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JOSÉ LUIS REYES VILLAMIZAR, mayor de edad, identificado como aparece al 

pie de mi firma, abogado en ejercicio, titular de la tarjeta profesional nümero 44655 

del Consejo Superior de la Judicatura, obrando en calidad de apoderado de la 

sociedad TECNOQU1MICAS S.A.,dentro del trÆmite de la referenda, en ejercicio 

de lo dispuesto por el artIculo 42 inciso 20 de la DecisiOn 486 de 2000, por medio 

del presente escrito, procedo a sustentar y complementar Ia oposiciOn presentada 

el 27 de Septiembre de 2007, en los siguientes tØrminos: 

I. RATIFICACION 

Comedidamente me permito insistir en los argumentos planteados en la oposicion 

referida, los cuales, como se dijo en su momento, demuestran que Ia solicitud de 

Ia referencia incumple los requisitos de patentabilidad establecidos por los 

artIculos 14, 16 y 18 de la Decision 486 de 2000, y que por ello no merece recibir 

el beneficio patentarlo. 

Carrera 17 No. 88-23 Of. 205 Tels.: +57 1 655 7795, +57 1621263 1,  Fax: +57 1 621 2542 
info@reyes-abogados.com - www.reyes-abogados.com - Bogota, Colombia. 



2-

> Sea lo primero resasltar que la solicitud internacional WO 02/072636 A2 

Publicada el 19 de septiembre de 2002 y titulada CRYSTALS OF WHOLE 

ANTIBODIES AND FRAGMENTS THEREOF AND METHOS FOR MAKING 

AND USING THEM", se refiere a cristales de anticuerpos enteros 0 

fragmentos de los mismos, formulaciones y composiciones que comprenden 

dichos cristales; tambiØn revela mØtodos para proporcionar la cristalización de 

altas concentraciones de anticuerpos enteros o sus fragmentos y (a 

preparacion estable de los mismos para usarlos solos, o en seco o en mezcla 

en formulaciones 0 composiciones; como se observa, y si comparamos con lo 

reivindicado en la solicitud colombiana en trÆmite -en especial su reivindicaciôn 

1-, tenemos que en ambos casos se hace referencia a cristales de Etanercept, 

lo que permite demostrar el incumplimiento de los requisitos de Novedad y 

Nivel Inventivo de la CO 06-009-419. 

Ahora bien, si en gracia de discusión se estuviese frente a un cristal de 

Etanercept nunca antes revelado, es del caso tener en cuenta que tanto la 

solicitud en trÆmite (equivalente a la WO 05/012353) como la WO 02/072636 

anteriormente citada, describen las ventajas que se obtienen luego de hacer 

formulaciones de polipØptidos o proteInas o anticuerpos (entre los que se 

encuentra Etanercept) cuando estos se encuentran en forma cristalina, en 

consecuencia, no existe un problema tØcnico por resolver, sino un deseo de 

exponer una forma "conveniente" de presentación del fÆrmaco y que pueda 

ser administrada en una composiciOn adecuada y estable. 

> De otro lado y sin reconocer que cada solicitud de patente debe ser evaluada 

de manera independiente, es del caso notar que la Superintendencia en 

algunas resoluciones1’2 y frente a la pretension de obtener patente sobre 

formas cristalinas de sustancias conocidas en el arte anterior, mÆxime si tales 

formas cristalinas no ofrecen ventajas inesperadas o fuera de lo comün frente a 

la sustancia original o a otros polimorfos de sustancias diversas, y teniendo en 

cuenta que los polimorfos son simples formas de presentación de materia 

La Resoluciôn 19782 del 15 de julio de 2003 la cual confirma la decision contenida en la 
ResoluciOn 6700 de 2003 por medio de la cual se negô Ia patente solicitada bajo el nümero de 
exped lente 96-014-565 "Procedimiento para preparar olanzapina" 
2 La Resoluciôn 059 del 14 de enero de 2003 la cual confirma la decisiOn contenida en la 
ResoluciOn 40909 de 2001 por medlo de la cual se negO la patente solicitada bajo el nUmero de 
expediente 96-037-513 "Forma III cristalina de sal de calclo de ªcido [R(R*,R*)] -2-(4-fluorofenil) - 
beta, delta- dihidroxi -5- (1-metil-etil) -3- fenhl -4-[(fenilamino) carbonil]-1H-pirrol-1-heptanOico (2:1)" 
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conocida, ha demostrado la carencia de Nivet Inventivo de esta clase de 

solicitudes, circunstancia que obliga a negar de piano el priviiegio solicitado. 

> En cuanto al mØtodo para fabricar un cristal de Etanercept que comprende 

combinar una soluciôn de polipØptido de Etanercept con un amortiguador de 

cristalizaciôn que comprende una sal, segUn la consignado en la reivindicaciôn 

7 y dependientes de la solicitud colombiana en trÆmite, debe decirse que 

carecen por completo de nivel inventivo si se tiene en cuenta que la WO 

02/072636 comprende las etapas de fabricaciôn de cristales de Etanercept 

recreadas en la solicitud colombiana en trÆmite. 

> La solicitud colombiana en trÆmite, pretende sin mÆs, y sin que sea dado hacer 

interpretaciones extensivas, obtener exclusiva sobre un USO de 

composiciones farmac(§uticas y principios activos, pretension inaceptable de 

acuerdo con las normas citadas. respecto de estas mismas reivindicaciones el 

USO pretendido tiene el agravante de serlo COMO PARTE DE METODOS DE 

TRATAMIENTO para patologlas como las descritas, posibilidad Østa 

igualmente prohibida por las normas andinas vigentes si se tiene en cuenta 

que segUn el articulo 20 literal d) de la decisiOn 486 expone literalmente que 

"No serÆn patentables: Los mØtodos terapØuticos o quirUrgicos para el 

tratamiento humano o animal, asl como los mØtodos de diagnostico apilcados a 

los seres humanos o animales" 

II. COMPLEMENTO DE INFORMACION. 

> Por si no fuesen suficientes los argumentos planteados en la oposiciOn, es 

tambiØn relevante resaltar que la solicitud colombiana en trÆmite, en sus 

reivindicaciones 2, 3 y 4 expresa las caracterIsticas dimensionales de los 

cristales, las cuales pueden ser determinados a travØs de diversos mØtodos3 y 

equipos, ampliamente reconocidos por cualquier persona medianamente 

versada en la materia y empleados en la industria farmacØutica. 

> Se conoce ademÆs que por los avances que ha tenido el desarrollo 

biotecnolôgico, son muchos las sustancias de caracterIsticas protØicas que se 



36 
4 

pueden Ilegar a utilizar como fÆrmacos, las cuales tienden a presentar 

inconvenientes o inestabilidad en el momento de tener que formularse como 

medicamentos. En este sentido, existen varias publicaciones de carÆcter 

cientIfico que dan pautas para resolver dichos inconvenientes, incluyendo la 

obtenciOn y utilización de (as formas cristalinas de dichas macromolØculas, 

veamos: 

1. La publicación cientifica denominada "DIAMONDS IN THE ROUGH: PROTEIN 

CRYSTALS FROM A FORMULATION PERSPECTIVE 4." Revela: 

Advances in recombinant technology and tailored drug 
design have provided the pharmaceutical industry with nu-
merous new therapeutic substances in the form of proteins. 
This class of macromolecules performs the function of their 
natural blueprints in soliciting desired responses from the 
body. The identity or resemblance of therapeutic proteins to 
host -generated proteins, however., frequently creates difficul-
ties for drug delivery and formulation. Many such molecules 
are quickly broken down and processed in vivo within pie-
systemic and systemic regulatory mechanisms. In environ-
ments other than their physiologic ones, therapeutic proteins 
may also rapidly denature or easily lose their biologic activity. 
Formulation design for such macromolecules, therefore, must 
be customized to protect their biologic, chemical, and physi-
ologic stability during processing and for the desired effective 
period for storage and upon delivery. 

The focus of the present review is to address the use of 
protein crystals in formulation design. Although this idea has 
been present for some time, i.e., insulin crystals were first 
reported back in 1920s, macromolecular crystallization has 
not received as much attention as the other methods for sta-
bitizing protein drug candidates, e.g., by embodiment in poly-
mers, by use of stabilizing additives, or by tyophilization. Pre-
vious understanding of the art of macromolecular crystalliza-
tion may have daunted pharmaceutical scientists because 
protein crystallization has been identified as the ’bottleneck" 
in X-ray structural determination (1). Recent advances, how-

ever, have alleviated many of the obstacles to crystallinng 
proteins, In this article, we review the prospective potential of 
crystalline protein formulations in light of the new develop-
meats. The basic concepts of macromolecular crystallization 
are introduced followed by the tools now available for devel-
oping protein crystals into drug formulations. In addition, for-
mulation challenges and regulatory demands, along with ex-
amples of current applications of protein crystals, are pre-
sented. 

En "Tecnologia FarmacØutica", Vol 1: Aspectos fundamentales de los sistemas farmacØuticos y 
operaciones basicas; Cap I pag 42-49. Editorial Sintesis S.A; mayo 2001. 

Jen anna et al. "Diamonds In The Rough: Protein Crystals From A Formulation Perspective". 
Pharmaceutical Research (New York) vol. 18, No. 11, noviembre 2001. Paginas 1483-1488. 



2. La publicaciôn cientIfica "CRYSTALLINE MONOCLONAL ANTIBODIES FOR 

SUBCUTANEUS DELIVERY5" revela: 

Therapeutic applications for rn&bs have increased dramatically in 

recent years, but the large quantities required for clinical efficacy 
have limited the options that might be used for administration and 

thus have placed certain limitations on the use of these agents We 
present an approach that allows for sc. delivery of a small volume 

of a highly concentrated form of mAbs. Batch crystallization at 
three Ab-based therapeutics, rituximab, trastuzumab. and Inflix-
Irnab, provided products in high yield with no detectable alter-

ation to these proteins and with full retention of their biological 
activity In wfro. Administration s.c. of a crystalline preparation 
resulted In a remarkably long pharrnacoldnetk serum profile and a 
dose-dependent Inhibition of tumor growth In nude mice bearing 

BT474 xenografts (inanan breast cancer cells) In vivo. Overall, this 
approach of generating hiØ-cancantration,  low-viscosity crystal-
line preparations of therapeutic Abs should lead to improved ease 

of adn’Unistration and patient compliance, thus providing new 
opportunities for the biotechnology Industry. 

Results ard Discussion 
tr 

resulted in yields of >90%, for rituxiniab and >&5% for tr 
i I’ Mani lation of the 

r1row FIRM 
no 

VIM= 

Como se puede observar, la simple lectura de los artIculos citados permite deducir 

la obtenciOn de formas cristalinas de molØculas de tipo protØico que se van a usar 

como fÆrmacos, procurando la estabilidad de dichas molØculas dentro de la 

formulaciOn; ademÆs dentro de los artIculos se dan otras pautas y varias 

estrategias relacionadas con la formulación de dichos compuestos proteicos, con 

lo que se demuestra que no existe ninguna novedad en la obtenciOn de cristales 

de fÆrmacos de tipo proteico (como etanercept) ni mucho menos nivel inventivo 

cuando existe informaciOn anterior y muy completa respecto a la manera de 

obtener cristales estables para la formulaciOn de dichos compuestos. 

YANG MARK X ET AL. "Crystalline monoclonal antibodies for subcutaneus delivery". Proceedings 
of the national academy of sciences of the united states of America. Vol. 100, No. 12. 10 de junio 
de 2003. Paginas 6934 a 6939. 
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Por todo lo anterior, ruego se analicen los argumentos expuestos con el rigor y 

detenimiento habituales y que en consecuencia se decrete, ademÆs de la 

negacion de la solicitud en comento, el archivo del expediente que Ia contiene. 

III. ANEXOS 

> "TecnologIa FarmacØutica", Vol 1: Aspectos fundamentales de los sistemas 

farmacØuticos y operaciones bÆsicas; Cap 1 pag 42-49. 

> La publicación cientIfica "DIAMONDS IN THE ROUGH: PROTEIN CRYSTALS 

FROM A FORMULATION PERSPECTIVE". 

> La publicación cientifica "CRYSTALLINE MONOCLONAL ANTIBODIES FOR 

SUBCUTANEUS DELIVERY". 

Seæor Superintendnt 

JOSE LUIS REYES VILLAMIZAR 
C.C. 79.152.473 de Usaquen 
T.P. 44655 del C. S de la J. 
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pueden realizar en los ensayos de cesion in vitro (incorporación  de tensioactj 
con principios activos muy poco solubles, distintos fluidos acuosos ... ) y en algu 
casos se puede acabar concluyendo que, al no existir correlaciOn en esas Iorrnuf 
ciones, no tiene sentido realizar ensayos de cesiOn in vitro como sucede con alg 
nos productos muy lipótilos como vitaminas liposolubles o algunos Østeres de e � 
tromicina. 

Concentraclonea ptaamÆticaa (g/mi) 
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FGuRA 1.8. Coticenfraciones plcsmÆicas de paracetamol obteniclas despuØs de Ic odminisfración 
oral de ires formulociones de poraceamoI. *: granulado de paraceamoi; +: micrccÆpsulas de 

paracetamol; *: microcÆpsulas de parcceiornol recubieras con pclimŁro acrilico. 

1.4. Considercciones fiskoquimicas 

En este epIgrafe se incluyen los estudios destiriados a conocer en profundidad la a 

sustancia activa, para obtener el maxima de datos de interØs galØnico y conocer las 
propiedades fisicoquImicas de la sustancia activa pura y en mezcla con determinados 2 

disolventes, excipientes y materiales de acondicionamiento. Algunos de estos estu-
dios se Ilevan a cabo en condiciones extremas de temperatura, luz , hurnedad y oxI-
geno para acelerar y asI poder detectar posibles reacciones entre los componentes. 

1.4.1. DescripciÆn del estado Ilsico 

El primer paso en el conocimiento de una sustancia podrfa ser la descripciófl  
de su estado ffsico. La mayorIa de los fÆrmacos utilizados en la actualidad son sÆli-
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Lk tcnsioa, 
Y en al  onUiiones de temperatura presiÆn ambicntaAes. Los principtos activos 

cncas forn �.. liqudo son menos liabituales y aün son menos frecuentes las moliculas 

sucede con alT .. jscOsa3. 
firmacos de ifcuida Ia 

Os steces de losccasos naturaleza que se emplean en actuali-
P �uentraa ci nitrato de amilo (vasodilatador), ci clofibrato (antihiperlipi-

ci dimecaprol (antIdoto para ci envenenamiento producido par arsØnico, 
:nercurio), la nitroglicerina (antianginoso), a parametadiona (anticonvulsi-

y el do undcilØnica (antifCingico, entre otros. 

I OrinCpiOS activos ifquidos entraæan alguros probiernas adicionales cuan-
thorda su preformuiación. Muchos de elios son sustancias voltiies y, en 

zocuencia, deben de ser manejados en recipientes hermticamente cerrados 
:iislarios de La atmÆsfera 

y 

asI evitar pØrdidas. El riitrato de arnilo, par ejern-

3 , s un iIquido amarillento voiitii inflamable incluso a bajas temperaturas. 

4 ormula al estado lIquido 
y 

se dosifica en ampoilas de vidrio seiladas que can-
una gasa. En ci rnomento de la adrninistracibni se rompe la ainpolla con 

; 

dedos, el lIquido humecta la gasa 
y 

se producen los vapores que inhala el 
iciente. 

j Este tipo de fÆrmacos lIquidos no se puede formular en forma de corriprirni-
, pero la nitroglicerina constituye una excepciÆn. Sc formula en comprimidbs 

ira su admiristración sublingual. Como tiene tendencia a liberarse del compri-
j YLO durante ci perlodo de aimacenacriiento, es importante que los comprimidos 

6 c acondicionen en recipientes de vidrio, si no van provistos de un recubrimiento 
:1:c Ics aisle. 

e Ic cdminisrccjàn 
mcrocàpsuIcs  de - - - 
ocrfco. 7 J.  Microscopic 

El cxmen microscóoico de  la materia prima constituye una etapa impor-
mtc denitro de La fase de preforriuiación. Esta tØcnica suninistra información 
.irc Ia forma de las partIcuias: si SOfl acicuiares, larninares, de aspecto rugoso, 

n profundidad la Asimisrno se puede determinar Si SOfl de aspecto cristaiino a amorfo. El 

ico 
y 

conocer las miaFio de particula es un parªmetro que tarnbiØn se puede determinar par 

an determinados : :croscopia, e inicluso puede proporcionar información de si ha habido rnodifi-

de estos estu- iciones relativas al tarnaflo media o a la forma a causa a la rnanipulacidn de la 

.rnedad :.eria prima en alguna fase de los estudios de preformulaciOn, a inicluso detec-

cornponentes. ir Coll las microfotograflas las posibles diferencias entre las partIculas de Un 
I;  - oaotro. 

1.3. Tamao de portIcula 
r la descripciOn - 
ialidad son sdli- La disolucjOn, la reactividad qulmica 

y 

la fluidez de una sustancia, asI coma la. 

i 

’I’no,2eneidad de la forrnuiaciOn que Ia cantiene, dependen del tamaæo, forma 
y 
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morfologIa de la superficie de las particulas que constituyen dicha sustaricia acti. 
Va. Por ello, tiene gran iriterØs en la fase de preformulación  el anÆlisis granulorn. 
trico, que proporciona información sobre el tamaæo medio de las partIculas, su 
homogeneidad y la forma de las mismas. 

Las tØcnicas de anÆiisis granulomØtrico habitualmente utilizadas son la micros, - 
copia Optica y la tamización analitica. Y para conocer directamente la superficje 
especIfica se emplea la tØcnica de adsorciOn de gases. 

Para utilizar la rnicroscopia Optica es necesario acondicionar previamente la 
rnuestra. Se prepara una suspension de las partIcuias en un lfquido de Indice de 
refracciOn adecuado y en ci que sean prÆcticamente insolubles. Se deposita una 
gota de la suspension entre un portaobjetos y un cubreobjetos y la muestra asj 
preparada se observa at microscopio. Para medir las partIculas correctamente ci 
micrbscopio debe Ilevar acopiado un ocular Watson. El nümero de  partIculas que 
hay que medir serÆ como mInima 100. Las particulas, segUn su tamaflo, se agru-
pan en intervalos cuya amplitud seguirÆ una progresiOn previamente fijada y 
constante. 

Cada vez tiene ias auge la utilizaciOn de tØcnicas de difracciOn de rayo laser 
y de espectroscopia de correlación fotOnica. 

1.4.4. Cris talinidad y polimorfismo 

En la figura 1.9 se recogen algunas de las diferentes posibilidades en las que se 
puede presentar una sustancia at estado sólido. El hÆbito cristalino y la estructura 
interna de unasustancia activa puede afectar a alguna de sus caracteristicas tales 
como fluidez y estabilidad qulmica. HÆbito cristalino es la descripciOn del aspecto 
externo de los cristales, mientras que la estructura interna es la disposiciOn de los 
elementos dentro del sólido. Una sustancia con una misma estructura cristalina 
interna puede presentarse con diferentes hÆbitos cristalinos en funcidn de las 
condiciones en que ha cristalizado. 

Par otro lado, se ha de diferenciar en la estructura interna de una sustancia at 
estado sOlido las dos posibilidades de sustancia cristalina y amorfa. En la sustan-
cia cristalina se repite a to largo de las tres dimensiones del espacio la disposiciOn 
de los Ætomos, molØculas o iones. En la sustancia amorfa no aparece esta ordena-
ciOn. En ocasiones se puede conseguir que una sustancia solidifique at estado amor-
fo a partir de una disolución mediante precipitaciOn a enfriamiento rÆpidos a par 
un proceso de IiofilizaciOn. 

Las sustancias amorfas son inestables y tienden a transformarse en cristalinas 
en un perfodo de tiempo mÆs a menos prolongado. Dada que SUS caracterIsticas 
de fusiOn, disoluciOn, etc., son diferentes (hay que aportar mÆs energIa para fun-
dir a disolver una sustancia cristalina que una amorfa), en ci perfodo de reposición 
de las formas farmacØuticas se podria producir este cambio, con to que se verIan 
afectadas SUS caracteristicas macroscOpicas (disoluciones que precipitan, creci-

rfl! 

CjO! 

UIU 

disc 
tric 
lasc 
esta 
inch 

bud 
pod, 
to C’ 

cad 
apar 
za 

matt, 



CAPITULO 1: PREFORMuLACÔN 45 

ustancia atniento - cristalino en suspensiones y supositorios), ast como su proceso de absor-.’ 

S granulo .. decir, su biodisporlibilidad. Esto constituye el mayor inconveniente a! incluir 
ci6n, es 

)articulas 
- 

una sustancia arnorfa an una forma de dosificación. 

on la micr 
la superfi 

COMPUESTO QUIMICO 
v!amente li I 
deIndicedeI 
ieposita 

KABITO CRISTAUNO ESTRUCTUPA INTERNA  

muestra asi 
ctamente el CRISTAUNA AMORFA 

artIculas que 
æo, se agru. ENTI DAD LJNICA ADUCTOS MOLECULES 
nte fijaday 

PCL!MORFO 

le rayo laser 
NO ESTEQUIOMETRICOS ESTECUICMETRICOS 

SOLVATCS FUCRATOS 

n las que se FIGURA 1.9. Difererdes pcsibilidcdes en que puede cporecer Un cmpueto quimico al escdo sàlido.  

a estructura 
rIsticas tales 
del aspecto 

;ición de los 
- 

Un compuesto cristalino puede cristalizar con una determinada canti dad de 

a cristalina 
disolvente. Si el disolvente de cristaiización no esti an proporciories eSteqUiorne-

iciOn de las 
tncas con la sustancia activa, esta posibilidad al estado sdiido se debe rechazar. por 
las dificuitades que entrafla su reproductibilidad. Si el disolvente de cristalización 

sustancia al 
estª en proporciones estequiomtricas, origina los solvatos, de los cuales sOlo se 
!ncluirÆrl en ci estudio de preforrnulaciOn los hidratos. 

n la sustan- 
disposición 

La identificacjOn de los hidratos as importante, porque sus par.metros de solu-
bilidad pueden ser significativamente jnfenores a los de las formas anhidras, lo que 

sta ordena- podn.a redundar an la veiocjdad 
y 

cantidad de fÆrrnaco absorbido, al incluir ci hidra-
;tado amor- to en una forma farrnacutjca. 
pidos 0 pOt En multiples ocasjones cuando se inicia la preforrnulacibn no se tienen tipifi-

cadas todas las posibles formas al estado sOlido del principio activo 
y 

as posible la 
i 1istaiinaS ,..  aparición  de diversos polimorfos. "Polimorfismo" as Un tei-mino tØcnico que se Uti-
acteristicas 
a para fun 

liza en Biologfa 
y 

en CristalografIa para describir ci hecho de que un fenOmeno 
natural pueda tener iugar de dos o mÆs formas diferentes. 

reposiciOn En Cristalograffa ci polimorflsmo se refiere a materiaies cristalinos naturales. 
e se verIan 0 Sintet3C. Si una sustancia se presenta en dos formas cristalinas, a una tempera-
itan, creci-
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tura dada, solo una es estable y la otra es la forma inestable o metastable. A vcces 
hay rnÆs de dos formas cristalinas, coma es el caso del fenobarbital. del que se hail 
identificado hasta once formas diferentes; para su denominaciOn se comicnza adju. 
dicÆndole el tºrmino I al polimorfo de mayor punto de fusiOn, y II, Ill. etc., a 
Clue presentan puntos de fusion en orden decreciente. 

La importancia que puede tener el que un fÆrmaco posea dos a mJs fornias 
cristalinas se debe a que, al ser entidades quirnicarnente idØnticas, pero fisicamen-
te diferentes, las caracterIsticas que derivan de su estructura al estado sOlido tam -
bin difieren. AsI, presentarÆn no sOlo diferente punto de fusiOn, sino que tamhitn 
pueden tener diferente densidad, capacidad para fluir, compresibilidad, calores de 
fusiOn y disoluciOn, solubilidad, etc. Estas diferencias pueden originar diticultades 
en Los procesos tecnolOgicos de elaboraciOn de las formas farrnacØuticas cuando Sc 
pase de utilizar un polimorfo a otro. Asimismo, si se trabaja con la forma metas-
table es probable que durante el almacenamierito de algunas formas farniacØuri-
casse produzca Ia transiciOn hacia la mÆs estable, originando, como en ci caso de 
la transiciOn amorfo/cristalino, dificultad en redispersiOn cuando se trata de sus-
pensiones, crecimiento cristalino, etc. 

Par lo anteriormente expuesto, el fenOmeno del polimorfismo puede provocar 
alteraciones relativas a la biodisponibilidad del fÆrmaco en funciOn del polimorfo 
que,.incluido en la forma farmacutica, se adrninistra a! organisrno. La utilizaciOn 
del polimorfo que tenga mayor solubilidad puede proporcionar niveles sangu(neos 
suficientes para obterier una acciOn teraputica, mientras que La forma estable al 
disolverse mÆs leritamente y en menor proporciOn puede dar lugar a concentracio-
nes en sangre que resulteri insuficientes para lograr una acciOn terapØutica. Este 
hecho se ha puesto de manifiesto en diferentes ocasiones. AsI, del palmitato de 
cloranfenicol se conocen dos polimorfos denominados A y B (segtri la noinencla-
tura indicada anteriormente les corresponderfa la denominaciOn I y II). El poli-
morfo A, mÆs estable y de mayor punto de fusiOn, presenta menor biodisponibilidad 
Clue el polimorfo B, inestable, de menor punto de fusiOn y mayor solubilidad. 

Las fases que hay que seguir para investigar el polirnorflsrno en la nueva mold-
cula serlan: 

- RecristalizaciOn a partir de los disolventes habitualmente empleados en las 
ültimas etapas de la sIntesis y en los procesos tecnolOgicos de elaboraciOn 
de formas farmacØuticas. 

- IdentificaciOn de los cristales obtenidos rnediante difracción de rayos X y al 
merios otra tÆcnica de evaluaciOn del polimoræsmo corno espectroscopia dc 
infrarrojos, cajorjmetrIa diferencial de barrido, microscopia, etc. 

- Si se confirma la existencia de polimorfos, se cuantifican las caracterIsticas 
isicoquimicas que pueden afectar a la biodisponibilidad, estabilidad y repro-
ductibilidad de los procesos de fabricaciOn. AsI se determinarla el peril] de 
solubilidad, estabilidad, morfologIa cristalina, comportamiento calori me-
trico y perfil de humedades de equilibrio. 
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- Si los resultados indican que las propiedades ffsicas de los polimorfos 
hallados pueden afectar a la calidad y/o la biodisponibilidad del fÆrrnaco 
a partir de la forma de dosificación, es necesario desarrollar un proceso 
reproductible para sintetizar siempre el polirnorfo deseado. Si no se pue-
de evitar en la sIntesis la mezcla de polimorfos, es necesario realizar un 
control cuantitativo, previamente validado, para asegurar la proporción 
de polimorfos. 

Actualmente, en los laboratorios farrnacØuticos, las tØcnicas anailticas que se 
utilizan para caracterizar el estado sÆlido y detectar asI Ia posible presencia de poli-
rnorfos, amorfos, hidratos, etc., son las que se indican a continuaciOn. 

Las tØcnicas de microscopia óptica y electrOnica de barrido sirven para distin-
guir la forma y el aspecto de las partIculas; luego proporcionarÆn inforrnación sobre 
el hÆbito cristalino y detectarÆn las sustancias amorfas. La microscopia electrdni-
ca de barrido no es una tØcnica rutinaria dentro del laboratorio farmacØutico por 
la dificultad que entrafla la preparacidn de la muestra y lo costoso que resulta el 
rnanejo y.mantenimiento de los equipos. 

Existen tambin distintas tØcnicas de anÆlisis tØrmico: 

- La microscopia de platina caliente permite detectar visualmente los earn-
bios que sufre una muestra durante el aporte de calor. Entre otros fendrne-
nos se puede determinar cualitativamente la pØrdida de disolvente de 
cristalización, las transformaciones cristalinas, los procesos de fusion y recris-
talizaciOn, la sublirnaciOn y recristalizaciOn, la descornposiciOn, etc. 
La calorimetrIa diferencial de barrido (DSC) cuantifica los procesos que 
sufre una muestra durante su calentamiento, indicando si el proceso.es endo-
tØrmico (pØrdida de disolvente, fusiOn, etc.) o exotØrmico (recristalizaciOn, 
descomposiciOn, etc.). Asimismo, permite detectar La presencia de impure-
zas, dado que uno de los datos que se pueden calcular por calorimetria dife-
rencial de barrido es la pureza de la sustancia analizada. 

- La termogravimetrIa mide los cambios de peso que experimenta la mues-
tra al aumentar la temperatura o a lo largo del tiempo a una temperatura 
determinada. 

En Ia figura 1.10 se recogen las curvas de DSC correspondientes a dos poli-
morfos y un hidrato de la prednisolona. 

La tØcnica de difracciOri de rayos X en polvo proporcioria un espectro que es 
Caracterfstjco de la sustaricia activa e indica si es amorfo o cristalino. Al ser una 
tØcnica no destructiva, permite su utilizaciOn en la caracterizaciOn incluso de sus-
tancias cuyo tarnaæo de lote es muy reducido. Cuando existen dudas sobre una 
Posible recrjstaljzacjOn a partir de un amorfo, o de transformaciOn de un polimor-
fo en otro, esta tØcnica proporciona resultados concluyentes, puesto que se dice 
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que ci espectro de rayos X es coma Ia huella digital de cualquier compuesto al do sólido. 
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FIGURA 1.10. Curvos de DSC de prednisolono: (1) forma I, anhidra; (2) hidrcüo de Ia formal; (3) 
forma IL 

En la figura 1.10 se recogen Jos espectras de difracción  de rayos X de las dife� rentes formas de ampicilina segün Ia Farmacopea de los Estados Unidos de 1995 (USP 23). 

1 

ii 

FIGURA 1 .11. Espectros de difrocción de rayos X de cuafro formas s6lid05 de ampkilina (USP 23): (1) ompicilina amorfa (anhidro), (2) ompicilina trihidroto. 
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FGURA 1 .11. (continuadon) (3) poilmorfo 1 de ompicilino onhidra, (4) polimorfo 2 de ompicilino 
anhidro. 

1.4.5. Puntodefusión 

La determinación del punto de fusion de un principio activo puede medirse uti-
lizando fund amentalmente tres tØcnicas: 

- MØtodo del capilar. 
- Microscopia de platina caliente. 
- Calorimetria diferencial de barrido. 

El mØtodo del capilar consiste en la observación directa, a baja lupa, de la mues-
tra introducida en un capilar, ci cual se encuentra en contacto con una pieza metÆ-

� lica con calentamiento programado. AsI se obtiene informaciOn sobre el intervalo 
de fusiOn, pero resulta difIcil determinar de forma exacta ci punto de fusion. 

La microscopia de platina caliente perrnite la observación microscOpica de las 
partfculas,,tal y como se indicO en el apartado de polimorfismo El microscopic va 
equipado con una platina que se calienta a una velocidad controlable y se puede 
registrar el inicio de la fusiOn, la temperatura a la que funde la mitad de la mues-
tra y la fusiOn total. - 

4 La calorimetrfa diferencial de barrido proporciona, no sOlo ci punto de fusion 
- exact0, sino tambiØn ci calor de fusion. La presencia de impurezas se detecta con este 

metedo de aniisjs tØrrnjco como se ha comentado anteriormente. En la figura 1.12 

SC recogen las curvas de DSC del Æcido benzoico con diferentes grados de impurezas. 
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The k,cus of the present review is to address the use of protein crystis in formulation design Although 
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CFNERAL FORMULATION STRATEGIES FOR 
THERAPEUTIC PROTEINS 

Advances in recombinant technology and tailored drug 
design have provided the pharmaceutical industry with nu-
merous new therapeutic substances in the form of proteins. 
This class of macrornolecuks performs the function of their 
nato; al blueptinis in soliciting desired responses from the 
body. The identity or resemblance of therapeutic proteins to 
host -generated proteins, however, frequently creates difficul-
ties to; drug delivery and formulation. £s4ans’ such molecules 
J,,." quickly hrol.:en down and processed in vis’o within pro 

systemic and systemic regulatory mechanisms. In environ - 

ments other I han their physiologic ones, lherapentic proteins 

way also rapidly denature or easily lose their biologic activity. 

Formulation design for such macromolecules, therefore, must 
he customized to protect their biologic, chemical, and physi-
ologic stability during processing and for the desired effective 
period for storage and upon delivery. 

The focus 01 the present review is to address the use of 

protein crystals in formulation design. Although this idea has 
been present rot some time, i.e., insulin crystals were first 
reported back in 1920s. rnacrotnolecular crystallization has 
not received as n-inch attention as the other methods for sta-

bilizing protein drug candidates. e.g.. by embodiment in poty-
mets. by us,- of stabilizing additives, or by lyrsphilization. Pre-

vtous underslandine of the art of macrotnolecuhim crystalliza-
tion may have dautited pharmaceutical scientist’, bee:; use 
protein crystallization has been identified as the "bottleneck" 
in X-ray structural determination t II. Recent advance:,, how-
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ever, have alleviated many of the obstacles to crystallizing 

proteins. In this article, we review the prospective potential of 

crystalline protein formulations in light of the new develop-

ments. The basic concepts of macromolect!lar crystallization 

are introduced followed by the tools now available for devel-

oping protein crystals into drug formulations. In addition. for-

mulation challenges and regulatory demands. along with ex-

arnples of current applications of protein crystals, alt: pre-

sented. 

ADVANTAGES OF CRYSTALLINE DRUG FORMS 

Crystals of small therapeutic substances have beetl used 

as drug formulations lot decades. The main adv;tnl ages in-

clude better handling, stability, and varied dissolution char-

acteristics, which allow better control overhioavailahility. In 

addition, chemical degradation may he significantly reduced 

in crystalline vs. amorphous or soluble forms. Although cur-

rent examples cannot confirm alt the small molecular crystal 

traits. some of the same advantages could he envisioned for 

selected protein crystals. Protein crystals could protect the 

integrity (biologic, physical. and/or chemical) of the therapeu-

tic agent in the lattice structure during processing, upon stor-

age, and after delivery. Protein crystals may allow sustained 

release of the therapeutic .gent for an effective duration, thus 

avoiding the labor- and cost-intensive need of repetitive dos-

ing. Dose reduction could also be achieved by protecting the 

depot for more economic use of therapeutic proteins (). 

PROI’IiIN CRYSTAl. BASICS 

Protein crystals, like small molecule crystals. are solids 

with ordered packing of the molecular units into defined lat-

tice space groups. The crystalline font; is generally accepted 

to he an energetically favorable state, an estimated 3 --6 kcol 

tnol more stable than in solution (3). Of the 130 potential 

143 f;724-,,74;511:1100 1483t: Sil/S 5,’ 2C1,’,: t’:vnjm tS,hIih,rC 
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crystal unit symmetries, only e5 space gtoups are possible for 
protein crystals. The litnitation is due to the enaflhtorner 
building blocks of ptoteins (L-amino acids), which will not 
crystailie with inveision symmetries (4). The birefringence of 
protein crystak under polarized light may also he weaker than 
ol small molecule crystals due to the isotropic elohutar char-
acter of the protein units (4). 

The overall dimensions 01 protein crystals usually are 
smaller than nonbiologic crystals and seemingly restricted to 
a "terminal* size (5). Protein crystals generally are held to-
gether by the hydrophobic interactions, fl-bonds. and salt 
bridges between/within the proteins. Because oi fewer and 
weaker intermolecular intet actions. protein crystals are more 
fraeile than notibiokigic crystals. Often, it ’crunch instead of 
a "crack" wider comuptession can distinguish a protein Itom a 
miiietat crystal, respectively (5). 

A }atge peicentaee of solvent is almost always associated 
with protein crystals. Water molecules are found both within 
the crystal structure, as well a:, loosely associated in channels 
within the ciystat lattice around the protein molecules. This 
moisture my be required to m.iinl am a hydrated ;onfigura-
tion of the proteins (6). For structural analysis the hydrated 
proteins within crystals are generally assumed folded in their 
native forms. Crystallized protein-ligarid structures (see listed 
examples in 5), as well as active enzyme crystals (6), support 
this assumption. 

Despite the aforementioned differences, most general 
theories on nucleation dyn:mtics and crystal growth kinetics 
can be applied to macromolecular crystals. (7,5). As with 
small rriokcules, the piocesses of crystal nucleation and 
growth depend on the solubility and supersaturation of the 
protein in its environment. The driving force for crystalliza-
tion is the ditference between the supersaturated chemical 
potential of the molecule and its chemical potential in the 
saturated solution, AI.L. Mathematically, it is expressed as 

C 
(1) 

where K, is the Boltzmann constant, T the absolute tempera-
ture. C the actual concentration before crystallization, and C, 
the concentration of the protein at equilibrium. 

In crystallization literature, supersaturation usually is di-
vided into the l)U)sving two tegions: the highen labile region, 
which promotes spontaneous nucleation, and the [owe] ineta-
stable region, which allows crystal growth. Figure 1 shows a 
typical soluhility tor phase) diagram used for crystallization. 
The parameter in the xasis can also he temperature. p1-t. or 
another factor that Intl uences the solubilily behavior. In gen-
eral. the nucleation of protein crystals requires a high degree 
of supersaturation. about --1U times that of saturation, i.e., 
several hundred percent (’b). However, too high of . saturated 
state should be avoided to prevent random precipitation. 

Supersaturation of a protein in solution can be propa-
gated by adding a precipitant to the protein in solution. Dur-
ing nucleation and growth. protein crystals are extremely de-
pendent on the electrostatic and electrodynamic effects of the 
electrolyte solutions in which they bathe (7: An extensive list 
of common precipitants used in inacromolecular crystalliza-
tion can he found in Reference 1.) Fot small-scale protein 
crystal production. :,low vapor diffusion of the solvent over a 
miniaturized reservoir (hanging and sitting drop method ), di - 

I Supersaturated \ 
Labile. 
amorphous precipitation 

in

 

Labile. 
spontaneous nucleation 

n
 

Metastable: 

U steady crtstal growth - 

E 

Soluble:S 

2 

- crystal dissolution 

Undersaturated 

Relative Precipitant Concentration 

Fig. 1. Typical solubility tphase) diagram used for ccvftailat,on of 
proteins, shown here for a theoretical molecule as it function of pa’-
enpitant concentration (adapted from 51 

rect mixing of protein solution with it strong precipitant 
(batch method). and dialyzing the protein-electrolyte solution 
are the most common methods (10). Changing the pI-E or 
temperature of a protein solution can also push the system 
into supersaturation (11.12). Possible conditions are limited, 
however, by the risk of denaturation and degradation 

High supersaturation as needed for spontaneous nucle-
ation often leads to rampant growth with detects in the crys-

tals. To provide better growing conditions, one can seed a 
tile tastable supersaturated solution with existing crystal nuclei 
onto which further growth can propagate. Two classes of 
seeding are defined: hornogenous, which uses crystal seeds of 
he same protein and technically includes spontaneous nucle-

ation in the hulk fluid, and heterogeneous. which uses seeds 
of it different nature, usually crystal: of another protein has’ 

ing structural similarities. Micruseeding is done with small 
crushed particles of crystals whereas macroseeding transfers 
entire crystals .s the nuclei. Usually the seeds are first washed 
to achieve a defect -free growth surface before being intro-
duced into the new environment (13). 

The mechanisms of protein crystal growth are similar to 

those for small molecule crystals. (A detailed discussion of 
traditional etowth mechanisms can be found in Reference 

14.) Briefly, the process can be separated into lollowing two 
stages: 1) mass transfer of building blocks to the nucleus and 
i) incorporation of building blocks into the crystal lattice af-

ter sticking to the growth surface. Al the surface, crystals can 
grow through spiral clislocalions, normal growth from random 
intensive nucleation, two- and three -dimensional nucleation 
on surfaces, and addition of aggregates from solution (5). Ft 
has been shown that for most proteins, the growth kinetics in 
small volumes is surface controlled 70. 

In contrast to miniaturized crystallization typical in bio-

physical analysis. preparative crystallization in formulation 

design, which is of a larger scale, could he severely diffusion 
limited without mechanical agitation. The diffusivides of pro-

teins in solutions generally are low, and a concentration gra 
client can form around gnowing crystals 05). It has been 
shown that ruechanical agitation and microgravity. which al-

ter transport phenomena, can change the crystallization in 
diffusion -controlled systems (16). Whereas oncrogravi ty re 
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duces the solutaf convection flow to allow very slow growth, 
agitation creates convection and a inor e constant 1)111k COfl-
centration profile. Fot large crystallization hatches as pin-
posed for pharrnacentical applications. mechanical agitation 
would be indispensable as diffusion of the building blocks to 
the nuclei would he insignificant over bree distances- Con-
vection must be present to promote uniform crystallization 
throughout the reactor. However high shear should he avoided 
becau-,e it can lead to premature growth cessation 17. 

The unique characteristics of protein crsstalfization. as 
discuz,sed in this section, are summarized in Table L The 
knowledge is based on many crystallography studies in the 
past few years, which have been geared towards understand-
ing the crystallization phenomena. to convert the present art 
of macrornolecular crystallization into a more exact science 
(5). Although conditions roust be customized for each mac-
roniolecular candidate, knowledge of general systemic behav-
ior has enhanced control over the crystallization process (1). 
Recent developments have convinced most crystallographers 
hat mactomolecular crystallization is a subset of general crys-

tallization (8). Macromolecular crystallization has also been 
compared with that of colloids and polymer systems because 
both contain large ritolecules interacting over small intermrto-
lecular distances (18). 

RECENT ADVANCES IN 
MACROMOLECULAR CRYSTALLIZATION 

The hazards of macromolecular crystallization have been 
significantly alleviated through the sheer volume of experi-
ence published in the X-ray crystallography literature over 
the past few years. An extensive collection ot known protein 
structures can he accessed through the internet from the Pro-
tein Data Bank (http://www.rcsb.org/pdb/). Also available 
through the internet is the databank of successful crystalliza-
tion conditions for these proteins, which can he consulted as 
starting points for other macromolecules (19) (http:/! 
wwwcstl.nist.govibiotechIcarb/gillilan&group/database/ 
JaI;hrisehtmf). In addition, seminars and short courses  ate 
offered regular ty by various societies and companies to pro-
’ide both old hands and neophyies alike with the opportunity 
to learn the newest theories and techniques. Some crystalli-
zation journal:, now publish separate "biologic" editions or 
conference proceedins on macroniolecular crystallization. 
These publications can be referenced for details of techniques 
as well is new general developments in the field (e.g., A sW 
C;-yswi1ograp/rwoSrcton 1) and .Iaurrrai Of Crystal Growth), 

Several systematic strategies have been proposed for 
crystallizing macromolecules in a less- random trial -and-en. or 
process. Thesemethxis include using statistical design to 
identity influential factors (20), examining the solubility he--
havior of the protein with a specific precIpitant (21). finding 
favorable conditions based on the databank of successful crys-

tallization trials with similar molecules (19), and sequentially 
ad-din different precipitants to propagate supersaturahon 
122). The sparse marria approaches of (23) and (24) to screen 
precipitauls are now available commercially (Hampton Re-
search, Laguna Niguel, CA). In addition, a "windows" screen-
ing approach, which simultaneously alters three crystalliza-
tion parameters, has been introduced for easy adaptation no 
large-scale process 2). - 

Certain technologic advances have also eased the actual 
task of protein crystallization. Besides crystallization screen-
ing kits, standard crystallization tools and reagents can be 
purchased commercially (see http://www.hamnptonresearch. 
corn and http://www.ctrseraldhiostructures.com). Crystal 

analysis software can now almost automatically categorize the 
size and shape of screened crystals (e.g.. CrvstalScoreM from 
(’yherL abs of ( .ilson, Inc., Middleton WI. or Sysinex FPEA-
2100 front General Microtechnologv & Photonics SA, 
Renens, Switzerland). There tools can be used to analyze 
mass crystallization trials using small quantities of protein, 
made possible by the computer modulated robotic ,vslo’n)s 
now available on the nrarke (see hitp:J/www.dc’uglas.co.nk 
and hO p::fwwwgilson.corn/cryst:il.h Im). A computerized 
method for better control during vapor diffusion crystalliza-
tion is also under development (26). The incorporation 01 
computers and robotics into the process of macrornolecular 
crvst.dlization may make high-throughput crystallization soon 
possible. (For ca more complete review on high-throughput 
acrocrystallization. refer to Reference 27.) - 

CURRENT APPLICATIONS uslN(; 
PROTEIN CRYSTALLIZATION 

As expected!, most modern experts in mnacromolecular 
crystallization are found in structural biology labs, where they 
nurture the growth of perfect single crystals. i.e., crystals of 
constant space group packing with no growth defects. Large 
crystals of such quality (>100 irn in all dimensions) can gen-
erate high-resolution X-ray diffraction patterns that may re-
seal the molecular structure of biomolecules through analysis 
with sophisticated computer modeling (28). Since being in-
troduced in 1934 (29), this method has remained the most 
accurate one available for structural analysis of large oiomol-

Table I. Urtirgte Char actrristtm;s of Proteir; Crystallization 

l’toprrries Special prorein crystal characteristics 

Intermolecular interactions Il dmophohie f.rces, 1-1 and salt bridges 
Space group Due to symnwtrv limitation onl 65 c.r 230 configurations possible 
Solvent content Many water mole rules in structure, as well as loosely associated in channels; to keep proteins to native 

cor,tormation 
Optical properties Weak birefringence and Oiteæ lower resolution X-ray diffraction parlerrv. 
Size iJaunily limited to smatt dimensions itimI 
Crvstalliatior. conditions Limited due to risk of denaturation and degradation 
Superoturtion Snowing cotloidat behavior, such is the liquid-liquid mrnicibrlit phases and gel phase 
Nucleation High saturation needed; generally slow du to larger size of the budding blocks with respect to the niall 

intermolecular cosrancea 
(j:;ig’fti ksetcs 1ieidernorcorrs’ectioii cOfisl:tions in small volumes, dominated by surface kinetics 
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ecules. I.Ning, improved high.-intensity X iays with better 
beam -fine optics and equipment set-up, one can now achieve 
atomic resolution diffraction fmtletns with protein crystals of 
outs 10 50 p.m on all faces (27,30). Such technological ad-
vance, remove the necessity of large perleU crystals. 

’Vhereas. protein crystallization for structural analysis 
usually is conducted in microliter volumes, examples of large-
scale efforts can he found in the biotechnology industry. Crys-
tallization ta,ually serves a, a means for product recovery and 
purification (31). Even before the 1930s, crystallization has 
been used for isolation of biologic products from complex 
media (see references in 5). One ’veil-studied example is the 
isolation of extracted or recombinant insulin to produce a 
"pure" therapeutic product (32). Recent st udies have been 
performed to extend the use of lat ge-scale macromuolecular 
crystallization for recovery of other proteins ditec’tly from 
biotechnology fermentation htolhs (33). Crystallization is still 
viewed as an alternative for some more expensive z,qmralions 
methods. although as with cry:;tallization of small molecules, 
impurities and imperfections can he incorporated into the 
crystal structure 01 proteins up to observable percentages (34 
and references within). 

Crystals of enzymes are industrially in use today as bio-
logic catalysts. Enzymes are much more efficient for cata-
lyzing organic reactions than synthetic methods (31). Crystals 
can be immobilized to retain longer activity with better sta-
bilit’ than enzymes in solution (35). The high solvent content 
of protein crystals easily allows the diffusion of reactants into 
the crystal lattice to i eact with the hound catah’sts (6). Cross-
linking the crystals can further increase the longevity of the 
biologic catalysts without significant toss oi activity, even un 
der harsh conditions (36). In addition, the success of this 
cross-link stabilization technique has prompted the investiga--
tion into caoss-linking protein crystals for other apptication’. 
e.g . vaccine and oral protein delivery 37,38t An extensive 
review of current and potential applications for cross-linked 
protein crystals is found in (39). 

One well -studied specific example in the field of protein 
crystal drug delivery is of therapeutic insulin for treating dia-
betes mellitus, Although amorphous insulin formulations are 
fast acting, medium- and slow-acting insulin crystals can be 
formulated with finely tuned individual dissolution and re-
lease features. in generaL the slow-acting insulin formulations 
are crystallized with Zn’ (32). Variations in coprecipitation 
stratecie:, and conditions, e.g., amount of coprecipitated zinc, 
temperature, and pH during the reaction, addition of prot. 
amine,etc., have led to many tormnulation’, of varying action 
profiles (32). Use of bovine or porcine insulin forms can also 
alter the action rate from that of human insulin (40,41). 

In our group. protein crystals have been investigated as a 
Potential sustained release formulationfor translorming 
growth factor i1’GF---(33 (42,43). T’GF-33 is envisioned for local 
applications in wound healing, bone regeneration, or as a 
cotreatmcnt against side effects of chemotherapy (see the re-
view on i’GF-33 in Reference 44). The growth factor can he 
crystallized in three precipitant solutions (42,45). The most 
physically stable form is bound with one dioxane per protein 
in an internal hydrophobic pocket (.45). The dioxane stabilizes 
the crystal: by promoting three instead or one crystal contact 
interfaces for a closely pacl’:ed formation (45). Stable TG} .33 
crystals are physically robust and exhibit slow release prop-
erties under physiologic conditions (43) A faster or slower 

release can be triggered by allerine the pH or the fluid ex-
change profile in the microens’itonrnent around the crystal 
depot. For example, an acidic pH, as created dutiug bone 
remodeling or by degradation of polymer carriers, can en-
hance the crystal/protein soluility for faster release. Also. 
mechanical stimuli at the delivery site% e.g.. through physical 
movement, can he used to enhance rele.e by increasing fluid 
flow around the crystals 43). 

FORm’LULATION CONSII)flIATIONS STRATEGIES, 
AND CHALLENGES 

Collaboration with X-ray crystallographers can facilitate 
the screening efforts for ng protein crystal d3 u?, can-
didates. Often. the X-ray ctystallographers already have 
found favorable crystallization conditions for their structural 
studies and may know the handling chat acleristics of disco’.’ - 
ered crystal forms. The downstream dm rig development po-
tential of the crvstiillocraphers’ work renders careful docu-
mentation of all cry1aflizarion trials of protein candidates 
ver  y important. It is possible that disappointments for X-ray 
diftraction studies may turn out to he "jewels" for formula-
tion development. Although crystallographers aim for large 
perfect crystals. the formulation scientist can work with 

smaller crystals. preferably of regular size arid shape. 
Good crystal drug candidates should have sufficient 

physical robustness that allows handling as a solid dosage 
form. Unfortunately, this is generally not the case wit Ii fragile 
protein crystals. Crystals may rapidly melt’ or dissolve when 
brought into an environment different from their supersatu - 
rated crystallization medium. Moreover, crv5lals may loose 
their integrity upon mechanical processing. e.g., by stirring. 
shaking, or simply during transfer. e.g., by pipetting. Several 
strategies based on the example: provided in the previous 
section are .it hand to overcome the physical deficits: 1) cross-

linking fragile forms of protein crystals with a reversible 
cross-linker, e.g., done with enzyme crystals (35); 2) copre-
cipitation of the protein with hiocomnpatihle multivalent metal 
ions like Zn, e.g., for insulin crystals (32): and 3) coprecipi-
tation with another kind of stabilizing agent, such as a natural 
or artificial binding ligand, e.g., dioxane for TGF-l3 (45). The 
discovery of suitable ligancls is an absolute prerequisite to 
obtain physically stable cmystals. Once a physically stable form 
of the protein crystal is made, its dissolution could he tested 
for controlled/stis t aineci release properties. Phy-,ical :,t ability. 
such as aggregatn)n and conformation Chan gc-s under tem-
perature and hunmidit stress. should also be examined (4). 

As with Al pharmaceutical entities, chemical and bio-
logic stability of crystal drug candidates must also be evalu-
ated. The examples of insulin and TGF-3 crystals suggest 

that crystallization alone may not be sufficient to prolect pro-
teins from cherrrical degradation. insulin formulations, both 
crystalline and amorphous. have been extensively studied 
(47.48 and references within). in v/to, the crystalline forum-
latioris are efficient in protecting the insulin to allow delayed 
action upon delivery. However, ill i/tm it was founol that in 
the form of suspensions. crystalline insulin is only two times 
more stable than amorphous insulin, instead of an order ot 
magnitude greater as is typical for small molecules (47). Dried 
insulin crystals have higher denaturation temperatures hut 
are extremely sen’,ilive to moisture. Below the denatmiration 
temperatures, vacuum -dried crystal preparation:. degraded 
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faster at the B3 deamidation sites than freeze-dried amor-
phous insulin, especially under <15% water content 08. 

Like insulin, IGF1-i3 crystals dried under vacuum have 
comparable Chemical stability under storage and tempera-
tore/moisture stress as freeze-dried amorphous samples. The 
TGF� &3 crystals have higher denat oral ion temperature than 
amorphous preparations hut are very sensitive to moisture 
43). We propoe the use of excipienis with the crystals to 

improve chemical stability to benefit From the other advan-
taces for drug, delivery possible with protein crystal-,. Likely, 
an optimal excipient combination can he used to enhance the 
protein’s stability in both amorphous and crystalline forms. 

Once .i crystal candidate has shown promising properties 
for pharmaceutical development, the crystallization effort 
must be up-scaled. The batch and dialysis methods are likely 
the easiest options for adaptation to large-scale crystallization 
because similar constructions already exist for chemical, phar-
maccritical, and biotechnological processes. The conversion 
of microliter-size crystallization trials into industrial dimen-
sions, however. may be a challenging task. Successful upsc’al-’ 
inc, requires caret ul documentation and understanding of ta-

crr’able conditions found outing the screening f)tOCess, opti 
rn ally debited in terms of particle shape, size- and solubility 
(deer cc of sat oration). i’he size and shape of the products 
from production trials would indicate which operating factors, 
such as protein and precipitant concentration, could he ad-
usled to achieve the desired product. Once the operating 

parameters have been optimized, crystal form and size can be 
useJ It, monitor product quality. 

Al this point, protein crystallization under aspects of me-
chanical agitation has not yet been much scrutinized, al-
though convection would he very important for large-scale 
crystallization. l_arge-scale batch production of enzyme crys-
tals currently employs shaking. which is also readily available 
for lab-scale trials (25). Production in stirred tank reactors, as 
performed for insulin preparations, is another standard pro-
duction method with much empirical data and theoretical 
models available to help with process design. Ultrasound te-
actors as available for small molecule crystallization may also 
soon be adaptable for crystallization of proteins. The high-
energy input of sonication may even be able to overcome the 
nucleation harriet to germinate spontaneous nuclei in met a-
stable super-aturated solutions for stable growth without 
seeding  

With TGF-3. we have explored the effects of shaking. 
stirring, and ultrasound during, lab-scale crystallization. Op-
eration parameters, such as shaking or stirring speed, Ire-
cruencv. and exposure time to ultrasound, were all found to he 
very influential on the resulting crystal products (43). No 
chemical or biologic changes were observed due to the agita-
tion methods tested. These parameters that can he controlled 
during production must be optimized during upscaling pro-
cess design. Validation of the processes would be also neces-
sary to gain approval from regulatory agencies for use of the 
protein crystals as pharmaceutical products. 

REGULATORY CONCERNS 

Protein crystals are strbected to the regulatory specifica-
ions for motechnologic’/biologic’ products. Most of the ana-

lytical methods and tools developed for proteins can be used 
directly for physical. chemical, and biologic characterization 

of the protein within the crystals. The key is to understand the 
relevance of the crystal properties with respect to the in tvvo 
performance of the protein. Analysis of the protein within the 
crystals requires that the crystals be dissolved under condi-
tions that minimize interference with the analytical protocol. 
Use of additives or adusttnent of temperature and p}-1 may be 

necessary both to dissolve the crystals and soluhilize the pro-
tein. Extreme conditions should he avoided to prevent arti-
facts from denaturation and/or degradation. 

Elect roohoresis. chromatography, spectroscopy, light or 

electron microscopy, calorimetry. immunobic,chemic, and 
biologic assays are some major categories or useful techniques 
for protein analysis. These analytical methods can character-
ize the proteins, as well as monitor product quality and sta-
bility later in the development process. The specific features 
of these protein methods will not be discussed here. The 
reader is referred to the extensive literature available on each 
topic as well as general reviews on protein analytical methods 

Protein crystals are also subjected to the typical testing, 
requirements for solid dosage icrrrfls. I he pharmaceutical in-
dustry already has experience with solid crystalline formula-
tions. with many analytical techniques available. Fourier 
transforms infrared (F"I’IR), atomic force microscopy (A FM). 

scanning electron microscopy, and light scattering are some 
techniques gaining recognition for protein crystal analysis. 
(An instructive summary of standard testing requirement: for 
solid dosage forms can be found in Reference 53.) 

SUMMARY 

Protein crystals represent a valuable formul:ition option 
for the stabilization and t lie delivery of niacrotnolec:utar 
rheraneutics. Examples presented in this article show that the 
protein crystals can provide some of the advantages found 
with small molecule crystal formulations, such as better physi-
cal handling stability and controlled sustained release. Stabi-
lization may synergistically benefit from combining crystalli-

zation with another strategy. such as the use of additives and 

drying. Formulation design can then take advantage of the 
crystal properties to achieve a well-controlled and economical 
dclis’er ....stem for protein drugs. The approach, however, 

may not be possible for all protein candidates because physi-
cally stable and robust crystals can be elusive. the significant 
advances in the area of mnacromolecular crystallography have 
made the candidate -screening task much easier than before, 
with possibilities to automate the process. Although each in-
dividual protein must be separately examined, the list of crys-

tals "discovered" by X-ray crystallographers provide a group 
of promising development candidates waiting to hO explored. 
Follow.-up formulation studies would then reveal whether the 
crv:,tals of pharmaceutically interestingproteins have desir-

able release characteristics and acceptable stability for devel-

opment as therapeutic agents. 
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Therapeutic applications for mAbs have increased dramatically in 
recent years, but the large quantities required for clinical efficacy 
have limited the options that might be used for administration and 
thus have placed certain limitations on the use of these agents. We 
present an approach that allows for s.c. delivery of a small volume 
of a highly concentrated form of mAbs. Batch crystallization of 
three Ah�-based therapeutics, rituKimab, trastuzumab, and inf lix-
imab, provided products in high yield, with no detectable alter-
ation to these proteins and with full retention of their biological 
activity in vitro. Administration s.c. of a crystalline preparation 
resulted in a remarkably long pharmacokinetic serum profile and a 
dose-dependent inhibition of tumor growth in nude mice bearing 
BT-474 xenografts (human breast cancer cells) in vivo. Overall, this 
approach of generating high -concentration, low-viscosity crystal-
line preparations of therapeutic Abs should lead to improved ease 
of administration and patient compliance, thus providing new 
opportunities for the biotechnology industry. 

Because of their successful use in targeting distinct antigens, 
mAbs have become powerful therapeutic agents m the 

tre atnient of cancer inflammatory, cardiovascular, respiratory, 
and infectious diseases It has been estimated that >20 of all 
biopharmaceulicals currently being evaluated in clinical trials 
are niAbs. In general, niAb therapies require the delivery of 
between IUO mg and I g of protein per dose. Because the high 
end of formulation concentrations for rnAbs is typically in the 
range of 30 mg/mt. such treatments commonly require the 
administration of 2--20 ml. Typically, such volumes can be given 
only through Lv. infusion performed in a clinical or hospital 
setting. A broadly appl;cabie method of achieving the high-
concentral ion mAb preparanons required to deliver these large 
protein doses in a small volume approprtate for s.c. injection will 
likely lead to an expansion of therapeutic opportunities and an 
increase in patient compliance. One approach would be merely 
to prepare extremely high -conce ntration preparations of soluble 
mAbs. on the order of 200--2511 mg/mi. However, such highly 
concentrated solutions often result in very high viscosity-, protein 
aggregation, and poor overall stability. We have addressed this 
problem by identifying methods to prepare pharmaeeutc:allv 
accept able crystalline formulations of mAbs, using several of 
those currently in clinical use- The therapeutic rnAbs used in our 
studies target the cell -surface antigen CD2I) (1), tumor necrosis 
factor o I f’NF-) (2), and human epidermal growth factor 
receptor 2 (HER2) (3). 

To the best of our knowledge, crystalline full-length mAbs 
have not been explored for therapeutic use. Among 400 
t’iopharmaceul icals that are either approved or in advanced-
clinical dvancedclinical trials, there is only one product, insulin, that is produced 
and administered in crystalline form (4) Yet crystallization of 
macromolecule pharmaceuticals. particularly proteins, can offer 
significant advantages, such as high stability, streamlining of 
manufacturing, controlled release of activity, and high doses at 
the delivers’ site, which is especially attractive for mAb therapres 
(5-7). Alt trough crystallization of full-length !-\.bs has been a 
subject of significant interest fort be last three decades, very few 
intact mAt’s have ever been crystallized (S�ill). The difficulty in 

mAt’ crystallizatron largely has been attributed to their large size, 
the presence of surface oligosaccharides, and a high degree of 
segmental flexibility. All of the previously reported methods of 
crystallizing mAbs have used the vapor diffusion technique. This 
approach yields only minute quantities of crystals. is designed to 
produce large crystals required for x-ray studies, and commonly 
uses agents unacceptable for use in humans 

We have devised batch--process methods to produce crystal.. 
line,suspensions of three approved therapeutic AN;: rituximab. 
trastuzurnab, and infliximab. Rituximab is a chimeric IgGi K Ig 
that binds the CD20 antigen on the surface of rtorrnal and 
malignant 13 lymphocytes and is used in the treatment of 
non-Hodgkin’s ls’mphoma (11). Trastuzumab is a humanized 
lgGl K lg used to treat breast cancer through a mechanism that 
presumably involves binding to the human epidermal growth 
factor receptor 2 (HER2) overexpressed on these tumor cells 
(123. Inflixin-rab is a chimeric IgGi K Ig that binds to the soluble 
and transmemhrane forms of TNF-a for the treatment of 
rheumatoid arthritis and Crohn’s disease (U)_ The methods we 
have developed for crystallization provide crystals in high yield 
that show excellent physical and chemical stability aswell as 
retention of biological activity in vitro. Furl herruore. we have 
examined the ifl r’ivo s.c. injection of crystalline trastuzumab and 
in flixtmat’ suspensions. ’The low-viscosity, highly concentrated 
formulations of crystalline mAbs demonstrated an extended 
serum pharmacokinetic (PK) profile and high hioavnilahility 
compared wit Ii the soluble mAbs delivered Lv. Finally, we have 
demonstrated that the crystalline formulation of trastuzuniab 
was effective in a preclinical model of human breast cancer. 

Materials and Methods 
Materials. Rituidmab, commercially available as Rituxan, and 
trastuzumab, commercially available as }-Ierceptin, were trot!) 
(3cnentech (South San Francisco. CA). InflisJmab, commer-
cially-available asRemleacle. was from Centocor. A Bosep-SEC-
S-3000 }-JPLC gel filtration column was from Phenon’-encx 
(Torrance. CA). The Bradford protein assay reagent was from 
Bro--Ract. All other chenucals were reagent -grade. 

General Methods. The protein content of samples was determined 
by using the Bo--Rad protein assay reagent. The crystal integrity 
of the proteins in the formulations was measured by comparing 
the size and shanc of the crystals with those in mother liquor by 
qualitative microscopic observations. To clemonsi rate purity and 
integrity ut mAbs before and after crystallization, the following 
techniques we re used: SDS/PAGE, capillary isoclectrofocusing, 
size exclusion column (SIi(I’i-HPLC. dvnamrc’ light scattering, 
MS, peptide mapping. and N-terminal sequencing. In addition. 
the total carbohydrate and monosaccharide composition and 
N-linked ol igosaccharide profiling were determined by using 
Blo-Rad kits (see Methods and Results in Supporting Tc-.t.i, which 
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is published as supporting inlor ination on the PNAS web site, 
www.pnas.org). 

Structure of Carbohydrate on mAb. The glycan structure of ritux-
imab was determined by using capillary electrophoresis (CE) 
with laser-induce(i fluorescence detection alter digestion with 
various glycosidases (14). The released glycns were analyzed 
after derivatization with 8-aniinopyrene-i3.6-trisu1for.ic acid, 
16sodum salt (A P1’S) 051 a Beckman Couher p,’AcE: MDQ (:E 
sysleni equipped with an argon-ion laser with an excitation 
wavelength of 488 nni and an emission band-pass filter of 520 

10 urn. Sequential enzymatic dicestion, ckctn phorel ic niobdity, 
and monosaccharide composition. as well as the molecular 
weight of the glycans released by liquid chromatography ILCl/ 
MS, were used to get the complete structure. 

Rtximab Direct Cytotoxkity Assay. Direct cytotox icity measures 
the intrinsic toxic effect of an Ab on the trget cell by coincu-
haling the larget cells with different concentrations of the Ab. 
("ell viability IS counted Mier coincubation wil Ii the Ab. RAM 
lymphoma cells (ATCC no. CCL-86) were cultured in RPM! 
medium 1640 supplemented with 10% EBS and dilufed to 0.5 \ 

Fig. 1. Crystals of ria:ximab 1.4 and B), trasr.uzurnah (Cand U), and iriflitdmao (C and F). Crystallization protocols are decrihd e:sewhere (15) Crys:ak were-

produced ereproduced in 400-pl batches with the fo::ow,nc precipitants: 12% pc,lyelhv:ene glycol (PEG) 600, 1.17 M Na2504 in 100mM Hopes buffer, pH 7.7 (A); 35% PEG 

400, 0.2 M CaCl2 ir,O 1 M Hepos buffer, pH 7.5 (B); 251,". PEG 400,5% PEG 8000, 10% propylene glycol, 010,, iween 30 in irk buffer, pH 3.5 (C); 20% PEG 400, 

1056 PEG 8000, 100/’. glycerol in 0.1 M iris buffer. pr 7.0(0); 20% PEG 300, 5% PEG 8000, 10% cccro fl 0.1 M irs buffer, pH 7.0 (C); and 0.2 M NaCl 10% 

soprcipanol in,). I M Hepe’, buffer, pH 7.6(r). Crystak we: e examined under an Olympus ax�o microccope equippedwith a OXC-970MD 3CCO olor videc, came: a 

with camera adapter (CMA 02) and analyzed witn MAce "so pus software (Media Cybernetics, Silver Spring, MD) Samples of protein crystals were covered with 

a Class coversiip. mounted, and examined under . 10 magnification by using art Oiympus microscope with an Olympus UPLAN 51 objective lens /10/0,30 PHI 

(phase contrast). 
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Fig. 2. In Vitro bioactivity ol cit xinsah. Cultured SAil lymphoma cells were 
detached, diftited to 0.5 X 10 cefs per mL arid added to 95 -wet plates (100 
rl per well). (A) Direct ytotoxici ry studies were performed by incubating RAJi 
ymphoma ce::s for 3 days icr the presence of various coricentrabons of ritux-
imab or dissolved crystals of ritu>mab (added ri 25-s.d volumes). (B) (_omple-
roent-crenendent cyrotoxic.ty was determined by exposing a mixture of RAP 
yrriphoma relIc arrd ritjximab preparations (as in A) followed by the addition 
of var mis concentrations of human serum. (C) In vitro bioactiviry of inflix-
mao. Cultured L-929 mouse lhroblast cei5 were detached, diluted to 7 . 10 

cats per ml, arid added to 96-we:: plates 000 e1 per w�ll). INF - neutrs tation 
assays were performed by irrubatinq mouse fibroblast ce::s overnight in the 
presence of various concentratiors of infliximab or dissolved crystals of nflix 
imab, The number Of viable cells was determined by using a CeliTiter 96 

One Solution Cell Prolilera lion Assay kit (Promeçjs), 

10 cells per ml. A 100-Jil aliquot of that culture was transferred 
to I well of 90-well plate and cultured in the presence of various 
concentral ions of native (soluble and dissolved crystals of 
dl uxunab for 3 days. The number of viable cells rernmmng after 
the 3 -day incubation was determined by using CellTiter 96 

One Solution Cell Proliferation Assay ( Promega). 

itrsximab Complement.-Dependent Cyttxicity Assay. RA) I lym-
phoma cells were cultured in growth mecrra and diluted to 0.5 
l01 cells per ml. A I00-d aliquot of this culture was transferred 

o0............................................................................... 
S 

250 

- 200 

liso 

CO 

60 

0 SQ tOO lt%i 200 250 

Cisncentraton (inçjlnst)  

Fig. 3. Viscosity rnieasurernerrts of iniliximab. The viscosity 01 soluble and 

crystalline suspensions of infliximab was measured by using the Cannon-

F enske (State College, PA) viscorrleter according tothe manuiacl urer’s instruc-

tons. Commerda::yavai ladle irifliximab [100 mg per vial containing 500 mg of 

sucrose, 0.5 mg of polysorbate 330. 2.2 mg of rnor’obasic sodium ph.35phate 

(monohydrate), and 5.1 mg of dibasic sodium phosphate (dihydrate)] was 

recorictitsited ri watertoconcentratioflso1 102550.100, 125. and 150mg/mi 

and compared with various concentrations of crystatine suspensions. rle 

excipier.ts in the corrirrse;cia: iwPhilized formulation did not contribure sig-

nificantly to the viscosity of the rewr’stituted inilixmab. Even at 150 mg/ml, 

the v.scority of the vehicle was only 26 centipoise (,-pc; I cpS 10 Pasec). 

compared with 275 cps for solub niliximab. For crystair’e suspensions of 

inflisirniab, a 200 mg/mi solution (which was in forrrruiatiori bijffercontairring 

051, etharioi, 10% PEG 5350,0 1% Ten 80, and 50mM trehalos in 50mM 

sodium phosphate buffer, OH 7.0) was tested for viscosity in addition to the 

concentrations nientoned above for so:ubie jnfi.xirnab 

to I well of a 96-well plate and cultured in the presence of 25 
cg,/ml native or dissolved crystals of rituximab and various 

concentrations of human serum (as a source 01 complement 
system) for 3 days. The number of viable cells remaining after the 
3 -day incubation was determined with the Cdhhiter assay as 
before. 

hsfliximab TNF-’a Neutralization Assay. TNF-sensinve 1-929 mouse 
fibroblast cells (ATCC no. CCL-?), which were cultured in 
Lagles minimal essentral medium EMEM i supplemented ssit h 
10% horse serum, were detached from the culture flask by 
trypsin digestion and diluted to 2 \ 11 cells per niL .A 100-rl 
aliquot of tile culture was transferred to I well of a 96-well plate 
and incubated at 37°C with a 5% carbon dioxide-in-air atnio-
sphere overnight. After aspiration off the medium. 100 ul of 
fresh medium, supplerrrenled with 1 pg/nil actinoms’cin D, 100 
pg/nil TNF-a, and various concentrations of native (soluble) and 
dissolved inl’liximab crystals, was added to each well and 
incubated overnight before the number of viable cells was 
determined. 

bstllximab PK Studies its Rats. Forty to 45 BBI)R/Won male rats, 
weighing between 200 and 250 g, were used for the study. and 
ml lix mmab was given through either s.d. or iv. routes. On slav 1, 
rats we re weighed and then given a single LV. or s.c. injection of 
infliximab (S or 80 mg/kg, at concentrations of 5 nil/kg of body 
weight). Blood samples were taken st 0.5, 2, 4, 6, 8, 24, ’IS. 72, 
96, 120, loS, 336. SOd, anti 67Th after dot-sing. Blood samples were 
taken at the additional time points of 2 and l() min after dosing 
for the Lv. group. At each time point. six rats were bled horn the 
tail, and 100 au of whole blood was collected. The collected 
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Fg.4. PK studies of iriflixirnab. Approxirnate:v 100 d of int(xmab (20 rivj/nV) was administered to 880P/Wor rats having a bodyweqht of --250 q to provide 

a dose of 8 mc,’kc. Inc mAb was adpnistered in a soluble form either .v. (&) or (LI) or as a crjsta::ne suspension s.c. (f). The maximum concentration (C) 

torsoiuble infliximab was 25? /ml forthe Lv. sampie and 95 and 12 ug/mI for the s.c. soiuble and crystaiiine samoles, respectively. the half life of couble 

irillixirnab was 770 h for the i v. sample; the hif-lite of the s.c soluble and crystaiine inftximab was 390 and 779 h, respectively. The total area under the curve 

(AUC ,) for soluble imifliximab was 29.3 mg.hrnl 1 for the 7 v. sample and 37.5 and 42.8 mnc’h’mni for the soluble and crystal rles.CsamOleS. 1especlvely. 

Wood was processed as described above, and the levels of 
inflix imab were determined by ELISA. 

biflixirnab EUSA Protocol. The wells of 96-well high-binding poly-
Styrene plates were coated with 50 .d ocr well of 10 zg/m1 
ant; -human Ab t l’;ercc) at 4C overnight, The anti -human Ab 
was removed, and the plates were washed three times with a 
hr (Icr conE am ing 5(1mM Tris (pH 8.1)1, (1.138 M sodium chloride, 
0.0027 M potassium chloride., and 0.05% i’ween 20 (T}3ST. 
After blocking with 3% nonfat dry milk in TBST for 2 h at room 
temperature, a 100-ii aliquot of control (either saline or non-
specusc igG-) or a diluted serum sample containing infliximab 
was added to each well and Incubated ftr 2 h at room temner-
attire, After washing with TBST three times. a iOO-1 aliquot of 
horseradish peroxidase-conjugated anti-human Ab (1:25,000 
dilution with riontat dry mtlk in i’BSi’) then was added to each 
well, and the plates were incubaled for I h. The color reaction 
was initiated by adding 100 irl of 3,3,5.5 ’-tetramelhylher.i.idine 
substrate to each well and was allowed to proceed for 30 

mm at 
room temperature in the dark before it was stopped with 100 p.1 

of U.S M sulfuric acid. The optical density was read at a 
wavelength of 450 nn, (OD.1) on an automatic mnieroplale 
reader. The 0D4 values, which corresponded to the amount of 
infliximab in the blood sample tested, then were plotted. 

llistochemntry of Crystalline Trastezemab in E3AL8/c Mice. After 12. 
24. 48. and 504 h after injection of (Li ml of 200 mg/ml 
trastuz.urrtah crystals or carrier buffer (negative control I or 
lipopnlysaccharide (LPS purified from Escherichic co/i: 50 p.g in 
0.1 ml of saline; positive control). the injection sites were isolated 
for necropsy. Any gross pal hology or evidence of formulation at 
the injection site was noted kr each of the three mice per group. 
A portion of the skin was fixed in iieutr:t) buffered lormnal;r.. 
embedded in paraffin, sectioned, and stained with hemato.yiin/ 
eosin for histology examination for inflammatory responses. The 
skin of the injection site was subdivided into epidermis. dermis. 
and S.C. pamut iculus to make evaluation more concise. There were 
no treatment related in icroscopic effects. All tissues from 
treated animals Nkin (at injection site). brain, bladder, eyes, 
brown fat, white fat, testes, epididymis. heart, stomach. small 

Fig. 5. s.c. injection ste analysis tortrastutumab. Injection sites were isoiated at necropsy 12 h after the .njecticr of 0.1 ml ot 200 mg/ml trat,iziimab crystals 

in a formulation buffer, whkh is different from the mother liquor. containing 10% eIharoi and 10% PEC 3350(800 mg/kg of body weight. At 0 1 ml ci a 7.5 

mg/ml soluble commercial lormulat:on of trasui’srmah (30 mg,’kg; B), a: tpopolysa.charides (LPI, positive control, 0. A portion oftheskin t thesite of injection 

was f;xeci in neutral buffered torrualu oriented with the irtiwnal surface on a assette-size square of paper, embedded in paraffin, anti sectioned for histology. 

Paraffin Sections were Prccested through hematoxy;’ n/eosin stain. (All micrographs shown are /40.) 
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Fig. 6. In viva bioatvIty,’s’fficacyoftrastuzurrah in ned’s mice. Humap breast cancer Bi -474,-el Is were used to essabiih tumor nodules that could be monitored 

by measuring their drner,sions every 3--4 days with vernier caners. Animals were p:aced randomly Into treatment riroups (n - 6). lerncr vciume was cai-aslated 

by the torrnula ii/B X I:arge: diamete: x (smaller diameter)’). Ab treatments were initiated when tumors became >20-30 mm3 in size in one set of animals. 

C;ysta inc trastuzumab suspensionsand control solutions (containing a nonspecific I0G aso at 0 mg/kg) were administered s.c in )0 noses over 5 weeks (2 noses 

per week). Mice then were killed for pathological arm histopathoioqicai examination and compared with the untreated animals (not injected with tlT-474 cells). 

the mean of each experimental group is shown. Statstical significance of data compar.nq vehcieto ant- human epidermam growth factor receptor 2 (HSR2) was 

determined by using one-way ANOVA software (Microsoft ExcrL). 

intestine, large intestine, kidneys, liver, lungs, pancreas. thyroid, 
spinal cord, spleen. lymph nodes (cervical). thymus, esophaciss. 
hone (femur), skeletal muscles (including psoas)] were found to 
be within normal liinits and/or had incidental findings noted 
equally in controls and known to be common incidental findings 
for this age, sex, and strain of mouse. 

Trastuzumab Efficacy Study in Nude Mice. 1-luman breast cancer 
B’T’--174 cells, which osse rexpress human epidermal growth factor 
receptor 2 (HEJ2) on their surface and are inhibited by 
an6-14ER2 Ab, from AT’CC were cultured in I)MEM supple-
mented wilh it)°/ FBS, 109 NCTC 109 medium, and 1.2 mM 
oxatoacetic ac-id. After a few cell passages, the human breast 
cancer cells were inoculated s.c. 1"5 )< 10 cells per animal) in the 
hind thighs of :--month-oId female athytnic mice. Before inoc-
ulation. mice were primed for 10-14 days with 17-estradiol 
applied s.c. in a biodegradable cat-ncr-binder (1.7mg ofestradiol 
per pellet) to promote growth of the estrogen -dependent breast 
cancer cells. Crystalline trastuzuinab suspensions and control 
solutions (nonspecific Eg(3) were administered s.c. in ill doses 
over S weeks. The rumor nodules were measured every 3-4 days 
V611% vernier calipers. Mice were killed and processed (or patho-
logical and histupathological examination at the end of the 
treatment. 

Results and Discussion 
Three commercially available therapeutic in Abs, rituximah. Eras-
luzumab, and infliximnab, were successfully crystallized in large 
hatches. Our batch crystallization protocols for these three mAbs 
resulted in yields of >90% for rituximab and >85% for trastu-
zumab and infli:dmab (Fig. 1). Manipulation of these rotocols 
resulted in a variety of crystal morphologies that included 
needles and rice -shaped and star clusters. Analytical character-
ization of crystalline suspensions upon dissolution at 25°C was 
performed by using SDS/PAGE, isoelectrofocusing. dynamic 
light scattering, matrix-assisted laser desorption ionization," 

time-of-flight (MALDI-TOF) MS, peptide mapping, N-terminal 
sequencing, and carbohydrate analysis (see Figs. 7-16, which are 
published as supporting information on the PNAS web site). 
These studies showed no differences in purity and integrity 
between the soluble protein currently administered clinically 
(used in the preparation of our crystalline suspensions) and 
protein ot’t ained after dissolution of these crystalline swpen - 
sions. The crystalline mAbs were dissolved easily in either water 
or saline in less than a minute. Moreover, crystalline samples of 
rituximab (10 mg/nil in mother liquor at room temperature) and 
trasi uzumab (22 tnc/ml in mother liquor at -I"C) exhibited 
complete retention of native state as determined by size exclu-
sion colurrsn HPI_.0 (no ageregation or fragments) after 12 
months of storage at room temperature and 20 weeks at 4C, 
respectively. The hioactivity of crystal line niAb preparations was 
evaluated in both direct and complement -dependent cytotox icily 
tests (F) by using RAN lyniphoma cells in vitro for ritu.ximah 
(Fig. 2 ,I and 8 1 and in a TNF’a nerd rali,ation assay to the 
cultured fibroblast cells (Fig. 2C) for infliximab. Both tests 
demonstrated is similar hioacttvit.v of mAbs before arc) alter 
crystallization. 

in determine whether mother lictuor could be replaced wit ft 
another pharmaceutically acceptable vehicle, a number of in-
ectable vehicles were tested. We found that the PEG/ethanol 

mixtures are useful in providing low-viscosity formulations that 
maintain both crystallinity and integrity of mAt’s for a long time. 
For example. a 2(0 mg/mi suspension nt crystalline trastuzumab 
in PEG/ethanol did not show any aggregation, as assessed by size 
exclusion column HPLC over a period of 20. weeks at 4°C. 
Normally-, protein solutions become quite viscous at concentra-
ioOSol >101) mg/mt (S. J. Shire, unpublished communication). 

Yet. even at 200 mg/ml. the viscosity of the crystalline suspen-
sions of infliximat’ (Fig. 3) and trastuzumab remained loss and 
allowed for easy injection with a 26-gauge needle- kThe time 
required to pass a 1 -rot suspension of inflrxinmb was <20,  for 
trastuzumuh it was only 5 sec.) To provide a uniform suspension 

6938 1w-s’s prsas.omg/cgi/doi/1O 107:1/peas 11.315599105) yang 



for accurate dosine, the crystalline forintilanons were mixed by 
inverting the vials be ftwe )ecncur.. 

Crystalline infliximab injected s.c. into BBDR/Wor rats at a 
dose of 8 mg/kg was found to produce an extended serum PK 
profile compared with similar s.c, or i.. injecuons with the 
commercially prepared soluble form of this mAh (Fig. 4). The 
crystalline inAb appeared to take longer to enter the blood-
stream, achieving a lower catculaled maximum concentration 
(C,1) value (112 ie/ml, compared with 280 JLg/mJ injected by 
iv. route) and significantly longer (2.9\) half-life. in comparison 
with i.v. injections, S.C. injections of crystalline preparations of 
mAbs resulted in an apparent increase in total area under the 
curve (AUC(,.,: 42.8 mg*ml s.c. vs. 29.6 mg*ml i.v.), thus 
indicating high hioav ail ability. More extensive PK studies will he 
necessary to determine whether the apparent increase in the 
AUC is clue to the Properties of crystalline uspensi)ns or S.C. 
route of admnustralion (Ia). or whether it simply reflects 
variance in sample analysis. At the same time, we have demon-
strated, the integrity of the native Abs in blood samples by 
Western blotting as well as by matrix-assisted laser desorption 
ionization/time-of-flight analysis (data not shown). The results 
indicated that there were no At, degradation products that would 
have conirihutecl to higher ELISA ’atues and thereby artiliciall 
increased the AUC. 

Injection site assessment was performed 12, 24, 48, and 504 1’ 
after s.c. injection of 0.1 ml of a 200 mg/ml crystalline I rastu. 
zornab suspension into BALB/c mice. The results for a 1243 time 
period for crystalline trastuzumab (800 Mg/ kg). soluble trastu-
zumab (30 mg/kg) and lipopolysaccliarides (LPS) are shown in 
Fig. 5 A. B. and C, respectively. Crystalline and soluble protein 
had minmal effects over the same time period, whereas LPS, 
used as a positive control, had the highest incidence and the 
greatest severity grades for mononuclear infiltration at the 
injection site. I-{istolcgical analysis of injection sites of animals 
dosed with crystalline suspensions of mAbs did not reveal 
residual crystals after 12 h. suggesting a rapid dissolution of 
ecystals wit bin the S.C. space. In addition, all tissues from treated 
animals were found to be Within normal limits and/or had 
incickni al findings noted equally in controls and known to be 
common incidental findings for this age, sex, and strain of mouse. 
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The efficacyof crystalline irastuzumab was examtned in a 
series of experiments conducted in nude mice bearing BT-474 
xenografts (17). Crystalline suspensions of trastuzumab. given 
s.c. at doses from ito 30 mg/kg (0.1 ml) twice a week for 4 weeks, 
induced a dose-clepenclenl inhibition of growth of the BT-4741 

xenografts (Fig. b). More pronounced antitutnor activity was 
sCCfl at doses >1 mg /kg. with complete tumor eradication in two 
of six mice treated at Iii mg/kg and in three of six mice treated 
with 30 mg/kg. The magnitude of the effects was similar to those 
achieved by .v. injection of the soluble trastuzumab (18). All 
tumors in the control grout) receivinga nonspectic IgO enlarged 
during this period (Fig. 6). Crysi alline Ab suspensions were well 
tolerated and comparable with those of soluble Ab formulations. 

In summary, our data support the potential application of 
crystalline suspensions of mAt’ therapeutics for the generation 
of high-concentration. low-viscosity formulations for s.c. admin-
istration that rapidly dissolve after injection. This approach is 
commercial 1s’ feasible proteins can be hatch-crystallized with 
good yields into a range of small crystals that demonstrate 
excellent physical/chemical protein stability upon storage with 
full retention of biological activity. Once crystallized, inAbs can 
be conceni rated into high.conceni ration suspensions that are 
biologically c’ornpat ible when injected s.c. The s.c. iclmnst ration 
of crystalline mAt’s is efficacious and potentially can reduce the 
frequencies of dosing. Our data suggest that the application 01 
crystalline suspensions for the administration of therapeutic 
niAbs can provide a great benefit to the biotethnology industry 
when a high concentration of delivered protein is desired. For 
example, snAb therapy  often can be efficacious and safe for 
chronic therapies, but patient compliance for i.i. infusions at a 
clinic can limit these uses. Additionally, some mAbs are being 
examined in combination therapies, often with new, orally active 
drugs that would make frequent visits to a clinic for an i.v, 
infusion unacceptable. Overall, our studies show that crystalline 
suspensions provide an improved method of delivery for mAt’s 
that would otherwise be difficult to administer via the s.c. route. 

We thank Prof. Randall Mrsn’ for fruitful discussion and nview ot 
the manuscript. ’I’lle member who communicated this acticle SCI "Cs 00 
the Scientific Advisory Board of Altus Biologics anti holds stock in the 
company. 
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ALIX CARMEF9ZA CESPEDES DE VERGEL 
Jefe de la Divjión de Nuevas Creaciones. 

15 FEB. 
zoa 

El anterior oficio fue notificado por fijacion en lista de fecha,________________ 
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