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l. Introducdo

Passados aproximadamente cinco anos de ensino no Mestrado Integrado em Ciéncias
Farmacéuticas (MICF), os alunos deparam-se com a Ultima unidade curricular do seu plano de
estudos. O Estagio Curricular (EC) é abrangido pela realizagao do estagio em si, bem como a

elaboragao e apresentagao de uma monografia e de um relatério de estagio (UC, 2020a).

Devido a abrangéncia dos contelidos programaticos, o MICF oferece um vasto leque
de saidas profissionais. A Industria Farmacéutica (IF) engloba varias areas relacionadas com as
unidades curriculares lecionadas, das quais destaco as unidades de Tecnologia Farmacéutica,
Assuntos Regulamentares do Medicamento e Gestao e Garantia de Qualidade. Devido a um
grande interesse pelos conteudos abordados nas unidades curriculares referidas, tomei a
decisao de realizar um EC na area de IF, mais especificamente, na Bluepharma, Industria

Farmacéutica, S.A. (BLPH).

A BLPH é um grupo farmacéutico sediado em Coimbra, Portugal. Apds a aquisicao das
instalagoes da industria alema Bayer, a BLPH introduziu-se no mundo da IF em fevereiro de
2001 (Bluepharma, 2020). Devido a sua localizagao e relevancia, a sua existéncia nao passa
despercebida aos moradores de Coimbra, nomeadamente, aos estudantes da Faculdade de
Farmacia da Universidade de Coimbra (FFUC). Além do meu interesse pelo sector da IF, o
feedback positivo de antigos estagiarios e a facilidade de acesso as instalagoes foram fatores

preponderantes na minha candidatura de estagio.

Aquando da realizagao da candidatura, os estagiarios tiveram a possibilidade de referir
os seus departamentos de interesse, dentro de um conjunto de doze departamentos: i)
Investigacao e Inovagao; ii) Desenvolvimento Analitico e Galénico; iii) Controlo de Qualidade;
iv) Planeamento e Gestao da Produgao; v) Qualidade do Produto & Compliance; vi) Gestao da
Qualidade; vii) Assuntos Regulamentares; viii) Desenvolvimento de Negocio; ix) Fabricagao;
x) Gestao de Projetos; xi) Bluepharma Genéricos e xii) Ensaios Clinicos. Apds a realizagao de
entrevista presencial, fui colocado no departamento de Qualidade do Produto & Compliance
(QP&C), na area da Supervisao de Fabricagao, sob o acompanhamento da minha coordenadora

de estagio, Dra. Florbela Santos.

O estagio teve a duragao aproximada de trés meses, tendo decorrido desde o dia 6 de
janeiro de 2020 até ao dia 31 de marco de 2020. O presente relatério, realizado sob a forma
de analise SWOT, servira entao de método de andlise dos pontos fortes (S), fracos (W),
oportunidades (O) e ameagas (T), relativos ao trabalho desenvolvido e conhecimentos

assimilados durante o meu estagio na BLPH.



2. Analise SWOT

2.1. Pontos Fortes
2.1.1. Integracao dos novos colaboradores

No inicio do estagio, eu e os restantes recém-colaboradores (tanto estagiarios por
parte da FFUC como colaboradores externos em situagao de contrato) fomos recebidos por
membros dos Recursos Humanos (RH). Foram transmitidas algumas informagoes gerais sobre
o funcionamento das instalagoes e foi dado um momento para cada um falar acerca de si, do
departamento que iria integrar e das suas expectativas quanto ao estagio. Com o
acompanhamento dos RH, foi feita uma visita pelos escritérios da BLPH, durante a qual
tivemos a oportunidade de nos apresentar individualmente a diferentes colegas, dos varios
departamentos e escritorios. Foi um momento que permitiu criar, desde o inicio, uma certa
relagao interpessoal com outros colegas com que irilamos contactar nos trés meses seguintes,

alguns dos quais, por motivos de desenvolvimento de tarefas interdepartamentais.

Apos este momento introdutério, cada estagidrio ficou com o seu respetivo
coordenador. A atribuicao do coordenador é feita mediante o departamento em que o
estagiario € colocado e consoante as tarefas que ira desempenhar. No meu caso, a Dra.
Florbela Santos, responsavel pela Supervisao de Fabricagao, guiou-me durante o meu estagio
e atribuiu-me as mais variadas tarefas, de modo a proporcionar-me uma experiéncia

semelhante a que ela e os restantes colegas do QP&C vivenciam no sector da Fabricagao.

2.1.2. Plano de Formac¢ao Continua

Como membro do QP&C, foi-me atribuido um computador de trabalho para
desempenhar fun¢oes de cariz documental e aceder a plataforma interna. Cada colaborador
tem um plano de Formagao Continua, onde constam alguns documentos de leitura obrigatéria
inicial. Primeiramente, tive de me contextualizar com as Boas Praticas de Fabrico (BPF), mais
especificamente com o Capitulo 4 do Volume 4 do Eudralex, referente a Documentagao
(Comissao Europeia, 2020). Tive também de interpretar Procedimentos Operacionais
Normalizados (PONs), relativos a alguns conceitos com que iria lidar diariamente durante o
meu estagio, como Desvios, Reclamagoes, Out of Specification/Out of Trend (OoS/OoT) e

Corrective and Preventive Action (CAPA), os quais irei abordar em detalhe nos topicos seguintes.

Durante o estagio, e a medida que ia desempenhando novas fungoes, recorria a leitura
de novos PONs, os quais acrescentava ao meu plano de Formagao Continua. Uma das

principais tarefas da Supervisao de Fabricacao é o acompanhamento de processos de fabrico,



pelo que, era necessario assimilar conhecimentos relativos a Registos de Fabrico (RFs), In-
Process Control (IPC) e aos equipamentos usados nos processos de fabrico (como granulagao,

compressao e/ou revestimento).

Além dos conhecimentos especificos inerentes as tarefas individuais, a BLPH
desenvolve agoes de formagao em grupo, com tematicas gerais para todos os colaboradores.
Assisti a formagoes sobre “BPF”, “Higiene, Saude e Seguranga no Trabalho”, “Assuntos
Regulamentares”, “Farmacovigilancia”, “Controlo de Qualidade (CQ)” e entre outras, sendo

algumas sujeitas a questionarios para obter a devida aprovagao.

O plano de Formagao Continua foi um ponto forte no sentido em que me permitiu
fazer uma melhor gestao dos conceitos que devia assimilar, bem como registar as tarefas que
estava a desenvolver. As formagoes gerais também constavam no meu plano, tornando-se uma

boa ferramenta de avaliagao de desempenho e de evolugao pessoal.

2.1.3. Trabalho Documental

No QP&C ha uma enorme distribuigao de tarefas, cada uma acompanhada com o seu
tipo de documentagao, mas, com o objetivo comum de garantir a qualidade dos produtos
desenvolvidos. Uma tarefa atribuida a novos colaboradores e, transversal a membros do
QP&C, é o desenvolvimento de Product Quality Reviews (PQRs). O PQR é um documento que
avalia a qualidade de um produto, resumindo os parametros de qualidade de todos os lotes
fabricados de um produto, em determinado espaco de tempo (geralmente, um ano). Alguns
dos topicos mencionados num PQR referem-se ao grau de pureza de cada matéria prima, aos
resultados de IPC de cada lote, resultados de CQ e rendimentos de processos, sendo cada

um acompanhado com uma andlise grafica e interpretacao de resultados.

Como estagiario na Supervisao de Fabricagao, efetuava regularmente revisao de RFs.
Os RFs sao documentos que detalham, passo a passo, todas as etapas do processo de fabrico
de um produto, bem como os resultados de IPC e cilculos de rendimento. A maioria das
etapas estao acompanhadas por um intervalo de referéncia, ao qual os valores declarados
devem pertencer. Compete aos operadores e supervisores de fabricagao efetuar o correto
preenchimento do RF. O membro do QP&C responsavel pela revisaio do RF deve, entao,
verificar e analisar os dados reportados e, quando necessario, proceder a sua corre¢ao de
modo a possibilitar a aprovagao do RF. Qualquer informagao registada discordante pode levar
a abertura de um desvio. A abertura de um desvio implica uma investigacao no processo de
fabrico, para tentar perceber a causa do desvio e se tera implicagdes na qualidade do produto

final.



Por parte da minha orientadora, foi-me pedido para realizar uma Analise Cruzada
referente ao segundo semestre de 2019. Neste documento, realiza-se uma listagem de todos
os produtos fabricados, com uma contagem dos respetivos desvios (ja mencionados),
reclamagoes, OoS/OoT e CAPAs. A nivel de reclamagdes, deve constar qualquer tipo de
reclamagao recebida para determinado produto, infundada ou nao. A reclamagao pode ser
gerada por um cliente direto (a empresa que contrata a BLPH para produgao do
medicamento), ou por um cliente indireto (como o caso de um utente que efetua uma
reclamagao, apos aquisicao do medicamento numa farmacia). Os Oos/OoT dizem respeito as
andlises efetuadas pelo CQ, ocorrem quando um resultado se encontra fora do intervalo de
aceitagao estabelecido (OoS) ou no caso de um resultado dependente do tempo, em que €
expectada uma tendéncia e o resultado obtido nao esta de acordo (no caso de testes de
estabilidade) (OoT). Os CAPAs, como o nome indica, consistem no conjunto de agoes a ser
tomadas para corrigir e prevenir o aparecimento de nao-conformidades. Fazendo a listagem
destes parametros e, através de um sistema de pontuagoes, realiza-se uma anadlise cruzada
para determinar os produtos mais associados a problemas de fabrico. Compete a Supervisao
de Fabricagao do QP&C prestar especial atencao a estes produtos durante o seu fabrico, de

modo a reduzir os indicadores mencionados.

Pude entio contactar com diversos tipos de documentagao, que exigiam a
comunicagao com colegas de diferentes departamentos. O trabalho desenvolvido, além de
exigente, acarretava consigo elevada responsabilidade, que encarei como um desafio para
melhorar determinadas qualidades minhas. Além disso, foi bastante frutifero a nivel de

.y~ ;. ® e , .
aptidoes, uma vez que pude contactar com varios softwares como JMP” (andlise estatistica),

SAP (gestao) e Excel.

2.2. Pontos Fracos
2.2.1. Restruturacao Departamental

Durante grande parte do meu estagio, a BLPH encontrava-se num processo de
restruturacao departamental. Além da promogao de novos Diretores Técnicos/ Qualified
Person em cada departamento, houve também uma redistribuicao de tarefas e fungoes a
desempenhar em cada departamento. O departamento que integrava, QP&C, sofreu uma
mudanca de designagao, passando a chamar-se de Quality Assurance (QA). Colaboradores do
departamento de Assuntos Regulamentares, em conjunto com alguns colaboradores do QP&C

(agora, QA), passaram a exercer fungées num novo departamento de Compliance. Houve



também um ajuste fisico da localizagao dos escritorios e departamentos, dentro das proprias

instalagoes.

Apesar destas mudangas visarem a inovagao e melhoria da eficacia e qualidade do
trabalho exercido na BLPH, em certos momentos, acabaram por se revelar um
constrangimento ao meu estagio. Estando a exercer o estagio apenas ha cerca de um més e
meio, ter de me readaptar a certas situagoes (como por exemplo, alteragao de contactos e
redistribuicao de tarefas para novos colaboradores) levou a um atraso no desenvolvimento de

algumas tarefas.

2.2.2. Acompanhamento de Processos

Uma das principais fungoes dos membros do QA responsaveis pela Supervisao de
Fabricagao é o acompanhamento dos processos no terreno. Quando integrei na equipa, apenas
duas pessoas eram responsaveis pela tarefa, a Dra. Florbela Santos e a Dra. Mariana
Nascimento. No inicio do estagio, pude acompanha-las para receber um briefing sobre os
processos desenvolvidos e a localizagao dos equipamentos na area de produgao. Infelizmente,
no decorrer do estagio, o acompanhamento de processos nao pode ser efetuado com a

frequéncia planeada.

Sendo um cargo exigente, o trabalho documental acabava por causar alguma
sobrecarga e passava a ser prioridade. Tendo isto em conta, o plano principal do meu estagio
sofreu uma certa alteragao. Com as idas ao terreno menos frequentes, o meu estagio incidiu
maioritariamente em auxiliar no trabalho documental inerente a Supervisao de Fabricagao,

nomeadamente, revisao de RFs.

2.3. Oportunidades
2.3.1. Visita ao Controlo de Qualidade

Como mencionado anteriormente, a BLPH organiza formagdes que abrangem todos
os colaboradores, independentemente do departamento e das fungdes em que se enquadram.
Uma das formagoes envolve a visita as instalagoes, que é realizada em grupo e de uma forma

agilizada (cerca de uma hora de duragao), para evitar constrangimentos.

Durante a realizacao de PQRs, tive de contactar com documentacao relativa ao CQ,
com a qual nao estava muito familiarizado. Por esse motivo, surgiu a ideia de realizar uma visita
ao CQ, para ficar mais contextualizado com o trabalho que é desenvolvido, tanto a nivel
laboratorial como documental, e auxiliar na redacio de PQRs. A visita teve a duracao de um

dia. Na parte da manha pude presenciar procedimentos laboratoriais, dos quais destaco os
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testes de dissolugao e desagregacao, titulagcao de Karl Fischer e Cromatografia Liquida de Alta
Eficiéncia (ou HPLC). Durante a tarde pude contactar com diferentes membros do CQ,
responsaveis pela parte documental, onde clarificaram algumas questoes e descreveram o
procedimento de andlises do medicamento, desde matéria prima até produto acabado,

inclusive, com uma demonstragao das camaras climaticas para estudos de estabilidade.

Embora algumas técnicas laboratoriais fossem ja do meu conhecimento, devido a sua
abordagem no decorrer do MICF (unidades curriculares de Métodos Instrumentais de Analise
e Tecnologia Farmacéutica), considero uma mais-valia o testemunho da sua aplicagao, num
contexto pratico da IF. Nao fazendo parte do meu plano de estagio, considero esta situagao
como uma oportunidade no meu EC, que se demonstrou Util para o desempenho das minhas

fungoes, mas também a nivel extracurricular, para conhecimento proéprio.

2.3.2. Relevancia no Setor Farmacéutico

O grupo BLPH inaugurou, em fevereiro de 2002, a Bluepharma Genéricos, S.A. Entre
Medicamentos Sujeitos a Receita Médica e Medicamentos Nao Sujeitos a Receita Médica, a
BLPH conta, desde entao, com mais de uma centena de produtos vendidos em farmacias
nacionais, bem como em Angola e Mocambique (Bluepharma Genéricos, 2020). Além da forte
aposta em territorio nacional, o grupo BLPH, especializado no fabrico de formas farmacéuticas
solidas, expandiu-se extraordinariamente a nivel internacional, exportando cerca de 90% dos

produtos fabricados para diversos paises, por todo o mundo.

De forma a facultar um vasto leque de opg¢oes de estigio aos seus estudantes,
permitindo assim a obtengao de um ensino dinamico e enriquecedor, a FFUC estabelece
contacto com as mais diversas entidades do setor farmacéutico. Tive a oportunidade de
ingressar numa empresa relevante a nivel nacional, mas também de presenca notoria no
mercado farmacéutico internacional. Devido a diversidade de clientes, foi possivel observar as
diferengas globais a nivel documental e procedimental, relativamente a garantia de qualidade

de um medicamento.

2.4. Ameacas
2.4.1. Plano Curricular do MICF

O programa curricular do MICF apresenta diversas unidades curriculares que
abrangem varias areas diferentes. O plano de estudos relativo a IF é fundamental para fornecer
uma boa base de conhecimentos a qualquer estudante que queira ingressar nesta area. Atento

que os conteudos programaticos de Tecnologia Farmacéutica | se relacionam bastante com os
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processos de fabrico que observei durante o meu estagio, uma vez que remetem ao fabrico
de formas farmacéuticas sélidas. Apesar de realizar um estdgio na Supervisao de Fabricagao,
continuava pertencente ao QA. Nesse sentido, notei que no meu ensino havia uma falta de
interligagdo de conceitos lecionados entre Tecnologia Farmacéutica e Gestao e Garantia de

Qualidade.

Estando num departamento responsavel pela qualidade do produto, uma das maiores
ameagas que senti relaciona-se com os conteudos lecionados na unidade curricular de Gestao
e Garantia de Qualidade. A nivel tedrico, o conteudo programatico da disciplina aborda de
uma maneira geral as BPF, Boas Praticas Farmacéuticas e Boas Praticas de Distribuigao de
Medicamentos, bem como algumas Normas ISO (9001, 14001 e 19001). O programa teoérico-
pratico envolve a elaboragao de um resumo de anexos das BPF e a elaboragao de um PON

(UC, 2020b).

Quando efetuei a minha candidatura na BLPH, tinha preferéncia pela area da Produgao
ou de Assuntos Regulamentares. Inicialmente, a area de Garantia de Qualidade nao fazia parte
dos meus interesses. Até entao, a unidade curricular de Gestao e Garantia de Qualidade era
o meu Unico contacto com este campo, € nao pensei que fosse uma area com que me
identificasse. Apos a realizagao do meu estagio no QA, um contacto direto com essa area,
concluo que os conteldos programaticos da unidade curricular ficam aquém daquela que é a
realidade de um sistema de Gestio e Garantia de Qualidade no setor da Indudstria

Farmacéutica.

2.4.2. Reconhecimento para obtencao do titulo de Farmacéutico

De acordo com a alinea 2 do artigo 44°, seccao 7, capitulo lll da diretiva 2005/36/CE
do Parlamento Europeu e do Conselho, a obtengao do titulo de farmacéutico requer uma
formacao de, pelo menos, cinco anos, dos quais, um minimo de quatro anos de ensino tedrico
e pratico e seis meses de estdgio na area de farmacia comunitaria ou farmacia hospitalar (Eur-

Lex, 2020).

A diretiva pressupoe também conhecimentos na area de tecnologia farmacéutica que,
embora sejam adquiridos através do plano de estudos do MICF, nao considero suficientes para
a nossa formagao. A nao-realizagao de um estagio em IF leva a formagao de Farmacéuticos
que, efetivamente, nao possuem todos os conhecimentos tedricos e praticos em todos os

dominios da sua area.

Para colmatar esta situagao, e tal como ja mencionei, a FFUC possibilita aos seus alunos
a realizagao de um estagio na area da IF. Apesar de ser incluido no plano de EC e de ser alvo

14



de avaliagdo, a realizagdo do mesmo ¢é opcional, ficando ao critério dos estudantes se querem
ou nao adquirir conhecimentos praticos neste campo. Pelos motivos explanados e pela falta
de reconhecimento a nivel legislativo, considero esta situagio como uma ameaga ao meu

estagio.

3. Conclusao

Como futuros farmacéuticos, compete-nos elevar o nosso conhecimento e aptidoes,
com o objetivo de sermos melhores profissionais. Além do plano curricular a que temos
acesso na Faculdade, devemos aproveitar as mais variadas oportunidades de formagao

curriculares que complementem o nosso ensino.

Findado o meu estagio na BLPH, resta-me apenas mostrar a minha satisfagao pelo
trabalho realizado no QA, que me proporcionou momentos desafiantes e testou as minhas
capacidades como futuro profissional. Observei de perto o percurso de fabrico de
medicamentos, desde a rece¢ao de matérias primas, até ao acondicionamento secundario e

exportagao.

Os conhecimentos adquiridos durante este estagio e a percecao da responsabilidade
exigida nesta area serao, certamente, uma mais-valia a nivel curricular e, futuramente, a nivel
profissional. Foi, de facto, gratificante poder fazer parte desta area do setor farmacéutico que,

apesar de nao ser obrigatoria na nossa formagao, nao deixa de ser necessaria.

Sendo o farmacéutico o profissional de saide mais qualificado em relagao a todo o
circuito do medicamento, esse circuito passa, inevitavelmente, pela IF. E uma area profissional
cada vez mais exigente, que engloba muita inovagao cientifica na area das ciéncias farmacéuticas
e, nao menos importante quando comparada com outras atividades executadas por

farmacéuticos.
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l. Introducdo

Durante o nosso percurso no Mestrado Integrado em Ciéncias Farmacéuticas (MICF),
pudemos contactar com diversas areas relacionadas com o mundo da Ciéncia e da Saide. No
entanto, € com a realizagao do Estagio Curricular em Farmacia Comunitaria que temos a
oportunidade de por em pratica os conhecimentos adquiridos nas areas de Farmacologia,
Organizagao e Gestao Farmacéutica, Deontologia e Legislagio Farmacéutica e Indicagao

Terapéutica, entre muitas outras.

A area da Farmacia Comunitaria € aquela em que se pode observar um contacto direto
entre o farmacéutico e a sociedade, sendo, por esse motivo, considerada a area representativa
daquilo que é o ato farmacéutico. Sendo o farmacéutico um agente de saude publica, a
responsabilidade primaria recai sempre no bem-estar do doente, competindo-lhe tomar as
acoes necessarias para educar a populagao no sentido de promover e garantir a saude (Ordem

dos Farmacéuticos, 2020).

Entre o dia |13 de maio de 2020 e | | de setembro de 2020, realizei o meu estagio em
Farmacia Comunitaria na Farmacia Sao José (FS)) em Coimbra, sob a orientacdo do
proprietario e diretor técnico, Dr. Paulo Monteiro. A equipa técnica da FS] é composta por
diversos elementos, havendo uma divisao de tarefas distinta entre eles, sendo todas elas
executadas com o maior rigor e profissionalismo. A liderar a equipa, o Dr. Paulo Monteiro é,
sem duavida, um profissional exemplar que dedica o seu coragao ao trabalho que pratica,

mostrando-se sempre disposto a ajudar quando necessario.

Apesar das dificuldades enfrentadas atualmente, devido a pandemia originada pelo
SARS-CoV-2, agente etiologico da COVID-19 (Coronavirus Disease), durante o meu estagio
executei diferentes tarefas e contactei com varias realidades ligadas com o mundo da Farmacia
Comunitaria. No seguinte relatorio, escrito sob a forma de analise SWOT, destaco aqueles
que foram os pontos fortes (S), pontos fracos (W), oportunidades (O) e ameagas (T) do meu

estagio.



2. Analise SWOT

2.1.Pontos Fortes
2.1.1. Horario e Localizacdo

A Farmacia Sao José fica situada na Avenida Calouste Gulbenkian, no Centro Comercial
Primavera. Esta localiza-se na proximidade de varios servigos de saude, ficando apenas a alguns
metros do Centro Hospitalar e Universitario de Coimbra (Hospital da Universidade e
Maternidade Dr. Bissaya Barreto), do Instituto Portugués de Oncologia de Coimbra Francisco
Gentil, E.P.E. (IPOCFG, E.P.E.) e da Liga Portuguesa Contra o Cancro — Nucleo Regional de
Coimbra. Na zona de Celas é possivel encontrar também varios estabelecimentos de
restauragao, ginasios, consultorios privados e laboratérios de analises clinicas, bem como a
Faculdade de Farmacia da Universidade de Coimbra (FFUC) e a Faculdade de Medicina da
Universidade de Coimbra. E, portanto, uma localizacio privilegiada, que permite o
atendimento a um grupo heterogéneo de utentes, num amplo espetro de faixas etdrias e de

necessidades de salde, desde medicagoes cronicas a terapéuticas mais recentes.

Devido a uma grande afluéncia de pessoas, e de modo a tornar-se mais acessivel, a FS)
tem um horario de funcionamento ininterrupto desde as 8h30 as 21h00, de segunda a sexta-

feira, e desde as 9h00 até as 20h00 ao sabado.

Por estes motivos, durante o meu estagio tive a possibilidade de exercer um horario
com rotatividade, tendo também tido a oportunidade de ajudar na abertura e fecho da
farmacia, e num horario de servico permanente. Contactei e auxiliei diversos utentes, tanto
em situagoes de atendimento rapido, como num atendimento mais personalizado e com o

devido aconselhamento farmacéutico.

2.1.2. Inventario da Farmacia

A FS] dispoe de uma sala de atendimento bastante ampla, permitindo assim uma grande
exposicao de produtos. No dia-a-dia pude entio contactar com varios produtos e
medicamentos nao sujeitos a receita médica (MNSRM), indicados em diversas areas
terapéuticas. Nas horas de menor afluéncia, aproveitava para me familiarizar com a localizagao
dos produtos expostos, bem como com as suas indicagoes terapéuticas, posologia e
composic¢ao. Desta forma, evitava tempos de espera desnecessarios durante os atendimentos,
ja que tinha maior facilidade em localizar os produtos pedidos. Embora no inicio sentisse
algumas dificuldades, a medida que me ia familiarizando com os produtos, tornava-se mais facil

efetuar aconselhamentos corretos, com confianga € com um certo grau de autonomia.
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Um dos maiores destaques da FS] em termos de inventdrio, para além de todos os
medicamentos e produtos de saide e bem estar, é sem dlvida, a drea da Dermocosmética.
Muitos utentes tém a FSJ como ponto de referéncia na procura de produtos e aconselhamento
nesta area. Além da enorme variedade de marcas e gamas disponiveis, existe um espago
dedicado na sala de atendimento para esta area, para o qual os utentes se podem dirigir assim
que entrem na farmacia, caso queiram receber aconselhamento e adquirir um produto de
Dermocosmética. Os membros da equipa técnica fazem o aconselhamento nesta area de
forma cuidada, sendo a variedade de produtos e a preocupagao demonstrada pela equipa
técnica da FS), fulcrais para fidelizagao dos utentes. Depois do atendimento, € habitual os
utentes deixarem o seu contacto, de modo a serem informados da presenca de conselheiras

e a manterem-se a par de promogoes relativamente as suas marcas de preferéncia.

Posto isto, foi uma mais-valia poder testemunhar atendimentos na area da
Dermofarmacia. Além de me permitir rever conceitos ja adquiridos na unidade curricular de
Dermofarmacia e Cosmética, foi uma oportunidade de complementar esses conhecimentos
com uma realidade pratica, tanto a observar como a efetuar aconselhamento em situagoes

clinicas, que nem sempre sao faceis de tratar.

2.1.3. Equipamentos Tecnoldgicos

A FSJ conta com dois equipamentos tecnoldgicos, o robot e o cashguard, que visam a
melhoria do funcionamento da equipa técnica e da imagem exterior da farmacia. Apos a
recegao de encomendas, grande parte dos medicamentos da farmacia sao armazenados no
robot. Este equipamento permite um armazenamento rapido e eficaz das embalagens,
garantindo uma boa gestao do espa¢o da farmacia e dos armazéns. No momento de entrada
de produtos no robot, ocorre também o registo dos prazos de validade dos medicamentos.
Assim, durante a aquisicao de um produto armazenado no robot, este sera dispensado seguindo
a politica de “first in, first out”. Este equipamento é uma mais-valia para grande parte dos
atendimentos, ja que o farmacéutico nao tem de sair do balcao para ir buscar o medicamento,
permitindo que se foque mais no utente e nas suas necessidades, contribuindo para uma

melhor gestao do tempo do atendimento.

Para efetuar pagamentos em numerario, a FSJ tem ao seu dispor um cashguard. Este
equipamento permite o armazenamento do dinheiro proveniente de uma venda e disponibiliza
automaticamente o troco, reduzindo a ocorréncia de erros. E possivel aceder ao histérico de

entradas/saidas de dinheiro associadas a cada operador e a respetiva venda.
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Ambas as ferramentas se demonstraram bastante Uteis durante o meu estagio, devido
ao auxilio que me prestaram durante os atendimentos. Na FSJ, cada membro da equipa técnica
é responsavel pelo fecho da sua propria caixa e, apesar do surgimento ocasional de erros, o
cashguard foi bastante Util na resolugdo dos mesmos. Além dos motivos referidos, foi a
primeira vez, na minha atividade curricular e extracurricular, em que contactei com este tipo

de equipamentos.

2.1.4. Tarefas de Gestio Farmacéutica

O atendimento ao balcao é uma das principais responsabilidades atribuidas a
farmacéuticos na area de Farmacia Comunitaria. No entanto, um dos pontos fortes do meu
estagio recai também nas varias atividades desenvolvidas no backoffice. Pude colaborar em
tarefas relativas a documentagao (notas de encomenda e notas de crédito), conferéncia de
receituario, organizagao de produtos, gestao de encomendas e de stocks. Ao definir um limite
de stocks adequado a procura dos utentes, conseguimos manter um inventario capaz de
satisfazer as necessidades dos utentes e promover um acesso a terapéutica sem

constrangimentos e sem haver quebras de stock.

A realizagao deste tipo de tarefas foi, sem duvida, uma mais-valia no meu estagio. Além
de um contacto mais proximo com a equipa, permitiu-me adquirir conhecimentos relativos a
melhoria continua do funcionamento e da organizagao da farmacia. Uma excelente gestao
interna da farmacia acaba por se refletir positivamente a varios niveis externos, possibilitando
um atendimento de exceléncia para os utentes e apresentando um espa¢o organizado,

dindmico e onde se sintam bem vindos.

2.2.Pontos Fracos
2.2.1. Numero de Estagiarios

Tendo em conta as suas dimensoes e o seu reconhecimento pelos estudantes da FFUC,
a FS} disponibiliza varias vagas para realizagio de estagio curricular. Devido aos
constrangimentos causados pela pandemia de COVID-19 (que irei abordar nos tépicos
seguintes), grande parte do meu trabalho na F§J foi realizado numa equipa de oito estagiarios.
Apesar de algumas medidas internas (como trabalho por turnos), senti que em determinadas
ocasides, a presenca simultinea de varios estagiarios limitava a distribuicio de tarefas,

traduzindo-se em menores oportunidades de treino e de aprendizagem, em diversas fungoes.
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2.2.2. Obras na Sala de Atendimento

Na fase final do meu estdgio, sensivelmente durante um més, iniciou-se um processo
de reestruturagao de algumas infraestruturas da farmacia. As zonas afetadas maioritariamente
foram os acessos ao backoffice e a sala de atendimento, que viu a sua area de funcionamento
reduzida temporariamente para metade. Inicialmente, tivemos de auxiliar na reorganizagao
dos produtos da farmacia, obrigando a arrumagio e organizagdo dos armazéns para

economizar espago.

Apos o comego das obras, e aliando as medidas de contingéncia aplicadas para garantir
o distanciamento social, apenas trés utentes podiam ser atendidos em simultaneo. Devido a
todos estes constrangimentos, o atendimento ao publico ficou bastante limitado. Considero
isto um ponto fraco uma vez que, estando na fase final do meu estagio, senti uma regressao

nas tarefas que podia desempenhar, a nivel de exigéncia e responsabilidade.

2.3.Oportunidades
2.3.1. Formacdes e Reunides com Delegados de Informacao Médica

Durante o meu estagio tive a oportunidade de participar em varias formagoes por
parte de delegados de informagao médica, relativamente a novos produtos ou a alguns
produtos ja presentes no nosso inventario, tais como Artelac®, Durex® e NiQuitin®. Assisti
também a uma formacao da Rede de Informagao de Saude Oral (RISO), um projeto das
Farmacias Portuguesas, ministrada por uma especialista em higiene oral, com o objetivo de
nos educar e despertar o interesse para a area da higiene oral (RISO, 2020). Dadas as
circunstancias atuais, devido a pandemia de COVID-19, apercebi-me de que o nimero de
formacgoes foi bastante limitado, no entanto, foram feitos os possiveis para termos acesso a
estas tematicas, garantindo a nossa seguranga. Também pude presenciar varias reunioes entre
o Dr. Paulo Monteiro e delegados comerciais de diversos laboratorios farmacéuticos, para
proceder a encomenda direta de varios produtos, tendo em conta as necessidades dos utentes

da farmacia.

Considero este ponto como uma oportunidade no meu estagio, ja que me permitiu
tirar ddvidas relativamente a alguns produtos e técnicas de atendimento, o que foi certamente
uma mais-valia na minha evolugao, contribuindo para me tornar um melhor profissional.
Quanto maior o conhecimento cientifico relativamente a um produto, melhor o

aconselhamento.
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2.3.2. Filosofia Kaizen

A FS] adotou a filosofia Kaizen, uma ferramenta de melhoria continua, orientada para
os utentes, mas tendo como foco a melhoria dos processos internos da farmacia (Kaizen
Institute™, 2020). Enquanto estagiario, participei ativamente nas reunioes de equipa, fazendo
sugestoes que contribuissem para a qualidade do funcionamento da farmacia. Além disso, pude
auxiliar em diversas tarefas advenientes das reunicoes, como por exemplo, na recolha de
indicadores (vendas suspensas e vendas a crédito), organizagao de zonas de trabalho e

manutengao de lineares.

A farmacia tinha também um espago dedicado para todos os assuntos relativos a
melhoria da mesma. Intitulado de “Quadro de Kaizen”, podiamos facilmente consultar
observagoes que outros colegas quisessem transmitir, os indicadores recolhidos, objetivos a
nivel de vendas, bem como a implementagao de melhorias, através de um sistema de Plan, Do,
Check, Act (PDCA). Os membros da equipa responsaveis identificavam-se e descreviam o
processo que estavam a desenvolver, mantendo os restantes colegas informados acerca da

evolugao das etapas.

Por ter trabalhado num ambiente respeitante a esta filosofia, com uma equipa envolvida
no bom funcionamento da mesma, senti a importancia da implementagao de métodos que
contribuam para o crescimento da farmacia. A oportunidade de participar nas tarefas
relacionadas com filosofia Kaizen, foi, sem duvida, uma boa maneira de melhorar alguns dos
meus pontos fortes, nomeadamente, no que concerne ao desenvolvimento de tarefas de
gestao. Assim, obtive as ferramentas necessarias para realizar um trabalho mais dindmico e
proativo, através da implementagao de pequenas alteragoes que melhorassem o meu espago

de trabalho e dos meus colegas.

2.4. Ameacgas
2.4.1. Pandemia de COVID-19

Tal como fui mencionando ao longo do relatorio, o meu estagio curricular decorreu
durante a pandemia de COVID-19. Apesar de ter iniciado o estigio apds o Estado de
Emergéncia decretado a |8 de margo de 2020 (Diario da Republica, 2020a), estavam ainda
presentes varias medidas que afetaram o funcionamento normal da farmacia e,
consequentemente, o meu estagio. Toda a equipa da FSJ tinha plena nogao das medidas de
contingéncia em vigor, relativamente ao uso de Equipamentos de Protecao Individual (EPIs)
(DGS, 2020a). Tinhamos também conhecimento das normas relativas ao funcionamento de

Farmacias Comunitarias, tendo adotado as medidas anunciadas no que concerne a utentes,
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membros da equipa da propria farmacia e ao espago da farmacia em si, zelando sempre pelo
cumprimento dos procedimentos (DGS, 2020b). A nivel de atendimentos, tinhamos varias
limitagoes relativamente ao nimero de balcoes abertos, dando prioridade aos membros
efetivos da farmacia. Limitou-se também o nimero de utentes na sala de atendimento para
cinco pessoas, tendo de se pedir frequentemente a utentes acompanhados para entrarem
sozinhos na farmacia. Apos cada atendimento, procediamos a correta desinfegao do balcao e
de equipamentos de multibanco, antes de iniciarmos o atendimento seguinte, o que acabava
por aumentar o tempo de espera dos utentes. O sistema de senhas foi desativado de forma a
evitar a contaminagao cruzada do equipamento e dos utentes que retirassem a senha. Neste
sentido, delineou-se um perimetro especifico para as pessoas fazerem fila, mantendo uma
distancia de seguranga minima. De forma a agilizar os atendimentos, foi muitas vezes pedido a
estagiarios e a outros membros da equipa técnica que abordassem as pessoas em fila de espera,

evitando assim a permanéncia prolongada das mesmas na sala de atendimento.

Muitos dos utentes fidelizados da FS] tém preferéncia em ser atendidos por um
membro especifico da equipa. Em momentos de elevada afluéncia, alguns destes utentes
recusavam-se a ser atendidos por alguém que nao fosse o farmacéutico que queriam. Esta falta
de cooperagao e compreensao causava sempre mais constrangimentos a nivel de atendimento,

tanto a nos estagiarios e farmacéuticos, como aos restantes utentes em fila de espera.

Como referido, sendo muitas vezes impossivel efetuar atendimento ao balcao, o meu
trabalho era mais direcionado ao auxilio do mesmo, ou entao focado no backoffice. Uma das
tarefas que desempenhei, como ja referi, e em que pude sentir o efeito da pandemia, foi
relativamente a gestao dos stocks. A definicao de um limite minimo e maximo no stock de um
produto, envolve a andlise cuidada das suas compras e vendas em meses passados. No caso
de alguns medicamentos, esta andlise tornou-se dificil devido a alteragao de padroes de compra
por parte dos utentes. Foi possivel observar um pico de compras de alguns medicamentos,
nomeadamente, de ben-u-ron® 500mg. No més de marco, este produto teve um pico de
vendas, relacionando-se com a declaragao do Estado de Emergéncia e com o abastecimento
desnecessario por parte dos utentes. Com isto em mente, o INFARMED, I.P., publicou uma
Circular Normativa a apelar ao uso responsavel dos medicamentos, e a restringir a venda
abusiva dos mesmos (INFARMED, 2020). Em contrapartida, na mesma altura, as vendas de
alguns anti-inflamatérios nio esteroides (AINEs) (como o Brufen®), tiveram uma diminuigao
acentuada. Em conversa com os colegas da farmacia, a causa deste decréscimo podia ter a ver
com as declaragoes do Ministro da Salde de Franga, Olivier Veran, que desaconselhou a toma

deste grupo terapéutico, por agravamento do risco de infecao. O mediatismo e a divulgacao
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de falsas informagoes associadas a pandemia de COVID-19 tiveram, deste modo, uma

influéncia na venda de medicamentos.

Sem ddvida que esta pandemia afetou toda a populagao, tanto a nivel pessoal como
profissional. Tendo limitado o desempenho das minhas fungoes enquanto estagiario, em
contexto de contacto com o publico, e afetado algumas tarefas de gestao da farmacia,

considero a pandemia de COVID-19 como uma ameaga ao meu estagio.

2.4.2. Parafarmacias e competitividade de precos

Em 2005, o Governo autorizou a venda de MNSRM fora de farmacias, e sem a
supervisao de farmacéuticos ou técnicos de farmacia (2020b). Esta medida teve um impacto
nas vendas das farmacias, devido a facilidade de acesso a este tipo de produtos e,
nomeadamente, devido a diferenga de pregos praticados. Durante o meu estagio, ao realizar
atendimentos, presenciei varias situagoes em que os utentes apenas se dirigiam a farmacia para
perguntar o preco de dado produto, fazendo, por norma, um comentario negativo. Esta
situagao era recorrente na venda de produtos de Dermofarmacia, em que achavam alguns
precos demasiado elevados e faziam uma comparagado com os pregos praticados em
parafarmacias ou em lojas online. No caso de utentes que demonstravam alguma pressa, era
um bocado complicado tentar apelar a importancia de privilegiar a aquisicao deste produtos
numa farmacia, uma vez que a preocupagao principal deles recaia no pre¢o, e nao no

aconselhamento e conhecimento dos farmacéuticos e técnicos de farmacia.

3. Conclusido

Quando iniciei o meu estagio, senti algumas dificuldades em desempenhar
determinadas tarefas, nomeadamente, no atendimento ao balcao, para o qual nao me sentia
de todo preparado nem confiante. Diria que o meu maior medo sempre foi o de cometer
erros, mas tal como me disseram, “Na Farmdcia Sdo José ndo se cometem erros, perguntamos
sempre quando ndo estamos confiantes para fazer”. Foi de facto uma licdo que me reconfortou

e transmitiu confian¢a, motivando-me para melhorar as minhas aptidoes.

Finalizado este estagio, tenho a certeza de que o papel do farmacéutico vai muito além
do que a simples dispensa de medicamentos. O seu trabalho a nivel da farmacia comunitaria
acompanha todas as etapas do circuito do medicamento. Desde que um medicamento ou
outro produto de saude entra na farmacia, até ao momento da sua dispensa, a responsabilidade

recai sobre o farmacéutico. Sinto que adquiri experiéncia e conhecimentos suficientes para
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ingressar no mundo profissional, efetuar tarefas de gestio farmacéutica autonomamente e
fazer um atendimento de exceléncia, que faga com que o utente se sinta satisfeito e bem-vindo
na farmacia. Enquanto estagiario, senti-me completamente realizado por trabalhar com uma
equipa tao competente e dindmica como a da FSJ, tendo sido uma excelente oportunidade

para aprender e crescer enquanto pessoa e futuro profissional.

O Estagio Curricular é, para muitos, o primeiro contacto com a area de Farmacia
Comunitaria. O nosso papel nesta area é de extrema relevancia, sendo o farmacéutico capaz
de estabelecer o elo entre os utentes e o acesso a terapéutica. Devemos estar preparados
para qualquer situagdo que nos seja apresentada, e saber proceder de forma rigorosa,
responsavel e pondo em pratica os nossos conhecimentos na area. Por esta razao, €
importante adotar medidas que nos permitam expandir o nosso conhecimento e melhorar

continuamente enquanto profissionais.
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Abstract

Exosomes are defined as a type of extracellular vesicles, released when multivesicular bodies
of the endocytic pathway fuse with the plasma membrane. They are characterized by their
role in extracellular communication, partly due to their composition. When cells secrete
exosomes, they carry several molecules with them, both present at the parent cell membrane
or in the intracellular medium. These nanovesicles can target other cells by recognizing
peptides expressed at the surface of the membranes. Besides this, exosomes have the ability
to recognize and interact with cells from the immune system, enabling them to elicit an
immune response. Their targeting capability and nanosized dimensions make them great
candidates for cancer therapy. Many types of oncologic therapeutics, namely chemotherapy,
are related with cytotoxicity and multiple drug resistance. In this sense, the use of the
exosomes targeting capabilities, able to deliver anticancer drugs specifically to cancer cells, is
a great approach to overcome these disadvantages. Many studies focus on the in vivo
administration of exosome-based formulations in mice. The objective is to assess treatment
efficiency in reducing tumour cells, as well as overall safety and response by cancer carriers.
So far, results show exosomes as a promising therapeutic strategy in the fight against cancer.
This review summarizes the characteristics and composition of exosomes, as well as explaining
in detail the involved parties in the origin of exosomes. Then, some considerations about the
application of exosomes in immunotherapy are addressed. The main isolation and loading
methods are approached to give insight into how exosomes can be obtained and manipulated.

Finally, some therapeutic applications of exosomes in cancer therapy are described.

Keywords: exosomes, ESCRT pathway, nanovesicles, cancer therapy, in vivo studies,

immunotherapy.
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Resumo

Os exossomas definem-se como um tipo de vesicula extracelular, libertados quando os corpos
multivesiculares da via endocitica se fundem com a membrana plasmatica. Sao caraterizados
pelo seu papel na comunicagao extracelular, em parte, devido a sua composi¢ao. Quando as
células secretam exossomas, estes transportam varias moléculas, presentes quer na membrana
plasmatica, quer no meio intracelular das células-maes. Estas nanovesiculas conseguem
reconhecer peptideos expressos a superficie de outras células. Além disto, os exossomas tém
a capacidade de reconhecer e interagir com células do sistema imunitario, o que lhes permite
desencadear uma resposta imunitaria. As suas capacidades de reconhecimento e
nanodimensoes tornam-nos excelentes candidatos para a terapia do cancro. Varios tipos de
terapia oncologica, nomeadamente quimioterapia, relacionam-se com a ocorréncia de
citotoxicidade e resisténcia farmacoldgica. Neste sentido, uma 6tima estratégia para superar
estas desvantagens, € através do recurso as capacidades de reconhecimento dos exossomas,
permitindo o transporte de farmacos anticancerigenos diretamente para as células
cancerigenas. Alguns estudos focam-se na administragao in vivo de formulagoes a base de
exossomas em murganhos. O objetivo € avaliar a eficacia do tratamento na redugao de células
tumorais, bem como a seguranga em geral e a resposta dos transportadores anticancerigenos.
Até a atualidade, os resultados demonstram os exossomas como uma estratégia promissora
no combate ao cancro. Este trabalho sumariza as principais carateristicas e composigao dos
exossomas, bem como referencia os mecanismos envolvidos na origem dos exossomas. Além
disso, sao abordadas algumas aplicagdes dos exossomas em imunoterapia. As principais
técnicas de isolamento e carga dos exossomas para evidenciar os métodos usados para
obtengao e manipulagio dos mesmos sao também descritas. Por fim, sao abordadas algumas

aplicagoes terapéuticas de exossomas na terapia do cancro.

Palavras-chave: exossomas, via ESCRT, nanovesiculas, terapia do cancro, estudos in vivo,

imunoterapia.
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Abbreviations

ABC — ATP-binding cassette

APC — Antigen-presenting cell

ATP — Adenosine triphosphate

CAR-T — Chimeric Antigen Receptor T

CRS - Cytokine release syndrome

CSC - Cancer stem cell

DC — Dendritic cell

DNA - Deoxyribonucleic Acid

Doa4 — Degradation of alpha-4 enzyme

DOX — Doxorubicin

EMT - Epithelial-mesenchymal transition

EphA2 - Ephrin type-A receptor 2

ESCRT - Endosomal sorting complex required for transport
GM-CSF - Granulocyte-macrophage colony stimulating factor
H22 — Hepatoma 22

HEK — Human Embryonic Kidney cell line

HeLa — Human cervical carcinoma cell line

Hep2 — Human epithelial type 2 cell line

HNC — Head and neck cancer

HPLC - High performance liquid chromatography
Hsp — Heat shock protein

ILV — Intraluminal vesicles

Lamp2b — Lysosome-associated membrane protein 2
MAGE — Melanoma antigen gene

MDR - Multiple drug resistance

MHC - Major Histocompatibility Complex
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miRNA — Micro RNA

MNT-1 — Human melanoma cells

MRNA — Messenger RNA

MVB — Multivesicular body

NK — Natural killer cell

NP — Nanoparticle

nPES — Nanoplasmon-enhanced scattering
PBS — Phosphate buffered saline

PCR — Polymerase chain reaction

PEG — Polyethylene glycol

Pgp — P-glycoprotein

PI — Phosphatidylinositol

PI(3)P — Phosphatidylinositol-3-phosphate
PI3K — Phosphatidylinositol-3-kinase

PLP — Proteolipid Protein

PM — Plasma membrane

Pmell7 — Melanocyte protein

PTX — Paclitaxel

RNA — Ribonucleic Acid

RVG - Rabies viral glycoprotein

SEC - Size exclusion chromatography
siRNA — Small interfering RNA

SNARE - Soluble N-ethylmaleimide-sensitive fusion attachment protein receptor
TEX — Tumour-derived exosome

TRPP2 - Transient receptor potential polycystic 2

VAMP7 - Vesicle-associated membrane protein 7
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I. Introduction

Cancer remains one of the leading causes of death worldwide despite significant
therapeutic advancements and improved detection methods. The main characteristic of this
disease is the uncontrolled cell proliferation. There are several types of cancer, related to
different types of cell, with different behaviours and responses to treatment (Sarkar et al.,
2013). Several factors contribute to the development of this disease (diet, lifestyle, inherited
genes, infectious microorganisms, exposure to radiation and carcinogenic substances) (Anand
et al., 2008). Usual cancer treatments involve chemotherapy, radiation therapy and/or surgery.
Chemotherapy is considered the most effective therapy, however, treatment fails in several
situations where cancer cells show resistance to chemotherapeutic drugs. In fact, two of the
biggest threats to chemotherapy are related with multiple drug resistance and with treatment
toxicity (Mansoori et al., 2017). In this regard, therapies based in nanoparticles (NPs) are being
investigated, focused on efficient drug delivery methods, as a way to reduce adverse effects

and improve the chances of a successful treatment (Zhang et al., 2019).

In 1983, while observing the maturation of reticulocytes into erythrocytes, Johnstone
et al. reported that fusion of multivesicular bodies (MVBs) with the plasma membrane (PM)
led to the release of nanosized vesicles. Later, in 1987, these vesicles were named exosomes
(Johnstone et al., 1987; Pan and Johnstone, 1983). At first, it was believed that exosomes acted
as a cellular disposal system, helping in the removal of unnecessary proteins (Vlassov et al.,
2012). However, nowadays it is known that exosomes play an important role in extracellular
communication, capable of carrying proteins, nucleic acids and lipids (Kowal, Tkach and Théry,
2014). Taking advantage of their innate characteristics and functions, exosomes are being
investigated as potential therapeutic agents. As will be discussed, exosomes are capable of
triggering an immune response, opening ways for the development of vaccines in
immunotherapy. With the capability of targeting and recognizing proteins on a cell membrane,
they can also act as nanocarriers of drugs and nucleic acids for several pathologies, namely

cancer.

This review aims to describe the composition of exosomes, as well as give insight into
the underlying mechanism responsible for the origin of these vesicles. What could be simply
described as a form of exocytosis, is in fact a much deeper process. With the help of several
proteins working together as one complex, there are several steps involved in the

development of exosomes. Although there is still much to learn about this mechanism, there
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is already proof of other pathways that lead to the biogenesis of exosomes (Kosaka et al,

2010; Li et al., 2018; Stuffers et al., 2009).

Nowadays, there are many techniques used to obtain and purify exosomes. Some
techniques are more popular than others due to their accessibility and simpler methodology
(for example, centrifugation-based methods). Others, which present higher yields, are
associated with elevated costs. Depending on the goal of each study, one technique may be
preferable to another. For these reasons, several techniques were described, each with their

own advantages and disadvantages.

Due to the capability of exosomes to carry molecules, several advances have been
made in order to load exosomes with a desired drug or nucleic acid. It was therefore relevant
to summarize some of the most commonly performed loading strategies. The different
techniques were divided in pre- and post-loading methods, varying whether the exosome
loading occurs directly or indirectly. Like isolation techniques, loading techniques also have
advantages and disadvantages. These are mostly related to the drug loading capacity of the

method, and to the stress induced on the vesicles.

Knowledge of these techniques provides some background into the posteriorly
referred clinical applications. Several in vivo experiments were performed, using different
isolation and loading methodologies. Results of different investigations will be discussed,
evaluating the efficacy of exosome-based treatments using paclitaxel (PTX), small interfering

RNA (siRNA) and doxorubicin (DOX) (Kim et al., 2016; Wang et al., 2019; Yong et al., 2019).
2. Exosomes

2.1.Structure and Functions

Cells from the most diverse organisms are known to release extracellular vesicles,
which can be found in several biological fluids like blood, saliva, urine, lymph and breast milk
(Colombo, Raposo and Théry, 2014; Tamkovich, Tutanov and Laktionov, 2016). One of these
vesicles is the exosome, a particle of endocytic origin with a size ranging from 30-100nm
(Colombo, Raposo and Théry, 2014; Frydrychowicz et al, 2015; Théry, Zitvogel and
Amigorena, 2002). The morphology of these particles has been described as being “saucer-
like” (Théry, Zitvogel and Amigorena, 2002) or “cup-shaped” (Xiao et al., 2019), resembling a
flattened sphere (depending on the cells that originated them) (Ha, Yang and Nadithe, 2016;
Théry, Zitvogel and Amigorena, 2002; Xiao et al., 2019). Exosomes are lined with a lipid bilayer

that encloses cytosol from the secreting cells, and are composed by several lipids, proteins
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and nucleic acids. Like their morphology, the composition of exosomes is also influenced by
the parent cell that originated them (Colombo, Raposo and Théry, 2014; Frydrychowicz et al.,
2015; Ha, Yang and Nadithe, 2016).

Over the years, the protein composition of exosomes has been the subject of several
studies. According to ExoCarta, an online database regarding exosomes, 9769 proteins have
been identified in these systems (ExoCarta, 2020), such as adhesion molecules, major
histocompatibility complex (MHC) class | and Il proteins, cytosolic chaperone proteins (for
example, heat shock proteins (Hsp)) and metabolic enzymes (Conde-Vancells et al., 2008;
Février and Raposo, 2004). One of the most commonly found protein family in exosomes are
the tetraspanins (namely CD9, CD63, CD81| and CD82) (Andreu and Yanez-Mo, 2014; Théry,
Zitvogel and Amigorena, 2002). The tetraspanins are a superfamily of proteins with four
transmembrane domains and two extracellular segments (Charrin et al., 2009; Hemler, 2005).
These compartments are responsible for several processes that result in membrane fusion,
organization of large molecular complexes and even protein trafficking and signalling (Andreu
and Yanez-Mo, 2014; Théry, Zitvogel and Amigorena, 2002). Since the membrane of exosomes
is enriched with tetraspanins, they are considered excellent biomarkers (Andreu and Yahez-

Mé, 2014).

Another set of proteins present in the composition of exosomes are the Hsp. These
systems act as molecular chaperones in response to stress. Helping and maintaining an
appropriate folding of proteins, Hsp prevent the formation of protein aggregates. These
misfolded proteins could lead to the most diverse pathologies, such as neurodegenerative
disorders like Parkinson or Alzheimer’s disease (Clayton et al, 2005). The correct
manipulation of their biological activity could be the answer to develop new therapies for the
mentioned diseases or for several types of cancer (Ponomarenko, Stepanenko and Kolchanov,
2013). The expression of Hsp can be constitutive or induced due to stressful events (like
exposing a cell to higher temperatures) (Reddy et al, 2018). In an attempt to induce the
production of Hsp to be sorted into B-cell exosomes, Clayton et al. (2005), exposed the cell
line to high temperatures (42°C over 3 hours). In this study, it was concluded that there was
an increase both in B-cell exosomes secretion, as well as in the amount of produced Hsp.
Further analysis showed that the Hsp are encapsulated in the lumen of the exosomes. This
renders them unavailable to interact with Hsp receptors present at the surface of target cells
(Clayton et al., 2005), suggesting that other mechanisms could be involved in order to allow

the exosomal Hsp to interact with biological targets.
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Exosomes from antigen-presenting cells (APC) carry MHC class Il molecules (Théry,
Zitvogel and Amigorena, 2002), which could enable them to play a role in antigen presentation.
Raposo et al. (1996) documented that peptide-MHC class Il complexes present at the surface
of exosomes were able to stimulate T cells. It has also been shown that dendritic cells (DC)
produce exosomes with MHC class | molecules and CD86, giving them the potential to induce

a response from CD8+ T-Cells (Bobrie et al., 201 |; Théry, Zitvogel and Amigorena, 2002).

Regarding their lipid composition, exosomes have resemblances with lipid rafts
(Colombo, Raposo and Théry, 2014; Skotland et al., 2019) — microdomains expressed at the
PM with elevated content of sphingolipids, cholesterol and phospholipids (Hemler, 2003).
According to studies, in comparison with their parent cells, exosomes are usually enriched 2-
3 times more in sphingomyelin, cholesterol, phosphatidylserine and glycosphingolipids, with
values varying with each type of originating cell (Skotland et al., 2019; Subra et al, 2007).
Besides their structural function in the PM and role in the formation of exosomes, lipids could
also have an influence on the function of these particles in the body, making them important
targets for future studies, as to better understand how exosomes work and how to easily

manipulate them as therapeutic agents (Skotland et al., 2019; Subra et al., 2007).

Besides their protein and lipid composition, exosomes also act as carriers of nucleic
acids, namely messenger RNA (mRNA) and microRNA (miRNA) (Qin and Xu, 2014). miRNAs
are small, non-coding RNA molecules, that can regulate the expression of genes and
complementary mRNAs, playing a role in cellular development, proliferation and apoptosis
(Ambros, 2004; Gusachenko, Zenkova and Vlassov, 2013; Qin and Xu, 2014). The transfer of
nucleic acids by exosomes from one cell to another can influence cells on an epigenetic level
and lead to an exchange of features between cells, since receiving cells are getting RNA of
proteins that wouldn’t be normally expressed in them (Gusachenko, Zenkova and Vlassov,
2013; Qin and Xu, 2014). Like other cell types, cancer cells can also release exosomes, and
with them, their own nucleic acids. Melo et al., studied the effects of miRNAs transported by
breast cancer cells-derived exosomes. In this study, it was suggested that these molecules have
the capacity to induce the formation of tumours on cells that would otherwise be considered
healthy (Melo et al., 2014). As alarming as it may be, these conclusions shed a light on cancer
diagnostic and treatment methods, with the possibility of using miRNAs transported by
exosomes as biomarkers in melanoma, breast cancer or lung cancer (Frydrychowicz et al.,
2015; Gusachenko, Zenkova and Vlassov, 2013). Such mechanisms could be adapted in our
advantage, using exosomes as vectors in genetic therapy, loading specific sets of nucleic acids

to use them as carriers between cells (Valadi et al., 2007).
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Due to their composition (see Figure 1), exosomes act as nanocarriers in the transfer
of macromolecules around the organism. They have a fundamental role as mediators in cell to
cell communication, whether cells are close or far distant between each other (Li et al,, 2018;
Qin and Xu, 2014). These nanosystems are capable of eliciting biological responses like
expression/suppression of proteins, induce immune responses or modulate cancer

progression (Andreu and Yanez-Mo, 2014; Kalluri and LeBleu, 2020).
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Figure 1 — Structure and Overall Composition of an
Exosome. (Adapted from Colombo et al., 2014)

2.2.Biogenesis

As previously mentioned, exosomes are considered extracellular vesicles with an
endocytic origin (Colombo, Raposo and Théry, 2014). When a cell membrane site is
invaginated, due to the ubiquitination of surface receptors, it leads to the formation of early
endosomes (Tamkovich, Tutanov and Laktionov, 2016). As they mature, there is a gradual
increase in size and change in their content, mostly due to the accumulation of intraluminal
vesicles (ILV). They eventually become late endosomes, also referred to as MVBs
(Frydrychowicz et al., 2015; Stoorvogel et al., 2002). After their maturation, MVBs usually fuse
with lysosomes, leading their contents to lysosomal degradation. However, in a process that
still is not quite understood, the membrane of MVBs can fuse with the PM of the cell, leading
to the release of the ILVs they accumulated, which are now called exosomes (Andreu and
Yanez-Mo, 2014; Frydrychowicz et al,, 2015; Hanson and Cashikar, 2012; Stoorvogel et al.,
2002).
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One of the most studied mechanisms for the formation and cargo sorting of ILVs into
the MVBs involves the endosomal sorting complex required for transport (ESCRT)
(Frydrychowicz et al., 2015; Li et al., 2018). The ESCRT family is composed by almost twenty
proteins, distributed by four multiprotein complexes (ESCRT-0, ESCRT-1, ESCRT-II AND
ESCRT-III), plus accessory protein Vps4. All of them are involved in the biogenesis of
exosomes, transporting ubiquitinated proteins on the membrane of endosomes, clustering
them, so they can later be included in a newly formed vesicle, inside the endosome (Andreu
and Yanez-Mo, 2014). The discovery of the ESCRT machinery began after the identification of
several genes in Saccharomyces cerevisiae yeast, classified as “Vps” genes, whose proteins had
the capacity to form complexes and mediate protein trafficking through endosomes (Henne,
Buchkovich and Emr, 201 1). Since then, the human analogues of these proteins have been

discovered and categorized according to the ESCRT complex (see Table I).

Table | — The ESCRT proteins in Saccharomyces cerevisiae yeast and corresponding human
analogue. (Adapted from Hanson & Cashikar, 2012; Henne et al,, 201 1)

Complexes Yeast Human
Vps27 Hrs
ESCRT-0
Hsel STAMI,2
Vps23 TsglOl
Vps28 Vps28
ESCRT-I i i
Vps37 Vps37A,B,C, D
Mvb12 Mvbi2 A, B
Vps36 EAP45
ESCRT-II Vps22 EAP30
Vps25 EAP20
Vps20 CHMPé6
Snf7 CHMP4 A B, C
ESCRT-III
Vps24 CHMP3
Vps2 CHMP2 A, B
Vps4 Complex Vps4 Vps4 A, B

Sites of the cell membrane start forming early endosomes when proteins at their
surface are ubiquitinated. Due to the action of Vps34, or class lll Phosphatidylinositol-3-Kinase

(P13K), the lipid phosphatidylinositol (Pl), present at the surface of the cell and the endosome,
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is phosphorylated into phosphatidylinositol-3-phosphate (PI(3)P) (Hurley, 2010). The presence
of PI(3)P acts as a recognition signal with specificity for the Hrs protein, recruiting the ESCRT-
0 complex which binds to the ubiquitinated proteins at the surface of the endosome, initiating

cargo sorting into the MVBs (Henne, Buchkovich and Emr, 201 |; Stoorvogel et al., 2002).

After binding with proteins, the ESCRT-0 begins to cluster and sequester them and,
due to the Hrs subunit, binds itself with a Tsgl 01 unit from ESCRT-I, who proceeds to recruit
the ESCRT-II complex via Vps28/Vps36 binding (Henne, Buchkovich and Emr, 201 1). ESCRT-
| and ESCRT-II work together to create buds and stabilize vesicle necks, opening way for
ESCRT-Ill to promote the budding process and cleaving inward budding vesicles. These
vesicles are released into the lumen of the endosome, originating ILVs (Wollert and Hurley,
2010; Zhang et al., 2019). Unlike the other three complexes, ESCRT-III exists in the cytosol as
inactive monomers instead of an active complex, and depends on ESCRT-II to be activated (in
yeasts, ESCRT-II protein Vps25 binds to Vps20, and afterwards Snf7, Vps24 and Vps2 bind to
each other, sequentially) (Hanson and Cashikar, 2012; Hurley, 2010). The exact cleaving
mechanism is not fully understood, however, it is known that Snf7//CHMP4 is responsible for
recruiting the degradation of alpha-4 (Doa4) enzyme. This enzyme is responsible for the
removal of ubiquitin from the cargo of MVBs, allowing them to be sorted and incorporated in
vesicles (Babst, 2005; Katzmann, Odorizzi and Emr, 2002). Before the process is completed,
the ESCRT-Ill complex is disassembled and recycled back to the cytosol after binding with the
Vps4 ATPase enzyme, in a process that requires adenosine triphosphate (ATP) (See Figure 2)
(Frydrychowicz et al., 2015; Hanson and Cashikar, 2012; Hurley, 2010).

ESCRT-IlIl components

Snf7 D D Vps24
VpsZOQ (Jves2

ESCRT-III Vps4-dependent
assembly Vps4 dissociation
Ubiquitin ~ [NATP
ESCRT-0 removal ATP
—> (ESCRT-)) —» YL XL xtl) Endosomal
50 ESCRT-II UblU membrane
CPS \
PI(3)P /
Endosome
GPCR

Figure 2 — Overall mechanism of the ESCRT during MVB sorting. (Adapted
from Katzmann, Odorizzi and Emr, 2002)
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Even though the ESCRT pathway is considered a key mechanism in the biogenesis of
MVBs, there is evidence of ESCRT-independent mechanisms. Stuffers et al. (2009) depleted
cells of Hrs, Tsgl01, Vps22 and Vps24, subunits of each ESCRT complex, in order to evaluate
the production of MVBs and secretion of exosomes in the absence of ESCRT proteins. After
transfecting siRNA against the mentioned proteins, using Hep-2 and Hela cells, the integrity
of the ESCRT complex was lost, however, MBVs were still being formed, suggesting the

existence of ESCRT-independent mechanisms (Stuffers et al., 2009).

One of the supposed mechanisms involved in MVBs formation revolves around
tetraspanins, namely, CDé63 (Charrin et al, 2009), who, unlike other proteins of the
tetraspanins family, is abundantly found intracellularly in ILVs of late endosomes (Pols and
Klumperman, 2009). The melanosomal protein Pmell7 (essential in the maturation of
melanosomes) is transported into ILVs without the need for ubiquitination and, therefore,
does not need to be sorted by the ESCRT complex (Theos et al., 2006). After depleting CD63
in MNT-1 cells with CDé63-specific siRNA, there was a reduction of ILVs on endosomes, with
consequent impairment of melanosome maturation (Niel, van et al, 2011), suggesting an

important role for CDé63 in ESCRT-independent mechanisms.

Besides proteins, lipids also seem to play a role when it comes to generate ILVs without
the ESCRT machinery (see Figure 3). Ceramide has been the subject of several studies, as to
better understand the way it works. Studying the endosomal trafficking of the proteolipid
protein (PLP), it was observed that the ESCRT complex was not involved in PLP sorting after
using siRNA to knock down Hrs, TsglOI or Vps4 coding genes. In the absence of ESCRT, ILVs
containing PLP were still being formed, with a high concentration of sphingolipids in the
vesicles (Trajkovic, 2008). Sphingomyelinases remove the phosphocholine group of
sphingomyelin leading to the formation of ceramide. In order to analyse the role of ceramide
in PLP vesicle sorting and exosome biogenesis, Oli-neu cells (mouse oligodendroglial cells)
were treated with sphingomyelinase inhibitor GW4869. Other inhibitors were used,
spiroepoxide and glutathione. The same effect could be observed in the three tests, with a
marked decrease of exosome secretion from the cells, concluding that ceramide is also
involved in ESCRT-independent ILV formation (Trajkovic, 2008). A similar study was
performed in Human Embryonic Kidney (HEK) 293 cells to prove that miRNA secretion
depends on ceramide. First, it was evaluated if extracellular miRNA is contained in exosomes
by adding RNases to the medium. After the cells were incubated with the RNases, miRNA
could still be detected. Exosomes play an important role in protecting carried molecules from

external threats. Afterwards, two tests were performed, one with GW4869 and another with
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siRNA to knock down the expression of sphingomyelinase. It was concluded that depletion of
ceramide lead to a decrease of both exosomes and miRNA in the extracellular medium. The
exact mechanism of how miRNAs are sorted into exosomes is still unknown, however, an
ESCRT-independent mechanism involving ceramide could be responsible for this phenomena

(Kosaka et al., 2010).

Several studies are trying to discover more about how MVBs fuse with the PM and
release exosomes to the extracellular microenvironment. Two groups of proteins seem to be
a part of this mechanism, small GTPases of the RAB family and sets of soluble N-
ethylmaleimide-sensitive fusion attachment protein receptors (SNAREs) (Colombo, Raposo
and Théry, 2014). The use of small-hairpin RNA (shRNA) to knock down Rab proteins (Rab2b,
Rab9%a, Rab5a, Rab27a and Rab27b) led to an inhibition of exosome secretion in Hela cells
(Ostrowski et al., 2010). A focused analysis on proteins Rab27a and Rab27b led to the
discovery that these two proteins are involved in MVBs distribution to the cell periphery, after
using total internal reflection fluorescence microscopy to observe MVBs. Silencing of the
Rab27 proteins caused a reduction of fusion events between the MVBs and the PM, but also
led to an increase in MVBs size, suggesting that in the absence of these proteins, MVBs could
fuse with each other or form complexes with other vesicles, preventing them from docking

with the PM (Ostrowski et al., 2010).
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Figure 3 - Several machineries involved in the biogenesis of
exosomes. (Adapted from Kowal, Tkach and Théry, 2014)

Over the years, several studies have proven the involvement of SNAREs in vesicle
fusion with the PM, for example, in lysosomal exocytosis (Rao et al, 2004). However, the
SNARE complexes that intervene in that process could be different from the SNAREs involved
in fusion of the MVB with the PM (Bobrie et al, 201 1). Fader et al. (2009) observed that the
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vesicle-associated membrane protein 7 (VAMP7), a member of the SNARE family, was
necessary for the fusion of MVBs with the PM, leading to exosome secretion. Inhibition of
these protein in K562 cells (myeloid leukaemia cell line) led to a decrease in exosome
secretion (Fader et al., 2009). In another study, Proux-Gillardeaux et al. (2007) concluded that
inhibition of VAMP7 on Madin-Darby canine kidney cells impaired lysosome secretion but had
no influence on exosome release (Proux-Gillardeaux et al, 2007). Although contradictory,
these results do not discard the role of SNAREs in the biogenesis of exosomes, but instead
suggest that different cell types could require other proteins from the SNARE family. Further
studies should be conducted to better understand how these molecules work (Colombo,

Raposo and Théry, 2014; Kowal, Tkach and Théry, 2014).

2.3.Exosome-like endogenous nanosystems

Prolonged cancer therapies cause systemic toxicity and healthy cell damage, limiting
the efficacy of cytostatic drugs (Jang et al., 201 3; Schiff et al., 2009). New drug delivery systems
based in NPs could be a way to reduce side effects and improve the treatment of patients.
These nanosystems can target tumours while protecting the drug from degradation and
enhancing endocytosis and drug uptake in the cells (Jang et al., 2013; Peer et al., 2007). Due to
flawed angiogenesis and poor lymphatic drainage in tumour cells, nanocarriers accumulate
around the blood vessels of the tumours due to the enhanced permeability and retention
effect (Peer et al., 2007). Also, some nanosystems (such as exosomes) can actively target cells
by recognition of surface proteins or other biomolecules. Unfortunately, synthetic
nanosystems have the disadvantage of being recognized and eliminated by the
reticuloendothelial system (Batrakova and Kim, 2015). On the other hand, NPs like exosomes
have an endogenous nature making them perfect candidates for drug delivery due to their

stability, low immunogenicity and biocompatible properties (Yong et al., 2019).

The composition of exosomes gives them an innate ability to target other cells, and
their structure allows the encapsulation of molecules that can be delivered to such cells.
However, cells release exosomes in relatively low amounts and current purification methods
can be inefficient, obtaining low yields (Jang et al., 2013). This issue led to several studies with
the objective of directing exosomal targeting and to formulate nanocarriers with the same

characteristics of exosomes, enhancing their therapeutic effect.

As previously referred, exosomes can target cells based on their molecular
composition. Such targeting ligands can, however, be artificially modified (Luan et al,, 2017).

One method commonly used to engineer desired targeting ligands on exosomes revolves
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around plasmid transfection. Alvarez-Erviti et al. (201 ) transfected plasmids encoding Lamp2b
constructs into DCs. One of these constructs was comprised by the rabies viral glycoprotein
(RVG) peptide, that binds to acetylcholine receptors. After purification of the exosomes,
quantitative PCR assay confirmed the expression of RVG-Lamp2b complexes on the surface
of the dendritic cell-derived exosomes. Using fluorescence microscopy, it could be observed
that the exosomes targeted neuronal cells (microglia, oligodendrocytes and neurons). The

method used for exosomal targeting was, therefore, successful (Alvarez-Erviti et al., 201 1).

Since the amount of exosomes released by cells is low, Jang et al. (2013) studied a
technique to obtain high amounts of exosome-like nanovesicles. Monocytes and macrophages
were loaded with DOX, a chemotherapeutic drug. In an extrusion process, the cells were
passed through filters with different pore sizes (from 10um to Ium). The obtained products
were nanovesicles with the same protein composition of the PM of the cells they derived,
similar to the composition of exosomes released by the same cells. The protein content
(analysed by western blotting) of exosomes and the
obtained nanovesicles revealed the presence of
CDé63, TsglOl, Moesin and Beta-actin in both

50 kDa
particles (see Figure 4) (Jang et al., 201 3).

In the same study, mice were transplanted with

Tsg101 45 kDa

CT26 cells (a colorectal carcinoma cell line that
causes tumours when introduced in mice). After
tumour growth was observed, the mice were Moesin 75 kDa
administered with the exosome-like nanovesicles

loaded with DOX. Tumour reduction could be gata actin 50 kDa

observed and there was no reported decrease of
Figure 4 — Western blot results
comparison between the
these promising results in terms of therapeutic nanovesicles (NV) and exosomes
(EXO). (Adapted from Jang et al.,
2013)

body weight and white cells count. In addition to

efficacy, the yield of the exosome-like particles was
about 100-fold higher than the quantity of naturally
released exosomes (Jang et al, 2013). Hence, the method used for obtention of exosome

mimics is a great alternative to study the effects of these particles as drug delivery systems.
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2.4.Immunotherapeutic Potential of Exosomes

As approached before, due to their composition, exosomes could elicit some sort of
immune response. Tumour-derived exosomes (TEXs) carry a various array of proteins — such
as MCH class | and Il, CD9, CD63 — including tumour specific antigens (Naseri et al., 2020).
Due to their composition, TEXs can initiate a tumour-targeted immune response. DCs
recognize and process antigens from TEXs, presenting them to helper T lymphocytes, and
causing their activation. Besides this, TEXs can stimulate Natural Killer (NK) cells. Incubation
of Hsp70-expressing TEXs and CD94+ NK cells, stimulates activation of NKs and release of

granzyme B (Naseri et al., 2020).

In contrast, TEXs can also have an immunosuppressant effect. For example, the
presence of TGF-Bl and galectin-l1 produce a suppressive effect in CD4+ and CD8+ T
lymphocytes (Naseri et al, 2020). In addition, TEXs are known to be involved in tumour
progression, aiding the process of angiogenesis and metastasis, and inhibiting cancer cells

apoptosis (Torre Gomez et al., 2018).

When it started being employed, Chimeric Antigen Receptor T (CAR-T) cell
immunotherapy became a promising oncologic therapeutic. Using a viral vector, T cells can be
recombined with a specific antigen receptor. Through this method, T lymphocytes are targeted
more precisely to a certain tumour-associated antigen, obtaining a more effective cytotoxic
response (Tang et al., 2015). Unfortunately, there are still many limitations associated with this
method. Since CAR-T cells are active, they can expand uncontrollably. Usually, ten days after
CAR-T cell infusion, two thirds of the patients experience an adverse effect called cytokine
release syndrome (CRS). CRS is caused by an uncontrollable release of cytokines by the
modified T cells (Tang et al, 2015). A way to surpass this effect would be with CAR-T cell
derived exosomes. These exosomes, which are released by CAR-T cells, retain the therapeutic
capacity of their parent cells. Administrating CAR-T cell derived exosomes would enable

control of the in vivo expansion that CAR-T cells go through. In this sense, CRS could be

avoided (Dutta, 2020).

So far, CAR-T cell therapy has only proved itself efficient in haematological conditions
(such as lymphomas). Owning to their nanometric size, CAR-T cell derived exosomes can
easily cross the blood-brain barrier or tumour cell membranes. This particularity could abroad

CAR-T therapeutic applications to other pathologies (Dutta, 2020; Tang et al., 2015).
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3. Isolation Techniques

3.1.Traditional Methods

Due to their composition and functions, exosomes have gained attention as potential
tools in diagnosis and treatment of oncologic diseases. Although there is no standardization
when it comes to exosome isolation, several methods have been developed to facilitate their

extraction (Lobb et al,, 2015; Yu et al., 2018).

The following topics give insight into some techniques applied for exosomal extraction,
as well as the advantages and disadvantages behind each method. In order to obtain exosomes
of higher purity, some of these techniques are performed sequentially (Kamerkar et al,, 2017).
To confirm the obtained particles after each procedure, it is common to perform western

blot and/or flow cytometry analysis (Li et al., 2017; Szatanek et al., 2015).

3.1.1. Differential Centrifugation/Ultracentrifugation

In centrifugation, particles in a sample are subjected to a centrifugal force. This causes
the sequential sedimentation of particles, according to their size and density, with
heavier/bigger particles depositing first (Li et al, 2017; Yu et al, 2018). In differential
centrifugation, three successive centrifugations are performed with increasing centrifugal
forces and durations, aiming to remove cells, cellular debris and macromolecules from the rest
of the sample (Yu et al., 2018). The three centrifugal forces and durations are 300 x g for 10
minutes, 2.000 x g for 10 minutes and 10.000 x g for 30 minutes, respectively (Szatanek et al,
2015). Between each sequence, the supernatant is aspired (Li et al., 2017). After the differential
centrifugation is performed, there comes a step of ultracentrifugation, applying forces of
100.000 x g for 70 minutes, causing the exosomes to pellet. This step can be repeated, by
carefully removing the supernatant and re-suspending the exosome pellet in phosphate
buffered saline (PBS), subjecting it to another centrifugation (Li et al., 2017; Szatanek et al,
2015; Yu et al,, 2018).

The method of differential centrifugation/ultracentrifugation is the most widely used
when it comes to exosome isolation (Yu et al., 2018). It is considered as being easy to perform
and not requiring much technical expertise nor sample pre-treatment. In terms of
disadvantages, the extreme forces applied in ultracentrifugation could damage the exosomes,
making them unviable for further testing. Some nanovesicles tend to be trapped by bigger

particles during centrifugation and lost during supernatant aspiration, resulting in low yields

(Lobb et al., 2015).
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3.1.2. Density Gradient Centrifugation

A variation of ultracentrifugation is the method of density gradient centrifugation. In
this technique, the obtained supernatant from a differential centrifugation is placed in a density
gradient medium (Li et al,, 2017). A sucrose gradient medium is commonly used, being built
into an ultracentrifuge tube. Instead of sucrose, an iodixanol gradient can also be used, with
reported improvements when it comes to separate nanovesicles from viral particles (Cantin
et al., 2008). The density of the medium increases linearly from top to bottom, and after
applying a centrifugal force, the particles in the sample separate themselves based on their
densities (Li et al., 2017). The sample is placed on the top of the density gradient and ultra-
centrifuged at 100.000 — 200.000 x g for long periods of time ranging from one to five hours,
and with some studies even going as far as |6 hours (Kamerkar et al, 2017; Szatanek et al.,
2015). As mentioned, the particles in the sample sediment themselves along the medium until
they reach a density equal to their own, the isopycnic position (Li et al., 2017). For exosomes,
that density is between 1.10 g/mL to 1.19 g/mL (Szatanek et al,, 2015; Yu et al,, 2018). The

particles of interest can then be extracted by simply collecting the fractions of the suspension.

Unlike the traditional method for ultracentrifugation, this approach prevents the
mixture of exosomes with residual proteins or previously separated particles. Having higher
separation efficiency, this technique leads to the obtention of exosomes with higher purity (Li
et al, 2017; Yu et al, 2018). Regardless of the efficiency of the method, it is more complex in
terms of technique, requiring the preparation of the density gradient medium, and having more
costs associated. Additionally, the process itself requires more time to be performed than

traditional ultracentrifugation (Yu et al., 2018).

3.1.3. Immunoaffinity isolation techniques

The surface of exosomes is covered by proteins and other macromolecules. These
molecules can be targeted by corresponding ligands, similar to antigen-antibody interactions
(Li et al,, 2017). A method for isolation of exosomes has emerged based on the immunoaffinity
between their proteins. Immunoaffinity isolation of exosomes uses magnetic beads coated with
monoclonal antibodies. These antibodies specifically target proteins present at the membrane
of exosomes, such as CD9, CD63 and CD8|I (Tauro et al,, 2012; Yu et al., 2018). The magnetic
beads are added to a sample and attach themselves to the exosomes. After applying a magnetic
force, the magnetic beads are retained and the rest of the sample is discarded, remaining the
exosomes attached to the beads (Yu et al., 2018). This method allows targeting of exosomes

derived from specific cells with unique markers. Mathivanan et al., (2010) used this technique
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to isolate exosomes derived from LIMI215 cells, a colorectal carcinoma cell line. In order to
capture the exosomes, they used beads coated with A33 antibodies. A33 is a protein
commonly expressed in colon epithelial cells. It was safe to assume that exosomes released
from LIMI215 cells would express the A33 protein and be targeted by the A33-antibody

coated beads (Mathivanan et al., 2010).

After binding to the exosomes, it is difficult to remove the magnetic beads, limiting the
use of the exosomes for further studies (Yu et al., 2018). Also, the reagents necessary for this
technique are associated with high costs, limiting the accessibility of the method. To avoid
interference, cells and cell debris have to be absent from the sample. This implies the need to

previously perform other isolation techniques (Li et al., 2017; Mathivanan et al., 2010).

3.1.4. Size Exclusion Chromatography (SEC)

The basis of SEC is sorting particles of a sample according to their size. The particles
move across a column that contains the stationary phase, a porous gel (Szatanek et al., 2015).
Based on their sizes, the particles will move across the column at different rates. Since larger
particles cannot penetrate through the pores of the stationary phase, they are eluted first by
the mobile phase (Li et al,, 2017). Smaller particles are retained, meaning that they are eluted
more slowly. Afterwards, the eluted fraction containing exosomes is collected (Szatanek et al,
2015). Prior to the SEC, it is common to perform a low speed centrifugation to remove larger
components from the sample, like cells, cell debris and macromolecules. The sample is also

filtered in order to concentrate extracellular vesicles (Szatanek et al., 2015).

Exosomes obtained by SEC show size uniformity and high purity. Unfortunately, this
method requires extensive equipment with high costs, rendering it unsuitable to many
laboratories. In addition, SEC is associated with long running times (Szatanek et al, 2015; Yu

et al,, 2018).

3.1.5. Hydrophilic Polymer Precipitation

Polyethylene glycol (PEG) is a polymer commonly used to precipitate macromolecules,
proteins, nucleic acids, viruses and other particles (Konoshenko et al, 2018). Due to their
hydrophilic nature, PEGs complex with water molecules forcing less soluble components to
precipitate (Li et al, 2017). The common procedure starts with incubating the sample with a
precipitating solution at 4°C, followed by low speed centrifugation (1500 x g) (Konoshenko et

al., 2018). The pelleted exosomes can then be re-suspended in PBS (Konoshenko et al., 2018).
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This technique is simple, fast, easy to execute, and does not deform the exosomes.
Several precipitating kits specialized for exosome precipitation are commercially available,
however, are associated with high costs (Yu et al, 2018). Cells and cell debris have to be
removed from the sample to avoid interference. Like the exosomes, proteins, nucleic acids
and other particles present in the sample can precipitate after incubation with PEG
(Konoshenko et al., 2018). Therefore, it could be necessary to perform additional techniques

to minimize the presence of impurities (Konoshenko et al,, 2018; Li et al., 2017).

3.2.Novel Methods

Although widely used, traditional methods still present many limitations: long running
times, methods associated with high costs and damages to the integrity of the nanovesicles. In
recent years, new techniques have been developed to isolate and identify exosomes,

attempting to surpass some disadvantages of traditional methods (Yu et al.,, 2018).

3.2.1. Stirred Ultrafiltration

The principle of stirred ultrafiltration is similar to traditional membrane filtration.
Particles in a sample are separated depending on their size. Based on the pore size of the
ultrafiltration membrane, exosomes and small molecules pass through the filter along with the
solvent (Yu et al., 2018). The sample is subjected to constant stirring, to prevent the membrane
from becoming clogged by bigger particles that were retained. It is also required an external
source of pressure, usually nitrogen, to push the sample through the filtration membrane.

Afterwards, the ultrafiltration membrane is usually rinsed with PBS (Lobb et al., 2015).

This method allows the purification of large volumes of sample, obtaining large amounts
of exosomes in little time. In comparison to the forces applied in ultracentrifugation, there is
a lowered risk of damaging the integrity of exosomes when using this technique (Yu et al.,
2018). However, the membrane only discriminates particles based on their size. Small
molecules and other particles can pass through the filter, diminishing the purity of the isolate

(Li et al., 2017).

3.2.2. Nanoplasmon-Enhanced Scattering (nPES)

The purpose of nPES is not directed to exosome isolation in the same way as the
previously mentioned methods. The main goal of this technique is to detect and quantify
exosomes present in a sample in a rapid, sensitive and specific way (Yu et al, 2018). The
methodology resembles an enzyme-linked immunosorbent assay (ELISA). A sensor chip is

coated with antibodies against typical exosomal markers (for example, CD8I) (Liang et al.,
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2017). When a sample is added to a well, exosomes that express the marker are retained and
accumulated in the wells. Afterwards, gold NPs, also coated with exosomal markers
(antibodies for CD9 or CDé3), are added to the medium. According to their size and shape,
the gold NPs scatter light at different wavelengths. The sensor chip is then placed under a dark
field microscope to analyse the light scattering (Liang et al., 2017). Based on the scatter area,

the amount of exosomes can be quantified (Yu et al., 2018).

Liang et al.,, (2017) observed that exosomes secreted by pancreatic cancer cells express
the ephrin type-A receptor 2 (EphA2). In this study, they used antibodies for EphA2 and used
nPES to identify exosomes bearing this protein. This method successfully detected EphA2-
expressing exosomes. In addition to this, it was also possible to quantify exosomes of patients
with pancreatic cancer, and compare results with post-treatment samples (Liang et al., 2017).
Besides diagnosis, the nPES technique could give insight into the success rate of oncologic

treatments by monitoring exosomes expressing oncologic markers (Liang et al., 2017).
4. Exosome Loading Strategies

Some exosomes naturally function as cargo deliverers from one cell to another. Taking
advantage of this ability, these particles can be artificially loaded with drugs and nucleic acids.
The several existing techniques can be divided in pre-loading and post-loading methods. In
pre-loading methods, the exosomes are indirectly loaded with the drug, unlike post-loading

methods.

4.1.Pre-Loading Methods
4.1.1. Incubation with Donor Cells

In this technique, parent cells are incubated with a drug at room temperature. When
the cells release extracellular vesicles, like exosomes, these are loaded with the drug (Luan et
al, 2017). Although relatively simple to execute, this method does not allow to evaluate the

loading efficiency of the drug (Antimisiaris, Mourtas and Marazioti, 2018).
4.2.Post-Loading Methods
4.2.1. Incubation with Exosomes

Extracted and purified exosomes are incubated with a drug, similarly to the previous
method. Due to the concentration gradient, the drug molecules diffuse into the exosomes

(Luan et al,, 2017).
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Both incubation techniques, considered passive methods to load drugs into
nanosystems, are simple to execute (Luan et al, 2017). However, due to the hydrophobic
interactions between certain drugs and the lipid bilayer of the nanovesicles, the loading

efficiency is relatively low (Luan et al., 2017).

4.2.2. Electroporation

In electroporation, exosomes are placed in a conductive solution and subjected to an
electrical field (Luan et al., 2017). The applied current causes the phospholipid bilayer of the
exosomes to rearrange, forming small pores in their membrane (Luan et al, 2017). The
presence of these pores leads to the diffusion of drugs and/or nucleotides to the interior of
the exosomes. After the loading process is completed, the integrity of the PM is restored

(Antimisiaris, Mourtas and Marazioti, 2018).

Electroporation is the selected method to encapsulate nucleotides. siRNA is negatively
charged and cannot diffuse through the hydrophilic shell of the PM (Wahlgren et al,, 2012).
Nevertheless, if an optimized buffer is not used, electroporation could cause RNA aggregation
and disrupt the stability of the exosomes, reducing the loading efficiency (Antimisiaris, Mourtas
and Marazioti, 2018). Johnsen et al. (2016) suggested the use of a trehalose containing buffer

to maintain the integrity of the exosomes.

4.2.3. Sonication

This technique uses ultrasonic frequencies to agitate particles in a suspension. The
exosomes are mixed with the drug and a probe sonicator induces deformation of the PM of
the nanovesicles (Antimisiaris, Mourtas and Marazioti, 2018). While the membrane is
deformed, drugs diffuse inside the exosomes. The integrity of the membrane is reported to

be restored about an hour after the sonication process (Kim et al., 2016)

Kim et al. (2016) loaded exosomes with PTX using different methods: incubation with
free exosomes, electroporation and sonication. The obtained exosome-PTX nanosystems
were purified using SEC and analysed by high performance liquid chromatography (HPLC) to
evaluate the loading efficiency of each method (Kim et al, 2016). They concluded that
sonication loaded higher amounts of PTX into the exosomes, followed by electroporation and

drug incubation with free exosomes (Kim et al., 2016).
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4.2.4. Freeze/Thaw Cycles

In this method, exosomes are incubated with the drug. Afterwards, they are rapidly
frozen at -80°C and thawed at room temperature (Antimisiaris, Mourtas and Marazioti, 2018).
In each cycle, the PM is disrupted, allowing drug molecules to diffuse inside the exosomes
(Costa, Xu and Burgess, 2014). The cycles are repeated several times to achieve equal drug

concentrations inside and outside the nanovesicles (Costa, Xu and Burgess, 2014).

Considering loading capacity, this method is lower than other techniques. such as

electroporation or sonication (Luan et al., 2017).

4.2.5. Saponin Assisted Incubation

In this methodology, exosomes are incubated with the drug and saponins. Saponins are
surfactant molecules that form complexes with cholesterol, present in the PM of exosomes,
generating pores (Luan et al,, 2017). This increase in permeability allows for easier loading of

hydrophilic molecules, when compared to simple incubation (Fuhrmann et al,, 2015).

The exact mechanism how saponins interact with cholesterol is not yet to be
understood. However, they interact the same way with cholesterol on the PM of red blood
cells (Podolak, Galanty and Sobolewska, 2010). This fact could be quite harmful when used in
in vivo studies, due to the haemolytic activity of saponins. When using this technique, saponin
concentrations should be minimal, and exosomes have to be thoroughly washed after being

incubated with saponins (Podolak, Galanty and Sobolewska, 2010).
5. Exosomes as Nanosystems of Nucleic Acids and Drugs

5.1.Paclitaxel

PTX is one of the mostly used anticancer drug. It is naturally found in the bark of Taxus
brevifolia, although, new extraction methods have been developed to obtain this drug (Zhu and
Chen, 2019). PTX promotes the assembly of tubulin into microtubules, stabilizing the
microtubules and inhibiting their dissociation. Since the microtubules do not dissociate, cell
cycle progression is blocked, inhibiting the growth of cancer cells (See Figure 5) (Weaver,

2014).
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Figure 5 — Representation of how PTX promotes microtubule
stabilization. (Adapted from Fong, Durkin and Lee, 2019)

PTX has been used in the treatment of several types of cancer, namely colorectal,
ovarian, breast or lung cancer (Weaver, 2014; Zhu and Chen, 2019). The efficiency of PTX
and other chemotherapeutic drugs is being limited by the emergence of multiple drug
resistance (MDR) (Liu et al, 2018). The overexpression of ATP-binding cassette (ABC)
transporters, namely, the drug efflux P-glycoprotein (Pgp) transporter, is one of the
mechanisms mediating MDR in cancer cells (Kim et al., 2016). To overcome MDR, Kim et al.

(2016) evaluated oncological treatment efficiency of PTX-loaded exosomes.

The exosomes used in this study were extracted from a murine macrophage cell line,
using a precipitating polymer (ExoQuick-TC™ kit) (Kim et al., 2016). As previously mentioned,
three loading methods were tested in order to evaluate the loading capacity of each technique.
The exosomes loaded with PTX were purified using SEC and analysed by HPLC. The exosome-
PTX complex obtained by sonication was used for further studies since it showed better values

of loaded PTX (Kim et al., 2016).

To evaluate the antineoplastic effect of exosome-PTX complex, a Lewis Lung
Carcinoma mouse model was used. Using a Lentiviral vector, 3LL-M27 cells (a carcinoma cell
line with overexpression of Pgp) were transfected in order to encode fluorescent proteins.
As such, tumoral growth can be accompanied via fluorescence imaging techniques (Kim et al,

2016).

The mice were administered intravenously with the modified 3LL-M27 cells. The
carcinoma cells were allowed to establish for 48 hours. To begin the treatment, the mice were

split through different groups, being administered with saline, free PTX and with the exosome-
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PTX system, respectively (Kim et al, 2016). Tumour progression was accompanied by
monitoring and quantifying the chemiluminescent signal emitted by the modified carcinoma
cells. In vivo images show the progression of the metastasis in the different treatment groups
(Figure 6). 22 days after the administration of the 3LL-M27 cells, the mice were sacrificed.
Lung sections were observed via confocal microscopy (Figure 7). Mice administered with saline
present the biggest tumour growth. Both free PTX and exosome-PTX complex inhibit tumour
progression. When comparing PTX based treatments, the exosome-PTX complex proved to

be more effective at stopping metastasis progression than free PTX (Kim et al., 2016).

SALINE EXOSOME-PTX

SALINE PTX EXOSOME-PTX
h T ROy O ,\-".

: Figure 7 — Confocal microscopy of lung sections
Figure 6 - In vivo imaging of  Of the sacrificed mice. It is possible to observe no
chemiluminescent signal monitoring ~ detection of fluorescence in the Exosome-PTX
in each treatment group. (Adapted  treated cells, when compared to the non-treated
from Kim et al., 2016) control group (saline). (Adapted from Kim et al.,
2016)

5.2.siRNA

siRNA belongs to a class of small, double stranded, non-coding RNAs, composed of 20
to 30 nucleotides. In a mechanism of RNA interference, these molecules can target
complementary mRNA. This way, it causes mRNA degradation and subsequent gene silencing

(Dana et al.,, 2017).

Due to their mechanism and the possibility of exosome loading, exosome-siRNA
complexes are emerging as a therapeutic agent in oncologic conditions. Owning to an
uncontrolled tumour growth and metastasis, head and neck cancer (HNC) still has a poor
prognosis (Wang et al, 2019). One of the reasons that make HNC so malignant is the
epithelial-mesenchymal transition (EMT). EMT is a transforming process that some epithelial
cells go through, leading to the formation of mesenchymal cells (Dave et al, 2011). EMT is
usually associated with tumour growth and cancer progression. Cancer cells become more
invasive and form metastases easier (Dave et al, 2011). The transient receptor potential

polycystic 2 (TRPP2), an ion channel, is one of the regulating mechanisms of EMT in HCN.
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Targeting TRPP2 could be a way to inhibit tumour progression in HNC, which was the goal

of a developed study by Wang et al. (2019).

Wang et al. (2019) investigated if TRPP2 siRNA would have any effect in TRPP2 gene
knockdown and further influence in HNC growth and metastasis. To achieve this, a TRPP2
siRNA-exosome complex was prepared and used. Exosomes were obtained from HEK 293
cells using PEG as precipitating agent (a centrifugation was previously performed to remove
cells and cell debris). Exosomes were incubated with the TRPP2 siRNA, with the latter being
loaded and encapsulated. siRNA is susceptible to the action of many enzymes, such as
nucleases, being fundamental that exosomes provide some sort of protection to the cargo
they are carrying. To assess this, an agarose gel electrophoresis was performed to evaluate
the stability of free TRPP2 siRNA and the TRPP2 siRNA-exosome complex against RNA
nucleases (see Figure 8). Free TRPP2 siRNA was degraded after 5 minutes, whereas exosome-
encapsulated TRPP2 siRNA maintained stability, proving that exosomes shield siRNA from

enzyme degradation (Wang et al., 2019).

Time (min)

0 5 15 30 60 120

S TRPP2 siRNA-Exosome

e Free siRNA

Figure 8 — Results of agarose gel electrophoresis. Each sample
was incubated with RNA nucleases, free siRNA was mostly
degraded after 5 minutes. (Adapted from Wang et al,, 2019)

FaDu cells, a human squamous carcinoma cell line, were used to evaluate TRPP2
siRNA-exosome complex efficiency. The FaDu cells were incubated with free TRPP2 siRNA
(control) and with the exosomes. Western blot analysis was performed to confirm if TRPP2
suppression occurred. The results indicated that there was a significant reduction of TRPP2
expression in FaDu cells treated with the TRPP2 siRNA-exosomes (see Figure 9) (Wang et al.,
2019). Since TRPP2 is associated with EMT, the authors of the study also confirmed the
influence that the treatment had in this process. Common biomarkers of EMT are E-cadherin
(low levels), vimentin and N-cadherin (both with increased levels). For these biomarkers,
western blot analysis was also performed, all of them with promising results (Figure 9). There
was an increase in the expression of E-cadherin and a reduction of both vimentin and N-
cadherin, evidencing the potential of TRPP2 siRNA-exosomes as a treatment of HNC (Wang
et al, 2019).
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Figure 9 — Results of western blot analysis for TRPP2
expression and EMT biomarkers. Free siRNA was used as
control. (Adapted from Wang et al,, 2019)

5.3.Doxorubicin-loaded Nanoparticles

DOX belongs to a class of drugs routinely used in chemotherapy, the anthracyclines.
It is recommended in the treatment of several cancers (ovarian, breast, lung, Hodgkin’s
lymphoma) (Thorn et al., 201 1). The way DOX fights cancer cells has been described by two
mechanisms. One occurs in the nucleus of the cell, where DOX intercalates itself with DNA,
impairing the activity of topoisomerase-Il and blocking nucleic acid transcription. The other
way involves oxidation of DOX into semiquinone with posterior transformation in DOX again.
This process generates reactive oxygen species that cause oxidative stress and cell membrane
damage, eventually causing cell death (Thorn et al, 2011). Besides MDR caused by ABC
transporters (like the previously mentioned Pgp), the use of DOX is limited due to the

cardiotoxic effect it causes.

As previously mentioned, the use of nano-based technologies in drug delivery seems
like an almost perfect solution. However, exogenous particles have the disadvantage of being
recognized and eliminated by the immune system (Luan et al,, 2017). To overcome this, Yong
et al. (2019) developed biomimetic NPs, converging the efficiency of NPs with the endogenous

benefits of exosomes.

Porous silicon NPs were loaded with DOX. The choice of these NPs was based on
their biocompatibility and drug loading capacity. Afterwards, the DOX-loaded NPs were
incubated with H22 cells, a mouse hepatocellular carcinoma cell line. Exosomes were obtained
by centrifugation followed by differential centrifugation. Cells were able to incorporate DOX-
NPs and release DOX-NP-Exosomes (Yong et al,, 2019). The same procedure was applied to

other cell lines, obtaining DOX-NP-Exosomes from different origins.

Another cause of MDR is the existence of cancer stem cells (CSC). This population of
cells has high expressions of ABC transporters and an elevated self-renewal rate. These

properties render most treatments ineffective (Yong et al,, 2019). H22 CSCs were treated
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with DOX-NP-Exosomes to evaluate the cytotoxic effectiveness of the nano-complex. The
procedure was done with different groups, containing free DOX, DOX-NPs and DOX-NP-
Exosomes, respectively. The results are represented in Figure 10. Comparing with the other
methods, there is an accentuated reduction of H22 CSCs in cells treated with the DOX-NP-

Exosome complex (Yong et al., 2019).
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Figure 10 — H22 CSCs colony size after DOX
administration, delivered as free drug, in NPs
and NPs contained in exosomes. (Adapted
from Yong et al., 2019)

To assess in vivo results, a model was used with H22 tumour-bearing mice. The mice
were administered with different DOX formulations (free DOX, DOX-NPs and DOX-NP-
Exosomes), with a drug concentration of 0.5 mg/kg. A fourth group was administered with
free DOX at a higher concentration, of 4 mg/kg. Free DOX and DOX-NPs (at a dosage of 0.5
mg/kg) showed weak tumour growth inhibiting capabilities. The most effective treatment was
with DOX-NP-Exosomes, which proved to be even more effective than high dose of free
DOX (4 mg/kg). This formulation showed the biggest tumour mass reduction (see Figure 11)
and also increased mice survival time. Yong et al. (2019) developed an exosomal formulation,
containing NPs loaded with a therapeutic agent. The presented drug delivery system proved
itself to be biocompatible, not triggering an immune response. In terms of MDR, this system
exhibits higher tumour accumulation in comparison to other formulations (like free DOX),

who suffer efflux by the action of ABC transporters (Yong et al., 2019).
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Figure Il — Tumour masses of mice after intravenous administration of
different formulations of DOX. (Adapted from Yong et al., 2019)

6. Conclusions and Future Perspectives

MDR by cancer cells is one of the greatest threats to a positive outcome in oncological
treatment. Although many resistance mechanisms have been acknowledged, most of them still
remain without a successful solution. Exosome-based treatments shed a light on this area. As
seen in the mentioned in vivo studies, exosome-containing formulations were more efficient in
diminishing tumour cells when compared to conventional treatments (administration of free
drug). In many studies, adverse reactions common to anticancer agents were much less
frequent in mice groups treated with exosomes. However, these studies were only performed

in animals, and the results obtained could not be applicable in humans.

In previous years, clinical trials have been performed to evaluate the effectiveness of
vaccines containing exosomes in immunotherapy. In 2005, a Phase | Clinical Trial was
performed using autologous exosomes derived from DCs, loaded with melanoma antigen gene
(MAGE) proteins. This study aimed to test the safety and effectiveness of these exosomes on
|3 patients with non-small cell lung cancer. It was possible to observe an increase of activity
by NK cells, as well as an immune response against MAGE (determined by delayed type
hypersensitivity test). Overall, there was a prolonged stabilization of the disease and only mild
adverse reactions were reported (mostly, topical reactions related with the injection) (Morse
et al, 2005). Two years later, in 2007, a Phase | Clinical Trial was conducted covering 40
patients suffering from colorectal cancer. The exosomes used in this study were obtained from
ascitic fluid. One group was administered with the exosomes alone, another group was

administered with a combination of exosomes and granulocyte-macrophage colony-stimulating
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factor (GM-CSF). Results showed that groups inoculated with the GM-CSF adjuvant had a
more efficient induction of a tumour-antigen specific response by Cytotoxic T Lymphocytes.
Similarly to the previously mentioned Clinical Trial, the reported adverse effects were related
with injection site reactions, and some patients claimed to feel fatigued (Dai et al., 2008).
Besides the two mentioned trials, other studies took place to assess exosome safety and
efficiency in cancer therapies. In recent years, more clinic trials have been registered and are
still recruiting candidates (Table Il). Also, besides the treatment of oncologic illnesses, there
are trials related with the treatment of other illnesses, like chronic diseases (for example,

chronic kidney disease or type | diabetes) (Chen et al., 2020).

Table Il = On-going clinical trials with exosome-based therapies for oncological treatment.
(Adapted from ClinicalTrials.gov, 2020)

Year | Disease Phase Exosome Formulation Status
Source

2013 Mallgnant Phase |l Tumo‘ur-cell Exosomes Ioade‘d with Unknown
Ascites derived Chemotherapeutic drugs
Malignant .

2016 | Pleural | Phasen | Tumeur-cell | Exosomes loaded with Recruiting

. derived cisplatin

Effusion

2020 Pi:\acg:ealt\t/ic Phase | Mesenchymal Exosomes loaded with Not yet
Cancer Stromal Cells KRAS GI12D siRNA recruiting

There is still much to be learned about the biogenesis of exosomes. It is known that
the ESCRT is involved, as well as several ESCRT-independent methods. However, there are
many in-between steps that are still unexplained and require further studies. Fully
understanding the processes behind the formation of these nanovesicles would be a great
advantage. Most laboratorial techniques for exosome isolation suffer from low yields. A better
knowledge on the nature of exosomes could help develop new techniques, aiming to improve

exosome production and collection.

Until now, there are no approved products containing exosomes. Hopefully, that
paradigm will change in the following years. Many studies concerning exosomes have proved
their role in stimulating the immune system and their ability to load therapeutic molecules.
Recent reports have tried to develop new formulations, based on the characteristics of
exosomes. With several positive results in several investigations, it is undeniable that

exosomes represent a promising multiparametric nano-approach for cancer therapy.
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