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Sefior Tramite: 11

SUPERINTENDENTE DE INDUSTRIA Y COMERCIO Evento: 378
, Actuacion: 444

DIVISION DE NUEVAS CREACIONES

E. S. D.

Re: PL-MITSUBISHI TANABE PHARMA CORPORATION, NATIONAL
UNIVERSITY CORPORATION CHIBA  UNIVERSITY, OSAKA
UNIVERSITY.-Solicitud de Patente de Invencidn en Fase Nacional PCT para
“"PROTEINA DE UNION A RGMA".-Clase CO7K 16/28.-Expediente nimero

NC2017/0011975.

1. Me refiero al auto dictado por ese Despacho notificado por fijacién en linea del 8 de
julio del 2019.

2. Con el fin de responder las objeciones expuestas por la Sefiora Examinadora en su
Concepto Técnico correspondiente al Oficio N° 5851 en relacién con la claridad vy
concisién del Capitulo Reivindicatorio, y el nivel inventivo de la presente invencion, me
permito dirigir su atenciéon a las siguientes modificaciones y argumentos técnicos por
medio de los cuales no sbélo se superan completamente dichas objeciones sino que
ademas se establece de manera incontrovertible la patentabilidad de la solicitud en

estudio.

3. CAPITULO REIVINDICATORIO.

3.1. Modificaciones al Capitulo Reivindicatorio.

En primer lugar, me permito manifestar que es deseo del solicitante presentar un
capitulo reivindicatorio modificado, que remplaza al actualmente presentado, con el
proposito de superar las objeciones presentadas como parte del concepto técnico

realizado por ese Despacho.

En conexion con lo anterior, me permito resaltar que dicho capitulo no constituye
de ninguna manera una ampliacion al alcance de la solicitud, tal como fue originalmente
presentada, toda vez que define claramente el objeto de la presente invencién de
acuerdo con las ensefianzas de la descripcién. Las modificaciones realizadas se exponen

a continuacion:

e Se limité el alcance de la reivindicacién 1 actualmente presentada, eliminando las

referencias a las secuencias SEQ ID Nos:36 a 40 de la reivindicacion.
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e Se elimind la expresion “y un derivado del mismo” de la reivindicacién 6

actualmente presentada.

e Se reemplazé en la reivindicacion 8 actualmente presentada el término
“recuperar” por “recolectar” a fin de dar mas claridad a la materia reclamada y

estar mas acorde con el contexto del objeto de dicha reivindicacion.

De esta forma, el capitulo reivindicatorio modificado queda constituido por 9
reivindicaciones, las cuales se refieren de manera mas clara y concisa a anticuerpos
anti-RGMa, moléculas que codifican para los mismos, y métodos para producirlos, que es
objeto de la presente solicitud, y cuenta con pleno sustento en las ensefianzas de la

descripcion.

3.2. Claridad y Concision del Capitulo Reivindicatorio.

Ahora bien, con respecto a la claridad y la concisién del capitulo reivindicatorio, la
examinadora afirma que "La reivindicacion 6 no es clara, porque la expresion “un
derivado del mismo” al hacer referencia a un vector recombinante no define
adecuadamente el tipo de vector. Se sugiere eliminar dicha expresion o hacer las

aclaraciones pertinentes”

Con respecto a lo anterior, por favor note que la expresidon objetada ha sido
eliminada de la reivindicacion 6, por lo que esta objecion queda completamente

superada.

Asi las cosas, me permito sefalar que el capitulo reivindicatorio modificado
presentado junto con el presente memorial supera completamente las objeciones
presentadas por la Sefiora Examinadora. Asimismo, el capitulo reivindicatorio modificado
cuenta con la suficiente claridad, concision y sustento para definir la materia a reclamar
y, por ende, cumple a cabalidad con lo estipulado por el Articulo 30 de la Decision Andina
486 de 2000.

4. NIVEL INVENTIVO

Finalmente, la examinadora objeta el nivel inventivo de las reivindicaciones 1 a 9 a

la luz de las ensefianzas de los siguientes documentos:

- D1: US2010/0028340. “Antibodies against the RGMa protein and uses thereof”

- D2: US2009/297527. “Binding domains of proteins of the repulsive guidance

molecule (RGM) Protein family and functional Fragments thereof, and their use”
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En opinion de la examinadora, el documento D1 es el estado de la técnica mas
cercano a la invencion definida en la reivindicacién 1 porque revela un anticuerpo anti-
RGMa (anticuerpo 5F9) capaz de unirse a RMGa y modular la unién entre RGMa vy
neogenina. Dicho documento también revela que se pueden obtener diferentes
fragmentos de unidén o anticuerpos con especificidad de unién por diferentes métodos,
por ejemplo, hibridomas, que pueden implicar la modificacion de algunos residuos de

CDR para mantener la afinidad del anticuerpo.

En este sentido, la examinadora establece que la diferencia entre la invencion
definida en la reivindicaciéon 1 y los anticuerpos de D1 consiste en las CDR de cadena
pesada y cadena ligera, las cuales se unen especificamente al extremo C-terminal del

RGMa humano (posiciones de aminoacidos 298 a 377).

Sin embargo, la examinadora sefiala que el documento D2 revela diferentes
fragmentos que se unen a RGMa y neogenina, en donde dichos fragmentos incluyen
péptidos que se unen a diferentes regiones de RGMA, incluidas las posiciones entre los
aminoacidos 266-355, 316-387, 168-422, entre otros.

En consecuencia, y acorde con lo manifestado por la examinadora, la persona
versada en la materia estaria motivada a desarrollar fragmentos de uniéon capaces de
neutralizar la actividad inhibidora del crecimiento neuritico de RGMa sin afectar la union
entre RGMa y neogenina en base a las secuencias CDR de D1, en donde modificaria
dichas secuencias de CDR utilizando técnicas bioinformaticas y considerando las
ensefianzas del documento D2, con el fin de llegar a las ensefianzas de la presente

solicitud.

Con respecto a lo anterior, me permito aclarar que la persona versada en la materia
no encontraria suficiente motivacion en las ensefianzas de D1 y D2 para llegar al objeto
de la presente solicitud, en base a las diferencias técnicas entre la invencién y el estado
de la técnica, mas aun, considerando el sorprendente efecto asociado al anticuerpo

reivindicado.

Diferencias entre la invencion y los documentos D1 y D2

A este respecto, me permito recordar que la presente invencidon se refiere al
anticuerpo monoclonal anti-RGMa que comprende secuencias especificas de aminoacidos

para las CDR, y particularmente, se refiere al anticuerpo 116A3.

Ahora, con respecto a D1, me permito resaltar que los anticuerpos 5F9 y 8D1,

revelados por dicho documento, comprenden CDR con secuencias completamente

diferentes de las CDR descritas en la reivindicacién 1. Adicional a lo anterior, el

anticuerpo 5F9 reconoce la cadena ligera de RGMa, ubicada entre las posiciones de
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aminoacidos 47 y 168, la cual difiere completamente del epitope reconocido por el

anticuerpo de la invencidn, el cual se une entre las posiciones de aminoacidos 298 y 337

de la proteina RGMa.

Por otro lado, y después de analizar el contenido de D2, es posible corroborar que
dicho documento ensena diferentes fragmentos peptidicos de RGM que pueden ser
epitopes para anticuerpos anti-RGMa, de los cuales el péptido 1 (referido a los
aminoacidos 267-285) muestra una actividad inhibidora confiable y reproducible, siendo
asi la realizacion preferida de dicho documento. De este modo, atentamente me permito

resaltar que dicho péptido no es el epitope reconocido por el anticuerpo de la

invencion.

Ademads, me permito sefalar que el péptido 6-AK (aminoacidos 300-316),
mencionado por la examinadora por tener similitudes con la secuencia de aminoacidos
del epitope reconocido por el anticuerpo de la invenciéon (aminoacidos 290-350), es
débilmente activo en comparacién con el péptido 1 (D2; Figuras 6A y 6B; Pagina 24,
Parr. [0293]).

Por lo tanto, y contrario a las afirmaciones de la examinadora en su concepto
técnico, D2 ensena que los dominios inhibitorios de RGM A estan particularmente

ubicados entre las posiciones 260-291, mas preferiblemente en las posiciones 267-285.

A su vez, y con respecto a las posiciones 290-350, dicho documento aclara que
"sobre la base de la actividad de los dos péptidos 6-Ak y 7-Ak, que mostraron una

tendencia a inhibir el crecimiento a la concentracion de péptido mas alta (Figura 6B), es

perfectamente concebible que RGM A tenga mas dominios inhibitorios" (énfasis afiadido),

lo que significa que la_concentracidon de dichos péptidos debe ser mayor si se quiere

lograr un efecto. Por lo tanto, esta afirmacion desalentaria la producciéon de anticuerpos

con afinidad a dichos péptidos porque se requiere una alta concentracion de dichos
péptidos para obtener el efecto deseado, en comparacion con los anticuerpos dirigidos al

péptido 1, como lo ensefia dicho documento.

En consecuencia, en caso de que la persona versada en la materia decidiera
combinar las ensefanzas de D1 y D2, habria encontrado la motivaciéon para producir un
anticuerpo anti-RGMa con afinidad a un epitope en la posicién del péptido 1 en lugar de
al péptido 6-AK.

En consecuencia, el anticuerpo monoclonal anti-RGMa de la presente invencion, que

se une a un epitope particular y tiene secuencias especificas para las CDR, no podria ser

obtenido facilmente incluso por una persona versada en la técnica, basado en las

divulgaciones de D1 y D2.
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Efecto técnico alcanzado por los anticuerpos de la presente solicitud

Adicional a lo anterior, me permito traer a colacion el hecho de que el anticuerpo

de la presente invencion exhibe efectos técnicos sorprendentes e inesperados

como se muestra a continuacion.

Como se aprecia en el ejemplo 8 de la presente solicitud, el anticuerpo R116A3 se
une a la proteina RGMa humana con una afinidad 32 veces mas fuerte que 5F9
(revelado en D1) y a la proteina RGMa de raton 44 veces mas fuerte que 5F9. Ademas, y
como se menciond anteriormente, el anticuerpo R116A3 se une al dominio C-terminal de

la proteina RGMa humana, a diferencia de 5F9.

Asimismo, me permito sefalar que el anticuerpo 116A3 exhibe una estabilidad
térmica significativa cuando se compara con otros anticuerpos en la técnica anterior,
por ejemplo, el anticuerpo 5F9. En este sentido, la figura 3 de la presente solicitud
muestra que la temperatura de fusidon (Tm, temperatura en la cual se degrada el 50%
del anticuerpo) del anticuerpo 116A3 es de aproximadamente 72 °C, mientras que la Tm

del anticuerpo 5F9 es de aproximadamente 67 °C.

En consecuencia, y a pesar de que no hay una diferencia significativa en el
comportamiento de los péptidos en el rango de 40 a 65 °C, como lo sehala la
examinadora, el solicitante se refiere particularmente a la estabilidad térmica evaluada
en términos de los valores de Tm que, como se sefald anteriormente, son

significativamente diferentes.

En este sentido, me permito referirme al articulo de Goldberg et al. (adjunto al
presente memorial), el cual ensefia una correlacion entre el valor de Tm y la agregacion
del anticuerpo, y concluye, con base en la Figura 5 de dicho articulo, que “La
comparacion de Tm en cada pH con propension a la agregacion indica que un aumento

en Tm conduce a una disminucion en tasa de agregacion, lo que sugiere el importante

papel de la estabilidad conformacional en el mantenimiento de mAbB estables en
condiciones de almacenamiento a largo plazo” (Pagina 1313, columna izquierda. Enfasis

afiadido).

Por lo tanto, y considerando que la Tm de 116A3 es mayor que la Tm de 5F9, el
anticuerpo de la invencién tendera a agregarse en menor proporcién y, por lo tanto,

exhibird mejores propiedades en el almacenamiento a largo plazo.

En base a todo lo anterior, la persona versada en la materia no estaria motivada a
modificar el anticuerpo revelado en D1 basandose en las ensefianzas de D2 para llegar a
la materia objeto de la presente solicitud con el sorprendente efecto asociado a la misma.

Asi las cosas, la presente solicitud indudablemente tiene nivel inventivo.
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A la luz de todo lo anterior, me permito entonces sefialar que el capitulo
reivindicatorio modificado es claramente inventivo a la luz del estado de la técnica. Por lo
tanto, cumple a cabalidad con los requisitos del Articulo 18 de la Decisién 486 de la

Comunidad Andina.

5. CONCLUSION.

Para finalizar, me permito reiterar que el capitulo reivindicatorio modificado
presentado junto con este memorial es totalmente claro y conciso al reclamar
anticuerpos anti-RGMa, que estan plenamente soportados dentro del texto de la
descripcion, cumpliendo asi con lo exigido por la mencionada Decision Andina 486 de
2000.

Por otro lado, en virtud de los argumentos discutidos con respecto a los
documentos citados, se estableci6 de manera incontrovertible que los anticuerpos anti-
RGMa, que son objeto de la solicitud en estudio, son novedosos y de ninguna manera
resultarian evidentes para la persona versada en la materia a partir de las ensefanzas de
los documentos referenciados, demostrando irrefutablemente la patentabilidad de la

presente solicitud.
6. Anexo al presente memorial, me permito presentar:

- Copia de las paginas 56 y 57 que corresponden al capitulo reivindicatorio
modificado, tal como se discutid en el presente memorial, constituido por 9

reivindicaciones.

- Anexo: Copia del articulo "Formulation Development of Therapeutic Monoclonal
Antibodies Using High-Throughput Fluorescence and Static Light Scattering
Technigques: Role of Conformational and Colloidal Stability" Journal of
Pharmaceutical Sciences, Vol. 100, No. 4, April 2011.

7. En vista de lo anterior, ruego a usted proceder a estudiar nuevamente la solicitud a
la luz de las modificaciones y los argumentos presentados y conceder el privilegio de

patente solicitado.

Sefior Superintendente,

\ i
(‘Rﬁnﬂ.ﬂ. LLOREDA RICAURTE

T.P. 53.215

Direcciones para Notificacién: notificacionesip@lloredacamacho.com

notificacionespatentes@lloredacamacho.com
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REIVINDICACIONES

Un anticuerpo anti-RGMa aislado, o un fragmento de unién a antigeno del mismo,
en donde la secuencia de aminoacidos de cada una de la region determinante de
complementariedad de la cadena ligera 1 (LCDR1), la regién determinacién de la
complementariedad de la cadena ligera 2 (LCDRZ2), la region determinante de la
complementariedad de la cadena ligera 3 (LCDR3), la region determinante de la
complementariedad de la cadena pesada 1 (HCDR1), la region determinante de la
complementariedad de la cadena pesada 2 (HCDR2) y la region determinante de
la complementariedad de la cadena pesada 3 (HCDR3) comprenden lo siguiente:
LCDR1: RASQDISSYLN (SEQ ID NO: 30), LCDR2: YTSRLHS (SEQ ID NO: 31),
LCDR3: QQLNTLP (SEQ ID NO: 32), HCDR1: DAWMD (SEQ ID NO: 33),
HCDR2: EIRSKANNHATYYAESVKG (SEQ ID NO: 34) y HCDR3: RDGAY (SEQ
ID NO: 35).

El anticuerpo anti-RGMa o un fragmento de unién a antigeno del mismo de
conformidad con la reivindicacion 1, caracterizado ademas porque la regién
variable de cadena pesada (VH) comprende lo siguiente:

VH:
EVQLVESGGGLVQPGRSLRLSCTASGFTFSDAWMDWVRQAPGKGLEWVAEIR
SKANNHATYYAESVKGRFTISRDDSKSIVYLQMNSLRTEDTALYYCTRRDGAYW
GKGTTVTVSS (SEQ ID NO: 41); y

en el que la region variable de cadena ligera (VL) comprende lo siguiente:

VL:
DIQMTQSPSSVSASVGDRVTITCRASQDISSYLNWYQQKPGKAPKLLIYYTSRLH
SGVPSRFSGSGSGTDFTLTISSLQPEDFASYFCQQLNTLPWTFGGGTKVEME
(SEQ ID NO: 42).

El anticuerpo anti-RGMa o un fragmento de unién a antigeno del mismo de
conformidad con la reivindicacion 1 6 2, caracterizado ademas porque el
anticuerpo anti-RGMa es un anticuerpo humano, un anticuerpo humanizado o un

anticuerpo quimérico.

El anticuerpo anti-RGMa o fragmento de union a antigeno del mismo de
conformidad con cualquiera de las reivindicaciones 1 a 3, caracterizado ademas
porque el anticuerpo anti-RGMa comprende regiones constantes de IgG1, 1gG2,

IgG3 o 1IgG4 humano.
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5. Una molécula de acido nucleico que codifica para la porcion de proteina del
anticuerpo anti-RGMa o un fragmento de union a antigeno de la misma de
cualquiera de las reivindicaciones 1 a 4, caracterizada ademas porque las
secuencias de nucledtidos que codifican para las secuencias de aminoacidos VH
y VL cada una son una secuencia de nucledétidos que comprende:

VH:
gaagtgcagctggtggaatctggcggcggactggtgcagectggcagatccctgagactgtcctgtaccgectce
ggcttcaccttctccgacgectggatggattgggtgcgacaggctcctggcaagggcectggaatgggtggecgag
atccggtccaaggccaacaaccacgccacctactacgccgagtctgtgaagggccggticaccatctcccggga
cgactccaagtccatcgtgtacctgcagatgaactccctgcggaccgaggacaccgcecctgtactactgcaccag
aagggacggcgcctactggggcaagggcaccacagtgacagtgtcctce (SEQ ID NO: 43) y

VL.
gacatccagatgacccagtccccctcctcegtgtctgeticcgtgggcgacagagtgaccatcacctgtcgggcect
cccaggacatctcctcctacctgaactggtatcagcagaagcccggcaaggceccccaagctgctgatctactaca
cctceeggcetgcacteccggcegtgecctetagattttccggcetctggcetccggcaccgactttaccctgaccatctceca
gcctgcagcccgaggacttcgcectcectacttctgtcagcagctgaacaccctgccctggacctttggcggaggceac
caaggtggaaatggaa (SEQ ID NO: 44).

6. Un vector recombinante que comprende la molécula de acido nucleico de la
reivindicacion 5, caracterizado porque el vector recombinante se selecciona del
grupo que consiste en pcDNA 3.1, pConPlus, pcDM8, pcDNA I/Amp, pcDNA 3.1,
pREP4, y pDON-AI DNA.

7. Una célula hospedera que contiene el vector recombinante de la reivindicacion 6.

8. Un método para producir el anticuerpo anti-RGMa o un fragmento de union a
antigeno del mismo de cualquiera de las reivindicaciones 1 a 4, en donde el

método comprende:

(i) un paso de cultivar la célula hospedera de la reivindicacion 7;
(i) un paso de recolectar el sobrenadante del cultivo obtenido en (i); y
(i) un paso de purificar el anticuerpo a partir del sobrenadante del cultivo

obtenido en (ii).

9. Una composicion farmacéutica que comprende el anticuerpo anti-RGMa o un
fragmento de unién a antigeno del mismo de cualquiera de las reivindicaciones 1
a4.
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ABSTRACT: In this work, we describe the application of two different high-throughput screen-
ing (HTS) techniques that can be used to determine protein stability during early formulation
development. Differential scanning fluorescence (DSF) and differential static light scattering
(DSLS) are used to determine the conformational and colloidal stability of therapeutic mon-
oclonal antibodies (mAbs) during thermal denaturation in a high-throughput fashion. DSF
utilizes SYPRO® Orange, a polarity-sensitive extrinsic fluorescent probe, to monitor protein
unfolding. We found that melting temperatures determined by DSF have a linear correlation
with melting temperatures of the first domain unfolding determined by differential scanning
calorimetry, establishing DSF as a reliable method for measuring thermal stability. The DSLS
method employs static light scattering to evaluate protein stability during thermal denaturation
in a 384-well format. Overall comparison between mAb aggregation under typical accelerated
stress conditions (40°C) and the thermal stability obtained by DSF and DSLS is also presented.
Both of these HT'S methods are cost effective with high-throughput capability and can be imple-
mented in any laboratory. Combined with other emerging HT'S techniques, DSF and DSLS could
be powerful tools for mAb formulation optimization. © 2010 Wiley-Liss, Inc. and the American
Pharmacists Association J Pharm Sci 100:1306-1315, 2011

Keywords: monoclonal antibody; formulation; fluorescence spectroscopy; light scatter-
ing; calorimetry (DSC); high-throughput screening stability; conformational stability; colloidal

stability; protein aggregation

INTRODUCTION

A primary goal in formulation of therapeutic antibod-
ies is to achieve acceptable protein stability during
processing and storage. In general, proteins are only
marginally stable in solution and are susceptible to
several modes of degradation, including aggregation,
fragmentation, and chemical modification. Most of
these degradation pathways can be controlled or min-
imized by optimizing solution conditions such as pH,
ionic strength, and added excipients.® Optimization
of each of these parameters is often complicated due to
the interactions between them. Traditionally, the op-
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timum conditions are determined by long-term stabil-
ity studies, which involve incubating proteins in var-
ious solution conditions under several stresses. This
excipient screening strategy is time consuming and
requires large amounts of protein. Therefore, it is of
great interest to find high-throughput techniques for
formulation screening that would allow for more con-
ditions to be tested in a short amount of time, result-
ing in optimized stability.58

Protein aggregation is often a significant degrada-
tion pathway for monoclonal antibodies (mAbs).> Ag-
gregation may be controlled by conformational and/
or colloidal stability, and either could play a role in
the rate and extent of aggregation, depending on the
solution conditions and surface properties.!®-? The
conformational stability of a mAb, or its ability to
maintain its native, folded state, can be impacted
by pH, ionic strength, added excipients, and pro-
tein concentration.!® Protein aggregation models sug-
gest that aggregation is initiated when hydrophobic
residues from partially unfolded proteins come
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together and form dimers, which serve as nucleation
sites for further aggregation.” Therefore, increas-
ing the conformational stability of a protein could
shift the equilibrium toward native state and thus
lower the extent of protein aggregation.

Conformational stability is traditionally measured
by differential scanning calorimetry (DSC), circular
dichroism spectroscopy, intrinsic tryptophan fluores-
cence, and Raman spectroscopy. Unfortunately, all
of these techniques have relatively low throughput,
and cannot be used for screening large numbers of
conditions. Therefore, it is desirable to find a high-
throughput method to screen for solution conditions
that promote conformational stability.

There have been several reports on the use of
fluorescent dyes such as SYPRO® Orange (Invitro-
gen, Carlsbad, California) and anilinonaphthalene-8-
sulfonate as external fluorescent probes to monitor
protein unfolding.'*16 In these reports, hydrophobi-
cally sensitive dyes are used to track the thermal un-
folding of proteins subjected to increasing tempera-
ture. From the thermal unfolding curve, the midpoint
of unfolding transition (7'y,) can be obtained and used
to determine whether the protein is stabilized (in-
creased Ty,) or destabilized (decreased T,,) relative
to a reference condition. This technique of differen-
tial scanning fluorescence (DSF) has been used to in-
vestigate ligand binding in globular proteins!?-18 and
protein stability in different excipient conditions.!®
More recently, it has been applied to the formulation
of mAbs.2’ Importantly, this technique is amenable
to a high-throughput setup and can be run in small
volumes using a polymerase chain reaction (PCR) in-
strument as a thermocycler.1?-13

Light scattering has been used to measure the col-
loidal stability of protein solutions.?! Both native and
nonnative aggregation is the result of assembly of pro-
tein molecules into higher order aggregates, which
possess an enhanced ability to scatter incident light.
By measuring scattered light, one can detect protein
aggregation in different solution conditions. Recently,
this technique has been employed during rapid high-
throughput identification of small molecules that in-
teract with protein targets.!®:?2 This method mea-
sures the colloidal stability associated with thermal
denaturation in a 384-well plate format, allowing
for simultaneous screening of the impact of different
buffers, pH conditions, and excipient permutations on
protein aggregation.

In this work, we investigated the use of high-
throughput DSF and DSLS in determining the con-
formational and colloidal stability of four mAbs in
different solution conditions. We compared the melt
temperatures obtained by DSF with melt tempera-
tures determined by DSC, an established method of
measuring conformational stability. In particular, we
investigated the ability of DSF to predict conforma-

DOI 10.1002/jps

tional stability of proteins in the presence of differ-
ent concentrations and combinations of excipients. We
found that for all conditions and mAbs tested, there
was a linear correlation between DSF and DSC melt
temperatures. We also examined the effect of different
excipient conditions on the colloidal stability of mAbs
using DSLS. We found that the amount of time lag
before the onset of aggregation as measured by DSLS
was a reliable means of determining stabilizing and
destabilizing excipient effects. Finally, we compared
stability under accelerated conditions (40°C, 75% rel-
ative humidity or RH) for several mAbs with the DSF
and DSLS data to determine correlations between ei-
ther DSF or DSLS and long-term stability. The find-
ings from this study demonstrate that although mAbs
have a high degree of sequence similarity, each mAb
has unique physicochemical properties, which deter-
mine the relative importance of conformational and
colloidal stability in overall protein stability. There-
fore, screening excipients/conditions based on their
ability to increase both conformational stability and
colloidal stability are required to improve overall pro-
tein stability. The two techniques evaluated here have
the potential to measure conformational and colloidal
stability in a high-throughput fashion, allowing for
testing of multiple conditions in a short amount of
time, hence serving as valuable tools for rational for-
mulation design in a rapid manner.

MATERIALS AND METHODS
Monoclonal Antibodies

mAbs were obtained from bulk drug lots that were
manufactured at MedIlmmune, Gaithersburg, MD,
USA. The sample purity (>97%) was analyzed and
confirmed by size exclusion chromatography and gel
electrophoresis. Protein concentrations were deter-
mined by ultraviolet (UV) absorption at 280 nm
and 20°C using an Agilent 8453 UV-visible (Vis)
spectrophotometer (Agilent Technologies, Palo Alto,
California) fitted with a Peltier temperature con-
troller. The mAbs used in the study include im-
munoglobulin G (IgG)1 (mAbA, mAbB, and mAbC)
and IgG2 (mAbD) subtypes.

Reagents

SYPRO® Orange was obtained from Invitrogen.
Sodium chloride, glycine, lysine, arginine, su-
crose, trehalose, and histidine were obtained from
J.T. Baker, Phillipsburg, NJ, USA. All excipients
and buffer salts were of analytical grade. High-
performance liquid chromatography (HPLC) grade
water was used for preparation of all buffers and ex-
cipient stocks.
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Differential Scanning Fluorescence

Buffer conditions were achieved via extensive dialysis
of concentrated protein stocks. The dialyses consisted
of a minimum of two buffer exchanges for more than
24 h at a volume ratio of buffer to sample greater than
200:1. The final dialysate was reserved and used for
all dilutions, blanks, and controls as needed. Sam-
ples in relevant excipient conditions were prepared
at a final protein concentration of 0.5 mg/mL by spik-
ing in stock excipients that were prepared in relevant
buffer. The buffer conditions that were used for each
mAb are described in Table 1. SYPRO® Orange was
added immediately before the experiment to achieve a
final dilution of 1000 x relative to the initial stock con-
centration. The addition of dye in itself did not induce
any changes in the thermal stability (as determined
by both the intrinsic fluorescence and DSC). Twenty-
five microliters of prepared samples was added in du-
plicate to white-walled PCR plates. A Chromo4 Real
Time PCR Detector (Bio-Rad, Hercules, California)
was used as a thermal cycler, and the fluorescence
emission was detected using the software’s custom
dye calibration routine. The PCR plate containing the
test samples was subjected to a temperature ramp
from 20°C to 90°C in increments of 0.2°C with 10 s
pauses after each temperature increment. The total
assay time was approximately 3 h. The T}, was cal-
culated by the software using a mathematical second
derivative method to calculate the inflection point of
the curve. The reported T}, is an average of two mea-
surements.

Differential Scanning Calorimetry

Differential scanning calorimetry studies were per-
formed using a VP capillary DSC system (MicroCal,
Piscataway, New Jersey). The test samples were pre-
pared in the buffer alone and in various excipient(s) of
interest at a final protein concentration of 0.5 mg/mL.
Change in the heat capacity (Cp) was measured as the
samples were heated from 20°C to 90°C at a rate of
90°C/h. For each sample, a relevant buffer blank con-
taining the same buffer and excipient concentration

was used as a reference. Normalized Cp data were
corrected for buffer baseline. Data analysis was pre-
formed using OriginLab software (OriginLab Corpo-
ration, Northampton, Massachusetts). Raw data from
the DSC run were fit using Origin™ scientific plot-
ting software, which uses the Levenberg—Marquardt
nonlinear least square method.

Differential Static Light Scattering

The colloidal stability was measured using a
static light scattering plate reader (StarGazer-384;
Harbinger Biotechnology and Engineering Corpo-
ration, Markham, Ontario, Canada). All samples
were prepared at a final protein concentration of
1 mg/mL in the buffer alone and excipient(s) of in-
terest. Twenty-five microliters of prepared samples
was added to a clear-bottom 384-well plate (Nunc,
Rochester, New York) in triplicate and heated at 70°C
using a peltier heating system. Protein aggregation
was monitored by measuring the intensity of the scat-
tered light every 30 s with a CCD camera. Changes
in light scattering at 600 nm were measured by an-
alyzing the intensities of the image with the image
analysis software. The pixel intensities in a prese-
lected region of each well were integrated to generate
a value representative of the total amount of scat-
tered light in that region. These total intensities were
then plotted against time for each sample well. The
amount of time lag before the onset of aggregation was
used to screen stabilizing and destabilizing excipient
effects.18:22

Accelerated Stability Studies

Accelerated stability studies were performed at a pro-
tein concentration of 10-50 mg/mL in the buffer alone
and with excipient(s) of interest. The formulated pro-
teins were placed in glass vials and stored in a (40°C,
75% RH) controlled chamber for 1 month. Samples
were tested at weekly intervals for percent aggregate
by high-performance size exclusion chromatography
(HPSEC). HPSEC analysis was performed on an Ag-
ilent HPLC system with a TSK-Gel G3000 (Agilent

Table 1. Buffer and Excipient Conditions Studied for mAbs in Differential Scanning Fluorescence Experiments

mADbA mAbB

MAbC mAbD

Base buffer 10 mM histidine, pH 6

25 mM sodium citrate +

10 mM histidine, Ph 6 10 mM histidine, pH 5.5

7% (wlv) sucrose, pH 6.5

Conditions + 300 mM glycine

25 mM sodium citrate +

+ 50 mM sodium chloride + 50 mM sodium chloride

7% (wilv) sucrose, pH 5

+ 300 mM trehalose

25 mM sodium citrate +

+ 300 mM sodium chloride + 6% (w/v) sucrose

7% (wlv) sucrose, pH 6

+ 150 mM sodium chloride

+ 150 mM lysine hydrochloride
+ 150 mM arginine hydrochloride

25 mM sodium citrate +
7% (w/v) sucrose, pH 7

+ 4% (w/v) trehalose + 50 mM sodium chloride
+ 6% (w/v) sucrose

+ 4% (w/v) trehalose

+ 150 mM arginine

hydrochloride

+ 8% (w/v) trehalose
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Technologies). Aggregation rates over time were de-
termined by linear regression.

RESULTS AND DISCUSSION
Correlation Between DSF and DSC

The correlation between DSF and DSC was investi-
gated by comparing mAb thermal unfolding curves
obtained by SYPRO® Orange fluorescence and by
DSC. It has been demonstrated that SYPRO® Or-
ange, an environmentally sensitive external fluo-
rescent probe, shows a distinct sigmoid-shaped flu-
orescence response during a protein thermal melt
due to its increased quantum yield in hydrophobic
environments.'® When a protein is folded, SYPRO®
Orange shows very little fluorescence, but as the pro-
tein unfolds and hydrophobic resides are exposed,
SYPRO® binds to the hydrophobic residues and
shows increased fluorescence until the protein finally
aggregates, causing a reduction in the available hy-
drophobic residues and a decreased fluorescent sig-
nal. This fluorescence response can be used to track
the unfolding of the protein and compare the effect of
different solution conditions on the midpoint of this
transition.

Figures 1a and 1b show thermal unfolding of mAbA
in the presence of various excipients, as monitored by
DSC and DSF, respectively. The DSC profile for mAbA
shows two well-separated transitions in all the con-
ditions. For multidomain proteins such as antibodies,
multiple DSC transitions usually indicate reduced in-
terdomain interactions. Similar to DSC, DSF was also
able to distinguish two separate transitions in the
thermal unfolding of mAbA. In each excipient con-
dition tested, the inflection point of the DSF curve
corresponds to the peak of the DSC curve, with only
a small offset. The small offset was expected due to
the fact that DSF monitors exposure of hydrophobic
residues, whereas DSC measures the change in ex-
cess Cp. Therefore, although the T, obtained by both
these techniques is slightly different, the rank order
and degree of stabilization or destabilization of mAbA
in the presence of each excipient were comparable.

In comparison to mAbA, where two distinct transi-
tions were seen, the DSC unfolding of mAbB at pH
6, 6.5, and 7 (Fig. 2a) shows up to three overlap-
ping transitions, indicating strong interdomain sta-
bility/interactions that are pH dependent. DSF re-
sults show similar overlapping transitions and offsets
as well, with good general agreement between the two
techniques (Fig. 2b). At pH 5, two distinct transitions
are evident by both techniques, with good separation
of the first transition from the main peak (Figs. 2a
and 2b), indicating either reduced interdomain in-
teractions and/or destabilization of first transition.
Both techniques show increased overlap at pH 6
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Figure 1. Thermal unfolding of monoclonal antibody A
(mADbA) as analyzed by differential scanning calorimetry
(DSC) (a) and differential scanning fluorescence (DSF) (b).
Both DSC and DSF experiments were run in 10 mM histi-
dine, pH 6, at a protein concentration of 0.5 mg/mL under
various solution conditions (see line code in panel b). For
both figures, mAbA control in buffer alone is shown in solid
black line.

and 7, suggesting increased interdomain interactions.
In addition, for the different pH conditions tested,
the same rank order of stability was determined by
DSF and DSC, as shown by the shift of the thermal
transitions.

The similarity of these observations for mAbA and
mAbB by both techniques suggests that DSF can be
used as a high-throughput technique for measuring
not only the thermal stability but also to monitor in-
terdomain interactions in multidomain proteins. Al-
though it appears that DSC can provide additional
information if the domain unfolding regions overlap,
DSF can still be used as a rapid screening technique
for the first domain unfolding event, which is often
what leads to protein aggregation.®

Table 2 shows a comparison of the first transition
melt temperature obtained by DSC and DSF for two
additional antibodies (mAbC and mAbD) in the pres-
ence of various excipients. In addition, the difference
between the T, of the protein in each condition and
protein in buffer alone (AT},) is shown for each ex-
cipient tested, with the stabilizing effects indicated
by a positive ATy, value and destabilizing effects in-
dicated by a negative ATy, value. In addition, we
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Table 2. Thermal Melting Temperature of mAbC and mAbD as Obtained by DSC and DSF

mAb Condition DSF Ty, (°C) DSC Ty, (°C) ATy, DSF (°C) ATy, DSC (°C)
mAbC Base buffer® 65.4 68.9 — —
mAbC + 50 mM sodium chloride 64.4 67.8 -1.0 -1.1
mAbC + 300 mM sodium chloride 63.4 66.7 -2.0 —-2.2
mAbC + 4% (w/v) trehalose 66.1 69.7 0.7 0.8
mAbC + 8% (w/v) trehalose 66.6 70.2 1.2 1.3
mAbD Base buffer? 63.2 65.5 - -
mAbD + 50 mM sodium chloride 60.3 63.1 —-2.9 —-2.5
mAbD + 6% (w/v) sucrose 64.5 66.4 1.3 0.8
mAbD + 50 mM sodium chloride + 6% (w/v) sucrose 61.3 63.9 -1.9 1.7
mAbD + 4% (w/v) trehalose 63.7 66.0 0.5 0.4

Both DSC and DSF experiments were run at a protein concentration of 0.5 mg/mL under various solution conditions. ATy, is the difference in
the Ty, between protein in presence of a particular excipient and the protein in buffer alone without any excipients. Experiment conditions are

explained in methods section.

aBase buffer of mAbC is 10 mM histidine, pH 6, ® Base buffer of mAbD is 10 mM histidine, pH 5.5.
DSC, differential scanning calorimetry; DSF, differential scanning fluorescence.
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Figure 2. Effect of pH on conformational stability of mon-
oclonal antibody B as seen by (a) differential scanning
calorimetry (DSC) and (b) differential scanning fluorescence
(DSF). Both DSC and DSF experiments were run in 25 mM
sodium citrate buffer with 7% (w/v) sucrose, at a protein
concentration of 0.5 mg/mL and under various pH condi-
tions (see line code in panel b).

investigated whether AT}, calculated by DSF could
distinguish the effects of different concentrations of
sugars and salts on conformational stability using
mAbC as a case study. The results suggest that it
is possible to measure changes in AT}, by DSF. For
mADbC, 300 mM sodium chloride showed a lower AT,
(more destabilizing) than 50 mM sodium chloride, and

JOURNAL OF PHARMACEUTICAL SCIENCES, VOL. 100, NO. 4, APRIL 2011

8% (w/v) trehalose showed a higher AT}, (more stabi-
lizing) than 4% (w/v) trehalose. These results are in
agreement with results obtained by DSC. Therefore,
DSF can be used to determine whether a given excipi-
ent is stabilizing. It can also be used to determine the
effect of different concentrations of a given excipient
on stability to identify trends and patterns.

In addition to investigating the effect of single
excipient concentrations on mAb conformational sta-
bility, it is important to understand the impact of
excipient combinations on stability. When excipient
combinations are used, the stability is difficult to pre-
dict because the excipients may not always result in
additive effects due to different modes of interaction.
For mAbD, we investigated the impact of sugars and
salts separately and in combination. Table 2 shows
that 50 mM sodium chloride was destabilizing (nega-
tive ATy,), whereas 6% (w/v) sucrose was stabilizing
(positive AT,); however, the combination of 50 mM
sodium chloride and 6% (w/v) sucrose was slightly
destabilizing (negative ATy,). DSF showed good cor-
relation with DSC results, indicating the value of us-
ing DSF to study the effect of excipient combinations
on the conformational stability of mAbs. Because this
technique can be performed in a 96-well plate format,
many excipient concentrations can be tested individu-
ally and in combination, saving time and protein, and
permitting the formulation scientist to more compre-
hensively explore the formulation space.

Figure 3 shows the overall correlation between T,
values obtained by DSF and DSC for all conditions
studied. The linear fit for the curve shows a slope
of 1.03 and an intercept of 0.87 with an R? of 0.95,
establishing a linear correlation between DSC and
DSF for all of the antibodies and solution conditions
investigated. The intercept of 0.87 indicates a slight
offset between the two techniques, with DSF detect-
ing protein unfolding at slightly lower temperatures.
This strong correlation between DSF and DSC has
significant implications for formulation development

DOI 10.1002/jps
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Figure 3. Correlation between the T}, obtained by differ-
ential scanning calorimetry (DSC) and differential scanning
fluorescence (DSF). A strong linear correlation is seen be-
tween the melting temperatures determined by DSF and
DSC with R? = 0.95. An intercept of 0.87 indicates a slight
offset between the T, obtained by two methods, with DSC
showing slightly higher melt temperatures.

because DSF can provide similar information to DSC
in early formulation screening. Because 96 samples
can be analyzed in a single 3 h assay, this technique
allows for a more rapid screening of multiple excipi-
ents, different concentrations, and varying combina-
tions. The correlation appears to be independent of
antibody structure and isotype, as shown in the exper-
iments using a variety of antibody isotypes in various
solution conditions.

DSLS Can Monitor Colloidal Stability of a Protein in
High-Throughput Fashion

Colloidal stability, or the ability of solution conditions
to prevent association of native or partially unfolded
molecules, is another important method to prevent
protein aggregation. Aggregated protein has an in-
creased ability to scatter incident light because of
its larger size. Light scattering techniques have been
used to study protein aggregation for many years, and
one of the most commonly used methods is UV-Vis
absorbance at >350 nm. Unfortunately, most of the
commercially available UV-Vis plate readers can give
accurate readings only up to 65°C, and the Tp,! of
most mAbs is at temperatures higher than 65°C. Be-
cause of these limitations, the colloidal stability of
mAbs is usually determined in single or multiple cu-
vette instruments, which operate at higher tempera-
ture ranges, making this a low-throughput screening
method.

DOI 10.1002/jps

The Stargazer 384 system (Harbinger Biotech-
nology and Engineering Corporation), which detects
static light scattering from samples in a 384-well mi-
croplate, was used in our study to monitor colloidal
stability of mAbs at elevated temperatures. When
proteins are subjected to stress, aggregates form over
time and can be detected by increased light scatter-
ing. Protein stability in the DSLS system is quantified
by the delay time between the onset of the stress (in-
creased temperature) and protein aggregation.

Solution conditions are considered stabilizing when
they prolong the time a protein stays folded compared
with the time it stays folded in the buffer alone. Con-
versely, solution conditions that induce aggregation
earlier compared with the buffer alone are consid-
ered destabilizing. In this study, we choose two mAbs
for additional investigation with StarGazer. Figures
4a and 4b show the light scattering traces of mAbC
and mAbD, respectively, over time under different so-
lution conditions. The datum shown is an average of
three experiments.

For both mAbC and mAbD, sugars are shown to be
stabilizing, and higher concentrations show greater
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Figure 4. Effect of different excipients on colloidal sta-
bility of (a) monoclonal antibody (mAb)C and (b) mAbD as
measured by differential static light scattering. Both ex-
periments were run in 10 mM histidine buffer at a protein
concentration of 1 mg/mL at 70°C under various solution
conditions (see line code in panel a and b).
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stabilization, which is consistent with DSF. Inter-
estingly for mAbC, DSLS data showed that sodium
chloride was stabilizing, whereas DSF and DSC data
showed that sodium chloride was destabilizing. Thus
in the case of mAbC, salt seems to have a different
effect on conformational and colloidal stability. For
mAbD, there is a good correlation between DSLS and
DSF for sodium chloride, which acts as a destabilizer.
Importantly, these studies showed that distinct dif-
ferences in aggregation time can be seen between dif-
ferent solution conditions using this technique. Be-
cause it was run in a 384-well plate format, it can
be a very powerful tool for early formulation screen-
ing, especially when a protein is known to be prone to
aggregation.

Role of Conformational and Colloidal Stability in
Protein Aggregation

For large multidomain proteins such as mAbs, pro-
tein aggregation is controlled by conformational and/
or colloidal stability.!%-?3 Nonnative protein aggrega-
tion pathways of several proteins have been well char-
acterized using the well-established Lumry—Eyring
framework and are known to occur through the forma-
tion of an aggregation-prone intermediate step.?427

NIl - A 1)

The main goal of a formulation scientist is to sta-
bilize against the last irreversible aggregation step
that is kinetically controlled.!® This can be achieved
either directly by stabilizing the IV state (conforma-
tional stability) or by preventing or minimizing the
conversion of partially unfolded intermediates to the
A state (colloidal stability). Stabilizers such as sucrose
and trehalose are known to minimize aggregation by
stabilizing the N state,?8-3! thereby reducing the con-
centration of reactive or aggregation-prone interme-
diates (I). In contrast, salts are known to affect the ir-
reversible I to A transition, which is dependent on the
colloidal stability.?2 The effect of salt on this transition
can be either stabilizing or destabilizing depending on
the protein surface charge distribution.?”

The effect of salt on colloidal stability has been
observed for a-amylase.?? Olsen et al.3? have postu-
lated that aggregation is decreased in the absence of
salt because the electrostatic repulsion between par-
tially unfolded intermediate states prevents interac-
tion. In contrast, in the presence of salt, the charges
are screened and repulsion is reduced, allowing the
hydrophobic surfaces of partially unfolded I state pro-
teins to interact with each other, increasing aggrega-
tion. It is interesting to note the different effects of
salt and sugar on conformational and colloidal stabil-
ity of mAbC and mAbD (Figs. 4a and 4b). For both
proteins, sugar increases the conformational stabil-
ity, whereas salt decreases colloidal stability of mAbD
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Figure 5. Correlation between conformational stability
and aggregation rate at accelerated conditions of mono-
clonal antibody B at different pH conditions. T\, was de-
termined by differential scanning fluorescence in 25 mM
sodium citrate buffer with 7% (w/v) sucrose at a protein
concentration of 0.5 mg/mL. Aggregation rates were de-
termined under accelerated condition (40°C, 75% RH) at a
protein concentration of 10 mg/mL in the same buffer com-
position using high-performance size exclusion chromatog-
raphy.

but increases colloidal stability for mAbC. As men-
tioned earlier, sugars are known to prevent aggrega-
tion by effecting the reversible N to I transition that is
generally independent of charge distribution. In con-
trast, salts can either increase or decrease aggrega-
tion propensity by affecting the second irreversible
step of the aggregation pathway (I to A) that is depen-
dent on the charge distribution on the surface of par-
tially unfolded intermediate. Therefore, for colloidal
stability, the nature of the intermediate state formed
is critical, hence we see a different effect of sodium
chloride on the stability of mAbC and mAbD (Figs. 4a
and 4b). Ultimately our goal is to determine which of
the two pathways is more important for the stability
of mAbs under long-term storage, as discussed in the
following section.

Correlation Among DSF, DSLS, and Real-Time
Incubation Studies for Select mAbs

One of the purposes of this study was to determine the
feasibility of applying high-throughput techniques
to correlate and/or predict real-time stability under
storage conditions. To address this, stability deter-
mined by DSF and DSLS was compared with mAb

DOI 10.1002/jps
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Figure 6. Correlation between conformational stability
and aggregation rate at accelerated conditions for mono-
clonal antibody (mAb)D. T, of mAbD in the presence of
various excipients was determined by differential scanning
fluorescence at a protein concentration of 0.5 mg/mL. Ag-
gregation rates in presence of various excipients were de-
termined under accelerated conditions (40°C, 75% relative
humidity) at a protein concentration of 10 mg/mL using
high-performance size exclusion chromatography.

degradation (aggregation) under accelerated stress
conditions (40°C). These comparisons were performed
to determine the extent to which DSF and DSLS sta-
bility tests translate to accelerated stability studies,
a well-established predictor of long-term formulation
stability. T, as calculated by DSF, and aggregation
rate versus pH are shown for mAbB in Figure 5. Com-
parison of T, at each pH with aggregation propensity
indicates that an increase in T, leads to a decrease
in aggregation rate, suggesting the important role of
conformational stability in keeping mAbB stable un-
der long-term storage conditions. For mAbD, we see
a good correlation between DSF and DSLS (Table 2
and Fig. 4b), with sugars stabilizing and salt desta-
bilizing both conformational and colloidal stability.
Because the two methods are well correlated, only
DSF is compared with aggregation propensity that
was obtained under accelerated conditions, as shown
in Figure 6. Similar to mAbB, for mAbD, we see a
strong correlation between Ty, and aggregation rate
under accelerated conditions, illustrating that high-
throughput screening (HTS) techniques can reliably
predict accelerated stability for some mAbs.

For mAbC, we do not see a good correlation between
conformational and colloidal stability (Table 2 and
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Figure 7. (a) Correlation between colloidal stability and
aggregation rate at accelerated conditions for monoclonal
antibody (mAb)C. Time of onset of mAbC in presence of var-
ious excipients was determined by heating the samples at
70°C and monitoring intensity at 600 nm over time by dif-
ferential static light scattering at a protein concentration
of 1 mg/mL. Aggregation rates in presence of various excip-
ients were determined under accelerated conditions [40°C,
75% relative humidity (RH)] at a protein concentration of 10
mg/mL using high-performance size exclusion chromatog-
raphy (HPSEC). (b) Comparison of conformational stability
and aggregation rate at accelerated conditions for mAbC.
T, of mADbC in the presence of various excipients was de-
termined by differential scanning fluorescence at a protein
concentration of 0.5 mg/mL. Aggregation rates in presence
of various excipients were determined under accelerated
conditions (40°C, 75% RH) at a protein concentration of
10 mg/mL using HPSEC.

Fig. 4a), hence we compared both DSF and DSLS with
real-time data for select conditions (Fig. 7). DSF data
indicate that salt is destabilizing the native state by
decreasing the conformational stability, but the DSLS
data show that salt is increasing the colloidal stabil-
ity by preventing/minimizing the association of inter-
mediate states. This raises the fundamental question
of which of these transitions should be stabilized in
order to increase the storage stability. Comparison
of DSLS (colloidal stability) and DSF (conformation
stability) data to aggregation propensity under ac-
celerated conditions for mAbC suggests colloidal sta-
bility as a better predictor of long-term stability for
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this antibody (Fig. 7). The results from this study un-
derline the importance of monitoring both conforma-
tional stability and colloidal stability during excipi-
ent screening. In this case, high-throughput DSF and
DSLS could both be run to their full capacity with dif-
ferent concentrations and combinations of excipients.
The solution conditions with the lowest T\, by DSF
and longest delay to aggregation by DSLS would then
be chosen for further evaluation using traditional sta-
bility studies.

CONCLUSION

We have shown that mAb aggregation is controlled
by both conformational and colloidal stability, and
depending on protein and solution conditions, either
could be rate limiting. We demonstrate the implemen-
tation of two HTS techniques (DSF and DSLS) that
can monitor conformation and colloidal stability of a
protein. These techniques will not only allow us to
screen stabilizing excipients but can also enable us to
differentiate between different concentrations of ex-
cipients as well as the effects of multiple excipients on
mAb conformational and colloidal stability. Because of
the requirement of less material and shorter analysis
time, both these techniques can be used to examine a
wider range of pH conditions, excipients, concentra-
tions, and combinations of excipients, compared with
traditional formulation techniques, thereby signifi-
cantly increasing the formulation optimization space.
The combination of HTS using DSF and DSLS with
the knowledge of the major protein degradation path-
ways could serve as a valuable tool for optimal formu-
lation design.
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