005 WD 02/.072636 PCT/ USO1/ 49628 110 Exanpl e 54
anosaccharidezgéﬂﬁﬁﬁﬂﬁhﬁqa S A9 R et uing Hael vesebtsedeRet uxi mab

and - Trast uzunmati shallieeADRRSARS ARy SRR iweaéénghfnﬂﬁie{&?{»w' ubl e)

Ri t uxi mab and Trastuzunab_were conpared with those of reconsiituted

Rituxi mab and TrastuzumabRe8WlEss| s, as prepared in Exanples 1 and 31,
respectivel s, . using a BipiRadi \pBospgehaki ,tiQn _Anal ysis kit
(catalog # 170-6811). Trastuzumab and Rituggﬁ%gbgggggg sd%gﬁgaxﬁ%ﬁed t hree
times in mot heRyGufdsrPahaddilseprdgady aomagtacalaside O tRasoast i t ut ed
native (sol ubl -Q‘}xeTﬁl%%‘tlﬂé!ﬂ%n%%@cc@aﬂ@e@%ﬁfﬂaerﬂ{g?lzfynzq:q-levegresfswggyzo and

used for 15 conpari son. -
: mannose, a small band of fucose, a small band of.

glucose (which could just be contamination, as it shows
10 up in the blank) and a small band of galactose. N- |
glucosamine was the oniy band that appears after amine
hydrolysis. The sialic acid hydrolysis yielded no
bands.
Trastuzumab: Native (soluble) and dissolved
15 Trastuzumab had identical monosaccharide constituents.
.The neutral monosaccharides appearing on the gel were
mannose, a small band of fucose, and a small band of
glucose (which could just Be contamination, as it sths
up in the blank). N-glucosamine was the only band that
20 appeared after amine hydrolysis. The sialic acid
hydrolysis yielded no bands. _
The results for both Rituximab and
Trastuzumab demonstrate that the crystallization
process did not alter the monosaccharide content of the
25 antibody.

Examples 55 and S6
Antibody Biocassays

Various monoclonal antibodies which recognize

tumor-associated antigens, including, inter alia, those
30 referred to herein, are widely used for cancer
treatment. The cytotoxicity of an antibody on its

antigen-bearing target cells can be characterized by



The sanpl es of native and di ssol ved antibodies were then anal yzed for
their sugar content. Each native and dissol ved anti body w8 4U6G/iZ8d into
three 50 WP 03074édt s contai ning 40 micrograns of 20 anti boRgT/USMEIEASI quOt
each for three hydrolysis reactions. For the neutral sugar analysis, the
reaction took place in 2 Ntrifluoracetic acid (TFA) at 100C over 5 hours.
For am ne sugars, the hydrolysis took place in 4N HC1 at .100C over 3
hours, and sialic 25 acid hydrolysis wasiperforned using 0.1 N TFA at 80C
for 1 hour. After hydrolysis, all sanples were |yophilized, and the anine
sugars were re-acetylated wth acetic anhydride and a buffer, and

| yophilized again. Sanples were then reconstituted and 30 fluorescently

| abel ed wi t h -2mamoreacst dihused %Apﬁysl h@ng I@Qﬂ@@ﬁedyabtéﬁgcflgg, 3.5 hours.

Sanpl es were Cd%%%gllzedaal m xed With XsanB buf f er
for el ectroph 9 ré%l%y%‘?t%’é+:‘5+%¥ 58PRAUG 2095AADiboAY72636
PCT/-US01/ 4962@cpkhd@se asgastdstshed, ushpoc Bl o-Had dhrgsacehat kdeq
Conmposition Gels and huffers, and the results were visualized using a

| ong- wave WV Hriddeiimakyiakg dhe Fekls tshat eyexrsxpasss\GPra8 éﬁ‘ém%he) and
di ssol ved sRi oy hag+ e | wlm%@m&@rwﬁ copghyiuenbRy a

neutral nonosacchari des appearl ng on the gel were 'nmannosé, a Sma band of
fucose, a smaliT498hd ofhe quRR)’sfel% vﬂfﬂ"ﬂg%@)uf@rjTS@S‘b’eZumﬁbamSnHERbn as it

shows 10 up 'Wﬁuﬂ%rplé’gh‘ﬁeﬁm e@‘ﬁé‘” flfysg{;(t)g gLHgosam ne was

the only band that appears after amn tid
hydrol ysi s yi &hd&d A me%ﬁtdjzwdwmmwn@a@soa@ebneg:aaqdndmasol ved

cell lines including SK-BR-3, BT474, and MCF/HER2.
10 1. Direct-Cvtotoxicitv: -

Direct cytotoxicity, as the name implies,
measures the intrinsic toxic effect of an antibody on
the target cell by co-incubating the target cells with
different concentrations of antibody. Cell viability

15 is counted after co-incubation with antibody.

2. Complement dependent cytotoxicitv'(CDC):

When an antibody binds to its cell surface
antigen, it induces target ﬁeil destruction by
activating the complement system (a series of

20 interacting proteins that lyse cells and trigger local
inflammatory reactions). This assay is carried out by
co-incubating the fixed number of target cells with
diluted human serum (as a source of compliment system)
and antibody. The cell viability is determined at the

25 end of the incubation. Compared with the control
plates (target cells plus antibody only), the cell
death in the plates containing complement (human serum)
is significantly elevated.

3. Antibody-dependent cytotoxicity (ADCC):

30 Similar to CDC, ADCC is one of the major
mechanisms responsible for cytotoxicity of monoclonal
antibodies. In contrast to CDC, the target cell

destruction caused by ADCC is initiated by recruiting



15 Trastuzumab had identical nonosaccharide constituents. .The neutral
nonosacchari des appearing on the gel were nmannose, a snallz @ad gos f ucose,
and a snalwopaeédd gl ucose (which could just be contam na@rﬁ% o504
shows up in the blank). Nglucosam ne was the only band that 8 appeared
after am ne hydrolysis. The sialic acid hydrolysis yielded no bands.. The
results for both Rituximab and Trastuzumab denonstrate that-the
crystallization process did not alter thg fronosaccharide content of the

25 antibody. Exanples 55 and 56 Antibody Bioassays Variou$ -nonocl onal

anti bodi es which recogni ze tunor-associated antigens, including, inter
alia, those 30 referred to herein, are widely used for cancer treatnent.
The cytotoxicity of an antibody on its antlgen bearing target cells can be
characterized Q% %% AUG §005 \\D, 02/072 EST/U801/49628 112 any one of

t hree assays, § F& CyVBﬁSQl@PFfl 158 Ve REMACHe fampanicedylisot oxi ci ty
(CDO), and Antamuéy=a@eaandeaaycbh@HQXtelhts(é hifiENankalQal eldyy, for

Ri tuxi mab are {he ce I1s hat verexpress. CD-20 antigen 5 on thelr surface
whi ch i ncl ude RAFPE D&ﬁ&l : 2 ARGC RPEOY. iTheaspdect oatadyi gamsior

Tr ast uzumab |5sle|E32ng( Inuaraweemlsszlpnaabsgw%hfiﬁehotamb%ﬁ%‘}r e ;_—gfe%t ein),
which is ov rexgiﬁss§eﬁln human breast _adenocarci noma I'r'nes 1 ncl udi ng
SK- BR-3, BT474%“and PHERSC - iBCTbaBFPewﬁtEyﬁeﬁakpéVtyndDeféeCtor

cytotoxicity, asmtihe BalEsi fBkLSS1y (BASHRESiLBeakRY' cgffect of
an anti body on " the tg et cell byyco |ncuba%|n athEei Fg?%éhggé I?Smngh
di fferent concBRAPPRFFOR OFeaﬁ??bod?heCEﬁllvVaﬁbFleyy is determined

at the end of co-incubation. Cell death is

51gn;f1cantly increased with the presence of the
10 effector immune cells, as compared With the control

(target cell plus antibody ohly).

Example 55

Rituximab Crystals Induce Direct Cytotoxicity

against the RAJI Lvmbhoma-Cell.Line

15 RAJI lymphoma cells (ATCC, Manassas, VA, ATCC
# CCL 86) were cultured in growth media and diluted to
0.5x10° cells/ml. A 100 pl aliquot of that culture was
transferred to one well of a 96-well plate and cultured
in the presence of various concentrations of native

20 (soluble) and dissolved Rituximab (from crystals
prepared according to Example 21) for 3 days The -
number of viable cells remaining after the three-day
incubation was determined using CellTiter 96® Aqueous
One Solution Cell Proliferation Assay (Promega Corp.,

25 Madison, WI). (Figure 8).

Results:

Dissolved Rituximab induced Direct
Cytotoxicity as capably as native Rituximab under
identical conditions.

30



15 is counted after co-incubation wth antibody. 2.-Conpl e:z‘; geﬁdent
cytotoxicity (CDC): When an antibody binds to its cell @Q i gen
it i nduceWOor030gsg6 cel | destruction by activating the conplRETAR0ILYERS em (a
series of 20 interacting proteins that lyse cells and trigger |ocal
inflammatory reactions). This assay -is carried out by co-incubating the
fi xed nunber of target cells with diluted human serum (as a source of
conplinent system) and antibody. The ceblaviability is determ ned at the
25 end of the incubation. Conpared with the control plates (target cells
plus antibody only), the cell death in the plates containing conplenent
(human serum) is significantly elevated. 3. Anti body-dependent
cytotoxicity (ADCC): 30 Simlar to CDC, ADCC is one of the nmjor

mechani sns re%%ﬂ gd or cytotoxicity of nonoclonal antibodies. In
contrast to g € target ceII destruction caused by ADCC is initiated
by recruiting . WO 02/ 072R26& i Crysns lBCTngs iy ne cells,
whi ch speC|f|caIIy attack LUMRL.ce fo Qf ) %gh}Qoﬁxaqu‘ Q its
specific antigen on the %ﬁ%&mé@%%y
first seeding the wellsCpllases with fixed anount of target 5 cells before
co- i ncubat w th anti bo ect or usuall se the

i sol at ed pgflpheral bIoogXJ;DnXW %Pear %Pnﬁ%ﬂ%? b@P%S?aﬁbll y%%¥e
determ ned atculhtmumwsdl iof gxonuinajia)ran@edilxdteaﬂ hed s0.Signidi cantly
increased, with the presence of the 10 effector inmmune.cells, as conpared

with the cont refllg4mk get® dq H RLIEHIDRE PPV . CBEINE VES

transferred to one well of 'a 96-well plate and cultured

in the presence of 25 pg/ml of native Sr dissolved
10 Rituximab (from crystals prepared according to Example
21) and various concentrations of human serum for 3

days. The number of viable cells remaining after the

three-day incubation was determined using CellTiter 96®

Aqueous One Solution Cell Prollferatlon Assay (Promega
15 Corp., Madison, WI). (Figure 9).
| Results:
Dissolved Rituximab induced Complement-
Dependent Cytotoxicity as capably as native Rituximab

under identical conditions.

20 Example 57

Cumulative Analysis Comparing. Native
(Soluble) and Crystalline Rituximab

The following table summarizes Examples 44-
46, 49, 50, 54, 53, 55 and 56, respectively, comparing

25 the properties of native (soluble) and crystalline

Rituximab:
Analytical Soluble Crystalline Result
Methods
SDS-PAGE Soluble and
30 " non-reducing Whole Ab whole Ab crystalline forms
conditions MW = ~ 150 kD MW = - 150 kD of Rituximab were




Rituxi mab Crystals Induce Direct Cytotoxicity against the RAJI
| ymphoma cel | s (ATCC, Manassas, 28AAURTERS # CCL
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8). Results: Dissolved R tuximb induced Direct Cytotoxicity as capably

as native Rituxi nab under

02/ 072636 PCT/(d
‘Conpl enent - De
| ynmphonacel | s
diluted to 0.5
transferred tdg
25 g/m of nat
to Exanple 21
nunber of vi al
determ ned usi
Assay (Pronegs

X lx%mﬁgel B

ong \Avetll sof

ive (ﬁ'l ssol ved
) and vari ous
le cells remn

ng Cel | Titer

pendgmmgt ot

i denti caI

uXICIty agalns

conditions

3028

'AUG 2005 WO
Cef TS

T VATTET e

mcha QQ l a

el

Ecﬁﬁ‘éb‘hf"‘f’atl on
ATk after th
D6(r)  Aqueous

CoHtored— gt

hcmg 9‘{ ; _abovp

“ur ed
?rgm crystals

L shayiuifan ser
p25 kBr ee- day i
One Sol ution

9

Yefdr %Jd:eéc"é‘@r
LAY TReural  days.
hentbatitprotwas

Gl chxidew] 1 f er atfi

rAJI]

HPLC gel
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structural
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Dynamic Light
Scattering

MW ~ 150 kb

MW ~ 150 kD

Crystallization
did not alter the
structural
integrity of
Rituximab or
change the
hydrodynamic
radius.

Peptide mapping

Trypsin digest

Trypsin digest

Similar profiles
were obtained for
soluble and
redissolved
Rituximab,
indicating no
change in '
conformation,
structure or size
of the Rituximab

molecule.

10

N-terminal

Sequencing of
. Antibody Light
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Ser-Gln-Ser
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and dissolved
Rituximab had

Chains

identical N-
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15 Corp., Madison, W). (Figure 9). Results: Dissolved Ri éﬂwgwhnduced
Conpl enrent Dependent Cytotoxicity as capably as native Ritu der

i dent i cal WHIR6I6ns. 20 Exanpl e 57 Cunul ative Anal ysis CoREIIGS0Yy49@a8i ve
(Sol uble) and Crystalline Rituximb The follow ng table sumrari zes Exanpl es
44- 46, 49, 50, 54, 53, 55 and 56, respectively, conparing 25 the
properties of native (soluble) and crystalline Rituximb: 30

Anal yti cal Sol ubl eCrystal | i neResul t Met hodkl&DS- PAGESoI ubl.e. and

non-reduci ngWol e AnWhol e Ancrystalline fornms conditi onsMV 150 kDMV = - 150
kDof Rituximab were WO 02/072636 115 5 10 28 AUG 2005 PCT/ US01/ 49628

Anal yti cal Sol ubl eCrystal | i neResult Methods identical. reducingH chain MV =
-.Hchain MW= -Crystallization conditions50 kD50 kDdid not alter the L

chain MW= -L b"ahﬂhlf)'@ni"ca'l =struct gélq'blerz::) ﬁrﬁﬁﬁ?ﬁea&mei{' —of F;jtetsg"‘ b~
HPLCgel Si ngl e jpeakginghke pegkCrystallizatijon filtrationdid not alter the
structural Torminal

sequences,
indicating no
hydrolysis of
amino acids from

the N-terminal

side.
Monosaccharide Fucose, mannose, | Fucose, mannose, | Native (soluble)
Constitution N-acetyl N-acetyl i and dissolved
glucosamine, glucosamine, crystalline
galactose galactose Rituximab had
identical
monosaccharide
constituents,

indicating that
no
monosaccharides
were cleaved from
the monoclonal
antibody during

: . . crystallization.
Oligosaccharide | Three bands Three bands Native (soluble)
15 Profiling Corresponding to | Corresponding to | and dissolved
G8, G9 and Gl0, |G8, G9 and Gi0, |crystalline
corresponding to | corresponding to | Rituximab had
8-, 9-, and 10- 8-, 9-, and 10- identical
residue sugars. residue sugars. oligosaccharide
profiles,

indicating that
crystallization
does not alter
the
oligosaccharide
make-up of the

antibody.
Bioassays Native and
. : dissolved
Direct Yes Yes Rituximab both
Cytotoxicity induced each

function. Thus,




integrity of R tuximb. Dynam c LightMN= - 150 kDMW = - 150

kDCrystal l'i zation Scatteringdid not alter the structural ipgegied tmof

Ri t uxi mabwo onéraesge t he hydrodynam c radi us. Peptide nappipCiUuS@agbérs

di gest Trypsin digestSimlar profiles were obtained for soluble and

redi ssol ved Rituxi mab, indicating no change in conformation, structure or
size of the Rituximab nol ecul e. ' o

N-terminal G n-Ile-Val-Leu-Gn-Ile-Val -LeuiNative (sol uble), Sequencing

of Ser-d n- Ser Ser-d n- Serand di ssol ved Anti body LightRituxi mab had

Chai nsidentical N WO 02/072636 116 15 28 AUG 2005 PCT/ US01/ 49628

Anal yti cal Sol ubl eCrystal | i neResult Methods term nal sequences, indicating
no

Analytical - Soluble Crystalline Result

Methods _ :

Induced Yes ’ Yes crystallization
Complement ‘ - | 4id not result in
Dependent changes to immune

Cytotoxicity functions.

S Example 58
Secondary structure characterization by FTIR

The Fourier transform infrared (FTIR) spectra
are collected on a Nicolet model 550 Mégna series
spectrometer as described by Dong et al. [Dong, A.,

10 Caughey, B., Caughey, W.S., Bhat, K.S. and Coe, J.E.
Biochemistry, 1992; 31:9364-9370; Dong, A.
Prestrelski, S.J., Allison, 5.D. and Carpenter, J.F.
J.Pharm. Sci., 1995; 84: 415-424.]

For the solid sampies, 1 to"2 mg of the

15 antibody or antibody fragment are lightly ground with
350 mg of KBr powder and filled into small cups used
for diffuse reflectance accessory. The specﬁra are
collected'and then processed uéing Grams 32 (from
Galactic Software) for the determination of relative

'20 areas of the individual components of secondary
structure using second derivative and curve-fitting
prbgram under amide I region (1600 —1700 cmt) .

The correlation coefficient is'calcuiated
using protein analysis software from Nicolet which

25 easily allows the determination of the correlation
coefficient between the previously saved reference
spectrum and that of the current protein spectrum
(Garland, B, FT-IR Studies of Protein Secondary
Structure in Aqueous and Dried States. Nicolet

30 application note # AN 9479). The second derivative




hydrol ysis of amno acids fromthe N-term nal side. Mnosacchari deFucose,
mannose, Fucose, mannose, Native (soluble)' ConstitutionN acet®IANGa2® yI and
dissolved”@W@@ﬁ&@ﬁine,glucosanine,crystalI|ne gal act osegal maaosmRiotasxi nab
had i dentical nonosaccharide constituents, indicating that no
nmonosacchari des were cl eaved fromthe nonocl onal antibody during
crystallization. AigosaccharideThree bandsThree bandsNative (sol ubl e)
ProfilingCorrespondi ng toCorrespondi ng toasd di ssol ved G3,. 9 and G10, G3,
@@ and G10, crystalline correspondi ng tocorrespondi ng tothUX|nab had 8-,
9-, and 10-8-, 9-, and 10-identical residue sugars.residue

sugars. oligosaccharide profiles, indicating that crystallization does not
alter the oligosaccharide make-up of the antibody.. B|oassayshbt|ve and

di ssol ved E’r%ﬁk%ﬁﬁ%ﬁ?%f‘?ﬂé“ﬂéé%%é‘aqueous protein is used as a

reference spectrum and the dried crystals and
lyophilized solid protein can be used as samples. The
proteins will have an increasingly similar secondary
5 conformational structure as the correlation coefficient
approaches unity.
Results:
The correlation coefficient for a given
crystalllne monoclonal antibody in slurry form, or in
10 dried crystalline form, when compared to soluble form
(reference spectrum equals to one)is greater than 0.8

but less-than-or-equal-to 1.

Example 59

Soluble whole antibody sample
15 preparation

For comparison to the Rituximab antibody

crystals produced in Example 1, a sample of soluble
whole antibody was prepared by dissolving
(resuspending) whole antibody crystaismto 20 mg/ml in
20 0.1% Tween®80 (Sigma-Aldrich), 150 mM sodium chloride
and 25 mM Tris-HCl, pH 7.0 at_37°C. This method was
used to dissolve Rituximab crystals for Examples 44,
45, 46, 49, 50, 52, 53, 54, 55 and 56. This method was
also used to dissolve Trastuédmab crystals for Examples
25 47, 50, 51, 53 and S4. This method was also ﬁsed to

dissolve Infliximab crystals for Example 63.

Examgle'GO

Crzstalliﬁitz
The crystal integrity of the crystals and

30 formulations and compositions thereof of this invention



Cyt ot oxi ci tyi nduced each function. Thus, WO 02/072636 117 2 0 AUG 2005

PCT/ US01/ 49628 Anal ytical Sol ubl eCrystallineResult Methods28 AUG 2005

| nducedYe¥W®82/06¥6al | i zati on Conpl enentdid not result in Dapeushendsaanges
to i mmune Cytotoxicityfunctions. 5 Exanple 58 Secondary structure
characterization by FTIR The Fourier transforminfrared (FTIR) spectra
are collected on .a N colet nodel 550 Magna series spectroneter as

descri bed by Dong et al. [Dong, A, 10 Gawghey, B., Caughey, WS., Bhat,
K.S. and Coe, J.E. Biochem stry, 1992; 31:9364-9370; Dong, A. Prestrelski,
S.J., Allison, S.D. and Carpenter, J.F. - J.Pharm Sci., 1995; 84: 415-424.]
.For the solid sanples, 1 to '2'ng of the 15 anti body or antibody fragnent
are lightly ground with 350 ng of KBr powder and filled into small cups

used for diff f C 0 The spectra are collected and
t hen processedmégi%§ E?é%ggég %%r%ﬁ?nEéFasz%'@6?{9&F8¥lfor t he

det ermi nati on obseevatives20 Zneasdef tbevisdaVidgawheenpenenés of
secondary structure usingnéecong derivatjve an curée-titting_ program

under amide | r&yronttiBeOtaBedchieIT ThaPRoRFEFEt REHIRef BFERENt i s

cal cul ated ustngspabsenayabal yshmisedit waserf aanoNyepghiet swbbch 25 easily

allows the deternm nation of the gorrelation coefficient between the
or evi ousl y avB4CF RPEPRE cgauippe with DXC-970MD 3CCD Color Video

Camera with Camera Adapter (CMA D2) with Image ProPlus

software. Samples of dried crystals can be covered

with a glass coverslip, mounted and examined under 10X

magnification, using an Olympus microscope with an '
10 Olympus UPLAN Fl objective lens 10X/0.30 PH1 (phase

contrast) .

Example 61
Trastuzumab_Animal Models

. Trastuzumab may be used in the treatment of

15 breast cancer [Pietras R.J., Poen J.C., Gallardo, D.,
Wongvipat P.N., Lee H.J. aﬁd Slamon D.J., Cancer Res,
vol. 59, pp. 1347-55 (1999); Baselga, J., Norton L.,
Albanell J., Kim Y.M., Mendelsohn J., Cancer Research,
vol. 58, pp. 2825-31 (1998).

20 Procedure of Tumor Formation in Nude Mice:

Human breast cancer SK-BR3 or BT-474 cells

(American Type Culture Collection (ATCC) (Manassas,
Virginia, USA)) were cuitured in BRMI 1640 medium
supplemented with 10% fetal bovine serum (FBS), 2 mM

25 glutamine and 1% penicillin G/streptomycin/fungizone
solution. After a few cell passages, the human breast
cancer cells were inoculated subcutaneously (s.c.) (5 x
107 cells/animal) in the hind thighs of 3-month-old
female athymic mice.

30 Prior to inoculation, mice were primed for

10-14 days with 17f-estradiol applied s.c. in a



spectrum and that of the current protein spectrum (Garland, B, FT-IR
Studies of Protein Secondary Structure in Aqueous and Dri @8 SUGt285.

Ni col et 3 EPA?BA4tion note # AN 9479). The second deri vatPURUSIB/4968 2005
WD 02/ 072636 PCT/ USO1/ 49628 118 spectrum of the native aqueous protein is
used as a reference spectrumand the dried crystals and |yophilized solid
protein can be used as sanples. The proteins will have an increasingly
simlar secondary 5 conformational structupoe as the correlation coefficient
approaches unity. Results: The correlation coefficient for a given
crystalline nonoclonal antibody in slurry form or in 10 dried crystalline
form when conpared to soluble form (reference spectrumequals to one)is
greater than 0.8 but |ess-than-or-equal-to 1. Exanple 59 Sol ubl e whol e

anti body sanplg; ti Far. i son,to the Rituxi.mab anti body
20 SaThcisgEyaun) gl oo SHFHRC) 1901l b8 FLusAgRl ! oo

crystals produced in np a
prepared by diR&8blethgteresompeadgngytihoFethnt ebadpgenydepbadént20 my/ m

in 20 0.1% Tv ' - Lch) sodiumchloride and 25 nM
Tris-HCl, pH ?&§Q§§93$%%8€%iéég%%hodTﬁégg ﬁ%%HQFB YPEEoPPBL EPTERi Rb
crystals for Exe@phreing4theis, diBengd®onS0(ib2mmb3, B4veS5boaggk56. This

50, 51, 53 and e nh 20d RIA e R r e BB optupnt  Thermb
crystals for Bdaimiks 68cr&xnapiembp €hysenlwivhtYespect to body
weight and tumor nodule size at the start of each
treatment. Antibody treatment was initiated when
tumors grew to more than S0 mm® in size in one set of

10 animals or to more than 350 mm® in size in a second set.
Monoclonal antibodies and control solutions were
administered by intra-peritoneal (i.p.) injection.
Recombinant human (rhu) Mab HER-2 antibody
(Trastuzumab) was given at a dose of 5 or 10 ng/kg

15 animal body weight in three doses at 4-day intervals
(over 12 days). Control injections were of human IgGl
(5 or 10 mg/kg), also giveﬁ i.p., using the same
administration protocol. Mice were then sacrificed for
pathological examination.

20 The crystalline and soluble Trastuzumab
eradicated most or all of the tumors formed by
injecting BT 474 cells into mice, when compared to.
controls consisting of saline (which was used as the
cell delivery vehicle) or non-specific IgG, clearly

25 indicatiﬁg that the crystalline Trastuzumab is
efficacious in mice animal models for breast cancer.

Trastuzumab Pharmacokinetics (PK) Studies in

Mice:
For PK studies of Trastuzumab, Trastuzumab
30 was inoculated s.c. or i.v. into Balb/C Mice. 25 to 30
Balb/C mice of the same sex, weighing between 20 and 25

grams each, were used for the study. On day 1, mice



The crystal integrity of the crystals and 30 formul ati ons ng@ I tions
t her eof thIS |nvent|on WO 02/ 072636 20 AUG 2005 PCT/ US 2 19 may
be maasur gtntitative microscopic observations. In RETER01149628 _

vi sual i ze whet her the crystals maintained their shape after drying, dried
crystals may be exam ned under an O ynpus BX60 5 m croscope equi pped with

DXC- 970MD 3CCD Col or Video Canera with Canmera Adapter- (CVA'D2) with | nage
ProPlus software. Sanples of dried crysfadls can be covered. with a glass

coverslip, nmounted and exam ned under | OX nagnification, using an O ynpus

m croscope with an 10 O ynpus UPLAN F1 objective lens 10X/ 0.30 PH (phase
“contrast). Exanple 61 Trastuzumab Ani mal Mddels Trastuzumab may be used in
the treatnment of 15 breast cancer [Pietras R J., Poen J.C., Gallardo, D.

Wongvi pat P. Nwelt@eﬂéiglhe@r@lnc&@mﬂ Qnﬂen %ﬁ%}nﬁe&wcdﬁnde\?soﬁp 1347-55

(1999); Basel ga, ., Norton L. Al banel

Cancer Resear cH!t rwm% lrbl)ec‘QB%S & qu@g@umm F&@o@urleasnf,uzumab .
Tunor . For mat i  NedNuslsu M a6 ANGEE e S BRB, 91 Eﬂ'474 cells
(Anmeri can Typg;éCul tdalre Col I ect I on (AT I\/anassas | rg? hi A, Ué%)) wer e

cultured in BRWM2SIBENDAR]| S04 L& mﬂww twamdjlmmédb@witmaserum
(FBS), 2 md 2513 yWade iyl M@%&'Jﬁirﬁ & sd eecPtQJt(Wé?' i yngi Z,fmg 30 .

solution: After. a few cell passages Hhiiman rea carnce
i nocul at ed sutS‘b‘ut%d"t%l"}P\(%e ®9 3(5N€x19m adl 1&G/anial?d, i4, the &) ek t hi ghs

of 3-nmonth-ol §nd 48 hours after dosing, blood samples were obtained
from 3 of the mice. Three mice at each time point were
anesthetized and as much blood as possible was drawn
10 from the heart (terminal bleed) and transferred to
Microtainer serum-separator tubes. About 300 pl of
blood were collected from each mouse. The collected
blood was allowed to clot and'the tubes were
centrifuged. The blood cells were removed, and the
15 supernatant (serum) was decanted into ¢ryo-vials and
frozen at -70°C. Subsequently, Trastuzumab levels were
determined by ELISA (see protocol below), and the
results were plotted as the number of ng Trastuzumab
per ml serum over time post-inoculation..
20 Irastuzumab ELISA Protocol:
Wells of 96-well high binding polystyrene
plates from Sigma (Costar brand) were coated with 10
ng/ml anti-human antibody from Pierce (50 pl per well)
at 4°C overnight. The anti-human antibody was removed
25 and the plates were washed three times with a buffer
containing SO0 mM Tris, pH 8.0, 0.138 M sodium chloride,
0.0027 M potassium chloride and 0.05% Tween®20 (Sigma-
Aldrich) (TBST). Each well was then blocked with 200
Bl of 3% non-fat dry milk (Sigma) in TBST for 2 hours
30 at room temperature. The plates were emptied and
washed 3 times with TBST. Serum samples containing

Trastuzumab were diluted in non-fat dry milk in TBST.



female athymc mce. Prior to inoculation, mce were primed for 52&%—14 days .
with 17R-estradiol applied s.c. in a WD 02/072636 120 26 A28 AUS

PCT/ US01/M9O@82872634 odegr adabl e carrier-binder (1.7 ng of eRGTAISII49628r
pellet) to pronote growh of the estrogen-dependent breast cancer cells.
Tunor nodul es were nonitored by neasuring their dinmensions (in nm. Five .
to six 5 animals were included in each treatnent group. The aninmals were
random y chosen with respect to body weight and tunor nodule size at the
start of each treatnment. Antibody treatnment was initiated when tunors
grewto nore than 50 nmB8 in size in one set of 10 animals or to nore than
350 m®B in size in a second set. Mnoclonal antibodies and control
solutions were admnistered by intra-peritoneal (i.p.) injection.

Reconbi nant h (rhu) ER- i S o given at a
dose of 5 or ngﬁ%”%l fg%drgaﬁa%ogi/adm%%? %%él?h%%léygggigw@ wel 10 8

at - 4. - day. i nt d0Paks Algwmot Didapntradorsanple nfetthenssakine obrhigéh | gGl
Moo vere Thon Sadrirords ToF Bppmiaiee v e it ot Bl e Wi 2T ne
and sol ubl e Thasubatesh faar 2dihoated atostoamr tEmperfatimet unbhs pbated by
|0F et 19, BT 46O 1o el ST RO SR nASEL oh o GETRI S
clearly 25 i ndildguiotg cifhatortdesrackiydt gdrord darssst (Zinpad) | 6a Ef$5 caspous in
mice animl mhdels ;f0h Rttt Yne s AR AHBLER MBEOkLSE s (PO
dry milk in TBST) was then added to each well and the
plates were incubated for 1 hour at room temperature.
10 The plates were then emptied and washed 3 times with
TBST. 100 nl of 3,3’, 5,5'-Tetra methyl-benzidin (TMB)
substrate (Sigma) was added to each well and the plates
were incubated in the dark for 30 minute at room
temperature in order to allow for the color reaction to
15 proceed. The color reaction was stopped by adding 100
Bl .1 N sulfuric acid to each well. The absorbance was
read at a wavelength of 450 nm (OD,s,) on an automatic
Microplate reader. The OD,,, values, which corresponded
to the amount of Tréstuzumab in the blood samplé
20 tested, were then plotted. The resulting plot is shown
in Figure 15,
Results:
The crystalline Trastuzumab injected i.v.
entered the bloodstreanm immediately (it had reached
25 1its approximate maximum serum level at the first time
point = 30 minutes) and maintained its serum
concentration for approximately 480 minutes before the
serum levels started to drop. See Figure 15. The
crystalline Trastuzumab that was injected s.c. took
30 longer to enter the bloodstream (it reached its
approximate maximum serum level in approximately 480

minutes) than the Trastuzumab administered i.v.



For PK studi es of Trastuzunab, Trastuzumab 30 was inoculated s.c. or i.v.

into Bal b/C M ce.

25 to 30 Balb/C mice of the sanme sex, vegougni®et ween

20 and 25WOgR#IR636ach, were used for the study. On day 1, poTeEse289é8/G 2005

WO 02/ 072636
subcut aneous
per kg nouse
sol ution/ susp

PCT/ US01/ 49628 121 were wei ghed and then given a single

or intravenous injection of Trastuzumab (30 ng Trastuzunab

body wei ght). The concentration of the Trastuzumab
ension was adjusted so thati53the prescribed, dose was

administered in a volume of 5 m per Kg nouse body weight: At 0.5, 1, 2,

4, 6, 8, 24
of the mce.
bl ood as poss
transferred t
-were collecte

and -t he t ubes Trerst wamab fadpethidtherdd and: calbdte Wek it Live dun@dd ihe

super nat ant (
Subsequent |y,

m serunlo%ﬁr
of 96-wel | i

and 48 hours after dosing, blood sanples were obtained
Three mce at each tinme point were anesthetized and as
ible was drawn 10 fromthe heart (term nal bleed) and

from3
much

bes. About 300 |11 of bl ood
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ials and, frozen at -70C

15

e s deganted into cryo-v
SJ'IE{'%SQ u%ena]baﬁcte&eﬁr%e RPHE dertt MRS byl et Y et et ocol
bel ow), and t Irastasziitab waryestpd s tadhnias $therddindes . ahapg Trast uzumab per

Gt BIHATE 1% Bt [ ORI SHigh 308t arerbad)

coated with 1®f pdieramniiodiurarenniidiadied e Red 8 (Gnd! Rt el |
é[he anti - human anti body was renoved 25 and the plates were
Y SitIr a buffer containing 50 nM Tris, pH 8.0, 0.138 M
de, 0.0027 M potassium chl oride and 0. 05% Tween020 ( Si gna-

4C over ni ght.
washed t hree
sodi um chl ori

Al drich) (TBSE?. E%Fh wel | was then bl ocked with 200
xample 62 T - -

10

Rituximab Animal Models

Rituximab may be used for the treatment of

non-Hodgkins lymphoma [Bertolini, F., Fusetti, L.

’

+ Mancuso, P., Gobbi, A., Corsini, C., Ferrucci, P.F.,

15

20

25

30

Blood, volume 96, pp. 282-87 (2000)].

Procedure of Tumor Formation. in Nude Mice:

A model of high-grade human grade non-
Hodgkins lymphoma was genefétéd by injecting 6- to 8-
week-old NOD/SCID mice intraperitoneal (i.p.) with 10 x
10° Raji cells (ATCC). The mice were evaluated for
;umor growth every other day. Tumor volume was
measured with calipers, and the formula, width x length
x 0.52, was applied to approximate the volume of the
spheroid: tumors. The chimeric anti-CD20 monoclonal
antibody Rituximab, in its crystalline form, as
prepared in Example 21, at concentrations ranging from
25-75 mg/ml, was given intraperitoneal (i.p.) to mice
on days 3, 5, and 7. Control mice received i.p. or
subcutaneous (s.c.) injections of phosphate-buffered
saline (PBS). Tumor-bearing mice were killed by carbon
dioxide asphyxiation, and tumor engraftment was
confirmed by histologic, immunohistochemistry (IHC),

and flow cytometry (FC) studies.

Qinetpost-i ocul ation, 20 Trastuzumab ELI SA Protocol: Wells
an

wer e
) at



pl| of 3%non-fat dry mlk (Sigma) in TEST for 2 hours 30 at room

t enper at yre. The | ates were enptied and washed 3 tines width AYBMS Ser um
sanpl es NROZ07 Trastuzunab were diluted in non-fat drRCTAISM/4PGRETBST.
21 AUG 2005 WO, 02/ 072636 PCT/US01/49628 122 5 A 100 pl aliquot was added to -
each appropriate well. A - 100 pl aliquot of control sanple (either saline
or 1gG was added to the appropriate wells and the pl ates vere incubated
for 2 hours at room tenperature. The pl at @84were enptied and-washed 3 tinmes
with TBST. A 100 pl aliquot of Horseradi sh peroxidase (Sigma)(a 1/25,00.0

di l.ution) conjugated anti-human anti body (in non-fat dry mlk in TBST) was
then added to each well and the plates were incubated for 1 hour at room
tenperature. 10 The plates were then enptied and washed 3 tinmes with TBST.

100 pl of 3, 3'Exampie Bfra nethyl-benzidin (TVB) substrate (Sigma) was
added to each well and the plates were incubated in the dark for 30 m nute
at roomtenperature in OLESM_M_&@I or reaction.to 15 proceed.
The col or reaction was SEHPPfﬁlJHXbaHQ!snBe%QxOu 1 s ft:l*ir aC' d tfg each
wel | . The absorbance was read at a wavel engt 25(5’ n

automatic M Grdpirdtd s dddar,. SThb OMBMyal s, , vmrn.h Sorretpgmﬂed to the
anount of kragt uzgpgl ;i e d ?W%}? e then plotte
The. resul fing pl ot |sl satrH lgl(ntoFl gure q-ff%esﬁ’?g Vg'ﬁth]éﬁ/%?a#?ﬁne
Trast uzumab i Wodet @d PPw. 298nt3d2ed 2006 )l dbmshireanrs | mMTEkée afebynél t obad
reached 25 it Xijaym ser u a firs poi nt =
30 i nut es) a%gﬂﬂalﬁgié ﬁe?%q?s 1seru%%conr§cdeéralit/?}a {)#% arﬁiigi?‘ﬂgtely 480
m nut es befor & .Mhe Williams, R.O0., Malik, A.S., Maini, R.N. and

Feldmann, M., Arthritis Rheum., vol. 44, pp. 1215-24

10 (2001)]).
Procedure of Tumor Formation in Nude Mice:

Male DBA/1 lacd (H-2q) mice, aged 7-8 weeks,

were purchased from The Jackson Laboratory (Bar Harbor,
ME, USA). The mice were immunized intradermally (i.d.)

15 at the base of tail with 100 pg of bovine type II
collagen. On day 21 after immunization, the mice
received a booster injectidn (i.d.) of 100 ug type II
collagen in Freund’s incomplete adjuvant. For the
synchronous onset of arthritis, 40 pg of

20 1lipopolysaccharide (Sigma, St Louis, MO, USA) was
injected i.p. on day 28.

At the onset of clinical arthritis, mice were
treated for 4 weeks with anti-tumor necrosis factor
(anti-TNF; Infliximab). Two milligrams of Infliximab

25 crystals, as prepared in- Example 37, were dissolved in
0.5 ml of PBS and injected i.p. daily. For treatment
controls, 0.5 ml of PBS only and 0.5 ml of PBS
containing 2 mg of nonspecific IgG were given to mice.
After 4 weeks of treatment, mice were killed and hind

30 paws were assessed histologically for joint damage.

Example 64




serumlevels started to drop. See Figure 15. The crystalline Trastuzunmab
that was injected s.c. took 30 longer to enter the bIoodstZBaMﬂXﬂﬁﬁreached
its appr W9 ®A73faxi mum serum | evel in approxi mately 480 PCu/uson&sgest han-
the Trastuzumab administered i.v. WO 02/072636 2 8 AUG 2005 PCT/ US01/ 49628
123 However, the approximate maxi num serum | evels of the Trastuzumab

adm nistered s.c. were maintained until at |east the last tine point = 48
hours, indicating that Trastuzumab crysti#s administered.s,.c. may 5

advant ageously maintain and control high serumlevels of the antibody over
extended periods of tinme. See Figure 15. Exanple 62 Rituxi mab Ani mal o
- Model s 10 Rituxi mab nmay be used for the treatnent of non-Hodgkins | ynphoma
[Bertolini, F.,Fusetti, L., Mncuso, P., Gobbi, A, Corsini, C., Ferrucci,

P.F., Blood, volune 96, Pi382,8 bl a&ggz,zma%ol%deﬂe é}f%g% jfe0r et i on
“in Nude Mce: 15 A node I gh-grade ynphoma
was ‘generated by injecti HQI® to 8- week-old NOI SCID nice intraperitonea
(i.p.) with 10 x 106 Rajpigd Slhs (ATCC). The mice were evaluated for tunor
growth every other day. Tuno vol ume was 20 neasured with cal i pers, and the

formula, width x | engt h Ax 00352m1wa§1ammlt| exf tR).tappmh nette tohengyaliyme of

the spherad d anti - noc ant i body

Ri t uxi mab, é crys%-ﬂﬁ %e aslr%rebgr ai“ﬂ %Lpl@aﬁlst%’fed
concentrat i OnSlrﬁ amgm@rf:rﬂmo_QSa@&c?&n NBéiiberdBSrdl Ves i 'I‘téf‘ﬂg&éﬁ@”eal
(i.p.) to mce on days 3 , and 7. Control mce received I.Dp.

subcut aneous (%FE?)rqmﬁ¥&§|%msdbﬁf%m%%%hélﬁebn@ietedover a one-month
period. The integrity of the antibody was then

analyzed on a non-reducing 4-20% Tris-glycine gradienf
10 gel. A single protein band was observed on the gel
after Coomassie blue stain.
Assay 2:
A 100 mg/ml aliquot ‘of Rituximab crystal
slurry, as prepared in Example éi, was prepared by
15 centrifuging 1.1 ml of crystal slurry and pellet was
resuspended in 50 pul buffer containing 150 mM Sodium
chloride, 25 mM sodium citrate, 0.09% Tween®80 (Sigma-
Aldrich), pH 6.5. The suspended slurry was then stored
at room temperature for a month before being analyzed
20 on a non- reduc1ng 4-20% Tris- glyc1ne gradient gel. A
single protein band was observed on the gel. (Figure
12) .

Example 65

Stability of Crystalline and Native (Soluble)

25 ‘Trastuzumab in the Presence of Organic

Solvents

Crystalline Trastuzumab:

Trastuzumab was crystallized as described in
Example 31. A 50 pl aliquot of a slurry of Trastuzumab

30 crystals (with a protein concentration of 22 mg/ml) was



saline (PBS). Tunor-bearing mce were killed by carbon di Oﬁ

asphyxi ation, and tunor engraftnent was 30 confirned by hi dWEgﬂ!ﬁ

I mmunohi swooemesé ry (1HC), and flow cytonetry (FC) studipeT/usap49seks 2005
WD 02/ 072636 PCT/ USO1/ 49628 124 Exanple 63 Inflixi mab Ani mal Mbdel s
Infliximb has been used in the treatnent of arthritis [Kim S.H, Evans,
CH, Kim S., digino, 5 T., CGhivizzani, S.C. and Robbins, " P.D., Arthritis
Res., wvol. 2, pp. 293-302 (2000); Yoshimps S., The Journal. of Innunology,
vol. 160, pp. 3067-71 (1998); Malfait, A M, VVIIlans RQ, Mlik, AS.,
Maini, RN and Feldmann, M, Arthritis Rheun1 vol . 44. pp 1215-24 10
(2001)]. Procedure of Tunor Formation in-Nude- M ce: Nhle DBA/1 | acd (H 2Q)
mce, aged 7-8 weeks, were purchased from The Jackson Laboratory (Bar

Har bor, IVE, USA rad |1y at the
base of tail %%lﬁi%%? §¥W§%V|ne GEéﬁﬁq ot aﬁéﬁggfhﬁggﬁoﬁl at Per
: ImTuni lziat i on, sdpéarna:tgantr ehmt:tezrl alimmt)erwamjclégrﬂmanﬂeéd d.Thef 100 pg t%/pef

col | agen i reun 0 us onset o
arthritis, 40 Igr u%"? &E}Q slgécc arldée(a? %%ée tlrl’_o%q)‘@ 15]i\/C?PUSA) was
I njected i.p. acmetnt&ye 28.Thd dznestmrfs,éaceﬁomé mﬂi:ctahr@r»béwlimcubaﬂt@@ foer e
treated for 4 eks vmtr1éggl-t necrosi s factor (Sq&éi-TNF;

<

Inflixinabf QHﬁﬁ U ?I?§ﬁ58ﬂF2ﬁ9%r§%W%ﬁ pr epar ed

i n- Exanpl e 37,cemnel fligsniorechrid tis Brfﬁstﬂizmacfncysé&le@t@éiré p. daily.
For treatnent _control 0.5 mM of PBS o and 0.5 nm of PBS containing 2
ng of nonspemq"ﬁ?q]g‘@‘sve‘r’b Y ant t‘?)‘%D tion contalnlng 50 mM

Tris, pH 7.0, 100 mM sodlum chloride. ' The dissolved
(soluble) Trastuzumab was then analyzed by Size-

10 exclusion chromatography on HPLC (SEC-HPLC), using -a
Phenomenex 2000 SEC column, a buffer consisting of 50
mM Tris, pH 7.0 and 100 wM Sodium chloride, and a flow
rate of 0.5 ml/minute.

Native Trastuzumab:

15 A 50 pl aliquot of soluble Trastuzumab (as
supplied by manufacturer) at 22 mg/ml was added to 200
nl acetone. The crystal/aéetone mixture was incubatea
for 20 minutes at 4°C. The acetone was removed by
centrifugation and the_soluble Trastuzumab was analyzed

20 by SEC-HPLC, using a Phenomenex 2000 .SEC column, a
buffer consisting of 50 mM Tris, pH 7.0 and 100 mM
Sodium chloride, and a flow rate of 0.5 ml/minute.

Results:
The dissolved Trastuzumab remained whole and

25 maintained its native structure (Figure 13), while the
native/éoluble Trastuzumab precipitated after the
acetone treatment (Figure 14), demonstrating a loss of
the structural integrity of the native Trastuzumab.

This example demonstrates the increased

30 stability of Trastuzumab in the crystalline state

according to this invention, as compared with the

stability of the native Trastuzumab antibody.



After 4 weeks of treatnent, mce were killed and hind 30 paws .were
assessed histologically for joint damage. Exanple 64 28 AUCB&HE Mo

02/ 072636 W03 49628 125 Stability of Rituximab in therCrysvatdseane
Form Assay 1: A 0.35 m aliquot of Rituximab (at 10 ng/m) 5 crystal
slurry, as prepared in Exanple 21, was stored in nother |iquor at room
tenperature. 5 | aliquots were renoved at different time points over a
one-nonth period. The integrity of the am7body was themn ., anal yzed on a
non-reduci ng 4-20% Tri s-glycine gradient 10 gel. A single protein band was
observed on the gel after Coomassie blue stain. Assay 2: A 100 ng/m

-al iquot of Rituximab crystal slurry, as prepared in Exanple 21, was
prepared by 15 centrifuging 1.1 m of crystal slurry-and pellet was

i trate, 0. 09% Tueenso (& oA ST nFPETRY YRke LS kation afry as
then stored amorggArnadpenatibediksr iachmutimchefiortebeilng anal yzed 20 on a
obser ved on't hrastzpBrluy £951 ek B Baagd st iR LRG| ne and
Native (Solubl presgfvatientafuhbb shrubeuPhdsdmnteqefi tor gaithe Sol vents
O ot L0 T gt 4PUATR, T BSUAIVIED U0 Rl LLggR,s deied I
gseful when performing controlled dissolutions using
various polymers, e.g., polylactic-co-glycolyic acid
("PLGA"), for generating PLGA-encapsulated
microspheres. Such processes cannot be performed if
10 the antibodies or antibody fragments to be encapsulated
become denatured in organic solvents.
Similar results have been obtained when
Trastuzumab was exposed to other organic solvents, such
as acetonitrile, ethanol, isoprépyl alcohol (IPA) and

15 2-methyl-2,4-pentanediol (“MPD”).

Example 66

Stabilitv of Formulated Crystalline and

Native (Soluble) Trastuzumab
CrYStalline Tfastuzumab:
20 , ‘Trastuzumab crystals were prepared as in
Example 31.
50 ul of a slurry containing crystals of
Trastuzumab (at 22 mg/ml) weré centrifuged, and the
supernatant was discarded. The Trastuzumab crystals
25 were resuspended in either buffer no. 1 (5% PEG 3350,
25% ethanol, 0.1 % Tween®80 (Sigma-Aldrich), 50 mM
trehalose, 50 mM sodium phosphate, pH 7.6) or buffer
no. 2 (25% PEG 3350, 5% alcohol (either ethanol or
isopropanol), 0.1% Tween®80 (Sigma-Aldrich), 50 mM
30 trehalose, 100 mM Tris, pH 8.0). The crystal/buffer

mixture was incubated at 4°C for 16 days, after which



30 crystals (wth a protein concentration of 22 nmg/m) was' 28 AUG 2005 WO -
02/ 072636 PCT/ US01/ 49628 126 centrifuged in order to renpva8 tAvé M08 her

| i quor. W@02/¢72¢%r nat ant (nother |iquor) was di scarded.’' PeE/USPI/AG28zumab
crystals were resuspended in 200 pl of acetone. The crystal/acetone

m xture was incubated for 5 3 hours at 4C. The acetone was renoved by
centrifugation and the Trastuzumab crystals were dissolved in 100 pl of a
solution containing 50 MM Tris, pH 7.0,1280 mM sodi um chioride. The

di ssol ved (soluble) Trastuzumab was then anal yzed by Size 10 excl usion
chr omat ogr aphy on HPLC (SEC-HPLC), using a Phenonenex 2000 SEC col um, a
buffer consisting of 50 nmM Tris, pH 7.0 and 100 nM Sodi um chl ori de, and a
flow rate of 0.5 m/mnute. Native Trastuzumab: 15 A 50 pl aliquot of

sojuble Trast \pUTRD s SARRLLeAN JINWAGIS Iy orer Bhgh: 18], added 1o

200 pl acetone.” Thé cry acetone mxture was iI'ncu _ m nut es
at 4C. The acenhdné&éhsasuyetrevedweyecahitssclmgs iion Y wheoEob@bny

Trast uzunab .ana d, 20,hy SEC- ing a Ph EC
colum, a b\t,ﬁfg'ér ‘c ns?sitoi'ngotgf m@ogﬁﬁp#ﬁ scfhslp ) aﬁgggggfﬁfﬁ‘q%gﬂ%m

chl ori de, andwasf eovseauentf y0 abatiy/zeich e SECREYLI t asithg ai ssol ved
Trastuzunmah r i ned whol n 5 intained its native cture.(Figure
13), while thgg%H§WFWEW53$3§IgE$E§§%ﬁgﬁhaﬁig?%%%?ﬁt%ﬁéﬁﬁ%ﬁié ?ﬁeggcetone
treat ment (Fi gnr @xli4),, piermoost naovi met addissn afhldihisdest ramfus aflowt egrity of
the native Tr astuz§¥ab. 'rl;ﬂi S .exg | e denonstrates the increased 30 :
stability of FTREE QFufald M/ MaY gastalline state according to this
invention, as conpared Wiiti¥déerrastuzumab:

50 nl of soluble Trastuzumab (as- supplied by
10 manufacturer) (at 22 mg/ml) was added to either buffer
no. 1 or no. 2. The crystal/buffer mixture was
incubated at 4°C for 2 hours, after which the buffer
supernatant was separated from the precipitate, and the
precipitate was analyzed for the presence of native
15 Trastuzumab by SEC-HPLC (using the same conditions as
ébove).
Results:
_ The dissolved crystalline Trastuzumab
remained whole and maintained its native structure
20 after being incubated with buffer 1 or 2, while the
native/soluble Trastuzumab precipitated after being
incubated with buffer 1 or 2, demonstrating a loss of
the structural integrity of the native (soluble)

Trastuzumab.

25 Example 67

Formulations Using Sucrose Acetate

Isobutvrate (SAIB)

Formulations that use sucrose acetate

isobutyrate (SAIB) relate to a parenteral liquid non-
30 polymeric drug delivery system. This system comprises

an antibody crystal or antibody fragment crystal



stability of the native Trastuzumab anti body. 28 AUG 2005 WD 02/072636
PCT/ US01/ 49628 127 As denonstrated herein, crystallizationZﬁ AU | ona
anti bodi eV APWEBhg, inter alia, Trastuzumab, results i nPCHWSeRIROS
stability and the preservation of the structural integrity of the 5
antibodies. Stability in organic solvents is very useful when perform ng
control |l ed dissolutions using various polyners, e.g., . -

pol yl actic-co-glycolyic acid ("PLGA"), fpeogenerating PLGA-encapsul ated

m crospheres.. Such processes cannot be perforned if 10 the anti bodi es or
anti body fragnents to be encapsul ated becone denatured in organic
-solvents. Simlar results have been obtai ned when Trastuzumab was exposed

to other organic solvents, such as acetonitrile, ethanol, isop{opyl

al cohol (I PA) ahd : - - ial_ ("NPD'). 2 npl e, 66
.Stability of For mﬁé}%ﬁw&uﬁ?‘#ﬁg%ﬁ%@ %svo(eb‘t'@o’i%e S’%@sti}}%r&b
Crystal li ne Tr d¥thamhiatizihods sedwems ,crey.st.gl 9 ameyle mr erpigfé(idalasojn /5x;arrpl e
31. 50 pl of a c ining _crystals of Trastuzu at 22 ng wer e
centrifuged, ane?}}%k{e&i 's(t}glteal?ngtsa%tnj\ﬂ%ééeé §€afded %‘%t Va&tyst al s
25 wer e resuspé&ndbd Gid leiyt, hér. WoulGidrsono antl @5%.PEGpE3a{), 25% ethanol, 0.1

7 Do) 28, TG, o0 M 151, 035, 50, ol rosenare, ok
i sopropanol ), EFol%chimensajestdma- Altthei ofi)scdsq tiMoF0 HHee k10880100 MV
Tris, pH 8'0)'iyy%éggé%Pal&%%f;%%ulting high viscosity matrix is
adhesive, biodegradable and biocompatible. The
antibody is released in a controlled manner from the
10 matrix. |
Trastuzumab Formulation Using Sucrose Acetate

Isobutyrate (SAIB)

The SAIB formulation system outlined above

was performed using the antibody Trastuzumab.
15 Method: )

The mother liquor was removed from a 100 nl
aliquot of a crystal slurry éontaining Trastuzumab
cryStals. Then, the crystals were washed with a
solution of 90% SAIB in ethanol (ethanol acts as a

20 plasticizer in this example). At various time
incréments, 10 pl aliquot were removed_from the
SAIB/ethariol solution and suspended in 100 pl of 50 mM
Tris, pH 7.0, 100 mM Sodium chloride. After a 10
minute incubation at room temperature, the crystals

25 were dissolved and the resulting material was analyzed
on SEC-HPLC to determine the structural integrity of
the Trastuzumab.

Results:

The monoclonal antibody remained stable under

30 the above conditions. Therefore, the SAIB formulation
was shown to be suitable for use as a vehicle to

deliver the Trastuzumab antibody subcutaneously.



m xture was incubated at 4C for 16 days, after which 28 AUG 2005

02/ 072636 PCT/ US01/ 49628 128 the buffer supernatant was re G

centri fug®O@M7263and the crystals were dissolved in 100 plPGFUSN/48928 Tri s,
pH 7.0, 100 mM sodi um chl ori de. The Trastuzumab was subsequently anal yzed
by SEC-HPLC (using a 5 Phenonenex 2000 SEC columm, a buffer consisting of
50 MM Tris, pH 7.0, 100 nM sodium chloride, and a flow rate of 0.5

m /mnute). Native Trastuzumab: 50 pl of 186l ubl e Trastuzunab (as supplied
by 10 manufacturer) (at 22 ng/m) was added to either buffer no. 1 or no.
2. The crystal/buffer mxture was incubated at 4C for 2 hours, after which
the buffer supernatant was separated fromthe precipitate, and the

preci pitate was anal yzed for the presence of native 15 Trastuzunab by

SEC- HPLC (using the sane¢o | Qas H;?;e ved
crystalline Trastuzumab rlgnaa:ilrl\gd V\/no e@,ﬂ \r%)dnt |ts f-rll-}tquie sq{r ucture
20 after be|ngthmommalﬁhhmmtheb@ﬁl@erImmlatlﬂhlaecohélngatpvehssluble
Trastuzumab preg t d..1Nc h 1 _or
denonstrating a&%ﬁ%%‘?q“%ﬁeﬁést\?% u‘?%ll£I H{Be r| of dgngﬁg?'l vgsfsol ubl e)
Trast uzumab. 260Examy| @rBFtibrom ety srsl UéonrguBalt:iose dretamposlisdbukyr at e
(SAIB) Fornulatio e t obut vr SAIB).relate to
a parenterg%I |‘ir’%ué|]‘§ Jthl?)(%élé;% Orsuflfrﬁrgeﬁ@dgugﬁ%e— %’@ér?céyg F?rg TRi h% stem
conpri ses an amvddiomrystal or anti body fragnment crystal

Example 68
Stability of Crystalline Rituximab

For crystallization, 100 pl of Rituximab in 9
10 mg/ml of sodium chloride, 7.35 mg/ml sodium citrate
dihydrate, 0.7 mg/ml polysorbate 80, pH 6.5 was mixed
with 200 pl of crystallization buffer containing 0.1 M
Hepes, pH 7.7, 12% PEG 400, 1.15 M sodium sulfate. The
tube was then seeded with Rituximab'érystals obtained
15 from a microbatch and supplemented with 10 pl of 1.5 M
sodium sulfate before incubated at room temperature
overnight. The Stability of the crystals in ethanol or
PEG or a combination of both was determined after
taking 20 pl of above crystal slurry éﬁd separating the
20 cryétals by centrifugation. The crystals were then
suspended in 200 pl of 25 mM Tris, pH 7.0, with or
without the presence of 10% ethanol and 10% PEG 3350 at
37°C. Samples were taken at up to 24 hr for the
presence of dissolved protein in the supernatant. The
25 protein was determined by BioRad Protein Assay Kit I
(BioRad Laboratories, Catalogue No. 500-0001).
Results:
_ The results indicate that the crystals were
readily soluble in 25 mM Tris, pH 7.0, and 10% ethanol.
30 The solution containing 10% PEG alone precipitated the



28 AUG 2005 WD 02/072636 PCT/ USO1/ 49628 129 .suspended in sucrose acetate
i sobutyrage 4SAIB and a "plasticizing" solvent, e.g., |anBi UG MBera
oil, et h 3y 2072658t s i njected as a liquid [S. A SullivanpPCT/BSot4963sl | ey,
J.W G bson and A.J. Tipton, 5 Pharnaceutical Research, vol. 14, p. 291
(1997)]. Followng injection, the viscosity of the solution increases.
The resulting high viscosity matrix is adhesive, biodegradable and

bi oconpati bl e. The antibody is releasedl3i a controlled maaoner fromthe
10 matri x. Trastuzumab Fornul ati on Using Sucrose Acetate [I'sobutyrate
(SAIB) The SAIB formnul ati on systemoutlined above was perfornmed using the
anti body Trastuzumab. 15 Method: The nother |iquor was renoved froma 100
pl aliquot of a crystal slurry containing Trastuzumab crystals. Then; the
crystals were p@eshedn Widh S QF 9 SALB._| .hanol (ethanol acts
as a 20 plasticizer in thigu%xa%%$%§?ngégvgg%oé%ﬁfkﬁ%ﬁapggye RYSVEEo ||

al i quot were refRRER IR RE iR/ ethanol apnfuPEGnmandtaispdnded in 100
pl of 50 MM TahesePH inds ‘oJa! jde,., After Q0 mnute

i ncubation at r8§;1teqper5%5%2?m¥%§ €?$2?£%§8£ggmgpé 8F¥§§P%§d°%ﬁﬁ fhe
resul ting nat A9&ICHhRE aH1 G A,  ORiSER HROC. t bt des epobaeblBetst isist 4T al
integrity of dJddi ) - 1T cLonal - apti bo r emai ned
stabl e under 30 fﬁ%ﬁiﬁgigﬂggﬁﬁﬁﬁi%%%%“?%egﬁ g?%? #%ﬁmgﬁfgl?%rg%¥aﬁ?%n vas
shown to be sd&itaBtianglyrensitaks a seheellotlo of the reagents are

pharmaceutically acceptable.

Example 69 : .
Stability of Crystalline Trastuzumab

10 Trastuzumab was crystallized as described:
"~ below. - In brief, 200 ml of Trastuzumab (22 mg/ml in
original formulation, as provided by the manufacturer)
~with equal volume of crystallization buffer containing
25% PEG 400, 5% PEG 8000, 10% propylene glycol, 100 mM
15 Tris, pH 8.0, 0.1% Tween®80 (Sigma-Aldrich) and
incubated overnight at room'temperature. The tube was
then seeded and supplemented with 20 1l propylene
glycol. The stability of the crystals in ethanol or

PEG or a combination of both was determined after
20 taking 80 pl of above crystal slurry and separating ﬁhe'

crystals by centrifugation. The crystals were then

suspended in 400 pl of 25 mM Tris, pH 7.0 with or
without the'presence of 10% ethanol and 10% PEG 3350 at
37°C. Samples were taken at up to 140 hours for the
25 presence of dissolved protein in the supernatant. The
protein was determined by BioRad Protein Assay Kit I
(BioRad Laboratories - Catalogue No. 500-0001).
Results:
The results indicate that the crystals were
30 readily soluble in 25 mM Tris, pH 7.0 and 10% ethanol.



deliver the Trastuzumab anti body subcutaneously. 26 AUG 200 WO 072636
PCT/ US01/ 49628 130 It will be appreciated by those of skil 28 AUGY art
that the ¥R®07%5¢ul ation according to this invention mayPBYYeW2s a
controll ed-delivery system for any crystal or crystal fornulations or
conpositions 5 of antibodies or fragnents thereof, according to this

i nvention. Exanple 68 Stability of Crystalline Rituximb. For
crystallization, 100 | of Rituxinmab in 91320 ng/m of sodium chloride, 7.35
mg/ M sodiumcitrate dihydrate, 0.7 ng/m polysorbate 80, pH 6.5 was ni xed
with 200 pl of crystallization buffer containing 0.1 M Hepes, pH 7.7, 12%
PEG 400, 1.17 Msodiumsulfate. The tube was then seeded with R tuximb
crystals obtained 15 froma mcrobatch and supplenmented with 10 | of 1.5 M
sodi um sul f at erthef ¥R i kasfth 311 AP D § BEMETAME pIWEI Pi Ot eq THBe
stability of the crystals in ethanol or PEG or a conbination of both was
det er ni ned af tR¥Ot&dkivHd- M WFindpveing el ceysiald dmEt separ ati ng the 20
crystal s by capjydfdigatd Ubmoitea st S & driiib) siispepged in 200 | of
25 MM Tris, pH 7.0, with or wthout the presence of 10% ethanol and 10%
PEG 3350 at mn@rﬂﬂdescwtealtlawmatamg didd 2pthrdisgok e the esence of

di ssol ved ot el fkd I ; o fl g i efMm ned; by

Bi oRad Pr o'Eyei nc.—eﬂ sﬂaa{}_gKihflelsLupa?éi{%ﬁa%(? Loafbt(}fqa%%gruﬁerg},@é talo Lglgé N%m 500;‘3001) :
Resul ts: The rigsmassili@ d@ agehar aadigrafsiant Livdrath retduingl sordibl e in 25

T Tris, pH 7.he andg0%athanal: 1P B SShHALAANA £ 8; 0% PEG al one

precipitated the
both of these reagents are pharmaceutically acceptable.

Example 70
10 Preparation of whole antibod

crystals using polvethylene oxide (PEQ) as

excipient
In order to enhance the stability of whole

antibody crystals prepared according. to this invention

15 during drying and storage, the crystals may be
formulated with excipientsf Whole antibody crystals
according to this invention may be formulated using
0.1% polyethylene oxide in water as follows. The
crystals are separated from the mother liquor by

20 centrifugation at 1000 rpm in a Beckman GS-6R bench top
centrifuge equipped with sWinging bucket rotor. Next,
the crystals are suspended in 0.1% polyethylene oxide
for 3 hrs (Sigma Chemical Co., St. Louis, MO) and then

separated by centrifugation.

25 Example 71
Preparation of whole antibody crystals

using sucrose as excipient

_ Whole antibody crystals according to this
invention may be formulated in the slurry form in the

30 presence of mother liquor before drying. Sucrose



131 20 AUG 2005 PCT/ USO1/ 49628 protein w thout naintaining the
crystallinity. However, a conbination of both ethanol and 28@UGaBR ai ned
crystal | i MQ82032636di d not dissol ve the crystals over a pepdnds@foedm00 nmin
(Figure 10). It is possible to use a 5 conbination of both ethanol and PEG
formulation for the Rituximab crystals, since both of the reagents are
phar maceutical |y acceptable. Exanple 69 Stability of Crystalline
Trastuzunmab 10 Trastuzumab was crystal |l i zegh as descri bed- . below. In brief,
200 M of Trastuzumab (22 ng/m in original fornulation, as provided by
the manufacturer) wth equal volume of crystallization buffer containing

- 25% PEG 400, 5% PEG 8000, 10% propyl ene glycol, 100 mM 15 Tris, pH 8.0,

0. 1% Tween080 (Sigma-Aldrich) and incubated overnight at roon1tenperature.

The tube was e ppl W t 0.pl opyl ene yCco
-The stability o?fgﬂg §ﬂ5§%§$§ ?ﬁ ét anoﬁgg PE@EO} aag%ﬁﬁyﬁétﬂﬁﬁﬂé¥ bot h
was deternlnedaatxbonOCrgktays8ﬂnlmotheboweqabyshgla@l@&@ﬁpqggtseparatlng
the crystals ugation. The t e then, suspended in 400
pl of 25 anTr?%fffgﬁén% W ROSE lﬁn?ﬁ8§§ ? Egigeﬁgélép dyowryskadsl and
10% PEG 3350 ato Bé&bhsnnﬁiﬂalmaﬁerbakeaoﬁ&eﬂﬁrheléﬂo oFouns frhhe 25
presence of solved protein in the su ernatant The _ protein was

det er ni ned Dy BroRaTSPtota? noPEREDSKPE 15 FRFBREUMPABSr atorred - Cat al ogue

No. 500- 0001) teﬁhﬁt&&ﬁreTﬁ@rrESMits Andegateeabaénkhalﬁhyghéksségfe 30
VO

readily sol ubl n_ 25 Tris, Qd 10% et hanol . 28 AUG
02/ 072636 PCTﬂﬁgﬁlfﬁﬁ% s aré eparate from the liquid by

centrifugation, as described in Example 70.

Example 72
10 Formulation of whole antibody crvstals

using trehalose as excipient

Whole antibody crystals according to this
invention may be formulated as in Example 71, by adding
trehalose instead of sucrose, (Sigma Chemical Co., St.

15 Louis, MO)v to a final concentration of 10% (w/v) in
mother liquor. The resulting suspension is then
tumbled at room temperature for 3 hr and the crystals
are separated'from.the liquid by centrifugation, as

described in Example 70.

20 Example 73
Formulation of whole antibody

crystals using methoxypolyethylene glycol

MOPEG) as excipient

Whole antibody crystals are formulated as in

25 Example 71, by adding methoxypolyethylene glycol (Sigma

Chemical Co., St. Louis, MO), instead of sucrose, to a
final concentration of 10% (w/v) in mother liquor and
separating after 3 hrs by centrifugation, as in Example
70.




132 . The sol ution containing 10% PEG al one precipitated the protein

wi t hout maintaining the crystallinity. However, a conbi nat2igpauef20sot h

et hanol aM0 0RE@636rai nt ai ned crystallinity and did not di ssetweséin@els
crystals over a period of 8400 mnutes (Figure 11). It is possible to use
a conbi nation of both -ethanol and PEG formnulation for the Trastuzumab
crystals, since both of these reagents are pharmaceutically acceptable.
Exanpl e 70 10 Preparation of whole antibqgdy crystals usiing polyethyl ene
oxide (PEO as excipient In order to enhance the stability of whole

anti body crystals prepared according-to this invention 15 during drying
and storage, the crystals may be fornulated with excipients. Wole anti body
crystals according to this invention nay be forrmulated using 0.1%

pol yet hyl ene i de in,yater. as follows. The crystals are separated from
t he not her Iia%§¥m%¥12éicentrifugation at 1000 rpmin a Beckman GS-6R bench

top- centrifuge equi ppedMathbdsWoT]idde ikudC ketyJtalloreoextatidhe crystals
are suspended in 0.1% pol yet hyl ene oxide for 3 hrs (Signa Chem cal Co.,

St. Louis, MO and then separated by centrifugation. .25 Exanple 71
Preparation of whole ant 4BeH®¥dChYSNG! §asUSHPINGUSEORBORS TRAP AR r N0l €
anti body crystals according to_this i1nvention nay be fornmulated 1n the
slurry forﬁ¥in the 30 pFE¥&haédSofSmPrs@arefyudt B sife BMFgMMEEs SlicRose 2 6

AUG 2005 WO 02,07 2636 REUAIFHUAMBRE A38néSi DiBuGherbaahifang St- Louis,

MO is added to whole _ )
excipient by centrifugation at 1000 rpm in a Beckman

GS-6R bench top centrifuge equipped with éwinging
bucket rotor in a 50 ml Fisher brand disposable

10 centrifuge tube (Polypropylene). The crystals are then
dried by passing a stream of nitrogen at approximately

10 psi pressure into the tube overnight.

Method 2. Vacuum Oven'Drvinq

Crystals, as prepared in one of Examples 1-3,
15 are first separated from the mother liquor/excipient
solution using centrifugation at 1000 rpm in a Beckman
GS-6R bench top centrifuge equipped with swinging
bucket rotor in a 50 ml Fisher brand Disposable
polypropylene centrifuge tube. The wet crystals are
20 then placed in a vacuum oven at 25 in Hg (VWR
Scientific Products) at room temperature and dried for

at least 12 hours.

Method 3. Lvophilization

Crystals, as prepared in one of Examples 1-3,
25 are first separated from the mother liquor/excipient
solution using centrifugation at 1000 rpm in a Beckman
GS-6R bench top centrifuge equipped with swinging
bucket rotor in a 50 ml Fisher brand Disposable
polypropylene centrifuge tube. The wet crystals are
30 then freeze dried using a Virtis Lyophilizer Model 24




antibody crystals in nother liquor as an excipient. Sufficient sucrose is
added to whole anti body crystals to reach a final sucrose % nﬁﬂgtion of
10% (W V) wpoldressgesul ting suspension is then tunbled at rﬁfu E?gg ature
for 3 hr. After treatnent with sucrose, the crystals are sepa§a rom
the liquid by centrifugation, as described in Exanple 70. Exanple 72 10
Formul ati on of whol e antibody crystals using trehal ose as excipient Wole
anti body crystals according to this inveqﬁ}gn may be foraulated as in
Exanpl e 71, by adding trehal ose instead o sucrose, (Signma~Chem cal Co.,
St. 15 Louis, M):, to a final concentration of 100-. (wv) in nother

|l iquor. The resulting suspension is then tunbled at roomtenperature for 3
"hr and the crystals are separated fromthe liquid by centrifugation, as
described in Exanple 70. 20 Exanple 73 Fornul ati on of whole antibody .
crystal s usi nglheteBxypePpRehgteréadhycolhe( FOREE) tasperaitpirenti sWol e

anti body cryst e I atgd_ b Exapple by addi ng
nethoxypolyeth?%é%gygfégg?y§5$gnagéChgngég EQDEB? §¥%EE&%$&FQE%», i nst ead
of sucrose, toThisfiemperanereatiattbanohel@¥fow ¥ hmsnot seconidawyr and

separating aft r y tyLf i in le 7 28 AUG 2005 WO
02/ 072636 PCT/%%%%%Q az‘g E@%%%Eﬁ%%ﬁ%ﬁ?ﬁ%a@? %ggyf—"ﬁlﬁ’%mslsa rs.
formul ations Method 1. N, Gas Drying at Room Tenperat ure

5 _ Method 4. Organic Solvent and Air Drying

Crystals, as prepared in one of Examples 1-3,
are first separated from the mother liquor/excipient
solution using centrifugation at 1000 rpm in a Beckman
GS-6R bench top centrifuge equipped with swinging

10 bucket rotor in a 50 ml Fisher brand Disposable.
polypropylene centrifuge tube. The crystals are then
suspended in an organic solvent like ethanol or
-isopropanol or ethyl acetate orlbther suitable
solvents, and centrifuged. The supernatant is then

15 decanted and air dried at room temperature in the fume

hood for two days.

Method S. Air Drving at Room Temperature

Crystals, as prepared in one of Examples 1-3,
are separated from the mother liquor containing
20 excipient by centrifugation at 1000 rpm in a Beckman
GS-6R bench top centrifuge equipped with swinging
bucket rotor in a 50 ml Fisher brand Disposable
centrifuge tube (Polypropylene). Subsequently, the
crystals are then allowed to air dry in the fume hood

25 for two days.

Method 6. Spray Drying
Crystals, as prepared in one of Examples 1-3,

are spray dried using a Buchi Mini Spray Dryer Model B-

30 191. The slurry of crystals at a concentration of 30



5 Crystals as prepared in one of Exanples 1-3 are separated fromthe

not her |iquor containing excipient by centrifugation at 10Q@ AP 205 a
Beckrman v&S-08®7dsa6ich top centrifuge equi pped with sw ngi ngechus&giostsot or i n
a 50 m Fisher brand di sposable 10 centrifuge tube (Polypropylene) . The
crystals are then dried by passing a stream of nitrogen at approxi mately
10 psi pressure into the tube overnight. Method 2. Vacuum Oven Dryi ng
Crystals, as prepared in one of Exanples;3g3, 15 are fifst_separated from
t he not her |iquor/excipient solution using centrlfugatlon ‘at 1000 rpmin a
Beckman GS-6R bench top centrifuge equi pped with swinging bucket rotor in
a 50 m Fisher brand Di sposabl e polypropyl ene centrifuge tube. The wet
crystals are 20 then placed in a vacuumoven at 25 in Hg (WA Scientific
Products) at roo tq&g;rflure a g grled for_ at |east 12 hours. Method 3.
Lyophi | i zati orF T3 tS 4™ 255 gregp T PEMe FYERGmpl es 1-3, 25 are first
separated fromthe nother |iquor/excipient solution using centrifugation
at 1000 rpmin a Beckman GS-6R bench top centrifuge equi pped with sw ngi ng
bucket rotor EXSEEE {5 Fjsher brand Disposable pol ypropyl ene centrifuge

tube. The wet crystals at@*o%gltlk‘ﬁ’dlr{g{ %Qzan@rﬂb%gwgml\ﬁéag%}a%?m'Zer
Model 24 2 8 AUG 2005 In Sem -stoppered

vials. The shelf tenperatii¥&tipds &nel Ak mpRs ;
freezing stgep. This tenpgeabbee i s then heI d for 16 hrs. Secondary drying

may then be then carried™out 1or another 8 hrs. 5 Method 4. Organic. Sol vent
.and Air Drying Crystal sCrasspiaydnsd ofn cows tefl soefil ethdls antibody,

or crystals of an antibody fragment is carried out by

incubating the crystal at a pH, such that the
crosslinker is highly active and the crystalline nature
10 of the antibody is preserved. Crosslinking is carried
out either at ambient témperature or at 4°C with
tumbling oi stirring. After 24 hrs, the slurry is
centrifuged at 3000 rpm and the.supernatant is
discarded. The excess (or un-reacted)..crosslinker is
15 inactivated with an appropriate buffer salt like Tris
or glycine. The pellet is ﬁhen washed with the mother
liquor or appropriate pharmaceutically-acceptable
buffer to remove the excess (or un-reacted)
crosslinker. The crosslinking conditions may change
20 depending on the type of crosslinker used but the
ultimate goal is to maintain the crystalline state .of
the antibody under the conditions used.
It will be understood that antibody oxr
antibody fragment crystals may be crosslinked using any
25 suitable crosslinking reagent including, inter alia,
Dimethyl 3, 3’'-dithiobispropionimidate.HCl (DTBP),
Dithiobis (succinimidylpropionate) (DSP), Bis
maleimido- hexane (BMH),
Bis[Sulfosuccinimidyl] suberate (BS), 1,5-Difluoro-2,4-
30 dinitrobenzene (DFDNB), Dimethylsuberimidate.2HCI1
(DMS) , Disuccinimidyl glutarate (DSG),



are first separated fromthe nother |iquor/excipient solutjon.
using.centrifugation at 1000 rpmin a Beckman GS-6R bench ZQpW,GeMi fuge
equi pped wiotda/osr3agi ng 10 bucket rotor in a 50 m Fisher bpaqpgishi/fgasabl e.
pol ypropyl ene centrifuge tube. The crystals are then suspended in an
organi c solvent |ike ethanol or isopropanol or ethyl acetate or other
suitable solvents, and centrifuged. The supernatant is then 15 decanted
and air dried at roomtenperature in the 4f3yme hood for two days. Method 5.
Air Drying at Room Tenperature Crystals, as prepared in one. of Exanples
1-3, are separated fromthe nother |iquor containing 20 exci pi ent by
.centrifugation at 1000 rpmin a Beckman GS-6R bench top centrifuge

equi pped with swinging bucket rotor in a 50 mM Fisher brand Di sposabl e
centrifuge tube, (Po ropyl ene).. - Subsequently, the crystals are then

al l oned to m:%aé%;%%gﬁﬂgx?hﬂédﬁéoﬁarEBrFBF i 1y £SNet hdd B:hySprday
Dryi.ng Crystal 53 -BEmgtlepbaninbpropgl PEakxaaRk 8 db Jyd & 19 i@k dried using
a Buchi Mni S@%%% D&§?r del B- 30 191. The slurry of crystals at a
concentration ofPSl BB0SLYIPLB2F 07656 SPErinSmcydsrgcigRtel 50
ng/m is used {sulSpvRYSH] YNAGg-RXRERME | fhifitd

Ant i body Fragngnt Crystgls ag Fornula??%ﬁgpg?iéggg§§?¥$gﬁé Ek£%%¥§%#
Crosslinki my ofS'BSst alX-Bydgonksniiaaurgsaymidyd -drpctigiobesfzaateant i body
fragment is carguethouaby, bOEEBALERINLAEAGTYEL Ak flechylla qyeh that the

crosslinker is-highlf active and the crystalline nature
pyridyldithio) toluamido] hexanoate (Sulfo-LC-SMPT),

Bis- [b- (4-azidosalicylamido) ethyl]ldisulfide (BASED)
and glutaraldehyde (GA).

10 Example 76

Dissolution of Disulfide Bond-Containing

Crosslinked Monoclonal Antibody Crystals

A 200 mM solution of Eysteine is prepared by
dissolving 242 mg of cysteine in 10 mlwof 10 mM Tris
15 HCl buffer, pH 7, containing 10 mM calcium chloride
and 20% MPD. A 200 ml aliqﬁot of a slurry of
crosslinked monoclonal antibody crystals prepared
according to this invention is taken and centrifuged at
3000 rpm for S5 minutes and the supernatant is
20 discarded. The pellet is suspended in 200 ml of
cysteine-containing Tris buffer. Another 200 ml of
monoclonal antibody crystals is taken and centrifuged
at 3000 rpm for 5 minutes and the supernatant is
discarded. The pellet is then suspended in 200 ml of
25 Tris buffer without any cysteine. All samples are
incubated at 37°C for 1 hour and monitored for
dissolution in 32 mM NaOH (direct visual and
microscopic observation).
After incubation for 1 hour at 37°9C, the DTBP
30 sample is fully soluble in the presence of cysteife and

insoluble in its absence. The DSP sample is barely



10 of the antibody is preserved Crosslinking is carried
anbi ent tenperature or at 4Cwith tunbling or stirring.

out either at
A2 B AUG2HHrs, the

slurry i SWO®dA1263¢ uged at 3000 rpm and the supernatant is BOCHUSaI0O60S The
excess (or un-reacted)..crosslinker is 15 inactivated with an appropriate

buffer salt like Tris or glycine. The pellet is then was
| i qguor or appropriate pharmaceutically-acceptable buffe

hed with the nother
r to renove the

excess (or un-reacted) crosslinker. Thel@gosslinking conditions may change
20 depending on the type of crosslinker used but the wultinate goal is to

maintain the crystalline state of the antibody under th

e conditions used.

It will be understood that antibody or antibody fragnment crystals may be
crosslinked using any 25 suitable crosslinking reagent including, inter
alia, D nethylgedypd'e di Qi & ( P 8&% iobis
(su00|n|n1dylgrogi055te (DS %%% qﬁ%? - e%gﬁel?ﬁ %Ee in

B|s[SuIfosuccﬂM&n&hﬁqmmmerate (BS), 1,5[)f|uoro 2,4- 30 dinitrobenzene

(DFDNB), Di et hyl suberi m date. 2HCL (DWVS), Di succinim dy
2 8 AUG 2005 WD 02/072636 PCT/ US01/ 49628 137 Di sul fosuc

| glutarate (DSG,
cinimdyl tartarate

(Sul f o- DST), ExEmplle IJ7 [ 3- Di net hyl am nopr opyl ) car bodi i m de hydrochl ori de

(EDC), Ethylene glycol bi Lmd Isu t Sul f o- EGS) ,
N[ g- nalelnldobutyryloxy?é%#%ég§#g%eEégpe§%5é§§$§%ji¥Lﬁai—lg-
N- hydr oxys# f osucci ni m d@tedsainketienhodteAntSiddy- SARtals

Sul f osucci ni m dyl - 6- [a thy% -(2- pyridyldithio)tol uam do] hexanoate

(Sul fo-LGC-SMPT), Bis dosal i cyl am do) ethyl]dis

ul fide (BASED) and

gl ut ar al dehyde (&A). 10 Ehan@bbuBﬁllty of various monoclonal antlbody

crystals prepared and crosslinked according to. this

invention with Dimethyl 3, 3‘-

10 dithiobispropionimidate.HC1l (DTBP), Dithiobis

(succinimidylpropionate) (DSP), Bis maleimido hexane

(BMH) , Bis[Sulfosuccinimidyl]suberate (BS),

Difluoro-2,4-dinitrobenzene (DFDNB),

1,5-

Dimethylsuberimidate.2HCl (DMS), Disuccinimidyl

15 glutarate (DSG), Disulfosuccinimidyl tartarate (Sulfo-

DST), 1-Ethyl-3—[3-Dimethyiéminopropyl]carbodiimide

hydrochloride (EDC), Ethylene

glycolbis[sulfosuccinimidylsuccinate] (Sulfo-EGS), N-

[g-maleimidobutyryloxyl succinimide ester (GMBS), N-

20 hydroxysulfosuccinimidyl-4-azidobenzoate (Sulfo-HSAB),

Sulfosuccinimidyl-s-[a—methyl—aj(2—

pyridyldithio) toluamido] hexanoate (Sulfo-LC-SMPT),
Bis- [b- (4-azidosalicylamido) ethylldisulfide (BASED)

and glutaraldehyde (GA) may be assayed.

25 In 1.5 ml Eppendorf tubes, samples of"

uncrosslinked monoclonal antibody crystals

and

crosslinked monoclonal antibody crystal slurry, equal

to 2.8 mg enzyme, may be microfuged at 3000 rpm for 5

minutes until the supernatant liquid is removed. Two

30 pHs are tested: a) pH 7.4 and b) pH 2.0.
For pH 7.4, a 200 ml aliquot of

PBS buffer



Di ssol ution of Disulfide Bond-Containing Crosslinked Monoclonal Antibody
Crystals A 200 mM solution of cysteine is prepared by di ss@ in0g %62 ng of
cystei ne wo ck@7pdss, . of 1.0 nM Tris 15 HC1 buffer, pH 7, cgpiaishi/if,40 "
cal ciumchloride and 20% MPD. A 200 m aliquot of a slurry of crosslinked
nonocl onal antibody crystals prepared according to this invention is taken
and centrifuged at 3000 rpmfor 5 mnutes and the supernatant is 20

di scarded. The pellet is suspended in 20q%§ of cysteine-containing Tris
buffer. Another 200 ml of nonoclonal antiBbody crystals i's-taken and
centrifuged at 3000 rpmfor 5 mnutes and the supernatant is discarded.
The pellet is then suspended in 200 mM of 25 Tris buffer w thout any
cysteine. Al sanples are incubated at 37C for 1 hour and nonitored for

di ssolution in,32 mM NaOH (direct visual and m croscopic observation).
After incubati&h $brM PhERhate 37¢. 0032 WIRPtase isumeihd dmsideay 6. EBT ubl e in

the presence ododish&dtiEoRIGke, | HB0Y UD] €5 &N khs gakse P | SP sanple is
barely 20 AUG 2005 A WD 02/ 072636 PCT/USbl/iQGZS ?%8@5%%A%%@#%§%he presence
of cysteine andFitEHrdidike i fPnseRt EASERR eOf Evampicd ona lCaatdicety 2t i DA of

pH Sol ubi lity @f/mb. Crfass| ikt Wiphe ARLL DoAY, CLYSIALS o 37C The
solubility of various nonoclonal antibody. crystals prepared tHd
crosslinked®adtd¥#¥ng to this invention with Dinethyl 3, 3 10

i OPLepr OBl o I gt o, FEk BTET,  LBuhe af SRS N7 Y REGR) AT ©)
buffer pH 2.0 is added to each sample, bringing the
concentration of monoclonal antibody to 14 mg/ml. The
samples are incubated at 37°C for S hours. Initially,'

10 the samples are treated with 10 mM glycine/HCl buffer,
PH 2.0 containing 10 mM calcium chloride and 20% MPD
overnight at 25°C with tumbling; then proceeding with
glycine/HC1l buffer alone.

Samples may be studiea for dissolution by

15 centrifuging the samples at 14,000 rpm for 5 minutes
after 5 hours and 24 hours. After centrifugation, the
supernatant is passed throdgh a 0.22 mm filter. The
protein (antibody) content of the supernatant is then
estimated then by removing 2 pl of the aliquot and

20 placing it in 798 ml of deionized water. A 200 pnl
aliquot of Bio-Rad Protein assay reagent is added to
this sample and is incubated at ambient temperature for
5 minutes and measured at 595 nm wavelength (Bio-Rad
micro protein assay by Bradford’s method). As a

25 standard, 0-20 ug bovine IgG (Sigma) is used.

While we have described a number of
embodiments of this invention, it is apparent that our
basic examples may be altered to provide other
embodiments which utilize the products and processes of

30 this invention. Therefore, it will be appreciated that

the scope of this invention is to be defined by the



(BMH), Bis [Sul fosuccinimdyl] suberate (BS), 1, 5-

Di fl uoro-2, 4-dinitrobenzene (DFDNB), Di nethyl suberi m dat e.‘?‘-l%s( ),
Di suc. ci nwoiodpl2636 gl utarate (DSG, Disul fosuccinim dyl ta&;@y@gﬁgﬁn fo-
DST), |-Ethyl-3-[3-D nmethyl am nopropyl]carbodiimde hydrochloride (EDC),
Et hyl ene gl ycol bi s[ sul fosucci ni m dyl succi nate] (Sul fo-EGS), N

[ g- mal ei m dobut yryl oxy] succi ni m de ester (GVBS), N 20 :

hydr oxysul f osucci ni m dyl - 4- azi dobenzoat e { syl f o- HSAB) , L

Sul f osucci ni m dyl - 6-[ a- met hyl -a- (2- pyridyl dithio)tol uam do} hexanoate

(Sul fo-LGSMPT), Bis- [b- (4-azidosalicylamdo) ethyl]disulfide (BASED)
and gl ut aral dehyde (GA) may be assayed. 25 In 1.5 nml Eppendorf tubes,
sanpl es of uncrosslinked nonocl onal antibody crystals and crosslinked
monocl onal antj body. cyystal slurry, equal to 2.8 ng enzyne, nmay be

m crof uged at aﬁﬁ%y‘jr%incfs]cﬁ“%s ’fﬁ'ﬁ%?’éstﬁﬂ{‘i Pyt kBes gpaaifiantenbaglinknss
remved. Two 3hiphb Il esedemlc gbhied 890ul) B 2Anfiar pH 7 4, a 200
m aliquot of PBS buffer WO 02/072636 139 2°8 AUG 2005 USO1/ 49628
(0.01 M phosphate, 0.0027 M potassiumchloride, 0.137 M sodi um chl ori de,
pH 7.4) is added to each sanple, bringing the concentration of nonocl onal
antibody to 14 ng/m. The sanples may then incubated at -370C for 24 5
hours. For pH 2.0, a 200 m aliquot of glycine/HC1 buffer pH 2.0 is added
to each sanple, bringing the concentration of nonoclonal antibody to 14
mg/ M. The sanples are incubated at 370C for 5 hours. Initially, 10 the
sanples are treated with 10 nM gl ycine/ HC buffer, pH 2.0 containing 10 nM
cal cium chl oride and 20% MPD



overnight at 25C with tunbling; then proceeding with glycine/HCL buffer

al one. Sanples may be studied for dissolution by 15 centrifuging the
sanples at 14,000 rpm for 5 mnutes after 5 hours and 24 h®@rAUG XS er
centrifugation, the supernatant is passed through a 0.22 nmfilter. The
protein (antibody) content of the supernatant is then estimted then by
removing 2 pl of the aliquot and 20 pI&éan it in 798 mM of deionized
water. A 200 pl aliquot of Bio-Rad Protein assay reagent is added to this
sanple and is incubated at anbient tenperature for 5 mnutes and neasured
at 595 nm wavel ength (Bio-Rad mcro protein assay by Bradford's nethod).
As a 25 standard, 0-20 pg bovine |gGCIAIM®&) is used. Wiile we have

descri bed a nunber of enbodinments of this invention, it is apparent that
our basic exanples may be altered to provide other enbodinents which
utilize the products and processes of 30 this invention. Therefore, it wll
be appreciated that the scope of this invention is to be defined by the WO
02/ 072636 28 AUcrzetsl PETRUSHOLLIERE iDodyapplsded ncisailds araserd tisan by

e G s o e T s o

crystal isbycharattrelazeédnbypBcshaetsscomphted teorhenisoladpliendi cated by a
correlation spectra as conpared to the soluble counterpart of said
anti body, SSUBEEEPATRe@fnyorf RALERRLY /i §8heekeERiassuLY0 FF I&nd thiséut 1. 0.

10 2. A crystgbeRbedt 8bBakevcRBabigFurbiagqest of an antibody,
10
2. A crystal of a single-chain Fv fragment of an antibody,
wherein said crystal is characterized by B-sheet structural
content, as indicated by a correlation spectra as compared
to the soluble counterpart of said fragment, as determined

15 by FTIR, that is between about 0.8 and about 1.0.

3. A crystal of an Fab fragment of an antibody, wherein
said crystal is characterized by B-sheet structural
content, as indicated by a correlation spectra as compared

20 to the soluble counterpart of said antibody fragment, as
determined by FTIR, that is between about 0.8 and about
1.0.

4. The crystal according to any one of claims 1,2 or 3,
25 wherein said whole antibody or single-chain Fv fragment oxr
Fab fragment is a therapeutic antibody or antibody

fragment.

5. The crystal according to any one of claims 1,2 or 3,
30 wherein said whole antibody or single-chain Fv fragment or
Fab fragment is a polyclonal antibody, or fragment thereof,

or a monoclonal antibody, or fragment thereof.



wherein said crystal is characterized by R-sheet structural content, as
indicated by a correlation spectra as conpared to the soluble counterpart
of said fragnent, as determned 15 by FTIR that is betw%ﬁaw®go 0.8 and
about 1.0. 3. A crystal of an Fab fragnment of an anti body, sai d
crystal is characterized by R-sheet structural content, as indicated by a
correlation spectra as conpared 20 to t14€ sol ubl e counterpart of said

anti body fragnment, as determned by FTIR that is between about 0.8 and
about 1.0. 4. The crystal according to any one of clains 1,2 or 3, 25

wherei n sai.d | e_anti_body or. single-chain Fv fragnent qr , Fab_fragnent is
a therapeuércwgﬁtgggﬁyagraéﬁﬂr &8§gt9r36#éﬁ S Q? f%glgﬁygfglcﬁbgdrding to
any one of wakaeih $a2dokr$stla0 Whereicarsdied -Wieke phiairhedyeudrisilingl e-chain
Fv fragnent or Fab fragnent is a polyclonal antibody, or fragnment thereof,
or a nDnocFSHEFoéﬁFﬂbS&gﬁaﬁﬁ FrY§eAt t hereof. 20 AUG 2005 142 6. The
crystal saccording to any one of clains 1,2 or 3, wherein said crystal is a
carrier- free pharmaceutical controlled release crystal. 5 7. The crystal
accordi ng fle &hy omysthlckaicosding 6o 3ny wher oifn cdaiithsanit,i2bedy 3i,s sel ect ed

fromthe group consisting,.of:. chineri,c ant.i hodi e humani zed anti hodi es,
o ol cOuBERe " BhTH Afe B0y B £ RR 2RRCEne" WIRY SO-TEeaRg oo
and nouse afit.i bBdnesic8anthdoeikst ahuaeearednantabads e@ne e -cl aims 1, 2 or

3, Wwherein_said antibody is selected fromthe group consisting of: 119G
|gM |1 gA BéDcopyitatadd a86ibRAigA  akiicpsdidic aptdboyieser ywman accor di ng

g?:c:SEQTSFBQQEB?g%ESQBQ aRtisRody « ;i giekected fromthe group consisting

8. The crystal according to any one of claims 1,2 or 3,
wherein said antibody is selected from the group consisting
of: IgG, IgM, IgA, IgD, IgE, and serum IgA antibodies.

15
9. The crystal according to claim 8, wherein said antibody
is selected from the group consisting of: IgGl, IgG2, IgG3
and IgG4, IgMl and IgM2, and IgAl and IgA2 antibodies.

20 10. The crystal according to any one of claims 1, 2 or 3,
wherein said whole antibody or single-chain Fv antibody
fragment or Fab antibody fragment has a greater half life
in vivo than the soluble counterpart of gaid antibody or
antibody fragment.

25
11. The crystal according to any one of claims 1,2 or 3,

wherein said antibody is an anti- idiotypic antibody.

12. The crystal according to any one of claims 1,2 or 3,
30 wherein the antibody is selected from the group consisting

of: Rituximab, Infliximab and Trastuzumab.



and 1g&4, IgM and 1gM, and IgAl and |1 gA2 anti bodies. 20 10. The crysta
according to any one of clains 1, 2 or 3, wherein said whole anti body or
single-chain Fv antibody fragnent or Fab anti body fragme h has a_greater
half life in vivo than the soluble counterpart of said a i N r

anti body fragnent. 25 11. The crystal according to any one of clainms 1,2 or
3, Wwherein said antibody is an anti - ﬂé?otypic anti body. 12. The crystal
according to any one of clains 1,2 or 3, 30 wherein the antibody is

sel ect ed fﬁénlﬁé@ grvapadonsceorcagdotto RYurneaRL ARG dab 2amd 3,

Trast uzuna . 0 3.T r al C i .of cl ai ns
1, 2 or 3’Rhﬁ%§%§9§h§hgﬁgééﬁg d%siggégfégﬁegrgﬁo%%%h Qgpghggﬁgggﬁégﬁng of :
Abci xi mab, oPal Abtczptdambb, Mpaldeiameb3, MGenbaabaaD3 , TCastuzumBb,,
Basi | i xi mab, Daclizumab, Etanercept, and 5 lIbritunmonab tiuxetan. 14. The

crystal acesPEEHGURBPanPaghd igfmapaj Ractizamgp, 3Etapgacepk sad anti body is

sel ected framthe GLBUR GQRSLSLI NG of: anti-TNF antibodies, anti-CD3
anti bodies, anti-CD20 10 antibodies, anti-CD25 antibodies, anti-CD33

anti bodies, anti-CD40 antibodies, anti-HER2 anti bodi es, anti-HBV

ant i bodi es angg-HAV ant Lbodi es,..anti-HCV anti bo iei,.anti- gPIIb/IIIa
recept or a%érb Fegfygﬁﬁ'-ﬂ§9°§9ﬁpgogpegpyaﬁpF-o | -84 Fbddi s?réRVi-HSV
ant i bodi eswaadeant saEBVahd idpdybadi eeletbedTieoctr ¥okahratgoicdndd stangny one
of claims 1, 2 or 3, wherein said antibody is selected fromthe group
consi st i ngofef anfari¥Bdres 1beiepeatingd -ERAdPOEaAbOALEE / dipsiEdsED290

ant | bodj es 10k pLeali Nd,tesehbat ary di sease. LAt padhes fahodikeat i ng

ti ssue transplant rejection,  antibodies for réating organ transpl ant

rej ection, aanti-dddbeantabodtikreat bng icHERRr anadibbbddises ahan -HB&at | ng

i nfl ammatory . , , , , . . . .
antibodies, anti-HAV antibodies, anti-HCV antibodies, anti-
GPIIb/IIIa receptor antibodies, anti-RSV antibodies, anti-
HIV antibodies, anti-HSV antibodies and anti-EBV

15 antibodies.

15. The crystal according to any one of claims 1, 2 or 3,
wherein said antibody is selected from the group consisting
of: antibodies for treating cardiovascular disease,

20 antibodies for treating regpiratory disease, antibodies for
treating tissue transplant rejection, antibodies for
treating organ transplant rejection, antibodies for
treating cancer, antibodies for treating inflammatory
disease and antibodies used in radioimmunotherapy.

25
16. The crystal according to any one of claims 1, 2 or 3,

wherein said crystal is labelled.

17. The crystal according to claim 16, wherein said crystal
30 1is labelled with a label selected from the group consisting
of radiolabels, enzyme labels, toxins, magnetic agents or

drug conjugates.



di sease and anti bodi es used in radioi nmunot herapy. 25 16. The crystal
according to any one of clains 1, 2 or 3, wherein said crystal is

| abel l ed. 17. The crystal according to claim 16, wherein s 'g %ky tal 30
is labelled with a | abel selected fromthe group consistingé fAUGy | abel s,
enzynme | abel s, toxins, nmagnetic agents_or drug conjugates. 28 AUG 2005 144
18. A dried crystal of a whole antibodﬁ4és claimed in claiml. 19. A dried
crystal of an antibody fragnment as clained in 5 claim2 or 3. 20. A

conposi ti oA8cofpAriedg cenetedy sifale whodgy agt ibogyngs £laimed 3n sdisgm
conposition further conprising at |east one polyneric carrier. 10 21. A
formul ation, said formul ation conprising: (a) a whole antibody crystal, a
single-chain Fv antibody fragnent crystal, or an Fab anti body fragnent

crystal, and b). at |east one ingredient, 15 wherein said_crystal is
char act eri z&d gydﬁ9§ﬁe§FY§F cClr & 3PGAPERY, TEEINdCcateF Y™ dfr el ati on

spectrasasgaipapedr 80 the soluble counterpart of said anti body or
anti body fragnment, as determined by FTIR that is between about 0.8 and
about 1.0. 20 22. A conposition for the release of a whole antibody, a

i O L T
conpri ses a,23 whoBe aatidbedyporyttian, farthed eonpaiiking at ilkedt bhrgnent
crystal, ogoﬁgmgggcagggggg¥.fragnent crystal, and an ingredient; and

10
21. A formulation, said formulation comprising:

(a) a whole antibody crystal, a single-chain Fv antibody
fragment crystal, or an Fab antibody fragment crystal, and
(b) at least one ingredient,

15 wherein said crystal is characterized by PB-sheet structural
content, as indicated by a correlation spectra as compared
to the soluble counterpart of said antibody or antibody
fragment, as determined by FTIR, that is between about 0.8
and about 1.0.

20
22, A composition for the release of a whole antibody, a
gingle-chain Fv antibody fragment, or an Fab antibody
fragment, said composition comprising:

(a) a formulation, wherein said formulation comprises a

25 whole antibody crystal, a single-chain Fv antibody fragment
crystal, or an Fab antibody fragment crystal, and an
ingredient; and
(b) at least one polymeric carrier,
wherein said crystal is characterized by pP-sheet structural

30 content, as indicated by a correlation spectra as compared
to the soluble counterpart of said antibody or antibody

fragment, as determined by FTIR, that is between about 0.8

and about 1.0..



(b) at |east one polyneric carrier, wherein said crystal is characterized
by R-sheet structural 30 content, as indicated by a correlation spectra as
conpared to the soluble counterpart of said antibody or antibody

fragnent, as determined by FTIR that is between about 0.8 28nsUG 208Gt 1.0..
28 AUG 2005 145 23. The crystal accordin% to any one of clainms 1,2 or 3, or
the conposition according to claim20 6222, or the fornulation accordi ng
to claim 21, wherein said crystal or 5 conposition or formulation has an
anti body or antibody fragnment crystal concentration greater than about 1

mg/ m . 24. _The_crystal cordi . y e _of ai 1.2 .0r r he
conpositioﬁgacgnggﬁgsF%Scgggﬁggékgr%gzéggroﬁﬁeg%ocggﬁﬁﬁl&f?o%régéoP ing to
claim 21, vwher ebmpsaidienyatabrdingcaespedatimonoonrf aenubat the has an

anti body or. antibody fragnment crystal concentration greater than about
10.1 ng/ nforpglebiornacepyding soc6raifgto HRFTEAE %PléIEFﬂﬁthZOSr 3, or

the composibfgRs2€¢8HALRY FHOmEhaTLA0NAE 24 28K ibBAy b AMkabisey according

to claim 21, ereln sald crystal or conposition of formulation has an

anti body ofragtebbdgrybBtagnepncenysesliovogrenteat tbangebatgr 1t hgdmdbout 20
mg/ M. 20 26. The crystal according to any one of clains 1,2 or 3, or the
conposition according to claim?20 or 22, or the fornulation according to

claim 21, pherehs saidtalystabradingcespasit boe of toaAwsati,Qnokas ,abr
anti body or antibody 25 fragnent crystal concentration greater than about
50 mg/ m . Bhe TREPEP}Sign 36€6KEiRg £6 SAPIBNEOoPTcRAimPTLENZ or 3, or the

conpositio L . m.2Q _or t lL.at4 rding to

o m 2, CERZRETRCLEA SEcCLRu bolh1atn 31, | MersTir SRR S REeR S an

anti body oroapbehedypn bradgeenmulatyishahasoaaeattdbody greaterdbokign about 100
fragment crystal concentration greater than about 10.1

mg/ml.

15 25. The crystal according to any one of claims 1,2 or 3, orxr
the composition according to claim 20 or 22, or the
formulation according to claim 21, wherein said crystal or
composition or formulation has an antibody or antibody
fragment crystal concentration greater than about 20 mg/ml.

20
26. The crystal according to any one of claims 1,2 or 3, or
the composition according to claim 20 or 22, or the
formulation according to claim 21, wherein said crystal or
composition or formulation has an antibody or antibody

25 fragment crystal concentration greater than about 50 mg/ml.

27. The crystal according to any one of claims 1, 2 or 3,
or the composition according to claim 20 or 22, or the
formulation according to claim 21, wherein said crystal or
30 composition or formulation has an antibody or antibody
fragment crystal concentration greater than about 100

mg/ml.



ng/m. 2 8 AUG 2005 146 28. The crystal according to any one of clains 1,2
or 3, or the conposition according to claim?20 or 22, or the fornulation
according to claim 21, wherein said crystal or conposition or fornulation
has an antibody or antibody 5 fragnent crystal concentrati 8 UEaBF t han
about 120 ng/m . 29. The crystal according to any one of clainms 1,2 or 3,
or the conposition according to clai m28 or 22, or the 10 fornulatlon
according to claim 21, wherein said crystal or osition or fornulation
has an antPﬁod?h@rCEH?FBéd?CCPrégﬁﬁnFOCﬁ9¥tQpec@ﬁcngﬁﬁﬁﬁiém2gpéa6eroﬁhan

about 200 o/ gl 8§1§90nTP8c89§?R§'Ebogléﬁﬁobg 8¢ E CE?'%EEO or 22 or the

formul ati on accor g Ing to claim wher ei n sal antl 6dy “or anti body
f ragnent |foamuhetapauaccoadﬁhgoﬂy oﬁaamtﬁhodyheteagneaud 2@ys8al dlre

conposition accordin | ai 20 or 22, wherein aid ric carrier is
DT odeqr aHSBPESHbE THeP? 59TTNACA G haEt FOneRECBPAYNG™ GPEREPAY20 or 2,

wher ei ns S§rggﬂehune&ygta§r&bﬁeehﬁrat@bﬁcggeat;b@ enBgl ¥BBLe 42033. The
conposition according to claim20 or 22, Wwherein said polyneric carrier is

a polymer sglwéted fromone or nore of the group consisting of: poly
(acrylic acid), poly (cyanoacrylates), poly (am no acids), poly
(anhydrides), 30 poly (depsipeptide), poly (esters), poly (lactic acid),
poly (lactpe- thglyeybtalaabdbrd&nQLEA aﬁ9|¢nébofh¢déQMEmeQY@&eB" pel y
(caprol actone), poly. (di oxanone); ﬁethylene coI) goly
(hydroxyprBB?l?OQBoﬁbéﬁﬁﬁoécfﬁ?dﬁﬁEhEer9 aAfndé? 66I3 [ P6r fo)

phosphazengl mRPhyi6Ar EBRording to claim 21, wherein said crystal or
composition or formulation has an antibody or antibody
fragment crystal concentration greater than about 200

mg/ml.

15 30. The composition according to claim 20 or 22 or the
formulation according to claim 21, wherein said antibody or
antibody fragment is a therapeutic antibody or antibody

fragment.

20  31. The composition according to claim 20 or 22, wherein

said polymeric carrier is a biodegradable polymer.

32. The composition according to claim 20 or 22, wherein
said polymeric carrier is a biocompatible polymer.
25
33. The composition according to claim 20 or 22, wherein
said polymeric carrier is a polymer selected from one or
more of the group consisting of: poly (acrylic acid), poly
(cyanoacrylates), poly (amino acids), poly (anhydrides),
30 poly (depsipeptide), poly (esters), poly (lactic acid),
poly (lactic-co-glycolic acid) or PLGA, poly (b-
hydroxybutryate), poly (caprolactone), poly (dioxanone) ;
poly (ethylene glycol), poly ( (hydroxypropyl)



esters), poly (vinyl alcohol), poly (vinylpyrrolidone), naleic anhydride-
al kyl vinyl ether copolyners, pluronic polyols, albumn, alginate,

cel lul ose and cellul ose 5 derivatives, collagen, fibrin, gelatin,

hyal uroni c acid, oligosaccharides, glycani noglycans, sulf2&AUc 2005

pol ysacchari des, blends and copol yners .t hereof. 34. The conposition
according to claim20 or 22, wherein ¢ sai d polynmeric carrier is poly
(lactic-co- glycolic acid). 35. The conposition according to claim20 or

22, wher ei FetdFCFYFEMiMeri @odar rli diorganenuipdicpdd agnet palol i viantho

al cohol ). Th £ J10 ndi ng 0, cl ai 22 erein said
pol yneric %%rt :réi@gr) i ?ogm?%at%}rm%rﬁ%g%ﬂm Of1 3’r éu%é&l%%r%éocl&rd |n\r,¥3 o claim
21 or the 2eledepesityider deccerldiyig vimydl @itie2? coplodneiatrssaipd uregriedi ent  is
al bum n. 38.1Th§ forqul at.i on _accordi ng tg cl.aim 21 ozg%_e conposi tion
accor di ng £8 ¥Pafm 22 PWiHEr eidt LAt &/ n GRS 2 310 C&d fromthe

group censideliing tafresyCriaged e, lRabitiel,, Wahdldhic acid,
hydr oxypropyl - 3- cycl odextrin, methoxypol yethyl ene glycol and polyethyl ene
gl ycol . 3003dg0aagkbRa i8eEi bady camisiogil yeansl aiswed atiedcl aim 1, a  singl e-

chain Fv anti I t crystal clainmed in | ai m2, or an Fab
ant i body f%%é%%%%c%ﬁéggg%’agl§%g%n§ %iﬁoggﬁeiﬁF ;t 5 €%¢e in nedicine. 28
AUG 2005 148 40. The conposition according to claim?20 or 22, or the

formul ati on accgrdin to.claim?2l; for use in nmedicine. 5 41. A |arge-batch
crystal | i zatt of MReCRBBOFAE 1OFy §CPI IO Hg tOa Clid e 2anith3dy, wheieigl e- chai n

(3 A g o oS S ant hody. (AR R Ry e oRay Re BadyLeps of
35. The composition according to claim 20 or 22, wherein
said polymeric carrier is emulsified with poly (vinyl
alcohol) .
15
36. The composition according to claim 20 or 22, wherein

said polymeric carrier is a co-polymer.

37. The formulation according to claim 21 or the
20 composition according to claim 22, wherein said ingredient

is albumin.

38. The formulation according to claim 21 or the
composition according to claim 22, wherein said ingredient

25 1is selected from the group consisting of sucrose,
trehalose, lactitol, gelatin, hydroxypropyl-B-
cyclodextrin, methoxypolyethylene glycol and polyethylene
glycol.

30 39. A whole antibody crystal as claimed in claim 1, a
single~ chain Fv antibody fragment crystal as claimed in
claim 2, or an Fab antibody fragment crystal as claimed in

claim 3; for use in medicine.



Fv anti body fragnment or an Fab anti body fragnent with a 10 crystallization
solution or a crystallization buffer; and (b) agitating said m xture for
bet ween about 3 and about 48 hours at a tenperature between about - 21C
and about 61C, wuntil crystals of said antibody or said an?@bsuty 2006 agnent
are formed. 15 42. The | arge-batch cry t%l |l ization nethod according to
claim4l, further conprising the step drying said crystals by a nethod
selected fromthe group consisting of: air drying, spray drying,

| yophi li zation, vacuum oven 20 drying and nitrogen gas drying. 43. The

| ar ge- batchcr ali I : [ |l : rein said
tenperaturgofs %tﬁggﬁéhﬁgﬁfﬂﬁ%ggﬁﬁéﬁa OSfﬁ%%%ﬂnh%Cﬁig‘%#g ﬁgfégk%atch
crystal | i z&oromlettibad aaceaddingg ttoo clelia @141 forherse nirsaiedlitcameer at ure i s

bet ween about -20C to about 4C. 30 45. The |arge-batch crystallization
met hod according to claim4l, wherein said tenperature is between about

22C ang ahkout A616rg28 PAUCH? 0% st49 146Gat e iR e GrxtalliiAglyg on
met hod accordin% to claim4l, wherein the pH of said c%ystallization
buf fer is awWbRilE ANCARGEYVHr dmsdBaide -ghalng Fivo agisdipodyH frRamers 47, athe

| ar ge- bat c r L i ho r.di | ai.m 41, wherein the pH
of said cr???% ﬁ%?%ﬁﬁ nkg%% er%Vs%Ca#%ﬂﬁghggFg%gg F?Ehfgbout pH 1.9 to

about pH 4.(@) #48xifigeal acdethatclicryshalllel aatiidodyet Rodiaeder-dihag i o 10
claim4l, wherein the %gl;laof said crystallization buffer is between about

pH 3 and aBSuBPHEPPEY IFREY &rgéd &8én a&t&?f’éilyl FFEETER t#tidd 2accor di ng
to clapm 4lysehenei-actibe RE1Qk i3 SiChY Shdlhiadati-an i iRiFAeS-. and

(b) agitating said mixture for between about 3 and about 48
hours at a temperature between about - 21°C and about 61°C,
until crystals of said antibody or said antibody fragment
are formed.

15
42. The large-batch crystallization method according to
claim 41, further comprising the step of drying said
crystals by a method selected from the group consisting of:
ailr drying, spray drying, lyophilization, wvacuum oven

20 drying and nitrogen gas drying.

43. The large-batch crystallization method according to
claim 41, wherein said temperature is between about 4°C and
about 37°C.

25
44. The large-batch crystallization method according to
claim 41, wherein said temperature is between about -20°C

to about 4°C.

30 45. The large-batch crystallization method according to
claim 41, wherein said temperature is between about 22°C

and about 61°C.



15 within a range fromabout pH 9.0 to about pH 11.1. 50. The | arge-batch
crystallization nmethod according to claim4l, wherein said crystallization
buffer conprises a the polyethylene glycol (PEG concentr Gion éﬁ%v)
bet ween 20 about 5 and about 40% 51. The | arge-batch crﬁgeﬁuq i on

met hod according to claim41l, mhereinlggid crystallization buffer
conprises a polyethylene glycol (PEGQ ncentration (wv) between about

25 1.9% and about 80% 52. The |arge-batch crystallization nmethod according
to claim#8; Eh@réﬁﬁ9§abét€hy§F¥ﬁgﬁiéﬂFéﬁ1BGfW@Fh@énﬁﬁp§é§1§9 56l yet hyl ene

gl ycol (PE zongent Lan_( ) ~Be .ab % and % 53.
The | arge- a?gﬁ %?93%&%%??21?@% ﬁgt%ggggégo?g?ﬁaggéizgﬁgﬁﬁlE%?%%%eﬁgin sai d
crystal |l i zatttbmnbaf fengeofiprins eboat2@HAUGS2005abb0tppHyafthyl.ene gl ycol

(PEG concentration (wv) between about 20% and about 81% 54. The

| ar ge- batch crystallization nmethod according to 5 claim4l, wherein said

crystaliizati, omheuﬂéegecaaﬁbhs@&g@@bmtiaﬁt@aﬁ gkyeod a6REGraahgatsl ze
rangi ng between about 200 and about 20,000. 55. The |arge-batch
crystal | i zalpém fet hvheredsr hggPHoof1gaédarystalhhensipnspudfer is

crystallizatiqn_buf o] S | vet hylke | _(PEG), of a size

bet ween abggFﬂgaoga%ghggbgggh8§?8§8.¥EGE'$h28Ig%égﬁbg?c%'?fystalIization
met hod according to 15 claim4l, wherein said crystallization buffer
conpri ses polye#hylene gl ycol gPEGi ﬁf,a si,ze between about 200 to about
400. 57. THE-1AP§el BAPERPEFFSL AFY Pzt L dA2REPROBSAEEEr 8FRGTESNI26CC] ai m 41,

wher ei iy sakdachyatal ihaatiancbef bar c¢oapibsesyRekyet bykens glhyeal (BEG of
a size between about 400 to about 80, 000.
between about pH 3 and about pH 10.

49. The large-batch crystallization method according to
claim 41, wherein the pH of said crystallization buffer is

15 within a range from about pH 9.0 to about pH 11.1.

50. The large-batch crystallization method according to

claim 41, wherein said crystallization buffer comprises a

the polyethylene glycol (PEG) concentration (w/v) between
20 about 5 and about 40%.

51. The large-batch crystallization method according to

claim 41, wherein said crystallization buffer comprises a

polyethylene glycol (PEG) concentration (w/v) between about
25 1.9% and about 80%.

52. The large-batch crystallization method according to

claim 41, wherein said crystallization buffer comprises a

polyethylene glycol (PEG) concentration (w/v) between about
30 1.9% and about 5%.

53. The large-batch crystallization method according to

claim 41, wherein said crystallization buffer comprises a



58. The | arge-batch crystallization nethod according to 25 claim41,
wherein the concentration in said solution of the antibody or single-chain
Fv anti body fragment or Fab antibody fragnent to be crystqé#i %d§¥€

bet ween about 0.01 ng/m and about 500 ng/m . 30 59. The | 6@- h
crystallization nmethod according to claim41l, wherein the concentration of
the anti body or single-chain Fv anti b fragnment or Fab anti body fragnent
280AUG 2005 151 to be crystallized is between about 0.01 ng/m and about 4
mg/ m . 60.p¢h§eFbvé@nﬁagiMC@ﬁyéﬁaﬁni@@np@ntW@tﬁ@a dwdur dbegwesn Bbeuai m 41,
wherein thgocogggn%gé£gog of the antibody or single-chain Fv anti body

ant 1 body t

fragnment or Fa fégnent to be crystallized is between about 10

ng/ M and about 25 ng/m . 10 61. The large-batch crystallization nethod
according to claim4l, wherein the igncentration of  the anti body or

si ngl e- chaPfi - FY&nt P8Ry PRESENERY S5 LEABLAPPLBEY PR §RERE SEEIEC

crystal§izedahg; B8t WaBBrakaUka3 amehktandiaBeybn280 £ red Fompli €2 The
| ar ge- bat ch crystafllzatlon nmet hod according to claim4l, wherein the

concent r at bohyethyhenanoilyedy APEGSi n§l - shaenrEngangi bettyeenagivont or Fab
anti body f agment gg B% 55y65§||i26d i s between about 200 ng/m and about
500 20 ny . 8§_ Re | arge-batch crystallization nmethod according to
claim4l, wherein said crystallization buffer has a salt content between
about 10 nmM and about 400 mM 25 64. The |arge-batch crystallization nmethod
according P8- E€hgi hrdge-RAEFBI Arygtaléigatarhi patted BEEPEAingsts buffer

concengg at ,9g; ek yeegnabayh Q9N 8p9sB9Y4 24 ¥on buffer comprises

polyethylene glycol (PEG) of a size between about 200 and
about 80,000.

56. The large-batch crystallization method according to

15 claim 41, wherein said crystallization buffer comprises
polyethylene glycol (PEG) of a size between about 200 to
about 400.

57. The large-batch crystallization method according to

20 claim 41, wherein said crystallization buffer comprises
polyethylene glycol (PEG) of a size between about 400 to
about 80,000.

58. The large-batch crystallization method according to

25 claim 41, wherein the concentration in said solution of the
antibody or single-chain Fv antibody fragment or Fab
antibody fragment to be crystallized is between about 0.01

mg/ml and about 500 mg/ml.

30 59. The large-batch crystallization method according to
claim 41, wherein the concentration of the antibody or

single-chain Fv antibody fragment or Fab antibody fragment



30 65. The large-batch crystallization nethod according to claim4l,
wherein said crystallization buffer has a buffer concentration between
about 0 mM and about 2 nM 28 AUG 2005 152 66. The Iarge-ba%&?
crystallization nethod according to claim4l, wherein said 9@@3ﬂﬁization
buffer has a buffer concentration betﬁgﬁn about 1 Mand about 4 M 5 67. A
met hod for purifying a protein by affi y matrix purification, said

met hod conprising the steps of: (a% m xing with a binding buffer crystals
of a whol e Oah?u%én§taéléﬁﬁé|é8cha Ween ahenbolyOlrmgrmht and ahomab4

anti body fr ? wherein said anti body or antibody 10 fragment has
affinity fo e proteln to be purified; (b) adding a protein solution
conprising the protein to be purified to the crystal/buffer m xture; (c)
|ncubat|ng eln/cr t | /buffer_mxture for a_tinme and at a

ro
t enper at ur & su?ﬁ?ci%ﬁge B nFFYBFﬁH}hﬁaB%onl@th@dp@SF@Fﬁlﬂa ERe anti body

or ant'ﬁOdM1£{ﬁ9@?ntwhégé1Mﬂ§ﬂéngoﬁ@@nﬁkéﬁEéﬁ &ftghé $@§$?839f§% and (e)
eluting the proteln fromthe mxture wth an elution 68

di agnost i cskngleoghahe Fv entibodet Ecegoenbf ornFaknangéhodn arsgmphe said

chai n Py o0t Bads P aERERYERM 8 "he DurdR P80 PAo¥arh ool Spelbndnc. T <

wher ei n sahg/maht i body or anti body fragnent is 25 capable of specifically
binding to said antigen; and (b) one or nore reagents for detecting the
bi nding of said antibody crystal or antibody fragnent crystal to any

s ST L5 S ke 8058 o 1 090ELA fldngSCREi0AsAG £ m 00
claim 41, wherein the concentration of the antibody or
single-chain Fv antibody fragment or Fab antibody fragment
to be crystallized is between about 3 mg/ml and about 200
mg/ml.

15
62. The large-batch crystallization method according to
claim 41, wherein the concentration of the antibody or
single-chain Fv antibody fragment or Fab antibody fragment

to be crystallized is between about 200 mg/ml and about 500
20 mg/ml.

63. The large-batch crystallization method according to
claim 41, wherein said crystallization buffer has a salt
content between about 10 mM and about 400 mM.

25
64. The large-batch crystallization method according to
claim 41, wherein said crystallization buffer has a buffer

concentration between about 0 mM and about 4 M.

30 65. The large-batch crystallization method according to
claim 41, wherein said crystallization buffer has a buffer

concentration between about 0 mM and about 2 mM.



70. An in vitro diagnostic nethod for detecting the presence of an antigen
in a sanple conprising the steps of: (a) contacting said sanple with a
crystal of a whole antibody, a crystal of a single-chain Fv anti body
fragment 5 or a crystal of an Fab anti body fragnment, wher @ighAs@i205 anti body
or antibody fragnent is capable of specifically binding to said antigen,
under conditions which permt said an€§ﬁody crystal or antibody fragnent

crystal to bind to_ any antigen in said sanple; and 10 (b) detecting the

bi ndi ng of 6&ai a"hgntliawwb@rtygx srystaldizessop Mmeifposhracerstiyicama gen in

said sampl eq,71. ,The di St r.di. | ai m_70, in said
antigen is%éaé#rgﬁ’awﬁfggﬁg %ﬁﬁfgé&ﬂgggﬁgggﬁgﬁgﬁ %$§§F§iFF§%fﬁgﬂﬁﬁg?hod for
crystal |l i zcogceatwholienabeitedy, adbositngl & ehd abbwutarat Myody fragnment or an
Fab anti body fragnment, conprising the steps of: (a) mxing a solution of a
whol e anti body, a single-chain 20 Fv antibody fragnment or an Fab anti body

fragmeny wgth a m@l&h@tialfbirzghirqffy%bu%i 2Rk il Y3t aldrizathomyfifer; and
(b) agitating said mxture for bétween about 5 ninutes an gbout 72 hours
at a tenpepuardfachéimtensaddumethod gompralsdng 6h€, stepisl ofrystal s of said

ant i body or,_saj anti_hody . f. n re formed. .73. .The | arge-batch
crystalIizé??oﬁqﬁé?ﬁogaggcgrgﬁﬁégg% %€%§F§|Ef?s &PeiPh ?aﬁ%qg ution of
anti body omnatbblgdya bBiaglerichtdnb@veaystabllyzEdagmept-oducead ypa met hod
30 conprising,%h; steps of: (a) centrifuging transgenic m |k conprising a
whol e ant i BBEYPOYsEngeBeERai WheFedRt BBddy aNfARgR¥NOCToRNEAPPEY ant i body

2009 150 (EL GRTor Baot ha ek ert FoRsgon By T oBC AL el A Se0 (a) with
about 250 W) EBFAing prpdoteia sollution cbmplrasihigetdhe protein to be
purified to the crystal/buffer mixture;
(c) incubating the protein/crystal/buffer mixture for a
time and at a temperature sufficient to permit binding of
15 the protein to the antibody or antibody fragment;
(d) washing the mixture with a wash buffer; and

(e) eluting the protein from the mixture with an elution
buffer.

20 68. A diagnostic kit for the in vitro detection of an
antigen in a sample, said kit comprising :
(a) a crystal of a whole antibody, a crystal of a single-
chain Fv antibody fragment or a crystal of an Fab antibody
fragment, wherein said antibody or antibody fragment is

25 capable of specifically binding to said antigen; and
(b) one or more reagents for detecting the binding of said
antibody crystal or antibody fragment crystal to any

antigen in said sample.

30 69. The diagnostic kit according to claim 68, wherein said

antigen is a viral antigen.



skimtransgenic mlk conprising said anti body or antibody fragment. 5 74.
The conposition according to claim?20 or 22, or the fornulation according
to claim 21, wherein said whole antibody crystal, single-ggfiﬂ R nti body
fragnent «crystal, or Fab anti body fragnent crystal is cro ﬁ E .- 10 75.
A conposition according to claim74 for use in nedicine. 76. A crystal of
a whol e anti body, a single-chain Fv 1§5§ntibody fragnment or an Fab
fragnent, produced by the |arge-batch crystallization nmethod according to
claim4l. 79. Anciystviltref diagmelss isnmebbeyd, farsideglestdmai mhey anti body
fragment, Fab _antib fragnment, wherein 20 sai.d antibody is selected
fromthe g?)%g%@gg%spgt %!rr]lg%g :ld’e%hiqﬁlerai gaggtlﬁbgwgg’lsﬁl%ﬁi ed “ant Kddi es,
non- gl ycosykat edntaatiibadisadd biagpael Wiehaat chedices, JfummE bodi es and
mouse anti bodies. 25 78. A crystal of a_whol e antibody, a single-chain Fv
anti body fRBRGABREY of SKYPABlarfi Body NOlegRbAdn Repditdibodyi dragmessdy s
sel ected f t P ~A&0RS| $ihN f: 3 i I I il X
Trastuzﬁna%?néoggggE%qcﬁgsggl%%F gn%ﬁgﬁg§gﬁgégg%gF’aW§englg?cag?ﬁ Fv

anti body fragibety or antEdbdantfirbgientr agmeapabikeofi mpesdifd cadtliybody i s

selected from.the group.consisting of:. —anti-TNE antibqdies, anti-

2t bod: esPLBHE 1S PP0 84 SRR e 3568 1 B8sA FoBGLEA o i ieh Bty Saes
anti - CD33 antibediesrysaali oeDadtanbidhodiragmeait crbERa 12”0 Bagdiceso anti - HBV
anti bodi es, anti-HAV anti bodies, anti-HCV antibodies, anti- GPIIb/Illa
recept or afbPYbdBrégenaati SRS garPBEdi é8d anti 5 HIV anti bodi es, anti-HSV

antibOQ$eS(ﬂ?dd§EEEE§§¥ tﬁ%tbgﬁﬁhﬁg-of said antibody crystal or

antibody fragment to any antigen in said sample.

71. The diagnostic method according to claim 70, wherein
said antigen is a wviral antigen.
15
72. A large-batch crystallization method for crystallizing
a whole antibody, a single-chain Fv antibody fragment or an
Fab antibody fragment, comprising the steps of:
(a) mixing a solution of a whole antibody, a single-chain
20 Fv antibody fragment or an Fab antibody fragment with a
crystallization solution or crystallization buffer; and
(b) agitating said mixture for between about 5 minutes and
about 72 hours at a temperature between about -21°C and
about 61°C, until crystals of said antibody or said

25 antibody fragment are formed.

73. The large-batch crystallization method according to
claim 41, wherein said solution of antibody or antibody
fragment to be crystallized is produced by a method

30 comprising the steps of: (a) centrifuging transgenic milk
comprising a whole antibody, a single-chain Fv antibody
fragment or an Fab antibody fragment, to remove milk fat

and produce skim transgenic milk; and



80. A crystal of a whole antibody, a single-chain Fv antibody fragnent, or
an Fab anti body fragnent, wherein 10 said antibody is selected fromthe
group consisting of: antibodies for treating cardiovaSCLnig ABbzgﬁfe,
antibodies for treating respiratory disease, antibodies f

tissue transplant rejection, antibodies for treating organ transplant
rejection, antibodies for treating cande®, 15 antibodies for treating
inflannatoré di sease and antibodi es used in radioi munotherapy. 81. The
conposi ti ofbor didpiingt the skdor diragsgsendicamhlso obt@iaed dnt IBEePorfgasi ti on

or formul ati;ep éﬁoﬁ?rﬁgbahﬁgEb%A £4 g%%h@b%trag QGLQ%nP%Ee%E%g i'Fque, oral

route or by needlé- frée I njection. conp05|t|on according to claim
75, wher ei gktihetreagpesiti ol 1ks chopmilsahed shad aditiibiosiyr ati emthipodgr ent a

25 route, gral route or by needle-free injection. 83. Use of a whole

anti body cfy8P%FR5s claimed in claim1, a single-chain Fv antibody
fragment crystal as claimed in claim2, or an Fab anti body fragment

crystal as clainmed in 30 claim3, for t he preparation of a nedi canent for
treating a74naWhaIcom§OAwGiQQOECE56d8mg U@ethiHhQOC@mpd§ithant@@cording to

I 20 he f I h
or epar at 1 oROEBP L8 el BSRRRELTD: o1 SariNy 4 mNREE LTS 93T 1B L0 accor di ng

to clai m 84ntubenei ari/BeantdisiagRet- chaSna@wi ANt Boay Era@@kgmtal route,
oral route or by needle- free injection. 86. The use according to claim 84,

wher ei n t hETXRERe: 2§ HADI Baaylb@fﬂystfalagm@rlﬁgpéyéﬁauln ipy capsisBddrelr-agnent
crystal, or Fab antibody fragment crystal is crosslinked. 87. The use
accordlng to claim86, wherein the nmedicanment s adm nistered by parental
rout e, oral75roat ecopobytieadhecorfihgeeoi njledtn gd. for use in

medicine.

76. A crystal of a whole antibody, a single-chain Fv
15 antibody fragment or an Fab fragment, produced by the

large-batch crystallization method according to claim 41.

77. A crystal of a whole antibody, a single-chain Fv
antibody fragment, or an Fab antibody fragment, wherein

20 said antibody is selected from the group consisting of:
chimeric antibodies, humanized antibodies, non-glycosylated
antibodies, bispecific antibodies, human antibodies and

mouse antibodies.

25 78. A crystal of a whole antibody, a single-chain Fv
antibody fragment, or an Fab antibody fragment, wherein
said antibody is selected from the group consisting of:

Rituximab, Infliximab and Trastuzumab.

30 79. A crystal of a whole antibody, a single-chain Fv
antibody fragment, or an Fab antibody fragment, wherein
said antibody is selected from the group consisting of:

anti-TNF antibodies, anti-CD3 antibodies, anti-CD20
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antibodies, anti-CD25 antibodies, anti-CD33 antibodies,
anti~-CD40 antibodies, anti-HER2 antibodies, anti-HBV
antibodies, anti-HAV antibodies, anti-HCV antibodies, anti-
GPIIb/IIIa receptor antibodies, anti-RSV antibodies, anti-
HIV antibodies, anti-HSV antibodies and anti-EBV

antibodies.

80. A crystal of a whole antibody, a single-chain Fv
antibody fragment, or an Fab antibody fragment, wherein
said antibody is selected from the group consisting of:
antibodies for treating cardiovascular disease, antibodies
for treating respiratory disease, antibodies for treating
tissue transplant rejection, antibodies for treating organ
transplant rejection, antibodies for treating cancer,
antibodies for treating inflammatory disease and antibodies

used in radioimmunotherapy.

81. The composition or formulation according to claim 40,
wherein the composition or formulation is formulated for
administration by parental route, oral route or by needle-

free injection.

82. The composition according to claim 75, wherein the
compogition is formulated for administration by parental

route, oral route or by needle-free injection.

83. Use of a whole antibody crystal as claimed in claim 1,
a single-chain Fv antibody fragment crystal as claimed in

claim 2, or an Fab antibody fragment crystal as claimed in
claim 3, for the preparation of a medicament for treating a

mammal .
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84. Use of the composition according to claim 20 or 22, or
the formulation according to claim 21, for the preparation

of a medicament for treating a mammal.

85. The use according to claim 84, wherein the medicament
is administered by parental route, oral route or by needle-

free injection.

86. The use according to claim 84, wherein the whole
antibody crystal, single-chain Fv antibody fragment

crystal, or Fab antibody fragment crystal is crosslinked.

87. The use according to claim 86, wherein the medicament
is administered by parental route, oral route or by needle-

free injection.



