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Apresentacdo de subsidios ao exame técnico

Nuamero do Processo:

Dados do Interessado

BR 11 2019 022972 8

Interessado 1 de 4

Nome ou Raz&o Social:
Tipo de Pessoa:
CPF/CNPJ:
Nacionalidade:
Qualificagdo Juridica:
Endereco:

Cidade:

Estado:

CEP:

Pais:

Telefone:

Fax:

Email:

ASSOCIACAO BRASILEIRA INTERDISCIPLINAR DE AIDS
Pessoa Juridica

29263068000145

Brasileira

Associagdo com intuito ndo econdmico

Avenida Presidente Vargas, 446 - 13° andar

Rio de Janeiro

RJ

20071907

Brasil

(21) 2223-1040

carolinne@abiaids.org.br

PETICIONAMENTO  Esta solicitagdo foi enviada pelo sistema Peticionamento Eletrdnico em
ELETRONICO 23/05/2025 as 10:48, Peticio 870250042425
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Interessado 2 de 4

Nome ou Raz&o Social: FEDERACAO NACIONAL DOS FARMACEUTICOS - FENAFAR
Tipo de Pessoa: Pessoa Juridica
CPF/CNPJ: 00679357000148
Nacionalidade: Brasileira
Qualificacdo Juridica: Associacéo com intuito ndo econémico
Endereco: Rua Bar&o de Itapetininga, 255, 11° andar, conjunto 1105, Centro
Cidade: S&o Paulo
Estado: SP
CEP:
Pais: BRASIL
Telefone:
Fax:

Email:
Interessado 3 de 4

Nome ou Raz&o Social: FORUM ONG AIDS RS - FOARS
Tipo de Pessoa: Pessoa Juridica
CPF/CNPJ: 07959716000160
Nacionalidade: Brasileira
Qualificagdo Juridica: Associagédo com intuito ndo econdmico
Enderego: Rua dos Andradas, 1560, 6° andar, Centro Histérico
Cidade: Porto Alegre
Estado: RS
CEP:
Pais: BRASIL
Telefone:
Fax:

Email:

PETICIONAMENTO  Esta solicitagdo foi enviada pelo sistema Peticionamento Eletrdnico em
ELETRONICO 23/05/2025 as 10:48, Peticio 870250042425
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Interessado 4 de 4

Nome ou Raz#o Social: ASSOCIACAO DE GAYS E AMIGOS DE NOVA IGUACU - AGANI
Tipo de Pessoa: Pessoa Juridica
CPF/CNPJ: 00790968000169
Nacionalidade: Brasileira
Qualificacdo Juridica: Associacéo com intuito ndo econémico
Endereco: Rua Marcial, 42, Juscelino
Cidade: Mesquita
Estado: RJ
CEP:
Pais: BRASIL
Telefone:
Fax:

Email:

Referéncia Peti¢ao

Pedido : BR112019022972-8

PETICIONAMENTO  Esta solicitagdo foi enviada pelo sistema Peticionamento Eletrdnico em
ELETRONICO 23/05/2025 as 10:48, Peticio 870250042425
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Documentos anexados

Tipo Anexo Nome
Esclarecimento Subsidio BR112019022972.pdf
Anterioridades D1-D5 Anterioridades D1-D5.pdf
Procuracéo Anexos D6-D8.pdf
Procuracgéo Anexos D9-D11.pdf
Procuracéo Anexos D12-D17.pdf

Declaracdo de veracidade

IEDeclaro, sob as penas da lei, que todas as informac8es acima prestadas sdo completas e
verdadeiras.

PETICIONAMENTO  Esta solicitagdo foi enviada pelo sistema Peticionamento Eletrdnico em
ELETRONICO 23/05/2025 as 10:48, Peticio 870250042425
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PROPRIEDADE INTELECTUAL

AO ILUSTRISSIMO SENHOR DIRETOR DE PATENTES DO INSTITUTO
NACIONAL DA PROPRIEDADE INDUSTRIAL

Numero do pedido: BR112019022972-8 - W02018204368 - PCT US2018030459
Data de depdésito: 01/05/2018

Prioridade unionista: US62/500,238 02/05/2017

Depositante;: MERCK SHARP & DOHME LLC (US)

Titulo: FOMULACOES ESTAVEIS DE ANTICORPOS DE RECEPTOR DE MORTE
PROGRAMADA 1 (PD-1) E METODOS DE USO DAS MESMAS

ASSOCIAGAO BRASILEIRA INTERDISCIPLINAR DE AIDS - ABIA, pessoa juridica
de direito privado, sem fins lucrativos, inscrita no CNPJ sob 0 n°® 29.263.068/0001-45,
com sede a Avenida Presidente Vargas, 446, 13° andar, Centro - Rio de Janeiro - RJ,
CEP 20071-907, na pessoa de seu representante legal nos termos de seu Estatuto
Social (anexos 6 e 7), por sua advogada (anexo 8);

FEDERACAO NACIONAL DOS FARMACEUTICOS - FENAFAR, pessoa juridica de
direito privado, sem fins lucrativos, inscrita no CNPJ sob o n® 00.679.357/0001-48,
com sede a Rua Barao de Itapetininga, 255, 11° andar, Conjunto 1105, Centro, Sao
Paulo - SP, na pessoa de seu representante legal nos termos de seu Estatuto Social
(anexos 9 e 10), por sua advogada (anexo 11);

FORUM ONG AIDS RS - FOARS, pessoa juridica de direito privado, sem fins
lucrativos, inscrita no CNPJ sob o n® 07.959.716/0001-60, com sede a Rua dos
Andradas, 1560, 6° andar, Centro Historico, Porto Alegre - RS, na pessoa de seu
representante legal nos termos de seu Estatuto Social (anexos 12 e 13), por sua
advogada (anexo 14);

ASSOCIACAO DE GAYS E AMIGOS DE NOVA IGUACU - AGANI, pessoa juridica
de direito privado, sem fins lucrativos, inscrita no CNPJ sob o n°® 00.790.968/0001-69,
com sede a Rua Marcial, 42, Juscelino, Mesquita - RJ, na pessoa de seu
representante legal nos termos de seu Estatuto Social (anexos 15 e 16), por sua
advogada (anexo 17);

vem respeitosamente a presenca de Vossa Senhoria, com fulcro no artigo 31 da Lei
n°® 9.279/1996 - Lei da Propriedade Industrial (LPI), apresentar o presente

Avenida Presidente Vargas, 446, 13° andar, Centro — Rio de Janeiro -RJ, Brasil
Telefone +55 21 2223-1040 Fax: +55 21 2253-8495
secretariagtpi @abiads.org.br - http://www.deol honaspatentes.org.br
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SUBSIDIO AO EXAME TECNICO

do pedido de patente BR112019022972-8, com base nos fatos e fundamentos a seguir.

1. DA LEGITIMIDADE DAS ORGANIZACOES PROPONENTES, DA MOTIVACAO
E DA TEMPESTIVIDADE DO PRESENTE SUBSIDIO

A concessdo de uma patente confere um privilégio temporario de exploracéo
com exclusividade do seu objeto, durante o qual o titular da patente é o Unico
autorizado a explorar a invencéo. Essa situacdo de monopodlio legal € excepcional e
s6 deve existir nos casos em que o objeto da patente cumpra todos os requisitos e
condicOes estabelecidos em lei para sua concessédo. O objeto do presente pedido de
patente, como sera detalhado abaixo, € de extrema importancia para saude publica
brasileira, uma vez que se trata de uma formulacdo de pembrolizumabe, um
anticorpo monoclonal utilizado no tratamento de diversos tipos de cancer.

A legitimidade das organizacdes que apresentam o presente subsidio ao
exame técnico, nos termos do artigo 31 da LPI, verifica-se diante de suas histéricas e
respeitadas trajetérias na defesa dos direitos humanos, com énfase para o direito a
saude, acesso a tratamento e assisténcia farmacéutica de qualidade, além de ativa
atuacdo no campo da implementacdo de politicas publicas na area de propriedade
intelectual, com vistas a primazia do interesse publico.

A Associacédo Brasileira Interdisciplinar de Aids (Abia) é uma associagédo
civil, de natureza filantropica, sem fins lucrativos. A Abia foi fundada em 12 de marco
de 1987 e é uma das mais antigas ONG dedicadas ao combate da epidemia de HIV
no Brasil e a garantia de direitos as pessoas vivendo com HIV, tendo como um dos
seus fundadores o sociologo Herbert de Souza (o “Betinho”), figura de reconhecida
importancia na vida publica brasileira. A Abia segue como uma das mais conceituadas
e reconhecidas entidades sobre a matéria no Brasil e com amplo reconhecimento
entre seus pares no ambito nacional e internacional, e conta, na sua composi¢cao, com
pesquisadores, profissionais e ativistas de notorio saber nessa tematica, considerados
referéncias em seus campos de atuacdo no Brasil. Mais informacbes em:
www.abiaids.org.br.

A Abia coordena o Grupo de Trabalho sobre Propriedade Intelectual (GTPI)
da Rede Brasileira pela Integracdo dos Povos (Rebrip). A Rebrip congrega
organizacdes da sociedade civil brasileira para acompanhar e monitorar os acordos
comerciais nos quais o governo brasileiro esta envolvido, a fim de avaliar e minimizar
potenciais impactos no cotidiano da populacdo e em politicas publicas que visam

Avenida Presidente Vargas, 446, 13° andar, Centro — Rio de Janeiro -RJ, Brasil
Telefone +55 21 2223-1040 Fax: +55 21 2253-8495
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assegurar a efetivacdo dos direitos humanos no Brasil. Mais informagGes sobre a
Rebrip estdo disponiveis em www.rebrip.org.br. Um dos temas relevantes no ambito
da discussao sobre comércio e direitos humanos refere-se a propriedade intelectual,
motivo pelo qual a Rebrip constituiu um grupo de trabalho para encaminhar as
reivindicacfes da sociedade civil sobre esta questao, fundado em 2003. O GTPI retine
diversas entidades da sociedade civil e busca discutir, acompanhar e incidir no tema
da propriedade intelectual e, sobretudo, mitigar o impacto dos efeitos negativos do
atual sistema de patente no acesso aos medicamentos essenciais da populacao
brasileira. Mais informacfes sobre o GTPI/Rebrip podem ser consultadas em
www.deolhonaspatentes.org.

A Federacdo Nacional dos Farmacéuticos (Fenafar) é uma entidade
representativa da categoria farmacéutica a nivel nacional. Fundada em 25 de outubro
de 1974, possui hoje 22 sindicatos filiados. A Fenafar teve papel decisivo no processo
de debate que culminou na constituicdo do Sistema Unico de Saude e na construcéo
da Politica Nacional de Assisténcia Farmacéutica. Nesses 49 anos, a Fenafar
construiu uma histéria de lutas na promocao de ac¢des que envolvem o medicamento,
desde a sua producdo até a orientacdo correta para 0 usuario sobre 0 seu uso
racional. Essa luta sempre esteve vinculada a concepcéo da Saude como direito de
todos para a construgdo de um pais menos desigual, mais soberano e desenvolvido.
Mais informagdes em: www.fenafar.org.br.

O Forum Ong Aids RS (Foars) foi fundado em 1999, reline 48 organizacdes
gauchas voltadas a prevencao e conscientizacdo acerca da epidemia de HIV. Com
sede em Porto Alegre, atua em diferentes regifes do estado pela melhoria da
gualidade de vida e pelos direitos das pessoas soropositivas. Algumas das suas agoes
sdo: articular a forca das diversas ONGs que integram o Férum para otimizar os
resultados; conscientizacdo acerca da prevencdo; incentivo a aceitagcdo dos
portadores de si mesmos; desconstrucdo de tabus e preconceitos sobre a doenca;
melhora da qualidade de vida para pessoas vivendo com HIV; participar da formulacéo
de politicas publicas inclusivas de prevencdo e controle da aids; denunciar todas as
formas de omisséo, transgressao e violacao dos direitos humanos, civis, politicos e
sociais das pessoas que vivem com HIV. Mais informacdes em:
https://www.forumongaidsrs.org/.

A Associagcdo de Gays e Amigos de Nova Iguagu (Agani), conhecida pelo
nome fantasia de Associacao de Gays e Amigos de Nova lguagu, Mesquita e Rio de
Janeiro (Aganim) € uma organizacdo nao governamental sem fins lucrativos, criada
em 17 de dezembro de 1988 no bairro Juscelino, até entdo municipio de Nova Iguacu.
Com atuacado extensiva a varios municipios da baixada fluminense, o grupo procura
manter um equilibrio entre suas atividades nas areas de prevencdo das DST/Aids e
garantir a construcdo de uma cultura em defesa dos direitos e do respeito as

Avenida Presidente Vargas, 446, 13° andar, Centro — Rio de Janeiro -RJ, Brasil
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diversidades, afirmando a heterogeneidade e a pluralidade como valores da nossa
sociedade.

O artigo 31 da Lei n°. 9.279/1996 (LPI)! estabelece que terceiros interessados
podem enviar informagdes para subsidiar o exame de pedidos de patentes.

Art. 31. Publicado o pedido de patente e até o final do exame, sera
facultada a apresentacdo, pelos interessados, de documentos e
informacdes para subsidiarem o exame. Paragrafo Unico. O exame
nao sera iniciado antes de decorridos 60 (sessenta) dias da publicacdo
do pedido.

A organizag&o proponente possui amplo interesse e legitimidade para atuar
como interessada no pedido de patente BR112019022972-8, ora em analise, diante
de suas trajetérias e missdes sociais apresentadas acima.

A presente peticdo é motivada pela apresentacdo do pedido nacional de
invengao, protocolado sob n° 870190111452 em 31/10/2019, assim como pelo
cumprimento de exigéncia do pedido apresentado em 29/08/2022 por meio da peticéo
de n° 870220077996.

A presente subsidiante, verificando que o teor do pedido BR112019022972-8
(doravante mencionado como BR2972) ndo € passivel de patenteabilidade, utiliza-se
da permissdo dada pelo artigo 31 da LPI e vem perante V. S2s. apresentar
apontamentos como forma de subsidiar o exame técnico do referido pedido de
patente.

Ademais, a presente peticdo é tempestiva nos termos do aludido artigo 31 da
LPI e artigo 32 da Instrugdo Normativa n° 30/20132.
2. DO PROCESSO ADMINISTRATIVO

Os principais eventos ja ocorridos no processo administrativo do pedido
BR2972 estédo resumidos abaixo:

1 Brasil. Lei n°® 9.279, de 14 de maio de 1996. Regula direitos e obrigagdes relativos a propriedade
industrial. Brasilia, DF: Presidéncia da Republica, 15 maio 1996.

2 Instituto Nacional da Propriedade Industrial - INPI. Instrugdo Normativa n° 30, de 4 de dezembro de

2013. Estabelecimento de normas gerais de procedimentos para explicitar e cumprir dispositivos da Lei

de Propriedade Industrial - Lei n® 9279, de 14 de maio de 1996, no que se refere as especificacdes dos

pedidos de patente.

Avenida Presidente Vargas, 446, 13° andar, Centro — Rio de Janeiro -RJ, Brasil
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1. Em 01/05/2018, o pedido de patente BR2972 foi depositado pela Merck Sharp
& Dohme LLC, doravante denominada como MSD ou simplesmente
depositante, por meio da entrada em fase nacional do pedido PCT de niumero
PCT US2018030459, cuja data de prioridade mais antiga € 02/05/2017,
referente ao pedido de patente dos Estados Unidos de numero US62/500,238.
O quadro reivindicatorio (QR) apresentado na solicitagdo de entrada na fase
nacional, em 31/10/2019, continha 57 reivindicagbes, sendo cinco
independentes: duas de formulacao, duas de método de tratamento e uma de
uso.

2. Em 22/04/2021, por meio da peticdo de n° 870210036806, o QR foi modificado,
passando a ter 22 reivindicacdes, sendo quatro independentes: trés de
formulacdo e duas de uso. Também consta uma reivindicacdo genérica de
‘Invencéo de produto, processo, sistema, kit ou uso”.

3. O pedido de exame foi peticionado em 26/04/2021, por meio do protocolo n°
800210133871.

4. Em 31/05/2022, por meio da RPI 2682, o INPI publicou uma exigéncia
preliminar para o pedido, que foi respondida tempestivamente 29/08/2022 por
meio da peticdo n° 870220077996. O QR foi novamente modificado, passando
a conter 20 reivindicagdes, sendo seis independentes: trés de formulagéo, duas
de uso e uma reivindicacdo genérica de “Invencdo de produto, processo,
sistema, kit ou uso”.

3. PEMBROLIZUMABE, PEDIDOS DE PATENTE, PRECO E ACESSO

O pembrolizumabe (MK-3475) é um anticorpo monoclonal humanizado que
atua como inibidor da proteina Programmed Death 1 (PD-1), uma proteina de
superficie celular que atua como um ponto de verificacdo imunossupressor. Ele age
bloqueando a interac&o do receptor PD-1 com seus ligantes PD-L1 e PD-L2, o que
permite a reativacdo da resposta imune antitumoral por linfocitos T.

O Keytruda®, nome do produto comercial contendo solucéo injetavel de
pembrolizumabe 100 mg/4 mL (25 mg/mL), adicionado dos excipientes histidina,
cloridrato de histidina monoidratado, sacarose, polissorbato 80 e agua para injetaveis,
possui registro sanitario ativo na Anvisa pela farmacéutica Merck Sharp & Dohme
(MSD)3. De acordo com a bula do medicamento, o pembrolizumabe € indicado para o
tratamento de uma ampla gama de tumores solidos, como melanoma, cancer de

3 Disponivel em:

https://consultas.anvisa.gov.br/#/medicamentos/2737640?substancia=25930&substanciaDescricao=p
embrolizumabe
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pulméo de células ndo pequenas, carcinoma urotelial, cancer gastrico, carcinoma de
células renais, cancer de cabeca e pescoco, cancer esofagico, cancer endometrial,
cancer de mama triplo-negativo, cancer cervical e carcinoma cutaneo de células
escamosas. Ele também é utilizado em linfoma de Hodgkin e neoplasias com alta
carga mutacional ou deficiéncia no reparo do DNA, independentemente do local
primario do tumor.

A posologia do pembrolizumabe e seu regime terapéutico (monoterapia ou
combinacao) variam conforme a indicacdo. De forma geral, para adultos, a dose
recomendada é 200 mg administrados por via intravenosa em infusdo de 30 minutos
a cada 3 semanas (Q3W), ou 400 mg a cada 6 semanas (Q6W) também por via
intravenosa.

O preco Maximo de Venda ao Governo (PMVG), estabelecido pela Camara de
Regulacdo do Mercado de Medicamentos (Cmed) em 11/03/2025, varia de R$
12.785,30 a 17.233,78 (ICMS 0% a 23%)*. O preco de comercializacdo do Keytruda®
(pembrolizumabe) 100 mg/4 mL no Brasil varia conforme a farmécia e as condi¢oes
de pagamento. Com base em pesquisa realizada em maio de 2025, os valores
encontrados variam de R$ 19.700,00 a 28.800,00°.

Em 2020, a Comissao Nacional de Incorporacdo de Tecnologias no SUS
(Conitec) recomendou a incorporagdo do pembrolizumabe para o tratamento de
melanoma avancado ndo cirdrgico e metastatico, condicionando a decisdo a
negociacéo de precos com a fabricante®. Durante o processo de avaliacédo, a Conitec
considerou que um valor razoavel para a incorporacao seria de aproximadamente R$
12 mil por paciente por més (equivalente a 3 PIB per capita) e o valor efetivamente
estabelecido para reembolso via Autorizacao de Procedimentos de Alta Complexidade
(APAC) é inferior, fixado em R$ 7.500 mensais por paciente’ - ja que o medicamento
ndo € de compra centralizada pelo Ministério da Saude. Esse montante €
significativamente menor do que o custo real do tratamento mensal de um paciente,

4 Anvisa. Camara de Regulacdo do Mercado de Medicamentos (Cmed). Precos maximos de
medicamentos por principio ativo, para compras publicas. Disponivel em:
file://IC:/Users/carol/Downloads/pdf_conformidade_gov_20250311_173150789.pdf
5 Consulta realizada em: https://www.oncologmedicamentos.com.br/keytruda-100-mg-4-ml-sol-inj-ct-fa-
4-ml/p e https://www.oncomg.com.br/keytruda-100mgml-pembrolizumabe-frasco-4ml
6 Ministério da Saude. Terapia-alvo (vemurafenibe, dabrafenibe, cobimetinibe, trametinibe) e
imunoterapia (ipilimumabe, nivolumabe, pembrolizumabe) para o tratamento de primeira linha do
melanoma avangado ndo-cirirgico e metastatico. Relatério de recomendacéo n° 541, 2020. Disponivel
em: https://lwww.gov.br/conitec/pt-
br/midias/relatorios/2020/relatorio_541 _terapiaalvo_melanoma_final_2020.pdf
’ Ministério da Saude. Portaria GM/MS n° 638, de 28 de marco de 2022. Altera atributos de
procedimentos e exclui procedimento da Tabela de Procedimentos, Medicamentos, Orteses, Proteses
e Materiais Especiais do Sistema Unico de Saude - SUS. Disponivel em:
https://bvsms.saude.gov.br/bvs/saudelegis/gm/2022/prt0638_29 03_2022.html
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estimado em cerca de R$ 22.727,00 por més8, o que tem dificultado sua ampla
disponibilizagéo no SUS.

Para outras indicacdes, como cancer de células renais®, cancer de pulméo de
células néo pequenas??, cancer de célon e reto metastatico com alta instabilidade de
microssatélites!! e carcinoma espinocelular de cabeca e pescoco recidivado ou
metastatico'?, o pembrolizumabe néao foi incorporado ao SUS. Essas decisGes foram
baseadas em analises da Conitec, que consideraram que as razf6es de custo-
efetividade e impacto orcamentario foram desfavoraveis ao SUS.

E importante destacar que, mesmo para o melanoma, onde o pembrolizumabe
foi incorporado no SUS, houve relatos de atrasos na disponibilizacdo efetiva do
medicamento aos pacientes. Segundo informacGes da CNN Brasil'®, apesar da
incorporacdo em 2020, pacientes enfrentaram dificuldades no acesso ao tratamento
devido a entraves administrativos e logisticos ocasionados pelos altos precos do
medicamento.

Uma busca simples por jurisprudéncia revela o elevado niumero de acdes
judiciais envolvendo o pembrolizumabe (Keytruda®), evidenciando o grau de
judicializacdo desse medicamento no pais. O volume de processos € um indicativo da
incapacidade do sistema publico de garantir acesso regular a essa tecnologia, levando
pacientes a recorrerem ao Judiciario como ultima alternativa.

O caso do pembrolizumabe é emblematico para compreender como a
combinagdo entre precos abusivos e a auséncia de incorporacdo ampla no SUS
transforma o acesso ao tratamento em uma disputa judicial constante, que

8 Ministério da Salide. Regimes de tratamento com cetuximabe ou pembrolizumabe para carcinoma
espinocelular de cabeca e pescoco recidivado ou metastatico. Relatério de recomendacéo n° 919,
2024. Disponivel em: https://www.gov.br/conitec/pt-br/midias/relatorios/2024/relatorio-de-
recomendacao-no-919-regimes-de-tratamento-com-cetuximabe-ou-pembrolizumabe
9 Ministério da Salde. Pembrolizumabe, axitinibe, ipilimumabe e nivolumabe para tratamento de
primeira linha de cancer de células renais. Relatério de recomendacgédo n° 660, 2021. Disponivel em:
https://www.gov.br/conitec/pt-
br/midias/relatorios/2021/20210830_relatorio_660_pembrolizumabe_axitinibe_ipilimumabe_nivolumab
e_ccr_1_linha_final.pdf
10 Ministério da Satide. Pembrolizumabe (em monoterapia ou associado a quimioterapia) para pacientes
com cancer de pulméo de células ndo pequenas avangado ou metastéatico (PD-L1 positivo) em primeira
linha de tratamento. Relatério de recomendagdo n° 859, 2023. Disponivel em:
https://www.gov.br/conitec/pt-
br/midias/relatorios/2023/20231227 pembrolizumabe 859 cancer_pulmao_cnp.pdf
11 Ministério da Satde. Pembrolizumabe em primeira linha de tratamento em individuos com cancer de
célon ou reto metastatico. Relatério de recomendagdo n° 863, 2023. Disponivel em:
https://www.gov.br/conitec/pt-
br/midias/relatorios/2023/20231229_relatorio_863_pembrolizumabe_cancer_colon_reto.pdf
12 Ministério da Salde. Regimes de tratamento com cetuximabe ou pembrolizumabe para carcinoma
espinocelular de cabeca e pescoco recidivado ou metastatico. Relatorio de recomendagédo n° 919,
2024. Disponivel em; https://www.gov.br/conitec/pt-br/midias/relatorios/2024/relatorio-de-
recomendacao-no-919-regimes-de-tratamento-com-cetuximabe-ou-pembrolizumabe
13 Disponivel em: https://www.cnnbrasil.com.br/saude/na-lista-do-sus-desde-novembro-de-2020-
remedios-contra-cancer-ainda-nao-sao-fornecidos/
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sobrecarrega o sistema de justica e pressiona 0s orcamentos publicos. Embora o
medicamento tenha sido incorporado ao SUS para uso restrito, inimeros pacientes
com outros tipos de canceres seguem recorrendo a Justica para obter o tratamento.

Com um custo que ultrapassa R$ 17 mil por frasco, o pembrolizumabe imp&e
barreiras significativas ao acesso e representa um desafio orcamentario grave para
estados e para a Unido. A frequéncia das decisoes judiciais revela um paradoxo: de
um lado, o Judiciario atua para proteger o direito a vida e a saude frente a omissao do
poder publico; de outro, o crescente nimero de a¢cbes envolvendo medicamentos de
alto custo como o pembrolizumabe contribui para o descontrole orcamentario e para
a ampliacdo das desigualdades no acesso, beneficiando quem tem recursos -
juridicos, financeiros ou de conhecimento - para acionar a Justica, em detrimento de
outras pessoas com risco de vida.

A situacdo de monopodlio de comercializagdo, viabilizada pela protecdo da
propriedade intelectual, € um dos fatores que impactam nos altos precos e restricao
do acesso. Em pesquisa realizada, em bases de dados privadas e publicas, e analise
do conteudo dos pedidos de patente identificados, foi possivel identificar 32 pedidos
de patentes relacionados ao pembrolizumabe (Quadro 1), dois dos quais foram
concedidos (P10812913-4 e BR112017003108-6). A sobreposicdo de pedidos de
patente (evergreening) gera expectativa de direito para os objetos reivindicados. Caso
todos os pedidos sejam concedidos, o pembrolizumabe pode ficar sob monopdlio
patentario pelo menos até o ano 2042.

Quadro 1: Pedidos de patente relacionados ao pembrolizumabe no Brasil.

PEDIDO DE "
PATENTE TITULO DEPOSITANTE
Anticorpos monoclonais ou fragmento de
P10812913-4 anticorpo para o receptor de morte programada
humano PD-1, polinucleotideo, método para Merck Sharp & Dohme
W02008156712 produzir os referidos anticorpos ou fragmentos B.V. (NL)

PCT US2008007463 | de anticorpos, composicdo que os compreende e
uso dos mesmos

BR112013022832-6

Linhagens de células de baixo teor de fucose e
W02012120500 usos das mesmas

PCT IL2012000109

Merck Serono S.A. (CH)

BR112016017256-6 Pfizer Inc. (US) / Merck

Sharp & Dohme LLC
(US)

Combinacdo de um antagonista de pd-1 e um
W02015119930 inibidor de vegfr para o tratamento de cancer
PCT US2015014212

BR112016017700-2 Usos de um antagonista de uma proteina de Incyte Corporation (US) /
morte programada 1 e de um inibidor de idol, e, Merck Sharp & Dohme
W02015119944 kit Corp. (US)
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PCT US2015014247

BR112017003108-6

W02016028656
PCT US2015045447

Anticorpo ou fragmento de ligacéo a antigeno do
mesmo, molécula de &cido nucleico isolado,
vetor de expressao,microorganismo transgénico,
composicao, e, método para produgdo de um
anticorpo ou fragmento de ligacdo a antigeno

Merck Sharp & Dohme
LLC (US)

BR112017016434-5

W02016137850
PCT US2016018843

Cristal de um anticorpo monoclonal anti-pd-1,
métodos para produzir cristais de um anticorpo
monoclonal anti-pd-1 e para cristalizar um
anticorpo monoclonal anti-pd-1, bem como e
composicao farmacéutica e seu uso

Merck Sharp & Dohme
LLC (US)

BR112019022488-2

W02018201028
PCT US2018029915

Biomarcadores para terapéutica do cancer

Merck Sharp & Dohme
Corp. (US) / Amgen Inc.
(US)

BR112019022695-8

W02018204343
PCT US2018030420

FormulagGes estaveis de anticorpos anti-ctlad
isolados e em combinacéo com anticorpos do
receptor de morte programada 1 (pd-1) e
métodos de uso das mesmas

Merck Sharp & Dohme
LLC (US)

BR112019022972-8

W02018204368
PCT US2018030459

Fomulagdes estaveis de anticorpos de receptor
de morte programada 1 (pd-1) e métodos de uso
das mesmas

Merck Sharp & Dohme
LLC (US)

BR112019023591-4

W02018208968
PCT US2018031876

Terapias de combinacao para tratar cancer

Tesaro, Inc. (US) /
Merck Sharp & Dohme
B.V. (NL)

BR112019023909-0

WwW02018213260
PCT US2018032692

Uso de um imunoconjugado que se liga a folrl,
e, uso de um imunoconjugado que se liga a folrl
e pembrolizumab

Immunogen, Inc. (US) /
Merck Sharp & Dohme
LLC (US)

BR112020007203-6

WG02019075366
PCT US2018055667

Composi¢cBes e métodos para tratamento de
linfoma difuso de células B grandes

Amgen Inc. (US) / Merck
Sharp & Dohme LLC
(US)

BR112020007494-2

W02019084418
PCT US2018057731

Composi¢cbes e métodos para tratamento do
cancer de figado

Merck Sharp & Dohme
Corp. (US) / Amgen Inc.
(US)

BR112020009759-4

W02019099597
PCT US2018061165

Anticorpos especificos para transcrito 3
semelhante a imunoglobulina (ILT3) e usos dos
mesmos

Merck Sharp & Dohme
LLC (US)

BR112020016331-7

Métodos para tratar cancer com anticorpos anti-
pd-1

Merck Sharp & Dohme
LLC (US)
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W02019160751
PCT 1B2018060181

BR112020015915-8 | Usos de um anticorpo anti-pd-1 e um anticorpo
anti-ctla4 ou fragmentos de ligacéo ao antigeno Merck Sharp & Dohme

W02019160755 dos mesmos, bem como kit para tratamento de LLC (US)
PCT US2019017188 um paciente com cancer
BR112020021134-6
Aditivos para formulacGes de proteinas para Merck Patent GMBH
W02019201894 aprimorar estabilidade térmica (DE)

PCT EP2019059755

BR112020022642-4 MSD International

GMBH (CH) / Genmab
AJS (DK)

Método para tratar cancer em um individuo, e,
W02019217455 estojo
PCT US2019031166

BR112021007318-3 Biolinerx Ltd. (IL) /

Tratamento de adenocarcinoma pancreatico Merck Sharp & Dohme

WO02020079692 metastatico

PCT IL2019051129 Corp. (US)
BR112021008122-4
Cristais de anticorpo anti-pd-1 humano e Merck Sharp & Dohme
W02020092233 métodos de uso dos mesmos LLC (US)
PCT US2019058339
BR112021008582-3
Cristais de anticorpo anti-pd-1 humano e Merck Sharp & Dohme
W02020096915 métodos de uso dos mesmos LLC (US)
PCT US2019058339
BR112021008679-0
Métodos para tratar cancer, e composigdo Merck Sharp & Dohme
W02020096917 farmacéutica LLC (US)

PCT US2019059583

BR112021008873-3
Merck Sharp & Dohme

Formulacao LLC (US)

W02020097139
PCT US2019059954

BR112021017892-9 . L .
Terapias de combinac¢do anti-cancer

compreendendo agentes bloqueadores de
CTLA-4 e PD-1

Merck Sharp & Dohme
W02020185722 LLC (US)

PCT US2020021783

Eisai R&D Management
Combinacéo de antagonista do PD-1, inibidor da Co., Ltd. (JP) / MSD
tirosina quinase VEGFR/FGFR/RET e inibidor da | International GmbH (CH)
CBP/Beta-Catenina para o tratamento do cancer | / Merck Sharp & Dohme
LLC (US)

BR112022007971-0

WG02021086909
PCT US2020057650

BR112022008233-9 Regime de dosagem de anticorpos anti-CD27 Merck Sharp & Dohme
para tratamento de cancer LLC (US)
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WQ02021087016
PCT US2020057817

BR112022012081-8

W02021126906
PCT US2020065208

Método para tratar cancer, kit, e, uso de uma
combinacao terapéutica

Merck Sharp & Dohme
LLC (US)

BR112022022304-8

W02021225851
PCT US2021029777

Métodos para tratar cancer usando uma
combinacdo de um antagonista PD-1, uma
quimiorradioterapia e um inibidor de PARP

Merck Sharp & Dohme
LLC (US)

BR112022026086-5

WG02021262562
PCT US2021038171

Métodos para tratar cancer ou doenga de Von-
Hippel Lindau e para tratar carcinoma de célula
renal, kit, e, uso de uma combinacao terapéutica

Merck Sharp & Dohme

LLC (US) / Eisai R&D

Management Co., Ltd.
(LP)

BR112023004781-1

W02022060678
PCT US2021050143

Terapia de combinacdo de um antagonista de
pd-1, antagonista de lag3 e lenvatinibe, ou um
sal farmaceuticamente aceitavel do mesmo, para
tratamento de pacientes com cancer

Merck Sharp & Dohme

LLC (US) / Eisai R&D

Management Co., Ltd.
(JP)

BR112023004981-4

W02022060767
PCT US2021050365

Regimes de dosagem do anticorpo anti-ILT4 ou
sua combinag&o com anticorpo anti-PD-1 para o
tratamento de cancer

Merck Sharp & Dohme
LLC (US)

BR112023020867-0

W02022216580
PCT US2022023250

Métodos para tratamento de cAncer com
administracdo subcutanea de anticorpos anti-
PD1

Merck Sharp & Dohme
LLC (US)

O pembrolizumabe € um produto estratégico para o Complexo Econémico-
Industrial da Salde (Ceis), estando listado desde 2017 na lista de produtos
estratégicos para o SUS?'®, elegivel para projetos de Parcerias para o
Desenvolvimento Produtivo (PDP). Na rodada de PDP de 2017/2018, foi submetida
uma proposta de projeto de PDP, que nao foi aprovada, por ndo ser um produto de
aquisicao centralizada'® - um dos critérios utilizados para aprovacéo ou continuidade

14 Brasil. Ministério da Salde. Portaria n° 252, de 26 de janeiro de 2017. Define a lista de produtos
estratégicos para o Sistema Unico de Saude (SUS), nos termos dos anexos a esta Portaria. Diario
Oficial da Unido. 30 Jan 2017. Disponivel em:
https://pesquisa.in.gov.br/imprensaljsp/visualiza/index.jsp?data=30/01/2017&jornal=1&pagina=77&tot
alArquivos=192
15 posteriormente chamada de matriz de desafios produtivos e tecnoldgicos em salide.
16 Disponivel em: https://www.gov.br/saude/pt-br/composicao/sectics/pdp/medicamentos-vacinas-e-
hemoderivados/medicamento-vacina-e-hemoderivados-propostas-de-projeto-de-pdp-nao-aprovadas-
de-2017-2018/view
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desse arranjo de transferéncia de tecnologia. Todavia, o produto continuou listado na
matriz de desafios produtivos e tecnoldgicos em salde, publicada em 2023,

4. DA MATERIA REIVINDICADA NO PEDIDO BR112019022972-8

O QR em exame apresenta as 20 reivindicagdes, transcritas a seguir para
pronta referéncia:

1. Formulagéo de anticorpo anti-PD-1 humano, caracterizada pelo fato de que compreende:
a) 100 mg/mL a 200 mg/mL de um anticorpo anti-PD-1 humano ou fragmento de ligacdo ao
antigeno do mesmo;
b) 5 mM a 20 mM de tampéo de histidina;
¢) um estabilizador selecionado a partir do grupo que consiste em:
i) 6% a 8% peso/volume (p/v) de sacarose, trealose ou (2-hidroxipropil)-B-ciclodextrina;
i) 3% a 5% p/v de manitol, sorbitol, L-arginina, um sal farmacéuticamente aceitavel de L-
arginina, L-prolina ou um sal farmaceuticamente aceitavel de L-prolina;
e iii) 1,8% a 2,2% p/v de glicina ou um sal farmaceuticamente aceitavel da mesma;
d) 0,01% a 0,10% de tensoativo néo ibnico; e
e) 1 mM a 20 mM de antioxidante,
em que o anticorpo anti-PD-1 humano ou fragmento de ligagao ao antigeno do mesmo compreende
trés CDRs de cadeia leve compreendendo CDRL1 de SEQ ID NO: 1, CDRL2 de SEQ ID NO: 2 e
CDRL3 de SEQ ID NO: 3 e trés CDRs de cadeia pesada de CDRH1 de SEQ ID NO: 6, CDRH2 de
SEQ ID NO: 7 e CDRH3 de SEQ ID NO: 8.
2. Formulacéo de anticorpo anti-PD-1 humano de acordo com a reivindicacdo 1, caracterizada pelo
fato de que a formulag&o tem um pH entre 5,0 e 6,0.
3. Formulagéo de anticorpo anti-PD-1 humano de acordo com a reivindicacé@o 1 ou 2, caracterizada
pelo fato de que o estabilizador é selecionado a partir do grupo que consiste em:
i) 6% a 8% p/v de sacarose, trealose ou (2-hidroxipropil)-B-ciclodextrina;
i) 3% a 5% de manitol, sorbitol ou L-prolina ou um sal farmaceuticamente aceitavel de L-prolina;
e iii) 1,8% a 2,2% p/v de glicina ou um sal farmaceuticamente aceitavel da mesma.
4. Formulacéo de anticorpo anti-PD-1 humano de acordo com qualquer uma das reivindicagdes 1 a
3, caracterizada pelo fato de que o tampao é um tampao de histidina, o estabilizador é sacarose, 0
tensoativo ndo ibnico € polissorbato 80 e o antioxidante € L-metionina ou um sal farmaceuticamente
aceitavel da mesma, em que a formulagcdo compreende:
a) 100 mg/mL a 200 mg/mL de um anticorpo anti-PD-1 humano ou fragmento de ligacdo ao
antigeno do mesmo;
b) 5 mM a 20 mM de tampéo de histidina;
c) 6% a 8% p/v de sacarose;
d) 0,01% a 0,04% p/v de polissorbato 80; e
e) 1 mM a 20 mM de L-metionina ou um sal farmaceuticamente aceitavel da mesma.
5. Formulagéo de anticorpo anti-PD-1 humano de acordo com a reivindicacdo 1, caracterizada pelo
fato de que o tampéo € um tampéo de histidina, o estabilizador é sacarose, o tensoativo néo iénico

17 Brasil. Ministério da Saude. Portaria n° 2.261, de 08 de dezembro de 2023. Estabelece a Matriz de

Desafios Produtivos e Tecnol6gicos em Saude. Diério Oficial da Unido. 08 Dez 2023. Disponivel em:
https://bvsms.saude.gov.br/bvs/saudelegis/gm/2023/prt2261_08_12 2023.html
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€ polissorbato 80 e o antioxidante é L-metionina ou um sal farmaceuticamente aceitavel da mesma,
em que a formulagédo compreende:

a) 100 mg/mL a 200 mg/mL de um anticorpo anti-PD-1 humano ou fragmento de ligagdo ao

antigeno do mesmo;

b) 8 mM a 12 mM de tampéo de histidina;

¢) 5 mM a 10 mM de L-metionina ou um sal farmaceuticamente aceitavel da mesma;

d) 6% a 8% p/v de sacarose; e

e) 0,01% a 0,04% p/v de polissorbato 80.
6. Formulagdo de anticorpo anti-PD-1 humano de acordo com a reivindicagédo 5, caracterizada pelo
fato de que compreende:

a) 125 mg/mL a 200 mg/mL de um anticorpo anti-PD-1 humano ou fragmento de ligagdo ao

antigeno do mesmo;

b) 10 mM de tampé&o de histidina;

¢) 10 mM de L-metionina ou um sal farmaceuticamente aceitavel da mesma;

d) 7% p/v de sacarose; e

e) 0,02% p/v de polissorbato 80.
7. Formulagéo de anticorpo anti-PD-1 humano de acordo com a reivindicacdo 6, caracterizada pelo
fato de que o antioxidante € HCI de Lmetionina.
8. Formulacéo de anticorpo anti-PD-1 humano de acordo com qualquer uma das reivindicacdes 5 a
7, caracterizada pelo fato de que compreende adicionalmente de 1,25% a 2,5% p/v de L-arginina ou
um sal farmacéuticamente aceitavel da mesma.
9. Formulacgéo de anticorpo anti-PD-1 humano de acordo com qualquer uma das reivindicacdes 1 a
8, caracterizada pelo fato de ser uma solugéo reconstituida a partir de uma formulagéo liofilizada.
10. Formulacg&o de anticorpo anti-PD-1 humano de acordo com qualquer uma das reivindicagfes 1
a 9, caracterizada pelo fato de que o anticorpo anti-PD-1 humano ou fragmento de ligacdo ao
antigeno do mesmo compreende uma regido VL que compreende a sequéncia de aminoacidos
estabelecida na SEQ ID NO: 4 e uma regiao VH que compreende a sequéncia de aminoacidos
estabelecida na SEQ ID NO: 9.
11. Formulag&o de anticorpo anti-PD-1 humano de acordo com qualquer uma das reivindicacfes 1
a 10, caracterizada pelo fato de que a formulagéo compreende uma cadeia leve compreendendo ou
consistindo em uma sequéncia de aminoacidos conforme estabelecida na SEQ ID NO: 5 e uma
cadeia pesada compreendendo ou consistindo em uma sequéncia de aminodcidos conforme
estabelecida na SEQ ID NO: 10.
12. Formulag&o de anticorpo anti-PD-1 humano de acordo com qualquer uma das reivindicagfes 1
a 11, caracterizada pelo fato de que a formulagdo compreende um anticorpo anti-PD-1 humano que
€ pembrolizumabe.
13. Formulacéo de anticorpo anti-PD-1 humano, caracterizada pelo fato de que compreende:

a) 130 mg/mL de um anticorpo anti-PD-1 humano;

b) 10 mM de tampé&o de histidina;

c) 7% plv de sacarose;

d) 0,02% de polissorbato 80; e

e) 10 mM de L-metionina ou um sal farmaceuticamente aceitavel da mesma;
em que o anticorpo anti-PD-1 humano compreende uma cadeia leve compreendendo uma sequéncia
de aminoé&cidos conforme estabelecida na SEQ ID NO: 5 e uma cadeia pesada compreendendo uma
sequéncia de aminoéacidos conforme estabelecida na SEQ ID NO: 10.
14. Formulacdo de anticorpo anti-PD-1 humano de acordo com a reivindicacdo 13, caracterizada
pelo fato de que o anticorpo anti-PD-1 humano é pembrolizumabe.
15. Formulagéo de anticorpo anti-PD-1 humano, caracterizada pelo fato de que compreende:

a) 165 mg/mL de um anticorpo anti-PD-1 humano;
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b) 10 mM de tampé&o de histidina;
¢) 7% plv de sacarose;
d) 0,02% de polissorbato 80; e
e) 10 mM de L-metionina ou um sal farmaceuticamente aceitavel da mesma;
em que o anticorpo anti-PD-1 humano compreende uma cadeia leve compreendendo ou
consistindo em uma sequéncia de aminoacidos conforme estabelecida na SEQ ID NO: 5 e uma
cadeia pesada compreendendo ou consistindo em uma sequéncia de aminoacidos conforme
estabelecida na SEQ ID NO: 10.
16. Formulagéo de anticorpo anti-PD-1 humano de acordo com a reivindicag8do 15, caracterizada
pelo fato de que o anticorpo anti-PD-1 humano é pembrolizumabe.
17. Uso da formulagdo de anticorpo anti-PD-1 humano definida em qualquer uma das reivindica¢des
1 a 16, caracterizado pelo fato de ser para a preparagdo de um medicamento para tratar infeccéo
crénica em um paciente humano.
18. Uso da formulacédo de anticorpo anti-PD-1 humano definida em qualquer uma das reivindicagfes
1 a 16, caracterizado pelo fato de ser para a prepara¢do de um medicamento para tratar cAncer em
um paciente humano.
19. Uso da formulacéo de anticorpo anti-PD-1 humano de acordo com a reivindicagdo 17 ou 18,
caracterizado pelo fato de que a formulacéo € para administragcao subcutanea.
20. Invencéo de produto, processo, sistema, kit ou uso, caracterizada pelo fato de que compreende
um ou mais elementos descritos no presente pedido de patente.

O Quadro 2 apresenta um resumo dos tipos de reivindicagdes do pedido de
patente BR2972.

Quadro 2: Resumo dos tipos de reivindicacBes do pedido de patente BR2972.

TIPO DE PROTECAO | REIVINDICACOES DETALHES
Formulacéo de anticorpo anti-PD-1 humano, tampao
Formulagéo lail6 de histidina, um estabilizador, tensoativo ndo iénico
e antioxidante.

Uso 17a19 Uso da formulacao para fabricacdo de medicamento.
“produto, processo, sistema, kit ou uso, caracterizada
Invencao 20 pelo fato de que compreende um ou mais elementos

descritos no presente pedido de patente.”

5. DA FALTA DE CLAREZA E PRECISAO

O artigo 24 da Lei da Propriedade Industrial (LPI) dispde:

Art. 24. O relatério devera descrever clara e suficientemente o objeto,
de modo a possibilitar sua realizagao por técnico no assunto e indicar,
guando for o caso, a melhor forma de execucéo.

As formulagdes do pedido BR2972 contém um anticorpo anti-PD-1 humano ou
fragmento de ligacdo ao antigeno do mesmo.
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A partir do paragrafo [0118] do relatério descritivo (RD) do pedido BR2972
(pagina 32) sdo descritas inumeras sequéncias de regifes determinantes de
complementaridade (CDR) que podem compor anticorpos anti-PD-1 humanos sem,
no entanto, descrever com clareza anticorpos ou quaisquer fragmentos. Apenas a
partir do paragrafo [0130] (RD, pagina 34) séo identificados anticorpos por suas
cadeias leves e pesadas, as quais incluem por¢des constantes (Fc), por¢des variaveis
(Fab) e regibes determinantes de complementaridade (CDR). Contudo, nenhum
fragmento foi descrito.

Apesar da descricdo de anticorpos apenas por por¢cdes, como as CDR, ser uma
das formas de definir anticorpos aceitas pelo INPI (Instrucdo Normativa n° 118/2020%%,
paragrafo 165), tal reivindicacao ndo define de forma clara e precisa a matéria objeto
de protegéo do presente pedido de patente, que reivindica uma formulagdo. Acontece
gue, conforme explicacdo da prépria depositante, na formulacdo de produtos
contendo proteinas existem questdes estruturais intrinsecas de cada uma delas que
demandam individualizacdo das estratégias utilizadas para compor as formulacdes:

“A identificacdo de fatores intrinsecos e extrinsecos que
contribuem para a estabilizacdo de proteinas termofilicas fornece
informacdes valiosas para estabilizar produtos farmacéuticos
proteicos e para projetar proteinas mutantes mais estaveis. No
entanto, as_diferencas estruturais _entre as diferentes proteinas
sdo tdo significativas gue a generalizacdo das _estratégias de
estabilizacdo universal ndo foi bem-sucedida. Muitas vezes, as
proteinas precisam _ser avaliadas _individualmente. (Peticdo
870220077996, de 29/08/2022, pag. 11/259) (grifo nosso)

“ndo ha um caminho U(nico a seguir no desenvolvimento de
formulagBes comerciais e as proteinas tém que ser avaliadas caso
a caso” (Peticao 870220077996, de 29/08/2022, pag. 11/259) (grifo
Nosso)

Dessa forma, o técnico no assunto nédo teria como prever, diante de todas as
alternativas do relatério descritivo, qual a anticorpo ou qual o fragmento é de fato
objeto da composicao do pedido de patente que foi, conforme afirmac¢des da propria
depositante, obtida apds avaliacdo especifica para um anticorpo.

Portanto, o pedido BR2972 n&o atende as disposi¢cfes do artigo 24 da LPI
por ndo descrever clara e suficientemente o objeto, de modo a possibilitar sua
realizacao por técnico no assunto.

18 |nstituto Nacional da Propriedade Industrial - INPI. Instrugdo Normativa n°® 118, de 12 de novembro

de 2020. Institui a nova versdo das Diretrizes de Exame de Pedidos de Patente na Area de
Biotecnologia.
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Complementarmente, o artigo 25 da LPI dispde:

Art. 25. As reivindicagbes deverdo ser fundamentadas no relatorio
descritivo, caracterizando as particularidades do pedido e definindo,
de modo claro e preciso, a matéria objeto da protecao.

As reivindicagdes do pedido BR2972 falham em definir de modo claro e preciso,
a matéria objeto da protecéo.

As reivindicacbes 1 a 9, referentes a formulagbes do pedido BR2972,
compreendem um anticorpo anti-PD-1 humano ou fragmento de ligacdo ao antigeno
do mesmo, o qual € definido como aquele que “compreende trés CDRs de cadeia leve
compreendendo CDRL1 de SEQ ID NO: 1, CDRL2 de SEQ ID NO: 2 e CDRL3 de
SEQ ID NO: 3 e trés CDRs de cadeia pesada de CDRH1 de SEQ ID NO: 6, CDRH2
de SEQ ID NO: 7 e CDRH3 de SEQ ID NO: 8.”

Conforme afirmacgdes da propria depositante a composicao pleiteada foi obtida
apos avaliacdo especifica para um unico anticorpo. No entanto, nas reivindicacdes
1 a9, o anticorpo € descrito apenas pela sequéncia dos seus CDR e, na reivindicagcao
10, o anticorpo é descrito apenas pela sequéncia da regido variavel, restando
inUmeras possibilidades de sequéncias da porcao constante (Fc) que poderiam vir a
compor o anticorpo completo. Desta forma, fica prejudicada a devida clareza e
precisdo da matéria pleiteada. Adicionalmente, as reivindicagées 10 a 16 definem
ainda outros dois anticorpos (definidos pelas partes do anticorpo), tornando o quadro
reivindicatério ainda mais impreciso.

Ainda, a reivindicagao 20, nada define e sequer pode ser diferenciado se trata-
se de uma reivindicagéo de produto ou processo.

Portanto, as reivindicacdes 1 a 16 e 20 do pedido BR2972 ndo atendem as
disposicfes do artigo 25 da LPI por falharem em definir de modo claro e preciso,
a matéria objeto da protecgéao.

6. DA PATENTEABILIDADE DO PEDIDO BR112019022972-8
6.1 Do estado da técnica do pedido BR112019022972-8

No presente subsidio ao exame técnico, séo citados os documentos do estado
da técnica descritos, todos publicados antes da data de prioridade mais antiga do
pedido BR2972-8 (Quadro 3).

Quadro 3: Documentos do estado da técnica utilizados neste subsidio.
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DENOMINACAO REFERENCIA DATA DE PUBLICACAO
US2014234296. Stable formulations of antibodies
D1 to human programmed death receptor PD-1 and 21/08/2014

related treatments.

Manning MC, Chou DK, Murphy BM, Payne RW,
D2 Katayama DS. Stability of protein pharmaceuticals: 09/02/2010
an update. Pharm Res, 27(4):544-75, 2010.

Lam XM, Yang JY, Cleland JL. Antioxidants for
prevention of methionine oxidation in recombinant

D . . 1997
8 monoclonal antibody HER2. J Pharm Sci, 99
86(11):1250-5, 1997.
Ji JA, Zhang B, Cheng W, Wang YJ. Methionine,
D4 tryptophan, and histidine oxidation in a model 2009

protein, PTH: mechanisms and stabilization. J
Pharm Sci,98(12):4485-500, 2009.

Hada S, Kim NA, Lim DG, Lim JY, Kim KH,
Adhikary P, Jeong SH. Evaluation of antioxidants
D5 in protein formulation against oxidative stress using 21/10/2015
various biophysical methods. Int J Biol Macromol,
82:192-200, 2016.

D1 descreve formulagdes estaveis de anticorpos que inibem o receptor de
morte programada PD-1 para uso no tratamento de cancer ou infecgées.

D2 é um artigo cientifico que descreve as principais causas de instabilidade em
proteinas e as estratégias de formulacdo que podem aumentar a estabilidade, dentre
as quais destaca-se a L-metionina como antioxidante.

D3 é um artigo cientifico que avaliou 0 uso de antioxidantes, dentre os quais
destaca-se a L-metionina livre, para estabilizar anticorpos monoclonais que sofreram
oxidacao de residuos de metionina quando expostos a luz.

D4 é um artigo cientifico que relata a investigacdo do processo de oxidagao de
residuos de metionina, triptofano e histidina em anticorpos monoclonais e a procura
por estabilizadores adequados, dentre os quais destaca-se a L-metionina como
antioxidante.

D5 é um artigo cientifico que avalia a estabilidade de proteinas submetidas a
estresse oxidativo e avalia 0 uso de antioxidantes para controlar o processo, dentre
0s quais destaca-se a L-metionina livre.

6.2 Da falta de atividade inventiva (reivindicacdes 1 a 16)

As reivindicacdes 1 a 16 referem-se a uma formulacdo contendo um anticorpo
anti-PD-1 humano, um tampao de histidina, um estabilizador, um tensoativo néo iénico
e um antioxidante.
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Para a avaliacdo da atividade inventiva, emprega-se as etapas indicadas nas
Diretrizes de Exame de Pedidos de Patente — Bloco Il — Patenteabilidade, instituidas
pela Resolucédo n° 169/2016:

5.9 Trés etapas sdo empregadas para determinar se uma invencgao
reivindicada € ébvia quando em comparacéo com o estado da técnica:
(i) determinar o estado da técnica mais proximo;
(i) determinar as caracteristicas distintivas da invencdo e/ou o
problema técnico de fato solucionado pela invencao; e
(iii) determinar se, diante do problema técnico considerado, e
partindo-se do estado da técnica mais préximo, a invencao é ou
nao Gbvia para um técnico no assunto.

O estado da técnica mais préximo do pedido BR2972 é D1, um documento que
descreve formulacdes estaveis de anticorpos que inibem o receptor de morte
programada PD-1 (pagina 2, paragrafo [0015]). A composi¢cédo de D1 contém cerca de
25 mg/mL a 100 mg/mL de um anticorpo anti-PD-1, um tampdo de histidina,
polissorbato 80 e sacarose (pagina 2, paragrafo [0016]).

De acordo com D1, a inclusdo de sacarose, manitol, glicina ou lactose em
composi¢cdes de anticorpos favorece a estabilidade, por exemplo, relacionada a
crioprotecao e tonicidade (pagina 7, paragrafo [0074]). Outros agentes que promovem
estabilidade, por meio de crioprotecdo sao dextranos, polietilenoglicol, glicose,
trealose, polissorbatos e aminocidos como glicina, arginina e serina (pagina 7,
paragrafo [0076]).

Em D1 sdo previstas solucbes de anticorpo ou fragmentos de ligacdo a
antigenos em concentracbes de 10, 15, 20, 25, 30, 40, 50, 60, 75, 80, 90 ou 100
mg/mL ou concentra¢des mais altas de 150 mg/mL, 200 mg/mL, 250 mg/mL, até 300
mg/mL. Tais solu¢gBes tém um pH entre 5 e 6, preferencialmente 5,5 (pagina 10,
paragrafo [0111]).

Dessa forma, D1 é o estado da técnica mais proximo do pedido BR2972, sendo
um documento que ensina a obtencao de formulacoes:

e Do mesmo campo técnico e com 0 mesmo uso pretendido: D1 descreve
composicdes de anticorpo anti-PD-1 ou fragmentos de ligacdo para
administragdo endovenosa ou subcutdnea em um ser humano.

e Em que o problema técnico solucionado é a obtencéo de formulagcéo de
alta concentracao que seja estavel.

e E com diversas caracteristicas técnicas da invencdo pleiteada. O
Quadro 4 detalha a comparacédo das caracteristicas técnicas de D1 e do
pedido BR2972.
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Quadro 4: Comparacao entre o contetdo das formulacdes e seus usos de D1 e do pedido de patente

BR112019022972-8.

BR2972

D1

Formulacdo de anticorpo anti-PD-1 humano,
caracterizada pelo fato de que compreende:

Formulagdo de anticorpo anti-PD-1 humano,
caracterizada pelo fato de que compreende:

a) 100 mg/mL a 200 mg/mL de um anticorpo anti-
PD-1 humano ou fragmento de ligacdo ao
antigeno do mesmo (reiv 1, 4, 5, 6, 13, 15)

10 mg/mL a 300 mg/mL de um anticorpo anti-PD-
1 humano ou fragmento de ligacdo ao antigeno do
mesmo; (pagina 10, paragrafo [0111] e reiv 1)

Revela especificamente  formulagcdo com
anticorpo anti-PD-1 humano ou fragmento na
concentracdo de 25 a 100 mg/mL (reiv 3)

b) 5 mM a 20 mM de tampéo de histidina (reiv 1,
4,5, 6,13, 15) emque o pH é entre 5 e 6 (reiv 2)

Tampéo de histidina, preferencialmente a 10 mM
como tampao para pH entre 5 e 6 (pagina 2,
paragrafos [0017] e [0021] e reiv 6).

¢) um estabilizador selecionado a partir do grupo
gue consiste em:

i) 6% a 8% peso/volume (p/v) de sacarose,
trealose ou (2-hidroxipropil)-B-ciclodextrina;

i) 3% a 5% p/v de manitol, sorbitol, L-arginina, um
sal farmacéuticamente aceitavel de L-arginina, L-
prolina ou um sal farmaceuticamente aceitavel de
L-prolina; e

i) 1,8% a 2,2% p/v de glicina ou um sal
farmaceuticamente aceitavel da mesma; (reiv 1,
3,4,5,6,13, 15)

mais especificamente 1,25% a 2,5% p/v de L-
arginina ou um sal farmaceuticamente aceitavel
(reiv 8)

Estabilizadores como sacarose, manitol, glicina,
lactose, dextranos, polietilenoglicol, glicose,
trealose, polissorbatos e aminoacidos como
glicina, arginina e serina em concentracdes
diversas.

Revela especificamente a sacarose em cerca de
7% (p/v) (reiv 5).

d) 0,01% a 0,10% de tensoativo nédo idnico (reiv
1) em que o tensoativo ndo ibnico é polissorbato
80 (reiv 4,5, 6, 13, 15)

O tensoativo ndo ibnico polissorbato 80,
preferencialmente a 0,02% (pagina 2, paragrafos
[0016] e [0019] e reiv 4).

e) 1 mM a 20 mM de antioxidante (reiv 1) em
gue o antioxidante é L-metionina ou um sal
farmaceuticamente aceitavel (reiv 4, 5, 6, 13,
15), mais especificamente HCI de L-metionina
(reiv 7)

solucao reconstituida a partir de uma formulacéo
liofilizada (reiv 9)

A formulagdo “estavel” pode ser liofilizada, um
liquido reconstituido ou uma formulacédo liquida
(n&o previamente liofilizada) (pagina 7, paragrafo
[0084])).

Uso da formulacao para tratar cancer (reiv 18)

A formulacdo pode ser para tratar cancer (pagina
1, paragrafo [0015]).

Uso da formulacgdo para tratar infecgdo cronica
(reiv 17)

A formulacao pode ser para tratar infeccéo crénica
(pagina 1, paragrafo [0015]).

Uso da formulacdo
subcutanea (reiv 19)

para administracdo

A formulagdo pode ser para administragdo
subcutanea (pagina 2, paragrafo [0016]).
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Depreende-se, portanto, que a caracteristica distintiva da matéria pleiteada no
BR2972 frente ao estado da técnica mais proximo D1 € a presenca de um 1 mM a 20
mM de antioxidante, em gue o antioxidante pode ser L-metionina entre 5 mM e 10 mM,
preferencialmente 10 mM.

O problema técnico esta indicado no relatério descritivo como a degradacgéo do
pembrolizumabe exposto a luz, perdxido e alto pH, sendo principalmente relacionada
a oxidacéo de metionina 105 tanto no CDR quanto na porcao Fc (Relatorio descritivo,
paragrafo [029] - Peticdo 870220077996, de 29/08/2022, pag. 21/259).

Segundo o relatério descritivo do pedido BR2972-8:

As formulacdes da invencdo se destinam a problemas de alta
viscosidade e agregacdo aumentada associada a formulacdes de
anticorpo que compreendem uma alta concentracdo de anticorpos
anti-PD1. A invencdo fornece adicionalmente formulacdes que
compreendem pembrolizumabe ou um fragmento de ligagcdo ao
antigeno das mesmas com oxida¢do de metionina reduzida, (...) (RD,
paragrafo [027], pagina 7)

A este respeito, € importante retomar a Ultima etapa da avaliacdo da atividade
inventiva, na qual deve-se determinar se, diante de um problema técnico, o técnico no
assunto é capaz de encontrar uma solucédo no estado da técnica. Nesse sentido, esta
subsidiante discorda do argumento da depositante de que o problema da oxidacgéo
ndo estaria revelado no estado da técnica para defender a atividade inventiva do
pedido BR2972. Pelo contrario, a avaliacdo da atividade inventiva é feita para
determinar se a solucdo proposta, e ndo o problema, € ou ndo 6bvia e podera ser
considerada uma invencao.

Portanto, para avaliagcdo da atividade inventiva, é preciso determinar se, diante
da oxidacao de residuos de metionina no CDR3 da cadeia pesada e na porcao Fc do
pembrolizumabe e partindo do estado da técnica mais proximo, o uso de L-metionina
como antioxidante é ou ndo 6ébvio para um técnico no assunto?®.

A oxidagdo de residuos de aminoé&cidos era conhecida, a época da data de
prioridade mais antiga do pedido BR2972, como uma das principais causas de baixa
estabilidade das formulagBes farmacéuticas que contém proteinas e anticorpos
monoclonais, sendo a mais comum a oxidacéo de residuos de metionina?°.

A importancia de monitorar oxidacdo em residuos de metionina também ja era
conhecimento geral de um técnico no assunto. Também ja era parte do conhecimento

19 Resolucdo n° 169/2016, item 5.9 (iii) determinar se, diante do problema técnico considerado, e

partindo-se do estado da técnica mais préximo, a invencao € ou nao 6bvia para um técnico no assunto.

20 Sokolowska I, Mo J, Dong J, Lewis MJ, Hu P. Subunit mass analysis for monitoring antibody oxidation.
Mabs, 9(3):498-505, 2017.
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geral do técnico no assunto que os maleficios da oxidag¢édo de residuos de metionina
na estabilidade da anticorpos sintéticos podem ser reduzidos por meio de rigoroso
controle da oxidacdo de metionina com estratégias de formulacédo e por condi¢cdes
adequadas de armazenamento do produto?!.

Com base nos ensinamentos de D2, o técnico no assunto saberia que a
oxidacdo de metionina ocorre independentemente do pH e por meio de uma ampla
gama de espécies reativas de oxigénio, inclusive o oxigénio molecular. Além disso,
essas reacdes sao propagadas por radicais livres e ha muitas fontes potenciais de
radicais livres, incluindo material de embalagem e excipientes. O grau de
acessibilidade do residuo é determinante para que as espécies oxidantes ataguem a
cadeia lateral. Portanto, um residuo de metionina que é totalmente exposto exibira
uma taxa maior de oxidacdo do que um residuo que esteja protegido na estrutura
tridimensional. Conforme D2, a oxidacdo de residuos de metionina foi amplamente
relatada para anticorpos monoclonais.

Conforme os ensinamentos de D2, uma das estratégias amplamente utilizadas
para prevenir a oxidacdo de residuos de metionina em anticorpos monoclonais é o
uso de aditivos de sacrificio que serdo oxidados no lugar do ingrediente ativo e 0 uso
de L-metionina livre na solucdo se mostrou como uma estratégia eficaz (D2, pagina
552).

Outros documentos do estado da técnica reforcam que a estratégia pode ser
implementada com sucesso em diferentes proteinas, inclusive em anticorpos
monoclonais.

D3 ensina que, em formulacdes do anticorpo monoclonal rhuMAb HER2, o uso
de antioxidantes como a L-metionina, tiossulfato de sdédio, catalase ou platina
impediram a oxidag&o de residuos de metionina por atuarem como radicais livres ou
eliminadores de oxigénio. O nivel minimo eficaz necessario para que a L-metionina
livre possa inibir a oxidacao do anticorpo induzida foi 1:5 (razdo molar de proteina para
antioxidante), o que foi bastante superado nas proporcdes pleiteadas no presente
pedido (entre 1:7 e 1:15, considerando a massa molecular do pembrolizumabe
proxima a 149 kDA e as concentragfes de 100 mg/mL a 200 mg/mL).

D4 realizou diversos testes de oxidacdo com uma proteina experimental
chamada PTH e concluiu que a presenca de L-metionina livre protegeu os residuos
de metonina da proteina de sofrerem oxidacao.

Complementarmente, os subsidios ao exame técnico enviados anteriormente
também mencionam exemplos de documentos do estado da técnica (D5) que
antecipam o uso de L-metionina livre, inclusive na concentracdo de 10 mM, como o

2l Liu D, Ren D, Huang H, Dankberg J, Rosenfeld R, Cocco MJ, Li L, Brems DN, Remmele RL Jr.

Structure and stability changes of human IgG1l Fc as a consequence of methionine oxidation.
Biochemistry, 47(18):5088-100, 2008.
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antioxidante com melhor desempenho na formulacdo de anticorpos monoclonais. O

trecho segue reproduzido na Figura 1 para pronta referéncia:

[16] Assim, D3 revela e sugere o uso de L-metionina como um antioxidante em

formulagdes de proteina, uma vez que nos testes de estabilidade e caracterizagdo da

formulagdo, ficou comprovado que a L-metionina foi o composto mais eficiente em

suprimir a oxidacdo de protefnas. Sendo até mesmo concluido que L-metionina é o
composto mais eficiente em suprimir a oxidacdo de aminodcidos (Pagina 199, “5.

Conclusao” de D3), em que também foi revelada uma concentragdo de 10 mM de L-

metionina (Pagina 197, Tabela 5 de D3).

in the oxidized protein molecules. These changes implicate methi-
onine as the most probable site of oxidation in lysozyme. Among
the three antioxidants used, methionine was the most efficient in

suppressing oxidation, suggesting amino acids as a promising com-

ponent in the protein formulation. These results provide a basis

Pagina 199, “5. Conclusao” de D3.

Table 5

Samples Control

a-Helix 2483
Antiparallel 3-sheet 15.11
Parallel B-sheet 972
B-Turn 17.90
Random Coil 32.34

Total 100.00

S. Hada et al. / International Journal of Biological Macromolecules 82 (2016) 192-200

Percentage of secondary structures of lysozyme in presence of different concentration of methionine.

Lysozyme + H;0, 10 mM methionine 50 mM methionine
18.14 19.26 2275
19.20 20.16 17.54
10.88 10.45 995
17.61 18.07 18.20
34.16 32.06 31.66
100.00 100.00 100.00

197

100 mM methionine

22.84
17.25

995
18.10
31.85

100.00

Pagina 197, Tabela 5 de D3.

Figura 1: Peticdo n° 870240062616, de 24/07/2024 (pagina 13/237)

Dessa forma, € bastante difundido no estado da técnica que a oxidacdo de
residuos de metionina em anticorpos monoclonais pode afetar a estabilidade e que,
uma vez identificada, pode ser devidamente controlada pelo uso de antioxidantes,
como a L-metionina. O historico de uso da L-metionina como antioxidante em
diferentes proteinas, inclusive em anticorpos monoclonais, e, em diversos casos, 0
relato de ser este o antioxidante mais eficiente levariam o técnico no assunto a utilizar
esta estratégia com expectativa razoavel de sucesso.
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Portanto, retomando as etapas de avaliagdo da atividade inventiva da
Resolucdo n° 169/2016 (item 5.9), conclui-se que diante do problema técnico
considerado, e partindo-se dos ensinamentos do estado da técnica mais proximo D1
em combinacdo com D2, D3, D4 ou D5, a invencado € Obvia para um técnico no
assunto.

Estes fatos evidenciam que a matéria reivindicada no pedido
BR112019022972-8 n&o pode ser concedida por falta de atividade inventiva,
estando em desacordo com os artigos 8° e 13 da LPI.

7. DO PEDIDO

A subsidiante, assim, acredita haver demonstrado que a matéria para qual se
requer protecdo no pedido BR112019022972-8 néo é dotada de novidade e atividade
inventiva, além de ndo estar suficientemente descrita, infringindo os artigos 8°, 13, 24
e 25 da LPI, razédo pela qual aguarda que o pedido de patente seja prontamente
INDEFERIDO.

Rio de Janeiro, 23 de maio de 2025

Camila Monteiro Cruz
Farmacéutica, MSc em Ciéncias Farmacéuticas
Especialista em Propriedade Intelectual

Carolinne Thays Scopel
Farmacéutica, Doutora em Saude Publica

CRF/RJ 20.318

Susana Rodrigues Cavalcanti van der Ploeg
OAB/MG 181.599
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(57) ABSTRACT

The present invention relates to stable formulations of anti-
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against human programmed death receptor PD-1, or antigen
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STABLE FORMULATIONS OF ANTIBODIES
TO HUMAN PROGRAVMMED DEATH
RECEPTOR PD-1 AND RELATED
TREATMENTS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of U.S. provi-
sional patent application No. 61/470,121, filed Mar. 31, 2011,
which is herein incorporated by reference in its entirety.

FIELD OF THE INVENTION

[0002] The present invention relates to stable formulations
of antibodies against human programmed death receptor
PD-1, or antigen binding fragments thereof. The present
invention further provides methods for treating various can-
cers and chronic infections with stable formulations of anti-
bodies against human PD-1, or antigen binding fragments
thereof.

BACKGROUND OF THE INVENTION

[0003] Programmed Death 1 (PD-1), a member of the
CD28 costimulatory gene family, is moderately expressed on
naive T, B and NKT cells and up-regulated by TB cell recep-
tor signaling on lymphocytes, monocytes and myeloid cells
(1). PD-1 has two known ligands with distinct expression
profiles, PD-L1 (B7-H1) and PD-L2 (B7-DC). PD-L2
expression is relatively restricted and is found on activated
dendritic cells, macrophages and monocytes and on vascular
endothelial cells (1-3). In contrast, PD-L1 is expressed more
broadly including on naive lymphocytes and its expression is
induced on activated B and T cells, monocytes and dendritic
cells. Furthermore, by mRNA, it is expressed by non-lym-
phoid tissues including vascular endothelial cells, epithelial
cells and muscle cells.

[0004] PD-1 is recognized as an important player in
immune regulation and the maintenance of peripheral toler-
ance. In the mouse, this was shown to require PD-L1 expres-
sion on peripheral tissues and ligation of PD-1 on potentially
autoreactive T cells to negatively modulate T cell activation
involving an ITTM sequence in the PD-1 cytoplasmic domain
(L. 4).

[0005] Depending on the specific genetic background,
pded1 ™~ mice spontaneously develop lupus-like phenomena
or dilated cadiomyopathy (3, 6). Furthermore, antibody-in-
duced blockade of the PD-1/PD-L 1 pathway was demon-
strated to accelerate the onset of autoimmune insulitis and
diabetes in NOD mice (7).

[0006] Human cancers arising in various tissues were
found to over-express PD-L1 or PD-L2. In large sample sets
ofe.g. ovarian, renal, colorectal, pancreatic, liver cancers and
melanoma it was shown that PD-L1 expression correlated
with poor prognosis and reduced overall survival irrespective
of subsequent treatment (15-26). Similarly, PD-1 expression
on tumor infiltrating lymphocytes was found to mark dys-
functional T cells in breast cancer and melanoma (27-28) and
to correlate with poor prognosis in renal cancer (29). Using
primary patient samples, it was shown that blockade of PD-1
or PD-L1 in vitro results in enhancement of human tumor-
specific T cell activation and cytokine production (30). Con-
sequently, in several murine syngeneic tumor models, block-
ade of either PD-1 or PD-L1 significantly inhibited tumor
growth or induced complete regression.
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[0007] A PD-1 blocking mAb (h409A11) was discovered
and developed for use to treat human cancer patients and
chronic virus-infected patients (described in co-pending
application WO2008/156712).

[0008] Antigen-specific T cell dysfunction or tolerance is
exemplified by the accumulated loss of the potential to pro-
duce Interleukin 2 (IL-2), Tumor Necrosis factor (TNF) a,
perforin, interferon (IFN) y (8) and inability to mount a pro-
liferative response to T cell receptor triggering (1). The PD-1
pathway controls antigen-specific T cell tolerance and was
found to be exploited in viral infection and tumor develop-
ment to control and evade effective T cell immunity.

[0009] In chronic infection with LCMV (mouse), HIV,
HBYV or HCV (human), antigen-specific T cells were found to
express aberrantly high levels of PD-1 correlating with their
state of anergy or dysfunction (9). Blocking the PD-1-PD-L1
interaction in vivo (LCMV) or in vitro (HIV, HCV, HBV) was
shown to revive anti-viral T cell activity (10-12). PD-1 block-
ade in recently Simian Immunodeficiency Virus-infected
macaques resulted in strong reduction of viral load and
increased survival (13). Similarly, reduction in viral load was
confirmed in second study using long-term SIV-infected
thesus macaques (14).

[0010] Overall, the PD-1/PD-L1 pathway is a well-vali-
dated target for the development of antibody therapeutics for
cancer treatment. Anti-PD-1 antibodies are also useful for
treating chronic viral infection. Memory CD8* T cells gen-
erated after an acute viral infection are highly functional and
constitute an important component of protective immunity. In
contrast, chronic infections are often characterized by vary-
ing degrees of functional impairment (exhaustion) of virus-
specific T-cell responses, and this defect is a principal reason
for the inability of the host to eliminate the persisting patho-
gen. Although functional effector T cells are initially gener-
ated during the early stages of infection, they gradually lose
function during the course of a chronic infection. Barber et al.
(Barber et al., Nature 439: 682-687 (2006)) showed that mice
infected with a laboratory strain of LCMV developed chronic
infection resulting in high levels of virus in the blood and
other tissues. These mice initially developed a robust T cell
response, but eventually succumbed to the infection upon T
cell exhaustion. The authors found that the decline in number
and function of the effector T cells in chronically infected
mice could be reversed by injecting an antibody that blocked
the interaction between PD-1 and PD-L1.

[0011] PD-I has also been shown to be highly expressed on
T cells from HIV infected individuals and that receptor
expression correlates with impaired T cell function and dis-
ease progression (Day et al., Nature 443:350-4 (2006); Traut-
mann L. et al., Nat. Med. 12: 1198-202 (2006)). In both
studies, blockade of the PD-1 pathway using antibodies
against the ligand PD-LI significantly increased the expan-
sion of HIV-specific, IFN-gamma producing cells in vitro.
[0012] Other studies also implicate the importance of the
PD-1 pathway in controlling viral infection. PD-1 knockout
mice exhibit better control of adenovirus infection than wild-
type mice (Iwai et al., Exp. Med. 198:39-50 (2003)). Also,
adoptive transfer of HBV-specific T cells into HBV trans-
genic animals initiated hepatitis (Isogawa M. et al., Immunity
23:53-63 (2005)). The disease state of these animals oscil-
lates as a consequence of antigen recognition in the liver and
PD-1 upregulation by liver cells.

[0013] Therapeutic antibodies may be used to block cytok-
ine activity. A significant limitation in using antibodies as a
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therapeutic agent in vivo is the immunogenicity of the anti-
bodies. As most monoclonal antibodies are derived from non-
human species, repeated use in humans results in the genera-
tion of an immune response against the therapeutic antibody.
Such an immune response results in a loss of therapeutic
efficacy at a minimum, and potentially a fatal anaphylactic
response. Accordingly, antibodies of reduced immunogenic-
ity in humans, such as humanized or fully human antibodies,
are preferred for treatment of human subjects. Exemplary
therapeutic antibodies specific for human PD-1 are disclosed
in commonly-assigned U.S. Patent Application Publication
No. US2010/0266617, and in International Patent Publica-
tion No. WO02008/156712, the disclosures of which are
hereby incorporated by reference in their entireties.

[0014] Antibodies for use in human subjects must be stored
prior to use and transported to the point of administration.
Reproducibly attaining a desired level of antibody drug in a
subject requires that the drug be stored in a formulation that
maintains the bioactivity of the drug. The need exists for
stable formulations of anti-human PD-1 antibodies for phar-
maceutical use, e.g., for treating various cancers and infec-
tious diseases. Preferably, such formulations will exhibit a
long shelf-life, be stable when stored and transported, and
will be amenable to administration at high concentrations,
e.g. for use in subcutaneous administration, as well as low
concentrations, e.g. for intravenous administration.

SUMMARY OF THE INVENTION

[0015] The present invention relates to stable formulations
of antibodies against human programmed death receptor
PD-1, or antigen binding fragments thereof. The present
invention further provides methods for treating various can-
cers and chronic infections with stable formulations of anti-
bodies against human programmed death receptor PD-1, or
antigen binding fragments thereof.

[0016] In certain embodiments, the invention relates to a
lyophilized formulation of an anti-human PD-1 antibody, or
antigen binding fragment thereof, comprising: a) said anti-
human PD-1 antibody, or antigen binding fragment thereof;
b) histidine buffer; ¢) polysorbate 80; and d) sucrose.

[0017] In certain embodiments, the formulation has a pH
between 5.0 and 6.0 when reconstituted.

[0018] In certain embodiments, the lyophilized formula-
tion enables reconstitution of the antibody, or antigen binding
fragment thereof, at a concentration of between about 25
mg/mL and 100 mg/mL.

[0019] In certain embodiments, polysorbate 80 is present at
a weight ratio of approximately 0.02% (w/v).

[0020] In certain embodiments, sucrose is present at a
weight ratio of approximately 7% (w/v).

[0021] Inyetadditional embodiments, the invention relates
to a lyophilized pharmaceutical formulation of an anti-human
PD-1 antibody, or antigen binding fragment thereof, made by
lyophilizing an aqueous solution comprising: a) 25-100
mg/mL anti-antibody, or antigen binding fragment thereof; b)
about 70mg/mL sucrose; ¢) about 0.2 mg/mL polysorbate 80,
and d) about 10 mM histidine buffer at pH 5.0-6.0.

[0022] In certain embodiments, the anti-human PD-1 anti-
body, or antigen binding fragment thereof, is present at about
25 mg/mL in the aqueous solution. In certain embodiments,
the aqueous solution has a pH of about 5.5.

[0023] Inyetadditional embodiments, the invention relates
to a lyophilized pharmaceutical formulation of an anti-human
PD-1 antibody, or antigen binding fragment thereof; that
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when reconstituted comprises: a) 25-100 mg/mL anti-human
PD-1 antibody, or antigen binding fragment thereof; b) about
70 mg/mL sucrose; c) about 0.2 mg/mL, polysorbate 80; and
d) about 10 mM Histidine buffer at about pH 5.0-pH 6.0.
[0024] Incertain embodiments, the anti-human PD-1 anti-
body, or antigen binding fragment thereof; is present at about
25 mg/mL in the reconstituted solution. In certain embodi-
ments, the reconstituted solution has a pH of about 5.5.
[0025] Inyetadditional embodiments, the invention relates
to a liquid pharmaceutical formulation of an anti-human
PD-1 antibody, or antigen binding fragment thereof compris-
ing: a) 25-100 mg/mL anti-antibody, or antigen binding frag-
ment thereof; b) about 70 mg/ml sucrose; ¢) about 0.2
mg/mL polysorbate 80; and d) about 10 mM histidine buffer
at pH 5.0-6.0.

[0026] Inyetadditional embodiments, the invention relates
to a pharmaceutical formulation of an anti-human PD-1 anti-
body, or antigen binding fragment thereof comprising: a) said
anti-human PD-1 antibody, or antigen binding fragment
thereof; b) histidine buffer; ¢) polysorbate 80; and d) sucrose.
In certain embodiments, the formulation has a pH between
5.0 and 6.0 when reconstituted. In certain embodiments, the
polysorbate 80 is present at a weight ratio of approximately
0.02% (w/v). In certain embodiments, the sucrose is present
at a weight ratio of approximately 7% (w/v).

[0027] Inyetadditional embodiments, the invention relates
to any of the formulations described herein, wherein the anti-
body, or antigen binding fragment thereof; comprises a light
chain comprising three CDR sequences selected from the
group consisting of SEQ ID NOs: 9, 10, 11, 15, 16, and 17.
[0028] Inyetadditional embodiments, the invention relates
to any of the formulations described herein, wherein the anti-
body, or antigen binding fragment thereof; comprises a heavy
chain comprising three CDR sequences selected from the
group consisting of SEQ ID NOs: 12, 13, 14, 18, 19, and 20.
[0029] Inyet additional embodiments, the invention relates
to any of the formulations described herein, wherein the anti-
body, or antigen binding fragment thereof, comprises: i) a
light chain comprising three CDR sequences SEQ 1D NOs:
15, 16, and 17; and ii) a heavy chain comprising three CDR
sequences SEQ ID NOs: 8, 19, and 20.

[0030] Inyetadditional embodiments, the invention relates
to any of the formulations described herein, wherein the anti-
body, or antigen binding fragment thereof, comprises a light
chain variable domain comprising amino acid residues 20 to
130 of SEQ ID NO:32.

[0031] Inyet additional embodiments, the invention relates
to any of the formulations described herein, wherein the anti-
body, or antigen binding fragment thereof, comprises a heavy
chain variable domain comprising SEQ ID NO:31.

[0032] Inyetadditional embodiments, the invention relates
to any of the formulations described herein, wherein the anti-
body, or antigen binding fragment thereof, comprises: 1) a
light chain comprising amino acid residues 20 to 237 of SEQ
ID NO: 36 and ii) a heavy chain comprising amino acid
residues 20 to 466 of SEQ ID NO: 31.

[0033] Inyetadditional embodiments, the invention relates
to any of the formulations described herein, wherein the anti-
body is selected from the group consisting of h409A11,
h409A16, and h409A17.

[0034] Inyetadditional embodiments, the invention relates
to a method of treating chronic infection in a mammalian
subject in need thereof comprising: administering an effec-
tive amount of any of the formulations described herein.



US 2014/0234296 Al

[0035] Inyetadditional embodiments, the invention relates
to a method of treating cancer in a mammalian subject in need
thereof, the method comprising administering an effective
amount of any of the formulations described herein. In certain
embodiments, the effective amount comprises a dose of anti-
human PD-1 antibody selected from the group consisting of
the 1.0, 3.0, and 10 mg/kg.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] FIGS. 1A-B show stability data for lyophilized for-
mulations 0f h409A11 at pH 5.5 stored at 5° C. (24 months).
[0037] FIGS. 2A-B show stability data for lyophilized for-
mulations ofh409A11 at pH 5.5 stored at 25H conditions (25°
C., 60% RH, 12 months).

[0038] FIGS. 3A-B show stability data for lyophilized for-
mulations of h409A11 at pH 5.5 stored at RH4 conditions
(40° C., 75% RH, 6 months).

[0039] FIGS. 4A-B show stability data for lyophilized for-
mulations of h409A11 stored at 5° C. (24 months).

[0040] FIGS. 5A-B show stability data for lyophilized for-
mulations 0fh409A11 at pH 5.5 stored at 25H conditions (25°
C., 60% RH, 6 months).

[0041] FIGS. 6A-B show stability data for lyophilized for-
mulations of h409A11 at pH 5.5 stored at RH4 conditions
(40° C., 75% RH, 6 months).

[0042] FIGS. 7A-B show stability data for lyophilized for-
mulations of h409A11 stored at 5° C. (24 months).

[0043] FIGS. 8A-B show stability data for lyophilized for-
mulations of h409A11 25H conditions (25° C., 60% RH, 6
months).

[0044] FIGS. 9A-B show stability data for lyophilized for-
mulations 0f h409A11 at RH4 conditions (40° C., 75% RH, 6
months).

DETAILED DESCRIPTION

[0045] Thepresent invention provides formulations of anti-
PD-1 antibodies and uses thereof for treating various cancers
and infectious diseases.

[0046] Anti-PD-1 antibody h409A11 is an exemplary anti-
body in the stable formulations described herein. Three
humanized anti-PD-1 monoclonal antibodies (i.e., h409A11,
h409A16, and h5S09A17) suitable for the present formula-
tions are described in co-pending patent publication
WO02008/156712. Additionally, formulations described
herein are useful for treating certain cancers as well as chronic
infections. Table 2 provides a list of the corresponding CDR
sequences for h409A11. Table 6 provides a list of sequences
of exemplary anti-PD-1 antibodies.

[0047] Inaccordance with the present invention there may
be employed conventional molecular biology, microbiology,
protein expression and purification, antibody, and recombi-
nant DNA techniques within the skill of the art. Such tech-
niques are explained fully in the literature. See, e.g., Sam-
brook et al. (2001) Molecular Cloning: A Laboratory
Manual. 37 ed. Cold Spring Harbor Laboratory Press: Cold
Spring Harbor, N.Y.; Ausubel et al. eds. (2005) Current Pro-
tocols in Molecular Biology. John Wiley and Sons, Inc.:
Hoboken, N.I.; Bonifacino et al. eds. (2005) Current Proto-
cols in Cell Biology. John Wiley and Sons, Inc.: Hoboken,
N.I; Coligan et al. eds. (2005) Current Protocols in Immu-
nology, John Wiley and Sons, Inc.: Hoboken, N.J.; Coico et
al. eds. (2005) Current Protocols in Microbiology, John
Wiley and Sons, Inc.: Hoboken, N.J.; Coligan et al. eds.

Peticdo 870250042425, de 23/05/2025, pég. 50/232

Aug. 21,2014

(2005) Current Protocols in Protein Science, John Wiley and
Sons, Inc.: Hoboken, N.J.; and Enna et al. eds. (2005) Current
Protocols in Pharmacology, John Wiley and Sons, Inc.:
Hoboken, N.I.; Nucleic Acid Hybridization, Hames & Hig-
gins eds. (1985); Transcription And Translation, Hames &
Higgins, eds. (1984); Animal Cell Culture Freshney, ed.
(1986); Immobilized Cells And Enzymes, IRL Press (1986);
Perbal, A Practical Guide To Molecular Cloning (1984); and
Harlow and Lane. Antibodies: A Laboratory Manual (Cold
Spring Harbor Laboratory Press: 1988).

1. DEFINITIONS

[0048] As used hereir, the term “antibody” refers to any
form of antibody that exhibits the desired biological activity.
Thus, it is used in the broadest sense and specifically covers
monoclonal antibodies (including full length monoclonal
antibodies), polyclonal antibodies, multispecific antibodies
(e.g., bispecific antibodies), chimeric antibodies, humanized
antibodies, fully human antibodies, etc. so long as they
exhibit the desired biological activity.

Adjuvant

[0049] As used herein, the term “adjuvant” refers to a com-
pound or mixture that enhances the immune response to an
antigen. An adjuvant can serve as a tissue depot that slowly
releases the antigen and also as a lymphoid system activator
that non-specifically enhances the immune response (Hood et
al., Immunology, Second Ed., 1984, Benjamin/Cummings:
Menlo Park, Calif., p. 384). Often, a primary challenge with
an antigen alone, in the absence of an adjuvant, will fail to
elicit a humoral or cellular immune response. Adjuvants
include, but are not limited to, complete Freund’s adjuvant,
incomplete Freund’s adjuvant, saponin, mineral gels such as
aluminum hydroxide, surface active substances such as lyso-
lecithin, pluronic polyols, polyanions, peptides, oil or hydro-
carbon emulsions, keyhole limpet hemocyanins, and poten-
tially useful human adjuvants such as N-acetyl-muramyl-1-
threonyl-D-isoglutamine (thr-MDP), N-acetyl-nor-
muramyl-L-alanyl-D-isoglutamine, ~ N-acetylmuramyl-1.-
alanyl-D-isoglutaminyl-L-alanine-2-(1'-2'-dipalmitoyl-sn-
glycero-3-hydroxyphosphoryloxy)-ethylamine, BCG
(bacille Calmette-Guerin) and Corynebacterium parvum.
Preferably, the adjuvant is pharmaceutically acceptable.

Cytokine

[0050] The term “cytokine” is a generic term for proteins
released by one cell population which act on another cell as
intercellular mediators. Examples of such cytokines are lym-
phokines, monokines, chemokines, and traditional polypep-
tide hormones. Examplary cytokines include: human IL-2,
IEN-y, IL-6, TNFa, IL-17, and IL-5.

Cytotoxic Agent

[0051] The term “cytotoxic agent” as used herein refers to
a substance that inhibits or prevents the function of cells
and/or causes destruction of cells. The term is intended to
include radioactive isotopes (e.g., I'**, I'**, Y*° and Re'®®)
chemotherapeutic agents, and toxins such as enzymatically
active toxins of bacterial, fungal, plant or animal origin, or
fragments thereof.
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Therapeutic Uses and Methods

[0052] ThePD-1 blocking agents include those which spe-
cifically bind to human PD-1, can be used to increase,
enhance, stimulate or up-regulate an immune response.
Desirable subjects include human patients in need of
enhancement of an immune response including patients with
cancer and/or a chronic viral infection.

Cancer

[0053] The terms “cancer”, “cancerous”, or “malignant”
refer to or describe the physiological condition in mammals
that is typically characterized by unregulated cell growth.
Examples of cancer include but are not limited to, carcinoma,
lymphoma, leukemia, blastoma, and sarcoma. More particu-
lar examples of such cancers include squamous cell carci-
noma, myeloma, small-cell lung cancer, non-small cell lung
cancer, glioma, hodgkin’s lymphoma, non-hodgkin’s lym-
phoma, gastrointestinal (tract) cancer, renal cancet, ovarian
cancer, liver cancer, lymphoblastic leukemia, lymphocytic
leukemia, colorectal cancer, endometrial cancer, kidney can-
cer, prostate cancer, thyroid cancer, melanoma, chondrosar-
coma, neuroblastoma, pancreatic cancer, glioblastoma mul-
tiforme, cervical cancer, brain cancer, stomach cancet,
bladder cancer, hepatoma, breast cancer, colon carcinoma,
and head and neck cancer.

[0054] PD-1 blocking agents include those used to treat
cancer (i.e., to inhibit the growth or survival of tumor cells).
Preferred cancers whose growth may be inhibited using anti-
PD-1 antibodies such as humanized anti-PD-1 antibody
h409A11 and include cancers typically responsive to immu-
notherapy, but also cancers that have not hitherto been asso-
ciated with immunotherapy. Non-limiting examples of pre-
ferred cancers for treatment include melanoma (e.g.,
metastatic malignant melanoma), renal cancer (e.g. clear cell
carcinoma), prostate cancer (e.g. hormone refractory prostate
adenocarcinoma), pancreatic adenocarcinoma, breast cancer,
colon cancer, lung cancer (e.g. non-small cell lung cancer),
esophageal cancer, squamous cell carcinoma of the head and
neck, liver cancer, ovarian cancer, cervical cancer, thyroid
cancer, glioblastoma, glioma, leukemia, lymphoma, and
other neoplastic malignancies. Malignancies that demon-
strate improved disease-free and overall survival in relation to
the presence of tumor-infiltrating lymphocytes in biopsy or
surgical material, e.g. melanoma, colorectal, liver, kidney,
stomach/esophageal, breast, pancreas, and ovarian cancer are
encompassed in the methods and treatments described herein.
Such cancer subtypes are known to be susceptible to immune
control by T lymphocytes. Additionally, included are refrac-
tory or recurrent malignancies whose growth may be inhib-
ited using the antibodies described herein. Particularly pre-
ferred cancers include those characterized by elevated
expression of PD-1 and/or its ligands PD-L1 and/or PD-L2 in
tested tissue samples, including: ovarian, renal, colorectal,
pancreatic, breast, liver, gastric, esophageal cancers and
melanoma. Additional cancers that can benefit from treat-
ment with anti-PD-1 antibodies such as humanized anti-PD-1
antibody h409A11 include those associated with persistent
infection with viruses such as human immunodeficiency
viruses, hepatitis viruses class A, Band C, Epstein Barr virus,
human papilloma viruses that are known to be causally
related to for instance Kaposi’s sarcoma, liver cancer,
nasopharyngeal cancer, lymphoma, cervical, vulval, anal,
penile and oral cancers.
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Chemotherapeutic Agent

[0055] A “chemotherapeutic agent” is a chemical com-
pound useful in the treatment of cancer. Anti-PD-1 antibodies
can be used with any one or more suitable chemotherapeutic
agent. Examples of such chemotherapeutic agents include
alkylating agents such as thiotepa and cyclosphosphamide;
alkyl sulfonates such as busulfan, improsulfan and piposul-
fan; aziridines such as benzodopa, carboquone, meturedopa,
and uredopa; ethylenimines and methylamelamines includ-
ing altretamine, triethylenemelamine, trietylenephosphora-
mide, triethylenethiophosphoramide and trimethylolom-
elamine;  acetogenins  (especially  bullatacin  and
bullatacinone); a camptothecin (including the synthetic ana-
logue topotecan); bryostatin; callystatin; CC-1065 (including
its adozelesin, carzelesin and bizelesin synthetic analogues);
cryptophycins (particularly cryptophycin 1 and cryptophycin
8); dolastatin; duocarmycin (including the synthetic ana-
logues, KW-2189 and CBI-TMI); eleutherobin; pancratista-
tin; a sarcodictyin; spongistatin; nitrogen mustards such as
chlorambucil, chlornaphazine, cholophosphamide, estra-
mustine, ifosfamide, mechlorethamine, mechlorethamine
oxide hydrochloride, melphalan, novembichin, phenesterine,
prednimustine, trofosfamide, uracil mustard; nitrosureas
such as carmustine, chlorozotocin, fotemustine, lomustine,
nimustine, ranimustine; antibiotics such as the enediyne anti-
biotics (e.g. calicheamicin, especially calicheamicin
gammall and calicheamicin phill, see, e.g., Agnew, Chem.
Intl. Ed. Engl., 33:183-186 (1994); dynemicin, including
dynemicin A; bisphosphonates, such as clodronate; an espe-
ramicin; as well as neocarzinostatin chromophore and related
chromoprotein enediyne antibiotic chromomophores), acla-
cinomysins, actinomycin, authramycin, azaserine, bleomy-
cins, cactinomycin, carabicin, caminomycin, carzinophilin,
chromomycins, dactinomycin, daunorubicin, detorubicin,
6-diazo-5-0xo-L-norleucine, doxorubicin (including mor-
pholino-doxorubicin, cyanomorpholino-doxorubicin, 2-pyr-
rolino-doxorubicin and deoxydoxorubicin), epirubicin, eso-
rubicin, idarubicin, marcellomycin, mitomycins such as
mitomycin C, mycophenolic acid, nogalamycin, olivomy-
cins, peplomycin, potfiromycin, puromycin, quelamycin,
rodorubicin, streptonigrin, streptozocin, tubercidin, uben-
imeX, zinostatin, zorubicin; anti-metabolites such as methotr-
exate and 5-fluorouracil (5-FU); folic acid analogues such as
denopterin, methotrexate, pteropterin, trimetrexate; purine
analogs such as fludarabine, 6-mercaptopurine, thiamiprine,
thioguanine; pyrimidine analogs such as ancitabine, azaciti-
dine, 6-azauridine, carmofur, cytarabine, dideoxyuridine,
doxifluridine, enocitabine, floxuridine; androgens such as
calusterone, dromostanolone propionate, epitiostanol, mepi-
tiostane, testolactone; anti-adrenals such as aminoglutethim-
ide, mitotane, trilostane; folic acid replenisher such as frolinic
acid; aceglatone; aldophosphamide glycoside; aminole-
vulinic acid; eniluracil; amsacrine; bestrabucil; bisantrene;
edatraxate; defofamine; demecolcine; diaziquone; elformith-
ine; elliptinium acetate; an epothilone; etoglucid; gallium
nitrate; hydroxyurea; lentinan; lonidamine; maytansinoids
such as maytansine and ansamitocins; mitoguazone; mitox-
antrone; mopidamol; nitracrine; pentostatin; phenamet; pira-
rubicin; losoxantrone; podophyllinic acid; 2-ethylhydrazide;
procarbazine; razoxane; rhizoxin; sizofuran; spirogerma-
nium; tenuazonic acid; triaziquone; 2,2',2"-trichlorotriethy-
lamine; trichothecenes (especially T-2 toxin, verracurin A,
roridin A and anguidine); urethan; vindesine; dacarbazine;
mannomustine; mitobronitol; mitolactol; pipobroman; gacy-
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tosine; arabinoside (“Ara-C”); cyclophosphamide; thiotepa;
taxoids, e.g. paclitaxel and doxetaxel; chlorambucil; gemcit-
abine; 6-thioguanine; mercaptopurine; methotrexate; plati-
num analogs such as cisplatin and carboplatin; vinblastine;
platinum; etoposide (VP-16); ifosfamide; mitoxantrone; vin-
cristine; vinorelbine; novantrone; teniposide; edatrexate;
daunomycin; aminopterin; xeloda; ibandronate; CPT-11;
topoisomerase inhibitor RFS 2000; difluoromethylornithine
(DMFO); retinoids such as retinoic acid; capecitabine; and
pharmaceutically acceptable salts, acids or derivatives of any
of the above. Also included are anti-hormonal agents that act
1o regulate or inhibit hormone action on tumors such as anti-
estrogens and selective estrogen receptor modulators
(SERMs), including, for example, tamoxifen, raloxifene,
droloxifene, 4-hydroxytamoxifen, trioxifene, keoxifene,
LY117018, onapristone, and toremifene (Fareston); aro-
matase inhibitors that inhibit the enzyme aromatase, which
regulates estrogen production in the adrenal glands, such as,
for example, 4(5)-imidazoles, aminoglutethimide, megestrol
acetate, exemestane, formestane, fadrozole, vorozole, letro-
zole, and anastrozole; and anti-androgens such as flutamide,
nilutamide, bicalutamide, leuprolide, and goserelin; and
pharmaceutically acceptable salts, acids or derivatives of any
of the above.

Growth Inhibitory Agent

[0056] A “growth inhibitory agent” when used herein
refers to a compound or composition which inhibits growth of
a cell, especially cancer cell over expressing any of the genes
identified herein, either in vitro or in vivo. Thus, the growth
inhibitory agent is one which significantly reduces the per-
centage of cells over expressing such genes in S phase.
Examples of growth inhibitory agents include agents that
block cell cycle progression (at a place other than S phase),
such as agents that induce G1 arrest and M-phase arrest.
Classical M-phase blockers include the vincas (vincristine
and vinblastine) taxanes, and topo 1l inhibitors such as doxo-
rubicin, epirubicin, daunorubicin, and etoposide. Those
agents that arrest G1 also spill over into S-phase arrest, for
example, DNA alkylating agents such as dacarbazine,
mechlorethamine, and cisplatin. Further information can be
found in The Molecular Basis of Cancer, Mendelsohn and
Israel, eds., Chapter 1, entitled “Cell cycle regulation, onco-
gens, and antineoplastic drugs” by Murakami et al. (WB
Saunders: Philadelphia, 1995).

Antibody or Antibody Fragments in Combination with Addi-
tional Agents

[0057] Anti-PD-1 antibody or antibody fragments can be
used alone or in combination with: other anti-neoplastic
agents or inmunogenic agents (for example, attenuated can-
cerous cells, tumor antigens (including recombinant proteins,
peptides, and carbohydrate molecules), antigen presenting
cells such as dendritic cells pulsed with tumor derived antigen
or nucleic acids, immune stimulating cytokines (for example,
1L-2, ITFNa2, GM-CSF), and cells transfected with genes
encoding immune stimulating cytokines such as but not lim-
ited to GM-CSF); standard cancer treatments (for example,
chemotherapy, radiotherapy or surgery); or other antibodies
(including but not limited to antibodies to VEGF, EGFR,
Her2/neu, VEGF receptors, other growth factor receptors,
CD20,CD40, CD-40L, CTLA-4, 0X-40,4-1BB, and ICOS).

Infectious Diseases

[0058] Antagonist anti-PD-1 antibodies or antibody frag-
ments can also be used to prevent or treat infections and
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infectious disease. These agents can be used alone, or in
combination with vaccines, to stimulate the immune response
to pathogens, toxins, and self-antigens. The antibodies or
antigen-binding fragment thereof can be used to stimulate
immune response to viruses infectious to humans, including
but not limited to: human immunodeficiency viruses, hepati-
tis viruses class A, B and C, Epstein Barr virus, human
cytomegalovirus, human papilloma viruses, and herpes
viruses. Antagonist anti-PD-1 antibodies or antibody frag-
ments can be used to stimulate immune response to infection
with bacterial or fungal parasites, and other pathogens. Viral
infections with hepatitis B and C and HIV are among those
considered to be chronic viral infections.

[0059] As used herein, the terms “PD-1 binding fragment,”
“antigen binding fragment thereof,” “binding fragment
thereof” or “fragment thereof” encompass a fragment or a
derivative of an antibody that still substantially retains its
biological activity of binding to antigen (human PD-1) and
inhibiting its activity (e.g., blocking the binding of PD-1 to
PDL1 and PDL2). Therefore, the term “antibody fragment”
or PD-1 binding fragment refers to a portion of a full length
antibody, generally the antigen binding or variable region
thereof. Examples of antibody fragments include Fab, Fab',
F(ab",, and Fv fragments; diabodies; linear antibodies;
single-chain antibody molecules, e.g., sc-Fv; and multispe-
cific antibodies formed from antibody fragments. Typically, a
binding fragment or derivative retains at least 10% of'its PD-1
inhibitory activity. Preferably, a binding fragment or deriva-
tive retains at least 25%, 50%, 60%, 70%, 80%, 90%, 95%,
99% or 100% (or more) of its PD-1 inhibitory activity,
although any binding fragment with sufficient affinity to exert
the desired biological effect will be useful. It is also intended
that a PD-1 binding fragment can include variants having
conservative amino acid substitutions that do not substan-
tially alter its biologic activity.

[0060] A “domain antibody” is an immunologically func-
tional immunoglobulin fragment containing only the variable
region of a heavy chain or the variable region of a light chain.
In some instances, two or more V,, regions are covalently
joined with a peptide linker to create a bivalent domain anti-
body. The two V  regions of a bivalent domain antibody may
target the same or different antigens.

[0061] A “bivalent antibody” comprises two antigen bind-
ing sites. In some instances, the two binding sites have the
same antigen specificities. However, bivalent antibodies may
be bispecific. As used herein, the term “bispecific antibody”
refers to an antibody, typically a monoclonal antibody, having
binding specificities for at least two different antigenic
epitopes. In one embodiment, the epitopes are from the same
antigen. In another embodiment, the epitopes are from two
different antigens. Methods for making bispecific antibodies
areknown in the art. For example, bispecific antibodies can be
produced recombinantly using the co-expression of two
immunoglobulin heavy chain/light chain pairs. See, e.g., Mil-
stein et al. (1983) Nature 305: 537-39. Alternatively, bispe-
cific antibodies can be prepared using chemical linkage. See,
e.g., Brennan et al. (1985) Science 229:81. Bispecific anti-
bodies include bispecific antibody fragments. See, e.g., Hol-
liger et al. (1993) Proc. Natl. Acad. Sci. U.S.A. 90:6444-48,
Gruber et al. (1994) J. Immunol. 152:5368.

[0062] As used herein, the term “single-chain Fv” or
“scFv” antibody refers to antibody fragments comprising the
V,and V, domains of antibody, wherein these domains are
present in a single polypeptide chain. Generally, the Fv
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polypeptide further comprises a polypeptide linker between
the V and V; domains which enables the sFv to form the
desired structure for antigen binding. For a review of sFv, see
Pluckthun (1994) Txe PHaRMACOLOGY OF MONOCLONAL ANTL-
BODIES, vol. 113, Rosenburg and Moore eds. Springer-Verlag,
New York, pp. 269-315.

[0063] The monoclonal antibodies herein also include
camelized single domain antibodies. See, e.g., Muyldermans
et al. (2001) Trends Biochem. Sci. 26:230; Reichmann et al.
(1999) J. Immunol. Methods 231:25; WO 94/04678; WO
94/25591; U.S. Pat. No. 6,005,079). Single domain antibod-
ies comprising two V,, domains with modifications such that
single domain antibodies are formed are also included.
[0064] As used herein, the term “diabodies” refers to small
antibody fragments with two antigen-binding sites, which
fragments comprise a heavy chain variable domain (V) con-
nected to a light chain variable domain (V;) in the same
polypeptide chain (V,-V; orV,-V,,). By using a linker that is
too short to allow pairing between the two domains on the
same chain, the domains are forced to pair with the comple-
mentary domains of another chain and create two antigen-
binding sites. Diabodies are described more fully in, e.g., EP
404,097, WO 93/11161; and Holliger et al. (1993) Proc. Natl.
Acad. Sci. USA 90: 6444-6448. For a review of engineered
antibody variants generally see Holliger and Hudson (2005)
Nat. Biotechnol. 23:1126-1136.

[0065] As used herein, the term “humanized antibody”
refers to forms of antibodies that contain sequences from
non-human (e.g., murine) antibodies as well as human anti-
bodies. Such antibodies contain minimal sequence derived
from non-human immunoglobulin. In general, the humanized
antibody will comprise substantially all of at least one, and
typically two, variable domains, in which all or substantially
all of the hypervariable loops correspond to those of a non-
human immunoglobulin and all or substantially all of the FR
regions are those of a human immunoglobulin sequence. The
humanized antibody optionally also will comprise at least a
portion of an immunoglobulin constant region (Fc), typically
that of a human immunoglobulin. The humanized forms of
rodent antibodies will generally comprise the same CDR
sequences of the parental rodent antibodies, although certain
amino acid substitutions may be included to increase affinity,
increase stability of the humanized antibody, or for other
reasons.

[0066] Theantibodies of the present invention also include
antibodies with modified (or blocked) Fe regions to provide
altered effector functions. See, e.g., U.S. Pat. No. 5,624,821;
W02003/086310; 'W02005/120571; WO2006/0057702;
Presta (2006) Adv. Drug Delivery Rev. 58:640-656. Such
modification can be used to enhance or suppress various
reactions of the immune system, with possible beneficial
effects in diagnosis and therapy. Alterations of the Fc region
include amino acid changes (substitutions, deletions and
insertions), glycosylation or deglycosylation, and adding
multiple Fc. Changes to the Fc can also alter the half-life of
antibodies in therapeutic antibodies, and a longer half-life
would result in less frequent dosing, with the concomitant
increased convenience and decreased use of material. See
Presta (2005) J. Allergy Clin. Immunol. 116:731 at 734-35.
[0067] The term “fully human antibody” refers to an anti-
body that comprises human immunoglobulin protein
sequences only. A fully human antibody may contain murine
carbohydrate chains if produced in a mouse, in a mouse cell,
or in a hybridoma derived from a mouse cell. Similarly,
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“mouse antibody” refers to an antibody which comprises
mouse immunoglobulin sequences only. A fully human anti-
body may be generated in a human being, in a transgenic
animal having human immunoglobulin germline sequences,
by phage display or other molecular biological methods.

[0068] As used herein, the term “hypervariable region”
refers to the amino acid residues of an antibody that are
responsible for antigen-binding. The hypervariable region
comprises amino acid residues from a “complementarity
determining region” or “CDR” (e.g. residues 24-34
(CDRL1), 50-56 (CDRL2) and 89-97 (CDRL3) in the light
chain variable domain and residues 31-35 (CDRH1), 50-65
(CDRH2) and 95-102 (CDRH3) in the heavy chain variable
domain (Kabat et al. (1991) Sequences of Proteins of Immu-
nological Interest, 5th Ed. Public Health Service, National
Institutes of Health, Bethesda, Md.) and/or those residues
from a “hypervariable loop” (i.e. residues 26-32 (L1), 50-52
(L2) and 91-96 (L3) in the light chain variable domain and
26-32 (H1), 53-55 (H2) and 96-101 (H3) in the heavy chain
variable domain (Chothia and Lesk (1987) J. Mol. Biol. 196:
901-917). As used herein, the term “framework” or “FR”
residues refers to those variable domain residues other than
the hypervariable region residues defined herein as CDR resi-
dues. The residue numbering above relates to the Kabat num-
bering system and does not necessarily correspond in detail to
the sequence numbering in the accompanying Sequence List-
ing.

[0069] “Conservatively modified variants” or “conserva-
tive substitution” refers to substitutions of amino acids are
known to those of skill in this art and may be made generally
without altering the biological activity of the resulting mol-
ecule, even in essential regions of the polypeptide. Such
exemplary substitutions are preferably made in accordance
with those set forth in Table 1 as follows:

TABLE 1

Exemplary Conservative Amine Acid Substitutions

Original residue Conservative substitution

Ala (A) Gly; Ser
Arg (R) Lys, His
Asn (N) Gln; His
Asp (D) Glu; Asn
Cys (C) Ser; Ala
Gln (Q) Asn
Glu (E) Asp; Gln
Gly (G) Ala
His (H) Asn; Gln
lle () Leu; Val
Leu (1) Tle; Val
Lys (K) Arg; His
Met (M) Leu; Ile; Tyr
Phe (F) Tyr; Met; Leu
Pro (P) Ala
Ser (S) Thr
Thr (T) Ser
Trp (W) Tyr; Phe
Tyr (Y) Trp; Phe
Val (V) Ile; Leu

[0070] Inaddition, thoseof skill in this art recognize that, in
general, single amino acid substitutions in non-essential
regions of a polypeptide do not substantially alter biological
activity. See, e.g., Watson et al. (1987) Molecular Biology of
the Gene, The Benjamin/Cummings Pub. Co., p. 224 (4th
Edition).
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[0071] The phrase “consists essentially of;” or variations
such as “consist essentially of” or “consisting essentially of,”
as used throughout the specification and claims, indicate the
inclusion of any recited elements or group of elements, and
the optional inclusion of other elements, of similar or differ-
ent nature than the recited elements, that do not materially
change the basic or novel properties of the specified dosage
regimen, method, or composition. As a non-limiting example,
a binding compound that consists essentially of a recited
amino acid sequence may also include one or more amino
acids, including substitutions of one or more amino acid
residues, that do not materially affect the properties of the
binding compound.

[0072] “Immune condition” or “immune disorder” encom-
passes, e.g., pathological inflammation, an inflammatory dis-
order, and an autoimmune disorder or disease. “Immune con-
dition” also refers to infections, persistent infections, and
proliferative conditions, such as cancer, tumors, and angio-
genesis, including infections, tumors, and cancers that resist
eradication by the immune system. “Cancerous condition”
includes, e.g., cancer, cancer cells, tumors, angiogenesis, and
precancerous conditions such as dysplasia.

[0073] The antibody, or binding composition derived from
the antigen-binding site of an antibody, of the contemplated
formulation or method binds to its antigen with an affinity that
1s at least two fold greater, preferably at least ten times greater,
more preferably at least 20-times greater, and most preferably
at least 100-times greater than the affinity with unrelated
antigens. In a preferred embodiment the antibody will have an
affinity that is greater than about 10° liters/mol, as deter-
mined, e.g., by Scatchard analysis. Munsen et al. (1980)
Analyt. Biochem. 107:220-239.

Pharmaceutical Composition Definitions

[0074] Theterm “bulking agents” comprise agents that pro-
vide the structure of the freeze-dried product. Common
examples used for bulking agents include mannitol, glycine,
lactose and sucrose. In addition to providing a pharmaceuti-
cally elegant cake, bulking agents may also impart useful
qualities in regard to modifying the collapse temperature,
providing freeze-thaw protection, and enhancing the protein
stability over long-term storage. These agents can also serve
as tonicity modifiers.

[0075] The term “buffer” encompasses those agents which
maintain the solution pH in an acceptable range prior to
lyophilization and may include succinate (sodium or potas-
sium), histidine, phosphate (sodium or potassium), Tris (tris
(hydroxymethyl)aminomethane), diethanolamine, citrate
(sodium) and the like. The buffer of this invention has a pH in
the range from about 5.0 to about 6.0; and preferably has a pH
of about 5.5. Examples of buffers that will control the pH in
this range include succinate (such as sodium succinate), glu-
conate, histidine, citrate and other organic acid buffers. In
arriving at the exemplary formulation, histidine, acetate and
citrate buffers in the pH range of 5.0-6.0 were explored for
suitability. Histine and acetate buffer systems performed bet-
ter than the citrate system. Histidine buffer is a preferred
buffer system, because acetate buffer systems are not com-
patible with the Iyophilization process.

[0076] The term ‘“‘cryoprotectants” generally includes
agents which provide stability to the protein against freezing-
induced stresses, presumably by being preferentially
excluded from the protein surface. They may also offer pro-
tection during primary and secondary drying, and long-term
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product storage. Examiples are polymers such as dextran and
polyethylene glycol; sugars such as sucrose, glucose, treha-
lose, and lactose; surfactants such as polysorbates; and amino
acids such as glycine, arginine, and serine.

[0077] The terms “lyophilization,” “Iyophilized,” and
“freeze-dried” refer to a process by which the material to be
dried is first frozen and then the ice or frozen solvent is
removed by sublimation ina vacuum environment. An excipi-
ent may be included in pre-lyophilized formulations to
enhance stability of the lyophilized product upon storage.
[0078] The term “lyoprotectant” includes agents that pro-
vide stability to the protein during the drying or ‘dehydration’
process (primary and secondary drying cycles), presumably
by providing an amorphous glassy matrix and by binding with
the protein through hydrogen bonding, replacing the water
molecules that are removed during the drying process. This
helps to maintain the protein conformation, minimize protein
degradation during the lyophilization cycle and improve the
long-term product stability. Examples include polyols or sug-
ars such as sucrose and trehalose.

[0079] The term “pharmaceutical formulation” refers to
preparations which are in such form as to permit the active
ingredients to be effective, and which contains no additional
components which are toxic to the subjects to which the
formulation would be administered.

[0080] “Pharmaceutically acceptable” excipients (ve-
hicles, additives) are those which can reasonably be admin-
istered to a subject mammal to provide an effective dose of the
active ingredient employed.

[0081] “Reconstitution time” is the time that is required to
rehydrate a lyophilized formulation with a solution to a par-
ticle-free clarified solution.

[0082] A “stable” formulation is one in which the protein
therein essentially retains its physical stability and/or chemi-
cal stability and/or biological activity upon storage. Various
analytical techniques for measuring protein stability are
available in the art and are reviewed in Peptide and Protein
Drug Delivery, 247-301, Vincent Lee Ed., Marcel Dekker,
Inc., New York, N.Y., Pubs. (1991) and Jones, A. Adv. Drug
Delivery Rev. 10:29-90 (1993). Stability can be measured at
a selected temperature for a selected time period.

[0083] A “stable” lyophilized antibody formulation is a
lyophilized antibody formulation with no significant changes
observed at a refrigerated temperature (2-8° C.) for at least 12
months, preferably 2 years, and more preferably 3 years; or at
room temperature (23-27° C.) for at least 3 months, prefer-
ably 6 months, and more preferably 1 year. Typical acceptable
criteria for stability are as follows. No more than 10%, pref-
erably 5%, of antibody monomer is degraded as measured by
SEC-HPLC. The rehydrated solution is typically colorless, or
clear to slightly opalescent by visual analysis. The concen-
tration, pH and osmolality of the formulation have no more
than *~10% change. Potency is typically within a range of
50-150% of the reference. No more than 10%, preferably 5%
of clipping is observed. No more than 10%, preferably 5% of
aggregation is formed.

[0084] A “stable” pharmaceutical antibody formulation
(including a lyophilized formulation, a reconstituted liquid,
as well as a liquid formulation that is a “final” formulation
(i.e., has not been previously lvophilized)) is a pharmaceuti-
cal antibody formulation with no significant changes
observed at a refrigerated temperature (2-8° C.) for at least 3
months, preferably 6 months, and more preferably 1 year, and
even more preferably up through 2 years. Additionally, a
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“stable” liquid formulation includes one that exhibits desired
features at temperatures including at 25° C. and 40° C. for
periods including 1 month, 3 months, 6 months, 12 months,
and/or 24 months. Typical acceptable criteria for stability
stability are as follows. Typically, no more than about 10%,
preferably about 5%, of antibody monomer is degraded as
measured by SEC-HPLC. The pharmaceutical antibody for-
mulation is colorless, or clear to slightly opalescent by visual
analysis. The concentration, pH and osmolality of the formu-
lation have no more than *~10% change. Potency is typically
within 50-150 of the reference. Typically, no more than about
10%, preferably about 5% of clipping is observed. Typically,
no more than about 10%, preferably about 5% of aggregation
is formed.

[0085] An antibody “retains its physical stability” ina phar-
maceutical formulation if it shows no significant increase of
aggregation, precipitation and/or denaturation upon visual
examination of color and/or clarity, or as measured by UV
light scattering, size exclusion chromatography (SEC) and
dynamic light scattering. The changes of protein conforma-
tion can be evaluated by fluorescence spectroscopy, which
determines the protein tertiary structure, and by FTIR spec-
troscopy. which determines the protein secondary structure.
[0086] An antibody “retains its chemical stability” in a
pharmaceutical formulation, if it shows no significant chemi-
cal alteration. Chemical stability can be assessed by detecting
and quantifying chemically altered forms of the protein. Deg-
radation processes that often alter the protein chemical struc-
ture include hydrolysis or clipping (evaluated by methods
such as size exclusion chromatography and SDS-PAGE), oxi-
dation (evaluated by methods such as by peptide mapping in
conjunction with mass spectroscopy or MALDI/TOF/MS),
deamidation (evaluated by methods such as ion-exchange
chromatography, capillary isoelectric focusing, peptide map-
ping, isoaspartic acid measurement), and isomerization
(evaluated by measuring the isoaspartic acid content, peptide
mapping, etc.).

[0087] An antibody “retains its biological activity” in a
pharmaceutical formulation, if the biological activity of the
antibody ata given time is within a predetermined range of the
biological activity exhibited at the time the pharmaceutical
formulation was prepared. The biological activity of an anti-
body can be determined, for example, by an antigen binding
assay.

[0088] The term “isotonic” means that the formulation of
interest has essentially the same osmotic pressure as human
blood. Isotonic formulations will generally have an osmotic
pressure from about 270-328 mOsm. Slightly hypotonic pres-
sure is 250-269 and slightly hypertonic pressure is 328-350
mOsm. Osmotic pressure can be measured, for example,
using a vapor pressure or ice-freezing type osmometer.
[0089] Tonicity Modifiers: Salts (NaCl, KCI, MgCl,,
CaCl,, etc.) are used as tonicity modifiers to control osmotic
pressure. In addition, cryprotecants/lyoprotectants and/or
bulking agents such as sucrose, mannitol, glycine etc. can
serve as tonicity modifiers.

Analytical Methods

[0090] Analytical methods suitable for evaluating the prod-
uct stability include size exclusion chromatography (SEC),
dynamic light scattering test (DLS), differential scanning
calorimetery (DSC), iso-asp quantification, potency, UV at
340 nm, UV spectroscopy, and FTIR. SEC (J. Pharm. Scien.,
83:1645-1650,(1994); Pharm. Res., 11:485(1994); J. Pharm.
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Bio. Anal., 15:1928 (1997); J. Pharm. Bio. Anal., 14:1133-
1140 (1986)) measures percent monomer in the product and
gives information of the amount of soluble aggregates. DSC
(Pharm. Res., 15:200 (1998); Pharm. Res., 9:109 (1982))
gives information of protein denaturation temperature and
glass transition temperature. DLS (American Lab., Novem-
ber (1991)) measures mean diffusion coefficient, and gives
information of the amount of soluble and insoluble aggre-
gates. UV at 340 nm measures scattered light intensity at 340
nm and gives information about the amounts of soluble and
insoluble aggregates. UV spectroscopy measures absorbance
at 278 nm and gives information of protein concentration.
FTIR (Eur. J. Pharm. Biopharm., 45:231 (1998); Pharm. Res.,
12:1250 (1995); J. Pharm. Scien., 85:1290 (1996); J. Pharm.
Scien., 87:1069 (1998)) measures IR spectrum in the amide
one region, and gives information of protein secondary struc-
ture.

[0091] The iso-asp content in the samples is measured
using the Isoquant Isoaspartate Detection System (Promega).
The kit uses the enzyme Protein Isoaspartyl Methyltrans-
ferase (PIMT) to specifically detect the presence of isoaspar-
tic acid residues in a target protein. PIMT catalyzes the trans-
fer of a methyl group from S-adenosyl-L-methionine to
isoaspartic acid at the .alpha.-carboxyl position, generating
S-adenosyl-L-homocysteine (SAH) in the process. This is a
relatively small molecule, and can usually be isolated and
quantitated by reverse phase HPLC using the SAH HPLC
standards provided in the kit.

[0092] The potency or bioidentity of an antibody can be
measured by its ability to bind to its antigen. The specific
binding of an antibody to its antigen can be quantitated by any
method known to those skilled in the art, for example, an
immunoassay, such as ELISA (enzyme-linked immunosor-
bant assay).

[0093] A “reconstituted” formulation is one that has been
prepared by dissolving a lyophilized protein formulation in a
diluent such that the protein is dispersed in the reconstituted
formulation. The reconstituted formulation is suitable for
administration, e.g. parenteral administration), and may
optionally be suitable for subcutaneous administration.

Humanized Anti-PD-1 Antibodies

[0094] DNA constructs encoding the variable regions of the
heavy and light chains of the humanized antibodies h409A11,
h409A16 and h409A17 are described in WO2008/156712.

[0095] The foregoing written specification is considered to
be sufficient to enable one skilled in the art to practice the
invention. The present invention is not to be limited in scope
by the culture deposited, since the deposited embodiment is
intended as a single illustration of one aspect of the invention
and any culture that is functionally equivalent is within the
scope of this invention. The deposit of material herein does
not constitute an admission that the written description herein
contained is inadequate to enable the practice of any aspect of
the invention, including the best mode thereof, nor is it to be
construed as limiting the scope of the claims to the specific
illustration that it represents. Indeed, various modifications of
the invention in addition to those shown and described herein
will become apparent to those skilled in the art from the
foregoing description and fall within the scope of the
appended claims.

[0096] Sequences are provided for exemplary anti-human
PD-1 antibodies; a summary table of the sequences is pro-
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vided in Table 6. CDRs are provided under separate sequence
identifiers, as indicated in Table 2 for h409A11.

[0097] Ordinarily, amino acid sequence variants of the
humanized anti-PD-1 antibody will have an amino acid
sequence having at least 75% amino acid sequence identity
with the original humanized antibody amino acid sequences
of either the heavy or the light chain more preferably at least
80%, more preferably at least 85%, more preferably at least
90%, and most preferably at least 95, 98, or 99%. Identity or
homology with respect to this sequence is defined herein as
the percentage of amino acid residues in the candidate
sequence that are identical with the humanized anti-PD-1
residues, after aligning the sequences and introducing gaps, if
necessary, to achieve the maximum percent sequence iden-
tity, and not considering any conservative substitutions as part
of the sequence identity. None of N-terminal, C-terminal, or
internal extensions, deletions, or insertions into the antibody
sequence shall be construed as affecting sequence identity or
homology.

[0098] The humanized antibody can be selected from any
class of immunoglobulins, including IgM, IgG, IgD, IgA, and
IgE. Preferably, the antibody is an IgG antibody. Any isotype
of IgG can be used, including IgG,, 1gG,, IgG,;, and IgG,.
Different constant domains may be appended to the human-
ized V, and V,, regions provided herein. For example, if a
particular intended use of an antibody (or fragment) of the
present invention were to call for altered effector functions, a
heavy chain constant domain other than IgG1 may be used.
Although IgG1 antibodies provide for long half-life and for
effector functions, such as complement activation and anti-
body-dependent cellular cytotoxicity, such activities may not
be desirable for all uses of the antibody. In such instances an
1gG4 constant domain, for exaniple, may be used.

[0099] Likewise, either class of light chain can be used in
the compositions and methods herein. Specifically, kappa,
lambda, or variants thereof are useful in the present compo-
sitions and methods.

[0100] CDR and FR residues are determined according to
the standard sequence definition of Kabat. Kabat et al. (1987)
Sequences of Proteins of Immunological Interest, National
Institutes of Health, Bethesda Md.

[0101] The signal sequences, or nucleic acid sequences
encoding the signal sequences, may be appended to the N-ter-
minus of the respective antibody chains to create a precursor
protein for secretion from a host cell. Alternative signal
sequences may also be used, and several can be found at
“SPdb: a Signal Peptide Database.” Choo et al. (2005) BMC
Bioinformatics 6:249.

TABLE 2

H409A11 CDR Seguences

Antibody CDR Sequence SEQ ID NO:

H409A11 Light chain CDR1 (equivalent to 15
hPD-1.09A light chain CDR1)
RASKGVSTSGYSYLH

H409A11 Light chain CDR2 (equivalent to 16
hPD-1.092& light chain CDR2)
LASYLES

H409A11 Light chain CDR3 (equivalent to 17
hPD-1.092 light chain CDR3)
QHSRDLPLT
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TABLE 2-continued

H409A11 CDR Sequences

Antibody CDR Sequence SEQ ID NO:

H409A11 Heavy chain CDR1 (equivalent to 18
hPD-1.09A heavy chain CDR1)
NYYMY

H409A11 Heavy chain CDR2 (equivalent to 19
hPD-1.09A heavy chain CDR2)
GINPSNGGTNFNEKFKN

H409A211 Heavy chain CDR3 (equivalent to 20
hPD-1.09A heavy chain CDR3)
RDYRFDMGFDY

Biological Activity of Humanized Anti-PD-1

[0102] Formulations of the present invention include anti-
bodies and fragments thereof that are biologically active
when reconstituted or in liquid form. As used herein, the term
“biologically active” refers to an antibody or antibody frag-
ment that is capable of binding the desired the antigenic
epitope and directly or indirectly exerting a biologic effect.
Typically, these effects result from the failure of PD-1 to bind
its ligands. As used herein, the term “specific” refers to the
selective binding of the antibody to the target antigen epitope.
Antibodies can be tested for specificity of binding by com-
paring binding to PD-1 to binding to irrelevant antigen or
antigen mixture under a given set of conditions.

Lyophilized Pharmaceutical Compositions

[0103] Lyophilized formulations of therapeutic proteins
provide several advantages. Lyophilized formulations in gen-
eral offer better chemical stability than solution formulations,
and thus increased half-life. A lyophilized formulation may
also be reconstituted at different concentrations depending on
clinical factors, such as route of administration or dosing. For
example, a lyophilized formulation may be reconstituted at a
high concentration (i.e. in a small volume) if necessary for
subcutaneous administration, or at a lower concentration if
administered intravenously. High concentrations may also be
necessary if high dosing is required for a particular subject,
particularly if administered subcutaneously where injection
volume must be minimized. One such lyophilized antibody
formulation is disclosed at U.S. Pat. No. 6,267,958, which is
hereby incorporated by reference in its entirety. Lyophilized
formulations of another therapeutic protein are disclosed at
U.S. Pat. No. 7,247,707, which is hereby incorporated by
reference in its entirety.

[0104] Typically, the lyophilized formulation is prepared in
anticipation of reconstitution at high concentration of drug
product (DP, in an exemplary embodiment humanized anti-
PD-1 antibody h409A11, or antigen binding fragment
thereof), 1.e. in anticipation of reconstitution in a low volume
of water. Subsequent dilution with water or isotonic buffer
can then readily be used to dilute the DP to a lower concen-
tration. Typically, excipients are included in a lyophilized
formulation of the present invention at levels that will resultin
aroughly isotonic formulation when reconstituted at high DP
concentration, e.g. for subcutaneous administration. Recon-
stitution in a larger volume of water to give a lower DP
concentration will necessarily reduce the tonicity of the
reconstituted solution, but such reduction may be of little
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significance in non-subcutaneous, e.g. intravenous, adminis-
tration. If isotonicity is desired at lower DP concentration, the
lyophilized powder may be reconstituted in the standard low
volume of water and then further diluted with isotonic dilu-
ent, such as 0.9% sodium chloride.

[0105] In an embodiment of the present invention, human-
ized anti-PD-1 antibody (or antigen binding fragment
thereof) is formulated as a lyophilized powder for reconsti-
tuting and utilizing for intravenous administration. Exem-
plary formulations are described in Tables 3-4, and in FIGS.
1-9. In certain embodiments, the antibody (or antigen binding
fragment thereof) is provided at about 50 mg/vial, and is
reconstituted with sterile water for injection prior to use. If
desired, the reconstituted antibody may be aseptically diluted
with 0.9% Sodium Chloride Injection USP in a sterile IV
container. The target pH of the reconstituted formulation is
5.50.5. In various embodiments, the lyophilized formula-
tion of the present invention enables reconstitution of the
anti-PD-1 antibody to high concentrations, such as about 20,
25, 30, 40, 50, 60, 75, 100 or more mg/mlL.

[0106] The present invention provides in certain embodi-
ments, a lyophilized formulation comprising humanized anti-
PD-1 antibody, a histidine buffer at about pH 5.5, or at about
pH 5.0, for example at about 5.1, 5.2,5.3,54,5.6,5.7. 5.8,
5.9,0r6.0.

[0107] When a range of pH values is recited, such as “a pH
between pH 5.5 and 6.0,” the range is intended to be inclusive
of the recited values. Unless otherwise indicated, the pH
refers to the pH after reconstitution of the lyophilized formu-
lations of the present invention. The pH is typically measured
at 25° C. using standard glass bulb pH meter. As used herein,
a solution comprising “histidine buffer at pH X” refers to a
solution at pH X and comprising the histidine buffer, i.e. the
pH is intended to refer to the pH of the solution.

[0108] The formulationin Table 3 reflects the weight of the
components in a batch formulation, as lyophilized in vials,
and as reconstituted. Lyophilized formulations are by defini-
tion essentially dry, and thus the concept of concentration is
not useful in describing them. Describing a lyophilized for-
mulation in the terms of the weight of the components in a
unit dose vial is more useful, but is problematic because it
varies for different doses or vial sizes. In describing the lyo-
philized formulations of the present invention, it is useful to
express the amount of a component as the ratio of the weight
of the component compared to the weight of the drug sub-
stance (DS) in the same sample (e.g. a vial). This ratio may be
expressed as a percentage. Such ratios reflect an intrinsic
property of the lyophilized formulations of the present inven-
tion, independent of vial size, dosing, and reconstitution pro-
tocol.

[0109] In other embodiments, the lyophilized formulation
ofanti-human PD-1 antibody, or antigen binding fragment, is
defined in terms of the pre-lyophilization solution used to
make the lyophilized formulation, such as the pre-lyophiliza-
tion solution. In one embodiment the pre-lyophilization solu-
tion comprises antibody, or antigen-binding fragment
thereof, at a concentration of about 25 mg/mL. Such pre-
lyophilization solutions may be at pH 4.4-5.2 (including
about 4.4,4.5,4.6,4.7,48,4.9,5.0,5.1. and 5.2), e.g. pref-
erably about pH 4.8, or about pH 5.5.

[0110] In yet other embodiments, the lyophilized formula-
tion of anti-human PD-1 antibody, or antigen binding frag-
ment, is defined in terms of the reconstituted solution gener-
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ated from the lyophilized formulation, such as the
reconstituted solution disclosed at Table 4.

[0111] Reconstituted solutions may comprise antibody, or
antigen-binding fragment thereof, at concentrations of about
10, 15, 20, 25, 30, 40, 50, 60, 75, 80, 90 or 100 mg/mL or
higher concentrations such as 150 mg/mL, 200 mg/mL, 250
mg/mL, or up to about 300 mg/mL. Such reconstituted solu-
tions may be at about pH 5.5, or range from about pH 5.0 to
about 6.0

[0112] The lyophilized formulations of the present inven-
tion are formed by lyophilization (freeze-drying) of a pre-
lyophilization solution. Freeze-drying is accomplished by
freezing the formulation and subsequently subliming water at
a temperature suitable for primary drying. Under this condi-
tion, the product temperature is below the eutectic point or the
collapse temperature of the formulation. Typically, the shelf
temperature for the primary drying will range from about =30
to 25° C. (provided the product remains frozen during pri-
mary drying) at a suitable pressure, ranging typically from
about 50 to 250 mTorr. The formulation, size and type of the
container holding the sample (e.g., glass vial) and the volume
of liquid will dictate the time required for drying, which can
range from a few hours to several days (e.g. 40-60 hrs). A
secondary drying stage may be carried out at about 0-40° C.,
depending primarily on the type and size of container and the
type of protein employed. The secondary drying time is dic-
tated by the desired residual moisture level in the product and
typically takes at least about 5 hours. Typically, the moisture
content of a lyophilized formulation is less than about 5%,
and preferably less than about 3%. The pressure may be the
same as that employed during the primary drying step.
Freeze-drying conditions can be varied depending on the
formulation and vial size.

[0113] Insome instances, it may be desirable to lyophilize
the protein formulation in the container in which reconstitu-
tion of the protein is to be carried out in order to avoid a
transfer step. The container in this instance may, for example,
bea3l, s, 10, 20, 50 or 100 cc vial.

[0114] The lyophilized formulations of the present inven-
tion are reconstituted prior to administration. The protein may
be reconstituted at a concentration of about 10, 15, 20, 25, 30,
40, 50, 60, 75, 80, 90 or 100 mg/mL or higher concentrations
such as 150 mg/mL, 200 mg/mL, 250 mg/mL, or 300 mg/mL
up to about 500 mg/ml.. High protein concentrations are
particularly useful where subcutaneous delivery of the recon-
stituted formulation is intended. However, for other routes of
administration, such as intravenous administration, lower
concentrations of the protein may be desired (e.g. from about
5-50 mg/mL).

[0115] Reconstitution generally takes place at a tempera-
ture of about 25° C. to ensure complete hydration, although
other temperatures may be employed as desired. The time
required for reconstitution will depend, e.g., on the type of
diluent, amount of excipient(s) and protein. Exemplary dilu-
ents include sterile water, bacteriostatic water for injection
(BWFI), a pH buffered solution (e.g. phosphate-buffered
saline), sterile saline solution, Ringer’s solution or dextrose
solution.

[0116] The lyophilized formulations of the present inven-
tion are expected to be stable for at least about 36 months
(based on the stability data from FIGS. 1-9). In addition, the
liquid formulation is expected to exhibit stability for at least
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24 months, based on 24 months of stability data from recon-
stituted h409A 11 formulation in polypropylene tubes at 2-8°
C.

[0117] Inline with the results shown in FIGS. 1-9, stability
has been observed through 2 years for a refrigerated recon-
stituted formulation of h409A11. 2 mL samples in polypro-
pylene tubes were stored at 5° C., and 25H and RH4 condi-
tions and tested at initial, 1, 3, 6, 9, 12, 18, and 24 month
periods. This reconstituted h409A11 formulation has the
same substituents in the same concentration as a liquid
h409A11 formulation (i.e., a formulation that was not lyo-
philized) and the stability is expected to be the same.

Liquid Pharmaceutical Compositions

[0118] A liquid antibody formulation can be made by tak-

ing the drug substance (e.g., anti-humanized PD-1) which is

in liquid form (e.g., h409A11 in an aqueous pharmaceutical

formulation) and buffer exchanging it into the desired buffer
as the last step of the purification process. There is no lyo-

philization step in this embodiment. The drug substance in the
final buffer is concentrated to a desired concentration. Excipi-

ents such as sucrose and polysorbate 80 are added to the drug
substance and it is diluted using the appropriate buffer to final

protein concentration. The final formulated drug substance is

filtered using 0.22 pm filters and filled into a final container
(e.g. glass vials). Such a liquid formulation is exemplified by
afinal liquid formulation comprising 10 mM histidine pH 5.5,

7% sucrose, 0.02% polysorbate 80, and 25 mg/mL h409A11.

[0119] Various literature references are available to facili-

tate selection of pharmaceutically acceptable carriers or
excipients. See, e.g., Remington’s Pharmaceutical Sciences
and U.S. Pharmacopeia: National Formulary, Mack Publish-

ing Company, Easton, Pa. (1984); Hardman et al. (2001)

Goodman and Gilman’s The Pharmacological Basis of
Therapeutics, McGraw-Hill, New York, N.Y.; Gennaro

(2000) Remington: The Science and Practice of Pharmacy,

Lippincott, Williams, and Wilkins, New York, N.Y.; Avis etal.

(eds.) (1993) Pharmaceutical Dosage Forms: Parenteral
Medications, Marcel Dekker, NY; Lieberman, et al. (eds.)

(1990) Pharmaceutical Dosage Forms. Tablets, Marcel Dek-

ker, NY; Lieberman et al. (eds.) (1990) Pharmaceutical Dos-

age Forms: Disperse Systems, Marcel Dekker, NY; Weiner
and Kotkoskie (2000) Excipient Toxicity and Safety, Marcel

Dekker, Inc., New York, N.Y.

[0120] Toxicity is a consideration in selecting the proper
dosing of a therapeutic agent, such as a humanized anti-PD-1

antibody (or antigen binding fragment thereof). Toxicity and
therapeutic efficacy of the antibody compositions can be
determined by standard pharmaceutical procedures in cell

cultures or experimental animals, e.g., for determining the
LDj,, (the dose lethal to 50% of the population) and the ED,,

(the dose therapeutically effective in 50% of the population).

The dose ratio between toxic and therapeutic effects is the
therapeutic index and it can be expressed as the ratio of LD,

1o ED,,. Antibodies exhibiting high therapeutic indices are
preferred. The data obtained from these cell culture assays

and animal studies can be used in formulating a range of
dosage for use in human. The dosage of such compounds lies

preferably within a range of circulating concentrations that
include the ED,, with little or no toxicity. The dosage may
vary within this range depending upon the dosage form
employed and the route of administration utilized.

[0121] Suitable routes of administration may, for example,

include parenteral delivery, including intramuscular, intrad-
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ermal, subcutaneous, intramedullary injections, as well as
intrathecal, direct intraventricular, intravenous, intraperito-
neal. Drugs can be administered in a variety of conventional
ways, such as intraperitoneal, parenteral, intraarterial or intra-
venous injection. Modes of administration in which the vol-
ume of solution must be limited (e.g. subcutaneous adminis-
tration) require a lyophilized formulation to enable
reconstitution at high concentration.

[0122] Alternately, one may administer the antibody in a
local rather than systemic manner, for example, via injection
of the antibody directly into a pathogen-induced lesion char-
acterized by immunopathology, often in a depot or sustained
release formulation. Furthermore, one may administer the
antibody in a targeted drug delivery system, for example, in a
liposome coated with a tissue-specific antibody, targeting, for
example, pathogen-induced lesion characterized by immuno-
pathology. The liposomes will be targeted to and taken up
selectively by the afflicted tissue.

[0123] Selecting an administration regimen for a therapeu-
tic depends on several factors, including the serum or tissue
turnover rate of the entity, the level of symptoms, the immu-
nogenicity of the entity, and the accessibility of the target cells
in the biological matrix. Preferably, an administration regi-
men maximizes the amount of therapeutic delivered to the
patient consistent with an acceptable level of side effects.
Accordingly, the amount of biologic delivered depends in
part on the particular entity and the severity of the condition
being treated. Guidance in selecting appropriate doses of
antibodies, cytokines, and small molecules are available. See,
e.g., Wawrzynczak (1996) Antibody Therapy, Bios Scientific
Pub. Ltd, Oxfordshire, UK; Kresina (ed.) (1991) Monroclonal
Antibodies, Cytokines and Arthritis, Marcel Dekker, New
York, N.Y.; Bach (ed.) (1993) Monoclonal Antibodies and
Peptide Therapy in Autoimmune Diseases, Marcel Dekker,
New York, N.Y.; Baert et al. (2003) New Engl. J. Med. 348:
601-608; Milgrom et al. (1999) New Engl. J. Med. 341:1966-
1973; Slamon et al. (2001) New Engl. J. Med. 344:783-792;
Beniaminovitz et al. (2000) New Engl. J. Med. 342:613-619;
Ghosh et al. (2003) New Engl. J. Med. 348:24-32; Lipsky et
al. (2000) New Engl. J. Med. 343:1594-1602; Physicians’
Desk Reference 2003 (Physicians’ Desk Reference, 57th Ed);
Medical Economics Company; ISBN: 1563634457, 57th edi-
tion (November 2002).

[0124] Determination of the appropriate dose is made by
the clinician, e.g., using parameters or factors known or sus-
pected in the art to affect treatment or predicted to affect
treatment. The appropriate dosage (“therapeutically effective
amount”) of the protein will depend, for example, on the
condition to be treated, the severity and course of the condi-
tion, whether the protein is administered for preventive or
therapeutic purposes, previous therapy, the patient’s clinical
history and response to the protein, the type of protein used,
and the discretion of the attending physician. Generally, the
dose begins with an amount somewhat less than the optimum
dose and it is increased by small increments thereafter until
the desired or optimum effect is achieved relative to any
negative side effects. Important diagnostic measures include
those of symptoms of, e.g., the inflammation or level of
inflammatory cytokines produced. The antibody is suitably
administered to the patient at one time or repeatedly. The
antibody may be administered alone or in conjunction with
other drugs or therapies.

[0125] A pharmaceutical antibody formulation can be
administered by continuous infusion, or by doses at intervals
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of, e.g., one day, 1-7 times per week, one week, two weeks,
three weeks, monthly, bimonthly, etc. A preferred dose pro-
tocol is one involving the maximal dose or dose frequency
that avoids significant undesirable side effects. A total weekly
dose is generally at least 0.05 pg/kg, 0.2 ug/kg, 0.5 pg/kg, 1
pg/kg, 10 ug/kg, 100 pg/ke, 0.2 mg/kg, 1.0 mg/kg, 2.0 mg/kg,
10 mg/kg, 25 mg/kg, 50 mg/kg body weight or more. See,
e.g., Yang et al. (2003) New Engl. J. Med. 349:427-434,
Herold et al. (2002) New Engl. J. Med. 346:1692-1698; Liu et
al. (1999) J. Neurol Neurosurg. Psych. 67:451-456; Portielji
et al. (20003) Cancer Immunol. Immunother. 52:133-144.
The desired dose of a small molecule therapeutic, e.g., a
peptide mimetic, natural product, or organic chemical, is
about the same as for an antibody or polypeptide, on amoles/
kg basis.

[0126] In certain embodiments, dosing will comprise
administering to a subject escalating doses 0f 1.0, 3.0, and 10
mg/kg of the pharmaceutical formulation, i.e, a formulation
comprising h409A11, over the course of treatment. The for-
mulation comprising h409A11 can be a reconstituted liquid
formulation, or it can be a liquid formulation not previously
lyophilized. Time courses can vary, and can continue as long
as desired effects are obtained. In certain embodiments, dose
escalation will continue up to a dose of about 10 mg/kg. In
certain embodiments, the subject will have a histological or
cytological diagnosis of melanoma, or other form of solid
tumor, and in certain instances, a subject may have non-
measurable disease. In certain embodiments, the subject will
have been treated with other chemotherapeutics, while in
other embodiments, the subject will be treatment naive.

[0127] In yet additional embodiments, the dosing regimen
will comprise administering a dose of' 1, 3, or 10 mg/kg of any
of the pharmaceutical formulations described herein (i.e, a
formulation comprising h409A 11), throughout the course of
treatment. For such a constant dosing regimen, the interval
between doses will be about 14 days (£2 days). In certain
embodiments, the interval between doses will be about 21
days (£2 days).

[0128] In certain embodiments, the dosing regimen will
comprise administering a dose of from about 0.005 mg/kg to
about 10 mg/kg, with intra-patient dose escalation. In certain
embodiments, a dose of 5 mg/kg or 10 mg/kg will be admin-
istered at intervals of every 3 weeks, or every 2 weeks. In yet
additional embodiments, a dose of 3 mg/kg will be adminis-
tered at three week intervals for melanoma patients or patients
with other solid tumors. In these embodiments, patients
should have non-resectable disease; however, patients may
have had previous surgery.

[0129] In certain embodiments, a subject will be adminis-
tered a 30 minute IV infusion of any of the pharmaceutical
formulations described herein. In certain embodiments for
the escalating dose, the dosing interval will be about 28 days
((zx1 day) between the first and second dose. In certain
embodiments, the interval between the second and third doses
will be about 14 days (+2 days). In certain embodiments, the
dosing interval will be about 14 days (+2 days), for doses
subsequent to the second dose.

[0130] In certain embodiments, the use of cell surface
markers and/ore cytokine markers, as described in co-pend-
ing patent publications W02012/018538 or WO2008/156712
will be used in bioassays for monitoring, diagnostic, patient
selection, and/or treatment regimens involving blockade of
the PD-1 pathway.
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[0131] Subcutaneous administration may performed by
injected using a syringe, or using other injection devices (e.g.
the Inject-ease® device); injector pens; or needleless devices
(e.g. Medilector and BioJector®).

[0132] The broad scope ofthis invention is best understood
with reference to the following examples, which are not
intended to limit the inventions to the specific embodiments.
The specific embodiments described herein are offered by
way of example only, and the invention is to be limited by the
terms of the appended claims, along with the full scope of
equivalents to which such claims are entitled.

EXAMPLES
Example 1

Antibody Production

[0133] h409A11 is a humanized monoclonal antibody that
binds to human PD-1 and blocks the interaction between
PD-1 and its ligands PDL1 and PDL2. The antibody is an
IgG4/kappa isotype with a stabilizing S228P sequence alter-
ation in the Fc region. Table 2 provides a list of the CDR
sequences. The theoretical molecular weights of the heavy
and light chains derived from the amino acid sequences,
excluding glycosylation, are 49.3 kDa and 23.7 kDa, respec-
tively. The parental antibody (hPD-1.09A) was produced by
immunizing mice with hPD-1 DNA. The h409A11 antibody
was generated by humanization of the parental murine anti-
human PD-1 antibody by the Medical Research Council
(Cambridge, UK) using CDR grafting technology, (e.g., U.S.
Pat. No. 5,225,539), as described in co-pending WO2008/
156712.

[0134] An expression plasmid was constructed for expres-
sion of heavy and light chains of h409A11. The nucleotide
sequences encoding the heavy and light chains, along with
their respective promoters and poly A signal sequence, were
confirmed by DNA sequence analysis. The expression vector
was subsequently used to transfect a CHO cell line. An anti-
body-expressing clone was selected for the generation of a
Master Seed Bank (MSB), based on growth, productivity, and
production stability. This MSB was then used to prepare the
antibody and to generate the Master Cell Bank (MCB).
[0135] Cells from the MCB were expanded in shake flasks,
culture bags, and a seed bioreactor to generate the inoculum
for a production bioreactor to produce the antibody product.
Further processing included three chromatography steps
(protein A affinity, cation exchange and anion exchange chro-
matography), two orthogonal viral clearance steps (low pH
viral inactivation and viral reduction filtration), ultrafiltra-
tion/diafiltration, and a final 0.2 pm filtration step.

h409A11 Structure and Features

[0136] h409A11 is a highly selective humanized mono-
clonal antibody that blocks the interaction between human
PD-1 and its ligands PD-L.1 and PD-L.2. h409A11 is hetero-
geneously glycosylated at asparagine 297 within the Fc
domain of each heavy chain, yielding molecular weights typi-
cally ranging between 148.9 and 149.5 kDa, depending on the
attached glycan chains. The amino acid sequences of the
heavy and light chains of h409A11 are found in SEQ ID
NO:31 and SEQ ID NO:36. The light chain without the leader
sequences comprises amino acid residues 20 to 237 of SEQ
ID NO: 36 and the heavy chain without the leader sequences
comprises amino acid residues 20 to 466 of SEQ ID NO: 31.
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Stable Humanized PD-1 Formulations

[0137] In certain embodiments, stable humanized PD-1
e.g., h409A11 is an aqueous solution stored under refriger-
ated conditions (temp. range: typically about 2-8° C., but
under certain circumstances, the aqueous formulation may
exhibit stability at other temperatures including at about 25°
C. and about 40° C. for periods of up to about 12 months) at
a concentration of 225 mg/ml in 10 mM Histidine buffer, pH
5.0-6.0. In certain embodiments, stable humanized PD-1 e.g.,
h409A11 is an aqueous solution at a concentration of about 25
mg/mL in 10 mM Histidine buffer, pH 5.0-6.0. The stable
formulation (i.e., drug substance) is typically a clear to opal-
escent solution and may contain particulates.

[0138] In certain embodiments, a liquid or frozen solution
of h409A11 is formulated in histidine buffer (pH 5.5) con-
taining sucrose and polysorbate 80.

[0139] An additional exemplary formulation includes:
h409A11 formulated in histidine buffer (pH 5.5) containing
sucrose and polysorbate 80 in lyophilized form.

[0140] In certain embodiments, stable humanized PD-1
formulation is provided as lyophilized powder in vials
intended for single-use.

[0141] In certain embodiments, stable humanized PD-1
formulation is reconstituted with water for injection (WFI)
and aseptically diluted with appropriate volumes of 0.9%
sodium chloride for injection in a sterile IV container to form
an admixture solution.

Biological Activity

[0142] Biological activity of the humanized anti-PD-1 anti-
body is measured by its ability to compete with PD-L 1 (natu-
ral ligand of PD-1) in binding to human PD-1, quantified in
competitive ELISA relative to a reference material. The
stable formulations described herein exhibit biological activ-
ity for long periods of time, including up to at least about
eighteen months. The stability of several batches of h409A 11,
under various storage conditions are illustrated in FIGS. 1-9.

Stable Formulations of Humanized Anti-PD-1 Antibodies

[0143] Lyophilized formulations of anti-PD-1 antibody are
prepared as follows. An exemplary batch formula for
h409A11 antibody is provided in Table 3. The final concen-
tration of antibody is 25 mg/mlL.. This batch formulation may
be used to prepare the lyophilized 50 mg/vial units, as dis-
cussed with reference to Table 4, infra. Polysorbate 80 from a
vegetable source is used. Additional hydrochloric acid or
sodium hydroxide may be added to adjust the pH to the
desired value of approximately 5.5 (£0.2). The components
are brought to a final volume of 14 L with sterile water for
injection (WFI). Correspondingly smaller lots may be pre-
pared by proportional reduction of the amounts listed in Table
3.

[0144] An exemplary liquid antibody formulation is pre-
pared by taking the drug substance (e.g., anti-humanized
PD-1 from a batch formula described herein) which is in
liquid form (e.g., h409A11 in an aqueous formulation) and
buffer exchanging it into the desired buffer as the last step of
the purification process. In this instance, there is no previous
lyophilization step. The drug substance in the final histidine
buffer is concentrated to a desired concentration. Excipients
such as sucrose and polysorbate 80 are added to the drug
substance and it is diluted using the appropriate buffer to final
protein concentration. The final formulated drug substance is
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filtered using 0.22 pm filters and filled into a final container
(e.g. glass vials). Such a liquid formulation includes final
liquid formulation comprising 10 mM histidine pH 5.5, 7%
sucrose, 0.02% polysorbate 80, and 25 mg/m[, h409A11.

TABLE 3

Batch Formula of Representative 14.0 L Pre-lyophilization Solution
for h409A11 Powder for Injection, 50 mg/vial

Amount
Compendial ~ Concentration per Batch
Component Grade (mg/mL) (g)
h409A11 antibody N/A 25.0 350.0
L-Histidine USp 1.55 217
Polysorbate 80 NF 0.2 2.8
Sucrose NF 70 980
Hydrochloric acid © NF — —
Sodium Hydroxide ¢ NF — pH adjustment
Water for injection USP — 14.0L @q.s

“Hydrochloric acid and sodium hydroxide added if needed to adjust pH to 5.5
b Water removed by sublimation and desorption during lyophilization

[0145] The unit composition of an exemplary final lyo-
philized formulation of humanized anti-PD-1 is provided at
Table 4.

TABLE 4

Unit Composition of Lyophilized Powder Formulation for
Injection, 50 mg/vial

Concentration

after
Amount  Reconstitution
Component Grade (mg/vial) (mg/mL)* Function
h409A11 N/A 50 25 Drug
Substance/Active
Pharmaceutical
ingredient
L-Histidine uUsp 3.1 1.55 Buffer
Polysorbate 80 NF 0.4 0.2 Surfactant
Sucrose NF 140 70 Stabilizer/
Tonicity Modifier
Hydrochloric acid ©  NF — — pH adjustment
Sodium Hydroxide © NF — — pH adjustment
Sterile Water for ~ USP 2.0 mL — Solvent
Injection @ q.s.

(sWFI or WFI)?

@ An excess fill of 0.4 mL is provided to ensure the recovery of 50 mg h409A11 per vial.
8Following reconstitution with 2.3 mL sterile water for injection.

¢ Hydrochloric acid and sodium hydroxide added if needed to adjust pH to 5.5

Water removed by sublimation and desorption during lyophilization

[0146] The unit formulation of Table 4 comprises Y20,000”
of the batch formulation of Table 3 after lyophilization to
remove the water. The 50 mg of DS is added as 2.0 mL of the
25 mg/mL batch formulation of Table 3. Each vial is filled
with 2.4 mL and reconstituted with 2.3 mL sWFI, resulting in
approximately 2.4 mL of reconstituted solution due to expan-
sion volume of the lyophilized cake.

[0147] The drug is packaged in sterile 20 mm neck, 6R
DIN, Type 1 glass tubing vials, closed with 20-mm gray butyl
rubber stoppers and sealed with aluminum crimp seals. Vials
are stored at 2-8° C., and refrigerated when shipped.

[0148] Compounding involves the following steps. Charge
the required amount of water for injection (WFI) into a tared
compounding vessel. Charge and dissolve with mixing,
sucrose, histidine, and polysorbate 80 from a vegetable
source. Measure the pH and adjust if needed to bring the pH
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to about 5.4-5.6. Use hydrochloric acid and/or sodium
hydroxide to adjust the pH. Equilibrate the drug substance to
ambient temperature and charge the drug substance slowly
into the compounding vessel. Continue to mix gently to avoid
foaming. Measure the pH again and adjust if needed to bring
the pH to approximately 5.5. Charge WFI to the final weight
of the bulk solution with continued gentle mixing.

[0149] Filtration involves the following steps. Connect
clarifying filter (0.22 pm) and sterilizing filter (0.22 pm) to the
compounding vessel. Collect an aliquot of the bulk solution
for bioburden testing after clarifying filtration step. Perform
aseptic filtration using a 0.22 pum filter into a sterile container.
Remove aliquot of sample after aseptic filtration for bulk
sterility testing. Perform filter integrity testing after product
filtration.

[0150] Filling involves the following steps. Using suitable
filling equipment, aseptically fill the product solution into
sterilized Type 1 tubing glass vials to achieve a target fill
volume of 2.4 mL. Perform fill weight checks during filling.
Partially seat sterilized lyo-shape stoppers into filled vials.
Load the filled vials into a suitable freeze-dryer.

[0151] Lyophilization, stoppering and capping involve the
following steps. Lyophilize the filled vials using an appropri-
ate lyophilization cycle. After lyophilization is complete,
backfill the vials with 0.22 pm filtered nitrogen and fully
stopper. Unload the stoppered vials from the lyophilizer and
seal them.

[0152] The resulting vials are inspected for visual defects
and stored at 2-8° C. Finished unit dosage vials are shipped
under refrigerated conditions.

Example 2

Stability Testing of Lyophilized Formulations of
Humanized Anti-PD-1 Antibodies

[0153] FIGS. 1-9 provide data of stability testing of lyo-
philized formulations of a humanized anti-human PD-1 anti-
body under various storage conditions. Vials were stored in
upright configurations. As discussed in more detail below,
formulations of the present invention show stability through
at least 24 months for antibodies lyophilized at pH 5.5 (his-
tidine buffer), as well as similar liquid formulations.

[0154] Stability was assessed as follows. Samples were
lyophilized in 6R DIN Type I glass vials, and sealed with 20
mm bromobutyl lyo stoppers (Helvoet Rubber & Plastic
Technologies BV, Hellevoetsluis, The Netherlands) and flip-
off aluminum seals. Vials were placed on stability stations
under the following storage conditions: 5° C. (5£3° C.), 25H
(25, 60% relative humidity), or RH4 (40° C., 70% relative
humidity). Samples were obtained at an initial time point, and
for certain samples at a variety of time points including 1, 2,
3,6,9,12, 18, and 24 months.

[0155] The stability of the samples is illustrated by the
various characteristics presented in the tables in FIGS. 1-9.
The lyophilized samples were visually inspected, reconsti-
tted, and the reconstituted formulation was visually
inspected. The pH of the samples after reconstitution was
measured, and the protein concentration determined by U.V.
absorbance. The samples were analyzed by CE-SDS tech-
nique in which protein was denatured with sodium dodecyl
sulfate (SDS) under reducing and non-reducing conditions
and separated using capillary electrophoresis (CE). The pro-
teins separate based on their apparent molecular weight.
Under non-reducing conditions, all species other than the
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main IgG peak are classified as impurities. Under reducing
conditions, the IgG is resolved into the heavy and light chains.
All other species are classified as impurities.

[0156] Purity of the sample was further assessed by high
performance size exclusion chromatography (HPSEC) in
which the percentage of monomer was determined, as well as
the percentages of high molecular weight species (possibly
aggregates) and late eluting peaks (possibly degradation
products).

[0157] Additional sample characterization data are pro-
vided in FIGS. 1-9. High performance ion-exchange chroma-
tography (HP-IEX) was used to assess purity by revealing the
presence of acidic or basic variants. Results are presented as
a percentage of total observed material. The samples were
further characterized for biological function using an
enzyme-linked immunosorbent assay (ELISA) for binding to
human PD-1. The antibody concentration necessary to
achieve half-maximal binding is called EC.,. Potency of the
test sample was assessed by comparing binding curves of the
test samples to a reference material (or control) by the ration
of EC;,’s. Potency was expressed as percent relative potency
of reference material (or control). Moisture content of the
lyophilized powder was also determined by coulometric titra-
tion. Particulate matter count measurements were performed
to count particles =10 pm and =25 pum. The method used for
these measurements was based on USP<788>.

[0158] These results demonstrate high stability formula-
tions of the present invention over at least 24 months at about
pH 5.5. The data reveal no trending over time that would
reflect instability for samples the tested storage conditions.

Example 3

Initial Clinical Results

[0159] Phase 1 Study ofh409A11 (Anti-PD-1 Monoclonal
Antibody) in Patients with Advanced Solid Tumors

[0160] A phase 1 trial examined safety, PK, PD, and anti-
tumor activity of h409A11. An open-label, dose escalation
study was conducted in patients with advanced malignancy
refractory to standard chemotherapy. In the initial patient set,
patients with advanced solid tumors were treated with a stable
h409A11 formulation as described herein. There was no limi-
tation/restriction regarding surgery; however, patients were
not currently surgical candidates. Cohorts of 3-6 patients
were enrolled (3+3 design) at IV doses of 1, 3, or 10 mg/kg.
Following an initial dose and 28-day Cycle 1, patients were
allowed to subsequently receive multiple doses given every 2
wks. For phase 1 part A, three patients were treated at 1
mg/kg, three patients were treated at 3 mg/kg, and nine
patients were treated at 10 mg/kg and all were dosed every 2
weeks. There was no intrapatient dose escalation. Radio-
graphic assessment was conducted every 8 wks using
RECIST 1.1 guidelines.

[0161] Nine patients, 3 at each dose level, completed the
dose-limiting toxicity (DLT) period (28 d). Patients had non-
small cell lung cancer (NSCLC, n=3), rectal cancer (n=2),
melanoma (MEL, n=2), sarcoma (n=1), or carcinoid (n=1).
To date, a total of 63 doses were administered (median 7/pa-
tient; max 12) without DLT. Drug-related adverse events
(AEs) across all doses included Grade 1 fatigue (n=3), nausea
(n=2), diarrhea (n=1), dysgeusia (n=1), breast pain (n=1),and
pruritus (N=1). One drug-related Grade 2 AE of pruritus was
reported. No drug-related AEs =grade 3 were observed. PK
data are shown in Table 5. Based on RECIST, 1 patient with
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MEL on therapy >6 mths had a partial response, and prelimi-
nary evidence of tumor size reduction (stable disease) was
observed in 3 additional patients with advanced cancer. These
results show that h409A11 was well-tolerated without DLT
across 3 tested dose levels. (i.e., 1, 3, and 5 mg/kg). Evidence
of antitumor activity was observed.

TABLE 5

Mean (CV %) PK Parameter Values of MK-3475 Following
Single IV Dose of 1, 3, or 10 mg/kg in Cycle 1

Dose Cran AUC (.98 tin”
(mgkg) N (ug/ml) (ug - day/mL) (day)
1 4 16.8 (23) 163 (20)® 151 41)*
3 3 109 (26) 990 (23) 217 (11)
10 2 3378 2640 (30) 13.6 (28)

“PK sampling up to 28 days following first IV administration, therefore ty;» not fully
characterized.
=3 due to subject discontinuation.

TABLE 6

provides a brief description of the sequences in the sequence listing.
Sequence Identifiers

SEQI
NO:  Description

hPD-1.08A heavy chain variable region (DNA)
hPD-1.08A light chain variable region (DNA)
hPD-1.09A heavy chain variable region (DNA)
hPD-1.09A light chain variable region (DNA)
hPD-1.08A heavy chain variable region (AA)
hPD-1.08A light chain variable region (AA)
hPD-1.09A heavy chain variable region (AA)
hPD-1.09A light chain variable region (AA)
9 hPD-1.08A light chain CDRI (AA)
10 hPD-1.08A light chain CDR2 (AA)
11 hPD-1.08A light chain CDR3 (AA)
12 hPD-1.08A heavy chain CDR1 (AA)
13 hPD-1.08A heavy chain CDR2 (AA)
14 hPD-1.08A heavy chain CDR3 (AA)
15 hPD-1.09A light chain CDR1 (AA)
16 hPD-1.09A light chain CDR2 (AA)
17 hPD-1.09A light chain CDR3 (AA)
18 hPD-1.09A heavy chain CDR1 (AA)
19 hPD-1.09A heavy chain CDR2 (AA)
20 hPD-1.09A heavy chain CDR3 (AA)
21 109A-H heavy chain variable region (DNA)
22 Codon optimized 109A-H heavy chain variable region (DNA)
23 Codon optimized 409 A-H heavy chain full length (DNA)
24 KO9A-L-11 light chain variable region (DNA)
2 KO9A-L-16 light chain variable region (DNA)
2 KO9A-L-17 light chain variable region (DNA)
2 Codon optimized KO9A-L-11 light chain variable region (DNA)
2 Codon optimized KO9A-1.-16 light chain variable region (DNA)
29 Codon optimized K09A-1.-17 light chain variable region (DNA)
30 109A-H heavy chain variable region (AA)
31 409A-H heavy chain full length (AA)
32 KO09A-L-11 light chain variable region (AA)
33 KO09A-L-16 light chain variable region (AA)
34 KO9A-L-17 light chain variable region (AA)
35 109A-H heavy chain full length (AA)
36 KO9A-L-11 light chain full length (AA)
37 KO9A-L-16 light chain full length (AA)
38 KO9A-L-17 light chain full length (AA)

[ B N N U

[0162] As used herein, including the appended claims, the
singular forms of words such as “a,” “an,” and “the,” include
their corresponding plural references unless the context
clearly dictates otherwise. Unless otherwise indicated, the
proteins and subjects referred to herein are human proteins
and subject, rather than another species.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 38

<210> SEQ ID NO 1

<211> LENGTH: 435

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: hPD-1.08A heavy chain variable region

«<400> SEQUENCE: 1

atgrgatgga getgtatcat ketetttttg gtagcaacag ctacaggtgt ccactceccag 60

gtccaactge agcagectgg ggctgaactg gtgaagectg gggcttcagt gaagttgtcec 120

tgcaaggect ctggctacac cttcaccagt tattatctgt actggatgaa acagaggect 180

ggacaaggcce ttgagtggat tgggggggtt aatcctagta atggtggtac taacttcagt 240

gagaagttca agagcaaggc cacactgact gtagacaaat cctccagcac agcectacatg 300
caactcagca gectgacate tgaggactct geggtetatt actgtacaag aagggattet 360
aactacgacg ggggctttga ctactgggge caaggcacta ctctcacagt ctectcagec 420
aaaacgacac cccca 435
<210> SEQ ID NO 2

«211> LENGTH: 453

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: hPD-1.08A light chain variable region

<400> SEQUENCE: 2

atggagacag acacactcct gctatgggta ctgctgctet gggttccagg ttecactggt 60
gacattgtge tgacacagtc tectacttce ttagetgtat ctcetggggea gagggecace 120
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-continued
atctcatgca gggccagcaa aagtgtcagt acatctgget ttagttattt geactggtac 180
caacagaaac caggacagce acccaaacte ctcatcettte ttgeatecaa ccetagagtet 240

ggggtcectg ccaggttecag tggcagtggg tcetgggacag acttcaccct caacatccat 300
cctgtggagy aggaggacgc tgcaacctat tattgtcage acagttggga gettcegetce 360
acgttecggtyg ctgggaccaa gctggagetg aaacgggctg atgetgcacc aactgtatce 420
atcttecccac catccagtaa gcttgggaag ggce 453
<210> SEQ ID NO 3

<211> LENGTH: 464

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: hPD-1.09A heavy chain variable region

<400> SEQUENCE: 3

atgraatgca getgggttat yctetttttg gtagcaacag ctacaggtgt ccacteecag 60
gtccaactge agcagectgg ggctgaactg gtgaagectg ggacttcagt gaagttgtcece 120
tgcaaggctt ctggctacac cttcaccaac tactatatgt actgggtgaa gcagaggect 180

ggacaaggcce ttgagtggat tggggggatt aatcctageca atggtggtac taacttcaat 240

gagaagttca agaacaaggc cacactgact gtagacagtt cctccagcac aacctacatg 300
caactcagea gectgacate tgaggactet geggtetatt actgtacaag aagggattat 360
aggttcgaca tgggcetttga ctactgggge caaggcacca ctctcacagt ctectcagec 420
aaaacgacac ccccatcegt ytatcccbtg gccectggaa gctt 464

<210> SEQ ID NO 4

«211> LENGTH: 438

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: hPD-1.09A light chain variable region

<400> SEQUENCE: 4

atggagwcag acacactsct gytatgggta ctgctgctet gggttccagg ttccactgge 60
gacattgtgc tgacacagtc tectgettece ttagetgtat ctetgggaca gagggecgece 120
atctcatgeca gggccagcaa aggtgtcagt acatctgget atagttattt geactggtac 180
caacagaaac caggacagtc acccaaactc ctcatctatc ttgcatccta cctagaatcet 240

ggggtcoety ccaggtteag tggcagtggg tetgggacag acttcaccet caacatccat 300
cctgtggagy aggaggatge tgcaacctat tactgtcage acagtaggga cctteegcete 360
acgttcggta ctgggaccaa getggagetg asacgggetyg atgetgcace aactgtatcce 420

atcttcccac catccagt 438

<210> SEQ ID NO 5

<211> LENGTH: 122

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: hPD-1.08A heavy chain variable region

<400> SEQUENCE: 5

Gln Val Gln Leu Gln Gln Pro Gly Ala Glu Leu Val Lys Pro Gly Ala
1 5 10 15
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-continued

Ser Val Lys Leu Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Ser Tyr
20 25 30

Tyr Leu Tyr Trp Met Lys Gln Arg Pro Gly Gln Gly Leu Glu Trp Ile
35 40 45

Gly Gly Val Asn Pro Ser Asn Gly Gly Thr Asn Phe Ser Glu Lys Phe
50 55 60

Lys Ser Lys Ala Thr Leu Thr Val Asp Lys Ser Ser Ser Thr Ala Tyr
65 70 75 80

Met Gln Leu Ser Ser Leu Thr Ser Glu Asp Ser Ala Val Tyr Tyr Cys
85 90 95

Thr Arg Arg Asp Ser Asn Tyr Asp Gly Gly Phe Asp Tyr Trp Gly Gln
100 105 110

Gly Thr Thr Leu Thr Val Ser Ser Ala Lys
115 120

<210> SEQ ID NO 6

<211> LENGTH: 111

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: hPD-1.082 light chain variable region

<400> SEQUENCE: 6

Agp Ile Val Leu Thr Gln Ser Pro Thr Ser Leu Ala Val Ser Leu Gly
1 5 10 15

Gln Arg Ala Thr Ile Ser Cys Arg Ala Ser Lys Ser Val Ser Thr Ser
20 25 30

Gly Phe Ser Tyr Leu His Trp Tyr Gln Gln Lys Pro Gly Gln Pro Pro
35 40 45

Lys Leu Leu Ile Phe Leu Ala Ser Asn Leu Glu Ser Gly Val Pro Ala
50 55 60

Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Asn Ile His

Pro Val Glu Glu Glu Asp Ala Ala Thr Tyr Tyr Cys Gln His Ser Trp
85 90 95

Glu Leu Pro Leu Thr Phe Gly Ala Gly Thr Lys Leu Glu Leu Lys

100 105 110

<210> SEQ ID NO 7

<211> LENGTH: 122

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: hPD-1.09A heavy chain variable region

<400> SEQUENCE: 7

Gln Val Gln Leu Gln Gln Pro Gly Ala Glu Leu Val Lys Pro Gly Thr
1 5 10 15

Ser Val Lys Leu Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Asn Tyr
20 25 30

Tyr Met Tyr Trp Val Lys Gln Arg Pro Gly Gln Gly Leu Glu Trp Ile
35 40 45

Gly Gly Ile Asn Pro Ser Asn Gly Gly Thr Asn Phe Asn Glu Lys Phe
50 55 60

Lys Asn Lys Ala Thr Leu Thr Val Asp Ser Ser Ser Ser Thr Thr Tyr
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-continued

65 70 75 80

Met Gln Leu Ser Ser Leu Thr Ser Glu Asp Ser Ala Val Tyr Tyr Cys
85 90 95

Thr Arg Arg Asp Tyr Arg Phe Asp Met Gly Phe Asp Tyr Trp Gly Gln
100 105 110

Gly Thr Thr Leu Thr Val Ser Ser Ala Lys
115 120

<210> SEQ ID NO 8

<211> LENGTH: 111

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: hPD-1.092 light chain variable region

<400> SEQUENCE: 8

Asp Ile Val Leu Thr Gln Ser Pro Ala Ser Leu Ala Val Ser Leu Gly
1 5 10 15

Gln Arg Ala Ala Ile Ser Cys Arg Ala Ser Lys Gly Val Ser Thr Ser
20 25 30

Gly Tyr Ser Tyr Leu His Trp Tyr Gln Gln Lys Pro Gly Gln Ser Pro
35 40 45

Lys Leu Leu Ile Tyr Leu Ala Ser Tyr Leu Glu Ser Gly Val Pro Ala
50 55 60

Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Asn Ile His

Pro Val Glu Glu Glu Asp Ala Ala Thr Tyr Tyr Cys Gln His Ser Arg
85 90 95

Asp Leu Pro Leu Thr Phe Gly Thr Gly Thr Lys Leu Glu Leu Lys
100 105 110

<210> SEQ ID NO 9

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: hPD-1.082 light chain CDR1

<400> SEQUENCE: 9

Arg Ala Ser Lys Ser Val Ser Thr Ser Gly Phe Ser Tyr Leu His
1 5 10 15

<210> SEQ ID NO 10

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

«220> FEATURE:

<223> OTHER INFORMATION: hPD-1.08A light chain CDR2

<400> SEQUENCE: 10

Leu Ala Ser Asn Leu Glu Ser
1 5

<210> SEQ ID NO 11

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: hPD-1-08A light chain CDR3
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-continued

<400> SEQUENCE: 11

Gln His Ser Trp Glu Leu Pro Leu Thr
1 5

<210> SEQ ID NO 12

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

«220> FEATURE:

<223> OTHER INFORMATION: hPD-1.08A heavy chain CDR1

<400> SEQUENCE: 12

Ser Tyr Tyr Leu Tyr
1 5

<210> SEQ ID NO 13

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: hPD-1.08A heavy chain CDR2

<400> SEQUENCE: 13

Gly Val Asn Pro Ser Asn Gly Gly Thr Asn Phe Ser Glu Lys Phe Lys
1 5 10 15

Ser

<210> SEQ ID NO 14

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: hPD-1.08A heavy chain CDR3

<400> SEQUENCE: 14

Arg Asp Ser Asn Tyr Asp Gly Gly Phe Asp Tyr
1 5 10

<210> SEQ ID NO 15

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: hPD-1.09A light chain CDR1

<400> SEQUENCE: 15

Arg Ala Ser Lys Gly Val Ser Thr Ser Gly Tyr Ser Tyr Leu His
1 5 10 15

«210> SEQ ID NO 16

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: hPD-1.092 light chain CDR2

<400> SEQUENCE: 16
Leu Ala Ser Tyr Leu Glu Ser

1 5

<210> SEQ ID NO 17
<211> LENGTH: ¢
<212> TYPE: PRT
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-continued

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: hPD-1.09A light chain CDR3

<400> SEQUENCE: 17

Gln His Ser Arg Asp Leu Pro Leu Thr
1 5

«210> SEQ ID NO 18

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: hPD-1.09A heavy chain CDR1

<400> SEQUENCE: 18

Asn Tyr Tyr Met Tyr
1 5

<210> SEQ ID NO 19

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: hPD-1.09A heavy chain CDR2

«<400> SEQUENCE: 19

Gly Ile Asn Pro Ser Asn Gly Gly Thr Asn Phe Asn Glu Lys Phe Lys
1 5 10 15

Asn

<210> SEQ ID NO 20

<211> LENGTH: 11

«<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: hPD-1.09A heavy chain CDR3

<400> SEQUENCE: 20

Arg Asp Tyr Arg Phe Asp Met Gly Phe Asp Tyr
1 5 10

<210> SEQ ID NO 21

<211> LENGTH: 417

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: 109A-H heavy chain variable region
<220> FEATURE:

<221> NAME/KEY: sig peptide

<222> LOCATION: (1)..(57)

<400> SEQUENCE: 21

atggactgga cctggagcat ccttttettg gtggcagcac caacaggagce ccactcccaa 60
gtgcagetgy tgcagtctgg agttgaagtg aagaagcceg gggectcagt gaaggtetec 120
tgcaaggett ctggcetacac ctttaccaac tactatatgt actgggtgeg acaggecect 180

ggacaagggc ttgagtggat gggagggatt aatcctagca atggtggtac taacttcaat 240
gagaagttca agaacagagt caccttgacc acagactcat ccacgaccac agcctacatg 300
gaactgaaga gcctgcaatt tgacgacacg gcecgtttatt actgtgcgag aagggattat 360

aggttcgaca tgggctttga ctactgggge caagggacca cggtcaccgt ctegage 417
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<210> SEQ ID NO 22
<211> LENGTH: 417
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Codon optimized 109A-H heavy chain variable
region
<220> FEATURE:
<221> NAME/KEY: sig peptide
<222> LOCATION: (1)..(57)
<400> SEQUENCE: 22
atggactgga cctggtetat cetgttectg gtggeegete ctaccggege teactceccag 60

gtgcagctgg tgcagtcegg cgtggaggtg aagaagectg gegectcegt caaggtgtec 120

tgcaaggcect ceggetacac cttcaccaac tactacatgt actgggtgeg geaggctcece 180

ggccagggac tggagtggat gggeggeate aacccttceea acggceggeac caacttcaac 240

gagaagttca agaaccgggt gaccctgacc accgactcect ccaccaccac cgectacatg 300

gagctgaagt ccctgcagtt cgacgacacc gocgtgtact actgcgecay gegggactac 360

cggttcgaca tgggettega ctactgggge cagggcacca cegtgaccegt gtectee 417

«210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>

<400>

SEQ ID NO 23

LENGTH: 1398

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Codon optimized 409A-H heavy chain full length
FEATURE:

NAME/KEY: sig_peptide

LOCATION: (1)..(57)

SEQUENCE: 23

atggecgtge tgggectget gttetgectg gtgaccttee cttectgegt getgteccag 60

gtgcagetgg tgcagtcegg cgtggaggtg aagaagectg gegectecgt caaggtgtcece 120

tgtaaggcect ceggetacac cttcaccaac tactacatgt actgggtgeg geaggcccca 180

ggccagggac tggagtggat gggeggcatc aacccttcca acggeggcac caacttcaac 240

gagaagttca agaaccgggt gaccctgacc accgacteoct ccaccacaac cgectacaty 300

gaactgaagt ccctgcagtt cgacgacace gecgtgtact actgegecag gegggactac 360

cggttecgaca tgggettcega ctactgggge cagggcacca cegtgaccegt gtectecget 420

agcaccaagg geccttceegt gttceoctetg gecccttget cecggtecac ctecgagtec 480

accgecgete tgggetgtet ggtgaaggac tacttcecctyg agectgtgac cgtgagetgg 540

aactctggeg ccctgaccte cggegtgecac acctteectg cegtgetgea gtccteegge 500
ctgtactece tgtccteegt ggtgacegtg ccttectect cectgggecac caagacctac 560
acctgcaacg tggaccacaa gccttccaac accaaggtgg acaagcgggt ggagtccaag 720
tacggecceete cttgeectee ctgecctgee cctgagttee tgggeggace cteegtgtte 780
ctgttcecte ctaagcctaa ggacaccctg atgatctcce ggacccctga ggtgacctge 840
gtggtggtgg acgtgtceca ggaagatect gaggtecagt tcaattggta cgtggatgge 900
gtggaggtgc acaacgccaa gaccaagcct cgggaggaac agttcaactc cacctaccgg 960

gtggtgtetyg tgctgacegt getgcaccag gactggcetga acggcaagga atacaagtge 1020
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aaggtcagca acaagggcect gcecctectee atcgagaaaa ccatctccaa ggccaaggge 1080
cagectegey agectcaggt gtacacceety ccetectagee aggaagagat gaccaagaat 1140
caggtgtcce tgacatgect ggtgaagggce ttctaccctt ccgatatcge cgtggagtgg 1200
gagagcaacyg gccagcecaga gaacaactac aagaccaccce ctectgtget ggactccgac 1260
ggctecttcet tectgtacte caggctgacce gtggacaagt cccggtggca ggaaggcaac 1320
gtcttttect getcegtgat gcacgaggceco ctgcacaacce actacaccca gaagtcectg 1380
tecetgtete tgggcaay 1398
<210> SEQ ID NO 24

<211> LENGTH: 393

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: KO9A-L-11 light chain variable region

<220> FEATURE:

<221> NAME/KEY: sig_peptide

<222> LOCATION: (1)..(60

<400> SEQUENCE: 24

atggaagcce cagctcagcet tctcettecte ctgetactet ggetcccaga taccacegga 60
gaaattgtgt tgacacagtc tccagccacc ctgtetttgt ctccagggga aagagccacce 120
ctetectgea gggccagceaa aggtgtcagt acatctgget atagttattt geactggtat 180
caacagaaac ctggccaggce tcccaggetce ctcatctatce ttgcatcecta cctagaatcet 240

ggcgteocay ccaggtteag tggtagtggg tetgggacag acttcactet caccatcage 300
agcctagage ctgaagattt tgcagtttat tactgtcage acagcaggga cetteegcete 360

acgttcggcg gagggaccaa agtggagatc aaa 393

<210> SEQ ID NO 25

<211> LENGTH: 393

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: KO09A-L-16 light chain variable region
<220> FEATURE:

<221> NAME/KEY: sig peptide

<222> LOCATION: (1)..(60)

<400> SEQUENCE: 25

atggaaaccce cagcgcaget tcetettecte ctgctactet ggectcccaga taccaccgga 60
gaaattgtgc tgactcagtc tccactetce ctgeccegtea ccectggaga gecggectece 120
atctcectgca gggccagcaa aggtgtcagt acatctgget atagttattt geattggtac 180
ctccagaage cagggecagte tccacagetce ctgatctate ttgeatecta cctagaatct 240

ggggtcectg acaggttcag tggcagtgga tcaggcacag attttacact gaaaatcage 300
agagtggagg ctgaggatgt tggggtttat tactgccagce atagtaggga cctteegetce 360

acgtttggee aggggaccaa getggagate aaa 393

<210> SEQ ID NO 26

<211> LENGTH: 393

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: KO9A-L-17 light chain variable region
<220> FEATURE:
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«221> NAME/KEY: sig peptide
<222> LOCATION: (1).. (60
<400> SEQUENCE: 26
atgaggcetce ctgctcaget cctggggetg ctaatgetet gggtetetgg atccagtggyg 60
gatattgtga tgacccagac tccactctcce ctgecegtca cccctggaga gecggectece 120
atctcctgca gggccagcaa aggtgtcagt acatctgget atagttattt geattggtat 180
ctgcagaage cagggcagte tecacagete ctgatctate ttgeatecta cetagaatcet 240

ggagtcccag acaggttcag tggcagtggg tcaggcactg ctttcacact gaaaatcage 300
agggtggagg ctgaggatgt tggactttat tactgccage atagtaggga cctteegete 360

acgtttggce aggggaccaa gctggagatc aaa 393

<210> SEQ ID NO 27

<211> LENGTH: 390

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Codon optimized KO9A-L-11 light chain variable
region

<220> FEATURE:

<221>» NAME/KEY: sig _peptide

<222> LOCATION: (1)..(57)

<400> SEQUENCE: 27

atggcccetyg tgcagetget gggectgetg gtgetgttee tgectgecat geggtgegag 60
atcgtgetga cccagtecce tgccaccctg tcecctgagee ctggogageg ggctaccctg 120
agctgcagag cctccaaggg cgtgtccacc tccggctact cctacctgca ctggtatcag 180
cagaagccag gccaggceccc teggctgetg atctacctgg cctectacct ggagtcegge 240
gtgecetgece ggtteteegg ctecggaage ggcaccgact tecaccctgac catctectee 300
ctggagceetg aggacttcege cgtgtactac tgccagcact cececgggacct gectcetgacce 360
tttggcggcg gaacaaaggt ggagatcaag 390

<210> SEQ ID NO 28

<211> LENGTH: 390

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Codon optimized KO9A-L-16 light chain variable
region

<220> FEATURE:

<221» NAME/KEY: sig_peptide

<222> LOCATION: (1)..(57)

<400> SEQUENCE: 28

atggccecty tgcagetget gggectgetyg gtgetgttee tgectgecat geggtgegag 60
atcgtgcetyga cccagtccce tetgtecctyg ccetygtgacce ctggegagece tgectcecate 120
tecotgecggy cctcocaaggg cgtgtecace tceggetact cctacctgea ctggtatetg 180
cagaagccetyg gecagtecece ccagetgetg atctacctgg cetectacct ggagteegge 240
gtgcctgace ggttcteegg cteeggcage ggcaccegact tcaccctgaa gatctccegy 300

gtggaggecg aggacgtggg cgtgtactac tgccagcact cccgggacct gectetgace 360

ttcggeccagyg gcaccaagct ggagatcaag 390
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<210> SEQ ID NO 29

<211> LENGTH: 390

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Codon optimized KO9A-L-17 light chain variable
region

<220> FEATURE:

<221> NAME/KEY: sig peptide

<222> LOCATION: (1)..(57)

<400> SEQUENCE: 29

atggcccetg tgcagetget gggectgetg gtgetgttee tgectgecat geggtgegac 60
atcgtgatga cccagaccce tetgtecctg cctgtgacce ctggcegagece tgcctcecate 120
tectgeceggg cctccaaggg cgtgtccacce tcecggetact cctacctgca ctggtatctg 180
cagaagcctg gecagtcccc tcagetgetg atctacctgg cctectacct ggagtcegge 240
gtgecetgace ggtteteegg cteccggaage ggcaccgett ttaccctgaa gatctccaga 300

gtggaggecg aggacgtggg cctgtactac tgccagcact cccgggacct gectetgace 360

ttcggeccagg gcaccaagct ggagatcaag 390

<210> SEQ ID NO 30

<211> LENGTH: 139

«<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: 109A-H heavy chain variable region
<220> FEATURE:

<221> NAME/KEY: sig_peptide

<222> LOCATION: (1)..(19)

<400> SEQUENCE: 30

Met Asp Trp Thr Trp Ser Ile Leu Phe Leu Val Ala Ala Pro Thr Gly
1 5 10 15

Ala His Ser Gln Val Gln Leu Val Gln Ser Gly Val Glu Val Lys Lys
20 25 30

Pro Gly Ala Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe
35 40 45

Thr Asn Tyr Tyr Met Tyr Trp Val Arg Gln Ala Pro Gly Gln Gly Leu
50 55 60

Glu Trp Met Gly Gly Ile Asn Pro Ser Asn Gly Gly Thr Asn Phe Asn

Glu Lys Phe Lys Asn Arg Val Thr Leu Thr Thr Asp Ser Ser Thr Thr
85 90 95

Thr Ala Tyr Met Glu Leu Lys Ser Leu Gln Phe Asp Asp Thr Ala Val
100 105 110

Tyr Tyr Cys Ala Arg Arg Asp Tyr Arg Phe Asp Met Gly Phe Asp Tyr
115 120 125

Trp Gly Gln Gly Thr Thr Val Thr Val Ser Ser
130 135

<210> SEQ ID NO 31

<211> LENGTH: 466

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: 409A-H heavy chain full length
<220> FEATURE:

<221> NAME/KEY: sig_peptide

Peticdo 870250042425, de 23/05/2025, pég. 72/232



US 2014/0234296 Al Aug. 21,2014
26

-continued

<222> LOCATION: (1)..(19)
<400> SEQUENCE: 31

Met Ala Val Leu Gly Leu Leu Phe Cys Leu Val Thr Phe Pro Ser Cys
1 5 10 15

Val Leu Ser Gln Val Gln Leu Val Gln Ser Gly Val Glu Val Lys Lys
20 25 30

Pro Gly Ala Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe
35 40 45

Thr Asn Tyr Tyr Met Tyr Trp Val Arg Gln Ala Pro Gly Gln Gly Leu
50 55 60

Glu Trp Met Gly Gly Ile Asn Pro Ser Asn Gly Gly Thr Asn Phe Asn
Glu Lys Phe Lys Asn Arg Val Thr Leu Thr Thr Asp Ser Ser Thr Thr
85 90 95

Thr Ala Tyr Met Glu Leu Lys Ser Leu Gln Phe Asp Asp Thr Ala Val
100 105 110

Tyr Tyr Cys Ala Arg Arg Asp Tyr Arg Phe Asp Met Gly Phe Asp Tyr
115 120 125

Trp Gly Gln Gly Thr Thr Val Thr Val Ser Ser Ala Ser Thr Lys Gly
130 135 140

Pro Ser Val Phe Pro Leu Ala Pro Cys Ser Arg Ser Thr Ser Glu Ser
145 150 155 160

Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val
165 170 175

Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe
180 185 190

Pro Ala Val Leu Gln Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val
195 200 205

Thr Val Pro Ser Ser Ser Leu Gly Thr Lys Thr Tyr Thr Cys Asn Val
210 215 220

Asgp His Lys Pro Ser Asn Thr Lys Val Asp Lys Arg Val Glu Ser Lys
225 230 235 240

Tyr Gly Pro Pro Cys Pro Pro Cys Pro Ala Pro Glu Phe Leu Gly Gly
245 250 255

Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile
260 265 270

Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp Val Ser Gln Glu
275 280 285

Asp Pro Glu Val Gln Phe Asn Trp Tyr Val Asp Gly Val Glu Val His
290 295 300

Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Phe Asn Ser Thr Tyr Arg
305 310 315 320

Val Val Ser Val Leu Thr Val Leu His Gln Asp Trp Leu Asn Gly Lys
325 330 335

Glu Tyr Lys Cys Lys Val Ser Asn Lys Gly Leu Pro Ser Ser Ile Glu
340 345 350

Lys Thr Ile Ser Lys Ala Lys Gly Gln Pro Arg Glu Pro Gln Val Tyr
355 360 365

Thr Leu Pro Pro Ser Gln Glu Glu Met Thr Lys Asn Gln Val Ser Leu
370 375 380
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Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp Ile Ala Val Glu Trp
385 390 395 400

Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val
405 410 415

Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Arg Leu Thr Val Asp
420 425 430

Lys Ser Arg Trp Gln Glu Gly Asn Val Phe Ser Cys Ser Val Met His
435 440 445

Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu Ser Leu Ser Leu
450 455 460

Gly Lys
465

<210> SEQ ID NO 32

<211> LENGTH: 130

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: KO9A-L-11 light chain variable region
<220> FEATURE:

<221» NAME/KEY: sig peptide

<222> LOCATION: (1)..(19)

<400> SEQUENCE: 32

Met Ala Pro Val Gln Leu Leu Gly Leu Leu Val Leu Phe Leu Pro Ala
1 5 10 15

Met Arg Cys Glu Ile Val Leu Thr Gln Ser Pro Ala Thr Leu Ser Leu
20 25 30

Ser Pro Gly Glu Arg Ala Thr Leu Ser Cys Arg Ala Ser Lys Gly Val
35 40 45

Ser Thr Ser Gly Tyr Ser Tyr Leu His Trp Tyr Gln Gln Lys Pro Gly
50 55 60

Gln Ala Pro Arg Leu Leu Ile Tyr Leu Ala Ser Tyr Leu Glu Ser Gly

Val Pro Ala Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu
85 90 95

Thr Ile Ser Ser Leu Glu Pro Glu Asp Phe Ala Val Tyr Tyr Cys Gln
100 105 110

His Ser Arg Asp Leu Pro Leu Thr Phe Gly Gly Gly Thr Lys Val Glu
115 120 125

Ile Lys
130

<210> SEQ ID NO 33

«211> LENGTH: 130

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: KO9A-L-16 light chain variable region
«<220> FEATURE:

<221> NAME/KEY: sig_peptide

<222> LOCATION: (1)..(19)

<400> SEQUENCE: 33

Met Ala Pro Val Gln Leu Leu Gly Leu Leu Val Leu Phe Leu Pro Ala
1 5 10 15

Met Arg Cys Glu Ile Val Leu Thr Gln Ser Pro Leu Ser Leu Pro Val
20 25 30
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Thr Pro Gly Glu Pro Ala Ser Ile Ser Cys Arg Ala Ser Lys Gly Val
35 40 45

Ser Thr Ser Gly Tyr Ser Tyr Leu His Trp Tyr Leu Gln Lys Pro Gly
50 55 60

Gln Ser Pro Gln Leu Leu Ile Tyr Leu Ala Ser Tyr Leu Glu Ser Gly
65 70 75 80

Val Pro Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu
85 90 95

Lys Ile Ser Arg Val Glu Ala Glu Asp Val Gly Val Tyr Tyr Cys Gln
100 105 110

His Ser Arg Asp Leu Pro Leu Thr Phe Gly Gln Gly Thr Lys Leu Glu
115 120 125

Ile Lys
130

<210> SEQ ID NO 34

<211> LENGTH: 130

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: KO9A-L-17 light chain variable region
<220> FEATURE:

<221> NAME/KEY: sig peptide

<222> LOCATION: (1)..(19)

<400> SEQUENCE: 34

Met Ala Pro Val Gln Leu Leu Gly Leu Leu Val Leu Phe Leu Pro Ala
1 5 10 15

Met Arg Cys Asp Ile Val Met Thr Gln Thr Pro Leu Ser Leu Pro Val
20 25 30

Thr Pro Gly Glu Pro Ala Ser Ile Ser Cys Arg Ala Ser Lys Gly Val
35 40 45

Ser Thr Ser Gly Tyr Ser Tyr Leu His Trp Tyr Leu Gln Lys Pro Gly
50 55 60

Gln Ser Pro Gln Leu Leu Ile Tyr Leu Ala Ser Tyr Leu Glu Ser Gly

Val Pro Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr Ala Phe Thr Leu
85 90 95

Lys Ile Ser Arg Val Glu Ala Glu Asp Val Gly Leu Tyr Tyr Cys Gln
100 105 110

His Ser Arg Asp Leu Pro Leu Thr Phe Gly Gln Gly Thr Lys Leu Glu
115 120 125

Ile Lys
130

<210> SEQ ID NOQ 35

<211> LENGTH: 469

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: 109A-H heavy chain full length
<220> FEATURE:

<221> NAME/KEY: sig_peptide

<222> LOCATION: (1)..(19

<400> SEQUENCE: 35

Met Ala Val Leu Gly Leu Leu Phe Cys Leu Val Thr Phe Pro Ser Cys
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1 5 10 15

Val Leu Ser Gln Val Gln Leu Val Gln Ser Gly Val Glu Val Lys Lys
20 25 30

Pro Gly Ala Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe
35 40 45

Thr Asn Tyr Tyr Met Tyr Trp Val Arg Gln Ala Pro Gly Gln Gly Leu
50 55 60

Glu Trp Met Gly Gly Ile Asn Pro Ser Asn Gly Gly Thr Asn Phe Asn
Glu Lys Phe Lys Asn Arg Val Thr Leu Thr Thr Asp Ser Ser Thr Thr
85 90 95

Thr Ala Tyr Met Glu Leu Lys Ser Leu Gln Phe Asp Asp Thr Ala Val
100 105 110

Tyr Tyr Cys Ala Arg Arg Asp Tyr Arg Phe Asp Met Gly Phe Asp Tyr
115 120 125

Trp Gly Gln Gly Thr Thr Val Thr Val Ser Ser Ala Ser Thr Lys Gly
130 135 140

Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly
145 150 155 160

Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val
165 170 175

Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser Gly Val Hig Thr Phe
180 185 190

Pro Ala Val Leu Gln Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val
195 200 205

Thr Val Pro Ser Ser Ser Leu Gly Thr Gln Thr Tyr Ile Cys Asn Val
210 215 220

Asn His Lys Pro Ser Asn Thr Lys Val Asp Lys Lys Val Glu Pro Lys
225 230 235 240

Ser Cys Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu
245 250 255

Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr
260 265 270

Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp Val
275 280 285

Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp Gly Val
280 295 300

Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Tyr Asn Ser
305 310 315 320

Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His Gln Asp Trp Leu
325 330 335

Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu Pro Ala
340 345 350

Pro Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly Gln Pro Arg Glu Pro
355 360 365

Gln Val Tyr Thr Leu Pro Pro Ser Arg Asp Glu Leu Thr Lys Asn Gln
370 375 380

Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp Ile Ala
385 390 395 400

Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys Thr Thr
405 410 415
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Pro

Thr

Val

Leu
465

<210>
<21l1l>
<212>
<213>
<220>
<223>
<220>
<221>
<222>

<400>

Pro

Val

Met

450

Ser

Val
Asp
435

His

Pro

Leu Asp Ser Asp Gly Ser

420

425

Phe Phe Leu Tyr

Lys Ser Arg Trp Gln Gln Gly Asn Val Phe

440

Glu Ala Leu His Asn His

Gly

LOCATION:

SEQUENCE :

Met Ala Pro Val

1

Met

Ser

Val

Thr

Ile

Asp
145

Leu

Asp

Tyr

Ser
225

Arg

Pro

Thr

50

Ala

Pro

Ile

Ser

Lys

130

Glu

Phe

Gln

Ser

Glu
210

Ser

Cys

Gly

35

Ser

Pro

Ala

Ser

Arg

115

Arg

Gln

Tyr

Ser

Thr
195

Lys

Pro

Glu

20

Glu

Gly

Arg

Arg

Ser

100

Asp

Thr

Leu

Pro

Gly

180

Tyr

His

Val

Lys

SEQ ID NO 36
LENGTH:
TYPE: PRT
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: KO09A-L-11 light chain full
FEATURE:

NAME /KEY :

237

455

sig_peptide

(1) .

36

Gln

Ile

Arg

Tyr

Leu

Phe

85

Leu

Leu

Val

Lys

Arg

165

Asn

Ser

Lys

Thr

<210> SEQ ID NOQ 37

<211> LENGTH:

<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence

237

. (19)

Leu Leu Gly

Val Leu Thr

Ala Thr Leu

40

Ser Tyr Leu
55

Leu Ile Tyr
70

Ser Gly Ser

Glu Pro Glu

Pro Leu Thr

120

Ala Ala Pro
135

Ser Gly Thr
150

Glu Ala Lys

Ser Gln Glu

Leu Ser Ser
200

Val Tyr Ala
215

Lys Ser Phe
230
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Leu

Gln

25

Ser

His

Leu

Gly

Asp

105

Phe

Ser

Ala

Val

Ser

185

Thr

Cys

Asn

445

Tyr Thr Gln Lys

Leu

10

Ser

Cys

Trp

Ala

Ser

90

Phe

Gly

Val

Ser

Gln

170

Val

Leu

Glu

Arg

Val

Pro

Arg

Tyr

Ser

75

Gly

Ala

Gly

Phe

Val

155

Trp

Thr

Thr

Val

Gly
235

460

Leu

Ala

Ala

Gln

60

Tyr

Thr

Val

Gly

Ile

140

Val

Lys

Glu

Leu

Thr
220

Glu

Phe

Thr

Ser

45

Gln

Leu

Asp

Tyr

Thr

125

Phe

Cys

Val

Gln

Ser
205

His

Cys

Ser
430

Ser

Ser

Lys

Cys

Leu

length

Leu

Leu

30

Lys

Lys

Glu

Phe

Tyr

110

Lys

Pro

Leu

Asp

Asp

190

Lys

Gln

Pro

15

Ser

Gly

Pro

Ser

Thr

95

Cys

Val

Pro

Leu

Asn

175

Ser

Ala

Gly

Leu

Ser

Ser

Ala

Leu

Val

Gly

Gly

80

Leu

Gln

Glu

Ser

Asn

160

Ala

Lys

Asp

Leu
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-continued

«<220> FEATURE:

<223> OTHER INFORMATION: KO9A-L-16 light chain full length
<220> FEATURE:

<221> NAME/KEY: sig_peptide

<222> LOCATION: (1)..(19)

<400> SEQUENCE: 37

Met Ala Pro Val Gln Leu Leu Gly Leu Leu Val Leu Phe Leu Pro Ala
1 5 10 15

Met Arg Cys Glu Ile Val Leu Thr Gln Ser Pro Leu Ser Leu Pro Val
20 25 30

Thr Pro Gly Glu Pro Ala Ser Ile Ser Cys Arg Ala Ser Lys Gly Val
35 40 45

Ser Thr Ser Gly Tyr Ser Tyr Leu His Trp Tyr Leu Gln Lys Pro Gly
50 55 60

Gln Ser Pro Gln Leu Leu Ile Tyr Leu Ala Ser Tyr Leu Glu Ser Gly

Val Pro Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu
85 90 95

Lys Ile Ser Arg Val Glu Ala Glu Asp Val Gly Val Tyr Tyr Cys Gln
100 105 110

His Ser Arg Asp Leu Pro Leu Thr Phe Gly Gln Gly Thr Lys Leu Glu
115 120 125

Ile Lys Arg Thr Val Ala Ala Pro Ser Val Phe Ile Phe Pro Pro Ser
130 135 140

Asp Glu Gln Leu Lys Ser Gly Thr Ala Ser Val Val Cys Leu Leu Asn
145 150 155 160

Asn Phe Tyr Pro Arg Glu Ala Lys Val Gln Trp Lys Val Asp Asn Ala
165 170 175

Leu Gln Ser Gly Asn Ser Gln Glu Ser Val Thr Glu Gln Asp Ser Lys
180 185 190

Asp Ser Thr Tyr Ser Leu Ser Ser Thr Leu Thr Leu Ser Lys Ala Asp
195 200 205

Tyr Glu Lys His Lys Val Tyr Ala Cys Glu Val Thr His Gln Gly Leu
210 215 220

Ser Ser Pro Val Thr Lys Ser Phe Asn Arg Gly Glu Cys
225 230 235

<210> SEQ ID NO 38

<211l> LENGTH: 237

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: KO9A-L-17 light chain full length
«220> FEATURE:

<221> NAME/KEY: sig_peptide

<222> LOCATION: (1)..(19)

<400> SEQUENCE: 38

Met Ala Pro Val Gln Leu Leu Gly Leu Leu Val Leu Phe Leu Pro Ala
1 5 10 15

Met Arg Cys Asp Ile Val Met Thr Gln Thr Pro Leu Ser Leu Pro Val
20 25 30

Thr Pro Gly Glu Pro Ala Ser Ile Ser Cys Arg Ala Ser Lys Gly Val
35 40 45

Ser Thr Ser Gly Tyr Ser Tyr Leu His Trp Tyr Leu Gln Lys Pro Gly
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-continued

50 55 60

Gln Ile Ala Ser Leu

75

Leu Leu

70

Ser Pro Leu Tyr Tyr

Phe
85

Ser Thr Ala

90

Pro Asp Arg Ser Gly Ser Gly Gly

Ile Ser Arg Val Glu Ala Glu Val Leu

100

Asp
105

Gly Tyr

Thr
120

Phe Gln Thr

125

Ser Arg Leu Pro Leu

115

Asp Gly Gly

Ile Thr Val Ala Ala

135

Val Phe Ile

140

Lys Pro Ser Phe

130

Arg

Glu Gln Thr Ala Val

155

Ser Ser Val

150

Asp Leu

145

Lys Gly Cys

Phe Glu Ala Val Gln

170

Asn Tyr Pro Arg Val

165

Lys Trp Lys

Gln Gln Glu Ser Val Thr Glu Gln

185

Leu Ser Gly Asn Ser

180

Thr
195

Thr Thr Ser

205

Ser Leu Leu

200

Asp Ser Tyr Ser Leu Ser

Val Ala Glu Val Thr

220

Glu His His

210

Tyr Lys Lys Tyr

215

Cys

Ser Ser Pro Val Thr Ser Phe Asn Glu

225

Lys
230

Arg Gly

235

Cys

Glu

Phe

Tyr

110

Lys

Pro

Leu

Asp

Asp

190

Lys

Gln

Ser Gly

Thr
95

Leu
Cys Gln
Leu Glu
Ser

Pro

Asn
160

Leu

Asn Ala

175

Ser Lys

Ala Asp

Gly Leu

1-30. (canceled)

31. A lyophilized formulation of an anti-human PD-1 anti-
body, or antigen binding fragment thereof, made by lyophiliz-
ing an aqueous solution comprising:

a) 25-100 mg/mL of the anti-human PD-1 antibody, or

antigen binding fragment thereof;

b) about 70 mg/mL sucrose;

¢) about 0.2 mg/mL polysorbate 80; and

d) about 10 mM Histidine buffer at about pH 5.0-pH 6.0,

and
wherein the antibody, or antigen binding fragment thereof,
comprises:

1) a light chain comprising three CDR sequences SEQ D

NOs: 15, 16, and 17; and
ii) a heavy chain comprising three CDR sequences SEQ ID
NOs: 18, 19, and 20.

32. The lyophilized pharmaceutical formulation of claim
31, wherein the anti-human PD-1 antibody, or antigen bind-
ing fragment thereof, is present at about 25 mg/mL in the
aqueous solution.

33. The lyophilized pharmaceutical formulation of claim
31, wherein the aqueous solution has a pH of about 5.5.

34. The lyophilized pharmaceutical formulation of claim
31, wherein the antibody comprises a light chain comprising
amino acid residues 20 to 237 of SEQ ID NO: 36 and a heavy
chain comprising amino acid residues 20 to 466 of SEQ ID
NO:31.

35. The lyophilized pharmaceutical formulation of claim
31, wherein the antibody is h409A11.

36. A liquid pharmaceutical formulation of an anti-human
PD-1 antibody, or antigen binding fragment thereof compris-
ing:
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a) 25-100 mg/mL of the anti-human PD-1 antibody, or

antigen binding fragment thereof;

b) about 70 mg/mL sucrose;

¢) about 0.2 mg/mL polysorbate 80; and

d) about 10 mM histidine buffer at pH 5.0-6.0,
wherein the antibody, or antigen binding fragment thereof,
comprises:

1) a light chain comprising three CDR sequences SEQ 1D

NOs: 15, 16, and 17; and
ii) a heavy chain comprising three CDR sequences SEQ 1D
NOs: 18, 19, and 20.

37. The liquid pharmaceutical formulation of claim 36,
wherein the antibody comprises a light chain comprising
amino acid residues 20 to 237 of SEQ ID NO: 36 and a heavy
chain comprising amino acid residues 20 to 466 of SEQ 1D
NO:31.

38. The liquid pharmaceutical formulation of claim 36,
wherein the antibody is h409A11.

39. A method of treating cancer in a mammalian subject in
need thereof, the method comprising administering an effec-
tive amount of a pharmaceutical formulation of an anti-hu-
man PD-1 antibody, or antigen binding fragment thereof
comprising:

a) 25-100 mg/mL of the anti-human PD-1 antibody, or

antigen binding fragment thereof;

b) about 70 mg/mL sucrose;

¢) about 0.2 mg/mL polysorbate 80; and

d) about 10 mM histidine buffer at pH 5.0-6.0,
wherein the antibody, or antigen binding fragment thereof,
comprises:

1) a light chain comprising three CDR sequences SEQ 1D

NOs: 15, 16, and 17; and
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ii) a heavy chain comprising three CDR sequences SEQ ID
NOs: 18, 19, and 20.

40. The method of claim 39, wherein the antibody com-
prises a light chain comprising amino acid residues 20 to 237
of SEQ ID NO: 36 and a heavy chain comprising amino acid
residues 20 to 466 of SEQ ID NO:31 and wherein the effec-
tive amount comprises a dose selected from the group con-
sisting of about 1.0, 3.0, and 10 mg/kg administered at inter-
vals of about 14 days or about 21 days throughout the course
of treatment.

41. The method of claim 39, wherein the antibody com-
prises a light chain comprising amino acid residues 20 to 237
of SEQ ID NO: 36 and a heavy chain comprising amino acid
residues 20 to 466 of SEQ ID NO:31 and wherein the effec-
tive amount comprises a dose of 5.0 mg/kg or 10 mg/kg
administered at intervals of every 2 weeks or every 3 weeks
throughout the course of treatment.

42. The method of claim 39, wherein the subject has mela-
noma, the antibody comprises a light chain comprising amino
acid residues 20 to 237 of SEQ ID NO: 36 and a heavy chain
comprising amino acid residues 20 to 466 of SEQ ID NO:31,
and the effective amount comprises a dose of 3.0 mg/kg
administered at intervals of every 3 weeks throughout the
course of treatment.

43. The method of claim 39, wherein the subject is treat-
ment naive.

44. The method of claim 39, wherein the pharmaceutical
formulation is administered in a 30 minute IV infusion.

45. The method of claim 39, wherein the subject has been
previously treated with additional chemotherapeutics.

* %k k%
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Abstract. In 1989, Manning, Patel, and Borchardt wrote a review of protein stability (Manning et al.,
Pharm. Res. 6:903-918, 1989), which has been widely referenced ever since. At the time, recombinant
protein therapy was still in its infancy. This review summarizes the advances that have been made since
then regarding protein stabilization and formulation. In addition to a discussion of the current
understanding of chemical and physical instability, sections are included on stabilization in aqueous
solution and the dried state, the use of chemical modification and mutagenesis to improve stability, and
the interrelationship between chemical and physical instability.

KEY WORDS: formulation; protein stability; protein stabilization.

INTRODUCTION

In 1989, Manning, Patel and Borchardt wrote a review
summarizing what was known at the time about the stability
and stabilization of protein pharmaceuticals (1), an article
that has been referenced almost 500 times. In the late 1980s,
there were only three recombinant protein products on the
US market: Orthoclone (OKT-3), human insulin, and tissue
plasminogen activator. If one included plasma-derived prod-
ucts, the number of approved proteins only numbered about
a dozen. Clearly, recombinant DNA technology has drasti-
cally changed the pharmaceutical market. Now there are
nearly twenty antibody products and almost 150 approved
protein-based products that are commercially available in the
US alone. In addition, our knowledge regarding protein
stability and formulation has increased dramatically. The
purpose of this review is to provide an update regarding
what we have learned in the past 20 years. In addition to
updating the sections of the original review article, some
discussion is provided regarding topics that were not found in
the literature at the time, such as the interrelationship of
chemical and physical instability, instabilities that occur
during bioprocessing, the impact of lyophilization cycle on
protein stability, and the importance of packaging in main-
taining protein stability.

One can separate protein instabilities into two general
classes: chemical instability and physical instability. Chemical
instabilities involve processes that make or break covalent
bonds, generating new chemical entities. A list of the more
commonly observed chemical degradation processes is listed
in Table I. Conversely, there are physical instabilities for
proteins in which the chemical composition is unaltered, but
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the physical state of the protein does change. This includes
denaturation, aggregation, precipitation, and adsorption
(Table I). The term precipitation is used here to denote
insolubility rather than insoluble aggregate formation.

Our knowledge of all protein degradation pathways is
markedly greater than it was 20 years ago. Therefore, the
emphasis of this review is on the progress that has been made
since 1989. In addition, there were degradation processes and
topics that were barely discussed or observed at that time. Those
are now included as separate sections below. For example, there
have been many articles on increasing conformational stability
of proteins with various excipients, both in aqueous solution and
in the dried state. In addition, a brief overview is provided of
protein stabilization methods, including various drying methods,
chemical modification, and site-directed mutagenesis. Finally, a
discussion of the interrelationship between chemical and
physical instability is provided.

CHEMICAL INSTABILITY
Deamidation

Twenty years ago, it was already appreciated that
deamidation, which involves the hydrolysis of Asn and Gln
side chain amides, was a common degradation pathway for
proteins and peptides. It is still regarded as the most common
chemical degradation pathway for peptides and proteins.
From a regulatory perspective, deamidation generates proc-
ess-related impurities and degradation products. In addition,
it may contribute to increased immunogenicity (2).

At the time of the original review article, there were a
few examples of deamidation in pharmaceutically relevant
proteins, including human growth hormone (hGH) (3.4),
insulin (5), y-globulin (6), and hemoglobin (7). Moreover, the
effect of extrinsic factors, such as pH, temperature, and ionic
strength, were known as well (8). Since that time, the amount
of information now available on deamidation and related

544
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Table I. Chemical Instabilities Reported for Proteins of Therapeutic
Interest

Deamidation

Asp-isoAsp interconversion/isomerization
Racemization
Proteolysis
Beta-elimination
Oxidation
Metal-Catalyzed Oxidation (MCO)
Photooxidation
Free radical cascade oxidation
Disulfide exchange
DKP formation
Condensation reactions
pGlu formation
Hinge region hydrolysis
Trp hydrolysis

reactions has increased significantly, as can be found in a
number of excellent review articles (9-12) as well as entire
books on the subject (13,14). There is even a web site devoted
to this topic (www.deamidation.org).

Asn Deamidation

For those unfamiliar with this reaction, deamidation of Asn
residues under acidic conditions takes place by direct hydrolysis
of the Asn side chain amide to form only Asp. Under these
conditions, deamidation is subject to acid catalysis. Similarly,
Gln residues are converted to Glu (as is described in more detail

545

below). However, this mechanism is rarely observed, as the pH
must be less than 3. In neutral to basic solution (i.e., above pH
6), the mechanism changes to an intramolecular cyclization
reaction. The first step involves nucleophilic attack of the n+1
nitrogen of the protein backbone on the carbonyl group of the
Asn side chain (Fig. 1). This step is base catalyzed, since
abstraction or partial abstraction of the backbone amide proton
makes the nitrogen more nucleophilic, accelerating the reaction.
A cyclic imide (also called succinimide or Asu) intermediate is
formed (Fig. 1) with loss of ammonia. Since ammonia is a gas
and is typically not retained in solution, this step is effectively
irreversible. While the Asu intermediate often can be detected
as a degradation product in its own right (see below), it is readily
hydrolyzed in aqueous solution to form the Asp and isoAsp
products (Fig. 1). Formation of the Asu five-membered ring
intermediate is thought to be the reason that Asn deamidation is
more prevalent than Gln deamidation, as five-membered
heterocyclic rings are more stable than the six-membered rings
associated with GIn deamidation.

Consequently, deamidation generates two degradation
products (Asp and isoAsp) at the site of the original Asn
residue. Coupled with the possibility for racemization (15), four
possible products (L-Asp, D-Asp, L-isoAsp, and D-isoAsp)
could be formed. It is now known that racemization does not
occur to any appreciable extent from the Asu intermediate, as
was previously thought. Instead, it appears to be a parallel
degradation pathway (16). Dehart and Anderson have provided
a detailed kinetic description of the intramolecular cyclization
(17). The same observation of a lack of racemization via the
cyclic imide intermediate has been made for larger proteins as
well (18).
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Fig. 1. General mechanism for deamidation of Asn residues and isomerization of Asp to isoAsp (taken from
reference 1). Direct hydrolysis occurs below pH 4 while the cyclic imide pathway predominates at pH 6 and above.
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Effect of Sequence on Asn Deamidation

Some work had been done by 1989 on the effects of primary
sequence on deamidation, especially recognizing that Asn-Gly
were particularly prone to deamidation. Subsequently, the
influence of sequence was examined by Robinson and coworkers
in detail (19,20). Ultimately, their work on sequence effects
resulted in effective predictive schemes (14,21-25). In general,
two trends are apparent. First, having amino acids with smaller
side chains after the Asn residues leads to faster deamidation,
presumably due to lack of steric hindrance of the initial cyclization
reaction. Second, succeeding amino acids that have side chains
that can act as hydrogen bond donors tend to accelerate the
reaction, likely due to intramolecular hydrogen binding to the
carbonyl oxygen of Asn, making it more electrophilic and thereby
more reactive to nucleophilic attack.

As a result, one does not need to be concerned about
deamidation at every Asn residue. Only those Asn residues
followed by a small or hydrogen bond-donating (e.g., Ser, Asn,
or Asp) residues are found to exhibit deamidation on a time scale
relevant to the pharmaceutical scientist. For example, Chelius
et al. found that Asn deamidation in monoclonal antibodies
(MAbs) occurred at Asn—-Gly and Asn-Asn sequences (20),
while Xiao and Bondarenko found deamidation at Asn—Asp
sequences (27). Overall, Asn—Gly is the most reactive sequence
in polypeptides, consistent with the schemes of Robinson and
Robinson (Table IT). For the most part, the preceding residue
has little or no effect on deamidation rate, at least in solution.
However, Li ef al. have shown that Gln or Glu in that position
appears to accelerate deamidation in the solid state, presumably
by increasing hydration around the Asn residue (28).

For deamidation that occurs at acidic pH, the mechanism
does not involve cyclic imide formation at all. Instead, the
protonated amide side chain undergoes direct nucleophilic
attack by water. Therefore, it is not surprising that sequence

Table II. Relative Deamidation Rates for Asn—Xaa where Xaa is the
Succeeding Amino Acid (Taken from Reference 21)

% deamidation after % deamidation after

Residue 100 d (Tris buffer) 100 d (phosphate buffer)
Gly 38 873
Ser 9.8 34.6
His 7.7 332
Ala 5.6 17.9
Asp 4.8 19.0
Glu 3.0 13.1
Asn 1.5 13.5
Thr 2.0 12.3
Lys 1.8 104
Gln 1.7 10.1
Cys 1.1 7.3
Lys 1.8 10.4
Gln 1.7 10.1
Arg 1.6 9.4
Phe 1.1 73
Met 0.9 5.4
Tyr 0.9 5.4
Trp 0.4 5.0
Leu 0.3 5.4
Val 2.8
Ile 1.3
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has been found to play a minimal role in controlling
deamidation rates (29).

Effect of Higher Order Structure on Asn Deamidation

In 1989, the ability of higher order structure to influence
deamidation rates was just starting to be appreciated. In 1988,
Kossiakoff demonstrated that polypeptide chain flexibility
impacted deamidation rates (30). Other studies have since arrived
at the same conclusions, examining the relative deamidation rates
for Asn residues dispersed across a given globular protein
structure (31,32). In addition, a number of studies have shown
that placement of the reactive Asn residue within an ordered
secondary structure slows the reaction rate. This has been found
for a-helices (33,34), B-sheets (35), and B-turns (36,37).

Combining information about primary sequence along
with the location of an Asn residue within a three-dimen-
sional structure leads to improved predictive accuracy for
deamidation rates (22). Moreover, alterations in the three-
dimensional structure can affect deamidation rates. For
example, addition of ligands that induce w«-helical structure
in insulin slow deamidation at Asn®? (38).

Deamidation in Monoclonal Antibodies (MAbs)

Our knowledge regarding the stability and structure of
MADs has increased exponentially over the past 20 years.
This includes detailed studies of deamidation in these
pharmaceutically important molecules. In general, deamida-
tion is responsible for much of the heterogeneity observed in
MAbs along with other kinds of chemical instability and
glycosylation differences (39).

In 1992, Kroon et al. reported that OKT-3, the first
marketed monoclonal antibody product, undergoes deamida-
tion (40). Subsequently, there were sporadic reports of deami-
dation in MAbs over the next decade (41-43). In the last 5 years,
the number of reports on deamidation in MAbs has increased
significantly. Some focus on the effect of extrinsic factors (44),
some on sequence effects (26), while others emphasize the
analytical methods used to monitor and quantify deamidation,
which is primarily done by some type of mass spectrometry
(26,45-57). These studies provide a solid basis for monitoring
and quantifying deamidation in any protein or peptide. Other
groups have reported using charge separation methods to detect
and quantify deamidation in peptides and proteins (58-61),
while others have employed RP HPLC (62,63), peptide
mapping (64), and even Raman spectroscopy, which was
reported to detect deamidation (65). However, the latter is
quite insensitive, requiring deamidation to exceed 10%.

Prolonged storage of a human MAD resulted in deamida-
tion at both Asn and GlIn residues, as well as other chemical
instabilities, such as fragmentation and pGlu formation (66-68).
Those other degradation pathways are discussed below. What
appears to be true is that the factors controlling deamidation
rate (primary sequence, temperature, pH, etc.) in peptides and
smaller proteins are equally important in MADb degradation.

Deamidation of Other Protein Pharmaceuticals

In addition to the large amount of work on MAbs, a
number of other studies have appeared describing deamida-
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Table III. Protein of Pharmaceutical Interst Where Deamidation has
Been Observed

Compound Reference
tPA (69)
IL-11 (47,70)
thGH (71)
hGH (72)
Tetanus vaccine (73)
Anthrax vaccine (74)
Anthrax protective antigen (75)
Fc fusion protein (76,77)
Glucagon (78)
Lymphotoxin (31)
Protein G (79)
Hemoglobin (80)
NGF (81)
Hirudin (82,83)
IL-1 receptor (type II) (84)

tion in peptides and protein of pharmaceutical relevance,
including vaccines and antigens (47,69-84). These include the
entries in Table III. In general, any protein or peptide that
contains one of these reactive Asn—Xaa sequences will be
prone to deamidation over time.

Control of Deamidation Rates

A number of formulation approaches have been described
to slow deamidation. The most effective approach is to control the
pH. Deamidation for a single reactive Asn displays a V-shaped
pH-rate profile, with the minimum being between pH 3 and 6. In
addition, being a chemical reaction, it displays typical Arrhenius
behavior, provided the protein or peptide does not change
conformation appreciably across the temperature range of study.

Interestingly, it is possible to slow deamidation rates by
altering the conformation of the protein. Even in 1989, it was
known that a specific set of phi/psi angles is needed to allow the
intramolecular nucleophilic attack to form the Asu intermedi-
ate (85). Phi and psi refer to the dihedral angles for the Ca-N
bond and the C(O)-Ca bond, respectively. Therefore, limiting
the flexibility of the peptide chain should and does slow
deamidation. This is the basis for slower deamidation rates in
well-defined and rigid higher-order structures (see above). It is
possible to alter polypeptide chain flexibility using excluded
solutes. Addition of sucrose to a flexible peptide caused it to
adopt a B-turn conformation, thereby slowing deamidation
(86). Sugars and polyols compact the structure of alcohol
dehydrogenase and thereby slow deamidation in both the apo
and holoenzymes (87). Similarly, removal of C-terminal amino
acids in histidine-containing protein allows deamidation to
proceed, presumably by removing steric constraints (88).

Finally, one can imagine that formulations that lower NH
acidity would slow deamidation rates. This has been done
using nonaqueous solvents (33,89), although these same
solvents can also affect conformation, viscosity, and solvent
dielectric, so the effect might not be entirely due to
modulation of acid-base properties. The effect of viscosity
has been described for model peptides (90,91). Similarly,
dielectric and viscosity effects have been examined for Asp
isomerization in MAbs (92,93). In that case, increased
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chemical stability was obtained at the expense of reduced
conformational stability. Therefore, such approaches using
nonaqueous solvents may not be viable for many globular
proteins but could work for peptides, where solution con-
formation is less important to maintaining biological activity.

Prior to 1989, it was known that certain buffers exhibited
buffer catalysis of Asn deamidation. Most buffers had been
shown to exhibit some degree of buffer catalysis. Therefore,
limiting the amount of buffer used should slow deamidation
rates. In the last 20 years, relatively little has been done on this
topic. Tyler-Cross and Schirch (29) demonstrated that deami-
dation of model peptides exhibited general base catalysis, but
they did not observe specific base catalysis in their studies. So,
apart from some observations on buffer effects, little has been
done on mechanistic aspects of catalysis of deamidation. As for
more recent observation on buffer effects, Girardet et al.
reported that phosphate buffer increased deamidation rates in
a-lactalbumin faster than tris buffer at pH 7.4 (94). Zheng and
Janis conducted a detailed study on buffer effects on deamida-
tion in a MADb, looking at tartrate, citrate, succinate, and
phosphate (44). They found that citrate was the best choice,
while the pH had to be less than 5.

Deamidation in the Solid State

The propensity of peptides and proteins to degrade
chemically while in the solid state has been reviewed by Lai
and Topp (95). Briefly, many of the reactions described here,
including deamidation, have been observed for polypeptides
in the solid state as well. For example, the deamidation rates
of both cyclic and linear peptides were investigated in the
solid state (37). A comparison of deamidation rates between
solution and in the solid state can be found as well (96).
Finally, Houchin and Topp (97) have recently reviewed the
chemical degradation of peptides and proteins, including
deamidation, encapsulated within PLGA microspheres.

GlIn Deamidation

Our knowledge base regarding deamidation of GIn has
increased tremendously over the past 20 years. It is still true that
deamidation of Gln residues is less common than for Asn.
Recall that cyclization of Asn residues leads to a five-membered
ring. With Gln, that same intermediate is a six-membered ring,
which is less favorable thermodynamically than the smaller ring.
Certainly, Gln deamidation was known in 1989 (19). Yet, so little
was reported that it was not discussed in our previous review.
Since then, Joshi and Kirsch have reported some detailed
mechanistic studies on Gln deamidation in peptides (78,98,99).
A number of reports have found Gln deamidation in larger
proteins, such as crystallins (100) and MAbs (101).

Theoetical Studies on Deamidation

In addition to the explosion of experimental studies on
deamidation in peptides and proteins, a number of theoretical
studies have emerged as well. These include molecular dynamics
(MD) simulations (102) and ab initio calculations (103-105). Of
note, Radkiewicz et al. 2001 showed that backbone conforma-
tion (i.e., phi—psi angles) affect acidity of the NH group (106).
Gly, being able to sample more conformational space, shows
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increased NH acidity, which would contribute to increased Asn
deamidation rates. Therefore, the increased reactivity of Asn—
Gly sequences might not be entirely due to lack of steric
hindrance to intramolecular nucleophilic attack.

Succinimide Formation

In general, deamidated forms (Asp and isoAsp), as well
as the corresponding cyclic imide (Asu) intermediates, have
been isolated and identified, especially in peptides. The cyclic
imide intermediate has been repeatedly isolated and charac-
terized in monoclonal antibodies. Groups from Amgen used
hydrophobic interaction chromatography (HIC), cation
exchange chromatographjy (CEX), and liquid chromatography-
mass spectrometry (LC-MS) to identify Asu formation in
MADs, especially IgG2s, that were stored at elevated temper-
atures (56,57,107,108). The primary degradation product
appears to be the cyclic imide (Asu) intermediate at position
30 of the light chain (LC). Other studies have reported Asu
formation at position LC32 (109) and residue 102 of the heavy
chain (43).

Succinimide formation has been reported in other
systems. For example, stressed samples of hGH form a
succinimide product at an Asp-Gly site that was isolated
and quantified using reversed-phase HPLC (110). Similar
degradation has been reported for glial cell line-derived
neurotrophic factor, which forms a succinimide product at
position 96 (111). The degraded form was identical to the
native protein in structure, pharmacokinetics and activity.
Lysozyme has also been reported to form a succinimide
product at a Asp—Gly site as well (112).

Asp Isomerization

Once the cyclic imide intermediate forms, it can open to
form either Asp or isoAsp products (Fig. 1). Such a
mechanism indicates that Asp itself could cyclize to form
the same succinimide (Asu) species, thereby allowing con-
version from Asp to isoAsp. This reaction has been called
Asp-isoAsp interconversion, but is more commonly referred
to as Asp isomerization. The rate-limiting step is the same for
both deamidation and Asp isomerization, that is, the rate is
controlled by formation of the cyclic imide intermediate.
Consequently, the same approach can be taken to slow each
reaction. In other words, pH provides the greatest degree of
control by slowing deprotonation that leads to intramolecular
cyclization. Early work on this reaction indicated that only
the protonated form of Asp isomerizes, i.e., there is much
lower reaction rate above pH 5 (113). In fact, above pH 8, the
reaction is independent of pH and buffer concentration.
Below pH 3, only hydrolysis is observed. The size of the C-
terminal amino acid retards the formation of the cyclic imide
intermediate (114), thereby slowing Asp isomerization. Steric
constraints affect cyclization rates, as with deamidation (88).

Since the original review was published, Asp isomerization
has been reported in many systems, especially monoclonal
antibodies (27,43,55,92,93,107,108,115). Some of the same LC-
MS methods used to identify deamidation in MAbs have been
used to monitor Asp isomerization as well (27,55,116). Both
degradation pathways have been observed in MAbs (43,55).
Specifically, Asp isomerization has been reported at position 32
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in the light chain (93,109) and position 102 in the heavy chain
(43). For Asp—Asp sequences in MAbs, both Asp isomerization
and Asp-assisted hydrolysis were observed (27).

Racemization (which is discussed in more detail below)
has been observed concomitantly with Asp isomerization
(63), similar to the observations with deamidation (13,15).
This emphasizes once again how interconnected many of
these chemical degradation pathways can be.

Other proteins of pharmaceutical interest besides MAbs
have been reported to undergo Asp isomerization. For
example, Asp” isomerization has been shown to be the
primary degradation pathway for NGF (81), while Asp
isomerization (at Asp*’ and Asp*’) has been found in IL-11
as well (70). Dette and Witzig were able to resolve the
isoAsp product of Asp isomerization in recombinant hirudin
using capillary electrophoresis (117).

Outside of controlling pH and temperature (see above),
little has been reported on formulation strategies to slow Asp
isomerization. The use of excluded solutes to provide
conformational stability in a MAb actually decreased chem-
ical stability by accelerating Asp isomerization (92). Presum-
ably, changing the succeeding amino acid (in the n+l
position) would also slow the reaction, but no detailed studies
of that type have been reported.

Asp Hydrolysis

There is a third reaction that is associated with degradation
at As/Asp residues and that is Asp-associated hydrolysis of the
peptide backbone (also known as proteolysis). Unfortunately,
there are few reviews available on the topic, with the most
extensive dating back to 1983 (118). Since this reaction also
involves intramolecular cyclization, it is not surprising that
proteolysis shows the same pH-rate profile and sensitivity to
buffer catalysis as deamidation (119). The mechanism was
delineated in detail by Joshi and Kirsch (78), with nucleophilic
attack occurring at the ionized side chain of Asp on the
protonated carbonyl of the peptide backbone. This produces
an anhydride species and release of the N-terminal portion of
the peptide chain. There is some information available on the
effect of primary structure on Asp hydrolysis. The presence of
Ser or Tyr at position n+l can accelerate reaction (98,99).
Similarly, having Ser or Val at position n+1 accelerates
hydrolysis relative to Asp isomerization (114).

Other similar hydrolysis reactions have been reported.
For example, the Asn-Pro bond appears to be particularly
labile in the presence of ammonia (120). A similar degradation
process has been reported for the Asp®*—Pro® bond in NGF
(81). The peptide linkages in either side of Pro and Trp were
found to hydrolyze in spantide II, a bioactive peptide (121).

Hinge Region Hydrolysis

Hydrolysis of the peptide backbone has been seen in
antibodies even when Asp is not present. This reaction occurs
most frequently within the hinge region of the antibody, so it
is known as hinge region hydrolysis. However, it can occur at
the Cy2-Cy3 interface as well (67). Typically, it occurs in
IgGls, so the reaction is likely influenced by the flexibility of
the peptide chain. This reaction is distinct from the enzymatic
hydrolysis that can occur in this region with antibodies (39).
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There have been a number of detailed studies on this
process. The first study reported cleavage in the hinge region
of mouse MAbs (122), showing that the reaction can occur
under basic pH conditions (122). Fragmentation, along with
other chemical instabilities, was reported in OKT3, which is a
mouse IgG2a antibody (40,123). Using MALDI-TOF and
capillary electrophoresis, Alexander and Hughes found hinge
region hydrolysis to occur in chimeric mouse/human IgGs
(124), as was also reported by Paborji et al. (125).

The general nature of this reaction was shown by Cordoba
et al., who showed that hinge region hydrolysis occurred in four
different human IgGls (126). The observed fragmentation
pattern indicated that the hydrolysis reaction is not specific to
a particular peptide bond, but occurs within a narrow range of
residues. In this case, hydrolysis was limited to the heavy chain
sequence Ser-Cys-Asp-Lys-Thr-His-Thr. Similarly, descriptions
of hinge region hydrolysis, detected in the course of mass
spectrometry studies on MAbs, were reported as well (127,128).
While chain flexibility appears to be important, recently it was
demonstrated that conformational instability of Fab region leads
to increased rates of hinge region hydrolysis as well (129).

The pH-rate profile for hinge region hydrolysis is V-shaped
(130), with a minimum near pH 6. The rate increases linearly
with pH above pH 6. The study by Cordoba et al. indicated that
EDTA and protease inhibitors have no effect on hydrolysis rates
(126). In addition to the more general hinge region hydrolysis
described above, there have been reports of metal-assisted
hydrolysis of MADbs in the same region (131,132). In these cases,
chelating agents have some ability to slow degradation.

Trp Hydrolysis

In addition to these better-known degradation processes,
other functional groups are also sensitive to hydrolysis. For
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example, the side chain of Trp is known to undergo hydrolysis.
The primary degradation product is called kynurenine (133-135),
which fluoresces at much longer wavelength (450 nm) than Trp
itself. Kynurenine and related substances can also form during
oxidative degradation of Trp as well (see below).

Racemization and 3-Elimination

These two degradation pathways are interrelated, as the
initial step is the same: deprotonation of the hydrogen on the
a-carbon (Fig. 2). Usually, C-H bonds have little acid-base
reactivity, but the C-H bond of an amino acid does have
some acidic character. As a result, racemization is usually a
very slow process, so slow that it can be used to date artifacts.
In vivo, a number of proteins have been reported to racemize,
as in crystallins from the lens of the eye (136,137) and myelin
in muscle (138).

Typically, the racemization occurs at Asp residues (138),
although racemization at Asn'?’ in murine lysozyme has
been reported (139). Why this residue is more reactive is
not yet known. A more extensive summary of amino acid
racemization can be found in the review by McCudden and
Kraus (140).

Once the Ca—H bond ionizes, recombination can lead to
racemization (Fig. 2). On the other hand, the resulting
carbanion can rearrange and eject a leaving group from the
B-carbon, producing a double bond between the alpha- and
beta-carbon. This is p-elimination. At high temperatures, it
appears that B-elimination of Cys residues occurs readily in a
number of proteins (141). Among proteins of pharmaceutical
interest, p-elimination has been reported for IL-1ra (142) and
insulin (143). It has also been shown that 3-elimination occurs
under conditions causing hinge region hydrolysis (144).
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Fig. 2. General mechanism for racemization and B-elimination in proteins (taken from reference 1).
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DKP Formation

One other N-terminal cyclization process has been
described in some detail. Note that the N-terminal amino
group can be a potent nucleophile, especially above pH 8. If
the amine attacks the second carbonyl group in the peptide
backbone, a diketopiperazine (DKP) ring is formed. Degra-
dation of the N-terminus of a peptide or protein by DKP
formation has been commonly observed during long-term
storage and during peptide synthesis (145-147).

This reaction was initially observed in peptides (148),
where the DKP ring can rearrange, either with loss of the first
two amino acids or reversal of their positions in the chain.
The extent of DKP formation depends on percentage of
terminal amino groups in the free base form (17,149,150).
Under acidic conditions, the reaction is quite slow and pH-
independent. Kinetic analyses of DKP formation in peptides
have examined the effects of pH, buffer type and concen-
tration and temperature (17,149-151). The first-order rate
constant generally increases with increasing buffer concen-
tration, except for carbonate, which shows no concentration
dependence (150). Degradation caused by DKP formation
was shown to be responsible for the N-terminal heterogeneity
observed in hGH (145) and substance P (152). Further details
of the reaction kinetics of DKP formation have been
presented recently (17).

To the extent that DKP formation leads to reduction in the
length of the polypeptide chain, it can be considered a proteolytic
reaction. Rearrangement of a DKP from the first two amino
acids, via cleavage of the peptide bond C-terminal to the second
amino acid, produces a clipped protein reduced in molecular
weight by the mass of the two amino acids. In solution, DKP
formation is common for proteins with the N-terminal sequence
NH,-Gly-Pro (153).

pGlu Formation

This reaction was not covered in the original 1989 review,
although there were some literature references prior to that
date (e.g., references 154-156). This reaction involves nucle-
ophilic attack of the N-terminal amine on the side chain of a
Glu residue (and occasionally a Gln residue) to form a five-
membered ring structure (Fig. 3). In other words, non-
enzymatic formation of pyroGlu (pGlu) follows a mechanism
similar to that for DKP formation in that it involves
nucleophilic attack of the N-terminal amine on the polypep-
tide chain. In this case, site of attack is the carbonyl group of
the N-terminal Glu side chain, resulting in elimination of
water (Fig. 3). This cyclized, N-terminal structure is often
observed in monoclonal antibodies due to the frequency of
Glu in the first position of the light chain and occasionally in
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the heavy chain (45,67,157-162). Most often, the presence of
pGlu is detected using mass spectrometric techniques. The
pGlu degradation product has been seen to increase during
prolonged storage of MAbs (67,160). In some cases, the
conversion to pGlu at the N-terminus of the heavy chain has
been quantitative (127). Formation of pGlu has also been
reported in variants of BMP-15 (163).

As the reaction involves nucleophilic attack, rates of pGlu
formation are typically pH-dependent. The pH dependence of
the reaction has been reported (67,162), although the data are
quite limited compared to the detailed pH profiles published
for other hydrolytic reactions. It appears that the nature of the
buffer has an effect on the rate of pGlu formation (162,164).
Phosphate appears to cause more rapid cyclization, at least in
model peptides (164). At lower pH, acetate appears to be the
best buffer species for slowing pGlu formation (162). Finally, it
has been reported that pGlu can be formed from N-terminal
Gln residues as well as Glu, although the reaction appears to
be slower with Gln than with Glu (154,165).

Glycation of Proteins

Glycation occurs when a protein is incubated in the
presence of a reducing sugar. It involves the reaction with a
base, typically the side chain of lysine and a carbonyl group of
a reducing sugar. This leads to formation of a Schiff base,
which can undergo rearrangement to more stable products.
Altogether, these associated reactions are termed the Mail-
lard reaction or non-enzymatic browning after the color that
evolves.

The Maillard reaction can occur in the solid state as well
as in aqueous solution (95). For example, recombinant
DNAse I undergoes glycation in dried formulations (166).
Glycation occurs in vivo as well as in vitro. In fact, the extent
of glycation of hemoglobin in vivo is a distinctive marker for
diabetes (167).

The mechanism of glycation has been outlined in some
detail recently (168). When glycation occurs, it is known that
it can affect function (169), although it has been shown not to
affect binding affinity of certain antibodies (168). However, it
can affect the overall stability of the molecule. For example,
the Maillard reaction can lead to more labile peptide linkage,
as in relaxin (170).

This degradation pathway is one of the primary reasons
that formulation scientists tend to avoid using reducing sugars
(glucose, lactose, fructose, maltose) in formulations. How-
ever, reducing sugars can be generated in situ by hydrolysis of
sucrose. Smales et al. demonstrated this for sucrose-based
formulations undergoing viral inactivation at elevated tem-
peratures (171,172). Similarly, glycation in sucrose-based
formulations has been observed during storage studies as
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Fig. 3. Conversion of Glu to pGlu.
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well (173-175). However, these usually require elevated
temperatures and acidic pH. Note that the glycosidic bond
of trehalose appears to be much stronger than for sucrose, as
trehalose formulations rarely, if ever, display this type of
decomposition. On the other hand, low pH has been shown to
lead to sucrose instability and subsequent glycation (174). In
fact, glycation happens about 2,000-fold faster with sucrose
than trehalose at pH 2.5 (176) due to formation of glucose
and fructose upon sucrose hydrolysis.

The sites of glycation usually involve lysine residues,
although Arg residues and the N-terminus can be involved as
well. It is known that certain lysines are more reactive in MAbs
(177) than others with respect to glycation. The basis for the
enhanced reactivity is unclear, although basicity and solvent
accessibility are likely to be important. Glycation has been seen
for IgG2s (178), as well as IgGls (177). Some buffer catalysis has
been observed for glycation (179), at least with y-globulin, with
phosphate accelerating the reaction. However, buffer catalysis
was not seen with BSA or ovalbumin.

Oxidation

Chemical degradation of a protein due to oxidation is the
other primary degradation process that occurs, along with the
hydrolytic reactions described above. Any protein that contains
His, Met, Cys, Tyr and Trp amino acids can be potentially
damaged by reaction with any of a number of reactive oxygen
species (ROS) (180-184). Oxidation of these reactive side
chains in a protein can occur during any stage of protein
production, purification, formulation and storage (40,185-187).

Our understanding of chemical degradation caused by
oxidation of proteins has greatly expanded over the last 20 years.
The rate of oxidation is affected by both intrinsic and extrinsic
factors. Intrinsic actors include the flexibility of the peptide
backbone (188) and the overall structure of the protein (188-190).
In addition, extrinsic factors, such as pH (191-193) and buffer
type (191,194), can affect oxidation rates of proteins as well.

Oxidation of proteins and peptides are usually broken
down into two general categories: site-specific (i.e., metal
catalyzed oxidation or MCO) and non-site specific reactions,
which includes photooxidation and free radical cascades. The
latter can be initiated from a variety of sources, leading
primarily to Met and Trp oxidation.

Met Oxidation

The chemical stability of methionine (Met) residues has
been shown to be important for conformational stability and
protein function (191,195-197). Unlike hydrolysis reactions, it
appears that Met oxidation is nearly pH-independent (191).
Therefore, one cannot control oxidation by adjusting pH.
Oxidation of Met can be accomplished with a wide range of
ROS. Even molecular oxygen is potent enough to convert the
side chain of Met to its corresponding sulfoxide. One must keep
in mind that reaction with oxygen in aqueous solution will
involve the temperature dependence of oxygen solubility in
water, which increases as the temperature is lowered (198). So,
while Met oxidation typically follows Arrhenius behavior,
reactivity may actually increase in refrigerated samples due to
the higher solubility of oxygen than at room temperature. As
these reactions are propagated by free radicals, it must be
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recognized that there are many potential sources of free radicals,
including containers (199,200) and excipients (see below).

Even at the time of the 1989 review, it was known that
different Met residues oxidized at different rates (201). How-
ever, little was known beyond that observation. What appears to
be most important in controlling oxidation rates in proteins is
the degree of solvent accessibility of the particular residue,
allowing the oxidizing species to attack the side chain readily.
Therefore, a Met residue that is fully solvent-exposed will
exhibit a maximal rate of oxidation, while a buried side chain
will oxidize very slowly (187,202-205). In other words, the ROS
must be able to access the side chain easily for oxidation to
proceed rapidly. This also means that while proteins have some
ability to protect certain groups against Met oxidation because
of their ability to bury the side chain in the interior of the
protein, peptides do not have this ability to protect themselves
against oxidation (206). Peptides lack higher order structures,
causing the amino acids to be fully solvent-exposed at all times,
resulting in maximum rate of oxidation for Met.

So, while solvent accessibility is key for controlling
oxidation rates, it may not be the only important factor. Some
evidence has also been presented that the rate of Met oxidation
is linked to or correlated with conformational stability (207-
209). Moreover, near the melting temperature of the protein,
one can observe non-Arrhenius kinetics due to large-scale
structural changes (208).

Oxidation of Met residues has been widely reported for
MADs, especially those in the Fc region (186,202,210). In one
study, the exact distribution of oxidized residues differs
whether the protein is stored for an extended period of time
or subjected to t-BuOOH (186). This illustrates the fact that,
while forced oxidation studies are valuable in formulation
screening, they may not produce the exact distribution of
products seen during long-term storage.

Metal-Catalyzed Oxidation (MCO)

Metal-catalyzed oxidation occurs when a redox active metal
binds to a protein. The ligands are often Gly, Asp, His and Cys.
Of these amino acids, His and Cys are sensitive to oxidative
damage, as the ROS generated at the metal center does not have
to diffuse very far before reacting with the protein (211).
Mechanistic studies show that the metal ion and peroxides
undergo a Fenton-type reaction, creating free radicals (212). The
products of the oxidation of His are varied (213), but 2-oxo-His
appears to be the major oxidation product. The 2-oxo-His
product has been detected in human relaxin (214), prolastin
(215) and human growth hormone (211,216).

Trp Oxidation

Oxidation of Trp residue can occur, even in the absence
of light. The primary products are kynurenine derivatives
(217), especially when iron-based oxidants are used. The
oxidation of Trp has been seen in MAbs, leading to new
peaks in both SEC and RP HPLC chromatograms (218).

Photooxidation

In 1989, little was known about photolytic degradation of
proteins beyond some reports regarding heme proteins that
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absorbed in the visible wavelength region. Since then, exposure to
light has been recognized as a potential source of chemical
degradation, as reflected in the ICH Guidelines Q1B. Recently, a
number of reviews have been published that describe sources of
light exposure, degradation mechanisms and potential methods to
reduce damage caused by light (183,185). When a protein is
exposed to light, species are generated that will cause chemical
oxidation to amino acids that are sensitive to the light-induced
oxidation, which are Trp, Tyr and Phe. The light-induced oxidation
reaction pathway starts when a photon is absorbed, causing an
electron to enter an excited state (185). From the excited state, the
amino acid has a number of degradation pathways resulting in
different products. It now appears that photodegradation, espe-
cially photooxidation, is a common degradation pathway for many
proteins, as exemplified by photodegradation on numerous
proteins found in milk (219).

Trp is most sensitive to the light above 300 nm of the
four amino acids, as it absorbs the bulk of the light at these
wavelengths. Recently, a number of examples of photolytic
damage to pharmaceutical proteins have been reported,
primarily involving photooxidation of Trp. In IgG monoclo-
nal antibodies, the oxidation of the Trp appears to cause loss
of bioactivity and discoloration for high concentration for-
mulations (192). The rate of oxidation for the high concen-
tration antibody formulation is a pH-dependent process and,
at basic conditions, can result in soluble aggregates (192).
Another MAb, MEDI-493, showed a loss of binding and
biological activity when irradiated with UV light, caused by
oxidation of Trp (220). Another study measured the effect of
exposing three different monoclonal antibodies to 254 nm; all
three antibodies showed an increase in the percentage of
aggregates over the course of the study (221). Structural
changes were observed in recombinant human interferon-a,,
when exposed to UV radiation measured by absorbance,
circular dichroism (CD) and fluorescence (222).

When Trp is photoexcited by absorbing near-UV light, it
can affect neighboring amino acids and, in doing so, can
reduce disulfide bonds (193,223). The photoionization of Trp
can reduce disulfide bonds by electron transfer, resulting in
chemical and physical degradation of the protein (193,223—
225). Studies with different proteins have demonstrated the
ability of photoexcited Trp to reduce disulfide bonds in both
the liquid (223,224,226,227) and solid-state matrixes (225).

Please consider one final note on photooxidation. It is
possible for photooxidation to be facilitated by polysorbate,
that is, polysorbates (also known by their trade name as
Tweens®) have been shown to be photoenhancers, leading to
more facile production of singlet oxygen (228). Therefore,
increased oxidation of proteins may not be solely due to
oxidative impurities in the surfactant.

Cysteine Oxidation

While the primary oxidative process involving Cys
residues is formation of disulfide linkages (see below), they
are also subject to other oxidation processes as well. For
example, they can form sulfenyl species (229), where an
oxygen atom is added, in much the same way that Met is
oxidized to a sulfoxide. Thiol oxidation has been shown to
ablate the activity of alcohol dehydrogenase (87). In addition,
there is a growing body of literature on formation of thiyl
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species, sulfur-based free radicals that can form from photo-
lytic initiation or disulfide decomposition (230).

Protection Against Oxidation

A number of approaches can be used to limit oxidation
of the proteins, which are dependent oxidation mechanism.
Oxidative damage caused when a protein is exposed to UV
radiation can be limited by adjusting the secondary packaging
and addition of additives to the formulation (185,192).
Otherwise, formulation strategies for mitigating oxidation
are somewhat limited. Minimizing exposure to oxygen, by
reducing the headspace in the vial, appears to be effective
(225,228,231). This is particularly important for Met oxida-
tion, where even less potent oxidants can cause damage.

Limiting the solvent accessibility of oxidation-sensitive
side chains is one possible strategy, which has been shown to
work for subtilisin (232) and alkaline protease (233). On the
other hand, sucrose increases the oxidation rate of Factor VII
(234), for reasons that are not yet known. While compounds,
such as mannitol, have been reported to be free radical
scavengers (235,236), there are no reports of them being
effective at reducing oxidation in biopharmaceutical proteins.

However, it has been shown that sugars and polyols can
complex metals at high concentrations, thereby reducing
MCO-induced damage (237). Sacrificial additives can be
employed, with the intention of having these compounds
oxidized instead of the active ingredient. This has been shown
to be an effective strategy for free Met (228,238,239), for N-
Ac-Met (240), for thiosulfate (228), and for N-Ac-Trp (241).

Control of MCO can be accomplished, in some cases, by
the addition of EDTA (242,243). Such chelating agents can
reduce the reactivity of these metals. Keep in mind that the
binding affinity of EDTA decreases significantly below pH 5,
where the carboxylate side chains become protonated. Note
that antioxidants, such as ascorbate, while effective at
reducing lipid peroxidation, can actually increase the reac-
tivity of transition metals and increase MCO-mediated
damage (211,244-246). Otherwise, minimizing the levels in
the bulk drug and excipients used is the other factor that will
lead to improved storage stability with respect to oxidation.
Many excipients carry oxidative impurities, including poly-
sorbates (247-249) and PEG (242,250,251). A review of
peroxide impurities in excipients has been published (252).

Disulfide Scrambling

The ability of Cys residues to form disulfide bonds has
been known for decades. While they can play a significant
role in aggregation, through covalent cross-linking (see
below), they can also affect the overall conformation of a
protein, as occurs during rearrangement of existing disulfides
within a molecule. As discussed above, removal of free Cys
residues (the reduced form), which can act as the starting
point for disulfide scrambling or exchange, can retard this
process significantly. Even though the number and type of
chemical bonds in the rearranged forms are identical, because
chemical bonds have been broken and formed, this should be
considered a type of chemical instability.

A number of articles have now appeared about the
formation of disulfide isoforms in IgG2 monoclonal anti-
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bodies. The preferred method for detecting and quantifying
these disulfide species appears to be capillary electrophoresis
(CE) in the presence of SDS (253-255), although RP-HPLC
and LC-MS has also been reported to resolve them as well
(128). There appears to be a functional difference associated
with placement of the disulfides in IgG2s (256,257). This
demonstrates how rapidly our understanding of the molecular
details of these complex molecules is evolving.

PHYSICAL INSTABILITY

Physical instability refers to any process whereby the
protein changes its physical state without any change in the
chemical composition. In particular, this review, like the one
in 1989, will focus on four processes: denaturation, surface
adsorption, aggregation and precipitation. For the purposes
of this review, aggregation is restricted to formation of soluble
aggregates, where precipitation refers to a macroscopic event
where the protein can be seen coming out of solution. As
seen below, precipitation may or may not be connected with
aggregation. It may simply be due to conditions whereby the
protein has exceeded its solubility limit.

Each of these four topics is extensive and continues to
evolve. Therefore, the purpose is not to provide a compre-
hensive overview of each topic. Rather, the intent is to
demonstrate how our understanding of protein stability in
each of these areas has increased over the past 20 years or so.

Denaturation

Denaturation denotes the loss of the globular or three-
dimensional structure that most proteins adopt. This globular
structure is referred to as the native state, although it is well
understood that it is really a multiplicity of microstates (258).
Consequently, upon unfolding or denaturation, the protein
changes its physical state, but the chemical composition
remains the same. Denaturation can involve the loss of
secondary or tertiary structure (or both).

Thermal Denaturation

Probably the most common stress that causes the
globular structure of proteins to be lost is elevated temper-
ature. A plot of temperature vs. the fraction of unfolded
protein is sigmoidal, with the midpoint being denoted as the
T value (standing for the temperature of melting). In
general, one can imagine that increasing 7), reflects an
increase in conformational stability. Assuming that the
thermal transition from the folded to the unfolded state has
a similar degree of reversibility (see below), this is possibly
true (259). However, in the past 20 years, it has been shown
that reversibility may be an even better indicator of storage
stability than Ty, values (260,261). Consequently, other
measures of conformational stability, as from chemical
denaturation studies (see below), may be more reliable for
guiding formulation decisions.

Most often, thermally induced denaturation is irrever-
sible, as the unfolded protein molecules rapidly associate to
form aggregates. This behavior is often observed during
thermal denaturation studies using DSC. Even since the
report by Sanchez-Ruiz et al. on using the scan rate depend-
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ence of Ty, (262), there have been numerous reports of using
DSC to examine aggregation rates by varying the scan rate.
The problem has been that it assumes certain kinetics. More
recently, efforts have been made to develop more general
kinetic schemes (e.g., references 263,264). While they remove
some of the limitations of previous approaches regarding the
reaction order, the mathematics associated with these
schemes can be quite involved.

Cold Denaturation

While the process of cold denaturation has been known
since 1961 (265), there have been few reports of proteins
undergoing cold denaturation (266). This is because the vast
majority of proteins exhibit cold denaturation well below the
freezing point of water. This would imply that it is not of great
significance with respect to protein denaturation. However,
one must realize that the glass transition temperature of the
maximally freeze-concentrated state (7,’) is usually well
below —20°C, even in the presence of common stabilizers,
such as sugars. This means that proteins will have a mobility
in the —20°C frozen state that is similar to that in fluid
solution. Consequently, the potential for cold denaturation
may be greater than previously believed. For example, a
recent study on IL-1ra estimated that the cold denaturation
temperature is ~—10°C (209), easily accessible in the frozen
state unless the storage temperature is well below —30°C.

Chemical Denaturation

Another common method used to unfold proteins, and
thereby determine the free energy of unfolding, is the
addition of chaotropes, that is, compounds that cause the loss
of the globular structure of proteins. The most common of
these, by far, are urea and guanidinium hydrochloride
(GnHCI). Analysis of these sigmoidal curves to determine
the free energy of unfolding (AG,) has been summarized
quite well in reviews by Pace and coworkers (267-269).

There is a difference of opinion as to whether the free
energy of unfolding indicated by thermally induced denatura-
tion and chemically induced denaturation correlate. For
example, one group finds a good correlation (270), while
one group finds just the opposite (271). The differences might
be due to the variability in protein size, slight differences in
reversibility or even differences in the temperature depend-
ence of the pre- and post-transition regions (272).

The mechanism by which these compounds disrupt and
destabilize the globular structure is still under intense
investigation. Even in the past year, a number of papers have
appeared about whether a chaotrope destabilizes the native
state or stabilizes the unfolded state (273-276). In addition,
urea appears to impede the hydrophobic collapse associated
with formation of the globular native state (275). One thing is
clear. Unlike excluded solutes, chaotropes appear to bind to
proteins, reducing their chemical potential. As the unfolded
state has a much larger surface area than the native state
(usually), the chemical potential of the unfolded state is
lowered to a greater degree. When it falls below that of the
native state, the protein unfolds. It has been reported that the
addition of high concentrations of either urea or GnHCI can
alter the pKa of amino acid side chains by 0.3 to 0.5 units
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(277). This alone could affect the conformational stability of
the protein via increased electrostatic repulsion.

Pressure-Induced Denaturation

Another area that was virtually unknown in 1989 is the
idea of using high pressure to unfold proteins. Since then, a
number of good articles on the topic have appeared
(278,279). Typically, pressures of greater than 2,000 bar
(~2,000 atmospheres) are required, with up to 4,000 bar
often needed (279). The molecular basis for pressure-induced
denaturation was recently described (280). Also, the ability of
osmolytes or excluded solutes to stabilize proteins appears to
work for pressure-induced denaturation as well (281). In
general, pressure-induced denaturation appears to be fully
reversible, unlike other stresses that cause protein unfolding
(e.g., reference 282). It should be noted that intermediate
pressures, 1,000-1,500 bar, can be used to dissociate aggre-
gates and allow for facile refolding of aggregated protein
(283,284).

Denaturation in the Solid State

Proteins can denature at elevated temperatures, even
when in the solid state, where one would imagine mobility is
quite limited. For the most part, the reported denaturation
temperatures for dried proteins are quite high, often above
150°C (285-287). The Ty, value, like the 7, value, appears to
scale with moisture content and with each other (287-289). A
detailed discussion of how freeze-dried proteins denature has
recently been published (288,290), as it relates to 7, and
other glassy state behavior. For example, for hGH, the
denaturation only occurs above T,, is cooperative and is
mostly irreversible (290).

Intrinsically Denatured Proteins

Over the past decade, there has been a realization that
many proteins exist, under native conditions, as unfolded
structures (i.e., so-called random coils). The current desig-
nation for these proteins is intrinsically denatured proteins
(IDPs). More than 50 such proteins have now been identified,
and the topic has been recently reviewed (291-293). IDPs
include some proteins of pharmaceutical interest, especially
those of the acidic fibroblast growth factor superfamily.
Therefore, proteins can be functional without having a
globular fold. In these systems, denaturation, in the usually
sense, does not apply.

Aggregation

Since the 1989 review appeared, the subject of protein
aggregation has become one of the most highly debated and
researched areas in the field of protein stability. Consequently,
there have been a large number of studies on the topic, and
many excellent reviews have been published (e.g., references
294-299). Therefore, only a brief overview will be given here.
While the number and classification of general aggregation
mechanisms varies from review to review, it appears that there
are five general mechanisms (298), as summarized in Table V.
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Table IV. General Mechanisms of Protein Aggregation (as Described
in Reference 298)

Mechanism Description

1 Association of native monomers (as with assembly
of insulin hexamers)

2 Aggregation of conformationally altered monomers
(conformational change is the rate-limiting step)

3 Aggregation of chemically-modified monomers
(may follow behavior of mechanisms 2 or 4)

4 Nucleation-controlled aggregation (involves formation
of critical nucleus or seed)

5 Surface-induced aggregation

Aside from its role in the pathogenesis of amyloid
diseases, protein aggregation is a frequently cited challenge
in the manufacturing and development of protein therapeu-
tics. Non-native aggregation has received much attention
from industry, academia, as well as regulatory agencies in
recent years for a number of reasons. First, aggregates of
therapeutic proteins can increase the likelihood of adverse
immunogenic effects during therapy, which has been linked to
increased patient morbidity or mortality (300,301). Second,
the biological function of the molecule can be compromised
in non-native aggregates, thus reducing its efficacy. Finally,
aggregated protein can make a solution appear turbid or
physically separate from the solution, thus reducing its
pharmaceutical elegance and making the drug product
unacceptable for use by health care professionals.

Protein aggregation is a term that can include many types
of molecular assemblies. Aggregation can arise from non-
covalent interactions or from covalently linked species, which
can vary widely in terms of reversibility (295-297). One of the
greatest challenges to the investigation of the causes of
protein aggregation is that there is no single pathway by
which proteins can form an aggregate (Table IV). Aggrega-
tion can have many causes, such as incorrect folding during
protein expression, and perturbation of the native conforma-
tion during protein purification, formulation, freeze-thawing,
freeze-drying, ultrafiltration/diafiltration, vial and syringe
filling, pumping, transportation or storage (302-306). These
processes can jeopardize product stability by exposing
proteins to potentially damaging conditions, such as freezing,
dehydration, extreme pH, air-liquid interfaces, solid-liquid
interfaces, or high or low temperatures.

Despite the diversity of potential causes and aggregation
pathways that are in existence, current paradigm is that, in
order to better control protein aggregation during processing
and storage, it is important to consider the roles of intrinsic
conformational stability of a protein as well as protein—
protein interaction. In general, conformational stability has
been considered the most influential factor in modulating
aggregation. This is because nonnative aggregation of protein
molecules starts from a partially unfolded state; thus, the level
of transient reactive species, sometimes referred to as N*
(due to its structural similarity to the native state), is thought to
be the rate-limiting factor in protein aggregation (307-310). For
example, aggregation of human growth hormone and acidic
fibroblast growth factor has been effectively suppressed by
additional of stabilizers that thermodynamically favor the native
state (311,312). In these cases the stabilizing agents exert their
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Fig. 4. Schematic reaction profile for aggregation of interferon-y. A
is the monomer aggregation intermediate. Dotted upward and
downward arrows illustrate the shifts in free energy (relative to the
native state, N) of the aggregation transition state, N*, and the
unfolded state, U, when sucrose or GnHCI is added, respectively
(taken from reference 296).

effect by preferentially binding to the native protein, thus
reducing the equilibrium concentration of aggregation-compe-
tent species in solution. In another case, aggregation of
recombinant human interferon-y was inhibited by addition of
sucrose, which increases the thermodynamic barrier between
the native state and aggregation-prone state (Fig. 4). Similarly,
the denaturant, guanidinium hydrochloride, lowers the barer,
and aggregation rates increase. The stabilizing effect of sucrose
occurs by way of the preferential exclusion mechanism pio-
neered by Timasheff and coworkers (308,313-315). In all of
these cases, protein aggregation is reduced or inhibited under
solution conditions that also increase the AG,,.

In order to understand the mechanism of aggregation and
possibly design approaches to reduce aggregate formation,
many measure aggregation kinetics. Some excellent overviews
are available on the topic and make for excellent reading
(296,316,317). The difficulty lies in that there are a multitude of
possible kinetic schemes that can be envisioned (318). Distin-
guishing between them can be difficult, although a scheme
proposed by Morris et al. appears to fit a number of data sets in
the literature. In fact, many of the leading researchers in the field
believe that unless elaborate kinetic studies are performed, it is
nearly impossible to arrive at a unique mechanistic scheme
(319,320). Therefore, it is expected that this area will continue to
develop, as the need for fundamental understanding of the
molecular details of aggregation is so great.

Precipitation/Particle Formation

The 1989 review listed precipitation as one of the four
major physical instability pathways (1). It is important to
specify what is meant by precipitation. On one hand, soluble
aggregate formation can continue until the aggregates are so
large that they can no longer remain soluble. This results in a
macroscopic manifestation of aggregation that we observe as
haziness or cloudiness. Often, this is now termed particle or
particulate formation. This behavior is irreversible, and the
protein is partially or completely unfolded. Formation of
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particulates has now become an important scientific and
regulatory focus in the development of protein therapeutics.

There are compendial methods for measuring particu-
lates in injectable products (321), such as USP method <788>.
However, this method focuses only on particles above 10 and
25 pm. More recently, subvisible particulates have received a
great deal of attention, both from regulatory agencies as well
as researchers in the field (322). There is concern that these
might be the most immunogenic of particulates found in
protein products (301). Furthermore, new analytical methods,
such as micro-flow imaging (MFI) allow one to not only
quantify particles across this size range (323,324) but also
capture images of the individual particles, making it possible
to distinguish protein aggregates from foreign materials (325).

On the other hand, not all insoluble protein material is
due to aggregation. One could have a protein that is salted-
out, that is, the addition of an excluded solute has caused the
chemical potential of the protein to exceed that of the solid
phase (326,327). While our understanding of protein solubil-
ity is still imperfect, there have been significant advances in
the past 20 years (326,328). Salted-out proteins still retain
activity and native-like structure (327,329-331), and the
precipitation is fully reversible upon dilution.

Surface Adsorption

Given the myriad of surfaces a protein may encounter
during bioprocessing and in the final dosage form, interfacial
stability is an important factor that cannot be underestimated.
Adsorption itself is a physical instability, as it changes the
physical state of the protein. However, even more problem-
atic is the subsequent damage that can occur upon interfacial
stress. Proteins in aqueous solution are known to adsorb to
various surfaces. For example, G-CSF (332), a hydrophobic
cytokine (174), and IL-2 (333) have been shown to adsorb to
glass. The binding of IgGl1 to plastic has been reported (334),
and BSA, like other proteins, exhibits some propensity to
bind to stainless steel (335). Consequently, many biophysical
studies have been published on protein adsorption, especially
as it applies to processing and protein instability (336-340).

Surface-induced protein instability begins with the
adsorption of either native or partially unfolded protein on
the surface; this interaction is usually more energetically
favorable when a protein is partially unfolded due to their
greater exposure of hydrophobic amino acid side chains,
which are normally buried within the core of the protein.
After initial adsorption of the protein, surface tension forces
at various interfaces (i.e., air-liquid interface, solid-liquid
interface) can drive aggregation by affecting structural
integrity of protein molecules that populate the interfacial
region (142,337,341,342). Structural perturbation at the sur-
face combining with desorption of partially unfolded proteins
from the surface can lead to nucleation and growth of
aggregates in the bulk solution (142,343-346). Thus, inter-
facial stability of a protein is believed to be dependent on a
number of key factors—surface tension, available surface area
for adsorption, surface property of a protein molecule (i.e.,
hydrophobicity), and structural stability (342).

There are an increasing number of reports of proteins
undergoing some type of degradation at solid interfaces. This
is especially true for membrane interactions, where proteins
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undergo aggregation and fouling of membranes (347,348). It
appears that the same approaches that stabilize protein
against aggregation in solution will work for membrane-
induced damage. This includes increasing conformational
stability, reducing attractive protein—protein interactions,
and using surfactants to limit adsorption of the protein to
the surface.

In addition, there are a number of reports of foreign
materials causing physical instability in proteins. For example,
the shedding of glass nanoparticles during vial depyrogena-
tion led to aggregation in PAFase (349). During filling,
metallic particles can be introduced, forming nuclei for
aggregate formation (304). Stainless steel nanoparticles can
cause aggregation as well (350). A variety of leached
materials from rubber, glass and metal components can cause
instability in prefilled syringes (351-354), including issues
with silicone oil. Silicone oil was implicated in insulin
instability in the 1980s (355-357), but was rarely appreciated
for causing instability problems for proteins. An extensive
study on the effect of silicone oil on protein aggregation
found that high concentrations were needed to have an effect
(358). Yet, the problem persists. The data suggest that silicone
oil may have little effect on a relatively stable protein, but
may accelerate aggregation for a protein that is already
compromised or marginally stable. This has been seen for an
IgG1 where agitation accelerated aggregation in the presence
of silicone oil, but silicone oil without the agitation stress did
not cause aggregation (359).

Air-Water Interface

Of all interfacial damage, this is the one that appears to
be most problematic. For one thing, it is a ubiquitous
interface for any product during production. If the final
formulation is an aqueous liquid, the opportunity for inter-
facial damage can occur during storage as well as shipping
and handling. Thus, agitation studies are an important facet
of screening excipients for a liquid formulation.

There have been a number of agitation studies per-
formed on protein of pharmaceutical interest. The intent is to
expose the protein to a sufficient interface to allow damage to
occur, if it will. The usual formulation strategy to mitigate
damage at the air-water interface is to add surfactants (see
below). Agitation is usually accomplishing by stirring or
shaking, although vortexing is sometimes reported. For
example, extensive aggregation of porcine growth hormone
(pGH) was observed upon vortexing for 1 min (360).
Addition of 0.1% polysorbate 80 prevented vortexing-
induced damage almost completely. Recently, the effect of
shaking and stirring on an IgGl was examined (361).
Interestingly, stirring caused much more aggregation than
shaking. In both cases, addition of polysorbate 20 was found
to be quite effective at reducing interfacial damage. Agitation
also caused damage of CNTF (362). In this case, increased
stability was observed with the addition of PEG 3350 and
propylene glycol as well as polysorbate 20. Therefore,
surfactants are quite effective at diminishing interfacial
damage of proteins in most systems. While this was well
established 20 years ago, we now have many more examples
and a greater mechanistic understanding of the stabilization
afforded by surfactants. Further details about stabilization of
proteins by surfactants are listed below.
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Opverall, surfactants are the most effective stabilizers with
respect to minimizing interfacial damage. The effect of other
classes of additives on damage at the air—water interface is less
clear. For example, it is now known that increasing conforma-
tional stability can decrease the damage that occurs at an
interface (363,364). On the other hand, addition of an excluded
solute, like sucrose, increases the surface tension at the air—-water
interface, which can increase the likelihood of conformational
rearrangement. Moreover, sucrose could enhance protein
adsorption to the air-liquid interface (365) and promote unfold-
ing at the interface (366,367). Therefore, it is not a simple matter
to predict the effect of adding an excluded solute, like sucrose, on
the interfacial stability of a protein in aqueous solution.

Agitation and Salt Effects

The effects of ions at interfaces have been studied, and such
work has implications both for physical instability as well as for
how ions affect the protein-solvent interface (368). Less is
known about how ions affect protein behavior at the air-water
interface. However, recent studies have begun to examine these
effects. Enzyme deactivation in aqueous solution and at the gas—
water interface in a bubble cell was found to depend on both
bubble surface area size and salt concentration, with higher
molarity of ammonium formate leading to increased deactiva-
tion (369). Salt-specific effects were investigated, and the
enzyme was deactivated by chaotropes but not kosmotropes,
providing some guidance regarding possible quantitative mech-
anisms of Hofmeister effects. In addition, formation of insoluble
MAD aggregates due to agitation stress was examined in the
presence of salts (370). Turbidity was found to increase with the
chaotropicity of the added anion and ionic strength. So, there
are an increasing number of examples demonstrating that salts
can have both positive as well as deleterious effects on
interfacial damage. Yet, our mechanistic understanding is still
incomplete on this topic.

Ice—Water Interface

The first reports of damage at the ice-water interface
appeared in the 1990s (142,371,372). In many cases, the
addition of nonionic surfactants reduces the damage signifi-
cantly (142,373). The extent of protein damage correlates
with the surface area of the ice (374). Since then, there have
been a number of reports of interfacial damage in frozen
systems, including these listed above. One note is that the
temperature dependence of the critical micelle concentration
(cmc) is often overlooked. The cmc can increase by as much
as five-fold upon cooling to near the freezing point of water
(374), meaning that what might be a sufficient amount of
surfactant for stabilization at room temperature may be
insufficient at lower temperatures.

The detrimental effect of multiple freeze—thaw cycles is
now well established (375,376). Consequently, nearly all
freeze-thaw (F-T) studies are now conducted using multiple
(three to ten) cycles. It should also be noted that it is important
to use the same cooling and warming methods, as variations in
each of these can affect the physical stability of the protein
(e.g., references 371,377,378). Even proteins that are usually
considered to be highly surface-active, such as IgGs, can
undergo aggregation upon repeated F-T cycling (377,378).
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Reducing Interfacial Damage of Proteins

In the pharmaceutical industry, nonionic surfactants, espe-
cially polysorbate 20 and 80 (also known as Tween 20® and
Tween 80®, respectively) are frequently added to protein
solutions to prevent or reduce unwanted adsorption and aggre-
gation during storage, filtration, purification, and transportation
(142,343,379,380). The ability of surfactants, especially nonionic
ones, to reduce interfacial damage is now well established (342).
However, it should be noted that the use of nonionic surfactants
might be associated with its own set of undesirable consequences.
For example, although polysorbate 80 inhibited shaking-induced
aggregation of IL-2 mutein, it increased both oxidation and
aggregation of the protein during long-term storage (249).
Additionally, depending on the temperature and nature of
surfactant—protein interaction, nonionic surfactants may foster
formation of protein aggregates in bulk solution in a concen-
tration-dependent manner (381).

IMPROVING PROTEIN STABILITY

Our knowledge base on how to improve the stability of a
protein is so much larger than in 1989. A few strategies and
advances are examined here in some detail. Each topic could
be the subject of its own review. However, they are worth
noting in the context of protein instability, stabilization and
formulation. They include

> Conformational Stabilization in Aqueous Solution
> Colloidal Instability

> Interfacial Instability

> Drying of Proteins

> Chemical Modification

> Site-Directed Mutagenesis

Conformational Stabilization in Aqueous Solution
by Excluded Solutes (Osmolytes)

The ability of low-molecular-weight additives to increase
the free energy of unfolding was well known in 1989, based
on many publications by Timasheff and coworkers (313-
315,382,383). However, the application of this approach as a
general formulation strategy was only beginning to emerge at
that time. Since then, numerous examples of conformational
stabilization by excluded solutes have been reported. We now
know that osmolytes operate by this general mechanism to
provide increased conformational stability to proteins. Thus,
nearly any sugar or polyol should increase the structural
stability of a protein. In addition, it has also been shown that
most amino acids act as excluded solutes (314,383-385), as do
a number of salts (384,386) and many polymers, including
gelatin (387) and even poloxamers (329).

Beyond increasing the conformational stability of proteins,
another value of excluded solutes is to salt proteins out from
solution. Such an approach has been widely used for enzymes,
which are then sold as ammonium sulfate precipitates. The
proteins that are salted out still retain native structure and
activity (329,330). Recently, highly concentrated precipitates of
native antibodies were prepared by this method (327).
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Stabilization by Ligand Binding to the Native State

In contrast to the stabilization afforded by excluded solutes,
it is possible to identify ligands that can bind selectively to the
native state of a protein, resulting in net stabilization through the
Wyman linkage function (388), a concept then elaborated by
Tanford (389). Although this idea was known in 1989, it was not
widely appreciated by pharmaceutical scientists at the time.
Therefore, it is worth highlighting some of the reports that have
been made in the last two decades, which demonstrate that many
classes of excipients, including surfactants, buffers, polymers, and
metal ions, all can improve conformational stability by this
mechanism. At the same time, preferential binding to the
denatured state can destabilize the conformation of a protein,
as shown by Miyawaki (390,391). Consequently, while the
Wyman linkage function can explain both conformational
stabilization and destabilization, it affords another approach to
increase structural stability of a protein. In turn, this should lead
to reduced unfolding and subsequent aggregation during storage.

Buffers

The use of buffers to stabilize proteins has often been
thought to be solely due to their ability to modulate changes
in pH. However, for many protein formulations, especially
when the protein concentration is relatively high, the protein,
rather than buffer, provides the majority of the buffering
capacity (392). In addition, other mechanisms for stabilization
from buffers have now been reported (393). They can act as
radical scavengers, a fact that goes back to original observa-
tions by Good er al. (394). These buffers are frequently
referred to as Good’s buffers. Even more important is the fact
that some buffers appear to be able to bind directly to proteins,
thereby increasing conformational stability.

Phosphate has been reported to confer some increased
stabilization. One possible explanation for this, and many of the
observed increases in stability with certain buffers, is direct
binding of the buffer to the native state. According to Wyman,
this should lead to net stabilization of the protein, provided
there is no comparable binding to the unfolded state (388). In
the case of phosphate, being highly charged, it is likely that the
binding site will be at the N-terminus of an «-helix, where the
helix dipole would favor interaction with a negatively charged
ligand. Stabilization by phosphate has been reported (395,396).

More often, the stabilization seems to occur with nitrogen-
based buffers. The preferential stabilization of an antibody by
MES (397) over buffers like citrate has been reported. Similarly,
histidine (His) has been shown to stabilize a monoclonal
antibody (398), interferon-tau (399), and EPO (400). In the
latter case, Tris buffer was also effective. In addition, some
stabilization by citrate has been observed. In the case of
interferon-alpha (IFN-a), citrate provides greater stability than
phosphate or a phosphate—citrate mixture (401). Citrate also
stabilizes antitrypsin (402) and IL-1ra (403) as well.

Surfactant

While surfactants mainly stabilize proteins by preventing
access to and damage at interfaces (342), it has now been
shown that polysorbates can bind to certain proteins, such as
human growth hormone (311,376,404). Since those first
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reports, polysorbates have been found to bind to fusion
proteins as well (405). It is also worth noting that there have
been reports of polysorbates not binding to certain proteins,
especially antibodies (406,407). Pluronic F-107, another non-
ionic surfactant, has been found to bind to G-CSF (408). Ionic
surfactants also bind to proteins, conferring stabilization.
Binding of anionic surfactants to proteins has been reported
for a number of systems, including insulin (409), chymotryp-
sin (410), BSA (411), and TMV coat protein (412). In all of
these cases, direct interaction with the native state of the
protein leads to conformational stabilization.

Polymers

There have been a number of reports of anionic polymers
(including biopolymers such as heparin) binding to basic
proteins, resulting in stabilization. This has been seen repeatedly
for aFGF and bFGF proteins (413,414). In these proteins, there
is a highly positively charged cleft where the anionic polymer
can bind. Other examples of anionic polymers (polyanions)
binding to increase protein stability have been reported for
insulin (415) and cytochrome c (416).

Cyclodextrins

Cyclodextrins (CDs) are annulated, bowl-shaped sugars
that are known to bind small molecules, and a number are
now found in approved pharmaceutical products (417). The
binding occurs within the relatively hydrophobic interior of
the CD, allowing the CD to present a more hydrophilic
surface on the outside. In doing so, hydrophobic compounds
can be solubilized (418). In the case of proteins, binding to
the native state should result in net conformational stabiliza-
tion, resulting in improved physical stability.

Addition of 3-CDs has been reported to increase the
physical stability of hGH with respect to aggregation
(419,420). In both cases, the CD was shown to bind to the
native state of the protein with a millimolar binding constant.
In the latter study, it was also shown that the CDs did not
improve chemical stability (420). Similar results of improved
stability in the presence of CDs have been reported for
insulin (421). On the other hand, there has also been a report
that CDs decrease protein stability (422). In addition, there is
some evidence that CDs may not stabilize simply by increas-
ing conformational stability but play some role as a surface-
active agent. It is known that hydroxypropyl-p-CD protects
porcine GH from agitation-induced damage (356).

Metal Ions

Many proteins contain metal binding sites. Even a small
cluster of acidic amino acids can allow metal binding. Keep in
mind that even millimolar binding constants can produce an
increase of 1 kcal/mole or more in the free energy of unfolding.
For example, it has been known for some time that the four-helix
bundle protein, human growth hormone (hGH) can bind a
variety of divalent cations (423,424). On the other hand, too
much zinc can lead to aggregation of hGH (425).

Similarly, calcium has been shown to provide significant
stabilization for the marketed enzyme, DNase (426). The
enzyme, fibrolase, contains one mole of zinc. It is not
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necessary for catalysis, but the zinc atom is critical for the
conformational stability of the protein (427). Metal ions, such
as calcium, are essential for bridging the two polypeptides
chains of Factor VIII (428).

Anion Binding

Stabilization of proteins by direct binding of anions has
been observed as well. For example, sulfate appears to bind to
endostatin (429) and ribonuclease (430). Ribonuclease has
also been shown to bind two moles of chloride ion, resulting in
significant structural stabilization (~2-3 kJ/mol) (431). Stabi-
lization of HSA has been observed from binding chloride (432)
and carboxylates, such as formate and acetate (433).

Stabilization of Proteins by Ions

The effects of adding salts to a protein solution are many.
Some of the effects of are due to specific interactions, such as the
binding of cations or anions directly to the protein, as described
above. Some of the effects are due to altering colloidal stability
through charge screening. At the same time, there has
continued to be investigation of the basis for the Hofmeister
effect, which first described how the solubility and stability of
proteins could be affected by ionic species.

Hofmeister Effects

There has continued to be investigation of the basis for
the Hofmeister effect, which first described how the solubility
and stability of proteins could be affected by ionic species
(434). All in all, our understanding of this behavior has
increased since 1989. Therefore, it is worth summarizing what
is known about this important aspect of protein stabilization.

Several models have been devised to explain Hofmeister
effects on proteins, including those based on the hydrophobic
effect (435) and protein-solvent surface tension increments
(436). Recently, Broering and Bommarius have challenged the
validity of using surface tension increments to predict Hofmeis-
ter effects on proteins (437). Instead, the authors suggest that
the B-viscosity coefficient from the Jones-Dole equation serves
as a more accurate predictor of Hofmeister effects. The
B-viscosity term describes the contribution of ion-solvent effects
to solution viscosity (438). For three model enzymes, the
authors demonstrate a strong correlation of kinetic deactivation
constants with B in the presence of anionic chaotropes, whereas
a similar correlation using surface tension increments was not
found. However, a second study found that a similar correlation
did not exist when using chaotropic cations, supporting the claim
that anions dominate salt effects in solution (439,440). The most
recent work from this group has focused on development of a
mathematical model for B-dependent Hofmeister effects (441).
In another interesting publication, Sedlak et al. report a
correlation between change in thermal unfolding midpoint with
ion concentration and water surface/bulk ion partition coef-
ficients (442). Two proteins with very different net charges at pH
7.0 (=19 and +17) were examined, and both showed similar
behavior under the authors’ experimental conditions. This
suggests that Hofmeister effects are not based on ion—protein
electrostatic interaction.
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While various predictive models have been described in
the literature, recent studies on the fundamental mechanisms
behind Hofmeister effects question commonly held views on
the behavior of these ions in solution (443). Bulk properties
of aqueous solutions, such as boiling point and surface
tension, are affected by the presence of ions. Likewise, ionic
kosmotropes (“water structure makers”) and chaotropes
(“water structure breakers”) have traditionally been viewed
as exerting their effects on proteins through changes in bulk
solution properties. To this end, much attention has been
directed towards ion solvation by water. Hribar et al. modeled
ion solvation in a two-dimensional plane using statistical
mechanics and Monte Carlo simulations (444). The model
was in agreement with Hofmeister series effects and Jones-
Dole B-viscosity terms. Collins has argued that ionic charge
density determines the degree and strength of hydration of an
ion and that ion solvation in bulk solution indirectly
influences protein solvation (445,446). Theories about long-
range water-ordering properties of ions were challenged
when Omta et al. used femtosecond pump-probe spectroscopy
to show that dissolved ions do not affect water structure
beyond the first hydrated shell (447). Structuring of water by
ions was further investigated by Batchelor et al., who used
“pressure perturbation” calorimetry to demonstrate a lack of
correlation between protein stability and ion hydration (448).
While the body of literature devoted to understanding the
Hofmeister effect has expanded greatly in the last two
decades, a consensus on the mechanisms of this process has
yet to emerge.

Colloidal Stability

Protein solutions can be characterized as a population or
ensemble of colloidal particles suspended in an aqueous
environment. Thus, colloidal stability is a reflection of the
energetics of protein—protein interaction that can be manifested
in solution properties, such as solubility, viscosity, crystallization
and aggregation (449—451). Importantly, the nature of interac-
tion between protein molecules in solution (i.e., attractive versus
repulsive) can influence the rate of aggregation and the size of
aggregates formed (309,452,453). In these studies, osmotic
second virial coefficient (By,), a thermodynamic parameter
derived from McMillan-Mayer theory, was utilized to provide a
quantitative measure of colloidal stability (454). There is an
increasing amount of evidence which suggests that, in situations
where the structural stability is comparable, reducing the
attractive forces between protein molecules (e.g., through
charge—charge repulsion) leads to greater physical stability with
respect to aggregation (309,450,453,455) For example, Chi et al.
demonstrated that independent of conformational stability,
rthGCSEF, a four-helix bundle protein, was maximally stabilized
against aggregation when it is in solution conditions that have
optimized colloidal stability (455).

Stabilization by Drying

One means of improving protein stability is lyophiliza-
tion, also called freeze-drying, although other drying methods
for proteins have been reported (see below). Despite the
increased cost of production of lyophilization, this process can
often provide advantages for shipping, long-term storage

Peticdo 870250042425, de 23/05/2025, pag. 96/232

559

stability, and improved stability to temperature excursions.
However, as with any protein formulation, there must be a
good rationale for the additives that are selected. Since 1989,
our understanding about developing lyophilized formulations
has increased tremendously, so that, by 1997, the rules for
rational design of stable lyophilized protein formulations
were published (456) and then later expanded (457).

Freeze-drying (lyophilization) can produce instability in
proteins at each step of the process. These include cooling,
freezing, primary drying, and secondary drying. Details of
each of these stages of freeze-drying can be found elsewhere
(458-460). In short, lyophilization can be considered a
combination of two distinct stresses: freezing and drying.

During freezing, the protein can be damaged by a variety
of mechanisms, emphasizing the importance of controlling the
freezing stage during lyophilization (461). There is the
possibility that a pH shift can occur during freezing as a
result of selective crystallization of buffer salts. While this was
known for sodium phosphate since 1959, a number of newer
studies have illustrated further how various buffers tend to
crystallize during freezing (462-465), including phosphates,
succinate, and tartrate (466). Citrate has also been shown to
acidify to as low as pH 3 during freezing (467). This
acidification arises due to selective crystallization of one of
the buffer components. In general, the effect is minimized or
eliminated in the presence of additional solutes or by
increasing the protein concentration.

Also, freeze concentration can occur during the freezing
process, especially for larger sample volumes. This is partic-
ularly problematic for large volumes of bulk drug (468,469).
Deleterious effects of freeze concentration can result from the
enormous increase in protein concentration and ionic
strength in the non-ice phase of the formulation. This freeze
concentration will lead to an increase in protein interactions,
potentially leading to an increase in protein aggregation. This
can often be inhibited by use of a preferentially excluded
solute such as sucrose. Sucrose or other disaccharides can
improve the stability of the protein during freeze-concen-
tration by means of preferential exclusion (295,315,470).

Third, during freezing, proteins are exposed to a large
ice—water interface. This presents a challenge for proteins
that are surface labile (371,372). Therefore, many excipients,
such as non-ionic surfactants, are added to the formulation to
prevent surface-induced degradation. Polysorbate 20 and
polysorbate 80 are commonly used for this purpose
(142,295,375,462). Fourth, for many formulations cold dena-
turation could occur, provided the denaturation temperature
is near —25°C or above. This instability was discussed above.

During the subsequent stages of lyophilization are the
water removal processes of primary and secondary drying.
Briefly, during primary drying, the water is removed in the
form of ice in a process of sublimation under vacuum. In
secondary drying, the bound residual water is removed under
vacuum. This requires a higher temperature than for primary
drying, which may be why the stress placed upon a protein is
greater during secondary drying than during primary drying
(373). Nevertheless, during the drying stages of this process,
water is removed from the formulation. These drying stresses
can often lead to dehydration-induced structural changes.
However, these dehydration-induced structural perturbations
can be often minimized by use of formulation additives, such
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as disaccharides (470-472). Many labile proteins are pro-
tected from dehydration-induced degradation by a mecha-
nism referred to as the water replacement mechanism, in
which disaccharides are able to hydrogen bond to the protein,
thus preserving the secondary structure of the protein (470-
472). Hydrogen bonding of additives to polar and charged
groups has been shown to protect proteins in cases of
lysozyme (470), a-lactalbumin (473), and many other exam-
ples (470-472). The maintenance of the secondary structure
of the protein has been shown to be a critical parameter for
the successful development of a freeze-dried formulation, as it
seems to correlate well with storage stability (474-477).

Stability during long-term storage typically requires a
lyoprotectant to replace the hydrogen binding lost with
removal of water and to provide a glassy matrix that limits
mobility. Usually, disaccharides are used, such as sucrose,
trehalose, or maltose. Even though these sugars are similar in
size, they display very different solid-state properties in terms
of molecular mobility and glass transition temperature (7,)
(478,479). Simply having a higher 7, is not sufficient to
provide increased storage stability (480), although many
studies have found a correlation between 7, and storage
stability (474,477,481). Increasing the T, by adding high-
molecular-weight polymeric additives is usually ineffective
due to phase separation of the protein and polymer (482).

Numerous studies have examined the differences between
sucrose and trehalose in the stabilization of proteins in the
solid state (483-485). Many reports on lyophilized myoglobin
have shown trehalose to be superior due to greater coupling
between protein and matrix relative to sucrose or maltose
(483,486,487). This may be due to stronger water-mediated
hydrogen bonding between protein and sugar (483) or lack of
nanophase separation (484). More likely, it is due to modu-
lation of p-relaxation processes in the solid state. In recent
years, Cicerone and coworkers have demonstrated that these
higher frequency relaxation processes appear to be critical in
controlling long-term stability (488-490). Interestingly, there
does not appear to be a correlation between lower frequency
modes in the solid state (termed w«-relaxation) and storage
stability (491,492).

These concepts of solid-state mobility and structural
relaxation are connected to other emerging ideas for stabili-
zation of lyophilized proteins. First, the work of Cicerone and
coworkers (488), along with observations from other labo-
ratories, has demonstrated that small amounts of low
molecular weight compounds, called plasticizers for their
ability to lower T,, can provide improved stability despite
compromising T,. This has been shown for water (115,492),
glycerol (488), and sorbitol (492). The degree to which
plasticization will improve stability may depend on properties
of the protein, such as lack of disulfides and the percentage of
polar groups on the surface (493). Second, it appears
annealing the frozen matrix prior to primary drying can
improve stability as well (494,495). Annealing provides a
number of benefits, including reducing intervial heterogeneity
and possibly reducing primary drying times (496). Overall,
our understanding of the relationship between solid-state
properties, protein stability and structure have increased in
the last 20 years.

A couple other aspects of lyophilization development
should be mentioned. First, it is useful to consider that the
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formulation and lyophilization cycle are well matched to
ensure maximal product quality. This means having a cycle
that is not only efficient, but also produces a pharmaceutically
elegant cake, as well as a stable product. Elegant cake
structure is often achieved by the use of bulking agents,
which are additives that crystallize to provide mechanical
rigidity to the cake. These include compounds such as
mannitol or glycine (142,497,498). Amorphous bulking
agents, such as hydroxyethyl starch, have also been reported
(499). Recently, it has been found that bulking agents also
have an impact on stability (477), presumably by having a
small amount remain amorphous and plasticizing the matrix.
Second, there are recent reports of material other than sugars
yielding glassy matrices that might be used for embedding
proteins and achieving stable dosage forms. These include
many of the naturally occurring amino acids (500-502). In
addition, combinations of compounds provide glassy matrices
that have properties superior to the individual components.
These include amino acids and polycarboxylic acids (503), LiCl
and trehalose (504), and Arg in the presence of organic acids
(505). This approach appears to work if there are strong
interactions between the two components, such as electrostatic
attraction or extensive hydrogen bonding (506).

Other Drying Methods

Several other drying methods have been examined for
their ability to stabilize proteins. For bulk powders, there
have been a number of reports using spray drying (507-510).
These include formation of stable powders of IgGs (511,512)
and hGH (513). Another approach is called spray freeze-
drying, where droplets of the protein solution are frozen in
liquid nitrogen and the subsequent particles are freeze-dried
to remove the water (514-518). This approach uses a stand-
ard lyophilizer, but also requires equipment for conducting
the spray-freezing process.

Both air drying (470) and vacuum drying (500,519) have
also been reported for proteins. For example, IFN-a has been
vacuum dried and reconstituted with nearly complete recov-
ery of structure and activity (520). On the other hand, film
drying (air drying of a protein solution, forming a film) has
been reported for hGH (521). Also, supercritical fluid drying
has been widely reported (522-525). A comparison of the
various drying methods that have been used for protein
formulation has been published (526).

Site-Directed Mutagenesis

Current recombinant DNA technology enables scientists
to make specific and rational changes to the primary
sequence by means of site-directed mutagenesis (527,528).
Certainly, mutagenesis can be used to improve the solubility
of the protein. For example, using portions of the hGH
sequence, the solubility properties of bovine growth hormone
(bGH) were improved by site-directed mutagenesis (529,530).
Another example of site-directed mutagenesis to enhance the
physical stability of a protein is the in the case of leptin. In
these studies, Ricci and coworkers examined several muta-
tions aimed at minimizing aggregation and precipitation
occurring near neutral pH (531). One of the driving forces
for the aggregation of leptin is believed to be one or both of
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the surface-exposed tryptophans. By making numerous
mutations to enhance the physical stability of leptin, making
mutants with increased neutral pH solubility was achieved. It
has also been shown that improving the stability of beta-turns
through mutagenesis increased the conformational stability of
proteins (532).

Mutagenesis has been used to improve the chemical
stability of proteins as well. The IgG-binding domain of
streptococcal protein G was modified by mutagenesis. Here,
the investigators were able to enhance the protein’s stability
in alkaline conditions by replacing amino acids susceptible to
high pH, asparagines and glutamine, with amino acids that
are less susceptible to degradation under basic conditions
(79). As with the mutation of a labile residue such as Asn for
a protein under alkaline conditions, similar mutations could
be considered for the enhancement of stability of a protein
susceptible to oxidation. Lu et al. elegantly demonstrated the
use of site-directed mutagenesis of methionine residues of
GCSEF to investigate the impact of oxidation on the stability
and activity of G-CSF (204). In addition, Kim et al. reported
an example where mutations were made to staphylococcal
nuclease in order to decrease its lability to oxidation (207).
However, these investigators not only studied the effects of
methionine mutations on protein oxidation, but also to the
conformational stability determined by guanidine unfolding
between oxidized, non-oxidized, and the various mutations.

Finally, mutagenesis has been widely employed to
improve the physical stability of proteins, especially with
respect to aggregation. A few examples will suffice to
demonstrate this point. Numerous studies on the use of
mutagenesis to stabilize antibodies have appeared. Using an
aggregation propensity mapping algorithm, a number of more
stable mutants of full-length antibodies were designed and
prepared (533-536).

Computational Methods and Protein Stability

In the past two decades, numerous algorithms have been
developed to predict the aggregation behavior of proteins. A
recent book chapter summarizes these methods (537) and the
current advances in this area. In general, there are numerous
algorithms available to predict aggregation propensity from the
primary sequence. There are also methods to make predictions
based on the overall properties of the protein (e.g., hydro-
phobicity, pl, etc.) (e.g., references 538 and 539).

In addition, researchers are continuing to advance our
knowledge of protein stability by combining tools from
computational chemistry and structural biology to design
proteins that have specific characteristics, such as decreased
immunogenicity (540,541), improved activity (542), and
enhanced stability (534,543). Additionally, computational
methods have the potential to play a large role in protein
stabilization, such as optimizing the electrostatic field on the
surface (544). In addition, Dahiyat has eloquently described
other such examples of in silico design of protein surfaces and
mutations occurring in the boundary between the core and
surface (545). Space limitations do not permit a full descrip-
tion of all of the activities in this field. The use of computa-
tional methods is certain to improve the design of
stabilization studies as well as provide greater mechanistic
insight into the stability of proteins.
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Chemical Modification

In many cases, the specific protein may not be amenable to
changes in the primary sequence due to decreased activity or
other significant manifestations of the behavior of the protein.
Moreover, post-translational modifications, many of which
occur in vivo, can alter the properties of proteins in profound
ways (546). Therefore, controlling the extent of modification,
such as with glycosylation, can provide a means of modulating
the chemical and physical stability of a protein. These mod-
ifications can be accomplished in vivo (by controlling fermenta-
tion and using molecular biology methods) or in vitro.

Among synthetic methods, the most common method to
modify proteins is by the addition of polyethylene glycol (PEG)
groups (547) in a process referred to as pegylation. While the
initial intent was to extend the half-life of a protein in vivo, it is
now known that pegylation can improve the conformational and
physical stability of a protein. For example, interferon-o;, was
stabilized by the addition of PEG groups in a site-specific
manner (548). Similarly, pegylation has been found to stabilize
trypsin (549), chymotrypsin (550), endostatin (551), and single
chain antibody fragments (552).

There is certainly a strong rationale for employing glyco-
sylation of proteins based upon lessons learned from nature.
Glycosylated proteins are certainly very prevalent in biological
systems. It has been reported that close to half of all proteins are
glycosylated (553). The role of glycosylation in the stabilization
of proteins was recently reviewed by Sol4 and Griebenow (554).
Their review contains a detailed summary of how protein
glycosylation affects the physical stability of proteins, many of
pharmaceutical relevance. In the case of protein solubility, it has
been proposed that the addition of glycans to the protein via
chemical glycosylation can enhance the solubility by increasing
the degree of glycosylation and by increasing the surface-
accessible surface area (555,556). Glycosylation can also
improve chemical stability. In the case of erythropoietin (557),
the glycosylated form displayed an enhanced stability with
respect to tryptophan degradation compared to non-glycosy-
lated erythropoietin. Even the attachment of a sugar via
glycation can improve the physical stability of a protein. It has
been shown that the glycation of proteases (trypsin, chymo-
trypsin) improves its thermostability (558).

A variety of approaches for stabilization of enzymes have
been summarized by Fagain (559). This included a number of
cross-linking studies and even chemical modification of Lys
residues (560), which presumably increased solvation and
colloidal stability. The crosslinking could involve introduction
of a disulfide bond or could be accomplished by chemical
reaction of surface acidic and basic groups using linkers.

INTERRELATIONSHIP BETWEEN CHEMICAL
AND PHYSICAL INSTABILITY

Although it is convenient to distinguish chemical from
physical instabilities for purposes of discussion and mecha-
nism, the fact remains that chemical and physical instabilities
are interrelated. Our understanding of this has continued to
improve. This section describes how certain chemical degra-
dation processes make a protein more prone to aggregation.
Likewise, there are examples of denaturation increasing the
chemical reactivity of a protein.
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Connection Between Deamidation and Aggregation

Deamidation has been found to produce species that are
more prone to aggregate than the unmodified protein. For
example, deamidation of BA3-cystallin leads to destabiliza-
tion of the native structure and increased aggregation
(561,562). Deamidation has also been linked with decreased
solubility of lens crystallins (563) and to a lower Kkinetic
barrier for unfolding (100). The collagen-to-gelatin transition
appears to be affected by deamidation (564).

Aggregation of BB1-crystallin is accelerated by deamida-
tion at both Asn and Gln residues (565). The stability in urea,
with respect to deamidation, is decreased as well (566,567).
Deamidation appears to lead to increased fibril formation in
Ap peptides (568,569). Also, deamidation may lead to
increased amyloid propensity in 32-microglobulin (570).

Connection Between Glycation and Physical Stability

Recently, it has been shown that glycation can increase
thermostability (558). Whether this is a general phenomenon
is not clear. Rearrangement of the initial Schiff base leads to
what are referred to as advanced glycation end products
(AGEs). These materials have been shown to exhibit
increased aggregation propensity in some cases (571).

Correlation Between Oxidation and Physical Stability

It is important to note that oxidation can lead to increased
propensity for physical instability, such as aggregation. This has
been seen for an IgG1 (210), a-synuclein (572), calcitonin (573),
trypsin inhibitor (574) and fumarase (575). Moreover, it has
been shown that oxidation can reduce the conformational
stability of a protein, as with glutamine synthetase (576),
calmodulin (577), and a Fc fragment from an IgG1 (210).

SUMMARY

The field of protein stabilization and formulation has
made tremendous progress in the past 20 years, and this
review only contains a portion of the relevant studies. Our
increased understanding of chemical instability pathways now
allows us to adjust solution conditions to minimize degrada-
tion. Stabilization by excipients seems to be due to the
mechanisms first espoused by Timasheff and Wyman. Now we
have a large number of examples of how proteins can be
stabilized in aqueous solution using these general approaches.
Our understanding of stabilization of proteins in dried solids
has evolved as well, with attention now turning to the
molecular details of interactions in the solid state. Interfacial
damage continues to be a challenge, and we are just
beginning to appreciate how various excipients can modulate
behavior at interfaces. Finally, it is clear that chemical and
physical instability are linked in many systems. Overall, this
field has advanced so that rational design of dried and liquid
formulations is more possible than ever before. Yet, we
continue to find new facets of protein behavior as we apply
the tools of computational chemistry, biophysics, and molec-
ular biology. This suggests that the next 20 years will continue
to provide improved insight and knowledge regarding the
stability of pharmaceutical proteins.
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Abstract O Recombinant humanized monoclonal antibody HER2, rhuMAb
HER?2, in liquid formulations undergoes oxidation when exposed to intense
light and elevated temperatures (30 & 40 °C). Met-255 in the heavy
chain of the Fc region of the antibody is the primary site of oxidation.
Met-431 of the Fc fragment can also be oxidized under extreme conditions.
The amount of oxidation was determined by cleaving the Fab and Fc
fragments by papain digestion, and the oxidized Fc fragment was detected
by hydrophobic interaction chromatography. Oxidation of rhuMAb HER2
was also formulation dependent. The presence of NaCl in the rhuMAb
HER?2 formulation caused an increase in oxidation at higher temperatures
after contact with stainless steel containers or stainless steel components
in the filling process. The corrosion of stainless steel by chloride ions at
the low pH of the formulation buffer generated iron ions that catalyzed
methionine oxidation in rhuMAb HER2. Temperature-induced oxidation
of rhuMAb HER2 occurred by the formation of free radicals, and light-
induced oxidation of rhuMAb HER2 occurred via singlet oxygen pathway.
Antioxidants, such as methionine, sodium thiosulfate, catalase, or platinum,
prevented Met oxidation in rhuMAb HER2, presumably as free radicals
or oxygen scavengers. The minimum effective levels (molar ratios of
protein to antioxidant) required to inhibit temperature-induced oxidation
were 1.5 and 1:25 for methionine and thiosulfate, respectively. A
thiosulfate adduct of rhuMAb HER2 was observed by cation-exchange
chromatography. These studies demonstrate that stoichiometric amounts
of methionine and thiosulfate are sufficient to eliminate temperature-
induced oxidation of rhuMAb HER2 caused by free radicals that were
generated by the presence of metal ions and peroxide impurities in the
formulation.

Introduction

Oxidation of methionine is one of the major degradation
pathways in many protein pharmaceuticals, including inter-
leukin-2, relaxin, parathyroid hormone, and human growth
hormone.1~7 Methionine residues in proteins are susceptible
to oxidation, resulting in the formation of methionine sulfoxide
and, under extreme conditions, sulfones. Methionine sulfoxide
formation can occur during synthesis, purification, formula-
tion, manufacturing, and storage of protein pharmaceuticals.
During formulation and storage, oxidation of methionine-
containing proteins can be caused by the presence of certain
formulation excipients, including polyethylene glycols and
nonionic polyether surfactants; these compounds can undergo
autooxidation to form peroxides.® In fact, peroxides such as
hydrogen peroxide have been widely used for studying the
kinetics and mechanisms of methionine oxidation in pro-
teins.®~11 Peroxides react with metal ions to form free radi-
cals that can initiate oxidation of proteins.1213 Methionine
can also be photooxidized by a free radical pathway,'* or via
singlet oxygen intermediate formation.!® For instance, pho-
tosensitizers can absorb radiation energy to form excited
species that initiate the formation of free radicals for me-
thionine oxidation. The excited species can also react with

® Abstract published in Advance ACS Abstracts, October 1, 1997.
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oxygen to form singlet oxygen, which in turn oxidizes me-
thionine to yield methionine sulfoxide. Photolytic degradation
of protein drug products can be influenced by many factors,
including the buffer and its concentration, excipients, and
formulation pH. Storage conditions, such as radiation inten-
sity and duration and temperature, can also affect the rate of
photolytic degradation.

The use of antioxidants in pharmaceutical products is one
of the common ways to protect the drugs from oxidative deg-
radation.1®1” The unknown toxicity of many antioxidants and
their incompatibility with proteins and/or excipients in paren-
teral formulations has hampered their use in protein phar-
maceuticals. Nevertheless, several antioxidants have been
identified for the prevention of methionine oxidation in re-
combinant human proteins,8 including chelating agents, re-
ducing agents, oxygen scavengers, and chain terminators.1®
Chelating agents bind to metal ions that catalyze oxidative
reactions. Metal ions can react with peroxide impurities or
the protein itself in the formulation to form free radicals that
initiate oxidative degradation. Reducing agents reduce an oxi-
dized drug product. For instance, the oxidized form of methio-
nine, methionine sulfoxide, can be reduced to methionine by
a reducing agent. Oxygen scavengers are substances that are
more susceptible to oxidation than the drugs they are protect-
ing. These substances are reducing agents that can react with
oxygen by preferential oxidation, and thus remove the source
of oxidation. Chain terminators are substances that can react
with free radicals to produce intermediates that terminate the
oxidation reactions via free radical pathways.

The overexpression of a 185 kDa glycoprotein (p185HER?)
has been found in tumor cells of breast and ovarian cancer,
and rhuMAb HER2 binds to the extracellular domain of the
glycoprotein to inhibit the growth of human breast carcinoma
cells.2021 In the initial development of a liquid formulation
for rhruMAb HER2 used in the treatment of breast cancer
patients, methionine sulfoxide formation was detected using
tert-butylhydroperoxide oxidant.?22 The goals of this study
were to investigate the effect of temperature and light on
oxidation of rhuMAb HER?2 in liquid formulations, to deter-
mine the mechanisms of methionine oxidation, and to identify
antioxidants for their prevention.

Experimental Section

Materials— rhuMAb HER2, expressed in Chinese hamster ovary
cells, was purified by Process Recovery Operations at Genentech, Inc.
All chemicals and reagents used were reagent grade. Solvents used
for hydrophobic interaction and cation-exchange chromatography
(HPLC) assays were filtered before use. L-Methionine, sodium
thiosulfate, and catalase were purchased from Sigma Chemical
Company (St. Louis, MO). Platinum was purchased from Aldrich
Chemical Company (Milwaukee, WI). Carboxypetidase B and papain
(from Carcia papaya) were obtained from Boehringer Mannheim
Biochemicals (Indianapolis, IN).

rhuMAb HER2 Formulations—The thermal stability and pho-
tostability studies of rhuMAb HER2 were assessed for the single and
multiple dose formulations listed in Table 1. Formulation A was
designed for use in single dosing, and Formulations B—D were

© 1997, American Chemical Society and
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Table 1—List of rhuMAb HER2 Liquid Formulations

Protein
Concentration,

Formulation Usage mg/mL Buffer Excipients

5 mM sodium acetate,
pH 5.0

147 mM NaCl

0.01% polysorbate 20

5 mM sodium acetate,
pH 5.0

4% mannitol

0.01% polysorbate 20

1% benzyl alcohol

5 mM sodium acetate,
pH 5.0

4% mannitol

0.01% polysorbate 20

1% benzyl alcohol

14.5 mM methionine

5 mM sodium acetate,
pH 5.0

4% mannitol

0.01% polysorbate 20

0.01% benzethonium
chloride

14.5 mM methionine

A Single dose 5

B Multiple dose 21

C Multiple dose 21

D Multiple dose 21

designed for multiple does and therefore contain preservatives. All
formulations were filled under aseptic conditions into 10-mL glass
vials with a fill volume of 10 mL.

HPLC Assays—A Hewelett Packard HP-1090L HPLC instrument
equipped with a diode array detector and solvent delivery system was
used to assess the stability of rhuMAb HER2 by hydrophobic
interaction, size exclusion, and cation-exchange chromatography
methods.

Hydrophobic interaction HPLC (HIC) was employed to quantify
the amount of oxidized Fc in rhuMAb HER2. For separating the Fc
domain from the Fab fragment of the monoclonal antibody, rhuMAb
HER2 samples were first digested with carboxypeptidase B at a
concentration of 1:100 (w/w; carboxypeptidase B: rhuMAb HER2) at
37 °C for 20 min, followed by papain digestion at a concentration of
1:200 (w/w; papain: rhuMAb HER2) at 37 °C for 2 h. Digested
samples were injected directly onto a TSK Butyl-NPR column (4.6 x
35 mm, Tosohaas) and eluted at 0.5 mL/min with a mobile phase
consisting of buffer A (20 mM Tris at pH 7.0) and buffer B (2 M
ammonium sulfate in buffer A). A linear gradient from 10 to 100%
buffer A was performed over 37 min at ambient temperature. Peak
detection was performed at 214 nm.

Native size exclusion chromatography (SEC) was used to determine
the amount of soluble aggregates and monomer present in the
rhuMAb HER2 formulations. Samples were eluted isocratically at
ambient temperature using a TSK G3000SWXL column (7.8 x 300
mm, Tosohaas) at 1 mL/min with phosphate buffered saline (PBS) at
pH 7.2 as mobile phase. The runtime was 20 min, and peaks were
detected at 280 nm.

lon exchange HPLC (IEC) was employed with a Bakerbond WP
Carboxy Sulfon column (4.6 x 250 mm, J. T. Baker) to characterize
deamidation of rhuMAb HER?2 in the formulations. Samples were
eluted at 1 mL/min with mobile phase consisting of buffer A (20 mM
sodium phosphate at pH 6.9) and buffer B (0.2 M sodium chloride in
buffer A). A linear gradient from 10 to 45% buffer B was performed
over 55 min. The column was maintained at 40 °C, and peaks were
detected at 214 nm.

Extracellular Domain (ECD) Plate Binding Assay—This assay
assessed the ability of rhuMAb HER2 to bind to the ECD of the
p185HERZ glycoprotein. rhuMAb HER2 samples were diluted into
assay buffer to concentrations within the linear range (10—70 ng/
mL) of the standard curve for the assay. Diluted samples were
incubated with recombinant p185HER2 ECD protein in 96 wells of a
microtiter plate for 1 h at ambient temperature. After incubation,
the wells were washed with assay buffer, and a HRP-conjugated anti-
human Fc goat antibody was added. After additional washing, a
substrate of o-phenylenediamine was added for a 10 min incubation
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at ambient temperature in the dark. Absorbances at 490—492 nm
were read, and sample concentrations were determined from a
standard curve using a four-parameter logistic curve fitting program.

Bioassay—This assay quantitated the bioactivity of rhuMAb HER2
by measuring the antiproliferative effects of the antibody on BT-474
cells derived from human breast ductal carcinoma. rhuMAb HER2
samples were diluted into assay buffer to a concentration of 0.25 ug/
mL. Diluted samples (100 uL) were incubated with BT-474 cells in
a 96-well tissue culture plate at 37 °C for 96 h. After incubation,
medium was removed and the plate was stained with Crystal Violet
stain. Bioactivity of rhuMAb HER2 was quantitated by measuring
the absorbance at 540 nm. Sample concentrations were determined
from a four-parameter fit equation generated from the standard curve
data. The range for sample quantitation was 20% from the low and
high asymptote of the curve generated.

Thermal Stability Studies—The effect of temperature on oxida-
tion of rhuMAb HER2 was studied by incubating samples of Formula-
tion A (single dose) and Formulation B (multiple dose) at 5, 30, and
40 °C for 2 weeks. At each timepoint, samples were analyzed for
oxidation by HIC, aggregation by SEC, deamidation by IEC, and
activity by ECD plate binding assay and bioassay.

Photostability Studies—Two vials of each liquid formulation (A—
D) were stored in a light box (Forma Scientific, model 3890) under
high intensity fluorescent light maintained at 20 000 lux, which is
~15-—20 times that of indoor fluorescent light. Another two vials
wrapped with aluminum foil were also stored in the light box as
controls for the same period of time. The temperature of the light
box was at 27 °C. After 2 weeks, samples were assayed by the same
analytical methods as those used for the thermal stability studies.

Antioxidant Studies—To study the inhibitory effect of antioxi-
dants on light-induced oxidation of rhuMAb HER2, methionine and
sodium thiosulfate were added to formulation A at final concentrations
of 3.5 mM (0.05% w/v) and 6.3 mM (0.1% wi/v), respectively. The
antioxidant-containing formulations were filtered into 10-mL glass
vials with a fill volume of 10 mL, and two vials from each formulation
were kept in the light box. As controls, two other vials were shielded
from light by wrapping with aluminum foil and stored in the same
light box. At 2 weeks, samples were analyzed for oxidation by the
HIC assay.

The inhibitory effect of antioxidants on temperature-induced
oxidation of rhuMAb HER2 was evaluated by adding 3.5 mM
methionine (0.05%), 6.3 mM sodium thiosulfate (0.1%), catalase
(0.002%), and platinum (0.005%) to Formulation A before filling into
10-mL glass vials. Samples were stored at 40 °C for 2 weeks and
then assayed by the HIC method. The effect of molecular oxygen on
oxidation of rhuMAb HER2 was also examined by replacing headspace
oxygen from two 10-mL filled vials of Formulation A with nitrogen
before they were stored at 40 °C for 2 weeks. Samples were analyzed
by the HIC assay.

To determine the minimum effective levels required to inhibit
rhuMAb HER2 oxidation, methionine and sodium thiosulfate at molar
ratios between 1:1 and 1:180 (protein: antioxidant) were added to
Formulation A. Antioxidant-containing rhuMAb HER2 material was
then filled into 10-mL glass vials. Samples were stored at 40 °C for
2 weeks, and then assayed for oxidation by the HIC method.

Results and Discussion

Thermal Stability of rhuMAb HER2—The effect of
temperature on oxidation of rhuMAb HER2 was studied in
Formulation A (single dose) and Formulation B (multiple dose)
at 5, 30, and 40 °C. As shown in Figure 1, the increase in
oxidation of rhuMAb HER2 was temperature and formulation
dependent. After incubation for 2 weeks, the rhuMAb HER2
in Formulation A (5 mg/mL protein in 5 mM sodium acetate,
147 mM NacCl, 0.01% polysorbate 20, pH 5.0) had 10, 17, and
52% oxidized Fc at 5, 30, and 40 °C, respectively. The
percentage of oxidized Fc analyzed by HIC at each timepoint
was defined as the sum of the peak areas of the two oxidized
peaks (1 & 2) divided by the total peak areas of the Fc peaks
(Figure 2). Previous studies demonstrated that peak 1
contained oxidized Met-255 and peak 2 consisted of rhuMAb
HER2 oxidized at both Met-255 and Met-431 in the Fc.??
Although these two methionine residues located on the surface
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Figure 1 —Effect of temperature on oxidation of rhuMAb HER2 in Formulations A
and B. Samples were analyzed for methionine oxidation by HIC after 2 weeks of
incubation at 5 °C (black), 30 °C (gray), and 40 °C (striped).
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Figure 2—HIC chromatograms showing the effect of temperature on oxidation of
the two methionine residues on the Fc domain of rhuMAb HER2 (Formulation A).
Samples were incubated at 5 °C (solid line), 30 °C (dashed line), and 40 °C
(dotted line) for 2 weeks. The three main peaks of the rhuMAb HER2 Fc domain
are non-oxidized Fc (peak 0), Fc fragment with oxidized Met-255 (peak 1), and
Fc fragment with oxidized Met-255 and Met-431 (peak 2). After incubation, the 5,
30, and 40 °C samples contained 10, 17, and 52% oxidized Fc (peaks 1 & 2),
respectively.

of the antibody are more susceptible to oxidation than other
methionine sites that are buried in the variable domains, they
are neither within the Fcy receptor region nor the complement
Clq epitopes in the Fc of the heavy chain. In Formulation A,
oxidation of these two methionine residues increased with
temperature. In contrast, Formulation B (multiple dose),
which consisted of different excipients, did not exhibit an
increase in methionine oxidation at high temperatures (30 &
40 °C) after 2 weeks of incubation. In addition, when the
surfactant (polysorbate 20) was not added in Formulaiton A,
<10% oxidized Fc was detected in the samples that were
strored at 30—40 °C. These results indicate that oxidation of
rhuMAb HER2 was also formulation dependent.

The difference in the degree of oxidation of rhruMAb HER2
in Formulations A and B at high temperatures was also
process related. The NaCl-containing rhuMAb HER2 For-
mulation A had 52% oxidized Fc at 40 °C for 2 weeks when it
was filled into 10-mL glass vials by a stainless steel filler, as
compared with 18% oxidized Fc when filled by a nonstainless
steel filler. The replacement of NaCl by mannitol as a
tonicifier yielded Formulation B that did not induce rhuMAb
HER2 oxidation at high temperatures, even though it was
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filled by the same stainless steel filler. These results reveal
that the excipient, NaCl, in Formulation A played an impor-
tant role in rhuMAb HER?2 oxidation. One hypothesis for the
role of salt in the oxidation of rhuMAb HER2 was the
corrosion of the stainless steel components of the filler by
chloride ions at low pH, generating metal ions such as iron
that catalyzed oxidation. When rhuMAb HER2 in Formula-
tion A was tested for metal ions by induced coupled plasma
(ICP) spectrophotometry, the amount of iron increased from
<0.1 ppm in the control sample (glass vial) to 3.1 ppm in a
sample stored at 5 °C for 3 months in a 30-mL stainless steel
container (Type 316L, Fluid Line Technology). Furthermore,
when the NaCl-containing rhuMAb HER2 Formulation A was
prepared by diluting its concentrated bulk with a formulation
buffer that had been made in a stainless steel tank, the protein
had a 26% increase in oxidation after 2 weeks at 40 °C. No
increase in oxidation was observed for the formulation buffer
prepared in glass container. These results further reveal that
the presence of NaCl in a formulation and contact with stain-
less steel both contributed to the increase in rhuMAb HER2
oxidation, probably through the generation of metal ions.

To further confirm that the formation of iron ions as a result
of corrosion of stainless steel by the salt was the major cause
for the oxidation of rhuMAb HER2 at high temperatures, a
metal chelating agent (EDTA) was added to the sample vials
filled by stainless steel filler prior to incubation. After
incubation at 40 °C for 2 weeks, samples containing either
0.02 or 0.05 MM EDTA did not show an increase in methionine
oxidation, as compared with a 42% increase in the control
sample without the chelating agent. This result suggests that
the formation of iron ions in the rhuMAb HER2 Formulation
A due to the contact with stainless steel was responsible for
the oxidation of the protein at high temperatures.

The oxidation of methionine residues in peptides and
proteins is often initiated through the generation of reactive
oxygen species,?® and the rate and amount of methionine
sulfoxide formation are affected by exogenous factors such as
metal ions.2* Although many oxidative pathways are possible
for methionine, the mechanism for the temperature-induced
oxidation of methionine residues of rhuMAb HER2 in the
NaCl-containing Formulation A may involve metal-ion-
catalyzed free radical formation. The formulation contained
polysorbate 20, a nonionic polyether surfactant that can
undergo autooxidation upon storage to form alkyl hydroper-
oxides. These peroxide impurities can be further decomposed
by the presence of heavy metal ions, such as iron formed by
the contact between stainless steel, and chloride ion at low
pH to initiate alkoxyl free radical (ROs). This alkoxyl free
radical can then react with methionine residues of rhruMAb
HER2 to form a positively charged methionine free radical
that can further react with the hydroxide ion to generate
hydroxyl methionine free radical in the propagation phase.
The alkoxyl free radical can also react with molecular oxygen
to generate hydroxyl radical (HO,*), which can be terminated
by reacting with the hydroxyl methionine free radical to form
methionine sulfoxide, as shown in the following proposed
mechanism:

Initiation ROOH + Fe?* = RO" + Fe** + OH™ (1)

Propagation RO® + R'-S-CH; — R'-S,-CH; + RO~
R'-S;-CH; + OH™ — R-S'(OH)-CH; (2)
RO®+ O, + H,0 — HO," + ROOH
Termination R-S°(OH)-CH; + HO,” —

R-S (0)-CH; + H,0, (3)



Table 2—Effect of Temperature on Stability of rhuMAb HER2 Liquid Formulations

% Monomer % Deamidation % Specific Activity % Specific Activity
Temp (°C) Days Formulation (SEC) (IEC) (ECD Assay) (Bioasay)
5 0 A 100 9.4 1046+ 2.4 94.9+10.6
B 100 12.0 948+21 113.0+18.1
30 14 A 99.4 8.6 98.0+3.1 935+6.1
B 99.4 8.3 107.7+3.2 1040+ 45
40 14 A 99.0 8.4 91.9+39 96.8+3.0
B 99.6 6.7 98.5+0.1 97.5+8.3
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Figure 3 —Effect of light on oxidation of rhuMAb HER2 in various formulations.
Wrapped (black) and unwrapped (striped) samples were stored in a ligth box
with light intensity of 20 000 lux for 2 weeks. The light box temperature was 27
°C. After light exposure, samples were analyzed for methionine oxidation by HIC.

The polysorbate 20 was necessary to prevent agitation-
induced aggregation of the protein, so it could not be excluded
so as to eliminate oxidation by the pathways described in
eqs 1—3. Although temperature and excipient in the form-
ulation could cause methionine oxidation of rhuMAb HER2,
they had no significant effect on aggregation, deamidation,
and biological activity of the protein (Table 2). In fact,
rhuMAb HER2 in Formulation A, which contained 52%
oxidized Fc, still retained >90% of its binding activity and
bioactivity, as determined by the plate binding assay and
bioassay, respectively. This result is probably due to the fact
that the potential oxidation sites are neither within the
complementarity-determining regions (CDRs) nor the Fc
receptor binding sites of the antibody. The major concern
about methionine oxidation in rhuMAb HER?2 is related to
regulatory issue. To fulfill the FDA requirement for a stable
formulation, one must demonstrate that the pharmaceutical
product is not >10% degraded and that the degradation
products do not have any adverse effects on the safety and
efficacy of the drug.

Photostability Studies—To study an alternative oxidation
pathway for rhuMAb HER2, the effect of light on methionine
oxidation in rhuMAb HER2 was assessed in various formula-
tions. The results are shown in Figure 3. After 2 weeks of
storage in the light box, the unwrapped vials of rhuMAb HER2
in formulations B, C, and D all had a slight increase in
oxidized Fc (17—22%) as compared with ~12% in their
wrapped control vials. However, the amount of oxidation
induced by light in these formulations was still much less than
that observed in Formulation A (48% oxidized Fc in the
unwrapped vials and 16.5% in the wrapped control vials).
These results suggest that rhuMAb HER2 was susceptible to
photooxidation in all formulations tested, and that the greater
extent of methionine oxidation in Formulation A was probably
due to the combined effects of light and the increase in
temperature of the light box (27 °C).
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Photolytic oxidation of rhuMAb HER2 can occur when the
protein itself absorbs energy from the radiation source
(fluorescence light in the light box). This absorbed energy can
be dissipated in the form of thermal energy, which produces
an increase in temperature for inducing methionine oxidation
of rhuMAb HER2. This sequence may also be an explanation
for the greater increase in methionine oxidation in Formula-
tion A than in Formulations B, C, and D after light exposure,
because Formulation A was shown to be temperature sensitive
(Figure 1). Another mechanism for photolytic degradation of
rhuMAb HER2 in these formulations may involve the forma-
tion of singlet oxygen, which has shown to be one of the
photooxidation pathways for methionine-containing com-
pounds.’®> The formation of singlet oxygen was probably due
to the presence of polysorbate 20, a photosensitive agent, in
the rhuMAb HER2 formulations. After the absorption of
radiation energy from the light box, polysorbate may dissipate
its energy by reacting with molecular oxygen to generate
singlet oxygen. This singlet oxygen can react with methionine
to form an intermediate that oxidizes a second methionine
molecule to form sulfoxide, as shown in the following equa-
tions:

Polysorbate LA Polysorbate* 4)
Polysorbate* + O, — Polysorbate + 'O, (5)
R-S-CH, + 'O, — R-S(00)-CH, (6)

R-S(00)-CH, + R-S-CH, — R-S(0)-CH, + R-S(0)-CH,
(7)

The photo-induced oxidation of rhuMAb HER2 was pre-
vented by the presence of methionine in the formulation. As
shown in Figure 3, Formulation B (21 mg/mL rhuMAb HER2
in 5 mM sodium acetate, pH 5.0, 4% mannitol, 0.01% polysor-
bate 20, and 1% benzyl alcohol) contained 22% oxidized Fc
after 2 weeks of light exposure as compared with 17% in
Formulation C, which consisted of the excipients used in
Formulation B plus 14.5 mM methionine. Formulation D,
which contained 0.01% benzethonium chloride as preservative,
photo-oxidized at a similar rate as Formulation C, which
contained 1% benzyl alcohol. Thus, the preservative did not
affect the rate or extent of oxidation. These results suggest
that the presence of a reducing agent such as methionine can
act as an antioxidant to reduce photooxidation of methionine
in the protein. In fact, methionine has been shown to be
effective in reducing methionine sulfoxide formation in peroxide-
mediated oxidation of recombinant human ciliary neurotrophic
factor and nerve growth factor.18

In summary, methionine oxidation was the major degrada-
tion pathway of rhuMAb HER2 caused by light. The oxidized
rhuMAb HER2 (light-induced) appeared to retain its full
binding activity and bioactivity in the plate binding assay and
bioassay, respectively. Light had no significant effect on
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Table 3—Effect of Light on Stability of rhuMAb HER2 Liquid Formulations

% Monomer % Deamidation % Specific Activity % Specific Activity
Condition Days Formulation (SEC) (IEC) (ECD Assay) (Bioasay)
Dark 14 A 99.4 8.3 118.0+6.8 NT?
B 100 94 93.1+95 104.7 £ 4.5
C 100 9.8 88.7+5.4 106.4 +4.7
D 100 9.6 90.1+0.9 111.7+58
Light 14 A 98.6 8.0 113.7+5.2 NT
B 100 8.2 95.0+7.6 93.2£6.3
C 100 8.2 100.6 + 1.4 98.8+4.6
D 100 8.2 98.6 £ 6.9 95.0+0.7
aNT = not tested.
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Figure 4 —Methods to prevent temperature-induced oxidation of rhuMAb HER2
in Formulation A. Antioxidants were added to the formulation before filling into
sample vials for incubation at 40 °C for 2 weeks. After incubation, samples were
assayed by HIC to assess methionine oxidation. The amount of oxidation was
compared with a control sample containing no antioxidant stored under the same
conditions.
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Figure 6 —(A) Determination of the minimum effective level of methionine required
to prevent oxidation of rhuMAb HER?2. (B) Determination of the minimum effective
level of sodium thiosulfate required to prevent oxidation of rhuMAb HER2.
Methionine or thiosulfate was added to the rhuMAb HER2 Formulation A at different
protein-to-antioxidant molar ratios before filling. Samples were stored at 40 °C
i e bk o Ll for 1 week (black), 2 weeks (striped), 3 weeks (gray), and 4 weeks (white) and
Figure 5—Effect of antioxidants on light-induced oxidation of rhuMAb HERZ  analyzed for oxidation of thuMAb HER2 by HIC at the end of each storage period.
Formulation A. Antioxidants were added to the formulation before filling into sample
vials. Sample containing no antioxidant (black), 6.3 mM sodium thiosulfate (gray), dants. such as methionine. sodium thiosulfate. catalase. or
and 3.5 mM methionine (striped) were stored wrapped (Dark) and unwrapped platinum, did not oxidize after 2 weeks at 40 °C. In contrast,

(Light) in a light box with light intensity of 20 000 lux for 2 weeks. The light box : e . 0
temperature was 27 °C. After light exposure, samples were assessed for ~ the control sample without antioxidant consisted of 52%

methionine oxidation of rhuMAb HER2 by HIC. Results were also compared with ~ oxidized Fc under the same storage conditions. Interestingly,
the control samples stored in the dark at 5 °C for 2 week. removal of oxygen in the sample vials by repeated pulling
vacuum and replacing with nitrogen was also effective in

aggregate formation and deamidation of the protein as reducing rhuMAb HER?2 oxidation. These results support the
determined by native SEC and IEC (Table 3). proposed mechanism that temperature-induced methionine
Mechanisms for Prevention of Methionine Oxidation oxidation of rhuMAb HER?2 in the NaCl-containing Formula-
by Antioxidants—Although methionine oxidation did not tion A occurred by free radical formation in the presence of
affect the activity of rhuMAb HER2, it may impact its molecular oxygen. Methionine and thiosulfate can either

immunogenicity or shelf-life. Potential methods to reduce inhibit free radical-induced oxidation by terminating the chain
temperature-induced methionine oxidation of rhuMAb HER2 reaction or simply by competing with the methionine residues
were investigated to select inhibitors of oxidation and under- in rhuMAb HERZ2 for reaction with the free hydroxyl radicals.
stand the mechanism of oxidation. As shown in Figure 4, The free radical scavengers, catalase and platinum, also
rhuMAb HER2 in Formulation A containing added antioxi- prevented methionine oxidation in rhuMAb HER?2.
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Figure 7 —Interaction of sodium thiosulfate with rhuMAb HER?2 detected by cation-
exchange chromatography (IEC). After storage in a light box for 2 weeks, a
degradation species (peak a) was observed in samples containing 6.3 mM
thiosulfate (dotted line) as compared with the samples containing 3.5 mM
methionine (dashed line) or no antioxidant (solid line). Peaks 1-5 are the five
major isoforms of rhuMAb HER2 analyzed by IEC.

The effect of antioxidants on light-induced methionine
oxidation in rhuMAb HER2 Formulation A was also studied
(Figure 5). Unwrapped sample vials, containing either 6.3
mM sodium thiosulfate or 3.5 mM methionine (concentrations
commonly used in parenteral pharmaceuticals), did not show
an increase in oxidation when stored in a light box for 2 weeks.
In contrast, oxidized Fc was increased to 48% for the un-
wrapped sample without antioxidants. These results suggest
that methionine and sodium thiosulfate can be used for
inhibiting photolytic oxidation in addition to temperature-
induced oxidation of rhuMAb HER2. These antioxidants may
prevent photolytic oxidation of rhuMAb HER2 by competing
with methionine residues on the protein to react with molec-
ular oxygen or singlet oxygen.

Different concentrations of methionine and thiosulfate were
added to the rhuMAb HER2 Formulation A to determine the
minimum effective level required to inhibit protein oxidation.
Methionine at a final concentration of 0.175 mM, equivalent
to a protein-to-methionine molar ratio of 1:5, was the mini-
mum effective level for reduction of rhuMAb HER2 oxidation
caused by temperature (Figure 6a). Thiosulfate at a minimum
concentration of 0.8 mM, protein-to-thiosulfate molar ratio of
1:25, was required to inhibit rhruMAb HER2 oxidation in
Formulation A (Figure 6b). Unlike methionine, thiosulfate
reacted with rhuMAb HER2 as detected by cation-exchange
chromatography (Figure 7). At a 1:100 molar ratio of protein-
to-thiosulfate, an unknown degradation species (peak a) was
observed in the sample. This peak may be an adduct be-
tween rhuMAb HER?2 and thiosulfate yielding a new charged
species. This species was more acidic than the native rhuMAb
HER2 and eluted before the main peak of the native pro-
tein (peak 3). These data demonstrate that methionine is
the preferred antioxidant for preventing rhruMAb HER?2 oxi-
dation.

Conclusions—Based on these studies, we conclude that
temperature and light induce methionine oxidation of rhuMAb
HER2. The rate of oxidation increases with temperature and
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is formulation dependent. The corrosion of stainless steel by
sodium chloride present in rhuMAb HER2 liquid formulation
to generate iron ions was the major catalyst for the protein
oxidation at high temperatures. Temperature-induced oxida-
tion of rhuMAb HER2 may occur by the formation of free
radicals, and photo-induced oxidation may occur via singlet
oxygen pathway. Methionine oxidation of rhuMAb HER2
either caused by temperature or light can be reduced by
adding a stoichiometric amount of methionine or thiosulfate
(antioxidants) to the formulation, but thiosulfate reacted with
the protein. A protein-to-methionine molar ratio of 1:5 can
inhibit rhruMAb HER2 oxidation.
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ABSTRACT: Recent oxidation events on monoclonal antibody candidates prompted us to
investigate the mechanism of oxidation of Met, Trp, and His residues and to search for
suitable stabilizers. By using parathyroid hormone (1-34), PTH, as a model protein and
various oxidants, aided by liquid chromatography, peptide mapping, and mass spectro-
metry, we identified and quantified the oxidation of these vulnerable residues.
Whereas H;O5 and ¢-butyl hydroperoxide (.-BHP) primarily oxidized the two Met
residues, 2,2'-azobis(2-amidinopropane) dihydrochloride (AAPH), and H,0, + Fe(II)
oxidized Met and Trp residues, with AAPH more capable of generating oxidized Trp
species than the latter. HyOy+ Fe(IIl) generated results comparable to those
with HyO5 + Fe(II), except that there was a lesser amount of hydroxylated Phe. Oxida-
tion of the His residue in PTH occurred when copper was used instead of iron. AAPH,
a free-radical generator, produced alkylperoxides, which simulated the oxidizing
species from degraded polysorbate, commonly found in protein formulations. It is
prudent to screen stabilizers by using HyO5, HyO5 + Fe(II), and AAPH because these
agents represent potential assaults from the HyO, commonly present in degraded
polysorbate, the residue of aseptic agents and the metal from stainless steel surfaces,
and alkylperoxides from degraded polysorbate, respectively. Free Met protected the Met
residues in PTH from oxidation by HyO2 and H;O5 + Fe(II). Mannitol and EDTA were
effective against HyO5 + Fe(II). Free Trp protected only the Trp residue in PTH from
oxidation by AAPH, the combination of Trp and Met was effective against all three
oxidant conditions. By using AAPH to generate oxidant, Trolox (6-hydroxy-2,5,7,8-
tetramethylchroman-2-carboxylic acid) and pyridoxine were also found to exhibit
good free-radical scavenging activity and thus protected Trp in PTH against oxidation.
© 2009 Wiley-Liss, Inc. and the American Pharmacists Association J Pharm Sci
98:4485-4500, 2009

Keywords: proteins; oxidation; HPLC; mass spectrometry; free radicals; stabiliza-
tion; excipients; PTH; tryptophan; Trolox; pyridoxine
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Nguyen,! Li et al.,> and Hovorka and Schéneich.?
Side chains of cysteine (Cys), methionine (Met),
tryptophan (Trp), histidine (His), and tyrosine
(Tyr) residues are prone to oxidation, in that
order. The thiol group in Cys is the most reactive
functional group; hence, very few pharmaceutical
proteins contain free Cys. In this report, Cys
oxidation will not be addressed; instead, we intend
to focus on the oxidation of Met, His, and Trp.
Another aspect of oxidation, photo-oxidation, will
also be excluded from this discussion.

Met Oxidation

Met oxidation forms Met sulfoxide (Met[O])
and, under extreme conditions, sulfone. Examples
of pharmaceutical proteins exhibiting Met oxida-
tion are listed below, along with the associated
studies (in chronological order) and the oxidants
used:

e Growth hormone (Teh et al.,* using Hy0y;
Pearlman and Bewley,” and Zhao et al.,®
using ascorbate/Cu(I)/Oy [Asc/Cu(Il)/Os]).

e Interleukin-2 (Sasaoki et al,” using
100x H,0,; Cadée et al.,® using peroxodisul-
fate; and Ha et al.,” using polysorbate).

e Murine antibody (Orthoclone OKT3) (Kroon
et al.,'° using no oxidant).

e Relaxin (Nguyen et al.'' and Nguyen and
Shire,'? using 2000x H,0,; Li et al.,'®!*
using Asc/Cu(Il) or Fe(IID)).

e Small peptides (Li et al.*®).

e Insulin-like growth factor I (Fransson,'
using dissolved Oy, Fe(IIl), and EDTA).

e Recombinant human ciliary neurotrophic fac-
tor and recombinant human nerve growth
factor (Knepp et al.,’” using HyOy).

o Herceptin® (trastuzumab) (Shen et al.,'®
using ¢-butyl hydroperoxide [(-BHP]; Lam
et al.,'® using heat, light, and stainless steel).

e Recombinant interferon gamma (Actim-
mune) and recombinant tissue plasminogen
activator (alteplase, Activase®™) (Keck,?®
using t-BHP).

e Recombinant human granulocyte colony-sti-
mulating factor (Herman et al.?' and Yin
et al.,?®*?% using HyOy; Lu et al.,®* using
H202 and t-BHP)

e Recombinant human leptin (Liu et a
using ¢-BHP and H50,).

e Brain-derived neurotrophic factor (Jensen
et al.,?® using Asc/Cu(II)/Oy).

6

1.,25
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e Recombinant human vascular endothelial
growth factor (thVEGF) (Duenas et al.,*’
using H,O5 and ¢-BHP).

e Parathyroid hormone (PTH) (Yin et al.?? and
Chu et al.,?®%° using HyOy).

e Two different monoclonal antibodies (Wei
et al.,?® using +-BHP, UV irradiation, and
ozone, Chumsae et al.,?! using ¢-BHP and
heat).

It is noteworthy that in the past 20 years, a
great variety of oxidants have been used to study
the oxidation of proteins, with -BHP and Hy0»
used predominantly. These peroxides were tested
without addition of metal. Only when ascorbate
was used, either copper or iron was included.
Methionine oxidation certainly drew the greatest
attention in the past by various investigators as it
is most easily oxidized except cysteine, and readily
detected.

His Oxidation

His oxidation predominantly forms oxo-histidine
but also forms a variety of other oxidation
products, depending on the oxidation conditions.
By using Asc/Cu(Il)/O,, Li et al.'®!* observed
oxidation of the His residues in relaxin. With
human growth hormone, Zhao et al.® observed
oxo-histidine when the same oxidizing system was
used to simulate metal-catalyzed oxidation at the
metal-binding site. Aspartic acid and asparagine
as oxidation products of His were also detected in
B-amyloid peptide in the presence of Cu(Il)/
H,0,.%2 Better understanding of His oxidation
in a pharmaceutical preparation is needed.

Trp Oxidation

Multiple products are formed by way of Trp
oxidation. Stability studies of Trp alone in
aqueous solution®® and Trp residues in small
peptides and lysozyme®* and in bovine a-crystal-
lin®*® clearly identified the main degradants as
5-hydroxy-Trp, oxy-indole alanine, kynurenine,
and N-formylkynurenine. There are very few
articles on the oxidation of Trp in pharma-
ceutical proteins. Davies et al.?® oxidized bovine
serum albumin with oxygen radicals generated
from cobalt radiation; Uchida et al.3” stressed
albumin with Fe(II)/EDTA/Asc and detected
selective oxidation of Trp and His. Trp oxidation
in monoclonal antibodies was reported recently
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by Yang et al.®® and Wei et al.,*® who used
ozone and UV irradiation as stress conditions).
The reason that Trp oxidation has not been
studied in depth perhaps was due in fact that
no model oxidizing condition has been adopted
and system that promotes Trp oxidation is not
easy to handle or reproduce. In the case of Met
oxidation, t-BHP, and H50, are easy to handle.

Comparison of Met, His, and Trp Oxidation

The fact that Met[O] is readily detected in
numerous pharmaceutical proteins may be attrib-
uted to its susceptibility to various oxidizing
agents in addition to HO, alone. Light, :-BHP,
and peroxodisulfate have been used by various
laboratories to generate Met[O]. The oxidation of
Trp or His in pharmaceutical proteins under
normal storage conditions can be very slow. To
expedite oxidation, one or more stress models are
needed. Trp or His oxidation is considered metal-
catalyzed or free-radical-mediated oxidation.3¢:3

Model Stress Conditions: H,O,

Many protein formulations contain polysorbate
20 or polysorbate 80. It has been reported that the
oxidants present in aged polysorbate consist
predominantly of HoOs (up to 75%).%° Ha et al.®
reported increased oxidation of an interleukin-2
mutant by aged polysorbate. Since polysorbate is
the source of oxidant in protein drug product,
the use of H,O, may be a way to simulate the
oxidative reaction in surfactant-containing for-
mulations. In addition, H,O5 has been used as an
aseptic agent for the isolators used in the filling of
sterile products; consequently, residual H,O5 can
be found in the drug product. For this reason, it is
important to determine the sensitivity of the
protein to oxidation by HyOs.

Model Stress Conditions: H>O, + Fe(ll)

Theoretically, metal is ubiquitous and should be
included in experimental stress conditions; how-
ever, it may be difficult to select a metal, whether
iron or copper, and to determine whether to use a
chelating agent (e.g., EDTA). These factors have a
profound effect on the outcome of the experi-
mental results. The following examples illustrate
the complicated results of oxidation involving
metal. With relaxin, two Met and one His

DOI 10.1002/jps
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residues, but neither of two Trp residues, were
oxidized when metal was used in the oxidizing
system, such as Asc/Cu(II)/O5. With bovine serum
albumin, free radicals generated from an Fe(II)/
EDTA/Asc system preferred Trp, whereas Cu(Il)/
Asc (without EDTA) preferred His.?” The use of
ascorbate has frequently been cited in the
literature; however, since ascorbate will not be
included in our formulation, it will not be
considered. HyOo/Fe(II)/EDTA and Hs05/Cu(Il)
generated different patterns of albumin degrada-
tion.** Metal-catalyzed oxidation of Trp and Met
residues in a-crystallin was observed with HyOo/
Fe(II)/EDTA.?® Whether EDTA promotes or inhi-
bits metal catalyzed reaction, or what would be
the preferred oxidation site, Trp or His, no clear
trend emerges from these results.

During pharmaceutical production, recombi-
nant proteins are necessarily exposed to stainless
steel; thus, protein solutions may contain trace
amounts of iron or other metals. In addition,
common excipients such as sucrose, amino acids,
and buffers, and leachables from plastic or glass
containers may also contribute minute quantity of
metals. Therefore, we chose HyO5 with Fe(Il)—
the commonly known Fenton reaction—as a
stress condition to evaluate the oxidation poten-
tial of our drug candidates. The Fenton reaction
involves several oxidizing species, the best char-
acterized being hydroxyl radicals which is the
most reactive free radical. Fe(III), as added
species or derived from oxidation of Fe(II) by
H0,, might be able to react further with H,O, to
generate superoxide radical which is far less
reactive than hydroxyl radical.

Model Stress Conditions: AAPH

As discussed above, the presence of metal
increases the complexity of oxidation studies.
2,2'-Azobis(2-amidinopropane)  dihydrochloride
(AAPH) is a metal-ion-independent, reactive-
oxygen-species-generating system.*? At a defined
rate, it decomposes in aqueous, aerobic solutions
to yield alkyl radicals that immediately add
oxygen to yield alkylperoxides. The chemical
structure and generation of alkylperoxides are
shown in Scheme 1. Strictly speaking, AAPH is
not an oxidant; rather, it reacts with oxygen to
generate the oxidant, an alkyperoxyl radical. In
this report we group it with £-BHP and H,0, and
refer to them together as oxidants. Treatment
with AAPH led to the oxidation of Met, Tyr, and
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Scheme 1. Structure of AAPH. Upon heating,
AAPH, an azo compound, releases nitrogen gas and
generates alkyl radical, which combines with oxygen
to form alkylperoxide.

Trp residues in liver proteins.*? In the same study,
another amino acid derivative from oxidation,
dityrosine, was also detected. When glutamine
synthetase was exposed to AAPH for 4 h, both Trp
residues, 2 of 16 His residues, 6 of 17 Tyr residues,
and 5 of 16 Met residues were lost.** Anraku
et al.*®> used AAPH on albumin; the degree of
oxidation was determined by the number of
carbonyl groups formed. These reports indicated
that AAPH led to the oxidation of a wide range of
amino acids in addition to Met. More recently,
with respect to small molecule drugs, 2,2’-azobis-
isobutyronitrile and 4,4'-azobis-4-cyanovaleric
acid, both azo compounds similar to AAPH, were
evaluated for use in oxidative forced-degradation
studies.*® Because azo compounds can generate
reproducible amounts of radicals, independently
of metal, AAPH was used as a model oxidant for
its ability specifically to generate Trp-oxidized
protein.

Selection of a Model Protein

PTH (1-34) was chosen because of its minimal
tertiary structure®” and its sequence, which
contains all three desirable amino acids (one
Trp, two Met, and three His); the ease with which
it can be assayed by reversed-phase high-perfor-
mance liquid chromatography (rp-HPLC); and its
availability. When Chu et al.?®?° studied Met
oxidation in PTH stressed only by HyO,, the
different oxidation rates of Met8 and Met18 were
found to correlate to the 2-shell water coordina-
tion number. The difference, <1.5-fold, was not
sufficiently significant to influence the conclusion
that we would draw from our study. The oxidation
rates of different Met residues in growth hormone
(Teh et al.*) and rhVEGF (Duenas et al.?”) were
attributed primarily to different degrees of solvent
exposure. We would expect the oxidation rate of
the fully solvent-exposed Met in PTH, growth
hormone, and rhVEGF to be comparable. There-
fore, the two Met residues on PTH can simulate
solvent-exposed Met in all proteins. Ease of
analysis by LC/MS because of the presence of
only one Trp made PTH a good model protein for
our study. One should recognize that the results
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from PTH cannot fully simulate the oxidation in a
complex protein such as a MAb where protein
structure exerts influence on the rate and extent
of residues. This study differs from the prior work
on PTH,?®?° in the use of oxidizing conditions.
Prior studies employed only hydrogen peroxide
whereas the conditions used in this study allowed
the Trp, His, and Phe to be oxidized and observed.

Antioxidants Used in Protein Products

A key objective of this study was to screen
stabilizers. It is anticipated that the information
generated by these stress studies might lead us to
a novel stabilizer. Prior to the screening study,
however, it is useful to review anti-oxidants that
have already been incorporated into marketed
protein or peptide products. As an antioxidant,
free Met was cited in US Patent 5849700 (by
Takruri*®) and subsequently in a patent applica-
tion from Amgen (by Li et al.*®). Met was described
as a potential stabilizer for relaxin gel (by
Nguyen'). As cited in package insert of the
following parenteral products, free Met can be
found in depo-sub@ Provera, Follistim AQ, Gonal-
f RFF, and lutropin alfa. Other agents that may
control the oxidation of protein include EDTA
(a metal-chelating agent) and mannitol (a free-
radical scavenger and metal-binding reagent),
which have been widely cited (e.g., by Wang and
Hanson®° and Nema et al.’!). N-Acetyl tryptophan
has been used along with octanoates as ligands
that bind to specific sites to stabilize human serum
albumin during pasteurization (by Anraku et al.*
and Peters®?).

Most of prior literature focused on the oxidation
of one, and seldom two or more amino acids. We
believe our study is among selected few that
studied and compared the oxidation of all
potentially oxidizable amino acids, Met, Trp,
His, and Phe in one protein. In prior studies,
typically one oxidizing condition was employed;
we compared all three different conditions side-
by-side. Results from this study will be valuable in
comparing the vulnerability of these amino acids
under various conditions.

MATERIALS AND METHODS

Materials

PTH (1-34) (SVSEIQLMHNLGKHLNSMERVE
WLRKKLQDVHNF, mol wt: 4117.72 Da) was

DOI 10.1002/jps
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purchased from American Peptide Company
(Sunnyvale, CA). In this report, this 1-34 version
is simply referred to as PTH. AAPH was
purchased from Calbiochem (La Jolla, CA).
L-Methionine and EDTA disodium were pur-
chased from J.T. Baker (Phillipsburg, NJ).
Sodium acetate, ammonium acetate, HyOs,
t-BHP, copper acetate, and ferric chloride hex-
ahydrate were purchased from Sigma—Aldrich
(St. Louis, MO). Ferrous chloride tetrahydrate
was purchased from EMD (Gibbstown, NdJ).
Mannitol and sucrose were obtained from Ferro
Pfanstiehl. L-Tryptophan and Trolox (6-hydroxy-
2,5,7,8-tetramethylchroman-2-carboxylic acid, a
water soluble vitamin E) were obtained from
Fluka (Buchs, Switzerland). Pyridoxine was
obtained from Spectrum (Gardena, CA). Trypsin
(sequencing grade, N-tosyl-L-phenylalanine chlor-
omethyl ketone-treated) was purchased from
Promega (Madison, WI). HPLC-grade acetonitrile
and water were purchased from Fisher Scientific
(Fairlawn, NJ). Water used in sample-prepara-
tion experiments was obtained from a Milli-Q Plus
purification system (Millipore, Bedford, MA).

Sample Preparation

PTH (0.1 mg/mL, 0.024 mM) was mixed
with Hy0,, HyO5/Fe(Il), t-BHP, ¢-BHP/Fe(Il), or
AAPH. In each case the oxidant concentration was
1 mM, at a molar ratio of 1:42 (protein:oxidant) in
20 mM ammonium acetate buffer at pH 5.0. The
concentration of Fe(Il) was 0.2 mM. The composi-
tions are presented in detail in Table 1. Mannitol
(15%, w/v), sucrose (6%), EDTA (0.04%, w/v), Trp,
Met, Trolox, and pyridoxine (where the final
concentration in the test samples is shown in
parentheses) were added to the reaction solution
at 2 mg/mL as stabilizers at their respective
concentrations. After incubation at 40°C for 6 and
24 h, all without exposure to light, aliquots of the
samples were mixed with methanol and Met to
quench the reaction prior to rp-HPLC analysis,
peptide mapping, and liquid chromatography/
mass spectrometry/mass spectrometry (LC/MS/
MS). All experiments and analyses were done
without replication.

rp-HPLC

Analysis of oxidized and intact PTH was carried
out on a Waters HPLC instrument using a C4
(Vydac, 214TP, 5 pm, 2.1 mm x 250 mm) column.
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Solvent A was 0.1% trifluoracetic acid (TFA)
in H,O, and solvent B was 0.08% TFA in aceto-
nitrile. The samples were analyzed with a linear
gradient from 20% B to 80% B at a flow rate of
0.2 mL/min in 45 min. The column temperature
was set at 30°C. UV detection was set at 214 nm.

Trypsin Digestion

The pH of the samples was adjusted to 7.5 by
adding 1 M ammonium bicarbonate. Five micro-
liters of 0.5 mg/mL trypsin was added to 200 pL
samples, which were then incubated at 37°C for
3—4 h. The digestion was quenched with 0.1%
TFA.

LC/MS/MS Characterization of the Tryptic
Peptide Map

PTH samples after tryptic digestion were sepa-
rated with an Agilent 1200 Series HPLC system,
and the masses and sequences of the peptides
were determined with an online-coupled LTQ
linear ion-trap mass spectrometer (Thermo
Fisher Scientific, San Jose, CA). A Jupiter Proteo
1.0 mm x 150 mm column (particle size 4 p.m, pore
size 90 A; Phenomenex, Torrance, CA) was used,;
its temperature was controlled at 30°C, and the
column effluent was monitored at 214 nm. The
flow rate was controlled at 150 pwL/min, and the
mobile phases used were 0.1% TFA in water (A)
and 0.1% TFA in acetonitrile (B). A 100 p.L volume
of the sample was injected. The optimized
gradients (expressed as min/per %B) were 0/2%,
3/2%, 10/8%, 15/8%, 60/40%, 61/95%, 65/95%, 66/
2%, and 76/2%. The effluent from the HPLC was
directly infused into the L'TQ electrospray ioniza-
tion source. Electrospray ionization in positive-ion
mode was achieved by using a needle spray
voltage of 4.5 kV and a capillary voltage of
44 V. In the LC/MS/MS experiments, nine scan
events, including a full scan in the range of 300—
2000 m/z, were followed by four cycles of zoom
scans and MS/MS scans on the four most intense
ions.

MS/MS spectra interpretation and peptide
assignments were accomplished with an auto-
matic database search with a SEQUEST algo-
rithm using BioWorks Browser version 3.2
software (Thermo Fisher Scientific) and manual
investigation of each matched product ion spec-
trum. A FASTA single-protein database of PTH
was created and used as the searching target. For
the identification of oxidation products, oxidation-
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related modifications were defined as variable
ones (+4, +16, and +32 Da for Trp; +16 and +32
Da for Met; and +16, —22, and —23 Da for His).
Peptide matches with satisfied correlation-factor
(Xc) values (Xc¢ > 1.5 for singly charged, >2.0 for
doubly charged, and >2.5 for triply charged
peptide ions) were selected as potentially sig-
nificant matches for an oxidation-modified pep-
tide. Subsequently, manual investigation of zoom-
scan mass spectra and MS/MS spectra of the
matched peptide ions was performed to eliminate
false positive identifications. Zoom-scan MS pro-
files were examined to confirm the charge state
and monoisotopic mass of matched peptides. To
estimate the oxidation level for each oxidation
site, the extracted ion chromatograms of corre-
sponding peptides were manually integrated
using an Xcalibur Qual Browser. The relative
percentage of oxidation was subsequently calcu-
lated by dividing the peak area of the oxidized
peptide ion by the sum of the peak areas of
oxidized and nonoxidized peptides.

RESULTS AND DISCUSSION

Met and Trp Oxidation in PTH

Figure 1 shows the rp-HPLC chromatograms of
PTH reacted with Hy0,, in which Met18[O]-PTH,
Met8[O]-PTH, and doubly oxidized PTH species
were detected; their identities were confirmed by
LC/MS. Reaction conditions, pH 5 and 40°C were
chosen because most peptide and protein formula-
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Figure 1. rp-HPLC chromatogram of 0.1 mg/mL
PTH in 20 mM ammonium acetate buffer at pH 5.0,
degraded by 34 ppm H50,. The reaction was conducted
at 40°C, and samples were removed at 2, 4, and 6 h. The
increased peak height of mono-oxidized PTH and diox-
idized PTH is shown.
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tions are in the pH range of 5-6, thus pH 5 is a
representative pH for this range, and most of the
stability studies carried out in the industry were
using 40°C as the highest temperature tested.
This trend is consistent with data generated by
Chu et al.,?®?° who reported the three Met-
oxidized species detected by rp-HPLC, with
Met18 oxidized more than Met8, followed by the
doubly oxidized species. Figure 2 shows the rp-
HPLC chromatograms of PTH reacted with AAPH
and reveals a pattern very different from that
shown in Figure 1. Two sets of triplet peaks
appeared at retention times between the PTH and
Met[O] peaks. Although the individual peaks
were not fully characterized, it was later con-
firmed by tryptic digestion, followed by LC/MS/
MS, that these new peaks were Trp[O]-modified
PTH species. Tryptic peptide mapping of the PTH
digests showed that, in addition to the Met
oxidation products, three tryptic peptide species
with molecular masses of M+4, M+32, and M+16
(where M is the mass of tryptic peptide VGWLR of
PTH) were produced when PTH was treated with
AAPH. Analysis of MS/MS spectra of the peptide
species resulted in their assignment as three
Trp oxidation derivatives—namely, kynurenine
(M+4), N-formylkynurenine (M+32), and 5-
hydroxytryptophan, or ox-indole alanine (M-+16).
Their chemical structures are shown in Figure 3.

PTH was oxidized by three model oxidants
(H509, Hy05 + Fe(II), and AAPH). Table 1 sum-
marizes the overall oxidation of Met8 and Trp23
of PTH in these degraded samples. Altogether,
43% and 84% of the Trp residues of PTH were
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Figure 2. rp-HPLC chromatograms of 0.1 mg/mL

PTH in 20 mM ammonium acetate buffer at pH 5.0,
treated with AAPH. Trp[O]-PTH peaks were predomi-
nantly observed. The reaction was conducted at 40°C,
and samples were removed at 2, 4, and 6 h.
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Table 1. Quantitation of PTH Oxidation (Trp23 and Met8) in 20 mM Ammonium
Acetate Buffer at pH 5.0, by Peptide Mapping

% Residue Oxidized

Oxidants/Reaction
Time Met8[O] Trp[O] Total Trp+16 Trp+32 Trp+4
AAPH
6h 29 42 35 6 1
24 h 58 84 61 20 3
H202
6h 41 1 0.6 0.5 0.1
24 h 83 2 0.8 0.5 0.2
H,0, 4 Fe(II)
6h 55 17 11 5 1
24 h 91 35 22 11 2
H,0, 4 Fe(III)
6h 47 19 11 6 2
24 h 97 50 21 24 5
H202 + Cu
6h 99 69 16 39 14
24 h 100 96 15 65 16
t-BHP
6h 9 0 0 0 0
24 h 18 0 0 0 0
t-BHP + Fe(I)
6h 10 3 2 0.8 0.2
24 h 22 3 2 0.6 0.2
Control
6h 0 0 0 0 0
24 h 1 0 0 0 0

AAPH is more specific toward Trp than is the Fenton reaction. His residues were not
affected by these oxidants. The reaction was conducted at 40°C for 6 and 24 h. PTH was at
0.1 mg/mL, all oxidants (AAPH and peroxides) were at 1 mM; Fe (II), Fe(III), and Cu (II) were at

0.2 mM.

oxidized by APPH when treated for 6 and 24 h,
respectively. Hence, the new peaks shown in
Figure 2 were identified as Trp[O]-modified PTH
species. Oxidized Metl18 containing tryptic pep-
tide was not retained on the reversed-phase
column; therefore, no data related to Met18
oxidation are provided.
The key observations are as follows:

1. Three conditions—¢-BHP with iron, :-BHP
without iron, and HyOy—resulted in a mini-
mal amount of Trp oxidation.

None of the three His residues was affected.

3. Only AAPH and the Fenton reaction,
H50, + Fe(Il), generated Trp oxidation.

4. More M+16 Trp[O] than other species (M+4
and M+32) was generated.

5. To reach a comparable degree of Trp oxida-
tion, AAPH treatment for 6 h generated 43%
Trp[O] and 29% Met[O] at Met8, whereas
Hy0,/Fe(Il) treatment for 24 h generated

ro
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35% TrplO] but a much larger amount (91%)
of Met[O] at Met8. This comparison shows
that AAPH treatment is more specific for Trp
oxidation than is the Fenton reaction.

The mechanism of thioether (Met) oxidation by
peroxides (HyO,, -BHP, or other ROOH species)
is a one-step nucleophilic attack of sulfide on a
peroxide—protic solvent complex, followed by a
series of concerted electronic displacements that
leads to the transfer of oxygen to the sulfur atom,
resulting in Met[O].2 The fact that the oxidation
level of Met was not affected by the addition of
Fe(II) to the HyO,, as shown in Table 1, is evidence
that Met oxidation is a nucleophilic reaction and
that it does not involve free radical. This reaction
mechanism implies that the opposite reactant,
peroxide oxygen, is electrophilic. Thus, electron-
donating groups such as ¢-butyl decelerate the
reaction by decreasing the electrophilicity of
oxygen. For this reason, the fact that ¢-BHP
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Figure 3. Chemical structures of degraded (oxidized)
Trp. The additional masses of these products are noted
(+4, +16, and +32 Da).

was associated with less oxidation (Tab. 1)
than Hy05; is not surprising. It should be pointed
out that t-BHP offers the advantage of oxidizing
only the exposed Met, as Keck? reported when
recombinant interferon gamma (Actimmune)
and recombinant tissue plasminogen activator
(alteplase, Activase™) were investigated. Since
there is little tertiary structure in PTH, we do not
expect any Met in PTH to be selectively oxidized
by t-BHP.

Although the mechanism of nucleophilic attack
predicts a specific acid catalysis component, the
reaction rate does not vary significantly within a
pH range of 2-8, as shown with PTH.?® For this
reason, data generated using pH 5 in acetate
buffer would be applicable to the typical pH range,
pH 5-7, found in protein formulations.

Only AAPH and the Fenton reaction resulted in
Trp oxidation. This finding supports the notion
that nucleophilic reaction of H,O, alone cannot
cause oxidation of Trp.

Fe(ll) Versus Fe(lll) and Hydroxylation of Phe

During pharmaceutical manufacturing, dissolved
iron is probably in a Fe(IIl) state. A separate
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experiment using the same molar concentrations
of PTH, metal, and H;O0, was conducted with
Fe(IIT) added instead of Fe(Il). The results are
shown in Table 1. For both Trp and Met, the
extent of oxidation with Fe(III) was similar to
that with Fe(Il). The similarity in the extent of
oxidation by Fe(Il) or Fe(III) suggests that the
added Fe(Il) was quickly oxidized to Fe(III) by the
fivefold molar excess of Hy0,. Equilibrium
between Fe(Il) and Fe(IIl) was rapidly estab-
lished, and the amount of reactive oxygen species
generated within the 6 and 24 h intervals are
comparable.

Automatic data mining of the tandem mass
spectra of the tryptic digested peptides of PTH
revealed the presence of a modified LQDVHNF
with +16 Da on Phe at the C-terminus. Further
manual investigation of the MS? spectrum, shown
in Figure 4, confirmed that the +16 Da increase in
mass, probably hydroxylation caused by the
hydroxyl radical, is on the Phe residue: the
fragment ions of y; to yg have masses of +16
Da, whereas the by to bg series do not. About 2.2%
and 1.1% of the Phe was hydroxylated at the 24-h
time point by Hs0, + Fe(Il) and Hy05 + Fe(IIl),
respectively. Although the percent modification is
small relative to that exhibited by Trp and Met,
this hydroxylation is direct evidence that a highly
reactive hydroxyl free radical was generated by
the Fenton reaction. The difference in the amount
of hydroxylation suggests that HyO5 + Fe(Il) was
a more effective hydroxyl radical generator than
was Hy05 + Fe(III). Harmon et al.?® studied the
oxidation of a model compound using 10%
polysorbate solution (a source of HyO5) and iron.
They observed that within 4 h after the start of the
reaction, the oxidation rate with Fe(II) was about
twice that with Fe(III). The results of the current
study are similar to theirs. On the contrary, PTH
exposed to AAPH showed no hydroxylation on the
C-terminal Phe. The absence of hydroxylation by
AAPH further supports the idea that AAPH
generates only peroxyl radicals and no hydroxyl
free radicals.

H,0, + Cu(ll) and His Oxidation

Under the current experimental conditions for
AAPH and H,0,+ Fe(I), we observed no His
oxidation. When bovine serum albumin reacted
with Fe(II)/EDTA/Asc or Cu(Il)/Asc, the former
caused more oxidation of Trp, whereas the latter
caused more His oxidation.?” In another study,
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Figure 4. MS2 spectrum of precursor ion 444.61 at a retention time of 24.6 min on the
tryptic peptide map. An automatic SEQUEST search suggested that this is the product
ion mass spectrum of modified LQDVHNF peptide with hydroxylation (+16 Da) on the
Phe residue at the C-terminus. The MS2 spectrum was acquired on an LTQ mass

spectrometer.
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Figure 5. MS2 spectrum of precursor ion 752.74 at a retention time of 35.6 min on the
tryptic peptide map. An automatic SEQUEST search suggested this is the product ion
mass spectrum of modified SVSEIQLMHNLGK peptide with double oxidation (+32 Da)
on the Met and single oxidation (+16 Da) on the adjacent His residue. The MS2 spectrum
was acquired on an LTQ mass spectrometer.
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relaxin oxidation by AscA/Cu(Il) resulted in a
significant amount, and AscA/Fe(IIl) in a small
amount, of His oxidation, whereas Trp oxidation
was not observed.'®!* Both sets of results differ
from our observation of a total absence of His
oxidation in PTH when H,0, + Fe(II) was used. It
is possible that His oxidation depends on the
presence of copper. Inclusion of imidozole favors
the coordination of the copper binding and
subsequently facilitates His oxidation.’* It is
prudent to examine the influence of copper on
the oxidation of the three His residues in PTH.

The same molar ratios of PTH, H;0,, and Cu(II)
as those in the aforementioned experiment with
Fe(II) were used—namely, 0.1 mg/mL, 1 mM (34
ppm), and 0.2 mM, respectively. Higher amounts
of Trp and Met were oxidized, with greater
amount of sulfones, when compared with the
amounts generated with Fe(II), as shown in
Table 1. With respect to the hydroxylation of
Phe, about 3.2% and 5.0% of Phe residue were
hydroxylated at the 6 and 24 h time points (data
not shown). At the same molar ratio of oxidants to
metal, Cu(Il) appeared to cause more oxidation
than iron.

Among the three His residues in PTH molecule,
only His9 oxidation was observed in the presence
of HyO2/Cu (II) by LC-MS/MS analysis. Figure 5
shows the His9 oxidation in the tryptic peptide of
SVSEIQLMHNLGK. It is noteworthy that this
His residue is adjacent to Met8, which was almost
completely oxidized by HyO5 and Cu(Il), yielding
both Met sulfoxide and sulfone. Two other His
residues, without adjacent Met or Trp, were not
oxidized at all. This preferential oxidation of His9
and extensive oxidation of the Met8 can be
attributed to the formation of the Cu(Il) coordina-
tion sphere on PTH protein in the vicinity of
imidozole and thio moieties. The catalysis by
coordination sphere is consistent with the obser-
vation by Kowalik-Jankowska et al.?® of site-
directed oxidation of alpha-synuclein fragments
by a Cu(II)/H504 system.

Stabilizer Screening Using PTH as a Model Protein

Based on the analysis described above, we propose
that protein may be susceptible to oxidative attack
via any or all three of the degradation mechan-
isms shown in Scheme 2. A nucleophilic reaction
with HyO5 (and no metal) may be the oxidation
reaction observed when the protein product is
exposed to the vapor HyO, used as an aseptic
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Scheme 2. The three possible routes of oxidation of
Met, Trp, and His. VHP, vapor hydrogen peroxide; SS,
stainless steel.

agent in an isolator When trace metal (iron,
copper, or chromium) is introduced into the
formulation solution as a result of contact with
stainless steel, the Fenton reaction—H,0, with
Fe(II)—is operative. The third mechanism is via
alkylperoxides, which could come from degraded
polysorbate.* AAPH, capable of generating
alkylperoxyl radicals, can be a good model system
to simulate degraded polysorbate. In the current
study, we used AAPH to generate reactive oxygen
species, such as alkylperoxides (Scheme 1).

Methionine

Free Met neutralized the effect of the oxidant
H,0,, as expected, whether iron was present or
not. Free Met significantly reduced the oxidation
of Met residues in PTH, as the peaks correspond-
ing to Met[O]-PTH did not appear (Fig. 6). Free
Met had no effect on the oxidation of Trp, as the
Trp[O] peak persisted.
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Figure 6. rp-HPLC chromatograms of PTH solution
in 20 mM ammonium acetate buffer at pH 5.0 oxidized
by AAPH, H50; + iron, or H;O5. The reaction was con-
ducted at 40°C for 6 h. Samples were prepared either
with or without the addition of free Met (2 mg/mL). The
arrow is pointing the Trp[O]-PTH species.
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Figure 7. rp-HPLC chromatograms of PTH solution
in 20 mM ammonium acetate buffer at pH 5.0, oxidized
by AAPH, Hy0; +iron, or HyO,. The reaction was con-
ducted at 40°C for 6 h. Samples were prepared either
without or with the addition of 15% mannitol or 6%
sucrose. The arrow is pointing the Trp[O]-PTH species.

Mannitol and Sucrose

Mannitol is a well-known hydroxyl free-radical
scavenger. Figure 7 shows complete protection
from the Fenton reaction by mannitol, as evi-
denced by the absence of any Met[O]- or Trp[O]-
derived PTH when it was stressed with H50s/
Fe(II). However, when stressed with AAPH
or Hy,O5, PTH was not protected by mannitol at
all, because mannitol does not react with alkyl-
peroxides or Hy0,. Sucrose generated similar
results, except it was less effective than mannitol
when protecting PTH against a hydroxyl free
radical. Polyols are considered a universal stabi-
lizer against both physical and chemical degrada-
tion. As noted in a review by Li et al.,2 hemoglobin
can be lyophilized without oxidation with the use
of certain sugars. Results from our model using
AAPH suggest that protein with polyols may be
left unprotected when faced with alkylperoxides.

EDTA

As shown in Figure 8, EDTA completely protected
PTH when it was stressed with HyOo/Fe(II). In
this instance, EDTA mitigated not just the
generation of free radical, but also the oxidative
effect of the HyOy. EDTA did not protect PTH
when it was stressed with H,O5 alone. EDTA
seemed to exacerbate AAPH oxidation, given that
there were abundant Met[O]- and Trp[O]-PTH
peaks. Reports of the effect of EDTA or other
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Figure 8. rp-HPLC chromatograms of PTH solution
in 20 mM ammonium acetate buffer at pH 5.0, oxidized
by AAPH, H;0O5+iron, or HyOy. The reaction was
conducted at 40°C for 6 h. The samples were pre-
pared either with or without the addition of EDTA
(0.4 mg/mL).

metal chelators (such as EGTA) have been mixed.
The metal chelators may enhance*! or inhibit®® a
metal-catalyzed reaction. One may generalize and
say that EDTA, because it sequesters copper
effectively, inhibits copper-catalyzed reactions.*!
Because it cannot cover all five valences on iron,
the EDTA-iron complex sometimes is very reac-
tive. It is unknown why more oxidation was
observed when EDTA was added to a reaction
mixture of PTH and AAPH, but such an investiga-
tion is beyond the scope of this study.
Frequently described in the literature, the
oxidation of Met, Trp, or His residues in vivo
has been attributed to metal-catalyzed oxidation.
In our experiment, PTH oxidized by AAPH with
no added metal generated significant amounts of
Met and Trp, suggesting that neither Met nor Trp
oxidation depends solely on metal catalysis.

Free Trp

In the literature, many substances have been
cited as scavengers for free radicals. Thiourea,
methanol, and uric acid are examples; however,
they are not suitable for use in protein formula-
tions. In addition, butylated hydroxyl-anisol
(BHA) and butylated hydroxyl-toluene (BHT)
are radical chain-reaction terminators that are
effective in quenching radicals from lipids.
Because of their low water solubility, they are
not suitable for aqueous formulation of proteins.

To our knowledge, the use of free Trp as an anti-
oxidant in parenteral formulations has not been
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Figure 9. rp-HPLC chromatograms of PTH solution
in 20 mM ammonium acetate buffer at pH 5.0, oxidized
by AAPH, H,0; +iron, or Hy0,. The reaction was con-
ducted at 40°C for 6 h. Samples were prepared either
with or without the addition of free Trp (2 mg/mL).

mentioned in the literature. Akin to the use of free
Met, it may protect PTH against oxidation.
Figure 9 shows that free Trp offers good protection
from oxidation of the Trp residue in PTH when
PTH is stressed with AAPH or the Fenton
reaction. Met[O]-PTH peaks were prominent in
the case of AAPH stress and much less so in the
case of the Fenton reaction. Free Trp offered no
protection against oxidative stress by HyOs.

Combination of Trp and Met

This combination provided nearly complete pro-
tection of PTH under all three oxidative conditions
(Fig. 10). One can surmise that free Trp and Met
counteract the effect of alkylperoxides and HyO,
respectively. When Trp and Met are used in
combination, a protein formulation should be able
to withstand assault by all three mechanisms
shown in Scheme 2.

The analysis described above was derived from
qualitative examination of the peaks on the
respective rp-HPLC chromatograms of oxidized
PTH. Samples oxidized by AAPH and the Fenton
reaction was subjected to quantitative, residue-
specific analysis by tryptic peptide mapping and
LC/MS/MS characterization. According to the
relative quantification results obtained by inte-
grating the corresponding extracted ion chroma-
togram of mass signals, free Met alone suppressed
Met oxidation, and free Trp alone suppressed Trp
oxidation. The combination of Trp and Met
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Figure 10. rp-HPLC chromatograms of PTH solution
in 20 mM ammonium acetate buffer at pH 5.0, oxidized
by AAPH, H,0; +iron, or Hy0,. The reaction was con-
ducted at 40°C for 6 h. Samples were prepared either
with or without the addition of a combination of free Trp
and Met (both 2 mg/mL).

provided the most effective protection against
oxidation by AAPH or the Fenton reaction
(Figs. 11 and 12).

Other Free Radical Scavengers as Anti-Oxidants

Although free Trp as a formulation component is
an excellent and safe stabilizer, there may be
other candidates that function similarly. Review
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Figure 11. Site-specific oxidation of PTH in 20 mM
ammonium acetate buffer at pH 5.0, by AAPH and the
protective roles of Trp and Met as compared with other
reagents. The identification of individual oxidized
Trp23, Met8, and Met18 residues was based on the
MS/MS fragmentation spectra of their corresponding
tryptic peptides. The relative oxidation level was quan-
tified according to the integrated extracted ion chroma-
tograms (EIC) in mass spectrometric analysis of
oxidized and nonoxidized peptides.
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Figure 12. Site-specific oxidation of PTH in 20 mM
ammonium acetate buffer at pH 5.0, by HoOo/Fe (IT) and
the protective roles of Trp and Met as compared with
other reagents. The identification of individual oxidized
Trp23, Met8, and Met18 residues was based on the MS/
MS fragmentation spectra of their corresponding tryp-
tic peptides. The relative oxidation level was quantified
according to the integrated extracted ion chromato-
grams (EIC) in mass spectrometric analysis of oxidized
and nonoxidized peptides.

articles by Wang and Kowal,’® Wang and Han-
son,’ and Nema et al.?! cite several anti-oxidants
used in market products. However, these agents
are unsuitable for protein formulation for the
following reasons: BHA and BHT are limited to
lipid- or surfactant-containing formulations; thio
compounds (thioglycerol, Cys, N-acetyl cysteine,
and glutathione) may cause disulfide exchange;
and reducing agents (sulfites) and ascorbic acid
have been shown to cause undesirable reactions
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Figure 13. Site-specific oxidation of PTH in 20 mM
ammonium acetate buffer at pH 5.0, by HyO4 and the
protective roles of Trp and Met as compared with other
reagents. The identification of individual oxidized
Trp23, Met8, and Metl8 residues was based on the
MS/MS fragmentation spectra of their corresponding
tryptic peptides. The relative oxidation level was quan-
tified according to the integrated extracted ion chroma-
tograms (EIC) in mass spectrometric analysis of
oxidized and nonoxidized peptides.
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among protein residues. Families of vitamins and
amino acids that have been given to patients
intravenously as hyperalimentary solutions are
suitable candidates to screen.

Free His and Tyr were each added at a con-
centration of 2 mg/mL to PTH stressed with
AAPH. When comparing the Trp[O] peaks in rp-
HPLC analyses of PTH stressed with AAPH, the
formulation with added His or Tyr showed a slight
decrease in peak height as compared with the
formulation without added His or Tyr (data not
shown). His and Tyr both exhibited slight protec-
tion of the Trp residue in PTH. This result is in
agreement with the fact that His needs stronger
oxidizing conditions than Met or Trp.

Of the vitamins, because of the necessity of
water solubility in aqueous formulation, vitamin
Bs, and a water-soluble vitamin E (Trolox) were
tested. Trolox and pyridoxine (vitamin Bg) showed
excellent protection of PTH against AAPH oxidi-
zation, as evidenced by rp-HPLC analyses in
which Trp[O] peaks were not present when
stabilizer containing PTH was stressed with
AAPH (data not shown). The free-radical-scaven-
ging efficacy of Trolox could be anticipated, as
the phenolic benzopyran moiety of tocopherol is
preserved in Trolox, and this moiety resembles the
well-known oil-soluble free-radical scavenger
BHA or BHT. Pyridoxine has not been referred
to as an antioxidant in the pharmaceutical
literature. It has been reported to protect red
blood cells from hemolysis induced by AAPH.5”
According to the density functional theory calcu-
lation, the free-radical-scavenging property was
attributed to a hydrogen abstraction reaction,
where "H is removed from the CH,OH groups or
the ring-bound OH group in pyridoxine.”®

The use of Trp and pyridoxine as free radical
scavengers is not limited to protein formulations.
Many small molecule drugs are susceptible to
free-radical-mediated degradation.*®*® Currently
there is no safe, effective, water-soluble free-
radical scavenger that can be used as an excipient
in a parenteral formulation. The utility of Trp
and pyridoxine as stabilizers should be further
explored in various dosage forms with drug
candidates that are susceptible to free-radical
degradation.

CONCLUSIONS

To our knowledge, this is the first report of a study
comparing the degree of oxidation among vulner-
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able residues such as Met, Trp, His, and Phe on a
single protein by various oxidants such as Hy0,
and t-BHP in the absence or presence of transition
metals (Fe(Il), Fe(IIl), and Cu(Il)) and the free-
radical generator AAPH. In brief, Met is the most
readily oxidized of the residues evaluated. Trp
cannot be oxidized by HsO5 or z-BHP alone; a
transition metal is required as a catalyst to
generate free radical to oxidize Trp. The oxidation
of His requires the presence of copper. The
hydroxylation of Phe, in relatively small amounts,
occurs only when highly reactive hydroxyl free
radical is generated.

In this report, AAPH is demonstrated to be a
predictive and reliable model reagent that can
oxidize, without the complication of metal cata-
lysis, the Trp residues in a protein. AAPH reliably
causes Trp oxidation when the proper oxidant-to-
protein ratio is used. It is prudent to use H5O,
H505 +iron, and AAPH (Scheme 2) together to
screen stabilizers against the oxidation of Met and
Trp residues.

The addition of free Met and Trp can effectively
curtail the oxidation of Met and Trp residues,
respectively. It was surprising to observe that
pyridoxine and Trolox, when added to the study
formulations effectively blocked the oxidation of
the Trp residue in PTH. It is apparent that Met
and Trp are being oxidized by two separate
mechanisms. Met is oxidized by HyO5 through a
nucleophilic reaction, whereas Trp is oxidized by a
free-radical mechanism. If authentic samples
with oxidation only on Met or Trp residues are
needed for analytical method development, free
Met may be added to generate Trp[O] species, and
free Trp may be added to generate Met[O] species.

To ensure that all vulnerable amino acid
residues such as Met, Trp, and possibly His are
protected, a combination of Met and a free-radical
scavenger such as Trp, pyridoxine, or Trolox,
may be considered. The amount of antioxidants
required for any given product depends on the
potential amount of oxidant that protein product
may encounter during its manufacturing and
storage.

ACKNOWLEDGMENTS

The authors thank Dr. Sherry Martin-Moe for
supporting this study, Dr. Christian Schoneich
for guidance in choosing azo compounds and
Fe(IIl) for the study, and Ms. Linda Khym for
editing the manuscript. Yi Yang and Charlene Li

JOURNAL OF PHARMACEUTICAL SCIENCES, VOL. 98, NO. 12, DECEMBER 2009

Peticaio 870250042425, de 23/05/2025, pég. 132/232

are acknowledged for their assistance in LC/MS/
MS data acquisition and analysis.

REFERENCES

1. Nguyen TH. 1994. Cleland JL, Langer R, editors.
Oxidation degradation of protein pharmaceuticals.
Chapter 4 in formulation and delivery of protein
and peptides. Washington, DC: American Chemical
Society. pp. 59-71.

2. Li SH, Schéneich C, Borchardt RT. 1995. Chemical
instability of protein pharmaceuticals: Mechanisms
of oxidation and strategies for stabilization. Bio-
technol Bioeng 48:490-500.

3. Hovorka S, Schoneich C. 2001. Oxidative degrada-
tion of pharmaceuticals: Theory, mechanisms and
inhibition. J Pharm Seci 90:253-269.

4. Teh L-C, Murphy LJ, Hug NL, Surus AS, Friesen
HG, Lazarus L, Chapman GE. 1987. Methionine
oxidation in human growth hormone and human
chorionic somatomammotropin: Effects on receptor
binding and biological activities. J Biol Chem 262:
6472-64717.

5. Pearlman R, Bewley TA. 1993. Stability and char-
acterization of human growth hormone. In: Wang
YdJ, Pearlman R, editors. Pharmaceutical Biotech-
nology, Vol. 5: Formulation, characterization, and
stability of protein drugs: Case histories, Chapter 1.
NY: Plenum. pp. 1-58.

6. Zhao F, Ghezzo-Schoneich E, Aced GI, Hong J,
Milby T, Schoneich C. 1997. Metal-catalyzed oxida-
tion of histidine in human growth hormone:
Mechanism, isotope effects, and inhibition by a mild
denaturing alcohol. J Biol Chem 272:9019-9029.

7. Sasaoki K, Hiroshima T, Kusumoto S, Nishi K.
1989. Oxidation of methionine residues of recombi-
nant human interleukin 2 in aqueous solutions.
Chem Pharm Bull (Tokyo) 37:2160—2164.

8. Cadée JA, van Steenberger MdJ, Versluis C, Heck
AJR, Underberg WJM, den Otter W, Jiskoot W,
Hennink WE. 2001. Oxidation of recombinant
human interleukin-2 by postassium peroxodisul-
fate. Pharm Res 18:1461-1467.

9. Ha E, Wang W, Wang YJ. 2002. Peroxide formation
in polysorbate 80 and protein stability. J Pharm Sci
91:2252-2264.

10. Kroon DJ, Baldwin-Ferro A, Lalan P. 1992. Identi-
fication of sites of degradation in a therapeutic
monoclonal antibody by peptide mapping. Pharm
Res 9:2386-2393.

11. Nguyen TH, Burnier J, Meng W. 1993. The kinetics
of relaxin oxidation by hydrogen peroxide. Pharm
Res 10:1563-1571.

12. Nguyen TH, Shire SJ. 1996. Stability and charac-
terization of recombinant human relaxin. Pearlman
R, Wang YdJ, editors. Pharmaceutical Biotechnol-
ogy, Vol. 9: Formulation, characterization, and sta-

DOI 10.1002/jps



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

DOI 10.1002/jps

METHIONINE, TRYPTOPHAN, AND HISTIDINE OXIDATION IN PTH

bility of protein drugs: Case histories, Chapter 5.
NY: Plenum. pp. 247-274.

Li SH, Nguyen TH, Schoéneich C, Borchardt RT.
1995. Aggregation and precipitation of human
relaxin induced by metal-catalyzed oxidation. Bio-
chemistry 34:5762-5772.

Li SH, Patapoff TW, Nguyen TH, Borchardt RT.
1996. Inhibitory effect of sugars and polyols on the
metal-catalyzed oxidation of human relaxin.
J Pharm Sci 85:868-872.

Li SH, Schoneich C, Borchardt RT. 1995. Chemical
pathways of peptide degradation. VIII. Oxidation of
methionine in small model peptides by prooxidant/
transition metal ion systems: Influence of selective
scavengers for reactive oxygen intermediates.
Pharm Res 12:348-355.

Fransson JR. 1997. Oxidation of human insulin-like
growth factor I in formulation studies. 3. factorial
experiments of the effects of ferric ions, EDTA, and
visible light on methionine oxidation and covalent
aggregation in aqueous solution. J Pharm Sci 86:
1046-1050.

Knepp V, Whatley J, Muchnik A, Calderwood T.
1996. Identification of antioxidants for prevention
of peroxide-mediated oxidation of recombinant
human ciliary neurotrophic factor and recombinant
human nerve growth factor. PDA J Pharm Sci
Technol 50:163-171.

Shen FJ, Kwong MY, Keck RG, Harris RJ. 1996.
The application of tert-butylhydroperoxide oxida-
tion to study sites of potential methionine oxidation
in a recombinant antibody. Tech Protein Chem
VII:275-284.

Lam XM, Yang JY, Cleland JL. 1997. Antioxidants
for prevention of methionine oxidation in recombi-
nant monoclonal antibody HER2. J Pharm Sci
86:1250-1255.

Keck RG. 1996. The use of t-butyl hydroperoxide as
a probe for methionine oxidation in proteins. Anal
Biochem 236:56-62.

Herman AC, Boone TC, Lu HS. 1996. Character-
ization, formulation, and stability of Neupogen®™
(filgrastim), a recombinant human granulocyte-
colony stimulating factor. Pearlman R, Wang Y,
editors. Pharmaceutical Biotechnology, Vol. 9: Sta-
bility and characterization of protein drugs: Case
histories, Chapter 7. NY: Plenum. pp. 303—328.
Yin J, Chu J-W, Ricci MS, Brem DN, Wang DIC,
Trout BL. 2004. Effects of antioxidants on the
hydrogen peroxide-mediated oxidation of methio-
nine residues in granulocyte colony-stimulating
factor and human parathyroid hormone fragment
13-34. Pharm Res 21:2377-2383.

Yin J, Chu J-W, Ricci MS, Brem DN, Wang DIC,
Trout BL. 2005. Effects of excipients on the hydro-
gen peroxide-induced oxidation of methionine resi-
dues in granulocyte colony-stimulating factor.
Pharm Res 22:141-147.

Peticaio 870250042425, de 23/05/2025, pég. 133/232

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

4499

Lu HS, Fausset PR, Narho LO, Horan T, Shina-
gawa K, Shimamoto G, Boone TC. 1999. chemical
modification and site-directed mutagenesis of
methionine residues in recombinant human gran-
ulocyte colony-stimulating factor: Effect on stability
and biological activity. Arch Biochem Biophys
362:1-11.

Liu JL, Lu KV, Eris T, Katta V, Westcott KR, Narhi
LO, Lu HS. 1998. In vitro methionine oxidation of
recombinant human leptin. Pharm Res 15:632—
640.

Jensen JL, Kolvenbach C, Roy S, Schoneich C.
2000. Metal-catalyzed oxidation of brain-derived
neurotrophic factor (BDNF): Analytical challenges
for the identification of modified sites. Pharm Res
17:190-196.

Duenas ET, Keck R, De Vos A, Jones AJS, Cleland
JL. 2001. Comparison between light induced and
chemically induced oxidation of rhVEGF. Pharm
Res 18:1455-1460.

Chu J-W, Yin J, Wang DIC, Trout BL. 2004.
A structural and mechanistic study of the oxidation
of methionine residues in hPTH (1-34) via experi-
ments and simulations. Biochemistry 43:14139—
14148.

Chu J-W, Yin J, Brooks BR, Wang DIC, Ricci MS,
Brem DN, Trout BL. 2004. A comprehensive picture
of non-site specific oxidation of methionine residues
by peroxides in protein pharmaceuticals. J Pharm
Sci 93:3096-3102.

Wei Z, Feng J, Lin HY, Mullapudi S, Bishop E, Tous
GI, Casas-Finet J, Hakki F, Strouse R, Schenerman
MA. 2007. Identification of a single tryptophan
residue as critical for binding activity in a huma-
nized monoclonal antibody against respiratory syn-
cytial virus. Anal Chem 79:2797-2805.

Chumsae C, Gaza-Bulseco G, Sun J, Liu H. 2007.
Comparison of methionine oxidation in thermal
stability and chemically stressed samples of a fully
human monoclonal antibody. J Chromatogr B 850:
285-294.

Kowalik-Jankowska T, Ruta M, Wisniewska K,
Lankiewicz L, Dyba M. 2004. Products of Cu(II)-
catalyzed oxidation in the presence of hydrogen
peroxide of the 1-10, 1-16 fragments of human
and mouse B-amyloid peptide. J Inorg Biochem
98:940-950.

Lee MG, Rogers CM. 1988. Degradation of trypto-
phan in aqueous solution. J Parenter Sci Technol
42:20-22.

Simat TJ, Steinhart H. 1998. Oxidation of free
tryptophan and tryptophan residues in peptides
and proteins. J Agric Food Chem 46:490—498.
Finley EL, Dillon J, Crouch RK, Schey K. 1998.
Identification of tryptophan oxidation products in
bovine a-crystallin. Protein Sci 7:2391-2397.
Davies KJ, Delsignore ME, Lin SW. 1987. Protein
damage and degradation by oxygen radicals. II.

JOURNAL OF PHARMACEUTICAL SCIENCES, VOL. 98, NO. 12, DECEMBER 2009



4500

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

JIET AL.

Modification of amino acids. J Biol Chem 262:9902—
9907.

Uchida K, Enomoto N, Itakura K, Kawakishi S.
1989. The hydroxyl radical generated by an iro-
n(IT)/EDTA/ascorbate system preferentially attacks
tryptophan residues of the protein. Agric Biol Chem
53:3285-3292.

Yang J, Wang S, Liu J, Raghani A. 2007. Deter-
mination of tryptophan oxidation of monoclonal
antibody by reversed phase high performance
liquid chromatography. J Chromatogr A 1156:
174-182.

Hawkins C, Davies MdJ. 2001. Generation and pro-
pagation of radical reactions on proteins. Biochim
Biophys Acta 1504:196-219.

Jaeger J, Sorensen K, Wolff SP. 1994. Peroxide
accumulation in detergents. J Biochem Biophys
Methods 29:77-81.

Kocha T, Yamaguchi M, Ohtaki H, Fukuda T,
Aoyagi T. 1997. Hydrogen peroxide-mediated
degradation of protein: Different oxidation modes
of copper- and iron-dependent hydroxyl radicals on
the degradation of albumin. Biochim Biophys Acta
1337:319-326.

Niki E. 1990. Free radical initiators as source of
water- or lipid-soluble peroxyl radicals. Methods
Enzymol 186:100-108.

Chao C-C, Ma Y-S, Stadtman ER. 1997. Modifica-
tion of protein surface hydrophobicity and methio-
nine oxidation by oxidative systems. Proc Natl Acad
Sci USA 94:2969-2974.

Ma Y-S, Chao C-C, Stadtman ER. 1999. Oxidative
modification of glutamine synthetase by 2,2'-azo-
bis(2-amidinopropane) dihydrochloride. Arch Bio-
chem Biophys 363:129-134.

Anraku M, Tsurusaki Y, Watanabe H, Maruyama
T, Kragh-Hansen U, Otagiri M. 2004. Stabilizing
mechanisms in commercial albumin preparations:
Octanoate and N-acetyl-L-tryptophanate protect
human serum albumin against heat and oxidative
stress. Biochim Biophys Acta 1702:9-17.

Nelson ED, Harmon PA, Szymanik RC, Teresk MG,
Li L, Seburg RA, Reed RA. 2006. Evaluation of
solution oxygenation requirements for azonitrile-

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

JOURNAL OF PHARMACEUTICAL SCIENCES, VOL. 98, NO. 12, DECEMBER 2009

Peticaio 870250042425, de 23/05/2025, pég. 134/232

based oxidative forced degradation studies of phar-
maceutical compounds. J Pharm Sci 95:1527-1539.
Barden JA, Kemp BE. 1993. NMR solution struc-
ture of human parathyroid hormone (1-34). Bio-
chemistry 32:7126-7132.

Takruri H. 1993. Method for the stabilization of
methionine-containing polypeptides. US Patent
5849700.

Li T, Chang B, Sloey C. 2003. L-methionine as a
stabilizer for NESP/EPO in HSA-free formulations.
US 2003/0104996.

Wang YdJ, Hanson M. 1988. Parenteral formula-
tions of proteins and peptides: Stability and stabi-
lizers. J Parenter Sci Technol 42:51-S26.

Nema S, Washkuhn RJ, Brendel RJ. 1997. Exci-
peints and their use in injectable products. PDA J
Pharm Sci Tech 51:166-171.

Peters T. 1995. All about albumin: Biochemistry,
genetics, and medical applications. NY: Academic
Press.

Harmon PA, Kosuda K, Nelson E, Mowery M, Reed
RA. 2006. A novel peroxy radical based oxidative
stressing system for ranking the oxidizability of
drug substances. J Pharm Sci 95:2014—-2028.
Smith SR, Bencze KZ, Russ KA, Wasiukanis K,
Benore-Parsons M, Stemmler TL. 2008. Investiga-
tion of the copper binding site and the role of
histidine as a ligand in riboflavin binding protein.
Inorg Chem 47:6867—6872.

Kowalik-Jankowska T, Rajewska A, Jankowska E,
Grzonka Z. 2008. Products of Cu(Il)-catalyzed oxi-
dation of alpha-synuclein fragments containing
M1-D2 and H50 residues in the presence of hydro-
gen peroxide. Dalton Trans 6:832—838.

Wang YdJ, Kowal RR. 1980. Review of excipients and
pH’s for parenteral products used in the United
States. J Parenter Sci Tech 34:452.

Stocker P, Lesgards J-F, Vidal N, Chalier F, Prost
M. 2003. ESR study of a biological assay on whole
blood: Antioxidant efficiency of various vitamins.
Biochim Biophys Acta 1621:1-8.

Matxain JM, Ristila M, Strid A, Eriksson LA. 2006.
Theoretical study of the antioxidant properties of
pyridoxin. J Phys Chem A 110:13068-13072.

DOI 10.1002/jps



International Journal of Biological Macromolecules 82 (2016) 192-200

International Journal of Biological Macromolecules

journal homepage: www.elsevier.com/locate/ijbiomac

Contents lists available at ScienceDirect

Evaluation of antioxidants in protein formulation against oxidative
stress using various biophysical methods

Shavron Hada, Nam Ah Kim, Dae Gon Lim, Jun Yeul Lim, Ki Hyun Kim, Pratik Adhikary,

Seong Hoon Jeong*

College of Pharmacy, Dongguk University-Seoul, Gyeonggi, 410-820, Republic of Korea

ARTICLE INFO

Article history:

Received 2 June 2015

Received in revised form 14 October 2015
Accepted 16 October 2015

Available online 21 October 2015

Keywords:
Methionine
Protein oxidation
Antioxidants
RP-HPLC

DSC

DLS

cD

ABSTRACT

To evaluate the biophysical stability of protein against oxidative stress, hydrogen peroxide (H,0,) was
used to induce non-site-specific protein oxidation. Various biophysical methods were utilized including
RP-HPLC, DSC, DLS, and CD. Lysozyme was chosen as a model protein and three different antioxidants
(ascorbic acid, N-acetyl-L-cysteine, and L-methionine) were selected to observe their effect. Significant
increase in hydrodynamic size, decrease in a-helix propensity, and increase in 3-sheet content evident
with increasing H, O, concentration and temperature suggested methionine residues as the most proba-
ble site of oxidation. Among the three anti-oxidants, methionine proved superior in suppressing protein
oxidation with its increasing concentration. Methionine reacted with H, O, to form methionine sulfoxide,
which aided in decreasing the oxidant concentration to react with the protein. The hydrodynamic size
of methionine containing protein was retained when incubated at 40°C after 14 days with unchanged
transition temperature (Ty, ). In contrast, RP-HPLC revealed oxidation alterations when the same samples
were stored at 40 °C, highlighting the significant impact of temperature on kinetics. N-acetyl-L-cysteine
and ascorbic acid were relatively less protective. Their hydrodynamic size was increased with decreas-
ing Ty, compared to the reference. In summary, methionine was a superior antioxidant, implicating a
promising component in the protein formulation for suppressing oxidation.

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

Therapeutic proteins are highly specific and efficacious in many
diseases. Protein-based drug development have increased the
demand for more stable protein formulations; unlike low molecu-
lar weight drugs, the physicochemical properties of proteins can
render them physically and chemically instable [1-3]. Physical
instability involves the change in the physical state of proteins, such
as denaturation, aggregation, precipitation, and adsorption. Chemi-
cal instability includes processes that form or break covalent bonds
resulting in new chemical entities with different physicochemical
properties. Common chemical degradations may include oxidation,
deamidation, racemization, and hydrolysis [4].

Oxidation is a major chemical degradation pathway of amino
acid residues in protein pharmaceuticals [5]; mechanisms of oxi-
dation include photo-oxidation, free radical cascade oxidation, and
metal-catalyzed oxidation [4,6]. Amino acids, such as histidine

* Corresponding author at: College of Pharmacy, Dongguk University-Seoul,
Goyang, Gyeonggi 410-820, Republic of Korea.
E-mail address: shjeong@dongguk.edu (S.H. Jeong).
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(His), methionine (Met), cysteine (Cys), tyrosine (Tyr), and tryp-
tophan (Trp), are typically susceptible amino acids for oxidation
by reactive oxygen species (ROS) [4-6]. Oxidation at these sites
may occur during production, purification, formulation, and stor-
age [7-9]. Protein oxidation can be site-specific or non-site specific.
Site-specific oxidation involves metal catalyzed reactions. Non-site
specific oxidation involves light or presence of any oxidants in the
protein formulations [4]. Oxidation in protein formulation should
be minimized by adequate processes with stable formulations.
Hence, excipients to stabilize the protein need to be investigated
systematically.

Different types of excipients have been used to improve the
physical stability of protein pharmaceutical formulations. Excip-
ients like polysorbate 20 and 80, which have been used in
formulations to reduce the loss of proteins due to adsorption and
interface induced adsorption, are potent oxidants [10]. Polysorbate
degrades over time in aqueous solution by hydrolysis and auto-
oxidation [11]. Hydrogen peroxide (H,0,) is a predominant (up to
75%) oxidant in aged polysorbates [12,13].

Protein structure is a crucial factor affecting immunogenicity
[14]. A small change may induce a significant change in the phys-
ical and chemical properties of the protein. Oxidation may lead to
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protein misfolding, which might have a great influence in the over-
all stability of the formulation and in immunogenicity [15,16].
Strategies with regard to stable formulation development may need
to be adopted during various development processes.

Various techniques have been applied to prevent the oxida-
tion in formulations. Use of antioxidants can be a fast and efficient
means to achieve sufficient stability. Antioxidants may be a chelat-
ing agent that binds to metal ions that catalyze oxidation, areducing
agent that reduces an oxidized drug, an oxygen scavenger, or a
chain terminator [17,18]. The efficacy of these antioxidants in for-
mulations varies with different factors including pH, presence or
absence of metal ions, and light [18,19]. Some antioxidants, such as
ascorbic acid and N-acetyl-L-cysteine, tend to act as both an oxidant
and pro-oxidant [18,20,21].

In this study, chicken egg white lysozyme was chosen as a model
protein to evaluate its sensitivity to oxidative stress and evalu-
ate the efficacy of typical antioxidants. Lysozyme is a single chain
polypeptide of 129 amino acids cross-linked with four disulfide
bridges [21]. It has been used in pharmaceutical and food prod-
ucts, and has been used as a model protein [1,22]. HO, was used
to induce non-site specific oxidation in proteins. The antioxidants
chosen for this study were ascorbic acid, N-acetyl-L-cysteine, and L-
methionine. Biophysical methods of examination were differential
scanning calorimetry (DSC), reverse-phase high performance liquid
chromatography (RP-HPLC), circular dichroism (CD), and dynamic
light scattering (DLS). Thermodynamic properties of the protein
were investigated by DSC for the conformational stability and fold-
ing of biomolecules with their transition temperature (T, ). Thermal
stress as proteins are exposed to high temperature can affect the
conformational stability and diminish protein efficacy. CD was uti-
lized to evaluate the secondary structure of the protein.

2. Material and methods
2.1. Materials

Chicken egg white lysozyme (3 x crystallized; molecular weight
14.3 kDa) was purchased from Sigma-Aldrich (St. Louis, MO, USA)
and used as received without further purification. L-methionine,
sodium phosphate monobasic dihydrate, and sodium Phosphate
dibasic dihydrate were also purchased from Sigma-Aldrich. N-
acetyl-L-cysteine was purchased from Daejung Chemicals & Metals
(Gyeonggi-do, South Korea). L-(+)-ascorbic acid and 30% (w/w)
H,0, were purchased from Junsei Chemical (Tokyo, Japan). All
other reagents were of analytical grade and were used as received.

2.2. Sample preparation

2.2.1. Oxidative degradation

Lysozyme was dissolved in 10 mM sodium phosphate buffer
(pH 6.2) with the protein concentration adjusted to 10 mg/mL.
Lysozyme solutions with 0.15%, 0.30%, 1.0%, 2.0%, and 3.0% (w/w)
H,0, were also prepared and incubated at 4°C, 25°C, and 40°C.
The protein samples were taken at predetermined time intervals
for further analysis.

2.2.2. Effect of antioxidants on oxidative degradation

Lysozyme solution (10 mg/mL) in 10mM sodium phosphate
buffer (pH 6.2) was prepared and the solutions of antioxidants
(10 mM and 100 mM N-acetyl-L-cysteine, L-methionine, and L-(+)-
ascorbic acid) were also prepared in the buffer. Samples were
dialyzed in antioxidant containing buffer for 24h at 4°C in a Cellu
Sep® F2 cellulose membrane having a molecular weight cut-off
of 6000-8000 Da (Membrane Filtration Products, Seguin, TX, USA).
Following the dialysis, 3.0% (w/w)H,0, was added. All the prepared
samples were filtered through DISMIC®-13yp disposable syringe

filter units with a pore size of 0.45 wm (Toyo Roshi Kaisha, Tokyo,
Japan) and incubated at 4°C, 25°C, and 40°C.

2.3. DLS

Particle size measurement was performed using a Zetasizer
Nano ZS90 apparatus (Malvern Instruments, Worcestershire, UK).
The samples were equilibrated at a measuring temperature of 25 °C.
Each sample of 1 mL was analyzed for hydrodynamic radius in a
disposable sizing cuvette (Sarstedt, Numbrecht, Germany). All the
samples were measured for five times with fixed angle of 90°. The
hydrodynamic size was calculated from the correlation function
using the auto-correlated function in Zetasizer software version
7.11 provided with the equipment (Malvern Instruments).

2.4. DSC

Thermodynamic properties of the protein samples were eval-
uated using a Microcal VP-DSC (Northampton, MA, USA) having
0.51471 cm? twin cells for the reference and sample solutions. Prior
to the DSC measurements, samples and references were degassed
under vacuum while being stirred. Respective buffer prepared for
the dialysis was used as a reference to obtain the baseline. Measure-
ments were repeated three times ata scanning rate of 1 °C/min from
25°C to 90°C for every sample. The final thermogram of prepared
sample was obtained by subtracting the baseline from the sam-
ple thermogram. The obtained thermo compensation curves were
evaluated using the Microcal LLC DSC plug-in for the Origin 7.0
software package provided with the equipment. The results were
further processed to calculate transition melting point (Tp ).

2.5. RP-HPLC

The prepared samples were investigated using a HPLC 1100 sys-
tem (Agilent, Santa Clara, CA, USA) with a diode array detector at
an UV wavelength of 280 nm. A TSK-GEL Protein C4-300 3.5 um
(4.6 mm x 150 mm) column (TOSOH Bioscience, King of Prussia, PA,
USA)was used as a stationary phase and maintained at 40 °C. Mobile
phase A was composed of 95% H,0, 5% acetonitrile, and 0.1% tri-
fluoroacetic acid (TFA). Mobile phase B was composed of 5% H,O0,
95% acetonitrile, and 0.1% TFA. The samples were analyzed with a
linear gradient of A:B of 85:15 to 45:55 for 30 min at a flow rate
of 0.75 mL/min. The injection volume was 10 L. The relative per-
centage areas of the non-oxidized samples were calculated using
the following equation:

% Non-oxidized = (ﬁ

Ao
where A; is the area of non-oxidized lysozyme at time ‘t’ and Aq is
the total area of all the peaks at the same time. The percentage of
the peak area of non-oxidized lysozyme on day zero was considered
to be 100%.

)xwo

2.6. Far-UV CD

The secondary structural contents of the prepared samples were
investigated by a Chirascan-plus spectrometer (Applied Photo-
physics, Surrey, UK) with a peltier-type temperature controller
TC125 (Quantum Northwest, Spokane, WA, USA). For the acceler-
ated stability studies by CD, all the samples were incubated at 55°C
for 24 h. The samples were diluted to 0.5 mg/mL with the respec-
tive buffers before the analysis. The samples and the references
were degassed prior to the measurements. After the calibration to
remove the noise from the device itself, buffer was scanned before
every sample measurement. Rectangular quartz cuvette with light
path lengths of 0.2 mm (Hellma Analytics, Miillheim, Germany)
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was used for the scanning of CD spectra. Respective buffer of the
samples was used as a reference to obtain the baseline. After the
buffer scanning, the samples were scanned at 25 °C from 190 nm to
260 nm far-UV wavelength region with a resolution of 1 nm. Every
scan is carried out three times. The temperature was regulated by a
temperature controller (Quantum Northwest). Spectrums obtained
were processed to obtain specific CD spectra and secondary struc-
ture contents of the protein using a Pro-Data viewer and CDNN
software provided with the equipment.

3. Results
3.1. Effect of oxidation on hydrodynamic size

DLS is a powerful technique for the qualitative analysis of pro-
tein particle size in a solution. It measures the time-dependent
fluctuations in the scattering intensity that arise from particles
undergoing Brownian motion [23,24]. The technique was applied
in this study to analyze the aggregation and changes in size of the
protein molecules along with the oxidative stress, and to assess the
prowess of the antioxidants in minimizing the change. To evalu-
ate the influence of temperature on protein oxidation, the oxidized
samples were incubated at 4°C, 25°C, and 40°C for up to 7 days.
All the measurements were carried out according to the volume of
distribution.

107

Tt

Table 1

Hydrodynamic size (diameter, nm) of lysozyme with different concentrations of

H, 0, at days 0 and 7 after incubation at 4°C, 25°C, and 40°C.?

Sample 0 day 7th day
4°C 25°C 40°C

Control 247 +£0.12 247 + 0.04 2.47 £+ 0.02 2.47 £+ 0.06
0.15% H,0; 2.46 + 0.10 2.62 + 0.06 2.74 £+ 0.05 2.56 + 0.04
0.30% H,0; 2.53 + 0.07 2.63 + 0.05 2.52 + 0.01 2.67 + 0.02
1.00% H,0, 2.53 +£0.07 2.58 + 0.09 2.56 £ 0.17 2.59 £ 0.02
2.00% H,0, 2.50 + 0.08 2.52 + 0.07 2.54 4+ 0.07 2.80 + 0.12
3.00% H,0; 247 +£0.11 229 +£0.10 2.68 + 0.06 3.02 + 0.03

2 All values are expressed as mean4SD (n=5).

The hydrodynamic size of the control was constant as 2.47 nm
throughout the experiment irrespective of temperature (Table 1,
Fig. 1a). However, the monomer size increased depending on the
concentration of H,O, and storage temperature, indicating the
effects of oxidation and temperature on the hydrodynamic size of
protein. The size increased from 2.50nm to 2.80 nm on day 7 in
the sample with 2.0% H,0, and from 2.47 nm to 3.02 nm in sample
with 3.0% H,0, after incubation at 40°C for 7 days (Table 1). The
percentage of monomer was decreased up to 99.61% in the sam-
ple with 3% of H,0, at 40°C. The overall data on the changes in
the hydrodynamic size are summarized in Table 1. These results
suggest that along with the chemical changes that occur during
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Fig. 1. Hydrodynamic size of lysozyme (distributed by volume) incubated at 40 °C for 14 days: (a) control, (b) oxidized lysozyme, and (c) oxidized lysozyme with 100 mM of

methionine.
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Table 2
Hydrodynamic size (diameter, nm) of lysozyme in presence of different antioxidants on days 0 and 14 after incubation at 4°C, 25°C, and 40°C.?
Sample 0 day 14th day
4°C 25°C 40°C
Control 2.56 + 0.04 2.53 £ 0.05 2.55 + 0.06 2.61 £+ 0.04
Lysozyme +H,0; 244 +0.10 2.53 £ 0.10 2.72 + 0.05 4.56 + 0.15
10 mM methionine 2.61 + 0.03 2.64 + 0.05 2.75 + 0.02 3.87 +£0.20
100 mM methionine 2.60 + 0.04 247 +0.13 2.86 + 0.21 2.81 +£0.24
10 mM N-acetyl-L-cysteine 2.52 + 0.04 2.62 +0.21 3.04 £ 0.05 4.20 +£0.14
100 mM N-acetyl-L-cysteine 2.73 + 0.06 3.02 + 0.03 4.72 + 0.05 4.56 + 0.04
10 mM ascorbic acid 2.81 £0.11 2.79 £ 0.15 295 +0.14 4.06 £ 0.18
100 mM ascorbic acid 3.91 +£ 034 431+ 0.16 4.55 + 0.34 4.03 £ 0.20
2 All values are expressed as mean =+ SD (n=5).
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Fig. 2. (a) Typical DSC thermogram of control sample showing two domains, (b) DSC thermogram of oxidized lysozyme, and (c) DSC thermogram of oxidized lysozyme with
100 mM of methionine. *Midpoint unfolding transition at temperature of maximum heat flux.

oxidation, physical modification also follows in the protein
molecules that manifested through the change in the hydro-
dynamic size. After the analysis on the effects of oxidation,
antioxidants were added in two different concentrations to eval-
uate their efficacy.

Table 2 summarizes the hydrodynamic size of the protein in the
presence of H, 0, and different antioxidants. Initially, the size of the
control was 2.56 nm. The size gradually increased to 2.61 nm by day
14 when incubated at 40°C. The size of monomer in the samples
was retained when stored at 4°C until day 14, except for the sam-
ples with 100 mM N-acetyl-L-cysteine and ascorbic acid (3.02 nm
and 4.31 nm, respectively; Table 2). As the storage temperature
was increased the size also increased. The size of the protein was
2.47 nm, 2.86 nm, and 2.81 nm after incubation at 4°C, 25°C, and
40°C, respectively on day 14 in samples with 100 mM methionine.
This showed that there was little or no change in the monomer size
in samples with methionine even at high temperature. However,
aggregation was noticed on day 14 in the same samples and the per-
centage of the monomer was also 97.12% after incubation at 40°C
(Fig. 1). Of the three antioxidants, methionine was more efficient
in conserving the hydrodynamic size of the protein in solution.

3.2. Thermodynamic analysis by DSC

DSC determines the temperature and heat flow of biomolecules
associated with material transitions as a function of time and tem-
perature. It is capable of elucidating the factors that contribute
to the folding and stability of biomolecules [25,26]. Three differ-
ent aspects were considered: midpoint unfolding temperature at
the temperature of maximum heat flux (T, ), calorimetric enthalpy
(AH), and van’t Hoff enthalpy (AHy ) to determine the thermal sta-
bility of the protein.

Fig. 2a shows a typical DSC thermogram of lysozyme. Follow-
ing the curve fitting deconvolution, the thermogram revealed two

domains. This result is consistent with the previous work where
the thermodynamic analysis of lysozyme revealed two distinct
domains upon the curve fitting deconvolution [27]. These two
domains might indicate that there are two different regions in
the protein structure having different sensitivity to the tempera-
ture, revealing two unfolding steps during the thermal degradation
process. Upon the oxidative stress, the two domains separated sig-
nificantly with decreasing T, (Fig. 2b). In the sample with 100 mM
of methionine, although the domains seemed to be separated more
than the control, the peak shapes were broader and shifted to higher
Tm than that without any antioxidant, suggesting a slower ther-
mal degradation (Fig. 2¢). On the other hand, samples containing
N-acetyl-L-cysteine and ascorbic acid showed largely exothermic
peak (data not shown) with decreasing Ty, than those with methi-
onine.

Tm is the temperature at which 50% of the protein has native
conformation and 50% is denatured. Higher values of Ty, indi-
cate greater stability of proteins against thermal degradation [25].
The Ty, of control was 76.77 °C which decreased to 73.92°C with
oxidative stress. Samples containing 100 mM methionine exhibited
significant increase in T, up to 76.65 °C, suggesting an increase in
stability against the thermal unfolding of the protein. However, N-
acetyl-L-cysteine and ascorbic acid decreased the Tr, of the protein.

The ratio of van’'t Hoff enthalpy (AHy ) and calorimetric enthalpy
(AH) can indicate whether the denaturation involves two state
or non-two transition state [25,28]. AHy/AH was more than
one, indicating that the denaturation process involved signif-
icant intermediate states. The AH and AH, of control was
8.01 x 10% cal/mol and 1.25 x 10° cal/mol, respectively. Along with
the oxidative stress, AH and AHy decreased to 5.77 x 104 cal/mol
and 1.11 x 10° cal/mol, respectively. However, methionine showed
an increase in both AH and AH, as 7.35x 10%cal/mol and
1.15 x 10° cal/mol, respectively. Samples containing N-acetyl-L-
cysteine and ascorbic acid showed a sharp decrease in enthalpy
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Table 3

Midpoint transition temperature (T, ), calorimetric enthalpy (AH), and van’'t Hoff enthalpy (AH, ) at maximum heat flux of lysozyme in presence of antioxidants.?

Samples Tm (°C) AH (x10* cal/mol) AH, (x10° cal/mol)
Control 76.77 £0.02 8.01+0.5 1.25+0.1
Lysozyme +H,0; 73.92+0.08 5.77+0.7 1.11+£0.5

10 mM methionine 74.16 +0.06 7.24+0.2 1.20+0.9

100 mM methionine 76.65+0.03 7.35+0.1 1.15+0.2

10 mM N-acetyl-L-cysteine 70.29+0.02 3.79+0.2 1.01+0.1

100 mM N-acetyl-L-cysteine 60.404+0.01 241+0.1 1.07+0.8

10 mM ascorbic acid 59.62 +0.04 1.92+0.1 0.91+0.2

100 mM ascorbic acid NAP NA NA

2 All values are expressed as mean 4 SD (n=3).
b Not available.
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Fig. 3. CD spectra of oxidized lysozyme obtained after the incubation at 55°C for
24 h. The depth of the peaks decreased at 208 nm and 222 nm as the concentration
of H,0, increased.

compared to methionine. The overall DSC data is summarized in
Table 3. Tm, AH, and AHy results suggested the superiority of
methionine compared to the other two antioxidants.

3.3. Changes in secondary structure with CD

DLS and DSC revealed that the conformational stability of the
protein decreased due to the oxidative stress at high thermal
conditions, which might also involve a side-by-side influence in
the structural stability of the proteins. CD is a good tool for the
quantification of protein secondary structure [29,30]. CD was used
presently to analyze the correlation between the chemical and
structural instability of protein molecules, and to assess if antioxi-
dants could enhance the stability.

Fig. 3 shows the CD spectra of lysozyme (190-260 nm) with dif-
ferent concentrations of H,0,. A positive band near 193 nm and
two negative bands near 208 nm and 222 nm wavelengths were
observed in the control sample, indicating a-helix as a dominant
structure. As the concentration of H, 0, increased, the depth of the
two negative bands decreased, indicating decreased propensity of
the a-helix. The relative percentages of all the secondary structures

changed throughout the experiment (Table 4). However, significant
variations were seen on the percentages of a-helix and antiparallel
[3-sheet with the addition of H,0,. Following the incubation, the
control sample had 24.83% a-helix and 15.11% antiparallel 3-sheet
contents. As the concentration of the H,0, increased the percent-
age of a-helix decreased and antiparallel 3-sheet increased. The
percentage changed to 18.14% and 19.20%, respectively, with the
addition of 3.0% H,0,. The result indicated the presence of two
factors governing the change in secondary structural content of
proteins: temperature and presence of an oxidant. The overall per-
centage of all the secondary structures is summarized in Table 4.
The percentage of a-helix and antiparallel 3-sheet was plotted in
the graph against the concentration of H,0, (Fig. 4a) and clearly
demonstrated a decrease in the propensity of a-helix and increase
in antiparallel 3-sheet of the protein with sharp changes at high
concentrations of 2.0% and 3.0% H,0,.

Methionine was screened to investigate its efficacy in mini-
mizing the changes in the secondary structures. The results were
consistent with the DLS and DSC. After incubation at 55°C, con-
trol sample had 24.83% and 15.11% of a-helix and antiparallel
[3-sheet, respectively. This percentage changed to 18.14% and
19.20%, respectively, with oxidative stress. However, the percent-
age of a-helix and antiparallel B-sheet was 22.84% and 17.25%,
respectively, in samples containing 100 mM methionine. Thus,
methionine might have decreased the contact between the pro-
tein and H,0,, suppressing the change. The overall percentage of
the secondary structures in the presence of methionine has been
summarized in Table 5. Fig. 4b shows the change in the percent-
age of a-helix and antiparallel 3-sheet of samples in the presence
of different concentration of methionine. The graph shows that the
percentage of a-helix increased and antiparallel 3-sheet decreased
with the increasing concentration of methionine, showing its effi-
cacy in protecting against oxidation with increasing concentration.
Hence, along with its role in increasing the conformational stability
of protein, methionine also has a significant role in increasing the
structural stability of the protein during the oxidative degradation.

3.4. Oxidative degradation and effects of antioxidants by RP-HPLC

The qualitative study on the stability of the protein molecule
under the oxidative stress was performed using DLS and DSC.

Table 4

Percentage of secondary structures of lysozyme in presence of different concentrations of H,0,.
Samples Control H,0,

0.15% 0.30% 1.00% 2.00% 3.00%

a-Helix 24.83 25.56 24.08 22.92 21.55 18.14
Antiparallel 3-sheet 15.11 16.16 16.86 16.86 17.91 19.20
Parallel 3-sheet 9.72 9.50 9.73 10.04 10.17 10.88
B-Turn 17.90 18.32 18.21 18.09 18.00 17.61
Random coil 32.34 30.56 31.12 32.20 32.37 34.16
Total 100.00 100.00 100.00 100.00 100.00 100.00
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Table 5

197

Percentage of secondary structures of lysozyme in presence of different concentration of methionine.

Samples Control Lysozyme +H, 0, 10 mM methionine 50 mM methionine 100 mM methionine
a-Helix 24.83 18.14 19.26 22.75 22.84
Antiparallel 3-sheet 15.11 19.20 20.16 17.54 17.25
Parallel 3-sheet 9.72 10.88 10.45 9.95 9.95
B-Turn 17.90 17.61 18.07 18.20 18.10
Random Coil 32.34 34.16 32.06 31.66 31.85
Total 100.00 100.00 100.00 100.00 100.00
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Fig.4. Changes in the secondary structural content in (a) oxidized lysozyme and (b)
oxidized lysozyme in presence of different concentration of methionine incubated
at 55°C for 24 h.

For further quantification of the degradation kinetics, the pro-
tein solution was incubated at 4°C, 25°C, and 40°C and analyzed
through RP-HPLC at different times. Fig. 5 shows the RP-HPLC
chromatograms of non-oxidized and oxidized lysozyme after the
incubation at 4°C for 7 days. Control chromatogram showed two
distinct peaks: a small peak (Peak 1) at around 18.2 min reten-
tion time and a large peak (Peak 2) at around 18.9 min. These two
peaks represent different domains of the protein with different
hydrophilicity. Peak 1 seemed to increase even in control as the
storage temperature and time increased. Therefore, peak 1 might
represent a misfolded hydrophobic domain of the protein formed
due to the thermal degradation. These two hydrophobic domains
may be correlated with the two thermal domains of lysozyme
in the DSC thermogram. Further study is needed to discern the
correlation of the domains. Moreover, in the oxidative stress con-
dition, two peaks (peak 3 and peak 4) appeared in front of peak
1 and peak 2 (Fig. 5). Since the addition of oxygen in the proteins
resulted in more polar compounds, the oxidized peaks appeared
prior to the non-oxidized peak. As the concentration of H;0, was
increased, the area of peaks 3 and 4 increased, and the area of peaks

Fig. 5. RP-HPLC chromatogram of lysozyme (control and oxidized) obtained after
incubation at 4°C for 7 days. Two new oxidized peaks (peaks 3 and 4) appeared in
front of the respective non-oxidized lysozyme peaks (peaks 1 and 2) that increased
with the concentration of H,0,.

1 and 2 decreased. This supports the view that peaks 3 and 4 are
due to oxidized lysozyme.

Fig. 6 shows the graphs between In(C¢/Cp) vs. time. The degra-
dation kinetics at 4°C (Fig. 6a) and 25°C (Fig. 6b) showed good
linearity (R? >0.99), indicating first-order kinetics. This result was
consistent with the previous studies [31,32]. Conversely, the degra-
dation kinetics at 40°C did not show good linearity (R%<0.99;
Fig. 6¢), perhaps due to physical degradation of the protein along
with chemical degradation at high temperature. However, the rate
constants were calculated assuming that no physical degradation
occurred and the order of all the reactions was considered as first-
order. The rate constant was obtained using the following rate
equation for the first-order reaction:

In[C] = —kt + In[Co]

where Cy and C; stand for the initial concentration and concentra-
tion of the protein at time ‘t’, respectively, ‘k’ is the rate constant,
and ‘t’ is the time of reaction.

The rate constant increased with the increasing concentra-
tion of Hy,O, and temperature. Initially, the rate constant of
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Fig. 6. Plots of In(C¢/Cp) vs. time, where Cy and C; denote the concentration of
non-oxidized lysozyme at time zero and time ‘t’, respectively, representing the
degradation kinetics at (a) 4°C, (b) 25°C, and (c) 40°C. (¢ ), () and (A ) repre-
sent samples containing 0.15%, 1.0%, and 3.0% H, 0., respectively. The rate constants
were calculated according to the first order rate equation.

reaction involving 0.15% of H,0, was 0.0953 M~! h—1 at4°C, which
increased to 0.3062M~1h~1 and 1.2875M~1 h~1 at25°Cand 40°C,
respectively. The rate constant of reactions in the presence of 3.0%
H,0; was 2.0972M-1h-1, 13.1212M~1h~!, and 61.194M~' h!
at 4°C, 25°C, and 40°C, respectively. This clearly showed that oxi-
dation kinetics were significantly impacted by the high thermal
environment.

Fig. 7 shows the effects of various antioxidants on the oxidative
degradation of the protein in different temperatures. Similar to the
results of DLS, DSC, and CD, methionine was significantly protective
in the oxidation of the protein with its increasing concentration.
When stored at 4°C, samples with 100 mM and 10 mM methio-
nine retained 91.49% and 82.02% non-oxidized lysozyme on day
14, respectively. On the other hand, 73.76% non-oxidized lysozyme
was retained in the sample without any antioxidants. However,
degradation at 40 °C was so pronounced that all the samples were
degraded by day 10 of incubation (Fig. 6¢). N-acetyl-L-cysteine
and ascorbic acid exhibited relatively less protecting role than
methionine.
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Fig. 7. Plots of percentage of non-oxidized lysozyme vs. days, showing the pro-
tecting role of methionine in presence of H,0,. The samples were incubated at (a)
4°C, (b) 25°C, and (c) 40°C. The representation of symbols are: (4 ) Control, (H )
lysozyme +H;0,, (*. ) 10mM methionine, (& ) 100 mM methionine, (A ) 10 mM
N-acetyl-L-cysteine, (X ) 100 mM N-acetyl-L-cysteine, (| ) 10 mM ascorbic acid and
( ) 100 mM ascorbic acid.

4. Discussion

Biophysical methods and chromatography were utilized
together to evaluate protein stability as exposed to oxidative stress
depending on temperature. DLS, DSC, CD, and RP-HPLC were used
to investigate the protein stability with or without antioxidants.
DLS is based on the magnitude of random or Brownian move-
ment of particles as a result of small fluctuations in the bulk
solution and here it was used to evaluate the oxidation on the
protein hydrodynamic size [33]. Increased hydrodynamic size was
evident as the concentration of H,O, and storage temperature
increased (Table 1). The result might indicate physical change along
with the chemical change in the protein molecules. This outcome
may also suggest that the most likely site of oxidation is methio-
nine. Methionine residues in proteins can be readily oxidized by
a wide range of oxidants including H,O, to produce methionine
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sulfoxide [7,32,34,35]. If partially or fully buried methionine is oxi-
dized then the hydrophobicinteractions may be disrupted by a local
increase in hydrophilicity. This may cause the hydrophobic portions
to unfold or loosen [36,37], which could increase hydrodynamic
size, as seen in the results, indicating the most probable site of oxi-
dation as methionine residues. The hydrodynamic size of samples
with N-acetyl-L-cysteine and ascorbic acid was also increased as the
both accelerated the rate of oxidation. On the other hand, the size of
samples with 100 mM methionine remained nearly constant even
on day 14. As methionine acted as an effective antioxidant through
conversion to methionine sulfoxide, it decreased the concentration
of Hy 05, for the oxidization of methionine residues in protein. Con-
sequently, oxidation of the methionine residue was suppressed and
the hydrodynamic size of the monomer was retained in samples
with methionine.

DSC was used to investigate the effects of oxidative stress on
the conformational stability of protein. Native lysozyme showed
two domains after the deconvolution, which separated significantly
with thermal stress. This may suggest the presence of the two
domains each having a different sensitivity to the thermal stress.
The oxidative stress shifted both of the domains to a lower unfold-
ing transition temperature. In the presence of oxidative stress,
methionine residues are oxidized to methionine sulfoxide which
increases its polarity and susceptibility toward thermal degra-
dation [38]. This may support the thermal destabilization in the
presence of an oxidant. Three different antioxidants were evalu-
ated with DSC to see if they influenced the Ty,. Samples containing
methionine showed a significant increase in Ty, with increasing
concentration as compared to the samples containing N-acetyl-L-
cysteine and ascorbic acid. As the T, increased, the stability against
the thermal unfolding increased, indicating a substantial protective
behavior of methionine against oxidation.

CD revealed significant changes, particularly in the percentage
of a-helix and antiparallel B-sheets. The percentage of a-helix
decreased and [3-sheet increased with the increasing oxidative
stress. Along with the DLS and DSC findings, this change in
secondary structure also indicates methionine oxidation. As methi-
onine residues oxidize to form more hydrophilic methionine
sulfoxide, a-helix is destabilized because of its higher preference
for B-sheets [39], decreasing the content of a-helix. On the other
hand, methionine addition minimized the decrease in a-helix and
increase in 3-sheet.

DSC, DLS, and CD results were consistent with RP-HPLC find-
ings. The oxidation reaction of the protein followed the first-order
reaction at 4 °C and 25 °C. However, due to the involvement of high
thermal degradation along with the chemical degradation at 40°C,
the reaction seemed to deviate from first-order kinetics. Nonethe-
less, supposing that there was no physical degradation, the kinetic
rate constant was calculated based on the first-order rate law. The
rate constant increased with increasing concentration of H,0, and
temperature. This also supports the DSC results that the oxidation
degradation kinetic also depends on the temperature at which the
reaction takes place.

Methionine aided in retaining more percentage of non-oxidized
lysozyme in comparison to samples without antioxidants. Sam-
ples containing N-acetyl-L-cysteine and ascorbic acid displayed
accelerated oxidation. Methionine as an antioxidant reacts with
molecular oxygen that is produced from the H,0, and forms
methionine sulfoxide. This prevents the oxidant from reacting
with methionine or other amino acid residues in the pro-
tein molecule. In addition, ascorbic acid and N-acetyl-L-cysteine
have a tendency to act both as an oxidant and a pro-oxidant
[20,40,41], which may be a reason behind their decreased effec-
tiveness in oxidation. Along with these outcomes, a change
in color from colorless to yellow was seen in the solution
with ascorbic acid and N-acetyl-L-cysteine. However, in the

samples containing methionine, any change in color was not
observed.

5. Conclusions

Oxidative degradation is of greater concern in the formulation
development of protein therapeutics. In this study a degradation
pattern was deduced including the conformational and structural
stability during the oxidation of the protein through the analysis
from different biophysical methods. Increase in hydrodynamic size
and decrease in a-helix in the secondary structure were evident
in the oxidized protein molecules. These changes implicate methi-
onine as the most probable site of oxidation in lysozyme. Among
the three antioxidants used, methionine was the most efficient in
suppressing oxidation, suggesting amino acids as a promising com-
ponent in the protein formulation. These results provide a basis
for further examination of activities of other amino acids such
as histidine and arginine for their application as an antioxidant.
Antioxidants need to be carefully evaluated to achieve the maxi-
mum stability of therapeutic proteins in the development of protein
formulations.
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ESTATUTO SOCIAL DA
ASSOCIACAO BRASILEIRA INTERDISCIPLINAR DE AIDS - ARIA

CAPITULO I - DENOMINACAD, SEDE, DURACAO E FINS

Artigo 1" - A Associngdo Brasileira Interdisciplinar de AIDS -

. i leira Rt ABLA, doravante designada simplesmente
ABIA, € uma associnglo, de direito privade, sem fins lucratives e de fins nio econdmicos, Ehfﬂilm‘:m

social e Mlantropica, fundada em 12 de margo de 1987, ey ivi

L . « wujns atividades reger-se-Ao pelo presente Estats
Soeinl. devidamente aprovado por Assemblein Cieral, ¢ pela legistagio em vigor. " )
Pardgrafo Unieo - Para a sua idenlificacio, o ABLA poderd adotar logomarca

.ﬁﬁ@.‘l 2" - A ABIA tem sua sede, foro ¢ administrago no municipio do Rio de Janeiro, Estado do Rio de
Janeiro, na Av. Presidente Vargas n, 446, 13° andar, Centro, CEP: 20.071-907,

Parigrafo Primeiro - Por decisdio da Assembleia Geral, a sede poderi ser transferida para outro local.

Parigrafo Segundo - A ABLA podersd atuar em todo territdnio nacional, gbrindo filiais, escritdrios
ou credenciando representantes regionais, no Brasil ou o exterior, respeitada o legislagho

aplicavel.
Artigo 3" - A ABLA terd prazo de duragdo indeterminado.

Artiga 4° - A ABIA desenvolve agdes voltades 4 prevengilo ao virus da imunodefickeneia humana (HIV),
i Sindrome da Imunodeficiéncia Adquirida (AIDS/SIDA) e doengas associadas, o garantia dos direitos, 4
assisténcin b saide de pessons atingidas pele HIV, promovendo o respeito acs direitos humanos e, em
particular, pelo respeito aos direitos das pessoas vivendo com HIVIAIDS e dos grupos mais vilneriveis ao
HIV/AIDS, cabendo-The:

L. Promover n assisténcia social;

IL, Promover a educapio e o informagiio visando prevenir e controlar a epidemin de AIDS/SIDA baseando
g% apoes no principio da solidariedade;

I1L. Elabosar ¢ implementar campanhas de prevenghio adequadas & realidade hrasileir.
IV, Acompanhar a formulagio e a implementagio de politicas piblicas.
V. Coletar, armazennr e interpretar dados oriundos de pesquisas desenvolvidas.

V1, Reunir. sistemnatizar & divalgar informapdes, anmlizadas e cientificamente Iu_lmdnmcnmdns sobee a
epidemis, através de estudos, relatbrios, e publicaghes por conta pripria ou de feroeiros.

Ay Presidents Vargas, $45113% ahdpr - Ceniig « CEP- J0071-807 .« o de lanera sl - Brasl
ol +f8 (21) 22230040 - (21) 22231185 - (20) 2SE-130
E-rrak abiaSobiaide.erg br - 510 werwsbinkds org br
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VI Fomecer nssessoria o diferentes Erupos da sociedade tais como:
sindicatos, nssociagtes comunitirias, iprejns, entidades de comunicag
Bovernamentais ou niio governamentais

empresas, escolas, universidades,
o, prefeituras ¢ outras instituiqies

VIIL Planejar, promover, coordenar e exercer atividades de prresmogiio

cultural e humnnn em suas freas de
alungio,

IX. Promover e/ou realizar projetos culturais, inclusive stravés das lois federais, estaduais ¢
municipais de incentive a cultura,

Paragrafo Primeire - A ARLA nlo distribui entre o5 seas sOcios, associados, conselhamns, diretomnes,
empregados ou doadores eventuais excedentes operaciomais. brutos ou liquidos, lucros, dividendos,
benificagbes, participacies, resultados ou parcelas do seu patriménio, auferides mediante o exercicio de
suns atividades, e os aplica mtegralmente no temitdeio nacional, na manutengdo ¢ desenvolvimento de seus
ohjetivos institucionais.

Fardgrafo Segundo - A ABIA ¢ vedads qualgquer atividade politico-partidiria, eleitoral oy religinsa,

Parigrafo Terceiro - E vedado o uso da ABLA para quulquer espécie de promogio pessoal, politica-
partidiria ou religiosn.

Artigo 5 - No desenvolvimento de sugs atividades, 3 ARIA

L Nio fard qualquer distingio de raga, car, sexo, idade, condigio fisica ou social, credo politico ou religioso,
11. Prestara servigos permanentes e sem qualquer discriminacio de clicntels

IIL Podera firmar termos de colubormgdo, termos de fomento, convénios, contratos, termos de cooperagin,
€ outres instrumentos juridico contratusis com pessons juridicas, pdblicas on privadis, nacionais ou
estrangeiras,

IV. Estimulura a atngiio veluntiria de pessoas inferessadas em colaborar com suas finalidades.

CAPITULO 11 - DOS ASSOCIADOS

Secho | - Admissdo, Fxclusio ¢ Penalidpdes,

Artigo 6° - A ABIA se constitui de mirhero ilimilade de associados, poasoas naturais ou jurdicas,
iddneas ¢ interessadas, desde que:

I Estejam na plenitude de sua capacidade civil,

IL. Comunguem com suas finalidades sociais,

ML Concordem com o presente Estatuto Social ¢ obriguem-se a cumpri-lo .-";};.J"&\
]
7
A Predonte Vargss, 446/ 13% andar - Centro « CFP. 20071-907 - Rio de Janeiro/RJ - Beasil |
Tel +55 (21) 22231040 - (21) 2223-1MB5 . (21) 2223-1391 =
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IV. Sejam admitidos como associades pelo Conselho de Administrucio.

Pardgrafo Primeiro - Os associados. membros ou niio dos arghos administrativos e consultivos,
nio respondem solidiria nem subsidiariamente pelas obrigspdes sociais da ABIA.

Parigrafo Segundo - Os associados serfo distribuidos nas segUinies categorias:

I. Agsociados Fundadorcs: as pessoas ilurais que participaram da Assemblein Geral de Fundagiin da
AHILA.

1L .-‘;Jssm:iudm Efetivos: as pessoas natursis, admitidas nesta qualidade, por deliberagdo da Assemblein
Cieral,

lllp_ﬁmiudm Benemeéritos: as pessoas naturais ou juridicas, de cardter piiblico ou privado, gue tenham
realizado doagiio, em bens ou espécie, ou tenham prestado relevantes servicos & ABIA, devendo ser
recomendpdo por outros associados, sendo seus nomes aprovados peln Azsembleia Geral,

Pall'igi‘nfn Tercelro — O associados, independentemente da sus qualificagio, compromelem-se o envidar
estorgos parn e conseciglio dos objetivos sociais dn ABIA

Parigrafo Quarto - Os sssociados beneméritos ndo terio direite a volo na Assembleia Geral,

Pardgrafo Quinte - A condigio de associade prevista neste Estatuto & intransferivel a terceimos, a que
tituls tor

rlrﬁ!mm Sexto - A A BIA poderd contar com mamenedores, pessoas naturais ou Juridicas, gue nio serdio
associados, mas que auxiliem com recursos financeiros ou com dedicagio de atuaglo volunbiria as
arividades e projetos da ABIA,

Artigo 7" - 0 interessado em se associar deverd formular pedido por eserite ao Conselho de
Admimstracio da ABIA,

Pardgrafo Unieo — O Conselho de Administragdo apreciard o pedido de filiagho e, deferindo-o, o
remeterd 4 aprovagio da Assembleia Geral.,

Artigo 8” - A excluslo de qualquer associado se dard apenas por justa causa, a eritério do Conselho
de Administragiio, sendo-lhe garantido:

L Prévia notificaglio para que possa excreer plenamente seu direito de defesa; e

IL Recurso & Assembleia Geral, com efeito suspensive,

& A
Paragrafo Primeiro - Para fins do disposto nesse Estntuto, seri considerado como justa causa "I {1
I A auséncia ndo justificods em trés Assembleins Gorals consooutivas; 1
" _.-’I“ .
Ay Pregidante Vargas, 446/ 13 arder - Cantro « CEP- 2007807 « Ricde Snero/Rd - Brasil af

fl 50 (21) 22280040 - (2T) 2233188 - (27) 2223-1301
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IL O n& cumprimento do disposto no presente Estatuto Social ou em qualquer outro decumento a que a
ABIA scin submetica,

Pardgrafo Segundo — Alernativamente a exclusio prevista mo capur deste priigo, o Conseiha de

Administragio poderd deliberur pela adverténcia do associado au suspensio deste por até 90
{noventa) dias, comados da decisiio,

Parigrafo Terceiro - O associade poderd se desligar a qualquer tempo se assim expressar
tormalmente ¢ por escrito a sua intengBo ao Conselho de Administragio,

Segiio IT - Direitos ¢ Deveres dos Associados
Artigo 9° - Sdo direitos de todos os associados:

I. Frequentar n sede da ABIA,

1. Ohbter informaghes que desejarem sobre os objetivus sociais e funcionamento dos diversos Orggos da
ABLA,

ML Participar das Assembleias Gerais ¢ todos os eventos sociais, cultlurais e esportivos ¢ demais
alividades promovidos pela ABLA.

IV, Receber exemplares de todas ns publicagies da ARIA,

Y. Propor a admissio de novos associados.,

Parigrafo Unico - Somente os sssociados fundadores e efetivos terdo direito o voto,

Artigo 10 - S0 deveres dos associados, independente da categoria:

L Colaborar com os drgiios da administragio da ABIA, na realizaglo dos stos necessdrios parn o
consccugdo de suas finalidades socinis

11 Cumprir ¢ fazer cumprir as disposicdes do presente Estatuto Social,
III. Pagar a contribuigiio financeira que venha a ser fixada pelo Conselho de Administracio.

IV. Zelar pelos interesses morais, éticos e matesinis da ABIA, cooperando com o sey
desenvolvimento e maior prestigio

P
Pl L
! ol
A, Frasidents vorges, 4461 13° arcar - Congro - CEP-200N-907 - Fiode Jannirey®) « Brasi
lal +55 (27) 22231040 « (21) 22231085 . (21} 2223138 ﬂ
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CAPITULO 111 - ADMINISTRACAO
Artigo 11 - A ABIA serh administrada por-
I Assembleia Geral
1. Conselho de Administracio
1L, Conselho Fiscal
IV. Conselho Consultivo e de Sustentabilidade

Parigrafo Primeiro - Cada um desses drgiios serd regido pelos artigos dispestos nas secfies su hsequentes @
nws lermos da legislagio vigente.

Pardgrafo Segundo - A ABIA poderd remunerar seus dirigentes e as pessoas naturis e juridicas que lhe
prestem servigos especificos, respeitados, em ambos os casos, as disposigies legais apliciveis.

Segio | - Assembleia Geral

Artigo 12 - A Assembleia Geral ¢ o drgho soberino da ARIA. sendo constituida por todos o5 associndos cim
pleno gozo de seus direilos estatutirios.

Parigrafo Unico - As decisdes tomadas pela Assembleia Geral obrigam a todos 03 associados, ninda que
ausentes ou discordantes,

Artigo 13 - Compete privativamente 4 Assemblein Geral:

L Deliberar sobre todo ¢ qualguer sssunto de interesse da ABIA porn o gl for convocadsa.
Il Eleger os membros do Conselho de Administragdo e do Conselho Fiscal,

L. Deestituir o3 membros do Consclho de Administragio ¢ do Conselho Fiseal,

IV, Alterar 0 presente estatuto social,

V. Deliberar sobre o extingdo da ABIA.

VL Aprovar a Prestagdo de Contas, incluindo o Relmdrin de Atividades e Demanstragdes Financeiras,
formulados pelo Conselho de Administragio, que deverdio ser previamente aprovadas pelo Conselhe Fiscal,

¥IL Aprovar a admissio e exclusdo de associados. apds manifestacdo do Conselho de Administraio,

s
||ir.l:l-'r)
VL Aprovar o Programagfio ¢ o Orgamento anuais, formulsdos pelo Conselho de Adminesiragio. | I_’.‘
A Prasidente Vargas, £45/13% andar « Confra = 20071207 = Rio de laneing = R« Brasl) { _;l_ﬁ'
Til.: 455 (21)2223-1040 + [21) 2223-1185 - (71) 2227-1304
E-mail. abla@abialds.ary.br = Sibe: waw. abiaids arg, br ; 1.,
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IX. Autorizar o aquisicio, nlicnagio e oneragic de bens imoveis,
Paragrafo Primeiro — Todas as deliberacies, salvo i provisia no pardgrafo sepuinte, da Assemblein Geral,

im;Ju:._iw as definidus nos incisos 11 e IV, deveriio ser aprovades pela maiorin simples dos votos dos
associados presentes,

Parigrafo Segundo - A deliberacio quanto & extingio da ABIA ¢ destinaghio do patrimanio remanescente,
previsti no incise V deste artigo, deverh ser aprovada por 273 (dois tergos) dos associndos presentes @
Assemnblia Geral especinimente convocada para esse fim

Artigo 14 - A Assembleia Gernl reunir-se-4, ordinariamente, por convoeagdo do Presidente:

L. Anvalmente, em até cento ¢ vinte dias aps o encerramento do exercicio social da ABIA, para, dentre
outros assunios, examinor ¢ aprovar o Relatdnio de Atividades, o Balango Patrimonial e a3 demags
demonstrsdes fimanceirns & contibeis:

1. A cnda trés anos, para 4 eleig@o dos membros do Conselho de Administragio ¢ do Conselho Fiscal,

Artiga 15 - A Assemblein Geral reunir-se-a. extraondinarinmente, sempre que se faca necessario, queando
convocnda

L. Pele Presidents;

1L A qualquer tempo, por 173 (um quinio) dos asseciados,

Pardgrafo Primeiro — Denire o5 assunios a ser objeto de Assembleia Geral Extraordindria estio:
L. Reforma estatutirin.

1L Dhestituicho de membros do Conselho de Administragio e do Conselho Fiscal,

M. Dissolugio oo liguidagio da ABIA.

IV, Julgamento de recurso de exclusdo de nssocudo.

Pardgrafo Segundo - As deliberagOes previstas neste atigo, inclusive as que dispuserem sobre 05 mcisos
| & 11 do parigrafo primeiro, deverio ser aprovadas pela maioria simples dos votos dos associados presentes
# Assembleia Geral, especialmente convocadn para esses fins

Parigrafo Terceiro - A deliberagiio quanto i extingio da ABIA e destinagho do patrimdnio remanescentc,
prevista no inciso [l do pardgrafo primeiro, deverd ser aprovada por 213 (dois tergos) dos pssOgidios
presentes & Assemnbleia Geral especialmente convocada para esse fim,

Ay Presidonts Vargas, 446713 snder - Cenim « CEP- 20078807 - Riode JansrafRLl - Bragil
Tl 55 (21) 2223-1040 - (21) 2223-1185 - (27) 2223-1391
E-rrai plias pbtalds.orgbr . 5ite wersablnkds orgbr
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Artigo 16 - A Assembleia Geral serd convocada para fins determinados, mediante prévio e gernl ananeis,
atraves de edital afinsdo na sede da ABLA, por cama enviada aos associndos ou qualquer outro meio
eficiente, inclusive eletrdnicos, com antecedéncin minima de cinco dias,

Pardgrafo Primeiro - Qualquer Assemblein Geml instalar-se-i, em primeim convocagdo, com, no

minima, X3 (dois tergos) dos associados, €, em segunda convocagio, decorridos frinia minutos, com
quialquer nimerd.

Parigrafo Segunde — Para melhor gestio operacional, as Assembleias Germis poderfio ser realizndas
virtualmenie

Parikgrafo Tereeiro - (s atos relativos & reforma do Estaiuto, pam valerem contra terceirs. ficam sujeios
a5 formahdades de registro e arquivaments nos drgios competentes,

Seciio 11 — Conselho de Administragio

Artige 17 — O Conselhe de Administragio € 0 drglo de gestio estratégics ¢ administragdo da ABIA, sendo
composto por até oito membros, sendo um Presidente. um Vice-Presidente & um Tesouneiro

Artigo 18 - O Conselho de Administrmgio ¢ eleilo em Assemblein Geral, por maiorio simples de vitos,
porn i mandato de trés anos, sendo permilida a reeleicio.

Artige 19 - Compete a0 Conselho de Administrgile:

L Definir as diretriziss estratégicas da ABLA, cumprindo suas prioridades.

11, Cumprir ¢ fazer cumprir rigorosamente o Estatuto ¢ as decistes da Assemblein Geral.
111, Deliberar sobre a convocaghio de Assembleias Gerais.

IV. Nomear ¢ destituir o6 membros do Conselho Consultive e de Sustentabilidade

v, Estabelecer & fiscalizar as normas bdsicas de funcionmmento,

VL Elaborar o Orcaments Anual da ABIA e autorizar receitas e despesas extraordinirias.

VIL Aulorizar investimantas & outros atos juridicos, que representem dnus ou diminuigio patrimonial para
nABIA.

WVIIL Fixar o periodicidade & 0 vitlor da contribuigio minima a ser paga pelos associndos.

IX. Eluborar o Relatério Anual de Atividades ¢ as demonstragies financeiras, submetendo-os, em seguidn,
& aprovagho do Conselho Fiscal ¢ da Assembleia Geral. : £ ﬁ

Ay Presdenbe varges, 498/ 13% andar - Cemro - CER- PO0M-G07 - B g el Hrasd
Tol +E5 (213 22EI-1040 - [21)2223-TIES « (21) BE2Z3-133
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X. Nomear os membros do Conselhe Supervisor do Fundo Patrimonial ¢ deliberar sobre as demais matérias
refativas ao referido Funde, nos termos deste Estatuto,

XL Decidir sobre quaisquer matérias que no sejam da competéncia de outres drefos oy instincias da
ABIA. inclusive as omissdes ¢ interpretagtes ao preseate Fatatusm

Artige 20 — O Conselho de Administragiio s¢ retne ordinariamente UMA veE por semestre e
extraordinariamente, sermpre que necessirio, quando convoeado por qualquer um de seus membras oy pelo
Conselho Fiscal, sende suas reunides presididas pelo seu Presidente

Parigrafo Unico = () Consellio de Administraglio delibers, validamente, com a presengit die miniorin
simples dos seus membros, sende vedodn g represenliglio, reservads o voto de desempate po Presideme.

Artign 21 - Compete no Presidente:
L Representar institucionalmente o ABLA, ativa ou passivamente, judicial e exirajudicialmente,
Il Auwxiliar nas atividades de mobilizagio de recursos,

ML Convocar e presidic as reunides do Conselho de Administragho ¢ da Assemblein Geral,
TV, Autorizar pagamentos e movimentagio bancaria, ohservadas as diretrizes definidas neste Estatutio,
V. Coordenar, supervisionar e acompanhar as atividades, programas ¢ projetos em realizagin.

V1. Admitir e demitir os empregados, colabomdores, estagldrios e prestadores de servigos a qualquer titula
€ definir as respectivas atribuipdes.

Parigrafo Unieo — Compete a0 Vice-Presidente substituir o Presidente em suas ausénciss e impedimentos,

Artigo 12 - Compete ao Tesoursin:

L. Se responsabilizar pela escrituragio patrimonial da ABIA em livros proprics, tendo sob sua guardn ¢
cunservagio todos os papéis, documentos, titubos ¢ valures de qualquer inferesse.

IL Fernecer ao Conselho de Administragho balancetes periodicos extraidos da escrituracio, bem comao
informes minuciosos sobre a vida financeim da ABIA.

Artigo 23 - Todos os documentos oficiais da ABIA, incluindo cheques ¢ demais documentos bancirios &
financeires, wssim come todos os instrumentos contratuais, para serem viilidos, deveriio ter duns assinanirns,

et conjunta, podends ser

L A do Presidente em conjunto com a do Vice-Presidente.

Ve
r A

U
1
| -.ul__'
Hw, Presichent e Yargas, 446/ 13% andar - Cencro = CEP- JOO7TISEI7 - Bao oa Janairo i) - Brasil
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I1. A do Presidente em conjunto com a do Tesoureiro,

ML A do Vice-Presidente em conjunto a do Tesoureiro,

L, A do Vice-Presidente cm conjunto com o de um Procurador nomeado pelo Presidente.
IV. A do Tesoureiro em conjunto com & de um Procurador nomeado pelo Presidente.

Pardgrafo Unico - As procuragdes deverfio ser firmadas, por instrumento pablico ou particular, pelo
Presidente, com firma reconhecida

Segio 111 - Conselho Fiscal

Artigo 24 - O Conselho Fiscal é um drgio colegiado. de avalisgio, acompanhamento € contro le, comstituide
por trés membros, eleitos em Assemblcia Geral para um mandato de trés anos, permitida a reeleigho.

Artigo 25 - Compete a0 Conselho Fiscal:
L. Examinar o= liveos de escrituragio da ABIA.

IL Fiscalizar a ndministragio econdmica, financeira e contdbil, sugerindo agoes ¢ diretrizes ao Conselho
de Administragdo, bem como 4 Assemblein Geral,

111, Emitir parecer sobre o Relatorio Anual ¢ as Demanstragdes Financeiras apresentadas pelo Conselho de
Administrsgio.

IV. Contratar, quando necessario ou conveniente, auditorin externs independente, 4 custa da ABIA,
devendo pronunclar-se sobre o relatdrio emitido pelos auditores.

V. Requisitor, para andlise, a qualquer tempo, decumentagio comprobatoria das operagies geondmico-
financeiras realizadas.

Artigo 26 - O Conselho Fiscal se reunird ordinariamente uma vez ap ano o, extraordinariamente, sempre
Qe nEcessario

Pardgrafo Unico - As reanides do Consetho Fiscal deverdo ser convocadas com anteceddngiu minima de
cince dias,

Seedio V - Conselho Consuliive e de Sustentabilidade

Artiga 27 - O Conselho Consultive ¢ de Sustermahilidade, orpao auxiliar do Conselho de Administragio, ..If.«
serdl constituido por nimero ilimitadi de membros, escolhidos entre os associados, ou cOMPOSLO PO PESS0I3

Av. Presidents Vargas, 446/ 13* andar - Centro - CEP-20071-807 « Rl JaraingfRld - Erasd
fel 155 (21) 2223-1040 . (21) 2223-N88 - (21) Z223-139 ﬁrl;'-
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e I'IL'ltf!I'i-ﬁI‘-l-ihﬂ' € reconhecimento em suas areas de atuagio, que possam contribuir fechicamente com o
desenvolvimento das finalidades da ARIA,

Parigrafo Unieo - Os membros do Conselho Consultivo e de Sustentabilidade serdo nomeados pelo
Consello de Administragio, que podera destitui-los.

Artigo 28 - Compete a0 Conselho Consultivo & de Sustentabilidade:
L Orientar trubalhos de pesquisas,
I Opinar em projetos, programas ¢ oaeamenios,

1. Colaborar com o aperfeigoamento das atividades da ABIA,

IV. Auxiliar 0 Conselho de Administragio no planejamento ¢ implementagho de agbes que objetivem
assegurmr a susteninhilidade dn ABIA

W, Opinar sobre outras matérias gue the sejom encaminhadas.

Artigo 29 - O Conselho Consultive ¢ de Sustentabilidade reunir-se- anunlmente on sempre que convocado
pebo Conselho de Administragiio,

CAPITULO IV — DAS FONTES DE RECURSOS E DX PATRIMONIO

Artigoe M — Constituem fonles de recursos da ABIA:

1. As doapdes, dotaghes, legados, herangas, subsidios ¢ quaisquer auxilios que Ihe forem concedidos por
pesanas fisicas ou juridicas, de direito privado ou de direito piblico, nocionais ou estrangeiras, bem como
s rendimentos produzidos por esses bems e seu patrimdaico.

I1. As receilas provenientes dos servigos prestados niinentes ix suns finalidmbes
1. As receitas patrimdoniais.

IV. A receita proveniente de contrafos admimstrativos, termos de fomento, termos de colaboragho,
conviinios @ tenmos de conperagio, celebrados com o Poder Pablica,

V. A receita proveniente de contratos, convénios, parcerias ou acordos celebrados com pessoss juridicas de
direito pdblico ou privado, nacioniis ou estrangeiras.

V1. A receita proveniente das contribaigiBes feitns pelos associndos
V1L Yerbas provenientes de promogdes organizadas pelos associados.

VIIL Recursos provenientes de projetos culturnis enguadrados nas leis Tederais, estadunis eiou municipais 4
dhe imcentivio & cultura, L /)

Ay, Bresipers Wargas, 446/ 137 andor - Centro CER. 300710907 - Riode lansrs/Rl - Bl _
Vel +55 (21) E223-1000 - (£1) 2223-T083 + (21) 22231300 s
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IX. Recursos advindos do recebiments de direitos autoraks, conexos e de propriedade intelectual,
X. As receitas advingdas da comercializagio de produtos afins s atividades institucionals.
AL Rendimentos finunceiros e outras rendas eventuals,

Pardgrafo Primeire — As rendas, recursos. hens. direitos e eventinis resubtndos operacionais da ABIA
serdo aplicados integralmente no tereitdrio nacional, na manitengio ¢ desenvolvimento de seus objetivos
institucionais.

Parigrafo Segundo - A AHIA s COmpromete o monter escrituragio de suas receitas ¢ despesas em livros
revestidos de formalidades regulamentares capazes de COMPROVEE ua exatidio,

Artigo 31 - O patrimdnio da ABIA poderd ser constituido por bens méveis, imdveis, velcubos, semoventes,
aghes e titulos da divida piblica ou privada.

Artigo 31 - No caso de dissoluglo da ABIA. o respectivo patriménio liquido serd transferido n outra
entidade sem fins lucrativos ¢ econdmicos, com o mesmo objetivo social, congénere, registrnda no
Conzselbo Macional de Assisténcia Socinl {CNAS], ou g entidade publica.

Artigo 33 - O exercicio financeiro e fiscal da ABTA coincide com o ano eivil

Artige 34 - O Fundo Patrimonial da ABIA, composto pelas aplicagdes Financeiras da ABIA. tem por
objetivo fortalecer, através de uma politica de longo prazo, o sustentabilidade patrimonial da ABIA ¢ g
rentabilidade de suas reservas.

Pariigrafo Primeivo - O Fundo Patrimonial, inclusive sua politica de investimento, rege-se pelo disposto
m begistagio e regulsmentagdio aplicaveis,

Parigrafo Segunde - Poderd ser constituidn ym Conselho Supervisor do Fundo Patrimonial com a fumg o
especifica de scompanhar e supervisionar a adiministragio, gestio ¢ performance do Fundo Parimonial

Parigrafo Tereeiro - O Conselho Supervisor do Fundo Patrimenial, quando constituido, ser COMPOSLD
por tres membros, iodos com experiéncia em gestao de recursos de terceiros ¢ indicados pelo Conselho de
Admimistragio,

Pardgrifo Quarto - Observadas as disposiges legnis aplicdveis, o Fundo Patrimoninl poderd ser usado
também como instrumento de captagio de recursos pars a ABIA, inclusive mediante contribuigies o ele
destinadas, sendo cero que a sua existéncia ndo visa substituir oo diminuir outras fonles de receita da
ARLA.

Artigo 35 - A prestagiio de contas da ABIA observard, no miniims:
L s prncipios fundamentais de contabilidade ¢ as Normas Brasileiras de Contabilidads

IL. A publicidude, por qualquer meso eficaz, no encerramento do exercicio fiscal, do mllaﬁhiu de atividubes I,{T
e das demonstragdes financeiras da entidade. ncluindo as certides negativas de débitos junio no INSS e |
FUTS, colocando-os i disposicio pam o exame de qualquer pessoa juridica ou cidaddo.

A, Prasdente Vargas, 4460 13 andar - Cenna - CEP- BOD71-007 + Bo de lararafél « Grasi
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L1 A realizacho de auditoria, inclusive por suditores externos independentes se for o caso, da aplicagio de
eventunis recursos objeto de Termo de Parceria, observada g legislacio aplicivel,

IV. A prestagiio de contas de todos o8 recursos ¢ bens recebidos de origem piblica scra feita conforme
determina o pardgrafo dnico do artige 70 da Constituiglo Federai.

CAPITULO V - DISPOSICOES GERAILS

Artigo 36 - A ABIA sera dissolvida por deliberaglo de Assemblein Geml Extraordindria, especialmente
convocada par esse fim, pelo voto concorde de 273 {dois tergos) dos presentes, quando se tornar impossivel
a continsaglo de suas atividades, ou nos casos previstos em Lei,

Parigrafo Unico — Em qualquer caso serio observados os dispositivos legais aplicdveis ¢ o fixado no
presente Estatuto,

Artigo 37 - (s membros do ABIA e scus empregados difundirio as finalidades ¢ a filosofia da entidade,
motivando & participagio de outros membros da sociedade civil.

Artigo I8 - Os casos omissos seriio resolvidos pelo Conselho de Administrago, de acordo com a
li.

Rio de Janeiro, 06 de dezembro de 2016,

P f;fﬂ'ku,,_‘_ O s

Richard Guy Parker Regina Maria Barbosa

Presidente da Assembleia Secretdria da Assembleia N, T
“"-\.H_‘___ "
CARTERIG Ilu_-l-l'|'=_‘l R LA R i
g r:hﬂmm 1 da Adsel d 3007 "'-;é? 4

PERAERE I ERa R E R -||r-|

|..|.|.|.|.|.|||--|--Ir'l-

SEAgE A Pﬂdn} EE ter Gcn“:—ﬁcﬁ' [Uﬂ,HJ'R_r !21.3’4”]
Wi"‘"ﬁmm = f\ ”'

u.u-nn-mm-m

b“;

Ay, Presidents Vargas, 446/ 13° andar - Centro < CER. 2007807 - Bode Janera/S] « Bragil
Tel. =55 (21) 2223-1040 - (21) 2223-1985 - (21) 22231391
E-rran! anadabiaide.orge - S wwwabiaids.org br

Peticéo 870250042425, de 23/05/2025, pég. 155/232



el REGISTRO CIVIL DAS PESSOAS JURIDICAS
L DA CIDADE DO RIO DE JANEIRO

wew ropi-ricombr  amall atendimentodrepi-rl.com.br

I'HH:'FIIHIE:E:;' . _. - :'._I-'

s
]

B
.;5..
;:=:=
ey

"u, f, Al Fua México, n* 148, 3% andar, Cantro, Rio da Janeiro
9

o
|:ﬂ

E_ir
=

e

L Aanaonie

O Oficial do Registro Civil das Pessoas Juridicas do Rio de

=

WJ
é E EN BN
b
r
L

SIL

Janeiro, conforme o art. 19, § 1°, da lei 6015/73 e do art.217

A

o .
e = .
i -
w.
.
T -
L, e
R B = T

B}

da Lei Civil, CERTIFICA que esta e a copia fiel da ata da

0

-

2]

AGO datada de 11/11/2020 e arquivada em 14/12/2020 da

L

ASSOCIACAO BRASILEIRA INTERDISCIPLINAR DE AIDS,

ﬁj-*

constituida neste oficio na matricula n® 92.514, num total de

B2

-

E:E

ariea e

09 paginas, numeradas e chanceladas digitalmente,

/07

Rodolfo Pinheiro de Moraes
Mat. 50-00.00.00.00.02

-

R

Podar Juddiana - TAER

Comagedoria Garsl de Juthcs 1202101121434027

Salo ce Fiscaicacha Eletriingg

-EBHI.': 38371 DAY Rio de Janairo, 22 de [aneiro de 2021

Consplie 3 vwaidade do sElo am:
1 r:rm#m;ﬂuhn;a_mm;gtmw Emol: 153,16 Telb: 58,79

250042425, de 23/05/2025, pég. 156/232

“aan 19710179 |

L




=t -
:j::"“TEHMD DE RESPONSABILIDADE E REQUERIMENTO DE REGISTRO

—_— s —— e g — T TS R

k©
3

| llIll
1

'\ = ‘Requeiro ao Registro Civil de Pessoas Jurldicas o registro da presente documentagdo da

" bessoaduridicas  ASSOCIAGAO BRASILEIRA INTERDISCIPLINAR DE AIDS

P

"-. /) atricula da PJ: 92514 CMPJ:  29.263.068/0001-45

}
“ 19 enunhm;u como verdadeiras todas as informagles constanles neste documento, inclusive a

= Qutenticidade das assinaturas, sob pena de nulidade do ato, assumindo responsabilidade pessoal nos
i . A Hfermos do art. 14 da Lel 13874/19 e art. 6° §4° do Provimento 62/2018 CGJ publicade no DOJERJ de
% 2012118 pag. a2
:m.—' L f—
i.'} | x | Envioadocumentagdo digitalmente com a minha assinatura ICP-BRASIL.
I .
CAY Requeiro ainda vias impressas na seguinte forma:
k E } 0B5: Caso sejs oplado pedo envie de wias adicionais serd cobrade o5 emalumentos refarentes
=\ 8 a auantidade de vias para este servico em decorréncia do processo.
i
il ol
‘#} ! Quantidade de Envio de via por Vou retirar no RCP.J
.;E!;
L) Informar o(s) enderego(s) de entrega para o SEDEX ou o(s) e-mails para envio:
il

-

ey
1 r ¥,
U. EE_I\:__

=

—
v
Sy
i

} Rio de Janeirg, 17 ge NOVembro 4. o520

{ ) : Pedro Carpenter Genesca
\ Hk : OAB/RJ 121.340

Advogado

ICP BRASIL do Advogade, Contador ou Participante do afo {Sdcic, Administrador,
Prasidente, Diretor, Presidente da Assembleia e Testemunhaz}

[*} OBS: 1) Em caso de registro de livio POF a3 assinaturas digitaie caberfio soe: Representantes Legsis o o Contadar,
2) O Registre do documento serd Feito digitalmente; vias em papel dever3o ser solicitadas scima,

19710180 |

[ CERTIDAD
= | 220112021 EDNC 38371 DQY 1

|

.
=5 P

I

Peticao 817(£ 42425, de 23/05/2025, pag. 157/232 BN 10 Dk - ETASRETRRCO LKL 5 b1 ol s i




RGP T EE020-E2

v 2 EDNCIZZEEVAC
‘.g n:zm

—~—  ABI

S S ERT AT AL PR,
PUTERCE A O A0

ASSOCIACAO BRASILEIRA INTERDISCIPLINAE DE AIDS - ABLA

-
*
=
+u
=
=
-
L
=
i
|4
A
-
-~
%
b
o
i

3
T
-
=
3

I
-
T
<

x
i

==
-1
]

|

CINPJ 29.263.068.0001/45

Assembleia Geral Ordindiria
Convocago
Sho convocados os associados da ABLA, a e reunitem em Assembleis Geral Ordindria no dia 11 de
novembre de 202, em primeira convecagdo 48 10:00 e, em segunda convocagdo, as 10:30 horas, a
ger replizada de forma virhual, pels plataforma Zoom, a fim de deliberarem sobre a seguinte pavtn;
| - Apresentagio das Demonstragbes ¢ relatdrio de Auditoria do Exercico de 2019;
2- A situacio de ABLA em 2020;
3 - Caminhos ¢ perspectivas em 2021;
4— Eleigiio do Conselho de Administragio;
5 = Bolicitagio para compartithamento de salas;
& — Solicitagdio para baixe do imobilizado, dosgdio e descarte.
Rio de Janeirs, 20 de outubro de 2020,

iRl

Richard Guy Parker
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Lista de Presenca da Assembleia Geral Ordindria da Associagho Brasileira Interdisciplinar de
AIDS - ABIA

1. Veriano de Souza Terto Jinior
2. Richard Guy Parker

1. Simone Souza Moateiny

4. Regina Maria Barbosa

5. Luis Felipe Rios de Mascimento
&

T

&

9

. Fatime Maria Gomes da Focha
. Alexandre Domingues Granjeiro
. Carlos Alberto Ebeling Duarte
. Kenneth Rochel Camargo Jinior
LD, Fernando Seffener
11. Simone Lima

Rio de Janciro,- 11 de novembro de 2020,

t\}uﬁ J 1A U %;‘%:

Richard Guy Parker Veriano de Souza Terto Janior
Presidente da Assembleie Secratario da Assemblein

dvi, Bresidente Vargas, 4496/ 13° andar - Cantra - CEP- 2007307 - o da JarsioyRY - Brasl
Ted: =55 (ET) Z2E23-1040 + (E1) ERE3-1185 - (21]) E223-1391
E-mal: ablafabiaideorg br « Site: wesw abiaids.org br
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ATA DA ASSEMBLEIA GERAL ORDINARIA DA ASSOCIACAO BRASILEIRA
INTERDISCIPLINAR DE AIDS — ABIA - CNPJ 29.263.068.0001 /45

Em segunda convocacio, 48 10030 horms, do din 11 de novembro de 2020, por convocegdo do
Diretor Presidents, Sr. Richard Guy Parker, reuniram-se de forma virtual, pela plataforma Zoom, os
senhores © senhoras associades da Associagio Brasileira Interdisciplinar de Aids - ABIA,
devidamente convocados por meio de correio eletrdnicn, slingindo o quorum estatutdrio, com a
presenca de |1 membros, sendo & Assembleis presidida pelo Sr. Richard Guy Parker ¢ secretariada
pelo Sr. Veriano de Souza Terlo Jlnior.

O Sr Richard Guy Parker deu inicio 4 reunifo cumprimentando g presentes e abrindo a discussio
da pauts, acerca dos seguinles ilens;

I = Apresentagiio das Demonstracies e relatorio de Avditoria do Exercico de 2009 A Spa,
Simone Lima apresenton para o relatério da anditorie referente ao exercleio de 2019 ¢ parecer dos
auditores independentes. Apds votaglo, foi aproveda por unanimidade as Demonstractes
Financeiras de 2019,

2- A siuaciio da ABIA em 2020 Foi feito informe da situag@io da ABIA em 2020, com projetos
imiciados e concluidos e situagho financeira.

3 - Caminhos ¢ perspectivas em 2021: For conduzida discussio sobre caminhos e perspectivas
para 2021, com iniciativas para & sustentabilidade, possiveis mudangas e adaptagdes, perspectiva
financeira.

4 - Eleigio do Conselho de Administragho: Foram eleitos, por unanimidade, os sepuintes
membros para 0 Conselho de Administragio, para o mandato que se iniciard em 1612/2020 ¢
terminari em 13/1272023: como Diretor-Presidents, RICHARD GUY PARKER, americino,
solteiro, entropdlogo, residente & Avenida Nossa Senhora de Copacabana, 13/1101, Leme. Rio de
Janeiro RJ, CEP: 22.000-120, portador do CPF 017.881.517-98 ¢ da identidade VO 62673-P
CGP/DIREX/DPF; como Direter Vice-Presidente, VERIANO DE SOUZA TERTO JUNIOR,
brasilerro, soligimo, psicélogo, residente & Rua Visconde de Figueiredo, n® 72 apt® 301- Tijuea = Rio
de Janeiro CEP:20.550-050, portador do CPF 667.972.337-04 e da identidade 06.677.516-4, emitida
pelo IFP/RI, & como Tesourcirn, SIMONE SOUZA MONTEIRO, brasileira, casada, psicologa,
residente & Rua Visconde de Pirajh, 592/503 - Ipanema, BRI, CEP: 22410-002. Ric de Janeiro, RJ,
portadors do CPF $86.589.997-34 ¢ da identidade n. 06210329-6, [FF/RJ. Os demais corgos do
Conselbo de Administragio permanecem vacanies.

Declaraciio de Desimpedimento: Para fins de cumprinzento de exigéncias legais, o
administrador, abaixo assinado, declara, sob as penas da [ei, de gue nio estd
impedido de exercer a administragio da associago, por lei especial, ou em virtude de
condenagio criminal, ou por se encontrar sob os efeitos dela, a pena que vede, ainda
que emporariagmente, o dcesso i cargos phblicos; ou por crime falimentar, de
prevaricaghio, peita ou suborno, concusso, peculato; ou contra a economia popular,
contra o sizfema financeiro nacional, conlra normas de defesa da concorréncia, contra
as relagdes de consuma, fé plblica ou a propriedade.
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5 — Solicitagho para compartilhamento de salas: Foi aprovada por unanimidade sutorizagiio para
o compartilhamento de salas da sede da ABIA com o IBASE, outra associagio sem fing Iucratives.

6 - Solicitagiio para baixa do imobilizado, doaglio e descarte: Foi aprovada por unanimidade a
baixa do ative imobilizado da ABIA, dos bens mivels abaixo listades, podendo ser descartados ou
doados a terceimos;

RATRINGHIO PEICRIGAD DO BEM AGUIBIGhD |  TINANCIACOR
filin G0 Coardeira Tipo wecratinia 2Egos com rodizio asoledo praco 26,0403 HIWGENTER
B 14 Mesa medingo 130880, moblcom com 3 gavelss GnEaiprelo, 25.04 (13 H CENTER
WLl 28 Iete=sa mreldinado 106RED, MODNCOMm, ©or CinEL 0403 MRy
MU 034 Cadelra po secrel. &'brago giraliie tecido preto. 05.04.04 EED
MU 048 Meza da madaira cild gavts. cilampo de 1, 2{00, 80m 30.06.62 FORD
ML 08T Estarvis de aco =08 pralelaims 18.08.53 FORLD
MU 058 Estarvia de npo 08 praleisiras 28.08.52 FORD
ML 059 Estania da Ron o085 pralelaims 280852 FoRD
MU 135 Cadeira asiofada, oor preta orodido e MACARTHUR
1T Enlanis de agn cMif prajeisinas 20,08 02 FoRO
N 220 s am madeira cl0d gavis. medndo 1 5004060, 70m 060593 MACARTHUR I'
MU 271 Extarte de apo ot pralelsias 020286 EZE
ML 273 Edlarie de ago o085 prateleias, 042.02.66 EFE
ML 294 Mesa com 3 gawelas 1.20 £ 80, cor ovoiprelo. 23,0802 FoRD
MU 353 Banquets alls com B0cm de alt. Cor prela. 2.0307 ARIA
MU 382 Cadeira girabiria tipo secratdria fim pretn. 05.06.07 PRIGHA,
MU 383 Cadaira gimitna Hpo secrolting fia preta. 6. ey PRIZNEA
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MU 378 Cadwira gratiia lipy secralbia s prets, 05,0600 FRIEMA
MU 377 Cadelna gratéria tipo secrotiria fua preta 08.04.07 PRISMA
MU 378 Cadeira graltia lpo seorstinia Taa preta. 5.06.07 PRIGMA
MU 379 Coaduita giraiddn po secrvlins e preia; 05.0e.07 PRISMA
MU Fa0 Caceira giraitia lipo secrelinia fias preta. 050607 PRIGMA
M 38 Cadeia gialtda lipe seceldna fix preta.. . DEOF PREERS,
My 332 Cadain glrabdis Spo secebina flxs prala, 0£.05 a7 PRISSLG,
B 383 Cadeira giratdna fipo sacretisa e pota. 050507 PREEMA
MU 362 Cadeia girstdea tioo secebista fxa prela 1506 07 FRISMA
MU 385 Cadaim giravia Tipo secrotdia S preta. 05.06,07 PRISMA
MU 3BT Cadaia gratdda las secretiie fua preta 015,06 0T PRISMA
MU 388 Cadaire prakiia fips secrelinis B preta 05,0607 PRIEMA
MU agd Cadaiin grakiiin lips secredinin Ron preda, 05.08.07 PRISMA
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Mada mais havendo & tratar, foi encerrada a reuniBo.

=

Rio de Janeiro, 11 de novembro de 2020.
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Richard Guy Parker Venano de Soura Terto Jinior
Presidente da Assemblein Secretario da Assembleia
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Associagdo Brasileira
Interdisoplinar de AIDS

PROCURACAO ad judicia

ASSOCIAQAO BRASILEIRA INTERDISCIPLINAR DE AIDS, pessoa juridica de
direito privado, sem fins lucrativos, constituida na forma da lei, registrada no CNPJ
sob o0 n° 29.263.068/0001-45, com sede na Avenida Presidente Vargas, n° 446,
13° andar, Centro, Rio de Janeiro - RJ, CEP: 20071-907, na pessoa de seu
representante nos termos de seu Estatuto Social, por seu Diretor Vice-presidente
VERIANO DE SOUZA TERTO JUNIOR, brasileiro, solteiro, psicélogo, RG n°
06.677.516-4 emitido pelo IFP/RJ, e inscrito no CPF n° 667.972.337-04, e por seu
Coordenador de projetos JUAN CARLOS DE LA CONCEPCION RAXACH,
cubano, naturalizado brasileiro, solteiro, médico, RG n° 32.847.134-7 emitido pelo
DETRAN/RJ, e inscrito no CPF n° 052.549.417-07, vem pelo presente instrumento
outorgar procuracao ad judicia a advogada SUSANA RODRIGUES CAVALCANTI
VAN DER PLOEG, inscrita no CPF 013.497.254-63 e na OAB/MG 181.599, com
escritério na Avenida Presidente Vargas, 446, 13° andar, Centro - Rio de Janeiro -
RJ, CEP 20071-907, concedendo-lhe poderes da clausula ad judicia et extra,
inclusive substabelecer com reserva de poderes, especificamente para
apresentacdo de subsidio ao exame técnico e/ou processo administrativo de
nulidade perante o INPI - Instituto Nacional da Propriedade Industrial relacionado a
patente de invencdo BR112019022972-8.

Rio de Janeiro, 19 de maio de 2025.

Veriano de Souza Terto Junior Juan Carlos de La Concepcion Raxach

Diretor Vice-presidente da Abia Coordenador de projetos

Av. Presidente Vargas, n°® 446 — 132 andar - 20.071 -001 -Rio de Janeiro /RJ . Brasil
Tel.:+55 21 2223 1040 - Fax: +55 21 2253 8495
E-mail: abia@abiaids.org.br - Site: www.abiaids.org.br
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CERTIDAO DE INTEIRO TEOR DE ATO gﬁlrﬁtfirltrﬂ
REGISTRO CIVIL DE PESSOA JURIDICA

CERTIFICO e dou fé que a presente certidiio de inteiro teor de
ato_especifico foi materializada em folhas devidamente autenticadas e
numeradas de 412666 a 412698 com os nimeros de seguranga deste Oficial
de Registro, ¢ reproduz integralmente apenas o documento original com 32
paginas objeto do REGISTRO N°675220/18.

Fica expressamente ressalvado que o ato especifico reproduzido
na presente certiddo estd vinculado ao registro primitivo n” 237636/92, que
até o dia anterior 4 expedigio desta certiddo sofreu alteracdo em razio da
averbagdo, sendo a Gltima registrada sob n° 675223/18, do que dou f¢.

A presente certidio tem o mesmo valor probante que o
documento original, conforme disposto no art. 2+7-dg Codige Civil e no art.
161 da Lei n® 6.015/1973. |I

Séo Paulo, 3 de setembro de 2018, \1
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4 ll;ﬁcial de Registf;l de T[t_ul.u:s e [l;:-cu mm:ltns e
Civil de Pessoa Juridica da Comarca de Sio Paulo

Rua Cuinze de Novembro, 251 - 5* Andar - Centro
Tel: (125 37774040 - Emil: mn'lﬂ:-@#ﬂd.m_h= Site: werw Artd com by

Y

REGISTRO PARA FINS DE
U 3 §

N° §75.220 de 28/08/2018

Certifico e dou fé que o documento em papel, foi apresentade em 13082018, o gual foi protocolado sob n®
375.068. tendo sido registrado sob n® 675120 averbado & margem do registro n® 23763692 no Livro de
Registro A deste 4” Oficial de Registro Civil de Pessoas Juridicas da Comarca de 580 Paulo, na presenic data,

NalunEoa:
1 ALTERACAOQ DE ESTATUTOD
de 2018
. Marco Aurélio Ribeiro
do Oficial
Este cestificado ¢ parte do registro do documento acima discribo,
[ Tr— [ Estmdo i K Regisra Covl T Tememide hases
O o 81,08 RS AL X3 1120 73 1678
155 Lo gy [isiag . e

45 R .00 B3 000 _ RS 1450
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- Mome do Repregsentante Legal
4 Renald Femelra dos Santos
7 ,
=) E-mail Telofone
._-'.-;" info@fenatar.org.br (11) 22591-13
— | nacionafidade estado civil profissio porador do RG.
= brasileira casado farmacutico 2039575
-l
il inscrito no CPEME. rsidents 4 mimarg complements
:- B34 631.768-15 rua jodo de barmo 124
bairo cidada CEP UF
7 o Todarogols 88054-620 ‘Santa Catarina "
=% " representante legal da pessoa juridica denominada:
=h federagdio nacional dos farmacéuticos
. CHPJ* com sede & Pmero cormgismento
5 00.679.357/0001-48 rua br de Htapetining 255 ¢ 1105
_. - Bairro Cidade CEP o
= cenlro sdo paulo 01042-001 |Sao Paulo  *
2
:'f;'? varn requerer, nos termos do art. 121 da Lei 6.01573 e da Lai 10.408/02, o regisirafaverbagio do
Tk instrumento em anexo, juntando ¢ 1 vias de igual teor e forma.
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OB5. [Para preenchiments do requerimantio)

1~ Mo & necessans raconbecer firma no requerimenio, 8e 8 assinatum estiver compathet
2. Deve sor assinado pelo presentants lgal, conforme conirata ou estaluo]

* Campo ndo obigatddo em caso de constiuicla,
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Cyficral de Repistro de 1EHI0s & LAOcUumenios

ATA DA ASSEMBLEIA CONGRESSUAL EXTRAORDINARIA DA FEDERACAD
NACIONAL DOS FARMACEUTICOS £ CNPJ 00.679.357/0001-48

Ao 1° dia do més de agosto de dois mil e dezoito, nas dependéncias do SESC Praia
Formosa, localizado & Rodovia ES-010, Km 85 Norte, s/n, Sania Cruz, munigipio de
Aracruz/ES, CEP: 29198-548, as 19:00 horas, teve inicio o Congresso E:ﬁ'annﬁ:u

FEMAFAR, conforme previsto no Bdital de Convocagdo publicado no Didrio Oficial da
Uniio, em 15 de junho de 2018 Secho 3, fis. 205, Estiveram presentes 34 (tinta &
qualro) delegados dos Sindicatos filiados & FENAFAR dos ‘Estados do Ceard, Piaul,
Maranh&c, Acre, SSo Paulo, Goigs, Mato Grosso, Amapd, Rio Grande do Sul, Santa
Catarina, Parand, Minas Gerais, Sergipe, Espirito Santo, Roraima, Rio de Janeiro e
Paraiba, conforme lista de presenga anexa. Assumiu a presidéncia da Assembleia o
presidente da FENAFAR, o farmacéutico Ronakd Ferreira dos Santos, que convidouw a
mim, farmacéutica Mara Maruza Carlesso, Secretiria Geral da Entidade. para
sscretariar os trabalhos. Lido o Edital de Convocagao, o os seguintes os ponjos de

%)

=

pauta: | - ALTERAGOES ESTATUTARIAS a seguir especificadas. 1. Ifzerghio o @ .”’ 1

endereco da sede social no atual art. 2°. 2. Adequaglo da redagao do atual Arhgn 1;/{:3‘; in
Paragrafo primeiro, [V, a fim de excluir o termo “e posse”. 3. Inclusdo do inciso "-.ﬂt' ao 20l

atual Artigo 26, com a seguinte redagio; “Vil - Dar posse a direforia e mnulm‘ rsr.'m
glaitos para o mandato consecutivo”. 4, Dar nova redagao ac atual Artigo 26, I pa!n
constar “representar a FENAFAR em Juizo ou fora dele podendo delegar pndu-mﬂ-;a
outro diretor, ou ainda, nomear mandatiric por instrumento de pmmrar:;:al:r 58
necessdrio for, para o desempenho de fungbes técnicas, burocriticas e ou
administrativas da entidade™; 5. Dar nova redagac ac gtual Artigo 49, para constar: "A
posse dos membros da Diretoria e do Conselho Fiscal ocorrerd na data do inicio do
mandato para o qual foram eleitos”. 6. Excluir do Estatuto o atual texto do paragrafo
tnico do Artigo 49; 7. Criaglio de novos cargos de Diretoria com sua insercao no atual
art. 23 & respectivas atribuiches, e também, o modo de constituicdo & ocupagho dessas
cargos e exercicio do primeiro mandato. 8. Adequagac dos atuais Arts. 12 a 15 do
Estatulo a0 Ar. 54, V, da Lei 10.406/02 (Codigo Chil), para descrever o modo de
constituicads e funcionamenio do Congresso. §. Adequacio lexiual de todos os
dispositivos necessarios e renumeradao de artigos em conformidade com as alteragbes
delibaradas consoante os objetos acima especificados. Il - Outros assuntos de interesse

geral P (—éy (Eﬁw

e
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Feitas essas colocagbes, o presidente passou @ Bxpor o fato constante do item °I" da
pauta, relembrando que a necessidade de alteragbes ja foi detectada em antenares
reunides de diretoria da Entidade, tendo sido inclusive criada uma Comisséo para estudo
uuesmm::.ﬁ.mﬂ,pamuaemmapmpmtadeﬁafnmwdnamm,mnfmmnmm
- do Edital acima reproduzido, Esclareceu também a necessidade de se ampliar a
Direforia da entidada em razfe da amplagao de sua base e que haverd incluso e
previsdo nas disposicoes transitdnias.

Foram prestados os esclarecimenics e encaminhado para volagao em plendrio 05
seguintes temmos para alteracao do estatuto, inclusive a revogagio do paragrafo Onico
do Al 49 & a ampliago da diretoria com a criagio dos cargoes de Primeiro Diretor de
Relagdes Institucionais, Primeiro Diretor de Relagtes Internacionais, Primeiro Diretor de
Organizagdo Sindical e Primeiro Diretor de Assuntos Juridicos, com as suas respectivas
atribuiches, o modo de constituicdo @ pcupacio desses cargos & exercico do primeing
rmamdalo:

“Ari. 2* - A Federagho Nacional dos Farmachuticos tam sua seds juridica & administrativa em
S3c Paulo/SP, 4 Rua Barlo de Mapetininga, 255.44 andar, Gj. 1105, Centro, CEP: (y1055-800,

" ¢ sua jurisdicBo em todo o temitério nacional, ficando a critério do Conselha de r@uﬁ; o !
If—f ::iurwbﬂduruglmﬂawﬂ:nw-iandemlcmmdwar. 2,
.""_? i 1 o | .:1 E
B | e
el “Art 12 - © Congresso do FENAFAR & o 4rgho méximo de deliberagho da afia eV
=N farmachutica, sendo compasto por delegados eledos na sua base & cbservadores 35! !
'.r i : F

| - Cada entidade sindical filiada podera se fazer representar por delmad__urs. @.;1 P

observadores, com Iigual direito a voz, cabendo somente aos delegados ala-‘rtnua&ﬂq:g u
fend a vato. -

Il = O ndEmero d&dﬂhgadwﬂ&ﬂdamﬂdadﬁﬁrﬂﬁmﬁhda devera ser proporcional ao
nimero de farmacéuticos inseritos no Conselho Regional de Farmacia de sua base ate ~
! 11 de dezembro do ano anterior ao CONGRESSO da FENAFAR. sendo garanfido 5
(cinco) delegados para cada 2000 (dois mif) farmacéuticos Inscritos no Consefho
Regional de Farmacia respectivo, &, mais 1 {um) delegado para cada fragio superior a
2000 {dois mil) farmac2uticos inscritos no Conseltho Regional de Farmécia da sua base,
lIl - Cada entidade sindical fiiada poderd eleger pama o CONGRESSO da FENAFAR
delegados suplenies na proporcio de 20% (vinte por cento) do nomero méaximo de
detegados titulares;

IV - Nao haverd restrico & antidade de cbeervadores HE?ME’]H a -
o i :_!1:,'_.”5_'-‘,,3-.1 . s . @%M%

il

-l pilsE
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V - Os delegados deverdo ser credenciados perante a secretaria do Congresso, ficando
garantido ao delegade suplente sua inscrigdo no caso de ndc comparecimenio ou
impadimento do delegado titular,

Paragrafo primeiro (...}
()

V- Eleicic da Diretoria da FENAFAR e Conselho Fiscal, corforme normas estabelecidas no
Regulamento Eleitoral’.

Art. 13-(...)

§ 1°- O Congresso, que serd dirigido pelo Presidente da FENAFAR, sendo substituido
em seus impedimentos pelo Primeire Vice-presidente e asslim sucessivamante,
oheervard as competéncias privativas definidas no A 12 deste Estatuto, nao
necessariaments na crdem que estio elencadas através de seus incisos, podendo ser
dispostas de modo diverso, mediante aprovagaio na plendnia de inicio do mesmoa. salvo a
eleicio da Diretoria Executiva, Conselho Fiscal e Suplentes, que terao que uhadaw a
data e hora estipulados em edital designado para esse fim, m
§ 2° - Durante os trabalhos eleitorais, o Congresso serd presidido pela F'rasu:thl_a'q‘ia
Comissc Eleitoral, sendo substituldo em seus impedimantos pelo primeiro secretario da =)

comissio eleitoral, @, no impedimento deste, pelo segundo secratirio da m"nman”m o 1

elaitaral.
§ 3 - Outras atividedes pertinentes aos cbjetivos sociais da FENAFAR, tais mmu H_.,
svenios sociais e culturais, palestras e debates, também podardo ocorrer no Co rﬂpp. -a

conforma deliberado na plendria de inicio do mesmo”, ! '1_},:

==

“Art. 15— (..}

§ 1° - A publicizagiio do Edital que comvoca © Congresso da FEMAFAR serd subscrita
pelo Presidente da Federagdo e deverd nélter a pauta, o local, o periodo & hordrio de
gua realizaco, o qual sera publicado no Diaro Oficial da Unido com antecedéncia de 6
(seis) meses de sua realizagho;

§ 2° - Em carater extraordindrio a antecedéncia minima serd de 30 (trinta) dias;

§ 3° - O Congresso 56 poderd se instalar ou'ifl a presenga de delegagdes de no minima
50% (cinquenta por cento) das entidades filiadas a:‘n primeira convocagao, ou, m-m u

~ RN TALR

£ ':_.F_I.l-\_'lr
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nimerc de presentes em segunda convocaglo, devendo as delibaracbes do

¥ CONGRESSO da FENAFAR ser tomadas por maioria simples dos presentes.
4
ot Art 23 - A Direloria & composta por membros efetivos & suplentes assim distribuidos:
e
.:“.:;- ()
- ". ¥ - Primeiro Diretor de Relagbes Institucionass,
,'f (.
"J X1l - Primeira Diretor de Refagdes IMemacionais,;
-l
2 XV - Primeiro Dirstor de Organizaglo Sindical:
(...}
= XIX - Primesre Diretor de Assuntos Juridicos;
0
“Art. 26 - Compete a0 Presidents:
.‘:'-'I: I-rumwﬂrnFBmFAEuannmfﬂudnhmduﬂnwmumdeuu
o ainda nomear mandatéric por instrumentc de procuraglo, se necessdrio for |para o,
7 desempennc de funphes tecnicas, burocriticas & ou administrativas da entidade, 3 0 g
-\.-." f T i
] 3 | e RO s B
ALY (. | S
v Vil - Dar posse & dirstoria e conselho fiscal eleitos para o mandato consecutive; | ww L, -;E_I'
o | £ 0
] | § 8
! “Art. 34 A - Compate a0 Primeiro Dirator de Relagbes Institucionais: |2 :‘;_: g
3 | - Augiliar o Diretor Relagdes Instiucionais em todas as suas afividades e para as Tﬂﬁ'fm :3 il
- designado & substitui-lo em suas auséncias’; | o e
“Art. 35 A - Compete ao Primeiro Diretor de Relagdes Intemacionais:
r.- | - Auliar o Diretor RalacSes Inlemacionats em todas as suas atividades e para as quais for

designada & substiui-lo em suas auséncias’,
“Art 38 A = Compete ao Primeiro Diretes de Organizacio Sindical

| — Aundiliar o Dirator dé Organizacho Sindical em lodas as suas atividades e para % quais for )
designado @ substitul-lo em suas auséncias”. ' i ,I{HW

l'k{'_’,"ljv

“Aft 38 B Cabard ao Primeiro Diretor de Assuntos Juridicos:

HENDTADC
R = [ =
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| = Auxiliar o Diretor de Assuntos Juridicos em 1odas a5 suas atividades e para as quais for
designado e substitul-lo em suas auséncias’.

*Art 49 - A posse dos membros da Diretoria e do Conselfho Fiscal ocorrerd na data do inicio do
mandato para o qual foram elefios”;

“MSPOSICOES TRANSITORIAS

Arn. 1° - Excapcionalmente o primeiro mandato para o8 cargos de Primesro Diretor de Relagbes
Institucionais, Primesro Direlor de Relagfes Intemacionais, Primeiro Diretor de Organizacio
Sindical & Primewrg Diretor de Assunios Juridicos serd exercido por Diretores indicados pela
Plendria do 9* Congresso da FENAFAR, convocado para os dias 02, 02 e 04 de agosto de
2018, em Aracruz/ES, e aprovados pela mesma, vindo a ser empossados na primera
reunidio do Conselho de Representantes que ocoer apds o registro deste estabulo no dnglo
competente, com térming do mandato coincidente com o da Diretoria sleita durante o refendo
Congressa’,

Submetida em plendric para votagdo a proposta de alteragac do Estatuto, restou
aprovada por unanimidade dos presentes, nSo havendo voto contrario nem abstencdes

A plendria também autoriza que se proceda a consolidagdo e renumeragio do éstatuto,, |
| =
bem como a dar redacac as disposictes transitérias para incluir o que restou aprovadd”

no item “I° da pauta. Passado para segundo da pauta, “Il - Outros assuntos de interesse

| 5
geral”, o Presidente esclarece que o Conselho de Representantes foi procurado H,@p!h

carater de urgéncia pela Comisso organizadora do §° Congresso da Fenafat e pela
Prezidente da Comissao Eleitoral a farmacéutica Fabiola Cristiane da Macédo 'lhﬂ'.ﬁl.ilﬂ-q..,:
informaram a auséncia dos seguinfes membros da Comissdo Eleitoral: Jose erﬁpm ‘1;
Junior: Albano do Valle Verona; Gilmario Cesar Sousa de Carvatho que ndo conseguirio, =
se fazer presentes no ©° Congresso da Fenafar & a rendnca de Andre Nunes
Cavalcante, e que para o prosseguiments dos trabalhos eledorais exisle a necessidade
de recomposicio de ao menos dois nomes para integrarem a referida Comisséo
Eleitoral. Informou também gue o Conselho de Representantas aprovou a indicagio das
farmacéuticas Ratsa Ferraz Aguiar & Ermestina Rocha de Socusa e Silva para essa
recomposicdo e assim integrarem & Comissdo Eleitoral juntamente com as
farmacéuticas Fernanda Mazzini @ Fablola Cristiane de Macddo Mota, membros da
Comissfio Eleftoral ora presentes, com a finalidade de dar sequéncia nos trabalhos
eleitorais, Apds alguns esclarecimentos, restou deliberada a ratficacho dos citados atos

do Conselho de Representantes, o que restou aptovado por unanimidade dos weﬁan!g@y
P
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E, ndo havendo mais nada a tratar, a reunido foi encerrada, cabendo a mim Maria
] Maruza Carlesso, Secretaria Geral lavrar esta ata que tambeém contard com a assinatura
Lef do Presidente Ronald Ferreira dos Santos,

Aracruz, 1° de agosto de 2018, T

.F_r'\-\. | N e i
) P o e S
.. [’ .__:._l h ._E.-. .-'__r' ¥ -"_'___ —ail — =
- P TS . S— —— — =y o =
- néﬂﬁ'“u- Carlesso Ronald Farreira dos Santos
Secretaria Geral
L-.._-\..
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ESTATUTO DA FEDERAGAD NACIONAL DOS FARMACEUTICOS
CAPITULD |
DA ENTIDADE, SEUS FINS, SEDE E DURAGAOD

Art. 1% - A Federacio Macional dos F lmaryd/mnﬁmmmrgrau.
também denominada FENMAFAR, fu am 25 de outubro da 1874 e reconhecida

o mﬁmsmmmwmmmmmmTMm1mmmmmsu
-7 MiD - 11.448/75, Mib - 318-408/80), é uma entidade autbnoma, de nalureza civil, sem P
i frvs lucratives, desvinculada do Estado e de duraglo indeterminada, que representa o
= conjunto dos frabalhadores da categoria dos Farmacéuticos, independentamente das
=l : suas convicgles politicas, partidarias & refigiosas.

A 2* - A Federacdo Nacional dos Farmacuticos tem sua diea &

administrativa em S8 Paulo/SP, 4 Rua Bardo de ltapelinngs, 255, 11° andar, Cj.
1105, Centro, CEP: 01055-900, & sua jurisdiclio em todo o territiro nacional, rmrma/

= critério do Conselho de Representantes criar subsedes regionais & ou transferi a sede

= para a Capital Federal.

et Ar. 3* - A Federacho Nacional dos Farmacéuticos tem par finalidades precipuas

uniso. @ defesa de direilos @ interessas da categornia e a assisténcia a seus Sindicalos

2 filiacios,

= mq'-AFmﬂuN&unmldWFummmemM ! . '
r-;..\'\- 1 | i 1 1
! I-Gmmmﬂammrmmmmm:mmmmmdwpal; Hora '
N 1 - Expressar as reivindicagbes @ luias dos Farmacbuticos nos planos educaciontl,  per | 1
f:‘;:j-;- econdmico, $ocial, cultural e politico; | b )
=l B b I
(=05 il - Defender condiches adequadas para o bom desempenho do trabaiho 86 3y i |
g . prafissional Farmacdutico, condizentes com sua formagho superior; pom =g :

i Sl

P W - Incentivar a paricipacio dos filiados nas reunides, congressos & dem i8-8 (N0
=5 athidadas inerentes & Entidade; ;}J |
T \ - Fortalecer & estimular a organizag3o da categodia, respeitando sua autonomia, Nos

i limfes deste Estatute;

E' Vi - Coordenar & unificar o movimento dos Fammacéuticos nas iniclativas de alcance

nacional, respeitando as dindmicas regionals e satorialg;

VIl - Buscar a Integrago com movimentos e entidades nacionais e infernaclaonais dos
FarmacAuticos, dos trabalhadoras em geral @ de ouiros selores, N luta pits
democracia e pelos interesses do povo brasilelrs;

Wil - Defender a satde enquanto bem pdiniico, conceituada nos termos da
Constituicio Federal e garantida mediante polilicas sociais de alimentasdo, habitagdo,
moradia, acesso & posse da tera, Wisando assagurar através de sua Promocac &
proteciko o exercicio plenc da cidadania.
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X - Defender o direito & assisténcia farmacéutica entendida como o conjunto de
atividades e pasquisa, produglo, distribuicBo, armazenamento & dispensacho, que
garania o acessa qualitative & quantitativo da populagde ae medicamento, aasim como
a sua farmacovigitancia & farmacoepidemiciogia;

% . Celebrar convénios com entidades sindicais, drgdos pdblices ou privados, com
vistas & infegragio de recursos de esforgos. visando a execucho dos objetivos
exprassns nasts estaluto;

¥l - Prestar assisténcia juridica, celebrar dissidios & assinar acordos coletivos de
trabaiho nas unidades federativas onde nio houver Sindicato,

XIl - Pramover achbes de detesa & proteclo a0 meio ambienta, 30 consumidor, & ordem
acondmica, ao patrimbnio artlstico, estético, histbrico, turistico @ paisagistics;

Xlll - Promover & organizar estudos, pesquisas, semindrios, congressos, palesiras,
cursos profissionalizantes de qualificagiio @ requalficagio profissional, iscladaments
ou em convénio com oufras entidades da categoria, Grgdos govemnamentais @ ndo
gavernamentals, universidades e demais segmentos da sociedade a fim de-

a - colaborar com a atualizagho dos conhecimentos dos profissionals sobre temas
inerertes s cidncias farmacéuticas 8 demais areas da salde;

b - colaborar com o estudo e soluglo dos problemas que se relacionem direta ou
indiretaments com a caegaoria e o profissional farmacéutico;

I
¢ - colaborar com a conscientizacho e conhecimenio dos profissionais sobfe o, ‘f“; £
conjunito dos projetos politicos, econdmicos, socials & culturals existentes; . ii_ el

]
[ 1)

d - colaborar com estudos sobre as relagbes de trabalho, mlmrﬁaumﬂﬁa £
sindicats e frabathistas; . duis g

At 8 - Constilvem premogativas e deveras da Federagio Nacional ||:Ius..l _
Farmacéuticos de acordo com este Estatuto; , J;, 2
[4

L =

| - Representar perante as autoridades adminisirativas e judicisrias os lnlerupaslll e
gerais da calegoria e os interesses de seus fillados, l i~}

Il - Estabslecer contribuiches financeiras para todos os filados de acordo com as
decisBes tomadas no CONGRESSO DA FEDERACAD MNACIONAL DOS
FARMACEUTICOS, danominado CONGRESSO DA FENAFAR & ou CONSELHO DE
REFPRESENTANTES.

CAPITULO I
DOS FILIADOS, SEUS DIREITOS E DEVERES

Att. 6" - A todo Sindicato de Fanmacéutico no Temitério Nacional, satisfazendo 3¢ %
mxigbncias da legislagio em vigor e do presente Estatuto. assiste o direflo de filiar-se 3
FENAFAR, g
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Ar. 7° - Para fliar-se &4 FENAFAR. o sindicalo encaminhard a solicitagdo a diretoria da

Federacho, acompanhada de ata de assambleia, carta sindical ou registro do Estatulo
duanﬁMimuuanumdalummMm.mMnﬂm
) menclonands o

= respectivo periodo de mandato.

|
¥ At 8" - Al 30 (trinta) diss apds o recebimento do pedido de fiiagdo, a diretora da
roeaf FEHhFﬂﬁanlﬂmmummmrwﬂlﬂdﬂﬂ ™

Al G - A desfiliagio de um sindicalo da FEMAFAR sa daré por deliberagao de sua

= assembiela geral, lavrada em ata propria, na forma que dispuser o respectivo estatute,

=) mmmmanimﬂauarewmmmmmuMummﬂummmr’
' partir da entrada da comunicacao na secretaria da Federagho, contra recibo.

Art. 10 - Sao direitos dos sindicatos fiiados:
- |.mmmmmmwm;

= . il-miﬂﬁ'qmdumdaFEMiFhﬁ.dumthud&RaprmnHmﬂadn
e Congresso da FENAFAR as medidas que juigar necessdrias para defender seus
X iMaresses & de seus assodiados. Incluam-se aqui prestaclo de ajwda material,
(=28 financaira, juridica @ social, quando for o caso, & o 3paio a8 suas iniciativas €
== mmmmukﬁummwwmamummmﬂnwww
mmma.muqmnhmhddlumﬂnmm pelo Congresso da FE o |

# pelo Conselho de Represantantes, ou este estatulo; I T

ANl

| 7
lﬂ-mﬁlnhmmﬁwm.madaammmmmm/ il

w3 i [

TUE 7

LR F

: NANWIMMBSHMMEWWMFEWMMMH
deste estatulo; |I

: \ - ser iformad regulammente das decisdes adotadas pela entidade, assim comodas i L,
5 atividades desenvohidas e programadas, R e

g = | wl il

onk \ - recorer de decisbes 4 insiAncia superior, na forma deste Estatutd, | 5

—— s
w-murewmmﬁueunmmmmmammwm
i da entidade, na forma desde estatuto

.
ol =y
. {

Art. 11 - SBo deveres dos Sindicatos filiados:

e I-MWBFEWHRerMMmHUM.WBIW
-+ umpﬂrmmmﬁduuwihmmdmmumuﬂwhﬂam
mm«nw.mmmmmmmnmmm
i farmaciuticos @ dos trabaihadores em geral:

ll-wﬂmﬂmﬁﬂnmmwmmﬁﬂhﬂ.ﬁ_pﬁlmﬂm&hdamﬂ : u"‘#
delegados, através de intercAmbio constante o/ permanents, comparecenda &5
plenarias @ reunides para as quats for convocada:
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il - execulor em sua base temiorial, os planos de trabalho conjunto propostos @
aprovados pelo plendrio do Conselho de Representanies da FEMAFAR ou Congresse
de cardter nacional da categona, procurande lambém entrosar-se com a Federagio e
o8 demais sindicatos filiades, nos plancs de Ambito regional;

IV - recolher & FENAFAR a anwidade de fliado, conforme deliberagao, valor @ prazo
definide pelo Congresso da FENAFAR &/ou Consalhs de Represantanies:

V - informar anuaiments & FEMAFAR o8 nomes e enderegos profissionals &
rasidenciats de seus delegados representantas, coordenadones 8 presidenies;

Wi - manter atualizado o cadasiro dos farmacéuticos em sua base e repassd-io @
FENAFAR;

VI - informar a federacio sobre suas atividades, eleighes e defiberacies o& suas
instanciag,
CAPITULD I
DO CONGRESS0 DA FEDERAGAD NACIONAL DOS FARMACEUTICOS

Art, 12 - O Congresso do FENAFAR & o Srglo maximo de defiberagao da

farmacéutica, sendo composio por delegados eleflos na sua base e observatlores

convidados:

| - Cada entidade sindical filisda poderd se fazer por delegados &
i observadores, com gual direito a voz, cabendo nte mos delegados eleitos |o Lt SRR
h“ direiio a voba. | T A
" H—ﬂ-md&mhgﬁtﬁmm:ﬂdlmﬂidad&:indimlnﬁldiwwpmpnrﬂmrl ,
~-.r an niimero de farmacéutices inscritos no Conselho Reglonal de Farmécia de sua base WE G
> 218 31 de dezembro do ano anterior 3o CONGRESSO da FENAFAR, sendo garantidp  ©
Y 5 (cinco) delegados para cada 2000 (dois mil) farmachuticos inscritos no Conseind |
: Regional de Farmécia respective, 8, mais 1 :w}dﬂmﬂnpummdlﬂmmmﬂnff B
2000 (dois mil) farmacéuticos inscritos no Conselho Regional de Farmacia da :UT
base; K
]I!-MMMEIMMWWIDCDHGHEESGMFEWM
e I- delegadas suplentes na proporgio de 20% (vinte por canto) do ndmers méximo de
; delegados titulares,
IV - Nao havers restrico & quantidade de observadores por entidade sindical filiada,
¥V = Os delegados deverdo ser credenciados perante a secretaria do Congresso,
ficanda garantido a0 delegado suplente sua inscrigac no caso de ndo compareciments

au impedimants do delegada titular, @

Paragrafo primeiro - o Congresso da FENAFAR delibera sobre;

HEMNMUD TAD)
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L LA
VIV A

I Alterages deste Estaluto; 9

N3 1l = A Enha pnlhiﬂuurgmﬁlﬁmdn Entidade;
::'f il - Os planos de agao gindical & de luta para o3 trabalhadores reprasentados
e considerande a situagBo politco, social @ econdmico do pals,

|- Elgicie da Diretoria da FENAFAR @ Consefo Fiscal, conforme. nommas

'."= estabelecidas no Regulamento Eleftoral

=% parsgrafo segundo: & dever do Congresso da FENAFAR promover & solidariedade
- nacional e intemacional ¢a classe trabalhadora;

.?“_':.:' : A 13 - O regimento interno do Congresso deverd ser elaborado por Uma comisso

- mmm&mmﬁumﬂlﬂiumﬂﬂmmmﬂmm&ﬁmdﬂ
=5 ’ mesme.

f—*’ § 1° O Congresso, que serd dingida Prasidents da FENAFAR, sendo substituido

= am seis impedimenics pele Pri vice-presidents @ assim sucassivamenta,

];;f._ cbservard as competdnclas privativas dafinidas no A ﬂ,fga:tn Estatula, nag

— mmuﬁamﬁuumnmumm:dasummm;mim:.mnﬁaw

by wmmamnmﬁumwmmmmmmmmnm

= aﬁalﬂndamw&.WFWuMmhmqum

= Idﬂtlehﬂlﬂﬂﬂﬂmmidﬁﬂdﬂﬂ]ﬂlﬂﬂplﬂmm

L‘; E?-ﬂufinhuﬂﬂbIMHuhﬂﬂﬂn.nmwﬂﬂwﬁprﬂﬂﬂupﬂansmwiﬂﬂ %
F}{h Comissao Eleitoral, sendo substituida em seus impedimenios pﬂhﬂiﬂ“ﬁaﬁﬁ'ftﬁrﬁ '_f; iy
I-‘:-'ﬂ-.l da comssin gleitoral, @, no mpadimenta m.mﬁmmmﬂmdﬂmﬁm S
54 eleitoral |
§ 3¢ . Quras atividades perinentes 3os objetivos soclais da FENAFAR, tas r:mp 2
Z:;?Ef gyenins soclals e culturais, palesiras & debales, também poderio nd x: r
E, ; mm.mﬂmm“mmnammmmmm. = o=
= i A [s3 o
"‘T"‘..- ! :. %0
Syt | =
et mxd-ﬁmem#mwﬂmmwﬁ

s er&wmmmmmmwp&mmmm
) a dirstoria nos encaminhamentos necessanos,
=5 . Af 15 - O Congresso reunir-se-a mﬂln:ﬂmffuwm ou &m caraler
mmmmwmmmmmWhndﬂ

Representanias,

§1°-ﬁpumniuﬂﬂdnﬁﬂalqu!mmuﬂmwm FEMAFAR serd subscila
puh:lFmﬂlﬂtﬁdﬂmeinudﬂwﬁmHﬂipﬂmnjmﬂljwhmamﬁﬂudﬂ 1
sua realizacdo, o qual mipt-ﬁlm?’f'ﬂﬂlirinm:hlﬁlumiumm anteceddncia de ﬂ
& (sais) meses de sua realizagdo; (ﬁ}
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& 2* - Em cardter extraordindrie 8 antecedénca minima sard de 30 (tinta) dias;
ﬁ?=ﬂﬂmmﬁmummnmnﬂdﬂdmdﬂmmhﬁm
(% (cinquenta por cento) das entidades filiadas em priméira convocagho, ou, com o
nimero de presentes em segunda convocagds, devendo as daliberagies do
CONGRESS0 da FENAFAR ser lomadas por maloria simples dos presentes.

CAPITULD IV

DO CONSELHO DE REPRESENTANTES DA FEDERAGAO NACIONAL DOS
FARMACEUTICOS

Art. 16 - O Conselho de Representanies da Fnderl:;lﬂ Macional dos Farmacluticos &
8 segunda instdncla deliberativa.

Pardgrafo Unico - © Conselho de Representantes {CH},ﬁ"mrmh por um
represantante de cada sindicato filado conforme seu estatuto.

Ar. 17 580 atribuigdes do Consetho de Represantanies:
| - iImplantar @ cumprir as deliberagbes do Congresso.
Il - Regulamentar, quando necessario, as deliberagbes do Congressa,

|||-Emrmulmmpmmmmmmmmmm
prestacies de contas @ previsbes orgamentrias apresentadas pela Diretoria.

I\ - Decidsr sobre 08 recursos interpostos 4s decisbes da Diretoria; o i_‘; -
3k ]
V - Convocar o Congresso, com antecedéncia minima de 6 mudamm:llmg!ﬁu.:' g Ml
definindo a data & temdrnio do mesmo, Vo en
o TR,
m-mmwmwswmmmﬁwm | ¢ -

1.r||.mmnﬂm;:quamﬂum“mﬂmrhmu'! g

objetivos deste estatuto, bam como ds deliberagles do Conselho de Representantes e = ~J |
de seu Congresso; | E ;i; >

Vil - Propor a crhaclo de comissdes ou grupos de trabalhg permanenies !-nu L‘f, i

tBmporanios, mubrlqwmnlntﬁmdnumadlmmmpmr_
indicando seus componentes,

X - Alterar o valor @ forma dnmbfmdnmﬁmumsmmwim
difima reunido anual do Conselho de Representantes para o priwimo axarcicio;

% - Elaborar o Regulamento Eleitoral da Federaglo Nacional dos Farmacuticos,
eleger uma Comisslo eleitoral, que & responsavel pelo processo gleitoral de acordo
com ¢ previsto neste estalulo.

¥ - Aprovar atteracdes aditivas e complementanes ao Estatto Social, desde que ndo -
contrangm as deliberagtes do Congresso ou qualquer dispositive deste estatuto, ¥

S——
e
HENOTADD |

e = S
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Paragrafo dnico: A deliberagdo da proposta depende do apoio de maicria absolula de
saus membros, devendo ser aprovado por 2073 dos presentes, &m reunido convocada

espacialmente para este fim.
| CAPITULD V
=
- DO CONSELHO FISCAL DA FEDERAGAD NACIONAL DOS FARMACEUTICOS
Art. 18 - O Conselho Fiscal da FEMNAFAR sera composto por trés farmacéuticos

= afetivos o trés suplentes eleitos na forma pravista no Ad. 12, com mandato coincidente
a0 da diretoria,

Art, 18 - Compete aa Consalha Fiscal ‘/

VRN

| - dar parecer sobre o orgaments do FENAFAR para o exercicio financeino.

I

- Il - opinar sobre as despesas extraordinarias, sobre o3 balanceles mensais e sobre o
72 balango anual

i - reumnir-s8 samestralmente coincidinds com a reairacio da revnido do Conselho de
Feprasentantes;

IV - dar parecer sobre o balango do exercicss financeiro.
V' - examinar e apresentar parecer sobre o8 relaténios financeiros, prestacio de contas

¢ previsies orcamentdrias apresentadas pela diretoria,

CAPITULO VI ! )
e DA DIRETORIA DA FEDERAGAO NACIONAL DOS FARMACEUTICOS | 2 @ 5
5t Art, 20 - A Diretoria & o érglo execulive da FENAFAR. L 5o oo
t Art, 21 - A Diretoria, coletivamente compete: I g i
E_f{-.-: | - Representar a Entidade e defender os inferesses da categoria perante o3 pﬂda;m ;:- , &

— pliblicos, empresas estatals e privadas, fundagles e autarquiss podendo a direlara 5| ., f

£ nomear mandatdrios por procuragdo, de acordo com o inciso | do artigo 5% | o ;‘.
IE“': Il - Curnprr & fazer cumprie este estatuto, o5 regimentos @ 8s normas administrativas 13 |

da FENAFAR, bem como as decisbes do Congresso da FENAFAR & do Conselho de — ™7 —
= Representantes;

A Hi - Gerir o patiménio, garantindo sua utizacho para cumprimento deste estalulo e
; das defiberagfes do Congresso e do Consalho de Representantes:

IV - Organizar os servicos adminisiratives intemos da FENAFAR,

W . Elgborar relaldrios financelos, prestagbes de contas e previsdo orgamentina
anuais da FEMAFAR, remetendo ao Consslh Fiscal,

VI - Convocar #s reunibes ordindrias @ extrsordingrias do Conselho de M
Rapfsamanies,
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— = —— - e —— —

Wil - Constituif comissbes, coordenacbes @ grupos de irabatho permanenia
temporarios sobre qualsquer assunlos, indicando seus componantes]

wn-ﬂammaumunmcwmmudunmmlnmmmmmm
filiacio do Sindicato, como disposio no Arige T°,

o At 72 - O mandato da Diretoria serd de 3 (irés) ancs, elefla pelo Congresso da
FENAFAR.

Paragrafo (nico. serSio permitidas realeighes de qualquer membro da dirslona @
qualguer cano.

,L mﬂ-nmmmnmmmmmnﬁmMawnmmmwﬁgm

SR VAT T s
"'..:...u.'*" ¥ '\-'.']:i_.-_

| - Presidente:
By Il - Primeiro Vice-Presidente;
= : ' Ill - Segundo Vice-Presidents:
= IV - Secratario Gera,

I,

= V - Primeiro Secretéric;

- VI - Tesoureiro Geral:

vl

it & Wil = Primeiro Tesoureso;
., ]

Pt Vil - Diretoria de Comunicagio; |. .

1%

L~ [ .

172 ' I - Diretoria de Formagao Sindical; | & @ ¢
hl‘lr" ¥ . Diratoria de Relagdes Instilucionais; l e, I o
S | LI i

ik
¥| - Primeiro Diretor de Relagbes institucionass; . | -
&% ' il - Diretoria de Relagfies Internacionais; / LG 0

I_ %1li = Primeiro Diretor de Relagbes Inemacionais; i ? I‘}E :a ,
=4 XIV - Diretoria de Organizaclo Sindical | S
= ' XV - Primeiro Diretor de Organizagdo Sindical, ™

H: XV - Diretoria da Mulher,

f:; XVl - Diretoria de Educagio;

i X\l - Diretoria de Assuntos Juridicos;

X1% - Primeiro Diretor de Assuntos Juridicos,
wX — Diretoria de SaGde @ Seguranca do Trabatho,

¥X| — Diretoria de Relagbes Tmmlmm@M

--------
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*x1 = Diretoria da Juventude & Direitos Humanos,
XX - Diretoria da Regido Norte;

:-‘;j' ¥V ~ Diretoria da Regiiio Nordeste,
I" XV ~ Diretoria da Regldo Centro-Oesta;
o XXV = Diretoria da Regilo Sudeste;
s XXVl ~ Diretoria da Regilo Sul;
O _ Pardgrafo primeiro - 08 suplentes para & Diretoria serdo em ndmer de 7 (seto);
=~ Paragralo segundo - & vedada a acurnulaglo de cargos na Diretoria;
Paragrafo terceiro - 08 suplentes poderio assumir outras fungBes pela diretoria efou
Conselho da FENAFAR.
L :
(=] Pardgrafo quarto - Os diretores devern participar & representar a entidade nas
= atividades que tenham side convidados, sempre se orienfando nos principios da
barg unidade dos trabalhadores e do fortalecimento das entidades sindicais.
3 Art. 24 - A Diretoria se reGne:
".E:-; I- Ordingriaments, duas vezes ao ano,
> ¢ Il - Exfraordinariamente, quando convocada pelo presidente ou por 173 (um tergo) de
bt saus membros, em data e local Txados,
=,
17 Art, 25 - As deliberagbes da Diretaria 580 adotadas por maioria simples de votos)|
f:f Art, 26 - Compete ac Presidente: | 2 ';’.- .
I"JI I- representar a FEMAFAR em Juizo ou fora podendo delegar poderas 2 outro - :
X dirstor, ou ainda, nomear mandatario por de procuraglo, s& Necessaro i
) for, para o desempenho de fungdes técnicas, burocréticas & ou adminisiratives da
S entidade; P )
] .}
o) Il - Abrir, instatar e presidir o Congresso, ﬂﬂnnuﬁndlﬂmmﬂﬁrm e
By da Diretoria: w3
2 Sl 132
f.f.' il - Emrmahbﬁﬂm:mﬂnﬂtﬂhdﬂmﬂumnﬁﬁﬂnﬂnm‘dlﬂr B
J IV Abrir, rubricar & encerrar o8 kvros do FENAFAR:
V - Assinar @ comespondéncia oficial da FENAFAR e, juntaménteé com o Secreldrio
i (Geral, toda correspandéncia que estabeleca quaisquer obrigagdes para a FENAFAR;
. V1 - Movimentar com o tesoursiro em exercicio as contas da FENAFAR;
o Wil - Dar posse & diretoria & consaiho fiscal eledlos para o mandato consecutiva;
= : Art 27 - Compete meFmﬂanm:C\;lu‘w

= (ISP
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| - Ausilar © Presidente em flodas as suss atfvidades e para 0s quais forem
desgignados;
ll - Executar todas as atribuicbes que fhes forem outorgadas pela Direloria:

Paragrafe primeiro: além das funcbes atnbwidas pelo artigo 27, incisos | e I, serd de
fesponsabilidade do segundo Vice-presidente assumir o8 assuntos de ordem
parfamentar,

Faragrafe segunda: no caso de afastamento definitive, vaclincla e impediments do
Fresidents, assume o 1° Vice-presidents a presidéncia, o 2* Vice-presidenie assume a
1* Vice-presidéneia, e o 1" suplents assume a Vice-presidéncia,

Al 28 - Compele ac Secreténo Geral:

| - Ter sob sua guarda & responsabiidade o arquivo da Secrataria:

Il - Secretasiar as reunibes da Dirstoria @ do Consstho de Representantes:
Hll - Encamregar-se do expedients e da comespondéncia da FENAFAR:

Art. 28 - Compate a0 Primeirg Secretirio, além de assumir 3 Secretaria Geral no caso
de falta efou impedimento do Secretirio Geral cooperar em fodas as atividades
inerenies a0 cango;

Pardgrafo Unico: no caso de vacincia, impedimento ou afastaments defindive do
Secretario geral, compete do Primeiro Secratéic sssumir a Secretaria Geral & ao
Suplente assumir a Pnmeira Secratarla,

Art. 30 Compete ao Tesoursiro Geral: fﬁ a '_:}
|- Ter sob sua responsabisdade e guarda os bens @ valores da FENAFAR. | °0
Il - Ser responsdvel pelos recebimentos & pagamenios das despesas. Eﬂt-‘lt
il - Assingr. com o presidente, of cheques para pagamentos em geral.

I - Movimentar, com o Presidente, as contas bancdrias da FENAFAR. I.'. m;
V - Organizar o balancets semestral e o balango anual, | i ::;

iw3
Pardgrafo Gnico ~ caso o Tesoureiro se afaste definitivamente, deverd npnelwnh d=
balango a0 Presidente dentro de 30 {irinta) dias apds seu afastamento:

Art. 31 - Compete ao Primairo Tmeirﬁ”nmlr a Tesourara geral, no caso de falta
ey impedimenio do Tesowreira geral @ cooparar em lodas as atividades inerenfes ao
cargo.

Pardgrafo gnico: Mo caso de vacSncia, impedimenta ou alastamento definitva do

Tasowrers Garal, compebe @0 Primaire Tesowesrs assumir a Tesourara Geral & o
suplente assumir @ Primeira Tesourana;

; . e
A, 32 Emmmmﬂrdaﬂmmﬂ&d_w

pu:2

REN{TADI
RCPJISH
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I - Promover a divulgagio das agdes junio #0s sindicatos, a categoria @ a sociedada;
- Desanvolver @ acompanhar as campanhas publicitérias definidas pelos Orgaos de

A deliberacio da FENAFAR;

e, Il - Ter sob sua responsabilidade os setores de imprensa, comunicaglo, publicdade,
bibloteca e centro de memdna,

5r| I\ - Manter a publicagio & dvuigagho do "Boletim da FENAFAR'.

I Paragrafo Gnico - No caso de afastamentio do diretor de comunicagdo, compete a0

g suplente assumir & cumprir o restante do mandato.

=8 At 33 - Compete a0 Dirstor de Formagao Singicat

| - Implamertar o departamento de formacao ainciical;

”.v Il = Propor, ofganizar @ CcOofdenar, em conpunio com o Diretor Intersindicad, a

= realizagio de semindrios, cursos, palestras, encontros de drea, dentro dos inferesses

i mmwnummmml.mmmmﬁmnﬂdmmrum

-, estatuto;

m i il - Formar girigentes, representantes sindicals, organizando cursos & semindrios de

'"___h.ﬁ_ s {ormacao sindical & capacitagSo politica:

1) I - Elaborar @ submeter & apreciacao e deliberagio do Conselho de Representantes,

T na (ltima reunido anual o planc de formagdo sindical a Ser executado no exercicio

¥ v seguinte;

et ' |
ot Paragrafe Gnico - No caso de afastamenio da diretor de formaco sindical, eun'q:vlm ap Ih-:
= suplente assLmir @ cumper o resto do mandato, I

13 ¥ T I
il | Art. 34 - Compets & Diretoria de Relagbes Instfucioriais: [ G2 o )
= | Al |
o . Planejar, proper @ execular as polticas & projetos de relagbes instituciondis da @
FENAFAR visando o estreflamento das relagles insttucionais com entidades de B
o, Wwﬁumm:mwm.dﬂm.mmym@ _L; c
ndo governamentais, Grglos & poderes govemamentais do Brasil e onganizaghes o g, D
s sociedade civil em geral, especiaimente com as entidades farmacéuticas, | & 0w
||"h.|' .I i d I
- Art 34 A — Compete ao Primeiro Diretor de Relagbes Institucionais: Lo %o
_\ | — Audliar o Diretor Relaches Institucionais em todas a3 suas atividades @ para as

quals for designado e substitul-lo em suas auséncias,
o Art. 35 - Compets 3 Diretoria de Relagdes Intemacionals’

| - Plangjar & propor allvidades que promovam & Incremeniem a8 ralaphes

internacionais da FENAFAR com a8 demais entidades sindicais e de trabathadores

das naches estrangeiras, assctiaches intarnacionais de trabathadores, entidades

congéneres da sociedade civil dos diversos povos do mundo, especiaiments com a3 .

antidades farmachuticas bem cOmo oHMm govermnos & represantages diplom M
gt

“RENOTADC
4% RUFIISP
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Il- Promover a interacdo sindical, cultural, poliica e social com as entidages acima
naminadas;

li- Executar a5 politicas o projetos de Relagdes internacionais da FENAFAR,

i
“.-’ Art. 35 A - Compete ao Primeirg Direlor ge Relagbes Intemacionais:
_f I = Auniliar o Direlor Relagbes Inlemacionais em todas as suas atividades e para as
23 quals for designado e subsiitul-lo em suas ausdnecias,
Art. 36 - Competa 4 Diretoria de Organtzacho Sindical /
5’ | - Planejar as agdes e promover o debate permanente e pontual dos diversos
=% aspectos que envolvem a organizagdo sindical dos trabalhadores no Brasi,
_ : Il Acompanhar lodos o3 debates e discussbes legisiativas sobre a Organizacio
5 Sindical:
g : il - Ter @ dispar & Diretoria e & categoria todas as informactes referentes ao tema
:.__,_._ Organizagiio Sindical;
ey : IV - Fomentar, no &mbito da categoria o debate de quesifies especificas da
—t organizaco sindical farmaclutica.
,J Art 35 A - Compete ac Primelra Diretor de Organizagdo Sindical:
; | = Auxiliagr o Diretor de Organizacio Sindical em todas a8 suas afividades & para as
=t quals for designads e substitul-lo em suas suséncias; :
- At 37- Comete & Diretoria da Muher: / | » o fil
:-. | - Planejar e execular as agdes ® atvidades que promovam o debate, & . l#
e conscientizacds e o avanco das questies de ginens no meio sindical @ da categonia; ‘..1!'!'.! 2o
= e ! Bl R Ll
- Propor a realizagBo de estudos, pesquisas e projetos que lenham por finalidade e
. . promover @ emancipagio social, poliica, acondmica e profissional da mulher, . , &
Pocd =
' [l - Promiover a hita parmanante pelas conguistas e pela malhoria das condigies dec ‘;: ?-f
;;1 vida, trabalho e satde da mulher; | M oW
4 ’ %) |
- Art, 36 - Compete 4 Diretoria de Educagho:  ~ | _ A
L_'f“.'. | - Planejar, propor & coordenar a execucio das agbes da FENAFAR relacionadas &

i Educaciio, em espacial & educachs farmacéutica:

Il - Esiabelecer & coordenar as relagbes e interfaces da Fenafar com as demals
instituicBes & organismos, nacionals e inernacionals, no campo da educagdo
farmacutica, paricipands das atividades relacionadas,

Il - Contribuir para a construglo e implementaglio da poliica piblica de educaddo,
come representacdo formal da categoria farmaciutica;

Art. 38 A = Caberd ao Direfor de Assunios MHW

NOTADO |

s H
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| - Coordenar a elaboragao de Assuntos  Juridicos e ter sob seu comando a
mmwmmmwmmmmwmnmmmmam
comelalos;

MEEE-CabuimFﬂrnuimmmturdu.ﬁmmJuriﬁm::/

| - Ausiliar o Diretor de Assuntes Juridicos em todas as suas a#ividades e para as
quats for designado @ substitui-lo em suas auséncias;

Art 38 C— Caberd ao Diretor de Saide @ Seguranga ¢o Trabalhe:

| = Promover estudos, pesquisas e semindrios visando a melhoria das condiges de
vida, de trabalho e relacionadas 8o ambiente do trabalho,

Art, 38 D- Caberd a0 Diretor de Relaghes Trabalhistas:

| = Promover estudos @ pesquisas relacionadas a legislacio trabathista aplicaveis a
categoria;

Il = Promover estudos, pesquises e semindrios relacionados as reivindicagbes da
categoria em negociagbes coletivas;

Art. 38 € - Caberd ao Diretor de Juventude & Direitos Humanos: /~

| = Promover atividades e evenios culturals coma semindrios, palestras, programaghes
aristicas, etc, de interesse dos jovens farmacauticos;

Il = Coletar, sistemnatizar @ processar dados de interasse da calegoda, ela
andlises sobre as relacBes de trabalho envolvendo os jovens farmacéuticos, I

Art. 38 F - Gaberd 4s Diretorias Regionais: 7 | & B

b

1
| - exercer juntamente com 0% demals membros da Diretoria 8 representacio polifica J{7i3 ;

& Institucional da Fenafar dertro da respectiva drea regional;

Il - apresentar & desenvelver um planejaments reglonal no senfida de promovefa
capdaridade e efetivar malor presenca lederativa nos respectivos estados, SR

| B P
I} - apresentar aos demais Diretores plancs e propostas de ampliagao & foftalecimento .
da base e da representatividade da Faderagao; | WY

I = L |
M.H-ﬂmh&wmmﬂﬁﬂwpﬁmﬁmmmmﬂmn.
convocado para este fim, sendo que o mesmo se aplica a Direlonia colativamente:

Pardgrafo primeiro: Flca garantido o diredlo de armpla defesa as partes,

Pardgrafo segunda: No caso de destituigdo de metade mais um dos membros da

Diretoria. afetivos & suplantes, & Congresso deverd eleger uma diretoria provisoria que
promoverd naovas leicles congressuals no prazo de até 180 dias,

Paragrafo terceiro: O diretor que for dastituido ficard impedido de se candidatar pelo
pariode comespondente a dols mandatos seguintes ac da sua destituicho, ndo
considerado o tempo da diretoria prowvisdria.
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CAPITULD VI
00 CONSELHO CONSULTIVO

Artigo 40 - O Comselho Consultivo & um drgdo permanente e de auxilic aos brgdos
deliberative e executive da Federagdo Nacional dos Farmacduticos, composto por
profissionais farmacéuticos, cabendo a ele, quando solictado, se pronunciar emitinde
pareceras, estudos @ reflexfes, com a finalidade de aconselhamento, consultar
orisntaco 4 Diretoria da Fenafar sobre o8 1emas de relevancia nacional @ que possam
representar grande Interesse ao exerclce profissional e sos rumos que serlo
adolados pela entidade, respeitadas as atribuigfes de seus drgdos deliberativos;

Patagrafo primeiro - O Presidente do Conselho Consultivo sera elesto na Plenaria da
Aasemblela estatutdria do Congresso da Fenafar que deSberar a sua criagio, sendo
que o8 demais membros serdo indicados Executiva apds consulta acs sindicatos de
bage 8 aprovados pelo Conselho de Representantes;

Pardgrafo segundo - O Conselho de Representantes deverd regulamentar a
composiclo, critérios de participaclio, o funcionamenle e atribuicles do Consalho
Consultive;

Paragrafo terceiro - O Conselhe Consuflive, guando sobcitade pela Diretoria, se
reunita junto com uma das Reunides do Conselho de Representantes da Fenafar,

Pardgrafo quario - Em caso de desisténcia, salda ou afastamento de quaisquer
membros do Conselho Consultive, a vacAncia serd recomposia na primeira reunilio
mmﬁmuwﬂmmtﬂ.wmmdﬂmwl

cAPITULD VIl 1|| » o
DAS ELEIGOES = A

AL 41 - A eleicio da Diretorla & mﬁaparlnm:ﬁmm{fmwﬂijﬁ_m&lm FLH
exerclicio com pele ments 90 | nta) dias de antecedéncia ressalvando o disposto
no pardgrafo segundo do Artigo 38 b &

=]

Paragrafo primeiro: A direteria da FENAFAR, bem como seus suplentes serio ﬂuhm o
pelo Congresso da FENAFAR; e

J
Pardgrafo segunde: A eleiclo dar-se-d pelo volo direto mfmmm mwfamh 9
regulamento edeitoral @ regimento interne do Congresso.

Paragrafc terceiro: N&o sendo convocada a eleigao nos prazos prenvistos neste :ﬂlg,:r.
cabe ac Conselvo de Representantes comvoca-la no mdximo 30 (rinta) dias apds este

prazo ter $& esgolada;

Art. 42 - O Conselho de Representantes elaborard o Regulamento E_uﬁml_ elegard
uria Comissao Eleitoral que serd responsével pelo processo eleitoral, de amgq“mm
o previsto neste estatulo; A

FRENOTADOD |

"l I.x._lllH.rl"
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CAPITULO IX

DO PATRIMONIO E FINANGAS, DA AQUISIGAO E ALIENAGAO DE BENS DO
ATIVO PERMANENTE

@ Art. 43 - O patriménio da FENAFAR ¢ constituido por:

= | - O valor do rateio que he couber, na forma da lagisiacdo vigente, do produt das
= arecadaches das contribuigbes confederativa e sindical,

Pl

s il = ) valor da contribuicdo {anuidade) dos sindicatos para custeio das suas despesas,
eyt come disposio no Artigo 43;

il . Ill - Bens & iméveis que a FENAFAR venha a adquirir;
= IV - Méveis & utensilios:

; V - Doactes & legades recebidos com especificacies para o paiimdnio;

e

St A 44 — Aquisico, slenacio ou aceitagio de doagbes de bens imoveis @ litules de
e valores mobiligrios, classificados como investimentos de cariter permanenie da
e FEMAFAR, deverSo ter a aprovagdo do Conselho de Representantes;

5 % Paﬂrmm:mem:mmmnmmmma
by utensiios caracterizades como investimentos transfiorios, que podem ser efetuados
(=) par deliberaglo da Diretoria;

1% CAPITULO X
- DA REGEITA E DESPESA |
| ¥ ¥ ™3

| Cg ] -
':Z:«.":.'; ' Art 45 - A receita da FENAFAR & classificada em ordindria e extraordindria: I % ﬁ
T T4 = |
PR | - Constituvem receita crdinaria: ]

O T )
] / i
a) produto das contribuigBes dos Filiados, como disposio no artigo 43, -

= Htwlos incarporados ao patrimdnio; A ’-;: 2
:,_;:;;,;, &) repasses das confribuices sindical e confederativa; i ‘:; :
e PO e

= d) renda dos imévels, dos bens & valoras de propriedade da FENAFAR,
-' possuir,
Il - Constituem receila extraordindria:
] . a) subvengdes de qualquer natureza;
v i b) multas e rendas eventuais;
¢} renda de doagdes feltas & FENAFAR:

h;wmamd&mmmﬁmm&mmﬁwhﬂ.mﬂmd‘a ;B a

Art 46 - Os sindi filiados dewerdo pagar anuidade a FENAFAR de MM

Artigo 5°, inciso I

RENCTADL =
% RC PSS
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CAPITULO XI
DAS DISPOSICOES GERAIS

A, 4T - Menhuma entidade filiada, individual ou colelvamente, respondesd
subsidisriamente palos BRcangos qua seus represaniantes contrairam.
Ar. £8 - Os membros da Dirgtoria ndo receberdo remuneracio pelas atividades que
desampenharem na FENAFAR, ressaivando o ressarcmenio da despasas feitas para
o desempenho de afividades sindicais, bem como eventual Gnus de liberagio de
diretor (&5) pela calegona, aprovado em Conselho de Represantantes;
A, 4% - A posse dos membros da Diretorla e do Conseivo Fiscal ocorrerd na deta do
inicig do mandato para o qual foram abedlos;
Art. 50 - A FENAFAR podera ser voluntaramente dissotvida em Congresso comvacads
aspecificaments para asta fim,
Pardgrafo Unico - Mo caso de dissolucdo, o desting dos bens da FEMAFAR szerd
definido pelo congresso gue a disgsoleer,
At 51 - O presente Eslatulo poderd ser reformado pelo Congresso da Fenafar e

observandp-se o dgisposto no inciso X1 e paragrafo unico do artigo 17, pelo Conselho
de Representantes, em reunido convocada para este fim;
Art. 52 - mmmmnmemmmmwmmcwmﬁn@ ey
FEMAFAR. i ‘-"'“-"

)
Art. 53 - Emmma:ﬂmmwnamdlmmgmm&rghwmb /’* ")

TR

Art. 54 - Revogam-se as disposicdes em contrario, |

e
L y
DISPOSIGCOES TRANSITORIAS TR
Art. 1° - Excepcionalmente o primeire mandato para of cargos de Primeiro Dlrulp-r I:E ':r{':
Relacles Instiucionais, Primeiro Direlor de Relagbes Intermacionals, Primeirg Iy

de Organizagdo Sindical & Primeiro Diretor de Assuntos Jurldicos serd exercido por
Deretares indicpdos pels Plendria do 9° Congresso da FEMAFAR, convocado para o5
dias 02, 03 ¢ 04 de agosto de 2018, em Aracnuz/ES, e aprovados pala mesma, vindo a

apds o registro deste estatuto no drgdo compelente, com Pérming do mandato

o7

e e

L}

80 empossados na pomeirs reunibio do Consefho de Represantantes gque ocomer M

coincidente com o da Diretoria eleda durante o referido Congresso. @

f:'eﬂ |T’!I.Il!l-,_'-|-II da @é-ﬂ- de 2018
o N 2

Hﬁﬂimﬁ_'ﬁ‘ﬁﬁs
Presdenta
TRENOTAGD |
¢ ROPAISp
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Oficial Estado Secretaria Fazenda Reg. Civil T. Justica M. Piblico 1SS Condugéo

Despesas

Total

R$ 100,03 R$ 28,49 R$19,53 R$5,30 R$6,84 R$4,83 R$2,09 R$0,00

R$0,00

R$ 167,11

ILUSTRISSIMO SENHOR OFICIAL DO 4° REGISTRO DE
TITULOS E DOCUMENTOS E CIVIL DE PESSOA JURIDICA DA
CAPITAL - SP

A Federagao Macional dos Farmacéuticos, inscrita no CNFJ sob o n®
00.679.357/0001-48, com sede a Rua Bardo de ltapetininga, 255, Sala 1105,
Centro, 580 Paulo/SP, CEP 01042-001, representada neste ato por seu
representante legal Ronald Ferreira dos Santos, brasileiro, casado,
farmacéutico, portador do RG n® 2039575/S58P-5C, CPF n® 834.631.780-15,
CRF/SC n" 2592, residente & domiciliado a Rua Jodo De Barro, 124, Casa -
Flornanopolis-SC CEP: 88.054-620 vem, respeitosamente, a8 presenca de Vossa
Senhoria requerer o registro da Ala de Eleicéo da Diretoria, do Congelho Fiscal
& saus respaclivos suplentes para o mandato 2022/2025 anexos, declarando
gue foram cumpridos todos 0s requisitos estalutanos vigentes.

S30 Paulo. 18 de outubro de 2022

FEDERACAD aymashe m b L pe
RACIONAL DS - fusiartarive i om
FARMACEUTICOS: B

DOATILSTIO0IAR =i

Ronald Ferreira dos Santos
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ATA GERAL DA ELEICAO DA DIRETORIA, CONSELHO FISCAL E SUPLENTES
DA FEDERACAO NACIONAL DOS FARMACEUTICOS FENAFAR, CNPJ
00.679.357/0001-48, TRIENIO 20222025

ADs 0G dias do més de agosto de 2022, na sede do 10° CONGRESSO DA
FEDERAGAD NACIONAL DOS FARMACEUTICOS - FENAFAR, situada & rua Fonte
do Boi, 215 - Rio Vermelho, Salvador - BA, 41940-360, a partir das 12 horas reuniu-
s& & Comissdo Eleitoral que presidiu o pleito eleitoral gue elegeu a nova Diretona
Executiva, Conselho Fiscal e Suplentes da FENAFAR para o tniénio 2022/2025, em
eleicdo congressual realizada no dia 06 de agosto de 2022, das 10 horas as 12
horas, nas dependéncias do Hotel Mercure, sitb & Rua da Fonte do Bol, durante o
10° Congresso da FENAFAR convocado para os dias 04, 05 e 06 de agosto de 2022
na cidade de Salvador/BA. Participaram da presente reunido os farmacéuticos
Masurguede Coimbra, Elister de Oliveira Rodngués, Bruno Fernandes Baltazar de
Oliveira, Eliana Cristina de Santana Fiais, José Jorge Silva Janior e Bruna Barboza
Murada. O processo eleitoral foi realizado através de sistema de votagio eletronica,
uhzando uma platatlorma previamente desenvolvida pela Empresa Pandgora
Tecnologia Ltda, CNPJ 03.283.183/0001-98, que permite relatorio de apuracao e de
votantes pela identificacio do CPF & IP do equipamento utilizado para votacao,
garantindo o sisteama, a inviolabilidade e sigile do voto. A votacdo foi aberta as 10
horas permitindo que os delegados dos Sindicatos fillados 4 FENAFAR dos Estados
do ACRE, ALAGOAS, AMAZONAS, AMAPA, BAHIA, CEARA, GOIAS, MATO
GROSS0, MINAS GERAIS, PARAIBA, PARANA, PERNAMBUCO, PIAUL RIO DE
JANEIRG, RIO GRANDE DO SUL, SANTA CATARINA, SAD PAULO e SERGIFE,
sendo 114 (cenio e quatorze) defegados apios a volar cujos nomes constam de lista
anexa a esta ata, presencialmente e de forma remota. A votagdo fol encerrada
precisamente as 12 horas dando inicio imediato a apuragdo dos votos afraves do
sistema de volagdo supracitado com a ullizacido de chave criptografada de
seguranca. O Presidente da Comissdo Eleitoral, atendendo o disposto no
Regulamento Eleitoral @ no Estatno Social da entidade, fez uso da palavra e
proclamou o resultado, tendo 91 (noventa & um) volos registrados, na plataforma,
sendo 30 votos para a chapa 1 e um voto nulo. Em seguida, a Comissdo Eleitoral
declarou eleita a nova Diretoria Executiva, Conselho Fiscal e Suplentes da
FENAFAR para o mandato do trienio 2022/2025, iniciando-se o mandato em 01-09-
2022 e l&minc em 31 de agosto de 2025, conforme Ala do Congresso

Bahmgm 4l
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Extraordindric da Federacéo MNacional dos farmacéutcos gue de 09 de junho de
2021, prorrogou o mandato até 31 de agosto de 2022. Segue gualificagdo dos
eleitos:

PRESIDENTE: Fabio José Basilio, brasileiro, casado, farmacéutico, portador do RG
n® 3207835/55P-G0O, CPF n* B30.864.801-06, CRAGO n* 3104, residente e
domiciliado & Rua RB, 16, Qd 41 it 22 - Goidnia-GO CEP: T4.474-377;

PRIMEIRD WICE-PRESIDENTE: André MNunes Cavalcante, brasileiro, casado,
farmaceéutico, porador do RG n® 95002322087/55P-CE, CPF n® 868 401.773-00,
CRFCE n" 3042, residente & domiciiade a Rua Bardo De Aratanha, 444, casa -
Fortaleza-CE CEP: 60.050-070;

SEGUNDO VICE-FRESIDENTE: Debora Raymundo Melecchi, brasileira, solieira,
farmacéutica, portador do RG n® 4051B02314/S5P-R3, CPF n® 632.756.430-53,
CRF/RS n® 5911, residente & domiciliado a Rua Ramiro Barcelos, 1552, apto 11 -
Porio Alegre-RS CEP: 90.035-002;

SECRETARIO GERAL: Maria Maruza Carlesso, brasileira, solteira, farmacéutica,
portador do RG n® 167541/SSP-ES, CPF n® 252.227.327-20, CRFE/ES n* 274,
residente & domiciliado a Av. Luiz Manoel Vellozo, 121, apto 302 - Vitdria-ES CEP:
29.060-040;

PRIMEIRO SECRETARIO: Dalmare Anderson Bezerra de Oliveira FalcBo e 54,
hrasileiro, casado, farmacéutico, portador do RG n® 11062560/SSP-PE, CPF n°
028 .425.735-44, CRF/PE n° 07736, resldente e domiclliado a Estrada De Belém,
1286, Casa - Recife-PE CEP: 52.031-000;

TESOUREIRD: Ceha Machade Gemnvasio Chaves, brasilera, solteira, farmacéutica,
portador do RG n? 1017839836/S5P-RS, CPF n? 262.770.000-63, CRFRS n® 1894,
residente e domiciliado a Rua Marcilio Dias, 589, aplo. 1701 - Poro Alegre-RS CEP:
80.130-001;

PRIMEIRO TESOUREIRD: Alexandre Correia dos Santos, brasileiro, casado,
farmacéuytico, portador do RG n® 1027718/S5P-AL, CPF n® 563.359.544-00, CRF/AL
n® 541, residente e domiciliado & Rua Rosalvo Ribeiro, casa - Pilar-AL CEP; 57.150-
000,

DIRETOR DE COMUNICACAD: Sérgio Luis Gomes da Silva, brasileiro, divorclade,
farmacéutico, portador do BG n® 1326941/S5P-PB, CPF n® T15.004.644-49, CRFPB
n 1813, residente e domiciliado & Rua Professor Cardoso, 105, - Jodo Pessoa-PB
CEP; 58.040-310;
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DIRETOR DE FORMAGCAD SINDICAL: Jania Dark Vieira Lelis Ligdrio, brasileira,
casada, farmacéutica, portador do RG n® MGL0657902/SSP-MG., CPF n®
036.133.366-85, CRF/MG n° 14135, resident2 e domiciliado 4 Rua Geraldo Magela
De Almeida, 135, - Belo Honzonte-MG CEP: 30.840-640),

DIRETORA DE RELACOES INSTITUCIONAIS Renata Tereza Gongalves Pereira,
brasileiro, casado, farmacéutico, portador do RG n? 200558325/55P-5SP, CPF n°
159.144.598-18, CRF/SP n® 18176, residente ¢ domiciliado & Avenida Manoel Da
Nobrega, 200, apto 106 - Sao Vicente-SP CEP: 11.320-200,

PRIMEIRA DIRETCRIA DE RELACOES INSTITUCIOMAIS: Isabela de Oliveira
Sobrinho, brasileira, solteira, farmacéutica, portador do RG n? 303082/S5P-AC, CPF
n® 741.123.332-34, CRFAC n® 145, residente e domiciliado & Rua Dos Engenheiros,
464, Casa - Rio Branco-AC CEP: 63.919-053;

DIRETOR DE REL. INTERMACIOMAIS: Ronald Ferreira dos Santos, brasileiro,
casado, farmacéutico, portador do RG n® 2039575/S5P-5C, CPF n® B34.631.789-15,
CRF/SC n* 2592, residente e domiciliado & Rua Jodo De Barro, 124, Casa -
Floriandpolis-SC CEP: 88.054-620;

PRIMEIFEA DIRETORA DE RELM;EIES INTERMACIONAIS: Gilda Almeida de
Spuza, brasileira, divorciada, farmacéutica, portador do BG n® 10153588-0/S5P-5P,
CPF n° 912.544.008-00, CRF/SP n® 6430, residente e domiciliado a Rua Inacio
Manuel Alvares, 360, 64 Bloco A - S3o Paulo-SP CEP: 05.372-110;

DIRETOR DE ORGANIZACAD SINDICAL: Rilke Novalo Publio, brasilern, solteiro,
farmacéutico, portador do RG n® MG3231185/PC-MG, CPF n° 545.826.796-68,
CRF/MG n" 7851, residente ¢ domiciliade a Rua Geralde Magela Pereira, Apto 201 -
Belo Horizante-MG CEP: 30.840-380;

FPRIMEIRA DIRETORIA DE DHGANIEAG&D SINDICAL: Oavio Eutiguio
Vasconcelos Pinheiro da Silva, brasileiro, casado, farmac&utico, portador do RG
1804766, CPF n® 657.454.692-34, CRF/AP n? 404, residente e domiciliado a Av.
Erunei, 466, Condominio Parque Novo Mundo - Macapa-AP CEP: 68.906-802;
DIRETORIA DA MULHER: Mara Soraya Pinheiro de Amorim, brasileira, solieira,
farmacéutica, portador do RG n® 142154800/SSP-BA, CPF n® 373.979.665-00,
CRF/BA n" 2114, residente e domiciliado & Travessa Orlando Moscoso, 1, casa -
Salvador-BA CEP: 41 706-665;

DIRETORIA DE EDUCACAO: Sivana Nair Leite Contezini, brasileira, casada,
farmacéutica, portador do RG n®* 28BB4322/SSP-5C, CPF n® 939.330.420-53,
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CRF/SC n® 3268, residente e domicilliado & Rua Pedro Vieira Vidal, 280, 702 -
Floriangpolis-SC CEP: 88.040-010;

DIRETORIA DE ASSUNTOS JURIDICOS: Clovis de Santana Reis, brasileiro,
casado, farmacéutico, portador do RG n® 4B0B72201/55P-BA, CPF n® 928,939 .455-
20, CRFBA n® 3030, residente e domiciliado & Rua Nivaldo Domingos, 439,
Cond. Residencial Boulevard Ipitanga, Casa 2 - Lauro De Freitas-BA CEP: 42.706-
320;

PRIMEIRA DIRETCRIA DE ASSUNTOS JURIDICOS: Allan Kardec de Lima,
brasileiro, solteiro, farmacéutico, portador do RG n? 162853757/55P-5P, CPF n°
117.506.788-10, CRF/PR n® 30671, residente e domiciliado a Avenida Dos Estados,
577, Apto 5 - Curitba-FR CEP: 80.610-040;

DIRETORIA DE SAUDE E SEGURANCA DO TRABALHO: Carlos Augusto Barboza
Toledo, brasileiro, solteiro. farmacéutico, portador do RG n® 20825194-4/55P-MA,
CPF n® 801.187.203-668, CRFMA n® 1506, residenta e domiciliado a Avenida Dos
Marinheiros,7, quadra 2, bairro Aracagy - Sao José De Ribamar-MA CEP: 65.110-
000,

DIRETORIA DE FEEL.M;C}ES TRABALHISTAS: Ulisses MNogueira de Aguiar,
brasileirg, casado, farmacéutico, portador do BRG n® 3103636/55P-FPB, CPF n@
514.451.403-06, CRFPI n® 607, residente e domiciliado a Endereco Vila Da Fab
Casa 5 Aeroporto, Casa - Teresina-P| CEP: 64.006-030;

DIRETORIA DE JUVENTUDE E DIREITOS HUMANDOS: Daniela Santos Oliveira,
brasileira, solteira, farmacéutica, portador do RG n® 1398669'55P-SE, CPF n®
005 583,855-32, CRF/SE n® €10, residente e domiciliado a4 Rua Maria De Mazareth
Barros Santos, 114, Casa - Aracaju -SE CEP; 49.030-830,

DIRETOR REGIONAL NORTE: Litudnia Mustafa Paes de Almeida, brasileira,
casada, farmacéutica, portador do RG n® 1026132-0/55P-AM, CPF n® 417.095.782-
20, CRF/AM n® 1996, residente e domicikado a Rua Monte Moria (C) Galileia LIy 06, -
Manaus-AM CEF: 69.092-015,

DIRETOR REGIONAL NORDESTE: Holdack Velloso Gomes Pedroza, brasileiro,
divorciado, farmacéutico, portador do RG n® 1316509/S5P-PE, CPF n® 231.312,094-
53, CRF/PE n® 5397, residents e domiclliade & Rua Sebastidio Ribeiro da Sliva, 321,
Casa - Olinda-PE CEP: 53.240-060;

DIRETOR REG. CENTRO-OESTE: Wille Marcio Nascimento Calazans, brasileiro,
casado, farmacéutico, portador do RG n® 373031L/SSP-MT, CPF n® 395.361.571-87,
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CRFE/MT n° 931, residente e domiclliado & Rua Mestre Albertino, 95, Apto 1302
DUQUE DE CAXIAS - Cuiaba-MT CEP: 78.043-356;

DIRETOR REGIOMAL SUDESTE: Catanne Bezerra Cavalcanti, brasileira. solweira,
farmacéutica, portador do RG n® 11377721-3/DETRAN/R), CPF n° 081.918.297-46,
CRF/RJ n® 23233, residente e domiciliado a Rua Nossa Senhora de Lourdes, 32, 11
- Rio de Janeiro-RJ CEP: 20.540-370;

DIRETOR REGIONAL SUL: Fabio Augusto do Carmo Santana, brasileiro, casada,
farmaceutico, portador do RG n® 8.879.996-8/35P/PR, CPF n® 006.086.049-92,
CRF/FR n® 16985, residente e domiciiado a Rua Xawvier Da Silva, 978, apto 403,
bioco 05 - Paranagua-PR CEP: 83.203-820;

FRIMEIRQ SUPLENTE: Leonardo Légora de Abreu, brasileiro, casado,
farmacéutico, portador do RG n? 12159023-6/SS5P-RJ, CPF n" 054.409.627-43,
CRF/RJ n” 13010, residente e domiciiado & Rua Doutor Silvio e Silva, 162, Casa -
Duque de Caxias-RJ CEP: 25.071-030;

SEGUNDO SUPLENTE: Deick Rodrigues Quaresma, Drasileiro, divorciado,
farmacéutico, portador do RG n® 2868019/1IPC-PA, CPF n® 628.511.102-25, CRF/PA,
n® 2235, residente e domiciiado a TV Monte Alegre, 397, Casa - Belem-PA CEP:
66.020-700;

TERCEIRD SUPLENTE: Francisco lelano Vasconcelos Mesquita, brasileiro, casado,
farmacéutico, portador do RG n® 95002523147/SSP-CE, CPF n® 771.922.653-49,
CRFI/CE n® 3392, residente e domicillado & Rua Das Galvolas, 1403, Casa -
Fortaleza-CE CEP: 60.821-160,

QUARTO SUPLENTE lohanna Emanuelle Martins, brasileira, casada, farmacéutica,
portador do RG n® 2796573, CPF n® 023.448.711-95 CRF/DF n® 5652, residente e
domiciliado & SHVP Rua 06, chacara 245, casa 27, Condominio - Brasilia DF CEP:
72.006-455;

QUINTO SUPLENTE: Ricardo Jorge Bouez Ribeiro, brasilerro, solteiro, farmacéutico,
portador do RG n* MG-7.342.340/S5PMG, CPF n° 595.006,702-81, CRFRO n®
1309, residente e domiciliado & Avenida Costa Margues, 988, Casa - Guajard-Mirim-
RO CEP: 76.850-000;

SEXTO SUPLENTE: Renan de Figueiredo Ferraz, brasileiro, casado, farmacéutico,
portador do RG n® 7604610/30D5-PE, CPF n® 068.348.874-60, CRF/PE n® 05286,
residente e domiciliado & Rua Mario Bhering, 171, Apto 202 - Recife-PE CEP:
52.110-090;
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SETIMO SUPLENTE: Caetano Carloni Camargo, brasileiro, soleiro, farmacéutico,
portador do RG n? 0333131/55P-AC, CPF n" 777.141.992-53, CRF/AC n" 341,
residente & domiciliado & Rua Bom Destino, 77, M tem - Rio Branco-AC CEP:
69.918-306;

CONSELHO FISCAL EFETIVO: Maria Cristina Ramirez, brasileira, widva,
farmacéutica, portador do RG n® 404834/SSP-GO, CPF n® 215.503.871-20, CRFI/GO
n* 11473, residente & domiciliado & Sres Qd 07 Bl A Casa, 8, fundos - Brasilia-DF
CEF: 70.640-018;

CONSELHO FISCAL EFETIWO: Josias Pina, brasileiro, casado, farmacéutico,
portador do RG n® 1660918/SSP-RJ, CPF n° 002.160.891-15, CRF/MT n® 26R,
residente e domiclliado & Rua Cel. Barros 150, casa - Culaba-MT CEP: 78.020-000;
CONSELHO FISCAL EFETIVO: Eline Cristina Souto Maior Baracho, brasileira,
solteira, farmacéutica, portador do RG n" 98001246033%/SSP-AL, CPF n°
009 432 .504-98, CREAL n® 910, residente 2 domiciliado & Rua Estatistico Teixeira
De Freitas, 86, Apto 304 Pinheiro - Maceid-AL CEP. 57.055-660,

SUPLENTE DO CONSELHO FISCAL: Rosilane Reis Rocha, brasileira, casada,
tarmacéutica, portador do RG n® 11670827/SSP-AM, CPF nY 475.966.782-20,
CRFRER n® 230, residente € domiciliado a Rua Libra, 725, Casa - Boa Vista-RR
CEP: 69.317-520;

SUPLENTE DO COMNSELHO FISCAL: Josenildo Segundo Chaves de Aratijo,
brasileiro, soltelro, farmacéutico, porador do RG n® 15450745505-PB, CPF n°
014.013.244-95, CRF/PB n® 3797, residente & domiciliado a Rua Paulo Roberto De
Souza Acioly, 1020, Casa - Jodo Pessoa-PB CEP; 58.035-110;

SUPLENTE DO COMSELHO FISCAL: Maria do Socorro Cordeiro Ferreira, brasileira,
vidva, farmacéutica, porfador do RG n® 135900SS5P-Pl, CPF n® 022.726.363-49,
CRF/PI n" 122, residente e domicihado & Rua Desembargador Adalberto Correia
Lima. 1B82, 1B82 - Teresina-Pl CEP: 64.049-680.

Nada mais havendo para ser fratado, eu, Elister de Olnveira Rodrigués, lavrei a
presente Ala que segue assinada por mim e pelos demais membros da Comissfio
Eleitoral.

Salvador-BA, 06 de agosto de 2022,
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PROCURACAO ad judicia

Federacdo Nacional dos Farmacéuticos, pessoa juridica de direito privado, sem
fins lucrativos, constituida na forma da lei, registrada no CNPJ sob o n°
00.679.357/0001-48, com sede na Rua Baréo de Itapetininga, 255, 3 andar sala
302, Republica, Sdo Paulo, na pessoa de seu representante nos termos de seu
Estatuto Social, por seu presidente, Fabio José Basilio, brasileiro, casado,
Farmacéutico, RG n°3207835 emitido pelo SESP GO, e inscrito no CPF n°
830.864.801-06, vem pelo presente instrumento outorgar procuracdo ad judicia a
advogada SUSANA RODRIGUES CAVALCANTI VAN DER PLOEG, inscrita no
CPF 013.497.254-63 e na OAB/MG 181.599, com escritorio na Avenida
Presidente Vargas, 446, 13° andar, Centro - Rio de Janeiro - RJ, CEP 20071-907,
concedendo-lhe poderes da clausula ad judicia et extra, inclusive substabelecer
com reserva de poderes, especificamente para apresentacdo de subsidio ao
exame técnico e/ou processo administrativo de nulidade perante o INPI - Instituto
Nacional da Propriedade Industrial relacionado & patente de invencéo
BR112019022972-8.

Sao Paulo, 12 de maio de 2025.

Assinado de forma

FEDERACAO digital por FEDERACAO

NACIONAL DOS NACIONAL DOS
FARMACEUTICOS:00679

FARMACEUTICOS 357000148

‘00679357000148 Dados: 2025.05.12
17:59:19 -03'00'

Fabio José Basilio

Presidente da Federacdo Nacional dos Farmacéuticos
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ESTATUTO - FORLM ONG AIDS RS i

CARITULO | H
DA DENOMINAGAC, SEDE EFINS
Art 4° O Férum ong aids RS, fundado em 28 de agosta de 1990, com sede & fora em Forto Alagre,

do Rio Grande do Sul, & uma Associagio clvil, privada, autbnoma, sam vinculagdo politico-partidaria, "2

e | ou religiosa, sem fins econdmicos & de duragdo indelerminads.
Paragrafo Onico: O Forum nSo diskribui a Dirgentes, Coordenadores. Associados, Instituid
Credenciados, Congefheiros, Banfoiiones ou Mantenedoras, qualquer parcels de seu patrimdnio ou de suse
randas, a tiule de lucro ou parbcpagan Na Sed resdltado, //"

Art 2° O Férum ong aids RS @ uma adiculacio Estadual de crganizaches da socedade civil gue ateam no
ambita da sindrome da imunodeficiéncia adquirida (aids), & suas implicagies.

Paragrafa Gnicos A missfo do Forum ang aids RS é ampliar & aticuiar pollticas de prevencdo e assisléncia
A= DET/HINVFgida e suas coinfecees, bem come  colaborar no foralecmento politico das insfituigdes que
atuam no 3mbito da aids no Rlo Grande do Sul, incluindo o acesso aos drelos humanoes e justica socal,

Art 3° S50 objstivos do Fdrum ong aids RE:

I- Incartivar @ mtercimbéo & interajuds entre a5 associagies & movimantos,

ll- Analisar, incentivar & promover campanhas de prevencBo, apoio o educacsa;

ll- Crientar, acompanhar @ denuncar qualquer bpo de violagdo das 2% vigerles que prejudiquem os
direitos e 0s deveres das associacdas quae participam, ou ndg, do Faram ong aids RS,

iIv- Elaborar propostzs conjunias, visando fordalecer a agdo das Imstluigdes & movimenos sociais que
gheam na juta contra a aids e awas coinfecgBes, no estade do Rie Grande do Sul, perante as auforidades
pibficas, civis & rebgiosas;

V- Influir na legislagdo pertinents no sentido de conguistar & assegurar novos dirgltos o/ou alterar
dispesifivos contrarios ou prejudiciais & prevencio des DST/HIVaids & suas confeccdes, bem como a
assistdncia as pessoas infectadas pelo HiV/akds;

Vi intervir @ participar no processo de formulacio de politicas plbkcas de sande para que Sefam defimdas
politicas de prevencio @ controle da aids, bem como de assisténcia as pessoas que vivem com HIVaids,
Wil Incentivar 8 participacdo das Instituicbes associadas nos Conselhos Municipais ¢ Estaduais de Salide,
Assistencia Soclal, Educacio, Crianga e Adotescenie, ldosos, Direitos Humanos & Cidadania & oufras
instancias deliberativas e nas comisaies Mumicipaia, Estadual e Macional de DSTIaids @ oulras instancias
consultivas, a fim de fortalecer o papel polifico-social das Instituigdes no desanvolvimento do controls soc;
Viil- Denunciar todas as formas de omiss8o, transgressdo & violagso dos dirgitos humanos, civis, poliliogs e
gociziz, recultados de discriminagio as pessoas que wvivem com HiViaids e buscar mecanismos para
responsabilizar e punir os {as) mfralores (as) de lais alos;

I%- Apoiar & repercufir as agdes das Insiukgtss assocladas, sempra que esias concidirem com OS5
principios do coletivo do Forum, respeitando suas identidades, autonomia & dinamicas proprias de
funcicnamento,

¥- Divulgar informapies & incentivar | promover aghes (palestras, semindrios, cursos, ofitinas, assessorias
e outros aventos) que visem a sustentabilidade das Instiuiches e seu desenvolimenta té¢nico e politico.
Zl- Promowes campanhas & oulros svenios Com finglidade de levantar recursos que  possibditen a
ponsecucdo da missdo da Associagdo, bem como o forfalecimento palitico e téonico;

%l Entrar em contato, desenvolver aclies conjunta com enfidades civis, publicas ou privadas, nacionais ou
imternaciongis, para viabilizar o curmprtsento dos obpel e,

Xlil- Buscar financiamentos que propiciem & execucho das atividades e aches, visando garantr o alcance
da missdo.

Paragrafo Gnico = Para cumpsir seu propésiio, o Forem ong aids RS aluara por meic da execucao direta
ou indireta de projeios, programas ou plancs de acdes, ou execucdo de agbes e slividades de apoio a
autras organizagdes e a drgdos do sefor pdblico que atuam em éreas afins.

CARITULD Il
DOs ASSOCIADDS, DIREITOS E DEVERES

f
Art 4° Poderfio associar-se an Forum ong aids RS as instituigbes, Redes e Movimentos que stuam no)
ambito da sids, apresentando os seguintes documenlos . IE!
a) ata de fundacio da Instifuicdo; iy
b) ata de posse da atual Daretoria; |
¢} estatuto; \
dicnpl, |

1650531 :
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a] oficio solicitando adesao indicando um representante tiluler & um suplente, assinado pela c:annia;nag.ﬁu
da instituicso i

§ 1°: Em sa fratando de Movimentos ou Redes ndo institucionalizados. esses poderdo participar do F{:rum.gL
com um representante do seu coletiva, & mediante apresentacho de ala de eleicio de reunis u
coletive. § 2° - De interessados em associar-se ag Forum ong akds RS terdo o praze maximo de-06
meses para regularizeglic de sus  sifuacko  juridics denfra  dos  cribérios supqmnc?pﬁ

Art 5° O Fdrum ong aids RS se compora e funcionara com & paricipac3o de pelo menos um rep
titular — ou seu suplente — de cada Instituigéo a ele assodade

| — somente tera direite & volo o3 representantes tlulares ou, na sua auséncia, os suplentes das Instituigtes )
assnciadas.

Il — o8 representantes Gifulares e suplentes deverdo defender posicionamentos de sues |nstitu ;
responder por defiberaphes defendidas nos enconfros do Forum ong aids RS, bem como repassar a5
informagies, propostas e  encaminhamentos para os membros de  suss  organizaches,

Il — o Fdrem ong aidz RS esta sberio & parlicipacio de qualquer pessos fisica ou juridica, interessacda em
colzborar para o cresciments do movimento de luba contra as DST/HIV akds garantindo, no entanis, o dirsito

a voto somente as Instifulctes asscoiadas.

W — em gituaghes especials, havendo intéresse, o Forum ong aids do RS podera conwidar profissionais ou
representante de Orglos, Instituigies | Consethos, Camaras Eficas e Técnicas & outros que possam
contribuir com os objetivos definidos neste estatuto, bem como awsdliar na execuso da missao,

WV — gquando houver acles ou projelos em nome do Férum ong aids RS, envelvendo recursos financeinos,
cabe & Coordenagdo, o gerencamento & a prestagio de contas dos mesmaos,

Art & 550 direitos dos @ssociados, em dia com seus deveras:

&) participar das Assemblaiafssembleias

b} participar de todas as atividades a que esteia o Forum ong aids RS direta ou indiretamenta ligado;

o) ter acesso &% as de reunibes & Assembleias e aos livros contabeis

d} representar o Farum ong aide RS, desde que autorzado pela Coordenagio, em contatos com o pablics
& com outras InstiuicSes;

&) votar & sef volado am indicagdes para representagdes e participagies,

Paragrafo Unico: © direlio a ser volado para os cargos que compdem a Coordenasho do Fdrum é privativo
das Instituigiies associadas

Art T 530 deveres dos assoclados;

a) respefiar, cumprr @ fazer cumprir o eststuto @ demais atos normativos do Férum ong sids RS;
o) zefar pelo nome e imagem do Forum ong aids RS, seu patrimdnio e empenhar-se pela consecucio de
eus objedivos,

o} acatar o% akos ¢ decisdes dos orglos diretvos;

d) exercer o carga para o gual for eledio, salvo s houver motive de forga malor, plenamente justificivel;

) manter-se informado e prestar informacdes ao poblico em geral sobre 28 formas de Infecgdo e meios de
preventao das DSTHIV s & suas coinfecgbes, sempre que possivel

f) estimular atitudes que neuiraiizem o preconceifo e a discriminagso social &5 pessoas que vivem com
HIVeids & sugs coinfecgles;

4) denunciar & Costdenacio qualquer stitude individual, coletiva ou instifeeional que seja losiva aos dirsitos
hurnanas das pessoas gue vivermn com HMW Gids;

) guardar sigilo ético sobre informagdes, nomes, dados pessoais que venha a réceber sobre as pessoas
que vivern com HiViaids;

Art 8 Os sssociados ndo respondem, individual ou subsidiariamente pelas obrigagies sociais do Famnmm
ang 3ids RS
Paragrafo unico: Nao hd entre a3 Instituigbes assocadas, dirsitos e obrigagies reciprocos,

CAPITULS 1l
DAS PENALIDADES

At 9% Os associados gue infingirem este Estalulc & a% demals normas infermas estarBo sujeibos As
soguintas panahdades:

|. adveriéncia ascrils;

Il Suspenzao da 15 (guinze) dias a 12 (doze) meses;

ll. Exclusdo

Parégrafo dnico — Mo caso de aplicacao das penalidades dos incisos "I e "III° desse artigo, o assocsad
podera imterpor recursoc @ Assembleia Ordindria no prazo de 15 dias, difgido 3 Coordenaco que deverd \

=N

1650531 3y
IR

PeticZ0 870250042425, de 23/05/2025, pég. 215/232



convacar uma Assembleia nos termos e prazos determinados neste estatuto, contado de data ﬂﬁfﬂﬁﬂ
ciEncla da penakdade, devendo, enquanto pendente a decisdo, permanecer afastado da tnstm.fgau_

CAPITLLD IV
DOS ORGADS CONSTITUITIVOS DO FORLUM ONG AIDS RS

Art 10 530 drgdos constitutives do FORUM ONG aids RS: i
| — Assembleia Ordindria
Il — Coordanagao .

Ml - Cansetho
SECAO| /
DA ASSEMBLELS GERAL :

Art 11 A Assembieia Ordindria é o drgSo supremo do Férum ong aids RS, dentro dos limites deste estatuto,
para tomar toda & gualguer decisdo, sendo para lanlo soberana, reunindo-se ordmarmments uma vez por
ano, em local determinado pela Coordenagdio, & convocada com anteceddneia minima de 30 (trinta) dias.
Foders reunir-se extraordmariamenta quands convocada pela Codrdenacdo ouw por U5 (um guinto) dos
associados, obedecendo a antecedéncia minima de 10 (dez) dias,

§ 1° Ma realizagho da Assembleia Ordindria seguir-se-30 as seguinies normas:

a) instalar-se-a em primeira chamada com a presencga minima de 273 (dois tercos) dos assocmdos ou, am
sagunda chamada, com qualquer nimeara de associados presentas, sendo as deliberages tormadas pela
aprovacio de makorna simpes;

b} sara dirigida por um membro da Coordenacian;

c) & propria Assembleia decidird sobre as normas especificas pars 0 seu  funcionamento.
5 2" A Assemblels exfraordingria sera reallzada sempre que algum assunto urgents de Inferesse social o
exijg, inclusive para  eleger vachncias de cargos da  Coordenagio e do  Conselha.
& 3" Ma Assembleia ordinaria serd proibldo o volo por representagio

§ 4° A convocacho das Assemblesas gerasis ordindrias e extracrdindrias serd feita através de
comespondéncia para as Instiluicdes associadas, podendo ser por meio eletrinico,

Art. 12 Em especial compele & Assemblsia Ordinaria:

| - Eleger 3 Coordenagfo e o Conselho;

il - Destituir & Coordenagio e o Conselho,

Hi - Aprovar & escrturagao contabil, balangos anuais @ planos de trabalho;

IV -Realizar & aprovar alteragdo estatutana,

Paragrato Onico: Para aprovar @feracdo no Eslatute e destiur a Coordenag@o & necessario o voto
concorde de 273 dos assoclados presentes & Assembleia convocads especialments para este fim, ndo

podendo esta deliberar em 1 convocagho sem 2 maioria absoluta dos associados @ nas convocaghes
seguintes com menos de 113 dos associados,

SECAD I
DA COORDENAGAD

Art 13 A Coordenacio do Fdrum ong aids RS @ o drgo delberative & nosmative no intervalo das
Assemblsias e com funghes executivas altravés de seus membros; serd eleita por volo direto, durante a
Azsembleia geral ordindria dos associados, e serda constituida de frés representsntes fitulares e trés
suplentes das Insfituighes associadas a saber

I - Coordenagao Técnica

Il - Coordenagio Executiva

i - Coprdenagio Financeira

& 1° A duracio do mandato dos membros da Coordenacso & de 03 (ings) anos renovado em 173 a cada ano,
podendo cada um dos seus membros ser reeleito ou eleito mais de uma vez parma oubro carga, em pericdos
consecutivos. desde que sujeitos a processo eleitoral § 2° A posse da Coordenagdo dar-se-3 apbe o
térrming do ato eledaral.

§ 3" Os membros da Coordenagio s80 voluntarios & nio receberdo, sob fitulo algum remuneracSo por suas
furghes diretivas do Farum org aids RS, 1

% 4" Compete a Coordenagao: R
a) Representar o Fdrum ong aide RE - afiva, passiva, judicial e extrajudicialments; U\,
o) Reunir-sa palo menos uma vez a0 més; 1

d) Interpretar e fiecalizar 2 abaervancia do Estatuto = as decisdes da Assembleia Geral

3
1650531 ’
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&) Redwgir, submeter & aprovagio da Assembleia Geral Ordinaria & por em execucdo o plano de agau-piﬁ"
cada exercicia; s

f) Aprovar balanceles anuais, ;
gh Autorizar a celebragdo de confratos e distratos;

) Aceitar subvengies, doacies, donativos e legados;

i} Aplicar of funces sociais;

[ Aulerizar operagies de crédito @ a compra de tiulos, mdvels & imdveis;
k] Gerir bens patimonias; -
] Apreseniar & Assembileia geral ordmaria o batango do exercicio anferior & o orpaments do exercicio fiite
para aprovagao,

m} Comocar Assembleia Geral;
m) Autorizar daspesas orcamentanas e extracrdindrias; /
o} Tomar conhecimento e apreciar os atos dos sews. praticados no desempenhao de suas funcies: i

p} Apreciar e daliberar scbre os planos de frabalho do Forum ong aids RS;

q) Apreciar ¢ deliberar sobre os relatdnios do Forum ong aids RS.

& 5" Em especial compete 3 Coordenagio Téenlea

g) Convocar as Assembielas Gerais;

b} Assinar e rubricar todes o5 vros do Férum ong aids RS;

c) Representar o Fdrum ang asds RS nas suas relagbes exienas ou designar associadoes para represents-lo
naets funglo;

d} Defender, perante &8 autaridades, os nteresses do Férum ongfaids RS, assim como representd-lo em
juizey;

@} Constituir advogado e acompanhar a8 causas judiciais do Férum ong alds RS, cu designar associados

para Enko;

fi Promover sindicancia ou inguénio quancs ocormer imegulanidads,

g} Decidir e tomar providéncias, em caso inadidvel & imprevisto, submetendo o seu sto & Coordenagdo na
primeira Assembleia ordinana que esta realizar;

h} Substir o Coordenar Executivo ou Financeiro, em suwas faltas ou Impedimentas.

§ &* Em especial compete a Coordenagao Executiva:

&} Substituir o Coordenador Técnico ou Financeiro, nas suas faltas & impedimantos;

b} Lawrar e ler 25 atas das reunifes & Assembleias;

) Organizar o arguive, tends sob sua responsabilidade papéis, livios & documentos:

d) Expedir e receber comespondincias, designando associados para awdid-lo nasta tarefa;

€} Elaborar 8o final de cada exercicio. relafono geral das atvidades do Férum ong aids RS, que sera
submetido & Assembleta ordinaria;

f) Assinar todos o8 Iwros, juntamente com o Coordenador Técnkco, § 7° Em especial compete a
Coordenagio Financaira:

a) Ter sob sua guarda os valores & fundos pertencentes ao Farum ong aids RS;

b) Controfar movimento financeino:

©) Promover amecadagad de rendas ¢ o recebimento de importéncias creditadas ao Farum ong aids RS:

d} Realizar pagamentos;

g} Assinar, com a Coordenacio Técnica ou com a Coordenaglo Execuliva os livros contdbeis;

fl Organizar & assinar loda a escrituragdo contdbil, apresentande balangos anuais para epreciacic da
Coordenacdn @ Canselho Fiscal em Assembleias Geralz,

g) Substitulr o Ceordenador Técnico ou Execufivo, nas suas faltas ou impedimentos.

SECAD I
DO CONSELHO

Art. 14 O Conselho serd composio de ifés  representsmtes  tihdares & trés
ropresantantes suplentes dos associados, eleitos pelos associados volantes.

Paragrafo Gnico: Compete ao Conselha:

a) Prestar assessaria e auxiliar a Coordenacho em suas funcbes;

b) Reuni-se sampre Que Necessano ou por convocacio da Coordenacao;

<} Eleger, entre seus membros, um coordenadar para dirgir os frabalhos do Conselhg;

d) . Auxdliar a Coordenacho nas representagies extermnas.

Art 15 Cabe aos suplentes substituir gualguer membro do Conselho em caso de vachineia do cargo.

Art 16 O mandato do Consalho & ge 03 (Irés) anas, renovando 173 cada ano, podends cada um dos seus
membros ser resleife; em periodos consecutive, desde que sujeitos a processo eleitosal,

1650531
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CAPITULD Iv
DO PATRIMOMNIO, ECONOMIA E FINANCAS

que o measms venha a possuir ou contrair @ gualagueer tiiuk 1)

§ 1" Em caso de extingdo da Instituic2o, por nitida impossibllidade de funcionamento, a critérs
Assambiaia | Extraordingria especialmente convocada para este fim, e por decisfo de 203 (dais tun;:ﬂa &
associados volantes pregentes, seu patimédnio lquido serd destinade & entidade de fins ndo econbmic
estadual ou federal, de fins idénficos.
I - Inexistindo esta, o remanescents do patrimbnio serd encaminhado para Institulsbes afing do Estado do
Ric Grande do Sul, regisirada no Consslho Estadual de Assisténcia Social,

Il - Mao existindo no Estado Insttuigbes nas condigdes indicadas, o patrimonio sera devalvido = Fazenda do
Estada.

§ 2° - Para instalagio da Assembleis Exraoridnaria para este fim especifico sa requer a presenga de 203
{dois tergos) dos =sanciados do Fanem ong aids RS,

Art 18 Constitsem rendas as subvenctes, kgados, auxilios, remissdes, doagies, contribuiclas que farem
feitas, 0s juros, aiuguéis, dividendos provenientas de servipos & por oulros recursos iegalmente adquiridos.

Art 18 O Fdrum ong aids RS poderd abrir contas e fazer operagdes bancaras de gualguer naturesa.
Paragrafo Unico: Em todas as operagies bancdrias @ outras do mercado financeiro, terd competéncia para
azginar sempre o Coordenador Financeirs, podendo estar acompanhado de mais um Coordenador em
comjurvba

Art 20 O Fdrum ong alds RS podera contratar servipos remunerados, tanto com vinculo empregaticio, como

por prestacdo de senicos, segundo @ legiskacdo em vigor, de acordo com as necessidades das aghes s
projeios a serem desenvolvidos.

Paragrafo omico; Os membros dingenies do Férum ong sids RS, 6 responderdo. Individual ou
subsidiariaments, pefas obvigacies contraidas em nome da instifuicdo, em caso de alog lesvos ao sau
patrimbnio e infringentes ao presente Estatuto,

CAPITULO YV
DAS DISPOSICOES GERAIS E TRANSITORIAS

Art 21 Como exercicio serd considerado o ano civil.

Art 22 As eleigdes do Forum ong aids RS sarfo regulamentsdas pela Coordenaglo Geral resguardando o
disposto neate estatuts,

Art 23 Ors casos omissos neste Estatuto seriio resolvidos pela Coordenagdo e ratificados pela Assembleia.
Pardgrafo Onico: A organizagdo, direclo e forma de funcionamento da Instihsiclo serd3o regidas pelo
presents Estatuto, complementados, internamants palo Regimento Intermo.

Art. 24 O presente Esfatito, enfrard em vigor, apde o seu registro no Cartério competente da cdade de
Porto Alegre.

Porio Alegre, 27 de sstembre de 2012
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ATA Db ASSEMBLELA ORDINARLL N* 0112022 PARA ELEIGAD DA COGRDENAGAD E
COMSELHOD DO FORUM ONG AIDS RS

Aa de Assermblols de Féum Ong aids RS pars star da fenoeai@e de coomdensgas s do
wansalho, Aos fima diss do mis de agoska do dom mil & vinle e dols, muniom-e os
mpresartanias oa inshleches inkegranies do Famnum Ong aids RS, inscrkz no GMNPJ nf
OF. S50 TIEM00T-60, s qualsfie hars & quned mingles em ssgunds chamada, na Bua
Uhuguai, 30101, oenbo oe Pordo Alegre. com quiésum  suficiente conforme arligo 19 do
Estatuin, para realizar processo de algcla on para 8 Coormonagio o Corsaiho. Instalou-se a
miera Eatiaral rormaanda-s comne secralaia Solla Mar Siveia da Siva. poradoia do CFF ne
T 0RED0AT & presdents Micole de Aguiar Duare, poradora do CPF n® 0Z7FGSAG4016
Dando inkco ace tabalhes Gpressnteam-se o canddatos acs corpos da Ceordonagan
sendo des: Coordenagia Técnicn = Rubann Refis Pinke, Coordenacio Exeailive — Mirsa de
fln Bemi Lodo, Coardanacio Fnanoeirs — Manrontne Tebonds Rovira; & poro o Carsalhe
ak inaliiuctes; Collive Famining Pluml; GAPA RE. Fonle Coombo; APYHSA, S0OMCS «
Consrundo o uakiede. Spds inloemey-se scoben 0 procadmenda para @ edegho, com as
necassinias eaploaghis o em acorda com o Extalilo. Conduzide o procossn eeferal, a chapa
ik apasantada ol alella pol unanimicade, Bcands o guadro diretiva da Assoclngio, assim
composio; o) Goerdenagae Teenicas — Rubens Ratie Pinto, bresilain, cesado, funcionidn
pibico nposertaco, poriador do RG n® TDOELITHE4 & CPF n® 28894101000, residenle |
domicdiods & Rua Foemandd de Aodradge Prates; 247, CEP 410170, ViamBaRS, maa
desarrpmaiia o8 Wapies corsdaiias do it 13, & & do olado dspasitive; b) Coordonagio
Executiva - Mircia de Avila Barni Ledio, brasiksins, sobewa, meior, advogacs, portadom oo
BE o 1401 750 ¢ OPFF n® S200P0600-88, resdenie & domclinds & R Ak, TOEM DS,
CEP B1550-M0, Perle Aleghs, pard aasmmpnbar s unghas eonslanies do ant, 13, §5° da
Estalute da Irsiuigho ¢, ¢) Cobrdemnagho Financalre — Horizenting Taborda Rovire,
brasbera, coassds, tbonica em enfermagem, ponadeea do RG p® 2032624062 & CPF n®
1TSS, residenka & domiciiada neata Tapilal, no Rua Upamarab 400, bloco 4, apis
20, CEP BORI0-140, Parls Alegre, pass desarpentar au lncas conslanies doar, 13§ ™
cha Estaluts da Fdamm Ong alds RS, o composgae do Conselho, @ exarcer o delerminada
noarl. 14 @ 15 do @ otade dispositivo fica coam; Colative Fominino Plural; GAPA RS; Fonbe
Codsisls; AFVHA; BOMOS! & Consiruinds  iguakiats, sonia a4 nés primalme Uiuomes o
e seguinies suglentes, bodos com mandato vigents ot 30 de agosto 2025, Nada mais
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PROCURACAO ad judicia

Férum Ong aids RS, pessoa juridica de direito privado, sem fins lucrativos,
constituida na forma da lei, registrada no CNPJ sob o0 n°® 07.959.716/0001-60, com
sede Rua Uruguai, 300/1° andar, Centro Histérico - CEP 90010-140, Porto
Alegre/RS, na pessoa de sua Coordenadora Executiva, nos termos de seu Estatuto
Social, Marcia de Avila Berni Ledo, brasileira, solteira, maior, advogada, inscrita
na OAB/RS 32459, RG 1044601753 — SSP/RS e CPF 549329630-68, vem pelo
presente instrumento outorgar procuracdo ad judicia a advogada SUSANA
RODRIGUES CAVALCANTI VAN DER PLOEG, inscrita no CPF 013.497.154-63 e
na OAB/MG 181.599, com escritorio na Avenida Presidente Vargas, 446, 13° andar,
Centro - Rio de Janeiro - RJ, CEP 20071-907, concedendo-lhe poderes da clausula
ad judicia et extra, inclusive substabelecer com reserva de poderes,
especificamente para apresentacdo de subsidio ao exame técnico e/ou processo
administrativo de nulidade perante o INPI - Instituto Nacional da Propriedade

Industrial relacionado a patente de invencdo BR112019022972-8.

Porto Alegre, 19 de maio de 2025.
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Mércia de Avila Berni Led
F6érum Ong aids RS
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ESTATUTOS SOCIAIS P S

AGANI- ASSOCIAcKO DE GAYE E AMIGOS MOVA IGUAQU

caAPfTYULO I - DA DEMOMINAgAO, SEDE E FINS

Artigo 12 - A AGANI - Assoclaglio de GayseAmigos de MNova Iguagu & uma
assoclaglio civil, sem fins locratives, por tempo indeterminado, fundado em
17 de dezembro de 1988, com sede em Nova Iguagu.

Paragrato Onico - Qualqguer pessoa podera tornar-se membro da AGANI
conforme este estatuto, nSo havendo nenhuma forma de discriminagdo oun
preconcelito,

Artigo 22 - A AGANI n3o pertence a nenhuma facglio politica, nioc se furtando,
contudo, a apoiar gualquer partido ou candidato que defenda os direitos dos
homossexuals & gue, A0 mesmo tempo, nS¥o contrarie o presente Estatuto.

Artigo 30 ~ A AGANI nio tem gualquer vinculo a qualguer partide politico
ou credo religloso, n#o sendo entretanto apolitico, & tem como objetivo
a defesa e conscientizaglo dos direitos e Iliberdades individuais das
"minorias® oprimidas, dedicando especial atengdo aos homossexuals,
constituindo assim um Movimento de Emancipagdo Homossexual.

ParAgrato Unico - Apesar de priorizar a defesa e conscientizaglo dos
dlreitos dos homossexuals & AGANI hA de se mantser atento & solidarizar-
se com todas as iniciativas de combate ao preconceito s discriminagdo
de que s3o0 alvo as " minorias™.

" Artigo 492 - Parxa atinglir seus objetivos a AGANI propBe-se a:

A - Divulgar da maneira mals ampla possivel todos os prondGncliamentos
cientificos, politicos, religiosos, etc., pelo £im do preconceito
aos homossexuals.

B - Esforgar-se para conseguir junto a universidades, escolas,
assoclagles, de classe ou civis, partidos politicos, meios de
comunicag¢lio de massas, etc., a promogd3oc de debates, palestras e
prontnciamentos que visem,0 £im da discrimingdio aos homossexuals.

C - Combater a legislagdc discriminatéria contra os homossexuais.

D - Protestar contra gqualguer propaganda preconceituosa em relagdo
2083 homossexuals e outros segmentos estigmatlzados,

E - Protestar contra gqualquer arbitrariedade poblica contra os
homossexuais.
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F - Hanter intercambio com outros grupos homosaexXuai= e demais
institulgfes poblicas e privadas do Brasil e do exterior.

Artigo 52 - Para viabllizar a consecugdo de seus objetivos a AGANI propde-
se, ainda, a criar e fortalecer os lagos de solldarledade entre o3
homossexuais através de eventos culturals, educacionals e sociais,

caPf{TULO II - DA ADMINISTRAQRO

Artigo 62 - A AGANI & constitulde dos seguintes oOrgldos de
administragdo:

- ASSRMBLEIA GERAL
=~ DIRETORIA
~ CONSELHO FISCAL

gegssko I - DA DIRETORIA

Artigo 72 ~ A AGANI serd representado ativa e passivamente, am Juizo ou fora
dele, pelo seu Presidents que respondera pessoalmente pela omissio ou
negligéncia na defesa dos Interésses da associaglio. Para esse efeito,
qualquer diretor da AGANI ou 1/3 de seus membros terd legitimidade parza
adotacx as medidas legalils compativels.

Artigo 82 - A Diretoria da AGANI com mandato de 01 {(um) ano & composta de:

PRESIDENTE, VICE PRESIDENTE, SECRETARIO GERAL, TESOUREIRO, 14 VOGAL e
b 23 VOOAL. As delibragSes serfo tomadas em comum acoxdo, exigindo-se
para isso o quorum minimo de 1/2 da Diretoria.

pParadgrafo Primeiro - Qualquer membro do a AGANI poderd ser eleito para
Diretoria, vetado a utilizagSo do cargo para politica eleitoral
(partidaria) sob pana de destitulgdo do cargo. A candidatura a cargo
pelitico ou o seu exercicio implicard no afastamento automatico do
cargo gue exercer na AGANI.

paragrafo Segundo - A Diretoria da AGANI serad sleita por Assembléla
Geral OrdinAria convocada com este fim especifico.

Paragrafo Terceiro - 0O mandato da Dirxetoria da AGAN] poderd mer
alterado por Assembléia Geral extraordinaria com este £im especifico.
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Artigo 92 - A Diretoria do podera criar, em gualgquer momento, ou dissolver,
gualguer departamento que julgue necessario ao sey~ desenveolvimento ¢
finalidades de acordo com os principios do presente Estatuto.

Paragrafo Primeiro - Tais departamentos ter3o um Diretor e um Suplente.

Paragrafo Segundo - O mandato dos departamentos se incorpora a
Diretoria original.

Paragrafo terceiro- O(s) Diretoz(s) e Suplente(s) passam a integrar a
Diretoria em igualdade de direitos e deveres.

Artigo 109- Compete & Diretoria da AGANI:

A Procurar resolver por todos os meios legais ao seu alcance os

problemas de interesse dos associados.
B - Convocar as assembléias Gerais.

C - Cumprir e fazer cumprir os Estatutos e as decistes das Assembléias
Gerais.

D - Providenciar paza gre a Tesoraria prepare oS balancetes mensais €
anuals para prestagdo de contas.

E - Preparar o relatério anual sobre as atividades da AGANI.

P - Reunir-se mensalmente paza resolver as gquestles que lhe competem.

sEss¥0 II - DAS ATRIBUIgGES DOS MEMBROS DA DIRETORIA
Artigo 119- 83c atribuigles dos membros da Diretoria da AGANI:

PRESIDENTE - A) Presidir e coordenar as reunifes da Diretoria e das
Assembléias Cerais.
B) Assinar juntamente aos outros membros da Diretoria oz
livros da Secretaria e da Tesouraria.
C) Superintender em cardter geral todas as atividades da
Diretoria e de seus membros respeitando sempre as fungles
de cada um.

D) Delegar poderes para representa-lo a outro membro da
Diretoria ou Asscciado em seus impedimentos.

VICE - PRESIDENTE - A} Substituir o Presidente em todos 08 seus
impedimentos.
B) Coopezrar com o Presidente em todas as suas
atribuig8es. =

SECRETARIO GERAL - A) Redigir as atas de Assembléias Cerais e reunifes da
Diretoria, comoc também tcdos os eventeos promovides

R ——
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pela AGANI ou nos quais o
B) Dirigir os trabalhos da Se
toda a correspondéncia da
C) Pornecer ao Presidente os dados necessarios para a
confecgdo de relatdérios da AGANI.

eliaria Geral e redigir

TESOUREIRO - A) Promover a arrecadagdo da receita.
B) BEfetuar pagamento de todas as despesas da AGANI.
C) apresentar & Diretoria da AGANI mensalmente e & Assembléia
Geral anualmente, ¢ balango finaceiro e material.
D) Dirigir todo o servig¢o de escrita da Tesouraria em livros
apropriados. :

13 VOGAL e 22 VOGAL - A) Substituir as vacanctas da Diretoria.
B) Cooperar com a Diretoria em todas as suas
atribuigdes.
Artigo 122- Nenhum dos cargos gue complem a Diretoria da AGANI sexrd
remunerado.

CAPITULO III - DAS ASSEMBLEIAS GERAIS

Artigo 130- A ASSEMBLEIA GERAL & o 6rgdo maximo de deliberagdo da AGANI,
constituida por todos os seus membros admitidos e legalmente registrados no
mesmo & somente a eles cabe o direito a voto.

Artigo 140~ A RSSEMBLEIA GERAL poder& ser convocada em carater 0Ordinario
ou Extraordinadrio, com ampla divulgagido com antecedéncia minima de 15 dias.
Paragrafo Onico - Em primeira convocacglico a ASSEMBLEIA GERAL delibera

com a presenga minima de 1/3 de seus assoclados e com gualguer némero
na segunda convocagdo.

Artigo 150~ A ASSEMBLEIA GERAL Ordinaria serd trimestralmente para conhe-
cimento, discussd3o e deliberaglico dos relatédrios da Diretoria.

Paragrafo Unico - A convocagdc das ASSEMBLEIAS GERAIS Ordin&rias e
Extraordinarias serfoc de competéncia da Diretoria da ACGANI ou de 1/5
de seus membros.

Artige 162 - Compete & ASSEMBLEIA GERAL Ordinaria:
A) Anualmente eleger a Diretoria bem como ¢ seu programa.

B) Conhecer, discutir e julgar zrelatérios sobre as atividades da Direteria
da AGANI.

C) Tragar planos comuns de agdo.

D) Decidir sobre casos omissos deste Estatuto.

E) Alterar o Estatuto conforme o disposto mo arti

\
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Artigo 172- A ASSEMBLEIA GERAL Extraordinaria sera
mento de situagfo de emergéncia sempre gque neces an

!

Artigo 182- Qualguer pessoa poderd participar das Assmbléias e Reunides de
Diretoria, com direito a voz mas sem direito a voto.

Artigo 192- & vetado o voto por procuracéo.

Artigo 2092- O Conselho Fiscal & composto de:

A) Presidente

B) Dois Conselheiros

Paragrafo Unico— © Conselho Fiscal tera mandato e 01 (um) ano
coincidente com o da Diretoria, permitindo a recondugdo de 8eus
membzros.

Artigo 210- Compete ao Cconselho Fiscal fiscalizar e indicar aprovagdo dos
reletérios flnanceiros da Diretoria da AGANI na Assembléia Ordinaria.

SESSA0 I - DOS MEMEROS

Artigo 220- Ser¥o considerados membros da AGANI todos agueles maiores de 18
(dezoito) 2nos gue estejam de acordo com © presente Estatute e Programa de
A¢lo, e gue tenham participado de pelo menos duas atividades promovidas pela
AGANI, preenchendo a ficha de fillagdo individual.
Paragrafo Unico - Bm guaisguer circunstancias somente terdo acesso as
fichas de filiag8o a Diretoria da AGANI, resqguardando assim e dirxeito
a inviolabilidade concernente a pessca humana.
Artigo 230~ S50 direitos dos Membros da AGANI:
A) Propor e dlscutir e votar em ASSEMBLEIAS GERAIS.

B) Votar e ser votado para cargos de dire¢¥%o segundo as restrigles
estabelecida no presente estatuto.

c) Usufruir dos servigos prestados pela AGANI.

Al

Artigo 2492 - 830 deveres dos membros da AGANI:
2) Respeitar e fazer respeitar o presente estatuto.
B) Propagar as vantagens decorrentes da uniffio em torno da AGANI.

C) Promover por todos os meios a0 sSeu alcance O Progxessc da AGANI.

(R —
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E) Manter suas contribuicBes mensais em dia sujeitando-se os £faltosos a
perda do direito a voto.

F) Aceitar, salvo motivo de forg¢a maior, gualguer cargo para © gual tenha
sido designado ou eleito e desempenha-lo com dedica¢do e proficiéncia.

Artigo 250 - Poder3o ser aplicadas sanglies aos membros da AGANI gue firam
os intereses e objetivos do mesmo, devendo Assembléia Geral.

cAPfTULO IV - DO PATRIMONIO E FUNDO SOCIAL

Artigo 262 - O patriménio e fundo social da AGANI sera constituido de:

A) ConribuigSes regulares dos membros decididas em Assembléia Geral

B) DoaglBes e lagados.

C) Bens e valores adguiridos

D) Rendas provenientes de qualquer atividade promovida pela AGANI.

E) Quaisguer valores adventicios (empréstimos e financiamentos ).
Paragrafo Unico — RZinda gue sem £fins lucrativos a AGANI constituir
renda visando a sua aplicagfo na seguéncia dos objetivos do mesmo.

CAPITULO V - DAS DISPOSICOES GERAIS E TRANSITORIAS

Artigo 279 - Os membros associados n3o responderdo ainda gue subsidiari-
amente pelas obrigaglies contraidas pela AGANI.

Artigo 282 - Nenhum membro da AGANI poderé utilizar o patriménioc ou fundo
social para beneficio préprio.

Artigo 292 - A reforma estatutdria somente serd possivel em Assembléia Geral
Ordinaria que elege a Diretoria da AGANI, ou Assembléia Geral BExtraordinaria
convocada com este f£im especifico.

L)

Artigo 302 - Dar-se a a dissolu¢do da AGANI somente DoOX Assembléia Geral
Extraordinaria com este f£im especifico exigindo quorum especial de 2/3 dos
seue membros, e gque tal decisdo seja por maioria absoluta, isto &, 2/3 do
total dos votantes.

artigo 312 - Em caso de dissoluglio da AGANI seus bens imoveis e movels serdo
doados a critério da Assembléia Geral gue o dissolve.

TS CUM—— |
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Artigo 320 - O presente estatuto entrard em wvigor na data de sua
aprovacdo.

Nova Ignagu, 17 de dezembro de 1988.
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ASSOCIACAO DE GAYS E AMIGOS DE NOVA IGUACU E MESQUITA

ELEICAO DA DIRETORIA 30/07/2024 - 30/07/ 2028

Aos 30 (trinta) dias do més de julho de 2024, na cidade de Mesquita, Estado do Rio de Janeiro,
com a presenca do seu fundador, membro efetivo: seu Presidente, Manoel Ferreira da Cunha,
técnico em relacBes publicas, solteiro, inscrito no RG sob o n® 27.391.408-5, expedida pelo
DETRAN-R), em 27/11/2017, e inscrito no CPF sob o n® 876.553.737-87, residente e
domiciliado na Rua Marcial, 42, Juscelino, Mesquita, Rio de Janeiro e demais membros da
diretoria a seguir: Vanessa Aparecida Coelho da Silva, artesd, casada, inscrita no RG sob o n?
21.069.559-9, Vice-presidente, expedida pelo DETRAN RJ, inscrita no CPF sob o n®
111.010.517-79, Vice-presidente, residente e domiciliada na Rua Tenente Audir Soares
Adriano, 118, casa 8, Mesquita, R) e Regina Célia de Oliveira Bueno, advogada aposentada,
solteira, inscrita na OAB-RJ sob o n®? 156.275 e no CPF 510.502.267-04, Diretora Geral e de
Articulacdo, residente e domiciliada na Rua Cinco de Julho, 335, ap. 301, Copacabana, RJ, foi
realizada a Assembleia Ordindria da AGANI - Associagdo de Gays e Amigos de Nova lguacu,
conhecida pelo nome fantasia de INSTITUTO AGANIM — ASSOCIACAO DE GAYS E AMIGOS DE
NOVA IGUACU E MESQUITA e RIO DE JANEIRO, CNPJ n? 00.790.968/0001-69, entidade civil
sem fins lucrativos, com sede na Rua Marcial, 42, o Bairro Juscelino, Mesquita, R), tendo essa
apenas a seguinte pauta: ELEICAO DA NOVA DIRETORIA para cobrir a gestdo de 2024 a 2028 e
deliberado, a seguir: dado inicio aos trabalhos do pleito eleitoral da AGANIM 2024-2028 , foi
convidado a presidir a assembleia, o Senhor Presidente da organizacdo, Manoel Ferreira da
Cunha, que aceitou o encargo e como secretdria a Sra. Regina Celia de Oliveira Bueno, que
igualmente aceitou o encargo dessa. Diretamente ao encaminhamento da presente pauta o
Senhor Presidente informa sobre as competéncias necessdrias para atendimento aos preceitos
estabelecidos pelo estatuto vigente da organizagdo quanto aos cargos, para que ninguém
tivesse duvida sobre os compromissos ora assumidos. Ato continuo, informa a saida da Sra.
Vanessa Aparecida Coelho da Silva que deixa o cargo de Vice-Presidente sendo substituida pela
Sra. Regina Célia de Oliveira Bueno, acima qualificada e a saida da Sra. Adriana Vieira Ferreira
que deixa o cargo de Diretora Executiva e Financeira ndo sendo substituida por nenhum dos
integrantes da ONG e que no cargo da Sra. Regina Célia de Oliveira Bueno ficard a Moacyr

RTDPI-R] - 13/02/2025
Pratocolo: 2717
Registro: 2717

EDEF 23471 WCZ
Fis1/2

Peti¢io 870250042425, de 23/05/2025, pag. 230/232

Este documento foi registrado e assinado digitaimente por EDIVANIA ALVES DE SOUZA, Escrev ente autorizado do Registro Civil das Pessoas Juridicas de
MESQUITA - CARTORIO DO 2 OFICIO DE MESQUITA, em 13/02/2025. Para verificar a assinatura digital, use um programa visualizador como Adobe Acrobat

Reader ou acesse verif icador_iti.gov .br.

@ Camscanner

(F Scanned with OKEN Scanner



Cajueiro da Silva, solteiro, brasileiro, portador da RG n? 08.619.410-7 e inscrito no CPF sob o n®
004.528.777-50, residente e domiciliada na Rua Mercurio, 559,casa 3, Mesquita, RJ, para o
cargo de Diretor Geral e de Articulagcdo. Em seguida submeteu aos/as presentes 0s nomes
escolhidos para a nova diretoria, que foi totalmente votada e aprovada, por unanimidade,
inclusive seu Conselho Fiscal, que sera formado por: Presidente: Manoel Ferreira da Cunha,
Vice-presidente: Regina Célia de Oliveira Bueno e a Diretora Geral e de Articulacio: Moacyr

Cajueiro da Silva.

Nada mais havendo a se pronunciar o presente ato fol firmado entre as partes e ora apresenta
ata firmado sendo, posteriormente, registrado no Cartdrio de Registro Civil de Pessoas

Juridicas.

Mesquita, RJ, 30 de julho de 2024,
™

aoel) dunsoccle 0.

Presidente

rlu.—ht .'Il \ f(’,'f;} ]L, t IL.-\__;_: ! } e \:i J[_ 7/ .}
MOACYR CAJUEIRO DA SILVA

Diretor Geral e de Articulacio
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CNS: 154302
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Apres. no dia 07/02/2025 p/ Req.Int. e Prot. 2717, Lv. A1
Reg.N.2717 no livro A-40,F1s.167/168.

No dia de hoje. MESQUITA, 13/02/2025.

Emol.: R§325,11. Fetj: R$65,02. Fund: R§16,25. Funp: R$16,25.
Funa.: R$19,50. Pmcmv: R$6,50. I1ss R$16,25. Selo: R$2,71.
Dist.: RS0,00. Total RS467,59
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PROCURACAO ad judicia

AGANI — ASSOCIAGAO DE GAYS E AMIGOS DE NOVA IGUAGU, conhecida
pelo nome fantasia de AGANIM-ASSOCIAGAO DE GAYS E AMIGOS DE
NOVA IGUACU, MESQUISTA E RIO DE JANEIRO, pessoa juridica de direito
privado, sem fins lucrativos, constituida na forma da lei, registrada no CNPJ sob o
n° 00.790.968/0001-69, com sede na Rua Marcial, n°® 42, Bairro Juscelino,
Mesquita, RJ, na pessoa de seu representante nos termos de seu Estatuto Social,
por seu Regina Célia de Oliveira Bueno, brasileira, advogada, solteira, Diretora
Geral e de Articulagao, inscrita na OAB/RJ sob o n® 156.275, e no CPF sob o n°
510.502.267-04, vem pelo presente instrumento outorgar procuragao ad judicia a
advogada SUSANA RODRIGUES CAVALCANTI VAN DER PLOEG, inscrita no
CPF 013.497.254-63 e na OAB/MG 181.599, com escritério na Avenida
Presidente Vargas, 446, 13° andar, Centro - Rio de Janeiro - RJ, CEP 20071-907,
concedendo-lhe poderes da clausula ad judicia et extra, inclusive substabelecer
com reserva de poderes, especificamente para apresentacdo de subsidio ao
exame técnico e/ou processo administrativo de nulidade perante o INPI - Instituto
Nacional da Propriedade Industrial relacionado a patente de invengao
BR112019022972-8.

Mesquita (RJ), 09 de maio de 2025.
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REGINA CELIA DE OLIVEIRA BUENO

Diretora Geral e de Articulagao
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