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RESUMO

ESTUDOS ANALITICOS PARA CARACTERIZACAO E AVALIACAO
DE INTERLEUCINA-11 HUMANA RECOMBINANTE

AUTOR: Ricardo Bizogne Souto
ORIENTADOR: Sérgio Luiz Dalmora

A interleucina 11 (IL-11) é uma citocina endogena que estimula diretamente a proliferagdo de células
tronco-hematopoiéticas e progenitoras megacariociticas e induz o amadurecimento megacariocitico.
Com os avangos na &rea da biotecnologia, especialmente com o advendo da tecnologia do DNA
recombinante, possibilitou-se a expressdo do gene da IL-11 em Escherichia coli, e assim a producéo
em grande escala da interleucina-11 humana recombinante (rhIL-11), a qual é clinicamente indicada,
principalmente, para a prevencdo de trombocitopenia grave e reducéo da necessidade de transfusdes de
plaquetas apds quimioterapia mielossupressiva em pacientes com neoplasias malignas ndo mieldides
com alto risco de trompocitopenia grave. Neste trabalho foram desenvolvidos e validados métodos por
eletroforese capilar de zona (ECZ) e cromatografia liquida por exclusdo molecular (CL-EM) para a
avaliagdo de rhIL-11 em produtos biofarmacéuticos. No método por ECZ, utilizou-se capilar de silica
fundida (40 cm de comprimento efetivo x 50 um d.i.) e solugdo eletrolitica composta de 50 mM de
fosfato de sodio dihidrogenado, pH 3,0. O capilar foi mantido a temperatura de 25°C, e a tenséo
aplicada foi de 20 kV. O tempo de injecéo foi de 45 s, com pressao de 50 mBar, e detecgdo por arranjo
de diodos (DAD), em 196 nm. Para 0 método por CL-EM utilizou-se coluna BioSep-SEC-s-2000 (300
mm x 7,8 mm d.i.), mantida a 30°C. A fase movel foi constituida de tampdo acido 2-(N-
morfolino)etanosulfénico 0,02 M e cloreto de sédio 0,5 M, pH 6, com vazdo isocratica de 0,9
mL/min., por detector DAD em 220 nm. A rhlL-11 foi eluida nos tempos de 10,31 e 8,12, sendo linear
na faixa de concentracio de 1-300 pg/mL (r* = 0,9992) e 1-200 pg/mL (r* = 0,9996), respectivamente,
para 0 método por ECZ e por CL-EM. Os limites de deteccdo e quantificacdo foram 0,21 e 1,0 pg/mL,
para 0 método por ECZ e 0,23 e 1,0 ug/mL por CL-EM. A especificidade dos métodos foi verificada e
confirmada por estudos de degradacdo e de interferéncia dos excipientes. A exatidao foi 100,37 e
99,81%, com bias inferior a 1,13 e 0,43%, respectivamente, para os métodos por ECZ e CL-EM. Além
disso, realizou-se o teste de citotoxicidade in vitro das formas degradadas, apresentando, para as
amostras submetidas as condi¢des acidas e fotoliticas, diferenca significativa (p< 0,05) em relagdo a
molécula integra. Os métodos propostos foram aplicados para a avaliacdo do teor/poténcia e dos
produtos de degradacdo de rhlL-11 em formulagbes biofarmacéuticas, e os resultados foram
correlacionados com o método validado por cromatografia liquida em fase reversa (CL-FR) e
bioensaio em células TF-1, apresentando correlacdo significativa (p> 0,05). Assim, sugere-se que 0S
métodos desenvolvidos e validados por ECZ e CL-EM sejam aplicados para aprimorar o controle da
qualidade do produto biotecnolégico de rhIL-11, contribuindo, desse modo, para garantir sua
seguranca e eficécia terapéutica.

Palavras-chave: Interleucina-11 humana recombinante. Eletroforese capilar de zona.
Cromatografia liquida por exclusdo molecular. Cromatografia liquida em fase reversa.
Bioensaio. Validacdo. Correlacao.



ABSTRACT

ANALYTICAL STUDIES FOR CHARACTERIZATION AND
EVALUATION OF RECOMBINANT HUMAN INTERLEUKIN-11

AUTHOR: Ricardo Bizogne Souto
ADVISER: SERGIO LUI1Z DALMORA

Interleukin 11 (IL-11) is an endogenous cytokine that directly stimulates the proliferation of
hematopoietic stem cells and megakaryocytic progenitor cells and induces megakaryocytic
maturation. With advances in biotechnology, particularly with the advent of recombinant
DNA technology has been enabled the expression of the IL-11 gene in Escherichia coli and
thus the large-scale production of interleukin-11 Recombinant human (rhlL-11), which is
clinically indicated, especially for severe thrombocytopenia to prevent and reduce the need for
platelet transfusions following myelosuppressive chemotherapy in patients with non-myeloid
malignancies at high risk of serious trompocitopenia. The analysis for CZE method were
performed on a fused-silica capillary (effective length, 40 cm; 50 um i.d.), using electrolyte
solution consisted of 50 mM dihydrogen phospate solution at pH 3.0. The capillary was
maintained at 25° C, the applied voltage was 20 kV. Injections were performed using a
pressure mode at 50 mbar for 45 s, with detection by photodiode array detector set at 196 nm.
The SE-LC method was carried out on a BioSep-SEC-S 2000 column (300 mm x 7.8 mm
i.d.), maintained at 30°C. The mobile phase consisted of 002 M 2-(N-
morpholino)ethanesulfonic acid and 0.5 M sodium chloride buffer, pH 6.0, run isocratically at
a flow rate of 0.9 mL/min, and using a photodiode array (PDA) detection at 220 nm.
Chromatographic separation was obtained with retention times of 10.31 min, and 8.12 min,
and was linear over the concentration range of 1-300 pg/mL (r* = 0.9992) and 1-200 pg/mL
(r* = 0.9996), respectively, for CZE and SE-LC. The limits of detection and quantitation were
0.21 and 1.0 pg/mL, respectively, for the CZE and 0.23 and 1.0 pug/mL, for the SE-LC. The
specificity of the methods has been verified and confirmed by studies of degradation or
interference of the excipients. Equally, the accuracy was 100.37% and 99.81%, with bias
lower than 1.13% and than 0.43%, respectively, for CZE and SE-LC. Moreover, the in vitro
cytotoxicity test of related proteins and higher molecular weight forms showed significant
differences (p< 0.05) compared to intact molecule. The validated methods were applied for
the determination of rhiL-11 and related proteins in biotechnology-derived products, and the
results were correlated to those of a validated reversed-phase LC method (RP-LC) and an TF-
1 cell culture assay, with significant correlation (p> 0.05). Thus, we suggest the application of
methods developed and validated by CZE and SE-LC to improve quality control of rhiL-11
biotechnology-derived product, thereby contributing to ensure their safety and therapeutic
efficacy.

Keywords: Recombinant human interleukin-11. Capillary zone electrophoresis. Size
exclusion liquid chromatography. Reversed-phase liquid chromatography. Bioassay.
Validation. Correlations.
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1 INTRODUCAO

As citocinas constituem-se em um extenso grupo de moléculas envolvidas na emissao
de sinais entre as células durante a modulacdo de respostas imunes. De acordo com suas
funcBes, podem ser classificadas em: interleucinas (IL), fator estimulador de col6nias (CSF),
interferons (IFN), fator de transformacdo de crescimento (TGF ), fator de necrose tumoral
(TNFa e TNFp) e quimiocinas (MIYAJIMA et al., 1992).

As IL sdo proteinas multifuncionais, as quais exercem atividade prevalentemente
relacionadas a ativacdo ou supressdo do sistema imune e na inducao da divisdo de células. A
interleucina-11 (IL-11) é produzida no estroma dos fibroblastos da medula 6ssea e atua
principalmente como fator de crescimento trombopoiético, estimulando diretamente a
proliferacdo de células-tronco hematopoiéticas e células progenitoras megacariociticas e
induzindo o amadurecimento megacariocitico, o que resulta no aumento da producdo de
plaquetas (PAUL et al., 1990, 1991; KAYE, 1995).

Os avancos cientificos recentes na area da biotecnologia, especialmente com o advento
da tecnologia do DNA recombinante, possibilitaram a transferéncia de genes de um
organismo para outro e possibilitaram a producdo de moléculas altamente purificadas em
grande escala. Entre elas destaca-se a interleucina-11 humana recombinante (rhlL-11),
denominada também de oprelvecina, a qual é produzida em Escherichia coli (E. coli),
constituida por cadeia polipeptidica de 177 aminoédcidos e massa molecular de
aproximadamente 19 kDa. Difere da IL-11 enddgena somente pela auséncia do residuo
prolina amino-terminal. E indicada na terapéutica, principalmente, para a prevencdo de
trombocitopenia grave e na redugdo de transfusdo de plaquetas apOs quimioterapia
mielossupressiva em pacientes com neoplasias malignas ndo mieldides com alto risco de
trombocitopenia grave (CZUPRYN et al., 1995; PLAQUEMAX®, 2014).

Estudos iniciais relatam o uso de bioensaios in vitro para a determinacdo da poténcia
da rhIL-11, com destaque para 0 ensaio biologico baseado na atividade proliferativa de
células TF-1 (YIN et al.,1993). No entanto, uma das principais desvantagens dos bioensaios €
a sua precisdo, que é geralmente inferior a de técnicas fisico-quimicas (HAMMERLING et
al., 1992; MIRE-SLUIS, 1999; EP, 2014).

Os métodos por cromatografia liquida de alta eficiéncia (CLAE) viabilizam a
separacdo, identificacdo e quantificacdo das substancias biologicas, e também tém sido

estudados para uso em combinacdo com os bioensaios ou como alternativa a esses (XINDU e
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LILI, 2008). Os métodos por cromatografia liquida em fase reversa (CL-FR) com detec¢do na
regido do ultravioleta (UV) sdo amplamente utilizados na quantificacdo de biofarmacos,
controle de qualidade, separacdo e determinacdo das formas oxidadas e desamidadas de
proteinas (FEKETE et al., 2012). Do mesmo modo, a cromatografia liquida por excluséo
molecular (CL-EM) é uma técnica versatil adotada para determinacdo de proteinas e das
formas agregadas na sua configuracdo nativa (FEKETE et al., 2014).

A eletroforese capilar (EC) é uma técnica que pode ser utilizada para analise de
proteinas ou peptidios, incluindo caracterizacdo, identificacdo, detec¢do de variantes de carga
e isoformas, interacGes entre biomoléculas e quantificacdo. Seu uso na analise de biofarmacos
é justificado principalmente devido ao baixo custo de consumo de reagentes e solventes,
eficiente separacdo e deteccdo de impurezas, em alguns casos com vantagens em relacdo a
CLAE, tornando essa técnica adequada para o controle de qualidade (LANDERS, 2008;
DALMORA et al., 2012; USP, 2015).

As proteinas requerem alto grau de especificidade estrutural para interagir com o sitio
de acdo. Por essa razdo, é enfatizada a caracterizacdo fisico-quimica para demonstrar
estruturas correspondentes as formas biologicamente ativas dos produtos biotecnolégicos. As
instabilidades quimicas e fisicas de proteinas recombinantes tém sido investigadas por
diferentes técnicas analiticas que incluem CLAE, EC, espectrometria de massas e analise
térmica (WANG, 1999; ICH, 1999). Esses procedimentos, juntamente com 0s ensaios de
atividade bioldgica e enzimaimunoensaio (ELISA), possibilitam também monitorar e
caracterizar as formas relacionadas e degradadas, bem como avancar para estudos de
correlacdo entre métodos bioldgicos e fisico-quimicos (STAMM et al., 2013a; ALMEIDA et
al.,, 2014; EP, 2014). A presenca de formas relacionadas e degradadas nas proteinas
recombinantes de uso terapéutico pode causar alteracbes com redugdo ou perda da atividade
farmacoldgica e efeitos imunoldgicos, além de efeitos indesejaveis (EMEA, 2007; FDA,
2014).

Acrescenta-se que, apés o desenvolvimento de um método, a validagdo deve
demonstrar, através de estudos experimentais, que este atende as exigéncias das aplicacbes
analiticas, sendo adequado para o proposito pretendido, assegurando a confiabilidade e
reprodutibilidade dos resultados (ICH, 2005; FDA, 2015a). A avaliacdo de biomoléculas
produzidas por expressdo em sistemas celulares diversos, por métodos eficientes e validados,
é fundamental para assegurar que os lotes sucessivos de produgdo tenham qualidade igual ou
superior ao submetido aos estudos pré-clinicos e clinicos, durante o processo de registro

(BRASIL, 2011a). Além disso, sdo importantes para viabilizar possiveis estudos de
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similaridade de macromoléculas biologicamente ativas. Por sua vez, as especificacGes
preconizadas para 0s produtos biolégicos visam garantir a eficicia e seguranga clinica
(LONGSTAFF et al., 2009; BRASIL, 2010; EMA, 2014).

A oprelvecina (rhlL-11), objeto deste estudo, é produzida por tecnologia do DNA
recombinante e encontra-se disponivel comercialmente no Brasil na apresentacdo de po
liofilizado para injecéo, sendo utilizada clinicamente, tendo reflexos diretos na area de salde
publica. Desse modo, justifica-se a importancia do estudo de tecnologias analiticas para
avaliacdo de identidade, pureza, teor/poténcia, estabilidade para viabilizar andlises de
correlacdo e assegurar a qualidade dos produtos biotecnolégicos. Destaca-se que, até o
presente momento, ndo existem em compéndios farmacopeicos oficiais, ensaios bioldgicos e
métodos fisico-quimicos para a caracterizacdo e avalia¢do da rh1L-11.

O objetivo geral deste trabalho € desenvolver, otimizar e validar métodos fisico-
quimicos para a caracterizacao e avaliacdao da identidade, pureza, teor/poténcia, estabilidade e
qualidade de rhlL-11. Realizar estudos de correlacdo, avaliar e estabelecer metodologias
analiticas para aprimorar o controle de qualidade, contribuindo para garantir a seguranca e
eficacia terapéutica desse biofarmaco.

Por sua vez, os objetivos especificos constituem-se na aplicacdo de métodos
previamente desenvolvidos e otimizados para avaliacdo de rhiL-11 por eletroforese em gel de
poliacrilamida, transferéncia e imunodeteccdo para identificacdo; por cromatografia liquida
em fase reversa para identificacdo e determinacdo de teor/poténcia da forma ndo alterada e de
proteinas relacionadas; pelo ensaio da proliferacdo de células da linhagem TF-1 para
avaliacdo de poténcia da forma integra e modificada. Paralelamente, pretende-se desenvolver
e validar métodos para caracterizagcdo e avaliagdo de rhIL-11 por eletroforese capilar para
identificacdo e determinacdo de teor/poténcia da biomolécula e de formas degradadas; por
cromatografia liquida por exclusdo molecular para identificacdo e determinacdo de
teor/poténcia do mondémero e de proteinas de alta massa molecular. Realizar analise
estatistica, correlacdo e interpretacdo dos resultados; estabelecer correlagdes entre métodos
fisico-quimicos e biologico in vitro; aplicar os métodos desenvolvidos e validados para o

controle de qualidade dos produtos biotecnoldgicos disponiveis no Pais.
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2 REVISAO DA LITERATURA

Paul e colaboradores (1990, 1991) identificaram originalmente fator de crescimento
produzido no estroma dos fibroblastos da medula 6ssea com base na sua capacidade de
estimular a proliferacdo da linhagem de células T1165 de plasmacitoma de camundongo. Essa
molécula foi designada de IL-11 e classificada na familia de citocinas da interleucina-6, por
apresentar estrutura tridimensional com cadeia longa de a-hélice, assim como a interleucina-
6, interleucina-12, eritropoietina e fator estimulador da colénias de granuldcitos (BAZAN,
1990; BERGER et al., 1994; CHACHADE, 2009; NOGUEIRA-SILVA et al., 2013). A IL-
11, especificamente, pertence a sub-familia de citocinas dependente do receptor gp130, do
mesmo modo que a interleucina-6, fator de crescimento de neurotréfilos, entre outras
(BELLIDO et al., 1996; UNDERHILL-DAY et al.,, 2003; SOMMER et al., 2012,
ANNAMALAI et al., 2014).

O progresso cientifico na area farmacéutica, principalmente com o desenvolvimento
de técnicas de DNA recombinante, possibilitou a clonagem e expressao de genes humanos em
outros organismos, e a consequente producdo de biomoléculas altamente purificadas em
grande quantidade. Entre elas destaca-se a interleucina-11 humana recombinante (rhiL-11),
ou oprelvecina, a qual é produzida através da clonagem e expressao do gene humano da IL-11
em E. coli. Possui massa molecular de, aproximadamente, 19 kDa e cadeia polipeptidica de
177 aminoécidos, diferindo da IL-11 enddgena apenas pela auséncia do residuo prolina
amino-terminal. Estudos in vivo e in vitro demonstraram que essa diferenca na estrutura
molecular da rhlL-11 ndo influenciou significativamente em sua bioatividade (CZUPRYN et
al., 1995; AOYAMA et al., 1997; NEUMEGA®, 2004). Apresenta formula quimica composta
por Cgs4H1411N2530235S,, € sua estrutura primaria esta representada na Figura 1 (YOKOTA et
al., 2000a; DRUG BANK, 2015).
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Figura 1 — Estrutura primaria da rhlL-11, adaptada (YOKOTA et al., 2000a).

A IL-11 € uma citocina hematopoiética que estimula diretamente a producdo de
células tronco-hematopoiéticas e células progenitoras megacariociticas e induz o
amadurecimento megacariocitico, resultando no aumento da producdo de plaquetas.
Resumidamente, este processo se desencadeia através da ligacdo da IL-11 com receptores
especificos e a consequente emissdo de sinais transportados por proteinas mediadoras até o
nacleo celular, no qual ocorrerd a transcricdo de genes e posterior tradugdo para proteinas
efetoras (PAUL et al., 1990, 1991).

Souto (2011, p. 18-20) realizou levantamento bibliografico e descreveu as principais
etapas do mecanismo de acdo da IL-11conforme segue:

Inicialmente a IL-11 liga-se a subunidade o do receptor IL-11R (responsavel pela
especificidade da ligagdo) resultando na formagéo do complexo IL-11-IL-11Ra. Este
interage com a subunidade B do receptor gpl30 (responsavel pela transducdo de
sinal para o citoplasma das células). Com base na estrutura tridimensional do
modelo de 4 o-hélices, 3 regiGes sdo responsaveis por sua afinidade com os
receptores: a regido 1 que esta relacionada a interacdo com o receptor IL-11Ra € as

regides 2 e 3 que sdo responsaveis pela interacdo com a subunidade B do receptor
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gp130, conforme a Figura 2a. A energia principal para que ocorram as ligacdes com
estes receptores é fornecida por aminoacidos hidrofébicos apolares cercados por
residuos polares ou carregados, 0 que acontece nas regides 2 e 3 (possuem alta
afinidade de interacdo). A regido 1 possui 2 aminoécidos hidrofilicos, histidina'® e
asparagina™®®, que diminuem sua afinidade de interacdo como mostra a Figura 2b
(HILTON et al., 1994; PANAYOTATOS et al., 1995; HUDSON et al., 1996;
HARMEGNIES et al., 2003).

site Il

Figura 2: Representacéo da estrutura tridimensional da IL-11, adaptada (HARMEGNIES et al., 2003).
(A) Modelo tridimensional da IL-11 destacando as 3 regides de interacdo com receptores.

(B) Modelo tridimensional da regido 1 da IL-11. Aminoacidos carregados positivamente em  azul,
negativamente em vermelho, hidrofilicos em cinza e hidrofoébicos em amarelo.

A interagdo do complexo IL-11-IL-11Ra com a subunidade B do receptor gp130
induz sua heterodimerizacdo, fosforilagdo e ativacdo (YIN et al.,1992, 1993;
FOURCIN et al.,1994). Logo apos, este receptor ativa as proteinas citoplasmaticas
tirosina quinase da familia Janus Kinase (JAK) tornando possiveis duas vias de
sinalizacdo (BERGER et al.,1994; YIN et al.,1994). Uma mais simples, através da
interacdo das proteinas JAK com as proteinas da familia STAT (do inglés Signal
Transducers and Activators of Transcription), que resulta na transducdo rapida de
sinais para o nucleo. E outra mais complexa, que envolve a interacdo das proteinas
JAK com a proteina adaptativa Grb2. A Grb2 estd constitutivamente associada a
SQOS, proteina que troca GDP por GTP da proteina Ras, ou seja, induz a passagem
conformacional da Ras do estado inativo para o ativo. Uma vez ativada, a Ras
estimula a fosforilagdo da serina da cascata da proteina quinase MAPK, que transduz

finalmente os sinais para o nicleo. No ndcleo, estes sinais induzem a transcricdo de
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genes, que a seguir sdo traduzidos em proteinas efetoras, etapa final da expresséo
génica. A IL-11 pode estimular também a transformacéao de alguns lipidios em acido
fosfatidico, o qual provoca a fosforilacdo tirosinica das MAPKSs intensificando sua
transducdo de sinais (SIDDIQUI e YANG, 1995; WANG et al., 1995). As vias de
sinalizacdo mediada pela IL-11 estdo esquematizadas na Figura 3 (DU e
WILLIAMS, 1997).”

GP130
GRB2
JAK2 {
’ /
4 familia STAT
Fosfolipase D 1 /
l _ - MApxl-— MAPK fosfatase

e

(3CH134)

Acido Fosfatidico = ~

ppoOrsk

O Resposta primaria
W (expressao génica)

Figura 3: Vias de sinalizagdo mediadas pela IL-11, adaptada (DU e WILLIAMS, 1997).

A rh-1L11 é o principio ativo do produto biofarmacéutico Neumega® do laboratério
Wyeth, primeiro agente trombopoiético aprovado para uso clinico pela agéncia reguladora
estadunidense US Food and Drug Administration (FDA). Encontra-se disponivel na forma de
po liofilizado para injecdo, na apresentacdo de 5 mg de rhiL-11/frasco, e € indicado na
terapéutica para o tratamento de trombocitopenia grave e na reducdo da necessidade de
transfusdo de plaquetas ap0s quimioterapia mielossupressiva em pacientes com neoplasias
malignas ndo mieldides com alto risco de trombocitopenia (KAYE, 1998; USUKI et al., 2007,
YANAKA et al., 2011; BALDO et al., 2014; LIU et al., 2015). No Brasil, Neumega® teve
sua comercializagdo descontinuada em julho de 2009.

Plaquemax®, do Laboratério Bergamo/Amgen, é o produto biofarmacéutico de rhiL-

11 disponivel para uso terapéutico no Brasil. A ANVISA concedeu seu registro em
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18/02/2008. Apresenta-se sob a forma de pé liofilizado para injegdo, nas concentracdes de 3 e
5 mg/frasco. Sua dose recomendada em adultos é de 50 pug/Kg administrada subcutaneamente
em injecdo Unica no abdémen, coxa ou quadril, 24 a 48 horas ap0s o0 término da quimioterapia
ou apo6s a ocorréncia de trombocitopenia, uma vez ao dia por 7 a 14 dias.

O produto biofarmacéutico de rhiL-11, Plaquemax®, é indicado clinicamente para &
prevencdo de trombocitopenia (baixo nivel de plaquetas no sangue) grave e na redugdo da
necessidade de transfusGes de plaquetas apds quimioterapia mielossupressiva (terapia que
causa supressdao da producdo de células sanguineas da medula Gssea) em pacientes com
tumores malignos ndomieldides (ndo provenientes da medula dssea) com alto risco de
trombocitopenia grave. Sua eficacia foi demonstrada em pacientes que tiveram
trombocitopenia grave apos ciclo de quimioterapia prévio. N&o € indicado ap6s quimioterapia
mieloablativa (terapia que destroi as células da medula déssea). Pacientes com tumores sélidos
e leucemias ndo-medulares que tém trombocitopenia de graus Il e IV com contagem de
plaquetas < 50 x 109 /L no ciclo de quimioterapia prévia, podem ser administrados com
Plaquemax® de forma a reduzir o sangramento causado pela trombocitopenia e a dependéncia
por transfusdes de plaquetas. Pode ser combinado com filgrastim para tratar pacientes que
tenham simultaneamente leucopenia (baixo numero de células brancas no sangue)
(PLAQUEMAX®, 2014).

Alguns pesquisadores relatam em seus trabalhos cientificos atividades néo-
hematopoiéticas da rhlL-11, destacando-se: inibicdo da producdo de citocinas pro-
inflamatdrias por macrofagos (TREPICCHIO et al., 1996, 1997; OPAL e DePALO, 2000;
ELLIS et al., 2006; WAN et al., 2015), estimulacdo da osteoclastogénese e neurogénese
(GIRASOLE et al. 1994; McCoy et al., 2013), inibicdo da adipogénese (KELLER et al., 1993;
TENNEY et al., 2005; WHITE e STPHENS, 2011) e regulagéo do crescimento e absor¢édo do
epitélio intestinal (ALAVI et al., 2000; HUNTER et al., 2014)

Nesse sentido, encontram-se disponiveis na literatura estudos iniciais ndo clinicos, em
diferentes modelos, que evidenciam a eficicia da rhIL-11 no tratamento da hemofilia A leve e
doenca de VVon Willebrand (DENIS et al., 2001; NICHOLS et al., 2009; RAGNI et al., 2011),
doenga de Crohn e colite ulcerosa (SANDS et al., 1999; MEERVELD et al., 2001; GIBSON
et al., 2010; NGUYEN et al., 2015), cirrose e hepatite C cronica (LAWITZ et al., 2004;
GIANNINI, 2006; HAYASHI et al., 2014), artrite reumatoide (HERMANN et al., 1998;
MORELAND et al., 2001; YAN et al., 2013), e atenuacdo da fibrose cardiaca apds infarto do
miocéardio (KIMURA et al., 2007; OBANA et al.,2010; FUJIO et al., 2011).
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Schlerman e colaboradores (1996) investigaram a acdo da rhlL-11 em macacos sadios
e com mielossupressédo induzida, evidenciaram aumento significativo da producdo de
plaquetas em relacdo aos grupos controle. Com o intuito de esclarecer os mecanismos da
hematopoiese provocados pela rhlL-11, a cinética da megacariopoiese foi investigada, por
Saitoh e colaboradores em 2001. Foram utilizados camundongos, mielossuprimidos
previamente com mitomicina C, nos quais foram administrados rhlL-11, por 19 dias. Atraves
da analise da resposta hematoldgica pela contagem de plaquetas e neutréfilos, observaram,
como resultado, que o biofarmaco estimulou, a proliferacdo e maturacdo de células
megacariociticas in vivo, reduzindo, assim, a trombocitopenia.

Aoyama e colaboradores (1997) avaliaram o comportamento farmacocinético da rhiL-
11 apos subcutanea (SC), nas doses de 3 e 50 pg/kg e injecdo intravenosa (1V), nas doses de
10 e 50 pg/kg, em humanos do sexo masculino. Adicionalmente, administraram dose de 3
Mg/kg por via SC, durante 7 dias consecutivos. Realizaram coleta de urina e sangue em
tempos especificos para serem analisadas por ELISA. Os valores de meia vida de eliminagdo
(t12) e tempo médio de retencdo (TMR) no plasma indicaram farmacocinética linear, com taxa
de absorcdo limitada, de 65%, apds administracdo subcutanea, quando comparados com 0s
valores obtidos apds administracdo V. A rhIL-11 n&o foi detectada na urina, apds dose Unica
de 50 pg/Kg. Por sua vez, Kaye (1998) estudou a farmacocinética da rhlL-11 em voluntarios
sadios, obtendo, para dose Unica de 50 pg/Kg de rhIL-11 pela via SC, concentracdo
plasmatica maxima (Cméax) de 17,4 ng/mL e tempo para atingir esta concentracdo (Tmax) de
3,2 h. Evidenciou biodisponibilidade superior a 80% ap0s inje¢do SC.

Quanto a excrecdo da rhiL-11, pesquisadores monitoraram ratos e camundongos apés
infusdes pela vias SC e IV de rhIL-11, e de rhlL-11 associada a biomarcadores. Avaliaram os
perfis de liberacdo plasmaética e depuracdo corporal por técnicas de perfusdo renal e hepatica e
imunorreatividade em diferentes publicacbes e concluiram que a rhlL-11 é eliminada
majoritariamente atraves dos rins e figado (TAKAGI et al., 1995; TAKAGI et al., 1997;
TAKAGI et al., 1998; UCHIDA et al., 1998).

Efeitos adversos signigficativos (p< 0,05), causados pelo uso de rhIL-11 em pacientes
apos serem submetidos a quimioterapia foi relatado por Kaye (1998), entre 0s quais estdo
taquicardia conjuntiva, edema, dispnéia e derrame pleural. De acordo com a bula do produto
Plaquemax®, as seguintes reagdes adversas, ocorrendo em > 10% dos pacientes, foram
observadas em igual ou maior frequéncia que em pacientes tratados com placebo: astenia, dor,
calafrios, dor abdominal, infeccdo, anorexia (diminuigdo ou perda do apetite), constipacédo

(prisdo de ventre), desconforto estomacal, equimose (pequenos pontos de hemorragia na pele



23

ou membranas mucosas), dor muscular, dor dssea, nervosismo e queda de cabelos. Ainda,
reacOes adversas selecionadas que ocorreram foram, no corpo como um todo: edema
(inchaco), febre neutropénica (neutropenia ou diminuicdo dos glébulos brancos do sangue,
acompanhada de febre), dor de cabeca e febre; no sistema cardiovascular: taquicardia
(aumento da frequéncia dos batimentos cardiacos), vasodilatacdo, palpitagdes, desmaios e
fibrilacdo/flutter atrial; no sistema digestivo nausea/vomitos, mucosite (inflamacdo da
mucosa), diarréia e candidiase oral (sapinho); no sistema nervoso: tontura e insénia; no
sistema respiratorio: dispneia, rinite, aumento da tosse, faringite (inflamacdo da garganta) e
derrame pleural (presenca de liquido excedente na cavidade pleural); outros erupgdo cutanea,
congestao conjuntival (vermelhidao dos olhos) e visdo embacada (PLAQUEMAX®, 2014).

Yin e colaboradores (1993) estudaram o processo de emissdo de sinais desencadeado
pela atividade da rhlL-11 em células TF-1 (linhagem humana multifatorial eritroleucemica
dependente). Observaram aumento na indugdo da fosforilagdo de proteinas, ativacdo da
expressdo celular proto-oncogene e proliferacao celular. Concluiram que para a transducao de
seus sinais e ativacao de mecanismos, a rhlL-11 depende diretamente do receptor gp130.

Biensaio in vitro foi pesquisado por Yokota e colaboradores (2000b) para determinar a
poténcia bioldgica da rhlL-11. Utilizaram linhagem celular T10, corante azul de tetrazdlio e a
resposta foi quantificada através da absorbancia, em 450 nm e 650 nm, das doses da curva
dose-resposta em leitor de micro placas. O coeficiente de variagdo percentual (CV%) obtido
nos resultados foi inferior a 8%. O bioensaio foi destacado como simples, reprodutivel e
preciso.

Modificagcbes quimicas e mutagénese sitio-dirigida foram realizadas na estrutura
molecular da rhIL-11 por Czupryn e colaboradores em 1995. Apds, efetuaram caracterizagéo
estrutural com identificacdo das regiGes/residuos essenciais para a expressdo atividade da
rhlL-11 por diferentes técnicas, como: eletroforese em gel de poliacrilamida, cromatografia
liquida por troca idnica, cromatografia liquida acoplada a espectrometria de massas.
Evidenciaram que a supressdo do residuo metionina® reduz aproximadamente de 25 vezes a
atividade da rhlL-11 e a auséncia dos Ultimos residuos de aminodcidos da porgdo carboxi-
terminal podem reduzir ou até inativar sua acao.

Proteina de fuséo de rhIL-11 expressa em lisado de E. coli foi investigada por Amari e
Mazsaroff em 1996. Inicialmente as proteinas de baixa e alta massa molecular foram
separadas por CL-EM, utilizando coluna cromatografica Bio-Sil® SEC-250 (dimensdes: 300 x
7,8 mm; tamanho de particula: 5um; e tamanho do poro: 250 A. BioRad Richmond, CA,
USA), fase mdvel composta de tampéo Bis-Tris propano 15 mM, 200 mM de NaCl e 5% de
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etanol, com deteccdo em 214 nm. Apos a rhlL-11 foi quantificada por método por CL-FR
utilizando coluna cromatogréfica Poros® R1/H (dimensdes: 100 x 4,6 mm; tamanho de
particula: 10 um; e tamanho do poro: 400 A. PerSeptive BioSystems, MA, USA) e fase movel
em gradiente composta por fase A acido trifluoroacético (TFA) em agua 0,1% (v/v) e fase B
0,1% de TFA em 80:20 (v/v) de acetonitrila e agua, com detec¢do em 214 nm. Os autores
sugeriram os métodos utilizados para o monitoramento do processo de producdo e purificacéo
de rhlL-11.

Yokota e colaboradores (2000a) avaliaram a estabilidade da rhIL-11 quando
armazenada em recipientes pléasticos de polipropileno e poliestireno. Para a separacdo e
quantificacdo da molécula integra e de seus produtos de degradacéo, foi desenvolvido método
por CL-FR sob as seguintes condicdes: coluna cromatogréfica Bondasphere® C, (dimensoes:
150 x 3,9 mm; tamanho de particula: 5um; e tamanho do poro: 300 A. Waters, Tokyo, Japan),
fase movel em gradiente composta por fase A TFA 0,1% em 50:50 (v/v) de acetonitrila e 4gua
e fase B 0,1% de TFA em 70:30 (v/v) de acetonitrila e agua, com detec¢do em 214 nm. Apos,
identificaram formas degradadas de rhlL-11 por mapeamento peptidico e cromatografia
liquida acoplada & espectrometria de massas. Atribuiram maior oxidacdo da metionina>® nas
amostras armazenadas em tubos de polipropileno do que aquelas em tubos de poliestireno,
sendo a oxidacdo intensificada quando os tubos eram previamente expostos a luz.

Zhang e colaboradores (2002) investigaram a deamidacdo da asparagina e
isomerizacdo do aspartato em amostras de rhiL-11, submetidas a temperatura de 30° C por 6
semanas, por métodos de eletroforese em gel de poliacrilamida, eletroforese capilar e
cromatografia liquida acoplada a espectrometria de massas. Evidenciaram e niveis baixos de
isomerizacdo do aspartato® e deamidacdo da asparagina®® e significativa isomerizacdo do
aspartato® e aspartato®’. Obervaram reducéo da atividade biolégica das amostras sob estresse
através de bioensaio com linhagem de celulas T10, embora com diferenca ndo significativa.

A estabilidade da rhIL-11 liofilizada foi avaliada em amostras preparadas utilizando
diferentes excipientes no preparado de sua formulagdo, por Garzon-Rodriguez e
colaboradores em 2004. Método por CL-EM utilizando coluna cromatografica TosoHaas®
TSK-2000 SWXL (dimensdes: 300 x 7,8 mm; tamanho de particula: 5 um; e tamanho do
poro: 125 A. Tosoh Bioscience, Tokyo, Japan), fase movel composta por tampdo MES 50
mM, glicina 0,1 mM e NaCl 50 Mm, com deteccdo em 225 nm foi desenvolvido para
monitorar agregados e substancias de alta massa molecular. Método por CL-FR utilizando
coluna cromatogréfica Poros® R1/H (dimens6es: 100 x 4,6 mm; tamanho de particula: 10 pum;

e tamanho do poro: 400 A. PerSeptive BioSystems, MA, USA), fase mdvel em gradiente
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composta por fase A TFA 0,1% em &gua (v/v) e fase B 0,1% de TFA em 80:20 (v/v) de
acetonitrila e 4gua, com deteccdo em 214 nm foi desenvolvido para determinar produtos de
oxidacéo e clivagem. Observaram nas amostras que foram preparadas por uma combinacéo de
excipientes de dissacarideos e hidroxietilamido, menor formacdo de agregados e formas
oxidadas, sugerindo melhor estabilidade para a formulagéo.

Souto e colaboradores (2012) desenvolveram metodo por CL-FR para identificacdo e
avaliacdo de rhIL-11 e suas formas de desamidados e sulféxidos, em formulacdes
biofarmacéuticas. O método CL-FR foi validado nas seguintes condic¢Bes analiticas: coluna
cromatogréfica Jupiter® C, (dimensdes: 250 x 4,6 mm; tamanho de particula: 5 pum; e
tamanho do poro: 300 A. Phenomenex, CA, USA), fase movel em gradiente composta por
fase A 0,1% de TFA em agua (v/v) e fase B 0,1% de TFA em acetonitrila (v/v), com deteccédo
em 214 nm. O método foi aplicado para avaliacdo de produtos biofarmacéuticos de rhlL-11 e
os resultados foram correlacionados com bioensaio in vitro em células TF-1, observando-se
teor/poténcia em média 2,60% superior por CL-FR em relacdo ao bioensaio, com correlagdo
significativa (p> 0,05). Adicionalmente foi avaliada a citotoxicidade das proteinas
relacionadas em relacdo a molécula integra, ndo encontrado diferencas significativas (p>
0,05).

Jung e colaboradores (2011) realizaram alteracfes especificas na estrutura molecular
da rhiL-11 através de técnicas de mutagénese sitio-dirigida, obtendo uma biomolécula
modificada. Ap0s, pesquisaram a atividade biol6gica do novo composto em roedores e
primatas. Nesse experimento, observaram, para a rhlL-11 modificada em relacdo a natural,
aumento superior a trés vezes da concentracdo plasmatica maxima (Cmax) e area-sob a curva
(AUC), bem como aumento trés vezes maior na contagem de plaquetas, apos sete dias
consecutivos de injecdes. Testes de degradacdo demonstraram maior estabilidade da molécula
alterada em relagdo a original, sugerindo menor toxicidade.

E importante destacar os avangos realizados na é&rea farmacéutica com o
desenvolvimento de moléculas conjugadas, especialmente de formas peguiladas, que foram
entdo estudadas e caracterizadas por diferentes técnicas analiticas que incluem EC, CL e
cromatografia liquida acoplada a espectrometria de massas, avaliando-se também a atividade
de isbmeros. Paralelamente, foram submetidas a avaliagdo dos pardmetros farmacocinéticos,
comparando diferentes vias de administracdo para produtos peguilados e ndo-modificados,
demonstrando suas vantagens terapéuticas (FOSER et al., 2003; HARRIS e CHESS, 2003).

Nesse contexto, Takagi e colaboradores (2006) estudaram a incorporacdo de

protamina e acido hialurénico no preparo de formulacdes de rhlL-11. Logo a seguir, Takagi e
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colaboradores (2007) continuaram pesquisando formas modificadas de rhlL-11, com destaque
para o preparo de formulagbes peguiladas. Em ambos os estudos, avaliaram o perfil
farmacocinético em ratos por ELISA e determinaram a atividade biologica pelo aumento da
contagem do numero de plaguetas. Demonstraram que as formulagdes modificadas
aumentaram significativamente a contagem de plaquetas e prolongaram o tempo de retengéo
plasmética da rhlL-11 e quando comparados com a formulag&o original.

Portanto, considerando as tecnologias analiticas disponiveis, pode-se destacar que 0s
métodos por CL tém sido amplamente descritos na literatura cientifica para analise de
produtos farmacéuticos e suas matérias-primas, contribuindo para a identificacdo e
quantificacdo de farmacos, produtos de degradacdo e excipientes. Diversos autores destacam
as vantagens do uso de métodos desenvolvidos por cromatografia na area farmacéutica, entre
as quais se podem citar: especificidade, sensibilidade, robustez e reprodutibilidade, além de
duracdo de anélise e custo adequados especialmente para estudos de estabilidade (XINDU e
LILI, 2008; MANNING et al., 2010). As técnicas por CL-FR e por CL-EM baseadas na
hidrofobicidade e tamanho das moléculas, respectivamente, sdo frequentemente empregadas
no controle de qualidade de proteinas. Possibilitam avaliar alteracdes fisico-quimicas e
modificacfes pds-traducionais na estrutura, que incluem oxidacdo de residuos de metionina,
sulfatacdo, desamidacdo e agregacao, que podem ocorrer devido a fatores como processo de
producdo, escolha do sistema de expressdo, formulagdo e condi¢bes de armazenamento
(GUNTURI et al.,, 2007; ALMEIDA et al., 2011). As modificacbes podem reduzir a
bioatividade do biofarmaco e causar reacBes imunogénicas (HERMELING et al., 2004,
ROSENBERG, 2006; GROOT e SCOTT, 2007; ALMEIDA et al., 2010; STAMM et al.,
2013a).

Por sua vez, a EC é uma técnica que pode ser utilizada para a identificacéo,
determinacdo de cargas, isoformas, pureza e quantificacdo de proteinas. O processo de
separacdo da EC decorre do movimento do analito no capilar sob um campo elétrico e um
fluxo eletro-osmotico (FEO). Este movimento € dependente, sobretudo, da carga e da
magnitude do campo elétrico aplicado, assim como, da viscosidade do eletrolito e do raio da
molécula. Consequentemente, a mobilidade eletroforética intrinseca do composto é
determinada pela combinacéo de forcas de atrito e elétricas, indicando que a separacdo dos
componentes de uma mistura esta baseada na relagdo massa/carga dos analitos. A EC é uma
técnica adequada para uso no controle de qualidade de medicamentos, pois pode permitir
eficiente separacdo, deteccdo e quantificacdo de farmacos, impurezas e excipientes, além de
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apresentar baixo consumo de solventes e reagentes e 0 uso de pequena quantidade de amostra
para analise (LANDERS, 2008; DALMORA et al., 2012; USP, 2015).

A validacdo de métodos analiticos é necessaria para garantir a reprodutibilidade e
confiabilidade dos resultados, assegurando que o método € adequado para a finalidade
pretendida (SHABIR, 2003; SHABIR, et al., 2007; ROZET, et al., 2007; INJAC, et al., 2008).
Procedimentos para validacdo de métodos analiticos encontram-se disponiveis em guias
oficiais (ICH, 2005; FDA, 2015a; USP, 2015), os quais descrevem 0s principais parametros
para serem avaliados durante a validacdo de um método, entre eles: especificidade,
linearidade, precisdo, exatiddo, limite de detecgéo e quantificacdo, robustez e adequabilidade
do sistema. Trabalhos de validacdo de métodos analiticos aplicados a produtos
biotecnologicos podem ser encontrados, detalhadamente, em dissertacdes desenvolvidas no
laboratério de produtos biologicos da Universidade Federal de Santa Maria (UFSM)
(SOUTO, 2011; STAMM, 2013b) e nos artigos cientificos desta tese (ARTIGOS 1 e 2).

O desenvolvimento de métodos fisico-quimicos aplicadveis a analise de proteinas
recombinantes sdo importantes, pois, em geral, apresentam maior exatiddo, precisdo e
facilidade de execucdo em relacdo aos ensaios bioldgicos. Esses métodos podem ser usados
em combinacdo com 0s bioensaios ou como alternativos para a avaliacdo de identidade,
pureza, teor/poténcia e caracterizacdo das biomoléculas, incluindo seu uso durante a etapa
pré-clinica e também em estudos de comparabilidade/biosimilaridade, conforme preconizam
0S guias nacionais e internacionais, (BRASIL, 2011b; EMA, 2015; FDA, 2015b).

As proteinas bioterapéuticas apresentam estruturas moleculares complexas e alta
massa molecular. Podem apresentar heterogeneidade lote a lote, pois dependem do processo
de producdo em células vivas, razdo pela qual tornam essas biomoléculas distintas dos
farmacos classicos. Nesse sentido, 0s ensaios biologicos e os métodos fisico-quimicos nédo
conseguem, isoladamente, avaliar estas moléculas suficientemente para confirmar a sua
equivaléncia estrutural com o biofarmaco de referéncia. Sendo assim, tem sido usada a
combinacdo de métodos analiticos que representem a tecnologia do estado-da-arte para
caracterizagdo e estudos de comparabilidade, com destaque para a garantia da seguranca e
eficacia terapéutica desses produtos biotecnolégicos (KRESSE, 2009; SCHELLEKENS e
MOORS, 2010; KALMAN-SZEKERES et al., 2012; EMA, 2014; WEISE et al., 2014).

A seguir estdo anexadas as publicacBes cientificas referentes aos estudos
desenvolvidos no contexto desta tese (ARTIGOS 1 e 2). Observa-se que 0s materiais e

métodos utilizados, assim como os resultados obtidos, encontram-se descritos nas mesmas.



ARTIGO 1




29

3ARTIGO 1

3.1 — Ricardo Bizogne Souto, Fernanda Pavani Stamm, Jéssica Barbieri Schumacher, Clovis
Dervil Appratto Cardoso Junior, Guilherme Weber de Freitas, Rafaela Ferreira Perobelli and
Sérgio Luiz Dalmora. Stability-indicating capillary zone electrophoresis method for the
assessment of recombinant human interleukin-11 and its correlation with reversed-phase
liguid chromatography and bioassay. Talanta, v.123, p. 179-185, 2014,
doi:10.1016/j.talanta.2014.01.065.

Disponivel em: http://dx.doi.org/10.1016/j.talanta.2014.01.065.


doi:10.1016/j.talanta.2014.01.065
http://dx.doi.org/10.1016/j.talanta.2014.01.065

lalant 123 (214) T7-185

Contents lists available at Sciencelirect

Talanta

journal homepage: www .elsevier.com/locatetalants

Stability-indicating capillary zone electrophoresis method for the
assessment of recombinant human interleukin-11 and its correlation

@ CrosshMark

with reversed-phase liquid chromatography and biossay

Ricardo Bizogne Souto, Fernanda Pavani Stamm, [éssica Barbieri Schumacher,
Clovis Dervil Appratto Cardoso Jr., Guilherme Weber de Freitas, Rafaela Ferreira Perobelli,

Sérgio Luiz Dalmora ®

Department of Industrial Pharmacy, Fedeml Uniwersity of Sani Maria, 97105900 Santa Mariz, RS, Brazil

ARTICLE INFO

ABSTRACT

Article histary

Received 18 December 2013
Received in revised form

X anuary 2014

Adcepted 30 anwry 2014
Availible online 20 Pebruary 2014

Keywords:

Recomibinant human interkeukin- 11
Capillary zane elscrophoresis
Reversed-phase liquid chromatography
TP-1 el culture

Biotechnalogy

A stability-indicating capillary zone electrophoresis ((ZE) method was validated for the analysis of
recombinant heman intereukin- 11 IL-11) wsing ropatadine fumarate, as internal standand (5] A
fused-silica capillary, (50 wm id; effective length, 40 cm) was wsed at 25 °C; the applied voltage was
20 M. The background electralyte solution consisted of 50 mmol L™ sodium dibydrogen phosphate
solution at pH 3.0, Injections were performed using a pressure maode at 50 mbar for 45 5, with detection
by photodiode amay detector sef at 196 nm. Specificity and stability-indicating capability were
established in degradation studies, which also showed that there was no inteference of the excipients.
The method was linear over the concentration range of LO-300 ug mL ™" (r=0.9992) and the limit of
detection (LOD) and limit of quanti tation { LOQ) were 02 pg ml—" and 10 pg mL~", respectively. The
accuracy was T004E with bizs lower than 115 Moreover, the in vioo cytotmicity test of the degraded
products showed significant differences (p < 00061 The method was applied for the conbent/potency
assessment of rhiL-11 in biopharmace wtical formulations, and the results were correlated to those of a
validated reversed-phase LC method (RP-LC) and an TF-1 cell culture assay, showing non-significant
differences (p- L05) In addition the (ZE and EP-LC me thods were applied for the analysis of rhiL-11 in
himan plasma Therefore, the proposed alternative method can be applied to monitor stability, to asure

the batch-to-bateh consistency and quality of the bulk and finished biosteds ol ogy-derived medicine.

= 2014 Hsevier BV, All rights resemnved.

1. Introducton

Thrombocytopenia ooours in patients with malignancdes under-
going myelosuppressive chematherapy, which may lead to hemaor-
rhagic tendency and treatment delay. Recombinant human
intedeukin-11 (rhlL-11) is a kind of oytokine produced by DMA
technology in Escherichia coli, now marketed worddwide as Oprel-
wekin, for clinical use in prevention of severe chemothempy-
induced thrombocytopenia and to reduce the need for platelet
transfusions in patients with nonmyeloid malignandes |1-3].

The rhil-11 biomaolele consists of 177 amino acids polypep-
tide chain, non-ghycosylated with a molecular mass of 19 kDa and
isoelectric point of 117 Differs from the naturally oocourring
human interleukin-11 {IL-11) only by the absence of an amino-
terminal proline, and the presence of two residues of Met™ and
Met'** [4].

*(orresponding author Teljfo: 5 55 55 3220 89452
E-mail addres: sdad mora@erammbr (S Dalmaral

hitpe/ idxdai org01076] talant 201401065
O3S 9140 & 2014 Eeevier BY. All rights reserved.

The bioassays are useful to assess the efficacy and quality of
those proteins, which cannot be adequately characterized only by
physicochemical methods. Eady signals triggered by IL-11 were
assessed in a multifactor-dependent human erythroleukemic cell
line TFL, which showed that this protein stimulated cell prolifera-
ton 5] and was applied to assess the binadivity of biopharma-
ceuticals formulations |6]. Howewver, a major concern of using a
bimassay is its precision, which is generlly inferior tothe precsion
of physicochemical techniques [7-9].

Physicochemical technigues are used to monitor content/
potency, purity, chemical stability of biopharmaceutical proteins
obtained through recombinant DMA technology. Mo single techni-
que can satisfactorily provide suffident information about the
protein and therefore a combination of physicochemical immu-
nological, and biological methods is recommended, and has been
applied in correlation studies [10-13 ] The reversed-phase liguid
chmmatography (RP-LC) method offers a high level of acouracy
and sensitivity for the analysis of dosely related protein variants or
degradation products which may have reduced activity and altered
immunogenicty | 14,15]. A linear gradient RP-LC method using C,
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column and UV detection at 214 nm was employed to determine
the oxidative effect of plastic tubes used for storage of protein
samples | 16]. Optimal storage stability of ophilized rhil-11 was
evaluated by guantifying the oxidation levels and cleavage pro-
ducts by the gradient RPLC [17] A s@biliy-indicating RP-LC
method was validated using a Cs column with PDA detection at
21 nm, and was applied to the assessment of rhll-11 in biophar-
maceutical formulations |G Capillary electrophoresis (CE)] has
expanded its scope as a powerful analytical technigue for phar-
maceutical analysis, allowing the determination of biotechnology-
derived medicines and their degraded forms, charged variants and
isoforms [9,10,18-20]. At the moment, rhil-11 is not induded in
any Pharmacopoeia and no CE method has been published for
quality control analysis. However, validation of the method is
essential to show that the procedure is suitable for its intended
purpose [21].

The aim of this research was to develop and validate a s pecific,
sensitive and stability-indicating capillary zone electrophoresis
(CZE) method for the analysis of rhil-11; to comelate the results
with a validated RP-LC method and with an in vitro binassay; and
to evaluate the bioadtivity and the cytotoxicity of the degraded
forms, thus contributing to the development of an alternative
method to monitor stability, improve guality control, and thereby
assuring the therapeutic efficacy of the biotechnology-derived
medicne.

2. Experimental
21. Chemicals and remgents

Reference reagent Interleukin-11, human rDMNA derived, (R~
rhil-11 WHO 92/788), for bipassays was obtained from the
Mational Institute for Biological Standards and Control-NIBSC
(Herts, UK). Biological reference substance of rhiL-11, {BRS-rhll-
11). for physicochemical assays was supplied by Amoytop Biotech
Co., Ird. (Xiamen, Fujian, China). Rupatadine fumarmate (15) was
purchased from by Sequoia Research Produdts (Oxford, UK ). A total
of ten batches of Plaguemax™ Bergamo (S3o Paulo, Brazil), con-
taining 5 mgivial of rh1L-11 were identified by numbers from 1 to
10 and two batches of Neumega™ Wyeth (530 Paulo, Brazil),
containing 5 mgfvial of rhiL-11 wemr identified by numbers from
11 to 12, Samples were obtained from commerdal sources within
their shelf life period. Acetonitrile, disodium hydrogen phosphate,
glycine, methanol, sodium dilydrogen phosphate, sodium dodecyl
sulfate and trifluoroacetic add used as reagents or exdpients were
purchased from Merck ( Darmstadt, Germany). Fetal bovine serum,
EPME1640 medium and thiazolyl blue formazan (MTT) were
acquired from Sigma-Aldrich (St. Louis, MO, USA). All chemicals
used were of pharmaceutical or special analytical grade. For all of
the analyses, ultrapure water was obtained using an Elix 3 coupled
to a Milli4} Gradient A10 system Millipore (Bedford, MA, USA).

22 Apparaius

CE experiments were performed on an Agilent g apparatus
Agilent Technologies (Waldbronn, Germany) consisting of a photo-
diode array (FDA) detector, a temperature-controlling system [(4-
60°C) and a power supply able to deliver up to 30 kV. The CE
ChemSation software was used for instrument control, data
acquisiion and analysis. The pH of the solutions was measured
using a pH-meter, Thermo Orion Model 420 (Beverly, MA, USA).

The RP-LC method was carried out on a Shimadzu LC system
(Kyoto, Japan) equipped with a SCL-W/Ayp system controller, a LC-
10 ADve pump, a DGU-14A degasser, a SIL-10ADwve autosampler,
and a SPD-M10Ayr PDA detector. Peak areas wemr integmated

automatically by computer using a Shimadzu Class VP® V 614
software program

23 Capillory zone eledrophoresis method

231, Splubions prepamtion

Stock solutions were prepared by diluting the BRSrhil-11
reference solution and the sample of biopharmaceutical formula-
tion in water, to a final concentration of 400 pg mL=". IS was
diluted to a final concentration of 200 pg mL~" in methanol. The
stock solutions were stored at 2-8 °C protected from light and
daily diluted with BGE to working concentrations of 40 g mL~"
and 20 pg mL~" respectively, for the rhil-11 and 1, and filtered
through a 0.22 pm membrane Millex Millipore (Bedford, MA, USA)

232 Electrophoretic procedure

All experiments were carfied out on a fused-silica capillary with
50 pm id. and 485 on of ol length (effective length 40 cm),
thermostatized at 25 “C, and using a PDA detector set at 196 nm. At
the beginning of each working day. the capillary was conditioned
by rinsing with 1 mol L~ " sodium hydroxide for 5 min, followed by
water for 2 min and 1 mal L~ phosphoric add for 5 min, and then
by water for 2 min and with a running BGE solution for 5 min
Samples were injected using the pressure mode at 50 mbar for 45s
with a constant voltage of 20 KV (cumrent about 552 pA) applied
during the analysis. Since electmolysis can change the electroosmo-
tc flow (EOF) and affect the migration tdme, efficiency and
selectivity, the running electmbyte was replaced by a fresh solution
after each three injections. The Background electrolyte solution
(BGE) consisted of 50 mmol L' sodium dihydrogen phosphate at
pH 3.0, adjusted by adding 85% phosphoric acid

233 VMalidetion of the capillary zone electrophoresis method

The method was validated using samples of a biopharmaceu-
tical formulaton of rhil-11 with a label claim of 5 mgjvial, by
determinations of the following parameters: spedfidty, linearity,
range, predsion, acouracy, limit of detection (LOD), limit of
quantiation (L0 robustness, stability, and system suitability
test, following the ICH guidelines [21.22 |. Rupatadine fumarate (IS)
was selected as internal standard to compensate for any injection
errors and minor fluctuations of migration time, thus improving
the reproducibility and performance of the CZE method.

234 Fomed degradation studies

The stability-indicating capability of the CZE method was
determined by subjecting a BRSrh/-11 reference  solution
(400 g mL™") and a biopharmaceutical formulation (400 wg mL™")
to accelemated degradation by different addic, basic, oxidative,
photolytic and temperature conditions |23 24]. Working solutions
prepared in 1 mmol L= hydrochloric add were used for addic
hydrolysis and working solutions in 1 mmol L~" sodium hydraxide
for the basis hydmlysis evaluation. Both solutions were maintained
at mom temperature for 10 min and 1 h, respectively, and neuira-
lized with base or acid, as necessary. Oxidative degradation was
induced by maintaining the solutions in 3% hydrogen pemxide, at
ambient temperature for 3 min, protected from light. Photodegra-
dation was induced by exposing the sample in a photostability
chamber to 200W h m~* of near ultraviolet light from 1 to 24 h
For a study under neutral condition, sample solutions were diluted
in water and heated at 80°C for 3 h Then, the solutions were
diluted with the BGE solution to final concentrations of 40 pg mL~".
The interference of the excipients of the biopharmaceutical for-
mulation was determined by the injection of a sample containing
only a placebo (in-house micture of all the formulation exdpients),
and by the standard addition method, where a calibration curve
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was constructed by the addition of known amounts of the reference
substance to the placebo |21]. Then, the specificity of the method
was established by determining the peak purity of rhiL-11 in the
samples using a PDA detector.

24 Rewmsed-phase IC method

The validated gmadient RP-LC method was performed as
described elsewhere |G]. Briefly, the elution was carried out on a
reversed-phase Phenomenex (Torrance, USA) Jupiter Cg column
(250 mm = 4.6 mm id, with a particle size of 5 pm and pore size
of 300 A) maintained at 25 “C A security guard holder was used to
protect the analytical column The elution was performed using a
linear gradient at a constant flow rate of 1 mLmin~" and using
photodiode array (PDA) detection at 234 nm. Mobile phase A
oonsisted of water with 0L1% trifluoroacetic add (TFA) and mobile
phase B was acetonitrile with 1% TFA, run as follows: time
0-0.1 min 40% of B; from 0.1 to 30 min linear up to 65% of B;
from 30,01 to 31 min linear down to 40% of B, maintained up to
40 min. The injection volume was 50 pl of a solubon containing
50 pg mL~" for both standard BRS-rhil-11 and samples.

25 In vitro TF-1 cell profiferation bioassay

The assay was performed as described elsewhere |G], and the
growth-promoting activity of rhil-11 assessed on TF-1 cell line
(ATCC number CRL-2003), and the absorbance was assessed at
595 nm, using microplate reader Thermo Sdentific Multiskan FC
(Vantaa, Finland). The biological potendes were caloulated against
the R-rhil-11 (WHO 92/788) with the biological potency of
1000 T kg~ " by the parallel line statistical method using the
CombiStats™ software (European Directomte for the Quality of
Medicines & HealthCare, EDQM Coundl of Eumpe).

26 In viiro cytoboxicly test

The in vitro cytoboxicity assay was performed as described
elsewher [13] based on a neutral red uptake (NRU) assay, with
the exposure of NCTC done 929 cell line (mammalian fibroblasts,
ATCC number OCL-1) to the degraded samples of rhil-11, and the
absorbance was measured at 540 nm.

27 Analysis of rhiL-11 in biopharmaecenticol formulabnons

For the quantitation of rhll-11 in biopharmaceutical formula-
tons, the stock solutons were diluted to appropriate concentra-
tions of 40 pr mL~' and 50 pg ml~", respectively, with a BGE
solution, or a mobile phase, for the dectrophoretic and chromato-
graphic methods, injected in triplicate and the percentage recov-
eries calculated against the BRSrhRIL-11, that was calibrated against
the R-rhil-11 (WHO 92 788 ).

28 Analysis of rhiL-11 in human plasma

Plasma samples were spiked with 40 g mL~" of rhil-11 and
20pgmlL~" of 15 and separated using a Waters Oasis™ HLB
extraction cartridges (Milford, MA, USA) The biomolecule was
ehited with the mixture of water and acetonitrile (20:80.v/v), and
0.1% TFA. After evaporation under a nitrogen stream to obtain 1 mi,
precipitation with 5 mL of methanol { —20 °C) for at least 15h
eliminated the remaining impurites, and the supernatant was
used for the analysis by the CZE and RP-LC methods.

3. Results and disoossion
31, Opomization of the elecirophometic condidons

To develop the CZE method, it was considered the isoelaric
point of 11.7 as at this pH the rhiL-11, although charged, behaves as
if it is neutral and has no tendency to migrmate in the eledrical field
| 25,26]. Then some electrolyte solutions were tested with varia-
tions in the compositon, ionic strength and pH as shown in
(Table 1), selecting sodium dihydrogen phosphate. The optimum
pH of a BGE solution containing 50 mmol L~ sodium dihydrogen
phosphate was investigated in the mnge of 2—4, which enabled the
sepamtion (Fig. 1). Higher pHs rmesulted in peak tailing and
inreased migration time, therefore pH 3.0 was selected since it
showed better peak symmetry (about 1.08). The sodium dilydro-
gen phosphate was evaluated at concentrations of 10-90 mmol L1
at pH 30 (Fig. 2}, which demonstrated a significant effect on the
sepamtion pedformance through its influence on the EOF and the
current produced in the capillarg A 50 mmol L~" solution was
selected due to its low effect on current and non-significant
inrease on the migration time. The temperature effect on the
sepamtion was imvestigated in the mnge of 20-35°C, and a
tempemture of 25 was chosen due to short run time and
acceptable cumrent The effect of the woltage was studied through
changes from 10 to 30kV, showing that a potential of 20 kV yielded
a short analysis time with an acceptable current (about 552 pA).
Sample solubions were injected using a pressure mode at 50 mbar
for 45 5, equivalent to a injection volume of 85 nl. The electro-
phoretic buffers usually have a minimal background in the whaole
UV region. This allows the use of apillary electrophoresis techni-
ques with UV detecor operating in 190-215 nm, whemr many
organic analytes hawe a significant higher adsorpton. On the
contrary, application of chromatographic methods which use
organic solvents in the ligquid phases is limited, as within a shornt
UV wavelength mnge most of the commonly used organic solvents
absorb UV light strongly |27]. Then, wavelength detection was

Table 1

BCE conditions tested and aurment observed for the (ZFE method
BGE lonic sirength pH Current

(mimal L~1) (phd
Baric acid 2)-30 A0=70 20-35
Bis=tris propames 10=70 30=T0 15-60
D =sod fum tetrabor ate 25-40 A5-70 20-40
Potssium phosphate 10-60 A0-60 15-100
MES | 2<{N=-marphaling) 15-50 A0=70 20-60
ethanesubomic add|

Sodium dilydrogen phasphate 10-50 20-40 15-110
Trris{ hryd rencymmeethy [iami nomesthane  10-30 20=50 20-40
- ~& vbgratmon Tormes (ren)
'I - = [Pk ekt (rren) . 0 o
218 . ——

] i — .___,.F' LR E
= 15 - il i
........ el f S
¥ :f - e oy

o w? §F
U]
§ ] ans E
20 FE] i) LL] 40

pH &l BGE salufiam

Fig 1. Bffect of pH on migration time and peak width of rhil-11 &0 ggml-"
Running buffer 50 mmalL~" sodium dihydrogen phosphate. Conditions: apillary,
S0pm id = 40cm; applied voltage, 20kV; LW detection, 6 nm; column tem-
perature, 250 Presmre injection at S0 mbar for 45s.
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evaluated in the range of 190-4200 nm, and a wavelength of 196 nm
was chosen due to better sensitivity and signal-to-noise ratio.

32 Vabdation of the method

The ZE method was validated for the analysis of rhiL-11 in
biopharmaceutical formulations with a migration time of about
1031 min, as shown in typical eledrophemgrams (Fig. 3a, b). The
stahility-indicating capability of the method was tested under
basic condition which showed decrease of the area, and only one
additional peak was detected at 973 (Fig. 3c). The addic condition
resulted in a decrease of the area with two additonal peaks at 962
and W10 min. (Fig. 3d). The forced photolytic condition showed
decrease of the area with one additional peak at 1231 (Fig. 3e).
The forced oxidative degradation studies exhibited one peak
related to the hydmgen percdde at 743 min and one additional
peak at 991 (Fig. 3f) Under the neutral hydrolysis condition
described, decrease of the ama was observed, without any addi-
tional peak. The specifidty of the method was established by
determining the peak purity of the amalyte and the 15 in the
working BRS-rhil-11 reference solution, by overlaying the spectra
captured at the apex, upslope and downslope using a FDA
detedor, Additionally, the standard addition method was applied
to evaluate the interference from formulation exdpients. Non-
significant difference (p= 0.05) was found between the slopes
caloulated for the calibmtion curve and the standard addition
method The data, together with the peak purity index in the range
of 099991, showed that the peak was free from any co-migrating
peak, with no interference of excipients, thus confirming that the
proposed method is spedfic for the analysis of rhiL-11. Addition-
ally the BRS-rll-11 and the degraded samples were subjected to
the in viro oytoboddty test
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Fig. X Effect of buffer coneentration on migration time and theorstcl plae
number of rhil=11. Funning bufier sodium dilpdrogen phosphate pH 30, and
conditions & described in the caption of Fig. 1.

Al
H
=

Minuta s

The linearity determined by constructing three calibration
curves, each one with ten concentrations of BRS-rRIL-11 solution
in the 10-300 pg mL~" range, spiked with 15 at 20pgmL~". The
value of the determination coefficent caloulated by a least-sguares
regression analysis (F=09992 n=10, y=(0.0349 + 00012+
(D.0472 4+ 0.0097), where, x is concentration in gz mL™" and, v is
the peak-area ratio of BRS-rRIL-11 to 15, indicated linearity of the
calibration curve for the method.

The predsion of the method was evalated by caloulating the
relative standard deviation (RSDE) of the migration time and the
peak-area ratio, for eight determinations at a concentration of
40 pg mL~", performed on the same day and under the same
experimental conditions. The obtained RSD walues were 0.8 and
1.1% for the migmation time and the peak-area ratio, espectively.
The intermediate precision was assessed by analyzing two samples
of the biopharmaceutical formulation on three different days
(inter-days) giving RSD values of 14 and 08X, respectively. The
between-analysts predsion was determined by cloulating the
RED for the analysis of bwo samples by three analysts; the values
were @loulated as 1.1 and (LG, respectively.

The accuracy was assessed from three replicate determinations
of three solutions of in-house mixtures of the excipients with
known amounts of the biomolemule, containing 30, 40, and
50 pg mL™ ", The absolute means cbtained with a mean value of
1004% and a bias lower than 1.1% as given in Table 2, shows that
the method is accurate within the desired range 28]

The LOD and the LOO) were caloulated from the slope and the
standard deviation of the intercept determined by a linear-
regression model, by using the mean values of the three indepen-
dent calibration curves. The obtained wvalues were 02 and
11 pg mL™", respectively. The evaluated experimental LOQ with
a predsion lower than 5% and an acouragy within 4 5%, [29.30]
was determined as 10pg mL~", which is suitable as an alternative
comparable to the RPLC, for quality-control analysis [6].

The robustness of the analytical procedure |31] was deter-
mined by analyzing samples of the BRS-rhil-11 reference solution

Table 2

Aauray of CZE for rhil=11 in the formul ations.
Morminal Wiean BD® Acumcy  Has
mnoemration conaentration found® [ 4] [ 4] [ 4]
{pgml-") {pgml=")
30 a0z 11 1006 -0F
40 ELik] a3 1001 -0z
50 502 a9 1004 -11

* Mi=an of three replicates.

B RS0 relative standard deviation.

¢ Bis—|{measured mncentration = nominal coneentration)/nominal | cone
enitration | = 100.

o

Fig. 1 Representative (ZE eledropherograms showing peak 1=rhil=11; prak Z=intemal standard (B); peak 3, 4, 5= degraded forms; peak §=hydrogen peroxide; peak
7 =glydne. (a) BRSrhil-11; (b) Sample of biopharmacutial ormulation. BRS-rhil-11 bllowing degradation under conditions: (o) basic hydnolysis, (d) agd hydrolysis,

() photalytic, and (f) oxidative.
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containing 40 pg mL~" in triplicate by the one-variable-at-a+time
(OWAT) approach. The results and the experimental range of the
selected variables evaluated are given in Table 3, together with the
optimized values. Additionally, the robustness was also evaluated
and compared by the mult-variable-at-a+time (MVAT] approach
|32] at three levels (one unit per parameter up or down around
optimized wvalues) This procedure gives results for minimum
changing of the maximum number of pammeters at a time, and
is @ very useful, rapid and effident appmach for a robusmess
determination. The results for the OVAT and MVAT procedures
were within the acceptable deviation (RSD < ZX), and an analysis
af the variance showed non-significant differences (p = 0.05). The
analysis performed with a wider level of varations of the solution
pH, temperature and voltage, showed changes of the migration
tdme related to the optimized conditions. Moreover, the peak
symmetry values were also evaluated, showing non-significant
differences (p=0/05). The electropherogram pattern was not
altered and different capillary batches also indicated robusmess
under the conditions tested.

The stahility of rhll-11 in BGE was assessed after stomge of the
samples for 48 h at 2-8 °C, and also placed in an auto-sampler for
24h at room temperature, showing non-significant changes
[ = 2%) melative to freshly prepared samples, as suggested |33]

A systemn suitability test was carried out to evaluate the
resolution and reproducibility of the system for the analysis o
be performed, using five replicate injections of a BRS-rRiL-11
reference solution containing 40 g mL~" of thiL-11. The obtained
R0 values for the migration time, peak area, peak symmetry and
peak width were 0O1%, 13% 132%, and 13X, mespectively, as
@loulated by the standard deviation of the Gaussian function.
The number of theoretical plates was approximately 56,238, with

Tahle 3

RS of 0.9%. The parameters tested were within the acceptable
range (RS0 < 2%)

33 Cyioboicity evaluation

The oytomxicty test was perfformed on degraded forms related
to the intact molecule, in order to detect possible effects resulting
from the instability of the samples during storage, giving mean
ICs0=18.7 pgmL~", Isa=222 pg mL~", respectvely, for addic
and photolytic conditons with significant differences as @loulated
by the Student’s f test (p < 005) compared to the intact molecule
that showed s, =671 pgmL~". Such evaluations are now neces-
sary, mainly due to the recent concerns related to possible human
undesirable effects of the degraded forms [15.34]

3.4, Method app Foation

The (ZE method was applied to the determination of rhiL-11 in
biopharmaceutical formulations and the results compared to those
obtained using a validated RP-LC method and an m wimo bioassay,
giving mean differences of the estimated content/potences of
0.4% and 14% higher, respectively, as shown in Table 4. The
experimental values were compared statistically by analysis of
the variance (AMOVA), which showed non-significant differences
(p=005) Both of the methods showed similar results for
degraded forms and related proteins, and the C2F method demon-
strated better sensitivity to detect the degraded forms from foroed
degradation studies. The oxidation levels and cleavage products
were formerly determined only by RP-LC [16,17]. CE methods were
previously used to evaluate different therapeutic peptides and

(ZE conditions and range imestigaisd during robusiness t=xting with one-varishl s at-a=time (VAT procsdurne.

Variable Values rhil-11* {mg) REDF (1) Mi graition time (min) REDF (1) Symmetry REDP() Optimized cndition
BGE solution pH 28 496 10 1023 11 146 10 L
23 496 08 1040 140 157 14
L] 499 03 1027 04 108 a5
a2 494 09 1052 0a 116 ik}
a4 494 i) 1034 140 132 12
BGE (miM) 46 505 13 1439 11 134 14 5
43 547 aa 108 08 162 04
50 503 02 1032 02 13 ik}
52 5S04 oz 1026 ik} 148 06
54 496 08 1021 12 152 ¥}
Temperature (“0) N 484 a3 1044 az 142 az F-]
21 495 03 10.41 a7 126 11
25 495 02 1034 0z 107 04
27 506 a4 1053 a5 1314 12
29 508 05 1031 ik} 133 13
Valtage (kV) 16 511 12 136 140 166 ik} x
18 512 08 1 ik} 189 04
20 503 03 1036 a5 124 02
22 495 oz 1031 140 157 04
24 490 049 1028 12 192 08
Time injection () 41 481 17 1053 a5 123 16 45
43 489 13 1042 03 149 13
45 495 oz 1030 ik} 116 a7
47 EL:] 08 1037 03 137 10
49 EL ] 13 1041 04 188 11
Wavelength (nm) 182 503 10 1048 04 163 a8 196
194 sa7 11 1029 a5 154 10
196 500 08 1027 03 114 az
198 5 08 1036 ik} 149 14
240 S8 a? 1042 a8 132 aa

* Mean of three replictes
B RS0 relative standard deviation_
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Table 4
Comparative confent fpotency svahation of thil-11 in bi opharmaeutical formulations by CZE and RP-LE methods, and bioassay.
Zample Theoretial [ i RPLCY In vitro binassay”
amount {mg)
Foumd {mg) D= rasclesed Main peak (mg) Deaerra vt [ Sl v ke () Paotency (mg ) Confidence
Forme (mg) interals (p=095)
1 5 5. il 500 wm 488 A68=542
2 5 4.9 a7 4493 o5 484 AT2=487
3 5 4.84 [i& 1} 437 o7 4.72 A17=493
4 5 459 i 465 024 465 443478
5 5 528 1z 519 aos 513 A85-51
L 5 5a7 LiliE] 542 w4 525 472560
7 5 536 il 521 iz 511 473-541
-] 5 52 wid 507 wid 5.06 467-532
9 5 4481 wid 448 wid 4.7 435-554
10 5 4.497 i 442 iz 4.590 AF7-548
11 5 4066 ds 4461 wis 4.56 A -84
12 5 5100 il 522 w4 517 453-547
Mezan - 4.9 a7 457 s 442 -
50 & - 024 i) 021 o7 [1Jex] -
ANOVA F caloulated =
Betwesn- methads 131
4 Mzan of thres replictes.
B SD=Standard deviation of the distribution.
© Faritic for p= 05
3G
FL
N
3
. 1 F
109
il ||| ﬁ. Jlll Irl'\_ _:
L l - L — 5 b1
o ‘I i I b -

an 25 En B mn 128 LLY I )

mo EA e 2PE 300 ARE IR0 IS 400

Pinutes
Pig 4. Representative blank plama spiked with thil-11 and internal standard, showing peak 1 —intemal standard; peak 2=rhil-11; peak 3 —excipient. BRS-rhil-11: (a)(ZE

elegtropherogram, and (b) RP-LC chromatogram

proteins, but the potential demonstrated by the validated method
can be useful for the determination of rhil-11 and to support
biosimilarity studies |35), without prior separation of the ecdpi-
ents of the formulation, with the added advantages of small
sample wolumes without consumption of organic solvents, and a
short analysis tme.

The validated CZE and RP-LC methods were also applied for the
analysis of rhiL-11 in human plasma after SPE exiraction proce-
dure, as shown in Fig. 4, giving mean recoveries of 970% and 98 3%
by the CZE, and of 96.1% and 97.6%, by the RP-LC respectively, for
rhiL-11 and 15 The [LOGs evaluated in experimental assays, were
found to be 10 pgmL~" and 5pgmL~", respectively, for the (ZE
and RP-LC methods, with the precision of 85% and 9.0% and
acouracy of 107.5% and 1023%, showing lower sensitivity for the
ZE method, probably due to the low sample injection volume and
the short optical path-length.

4. Conclusions

The results of the validation studies show that the CZE method
iz sensitive with a LOQ) of 1.0 gz mL™ ' accurate with a mean vale
of 100.4%, possesses significant linearity (P=099%2) and preci-
sion characteristics without any interference from the exdpients.
The proposed method was applied to the assessment of rhil-11,
showing a higher mean difference of the estimated content/
potendes of 0.4% and L4% compared to the RP-LC and to the

in vitro binassay, mespectively, but with significant correlation, as
@loulated by ANOVA (p= 005). Therefore, represents an alter-
natve to current methods which can be applied for guantitative
analysis during the biotechnology process and through subsequent
purification steps, to monitor its stability and to assure the quality
of the bulk and finished biotechnology-derived medicine
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Abstract: A size exclusion high-performance liquid chromatography (SE-HPLC) method was
validated for the assessment of recombinant human interleukin-11 (rhIL-11). The SE-HPLC
method was carried out on a BioSep-SEC-s2000 column (300 mm x 7.8 mm i.d.), maintained
at 30°C. The mobile phase consisted of 0.02 M 2-(N-morpholino)ethanesulfonic acid and 0.5
M sodium chloride buffer, pH 6.0, run isocratically at a flow rate of 0.9 mL min™, and using a
photodiode array (PDA) detection at 220 nm. Chromatographic separation was obtained with
a retention time of 8.12 min. Specificity and stability-indicating capability were established in
degradation studies, which also showed that there was no interference of the excipients. The
method was linear over the concentration range of 1.0-200 ug mL™ (r’= 0.9996) and the
detection limit (DL) and quantitation limit (QL) were 0.23 pg mL™ and 1.0 pug mL™,
respectively. The accuracy was 99.81% with bias lower than 0.43%. Moreover, method
validation demonstrated acceptable results for precision and robustness. The method was
applied to the assessment of rhiL-11 and higher molecular weight forms in biopharmaceutical
dosage forms, and the results of content/potencies were correlated to those of validated
reversed-phase high-performance liquid chromatography (RP-HPLC) and capillary zone
electrophoresis (CZE) methods, showing non-significant differences (p> 0.05). These
correlation studies represent a contribution to evaluate alternatives to monitor stability,
improve quality control and to assure batch-to-batch consistency of the bulk and finished

biotechnology-derived medicine.

Keywords: Recombinant Human Interleukin-11, Size Exclusion High-Performance Liquid
Chromatography, Reversed-Phase High-Performance Liquid Chromatography, Capillary

Zone Electrophoresis, Validation.
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Introduction

Interleukin-11 (IL-11) is a multifunctional cytokine secreted from bone marrow stromal cells,
which promotes megakaryocytopoiesis and platelet formation in mammals. Recombinant
human IL-11 (rhIL-11) is expressed in Escherichia Coli and was approved to treat
chemotherapy-induced thrombocytopenia (1-3).

The polypeptide structure of rhIL-11 consists of 177 amino acids with a molecular mass of 19
kDa. Differs from the naturally occurring protein by the presence of two residues of Met® and
Met'?? and the absence of the amino-terminal proline (4).

Currently, biological assays are required for the potency assessment of biotechnology-derived
medicines. Early signals triggered by IL-11 were assessed in a multifactor-dependent human
erythroleukemic cell line TF1, which showed that this protein stimulated cell proliferation (5)
and was applied to assess the bioactivity of biopharmaceuticals formulations (6). However, a
major concern of using a bioassay is its precision, and variability due to the use of living cells,
which is generally inferior to the precision of physicochemical techniques (7).
Physicochemical techniques can produce information about structure and composition and are
used to monitor content/potency, purity, and chemical stability of biopharmaceutical proteins
obtained through recombinant DNA technology, and a combination of physicochemical,
immunological, and biological methods has been applied inclusive to correlation studies (8,
9). A gradient reversed-phase high-performance liquid chromatography (RP-HPLC) method
was developed and validated for the analysis of rhlL-11 in biopharmaceutical formulations
using a C4 column with PDA detection at 214 nm, with retention time of 27.60 min and
quantitation limit of 1.0 ug mL™ (6). However, the typical RP-HPLC conditions could affect
the conformation of the protein and the detector response does not necessarily represent the
amount of bioactive compound. Size exclusion high-performance liquid chromatography (SE-

HPLC) has been performed to quantitate and determine the native size of the protein and to
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reveal possible dimers and aggregates which have no or reduced activity, and altered
immunogenicity (10-12). Chemical modifications combined with site-directed and deletion
mutagenesis were analyzed by SE-HPLC using TSK G 2000 column and mobile phase with
MES pH 6.0 (4). The aggregation was evaluated by SE-HPLC using a TSK 2000 SW column
with UV detection at 225 nm (13). A stability-indicating capillary zone electrophoresis (CZE)
method was validated using a fused-silica capillary (50 um i.d.; effective length, 40 cm), with
PDA detection at 196 nm, and retention time of 10.31 min. with quantitation limit of 1.0 ug
mL™ (14). No SE-HPLC validated method has been published for quality control analysis, and
the validation is essential to show that the procedure is suitable for its intended purpose (15,
16).

The aim of the this research was to develop and validate a specific, sensitive and stability-
indicating size exclusion liquid chromatography (SE-HPLC) method for the content/potency
assessment of rhIL-11 in biopharmaceuticals formulations; to correlate the results with
validated RP-HPLC and CZE methods; thus contributing to the development of methods to
monitor stability, improve quality control, and thereby assuring the therapeutic efficacy of the

biotechnology-derived product.
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Experimental

Chemicals and reagents

Biological reference substance of rhiL-11, (BRS-rhIL-11), for physicochemical assays was
supplied by Amoytop Biotech Co., Ltd (Xiamen, Fujian, China). Reference reagent
Interleukin-11, human rDNA derived, (R-rhiL-11 WHO 92/788), for bioassays was obtained
from the National Institute for Biological Standards and Control-NIBSC (Herts, UK). A total
of twelve batches of Plaquemax® Bergamo (S&o Paulo, Brazil), and of Neumega® Wyeth (Sdo
Paulo, Brazil), containing 5mg/vial of rhIL-11 were identified by numbers from 1 to 12. 2-(N-
morpholino)ethanesulfonic acid (MES), sodium dihydrogen phosphate, potassium phosphate
monobasic, sodium chloride, polysorbate 80, glycine, acetonitrile and trifluoroacetic acid
used as reagents or excipients were purchased from Merck (Darmstadt, Germany). All
chemicals used were of HPLC or special analytical grade. For all of the analyses, ultrapure
water was obtained using an Elix 3 coupled to a Milli-Q Gradient A10 system Millipore

(Bedford, MA, USA).

Apparatus

Liquid Chromatography (LC) methods were carried out on a Shimadzu LC system (Kyoto,
Japan) equipped with a SCL-10Ayp system controller, a LC-10 ADyp pump, a DGU-14A
degasser, a SIL-10ADyp autosampler, and a SPD-M10Ayr PDA detector. Peak areas were
integrated automatically by computer using a Shimadzu Class VVP® V 6.14 software program.

Capillary Electrophoresis (CE) experiments were performed on an Agilent *°CE apparatus
Agilent Technologies (Waldbronn, Germany) consisting of a photodiode array (PDA)

detector, a temperature-controlling system (4-60°C) and a power supply able to deliver up to



44

30 kV. CE ChemStation® software was used for instrument control, data acquisition and

analysis.

Size exclusion high-performance liquid chromatography method (SE-HPLC)

Solutions preparation

Stock solutions were prepared by diluting the BRS-rhlL-11 and the sample of
biopharmaceutical formulation in water, to a final concentration of 500 pg mL™. The stock
solutions were stored at 2-8°C protected from light and daily diluted with 0.05 M phosphate
buffer (pH 7.4) containing 0.5 mg mL™ of polysorbate 80, to working concentrations of 50 g
mL?,

Procedure

All experiments were performed out on a size-exclusion Phenomenex (Torrance, USA)
BioSep-SEC-s2000 column (300 mm x 7.8 mm i.d., with a particle size of 5 um and pore size
of 150 A) maintained at 30°C. A security guard holder was used to protect the analytical
column. Mobile phase consisted of 0.02 M 2-(N-morpholino)ethanesulfonic acid and 0.5 M
sodium chloride buffer (pH 6.0), run isocratically at a flow rate of 0.9 mL min™ with
photodiode array (PDA) detection at 220 nm. The mobile phases were filtered through a 0.45
pum membrane filter Millipore (Bedford, MA, USA). The injection volume was 30 pL of a
solution containing 50 pg mL™,

Validation of SE-HPLC

The method was validated using samples of a biopharmaceutical formulation of rhiL-11 with
a label claim of 5 mg/vial, by determinations of the following parameters: specificity,
linearity, range, precision, accuracy, detection limit (DL), quantitation limit (QL), robustness,
stability, and system suitability test, following the guidelines (15, 16).

Forced degradation studies
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The stability-indicating capability of the SE-HPLC method was assessed by subjecting a BRS-
rhiL-11 solution (500 pg mL™) and a biopharmaceutical formulation (500 pg mL™) to
accelerated degradation (17, 18). For a study under mixing condition, sample solutions were
strongly mixed for 5 min. Thermal degradation condition was tested with sample solutions
diluted in water and heated at 80°C for 2 h. Then, the solutions were diluted with the mobile
phase to final concentrations of 50 pug mL™. The interference of the excipients of the
biopharmaceutical formulations was determined by the injection of a sample containing only
placebo (in-house mixture of formulation excipients), and by the standard addition method,
where a calibration curve was constructed by the addition of known amounts of the reference
substance to the placebo (15). Then, the specificity of the method was established by

determining the peak purity of rhlL-11 in the samples using a PDA detector.

Reversed-phase high-performance liquid chromatography method (RP-HPLC)

The validated gradient RP-HPLC method was performed as described elsewhere (6). Briefly,
the elution was carried out on a reversed-phase Phenomenex (Torrance, USA) Jupiter Cy4
column (250 mm x 4.6 mm i.d., with a particle size of 5 pm and pore size of 300 A)
maintained at 25°C. A security guard holder was used to protect the analytical column. The
elution was performed using a linear gradient at a constant flow rate of 1 mL min™* and using
photodiode array (PDA) detection at 214 nm. Mobile phase A consisted of water with 0.1%
trifluoroacetic acid (TFA) and mobile phase B was acetonitrile with 0.1% TFA, run as
follows: time 0 to 0.1 min 40% of B; from 0.1 to 30 min linear up to 65% of B; from 30.01 to
31 min linear down to 40% of B, maintained up to 40 min. The injection volume was 50 pL

of a solution containing 50 pg mL™ for both standard BRS-rhIL-11 and samples.
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Capillary zone electrophoresis method (CZE)
The validated CZE method was performed as described elsewhere (14). A fused-silica
capillary (50 um i.d.; effective length, 40 cm) was used at 25°C; the applied voltage was 20
kV. The Background electrolyte solution consisted of 50 mM Lsodium dihydrogen
phosphate solution at pH 3.0. Solution containing 40 pg mL™ for both standard BRS-rhIL-11
and samples were performed using a pressure mode at 50 mbar for 45 s, with PDA detection

set at 196 nm.

Analysis of rhlL-11 in biopharmaceutical formulations

For the quantitation of rhlL-11 in biopharmaceutical formulations, the stock solutions were
diluted with phosphate buffer or BGE solution to appropriate concentrations of 50 pg mL™
and 40 pug mL™, respectively, for the chromatographic and electrophoretic methods, injected
in triplicate and the percentage recoveries calculated against the BRS-rhIL-11, that was

calibrated against the R-rhiL-11 (WHO 92/788).

Results

Method development and optimization

Some analytical parameters like composition and pH of the mobile phase were tested. MES
buffer was evaluated with concentrations between 0.01-0.05 M MES and 0.2-0.7 M sodium
chloride, at pH 6.0. Then, the optimum pH of MES buffer was investigated in the range of
2.5-7.5. The best wavelength was evaluated in the range of 190-400 nm. Then, the selected
conditions of the SE-HPLC method were optimized and validated for the analysis of rhiL-11
in biopharmaceutical formulations and correlation studies, with a migration time of about 8.12

min, as shown in typical chromatograms (Fig. 1a; 1b).
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Validation parameters of the SE-HPLC method

Specificity

The stability-indicating capability of the method was tested under forced mixing and thermal
conditions which resulted in reduction of 17% and 18%, respectively, for the aggregates and
dimmers, with retention times at 3.63 and 6.98 min, as shown in the typical chromatograms
(Figs. 1c and 1d). The specificity of the method was established by determining the peak
purity of the biomolecule and the BRS-rhIL-11 solutions, by overlaying the spectra captured
at the apex, upslope and downslope using a PDA detector. Additionally, the standard addition
method was applied to evaluate the interference from formulation excipients showing non-
significant difference (p>0.05). The data, together with the peak purity index in the range of
0.9999-1, showed that the peak was free from any co-migrating peak, with no interference of
excipients, thus confirming that the proposed method is specific for the analysis of rhIL-11.
Linearity

The analytical curves constructed for rhiL-11 were found to be linear over the range 1.0-200
ng mL ™. The value of the determination coefficient calculated (r* = 0.9996, n=10, y = (40877
+ 229.122) x + (117510.30 *+ 5181.112), where, x is concentration in pg mL™ and, y is the
peak absolute area, indicated linearity of the analytical curve for the method.

Precision

The precision was studied by calculating the relative standard deviation (RSD%) for eight
analyses at a concentration of 50 ug mL™, performed on the same day and under the same
experimental conditions. The obtained RSD value was 0.39%. The intermediate precision was
assessed by analyzing two samples of the biopharmaceutical formulation on three different
days (inter-days), giving RSD values of 0.64 and 1.20%, respectively. Between-analysts
precision was determined by calculating the RSD for the analysis of two samples by three

analysts; the values were calculated as 0.78 and 0.86%, respectively, as given in Table I.
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Accuracy

The accuracy was assessed from three replicate determinations of three solutions containing
40, 50, and 60 pg mL™, respectively. The absolute means obtained with a mean value of
99.81% and a bias lower than 0.43% (Table I1).

Detection and quantitation limits

The DL and the QL were calculated from the slope and the standard deviation of the intercept
determined by a linear-regression line, by using the mean values of the three independent
calibration curves. The obtained values were 0.23 and 1.10 pg mL™, respectively.

Robustness

The results and the experimental range of the selected variables evaluated are given in Table
I1l, together with the optimized values. There were no significant changes in the
chromatographic pattern when modifications were introduced in the experimental conditions,
thus showing the method to be robust. The stability of the sample solutions was studied and
the data obtained showed the stability for 24 h in an auto sampler and 48 h when maintained
at 2-8°C.

System suitability

A system suitability test was carried out to evaluate the resolution among aggregates, dimers
and monomer and repeatability of the system for the analysis to be performed, using eight
replicates injections of a BRS-rhlL-11 reference solution containing 50 pg mL™ of rhiL-11.
The obtained RSD values for the retention time, peak symmetry and peak area were 0.12, 0.95
and 0.85%, respectively. The number of theoretical plates was about 6088, with RSD of

1.15%. The parameters tested were within the acceptable range (RSD < 2.0%).



49

Method Application

The SE-HPLC method was applied for the determination of rhIL-11 in biotechnology-derived
products, giving content/potencies within 4.81 mg and 5.31 mg of the stated potency. These
results were compared to those obtained using validated RP-HPLC and CZE methods,
showing mean differences of the estimated content/potencies of 0.80% and 0.40% higher,

respectively, as shown in Table IV.

Discussion

The SE-HPLC method was optimized to obtain the best chromatographic conditions with
appropriate selectivity and sensitivity. The MES buffer was selected with 0.02 M MES and
0.5 M sodium chloride solution due to their significant effect on the separation performance
through the influence on the peak width, and resolution. Lower pHs resulted in peak tailing,
therefore pH 6.0 was selected since it showed better peak symmetry (about 1.17). A
wavelength of 220 nm was chosen using the PDA due to its better sensitivity and signal-to-
noise ratio.

Specificity and stability-indicating capability were established in degradation studies under
mixing and thermal degradation conditions, which showed reduction of 17% and 18%,
respectively, for the aggregates and dimers. Such determinations are now necessary, mainly
due to the recent concerns related to possible human undesirable effects of the degraded forms
(10-12). The method was linear over the concentration range of 1.0-200 ug mL™ (= 0.9996),
and the QL as also evaluated experimentally with a precision lower than 5% and an accuracy
within + 5%, (19, 20), and determined as 1.0 ug mL™, which is suitable as an alternative
comparable to the RP-HPLC and CZE, for quality-control analysis. The results of the
accuracy showed also that the method is accurate within the desired range (21). Moreover,

method validation demonstrated acceptable results for precision and robustness.
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The results of the SE-HPLC method were compared statistically by analysis of the variance
(ANOVA), to those obtained using validated RP-HPLC and CZE methods, showing
significant correlation (p> 0.05), demonstrating the stability-indicating capability and the

application of the method, able also to support biosimilarity studies of the biomolecule (22).

Conclusions

The results of the validation studies show that the SE-HPLC method is specific, sensitive with
QL of 1.0 pg mL™, accurate and possesses significant linearity (r* = 0.9996) and precision
characteristics without any interference from the excipients. Therefore, it represents an
alternative to current methods which can be applied for quantitative analysis during the
biotechnology process and through subsequent purification steps, to monitor its stability and

to assure the quality of the bulk and finished biotechnology-derived medicine.
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Table 1. Inter-days and between-analysts precision data of SE-HPLC for interleukin-11 in

biopharmaceutical formulations

Inter-days Between-analysts
Sample Day Recovery® (mg) RSD(%) Recovery® (mg) RSD” (%)

1 5.19 5.23

1 2 5.22 0.64 5.15 0.86
3 5.16 5.20
1 5.05 5.05

2 2 5.02 1.20 4.97 0.78
3 4.94 5.01

®Mean of three replicates.
PRSD = Relative standard deviation.



Table I1. Accuracy of SE-HPLC for interleukin-11 in formulations
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Nominal Mean concentration b .
_ RSD Accuracy Bias
concentration found? ) ) )
0 0 0

(ug mL™) (ng mL™)
40 39.83 1.30 99.58 -0.43
50 50.07 0.56 100.14 0.14
60 59.83 0.63 99.72 -0.28

®Mean of three replicates.
PRSD = Relative standard deviation.

°Bias = [(Measured concentration - Nominal concentration)/Nominal concentration] x 100.



Table 111. Chromatographic conditions and range investigated during robustness testing

) . b Optimized
Variable Values rhiL-11° (mg) RSD” % .
condition
0.7 491 1.36
Flow rate (mL min™) 0.9 5.00 0.63 0.9
1.1 4.97 1.22
40 4,95 0.83
Injection volume (uL) 50 5.01 0.30 50
60 4.98 0.91
25 4.97 1.28
Temperature (°C) 30 5.02 0.75 30
35 5.07 1.34
55 4.86 1.44
Mobile phase pH 6.0 4.98 0.54 6.0
6.5 4.89 0.61
Autosampler 24 h 4.86 0.96 -
Solution stability 2-8°C 24 h 4.98 041 -
2-8°C 48 h 4.97 1.13 -
Wavelength (nm) 210-320 - - 220

®Mean of three replicates.
PRSD = Relative Standard Deviation.
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Table 1V. Comparative content/potency evaluation of rhlL-11 in biopharmaceutical formulations by SE-
HPLC, RP-HPLC and CZE methods

Theoretical ~ SE-HPLC® RP-HPLC? CzZE?
Sample
amount Monomer HMM®P Main peak Deamidated/Sulfoxides Content Degraded Forms
(mg) (mg) (mg) (mg) (mg) ) o)
1 5 5.19 0.20 5.13 0.01 5.18 0.01
2 5 5.09 N.D.9 5.06 N.D.° 5.05 N.D.!
3 5 4.81 0.05 4.80 0.19 4.86 0.18
4 5 5.03 N.D.° 4.98 0.06 4.99 N.D.!
5 5 4.91 0.16 4.97 0.01 4.96 0.06
6 5 5.31 0.02 5.17 N.D.° 5.22 N.D.
7 5 4.84 0.19 4.80 0.17 4.83 0.16
8 5 5.26 0.10 5.24 0.02 5.25 0.02
9 5 4.86 0.03 4.84 0.23 4.86 0.19
10 5 4.99 N.D.9 4.97 0.06 5.00 0.02
11 5 521 0.20 5.11 N.D. 5.16 N.D.
12 5 5.06 N.D.® 5.02 0.01 5.05 N.D.
Mean ~ 5.05 0.11 5.01 0.08 5.03 0.09
sp¢ B 0.17 0.08 0.14 0.09 0.15 0.08
ANOVA F calculated®
Between-methods 1.13

®Mean of three replicates.

"HMM = High Molecular Mass.

°SD = Standard deviation of the distribution.
IN.D. = Non detected.

°F critic for p = 0.05.
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Figure 1. Representative SE-HPLC chromatograms showing peak 1 = rhlL-11, peak 2 =
excipient (glycine), peak 3 = dimers and peaks 4, 5 = aggregate. (a) BRS-rhIL-11,
(b) Sample of biopharmaceutical formulation. BRS-rhiL-11 following degradation
under: (c) forced mixing and (d) thermal conditions.
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5 DISCUSSAO

Com os avancos na area da biotecnologia, principalmente com a tecnologia do DNA
recombinante, possibilitou-se grande aumento na producdo de proteinas bioterapéuticas. O
desenvolvimento e validacdo de métodos fisico-quimicos que possam ser usados em
combinagdo com ensaios bioldgicos e imunoldgicos se fazem necessérios para garantir a
completa caracterizacdo dos produtos biotecnoldgicos, através avaliacdo da identidade, pureza
e teor/poténcia.

Os bioensaios sdo fundamentais para a avaliacdo da atividade dos biofarmacos, pois
expressam sua poténcia bioldgica in vivo ou in vitro. Especialmente, para a rhIL-11 a poténcia
bioldgica tem sido avaliada por bioensaios in vitro, entre 0s quais destaca-se 0 ensaio da
atividade proliferativa de células da linhagem TF-1 (YIN et al., 1993; SOUTO et al., 2012),
aplicado no presente trabalho.

Primeiramente, com o intuito de caracterizar a biomolécula de rhlL-11, executou-se
teste de identificacdo por SDS-PAGE ndo-redutora e posterior transferéncia e deteccdo
imunoldgica efetuada com anticorpos especificos em membrana de nitrocelulose. Obteve-se
perfil eletroforético com banda relativa a rhlL-11 na regido de 19 kDa, confirmada pelos
marcadores moleculares e pelo padrdo de referéncia na SDS-PAGE né&o-redutora e banda
Unica na regido de 19 kDa quando realizada a tranferéncia e imunodetec¢do (CZUPRYN et
al. 1995; ZHANG et al., 2002; TAN et al., 2005).

Métodos eletroforéticos e cromatograficos tém sido aplicados para o controle de
qualidade de diversas proteinas bioterapéuticas. Através desses métodos € possivel obter
informagdes qualitativas e quantitativas das biomoléculas durante 0s processos de expressao e
purificacdo, formulacdo, e estabilidade do produto farmacéutico acabado. Nesse sentido,
pretendeu-se pesquisar, desenvolver e validar metodo por ECZ e procedimento por CL-EM
para a caracterizagdo e avaliagdo de rhIL-11 e suas formas degradadas em produtos
biotecnologicos .

A seguir é apresentada a discussdo dos resultados desta tese, a qual esta fundamentada
nas publicacdes cientificas identificadas como ARTIGO 1e ARTIGO 2.

Inicialmente, no primeiro estudo, apresentado no ARTIGO 1, desenvolveu-se e
validou-se método por ECZ para caracterizacdo e avaliagdo de rhiL-11. A separagdo
eletroforética foi obtida no tempo de corrida de 10,31 min (Figura 3). A geracdo de picos
adicionais, relativos a formas degradadas, realizada sob condigdes de estresse e a analise de
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amostra preparada com o0s excipientes da formulagdo, confirmaram a especificidade do
método, conforme pureza do pico da rhiL-11 demonstrada com detector de arranjo de diodos
(DAD). O método apresentou regressdo linear significativa na faixa de concentracdo de 1 a
300 pg/mL (r* = 0,9992). Os dados obtidos para a repetibilidade e precisdo intermediéria
forneceram CV% inferiores a 1,42% o0 que mostra a precisdo do método proposto,
destacando-se que a literatura preconiza CV% menor ou igual a 2% (ICH, 2005; SHABIR,
2003). Na Tabela 2 podem ser observados os valores experimentais obtidos para o teste de
exatiddo, com média de 100,37%, confirmando a exatiddo do método. Os teores/poténcias
obtidos nas analises ndo apresentaram diferencas significativas nas condicOes testadas,
comprovando a robustez do método proposto, conforme demonstra a Tabela 3. Por sua vez,
parametros de adequabilidade do sistema foram avaliados, observando-se que os resultados
obtidos cumpriram especificagdes preconizadas, além de CV% < 2, garantindo, assim, que as
condicGes do método foram adequadas para assegurar a confiabilidade dos resultados (ICH,
2005; USP 38, 2015).

Apbs, aplicaram-se métodos previamente desenvolvidos por CL-FR e bioensaio in
vitro da atividade proliferativa em células TF-1 (SOUTO et al., 2012), que forneceram 0s
resultados apresentados na Tabela 4. A seguir, correlacionaram-se 0s resultados fornecidos
pelas amostras selecionadas através de analises pelos métodos por ECZ, CL-FR e o0 bioensaio
em células TF-1, observando que os teores/poténcias por ECZ foram em média 0,60% e
1,60% superiores em relacdo a CL-FR e ao bioensaio em células TF-1, respectivamente, com
diferenca ndo significativa, conforme calculado estatisticamente pela ANOVA (p> 0,05).

Adicionalmente, executou-se 0 ensaio de citotoxicidade in vitro, no qual foram
utilizadas amostras de rhIL11 submetidas previamente a condi¢Oes de estresse e amostras
integras, tendo em vista avaliar a toxicidade de formas degradadas em comparagdo com a
biomolécula intacta. Os resultados obtidos demonstraram médias de Clsy = 18,71 + 0,26
pug/mL e Clsp = 22,23 £ 0,13 pg/mL, respectivamente, para as degradacdes formadas devido a
condicdo de estresse acida e fotolitica, com diferencas significativas comparadas a forma
intacta da rhIL-11 que apresentou Clso = 67,12 + 0,06 pg/mL, conforme calculado pelo teste t
de Student (p>0,05).

Posteriormente, no ARTIGO 2, desenvolveu-se e validou-se método por CL-EM para
caracterizacdo e avaliacdo de rhiL-11. A separacdo por cromatografica foi obtida com tempo
de retencdo de 8,12 min (Figura 1). A geracdo de picos adicionais, relativos aos dimeros e
agregados, obtidos sob condi¢cBes de estresse e a andlise de amostra preparada com 0s

excipientes da formulacéo, confirmaram a especificidade do método, conforme pureza do pico
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da rhlL-11 demonstrada com detector de arranjo de diodos (DAD). O método apresentou
regressdo linear significativa na faixa de concentracéo de 1 a 200 pg/mL (r* = 0,9996). Os
dados obtidos para a repetibilidade e precisdo intermediaria forneceram CV% inferiores a
1,20% o que mostra a precisdo do método proposto, destacando-se que a literatura preconiza
CV% menor ou igual a 2% (SHABIR, 2003). Na Tabela 2 podem ser observados os valores
experimentais obtidos no teste de exatiddo, com média de 99,81%, confirmando a exatiddo do
método. Os teores/poténcias obtidos nas analises ndo apresentaram diferencas significativas
nas condicBes testadas, comprovando a robustez do método proposto, conforme demonstra a
Tabela 3. Os dados da verificacdo da adequabilidade do sistema cromatografico mostraram
que o equipamento e as condi¢cBes do método sdo adequados para assegurar a confiabilidade
dos resultados, estando de acordo com a literatura (CV% < 2) (ICH, 2005; USP 38, 2015).

Paralelamente, executou-se método por CL-FR e ECZ que forneceram os resultados
apresentados na Tabela 4. Estudou-se entéo, a correlacdo entre os resultados fornecidos pelos
métodos fisico-quimicos por CL-EM, CL-FR e ECZ com as amostras selecionadas,
observando que os teores/poténcias por CL-EM foram em média 0,80% e 0,40% superiores
em relacdo a CL-FR e a ECZ respectivamente, com diferenca ndo significativa, conforme
calculado estatisticamente pela ANOVA (p>0,05). Demonstrou-se, portanto, correlagdo
significativa entre os métodos estudados.

Adicionalmente, avaliou-se a estabilidade de longa duracdo e de acompanhamento do
produto farmacéutico de rhIL-11 através de analises para determinacdo de teor/poténcia e
produtos de degradacdo por CL-FR, CL-EM e EC. Os testes foram realizados de acordo com
a RDC n° 50, de 15 de maio de 2013 que dispde sobre os procedimentos e condi¢des de
realizacdo de estudos de estabilidade para o registro ou alteragcdes pos-registro de produtos
bioldgicos. Os teores/poténcias obtidos variaram de 107,03% (tempo 0) a 91,37% (tempo 24
meses); e os produtos de degradacdo obtidos foram de no minimo 0,09% (tempo 0) e no
maximo 4,38% (tempo 24 meses). Os resultados encontrados atendem as especificagdes
farmacopeicas para avaliagdo de produtos biolégicos por métodos fisico-quimicos, que
recomendam teor/poténcia entre 90 a 110% e produtos de degradagdo no méaximo 12% (USP
38, 2015; EP, 2014).

Os procedimentos desenvolvidos e validados por ECZ e CL-EM cumpriram com 0s
requisitos preconizados pelos compéndios oficiais, podendo ser empregados para
caracterizagdo e determinacao de teor/poténcia da rhIL-11 em produtos biofarmacéuticos.

Até o presente momento, ndo existe monografia farmacopeica para a caracterizacéo e

avaliacdo da rhlL-11, e na literatura estdo descritos alguns métodos analiticos para avaliacdo
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da rhlL-11, porém ndo validados. Neste contexto, os métodos validados por ECZ e CL
aplicados para rhlL-11 sdo os apresentados nesta tese e desenvolvidos por esse grupo de
pesquisa. A validacdo de métodos é necessaria no contexto da producdo e caracterizacdo de
produtos bioldgicos recombinantes, sendo preconizada por 6rgdos reguladores na area de
medicamentos (ICH 2005; FDA 2015a).

Observa-se que os métodos estudados foram aplicados para anélise de sucessivos lotes
do produto biotecnolégico de rhlL-11 em uso terapéutico no Brasil. Desse modo, sugere-se,
que os métodos desenvolvidos e validados por ECZ e CL-EM, sejam adotados em
combinacdo com a CL-FR e o bioensaio em células TF-1 para a avaliagdo de teor/poténcia e
pureza da rhIL-11, durante as etapas de expresséo e purificacdo de novos lotes de producéo,
para o controle da qualidade do produto biofarmacéutico acabado e para viabilizar possiveis
estudos de comparabilidade (BRASIL 2011a; BRASIL 2011b; EMA, 2014; FDA, 2015b).

Neste contexto, os resultados alcancados contribuem para aprimorar o controle da
qualidade através da melhor caracterizacdo da biomolécula, ampliando os procedimentos
disponiveis e contribuindo para garantir a eficicia terapéutica e seguranca do produto

biotecnologico de rhlL11 disponivel no pais.
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6 CONCLUSOES

v' Aplicou-se método por cromatografia liquida em fase reversa, previamente
validado, que forneceu teor/poténcia dos produtos biotecnoldgicos selecionados, e

foi adotado para viabilizar estudos de correlacéo.

v Adicionalmente, aplicou-se o bioensaio da atividade proliferativa em células TF-1
que mostrou a poténcia dos produtos biotecnoldgicos selecionados, e foi adotado

para viabilizar estudos de correlagdo com os métodos fisico-quimicos.

v Desenvolveu-se e validou-se método por eletroforese capilar de zona especifico,
preciso, exato e robusto para avaliagdo da interleucina-11 humana recombinante,
que forneceu resultados de acordo com o0s parametros preconizados, para

identificacdo e avaliacdo de produtos de degradacdo e da forma nao-alterada.

v Desenvolveu-se e validou-se método por cromatografia liquida por exclusdo
molecular especifico, preciso, exato e robusto para avaliacdo da interleucina-11
humana recombinante, que forneceu resultados de acordo com o0s parametros

preconizados, para identificacdo e avaliagdo de agregados, dimeros e monémero.

v Avaliou-se correlacdo entre os resultados fornecidos pelos métodos validados por
ECZ, CL-FR e o bioensaio em células TF-1 para as amostras selecionadas,

observando-se correlacdo significativa (p> 0,05).

v Estudou-se a correlacdo entre os resultados fornecidos pelos métodos fisico-
guimicos validados por CL-EM, ECZ, CL-FR para as amostras selecionadas,
observando-se correlagdo significativa (p> 0,05).
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v" Recomenda-se a aplicacdo dos métodos fisico-quimicos validados para avaliacdo da
interleucina-11 humana recombinante em combinacdo com o bioensaio da atividade
proliferativa em células TF-1, pois representa contribuicdo para analise do produto
farmacéutico, devido a determinacdo de formas relacionadas e proteinas de alta
massa molecular, especificidade e tempo de execugcdo em relagdo ao ensaio

bioldgico in vitro.

v Os métodos desenvolvidos e validados no presente trabalho estabelecem bases para
progressivos trabalhos cientificos de correlacdo fisico-quimica e bioldgica, e de
comparabilidade de biomoléculas, contribuindo assim para aprimorar o controle da
qualidade e avancos na area de produtos biotecnoldgicos disponiveis e em pesquisa
no Pais.
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