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RESUMO

BRAGA, Thais Ligiéro. Nano-octreotida radiomarcada com tecnécio-99 metaestavel como
agente diagndstico de tumor secretor de polipeptideo pancreatico (PPoma).2019. 111f. Tese
(Doutorado em Bioéncias) — Instituto de Biologia Roberto Alcantara Gomes, Universidade do
Estado do Rio de Janeiro, Rio de Janeiro, 2019.

O cancer de pancreas esta preste a se tornar a segunda causa de morte por cancer no
mundo. Dentre 0s seus tipos tumorais, tem-se 0 Tumor Secretor de Polipeptideo Pancreético
(PPoma). Tumor raro que apresenta alta taxa de malignidade (90%) ocorrendo
preferencialmente metastase no figado e de progndéstico ruim, com taxas de sobrevida em 5
anos menores do que 10%. Isto se deve, principalmente pela demora no diagndéstico, que
geralmente é feito de modo acidental ou pelo efeito de massa que causa uma dor abdominal
inespecifica pela hepatomegalia ou sintomas sugestivos de obstrucdo do ducto pancreéatico ou
biliar. O PPoma € classificado como um tumor neuroenddcrino pancreatico ndo funcional que
superexpressa 0 SSTR 2 (Receptor de Somatostatina do subtipo 2). A Octreotida possui alta
afinidade pelo SST 2, mas sua marcagdo com Tecnécio-99 metaestavel (**"Tc) pelo modo
direto tem-se demonstrado com baixo rendimento. Com o advento da nanotecnologia,
problemas no direcionamento para células tumorais na producdo e na adesdo do radiofarmaco
no orgao alvo tém sido superados. Assim o presente trabalho tem como objetivo principal a
producdo de um nanorradiofdirmaco com base de nanoparticulas poliméricas de &cido
polilactico(PLA) carregado com Octreotida e radiomarcadas com **™Tcpara obtencéo de um
agente diagnostico do PPoma. A Octreotida foi encapsulada na forma de nanoparticulas pelo
método de dupla emulsificacdo utilizando o polimero PLA e o tensoativo alcool polivinilico
(PVA) na concentracdo de 4% do farmaco. A caracterizacdo das nanoparticulas foi realizada
pela técnica de Microscopia de Forca Atdmica (AFM) e Espalhamento Dindmico da Luz
(DLS) e a eficiéncia da encapsulacdo pela analise indireta no espectrofotbmetro a 279 nm
para leitura da Octreotida. A avaliacdo da citotoxicidade realizada pelo ensaio de MTT
(brometo de 3-(4,5-dimetiltiazol-2-il)-2,5-difeniltetrazolio) em varias concentracfes do
nanossistema frente a linha celular de carcinoma pancreatico humano(MIA Paca-2) que
expressao SSTR 2 mimetizando o PPoma. Pelo método direto fez-se aradiomarcacdo do
nanossittma com %*™Tc. Em seguida determinou o seu rendimento e estabilidade da
radiomarcacdo até 24 horas pela cromatografia em papel, utilizando a fase estacionaria papel
de Whatmam n° 1 e para a fase mdvel a acetona. No estudo de biodistribuicdo foram
utilizados camundongos machos de Balb/c induzidos pelo xenoenxerto de MIA Paca-
2divididos em dois grupos cada um com 6 animais para avaliar nanoparticulas com e sem a
Octreotida. Ap6s duas horas da administracdo do nanorradiofarmaco, os animais foram
sacrificados e dissecados para contagem dos oOrgdos no contador gama. Os resultados
mostraram que as nanoparticula eram de tamanho em torno de 189 nm, tanto pelo DLS quanto
pelo AFM e com Indice de Polidispersio (PDI) de 0,097 corroborando o comportamento
monodispersivo. A eficiéncia do encapsulamento da Octetotida foi de 60%. As nanoparticulas
foram radiomarcadas com sucesso e estaveis por 24 h com *™Tc, demostrando uma excelente
absorcdo pelo tumor induzido. O ensaio MTT corroborou a seguranca do nanossistema para
as células. Portanto, o uso de nanoparticulas de PLA/PVA/Octreotida marcadas com *™Tc
podem ser utilizadas como agente de imagem para o PPoma.

Palavras-chaves: PPoma. Octreotida. Nanorradiofarmaco. Radiofarmacia. Agente de imagem.



ABSTRACT

BRAGA, Thais Ligiéro. Metastable technetium-99 Radiolabeled Nano-Octreotide as a
diagnostic agent for pancreatic polypeptide-secreting tumor of the distal pancreas
(PPoma).2019. 111f. Tese (Doutorado em Biociéncias) — Instituto de Biologia Roberto
Alcéntara Gomes, Universidade do Estado do Rio de Janeiro, Rio de Janeiro, 2018.

Pancreatic cancer is about to become a cause of cancer death in the world. Among its
tumors, there is the Pancreatic Polypeptide-Secreting Tumor of the Distal Pancreas (PPoma).
A rare tumor that belongs to the malignancy rate (90%), occurring mainly with bad breath and
poor prognosis, with survival rates in 5 years of less than 10%. In the absence of diagnosis,
this should be done in an intensive or accidental manner or with mass effect, which causes
non-specific abdominal pain due to hepatomegaly or symptoms suggestive of obstruction of
the pancreatic or biliary duct. PPoma is classified as a non-functional pancreatic
neuroendocrine tumor that overexpresses SSTR 2 (Somatostatin Receptor of subtype 2).
Octreotide has a high affinity for SST 2, but its labeling with Technetium-99 meta-stable
(*®™Tc) by direct mode has been shown to be low yield. With the advent of nanotechnology,
the problems in the targeting of tumor cells in the production and in the adhesion to the
radiopharmaceutical are not favorable agents to those overcome. Thus the present work has as
main objective the production of nanorradiopharmaceuticals based on polymeric nanoparticles
of polylactic acid(PLA) loaded with Octreotide and radiolabeled with *™Tc to obtain a
diagnostic agent of the PPoma. Octreotide was encapsulated in alcohol nanoparticles by the
emulsion emulsion method using the PLA polymer and the poly(vinyl alcohol) surfactant
(PVA) at 4% concentration of the drug. The characterization of the nanoparticles was
performed using the technique of Atomic Force Microscopy (AFM) and Dynamic Light
Scattering (DLS) and the efficiency of the encapsulation of the indirect analysis in the
spectrophotometer at 279 nm for the reading of Octreotide. Evaluation of cytotoxicity by the
MTT assay (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) at various
concentrations of the nanosystem against a human pancreatic carcinoma cell line (MIA Paca-
2) SSTR 2 by mimicking the PPoma and by direct method radiolabeled the nanosystem with
%mTc and then determined its yield and radiolabel stability up to 24 hours by paper
chromatography using a Whatmam n° 1 paper stationary phase and for a mobile acetone
phase. The bioavailability study was used in males of Balb/c induced by the MIA Paca-2
xenograft divided into two groups each with 6 animals for the effect of nanoparticles with and
without an Octreotide. The results were as nanoparticles of size around 189 nm, by size as
well as by AFM and with Polydispersity Index (PDI) 0.097 corroborating the monodispersive
behavior. The efficiency of the Octetotide encapsulation was 60%. As nanoparticles were
successfully radiolabeled and stable for 24 hours with *™Tc, demonstrating an excellent
induced tumor. The MTT assay corroborated a safety of the nanosystem for the cells.
Therefore, the use of ®™Tc-labeled PLA/PVA/Octreotide nanoparticles can be used as an
image agent for PPoma.

Keywords: PPoma. Octreotide.Nanoradiopharmaceuticals. Radiopharmacy.Imaging agent.
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INTRODUCAO

O Tumor Secretor de Polipeptideo Pancreéatico, do inglés, Pancreatic Polypeptide-
Secreting Tumor of the Distal Pancreas (PPoma) é classificado como um tipo de neoplasia
pancredtica endocrina responsavel por acometer o lado direito do 6rgéo (a cabeca) onde
encontra-se 90% das células PP que produzem o hormonio, polipeptideo pancreatico (PP),
secretado por este tipo tumoral (BRERETON et al., 2015; VINIK; FELIBERTI; PERRY,
2017; AMERICAN CANCER SOCIETY, 2019; INCA, 2019). Embora tenha osniveis
aumentados deste horménio, ndo gera sindrome metabdlica, uma vez que este horménio é
biologicamente inativo,sendo considerado um tumor clinicamente silencioso,classificado
como um tipo de tumor neuroendocrino, do inglés, Neuroendocrine Tumors (NET) ndo
funcional, com incidéncia proxima a 1% sendo, portanto, raro e agressivo (JENSEN, 2008;
ALEXAKIS & NEOPTOLEMOS, 2008; SANTOS, 2011; PRRNT, 2013; MAXWELL,
O’DORISIO & HOWE, 2016). Na maioria das vezes é diagnosticado acidentalmenteou
devido a sintomas inespecificos. Todo esse cenério, resulta no grande desafio para um
diagnostico precoce do PPoma, acarretando um tratamento curativo restrito, e uma alta taxa
de metastase hepatica (90%), ocasionando umabaixa taxa de sobrevida relativa de 5 anos, com
queda acentuada desse tempo nos casos metastaticos (MULLAN et al., 2001; SANTOS,
2011; PRRNT, 2013; MAXWELL; O’DORISIO; HOWE, 2016; AMERICAN CANCER
SOCIETY, 2019;VINIK; FELIBERTI; PERRY, 2017).

Dentre os medicamentos mais sensiveis e especificos ao tratamento do céancer,
encontram-se o Radiofarmaco que é definido como “medicamento com finalidade diagnostica
ou terapéutica que, quando pronto para o uso, contém um ou mais radionuclideos” (ANVISA,
RDC N° 38/2008). A nanotecnologia vem sendo aplicada ao campo da radiofarmacia,
objetivando o desenvolvimento de micro e/ou nanoparticulas, com o objetivo de melhorar a
biodisponibilidade do radiofarmaco, permitir maior eficiéncia no direcionamento nas diversas
formas farmacéuticas e facilitar a incorporagdo do farmaco na formulagdo, consequentemente
melhorandoos resultados do diagnostico e/ou terapia (WANG et al., 2015;SARCINELLI et
al., 2016; ODA et al., 2017; PORTILHO et al.,, 2018). Assim com o advento do
desenvolvimento de radiofarmacos em escala nanométrica, chamados nanorradiofarmacos,
propicia-se um novo paradigma tanto para a Medicina Nuclear quanto para a Radiofarmacia e
desponta como alternativa viavel ao tratamento e diagndstico de tumores (TING et al., 2010;
ODA et al., 2017; SANTOS-OLIVEIRA; STABIN, 2018).
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Frente a todo esse cenério do PPoma, cujos os métodos convencionais ndo apresentam
resolutividade, nem sensibilidade para a detec¢do da doenca em estagios muito iniciais
(PRRNT, 2013; BRERETON et al., 2015; AMERICAN CANCER SOCIETY, 2019). Mister
se faz o0 desenvolvimento de uma tecnologia especifica, sensivel e confiavel que permita a
realizacdo do diagndstico precoce e preciso, lancando-se ao uso da nanotecnologia
(OLIVEIRAEet al., 2012; ALBERNAZ et al., 2014; GHOREISHI et al., 2018; PINTO et al.,
2018). Assim, se justifica a pesquisa e desenvolvimento de nanorradiofarmacos a base de

analogos da Somatostatina (Octreotida) para a deteccdo precoce do cancer de pancreas.
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1 REVISAO BIBLIOGRAFICA

1.1 Tumor Secretor de Polipeptideo Pancreatico_Pancreatic Polypeptide-Secreting Tumor

of the Distal Pancreas (PPoma)

O cancer de pancreascongrega-se muito proximo a segunda principal causa de morte
relacionada ao cancer e 0 seu prognéstico ruim se mantém praticamente inalterado,
apresentando uma das menores taxa de sobrevida relativa de 5 anos que € de apenas 6%.
Atualmente, a prevencdo ou diagnostico precoce em um estagio curavel é extremamente
dificil. A resseccdo cirurgica com quimioterapia sistémica adjuvante, correspondendo apenas
10 a 20% dos casos, atualmente, fornece a Unica chance de sobrevida em longo prazo
demonstrando um aumento na taxa de sobrevida relativa de 5 anos para 30 a 40% (RAHIB et
al.,2014; STROBEL et al., 2018; COLLISSON et al. 2019; SIEGEL; MILLER; JEMAL,
2019).

As neoplasias pancreaticas sdo classificadas de acordo com a fisiologia em dois
grandes grupos: cancer de pancreas exocrino (aproximadamente 94%), representado,
principalmente, pelo adenocarcinoma, e céancer endocrino (aproximadamente 6%), sendo
tumores neuroenddcrinos (NET) os maiores representantes (ILIC, M.; ILIC, I., 2016;
AMERICAN CANCER SOCIETY, 2019). Dentre os NETs ha uma divisdo em relacdo a
geracdo ou ndo de uma sindrome metabdlica causada principalmente pelo excesso do
horménio secretado em cada tipo tumoral, assim, sdo classificados em NET funcionais (40-
50%) pela presenca da sindrome metabdlica e NET ndo funcionais (50-60%) pela auséncia da
sindrome (PRRNT, 2013; ALURI; DILLON, 2017).

Os NETs sdo encontrados em varios o0rgaos, por isto recebem o nome de Tumores
Neuroendocrinos Pancreaticos, do inglés, Pancreatic Neuroendocrine Tumors (PNET) que
representam em torno de 4 a 7% dos NET gastrenteropancreéaticos e 1 a 2% das neoplasias
pancreaticas (HAUGVIK et al., 2015). Os PNETSs ndo funcionantes correspondem a 68-90%
dos casos (MAXWELL; O’DORISIO; HOWE, 2016).

Dentre os NETs, Tumor Secretor de Polipeptideo Pancreatico (PPoma)acomete a
cabeca do pancreas (Figura 1) onde se encontram 90% das células PP que liberam o horménio
PP, estando o mesmo elevado neste tipo tumoral. Contudo, ndo leva a sindrome metabdlica,
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sendo classificado dessa forma como um tumor neuroendécrino ndo funcional (PRRNT
2013; MAXWELL; O’DORISIO; HOWE, 2016).

Figura 1 - Localizacdo anatbmica do pancreas e dos tumores pancreaticos.
& .
Estﬁmago
Figado
Ductos Biliares
Vesicula biliar PANCREAS

» Pancreatico

B

Estagio IA do Cancer Pancreatico

Pancreas

Tumor com 2 Estagio IB do Cancer Pancreatico
CIn ou menor
2cm

Tumor 2 a 4 cm

4cm
2cm

Legenda: A — Localizagdo anatdmica e partes do Pancreas; B — Estagios do cancer pancreatico. No estagio 1A, o
tumor € de 2 cm ou menor. No estagio 1B, o tumor é maior que 2cm, mas ndo maior que 4 cm de
didmetro.

Fonte: Pancreatic Cancer Treatment (PDQ®), 2019.
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A incidéncia do PPoma é menor que 1% dentre todos os NET ndo funcionais, sendo
considerado um tumor raro e mais prevalente em individuos entre a 5% e 62 década de vida. Os
unicos efeitos fisioldgicos da alta liberacdo do horménio PP sdo a inibicdo da contracdo da
vesicula biliar e a secre¢do enzimatica pancreatica, alteracfes sutis e que fazem com que esse
tumor seja classificado como clinicamente silencioso. Por isto, geralmente sdo diagnosticados
acidentalmente (por exemplo, por endoscopia) ou devido a sintomas inespecificos tais como:
hepatomegalia, obstrucdo do ducto pancreatico ou ictericia. Cabe lembrar, contudo que o
PPoma esta ainda, relacionado a apresentacéo clinica da Neoplasia Endocrina Mdltipla do tipo
1, do inglés, Multiple Endocrine Neoplasia Type 1 (MEN-1), caracterizada geneticamente
como uma hiperplasia ou neoplasia em duas ou mais glandulas enddcrinas de uma mesmo
paciente. Apesar de ser uma sindrome rara, a MEN-1 esta associada ao PPoma em entre 18 a
44% (MULLAN et al., 2001; KUO et al., 2008; PRRNT, 2013; MAXWELL; O’DORISIO;
HOWE, 2016; VINIK; FELIBERTI; PERRY, 2017). Devido a essa demora no diagnostico e
de sua natureza altamente vascular, o0 PPoma mesmo tendo uma crescimento lento, quando
consegue ser diagnosticado possue tamanho grande (> 4 cm) (Figura 1) e em torno de 90%
dos casos, ja apresneta metastase hepatica (MULLAN et al., 2001; METZ, JENSEN, 2008;
MAXWELL; O’DORISIO; HOWE, 2016; VINIK; FELIBERTI; PERRY, 2017).

Um ponto importante é a diferenciagdo entre um NET pancreéatico ndofuncional, como
0 PPoma, e um adenocarcinoma do pancreas, uma vez que a diferenca entre esses dois tipos
de tumores sao sutis, o que torna, muitas vezes, dificil sua distincdo. Em especial pelo fato de
ambos expressarem receptores de somatostatina do subtipo 2, do inglés, Cellular Receptors
Termed Somatostatin Receptorsubtype 2 (SSTR 2) (JENSEN, 2008;HALFDANARSON et
al., 2008; DAVIES; CONLON, 2009; PRRNT, 2013; MAXWELL; O’DORISIO; HOWE,
2016; VINIK; FELIBERTI; PERRY, 2017).

Os principais fatores de risco relacionados com PPoma sdo: alto consumo de gordura
saturada; malignidade - comprometimento associado no metabolismo da glicose; disfuncéo
tireoidiana; consumo de alcool; tabagismo; condi¢cdes médicas, como diabetes mellitus e
fatores ambientais, como a radiacdo. Sabe-se que risco para desenvolver o cancer pancreatico
é de 1 em 67 (YAO; HOFF. P; HOFF A., 2011; SIEGEL et al., 2015;VINIK; FELIBERTI,
PERRY, 2017; AMERICAN CANCER SOCIETY, 2019).
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1.2 Somatostatina

Krulich e colaboradores (1968) fazendo experimentos de pesquisa sobre fatores
hipotaldmicos descobrirama somatostatina (SST), sendo mais tarde identificada nas células
delta das ilhotas de Langerhans e em células semelhantes do trato gastrintestinal e sistema
nervoso central.

A SST € umhormdnio composto por um peptideo ciclico contendo 14 aminoacidos que
pertence a um grupo de peptideos que incluem a somatostatina original (SST-14), uma
molécula ampliada de 28 aminoéacidos (SST-28) e um fragmento contendo 12 aminoacidos
iniciais da somatostatina 28 [SST-28(1-12)] (Figura 2). A SST éconsiderada um peptideo
multifuncional, sintetizada pelo hipotdlamo, em tecidos periféricos (hip6fise, pancreas) e trato
gastrointestinal. No péancreas é secretadapela células D (delta) das ilhotas de Langerhans
(SUN; COY, 2015; MARTIN-GAGO et al., 2016; RORSMAN; HUISING, 2018).

Figura 2 — Representacdo da Somatostatina 14 e 28

I |
Ala-Gly-Cys-Lys-Asn-Phe-Phe-Trp-Lys-Thr-Phe-Thr-Ser-Cys-OH

Somatostatina-14

Ser-Ala-Asn-Ser-Asn-Pro-Ala-Met-Ala-Pro-Arg-Glu-Arg-Lys-Somatostatina-14
Somatostatina-28

Legenda: Ala: Alanina; Arg: Arginina; Asn: Asparagina; Cys: Cisteina; Glu: Glutamato; Gly: Glicina; Lys:
Lisina; Met: Metionina; Phe: Fenilalanina; Pro: Prolina; Ser: Serina; Thr: Treonina; Trp: Triptofano.
Fonte: MELO, 2008.

A SST é sintetizada com um pré-hormonio precursor (96 aminoacidos) e processada
por clivagem proteolitica para dar origem a duas formas predominantes: SST-14 e a SST-18,
sendo encontradas no plasma, > 90% e5-10%, respectivamente. Tem um tempo de meia-vida
bioldgicacurto, de um a trés minutos. Atua como neurotransmissor no sistema nervoso central
e como hormonio em outros sitios, tendo a funcdo de inibicdo da liberacdo diversos
hormdnios como o0s pancredticos e do horménio do crescimento. Assim € classificada como
um amplo neuropeptideo inibitorio (RAI et al., 2015; SUN; COY, 2015; MARTIN-GAGO et
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al., 2016; BRUNTON; HILAL-DANDAN; KNOLLMANN, 2018; RORSMAN; HUISING,
2018).

Os aminoéacidos da SST formam o horménio tetradecapeptideo ciclico enddgeno que
se ligam ao receptor celularde somatostatina, do inglés, Cellular Receptors Termed
Somatostatin Receptor (SSTR), acoplado a proteina G inibitériade modo a inibir o acimulo
de AMPc (Adenosina 3',5'-Monofosfato ciclico) e ativam os canais de K* (potassio) bem
como as fosfatase da fosfotirosinaestando presente tanto nas células normais quanto nas
tumorais. A superexpressao de receptores de somatostatina em células tumorais € 100 vezes
maior do que em células normais, principalmente de origem neuroenddcrina como
carcinoides, tumor de célula da ilha pancreatica (onde se encontra o PPoma), carcinoma
pulmonar de células pequenas e alguns carcinomas de tiredide. Foram isolados, clonados e
sequenciados 5 subtipos de SSTR, tendo-se observado que cada tipo tumoral tem a expressédo
de um ou mais do tipos de SSTR. No caso do PPoma tem-se a expressdo do subtipo 2 do
SSTR (KWEKKEBOOM et al., 2010; PRRNT, 2013; RAI et al., 2015; SUN; COY, 2015;
ABDELLATIF et al., 2018; BRUNTON; HILAL-DANDAN; KNOLLMANN, 2018;
LUKOMSKA et al., 2018; WILLIAMS et al., 2019).

Os usos terapéuticosda SST in natura incluem bloqueio da liberagcdo hormonal em
tumores pancreaticos enddcrinos secretores, carcinoides e adenomas secretores do hormonio
do crescimento. Contudo, ela apresenta diversas desvantagens como: meia-vida bioldgica
muito curta (1 a 3 minutos) eespectro inespecifico de atuacdo (RAI et al., 2015; RORSMAN,;
HUISING, 2018). Tais fatos impulsionaram o desenvolvimento de andlagos de somatostatina
tanto para diagnostico como para terapia, levando a criacdo de agonistas seletivosde longa
duracdo dos receptores de SST. A maioria dos analogos de somastostatina liga-se fortemente
a dois dos cinco subtipos de receptores, embora recentemente tenha sido introduzido um
agonista de maior afinidade. Na Tabela 1, apresenta os principaisandlogos de SST usado na
pratica clinica da Medicina Nuclear podendo ser para diagnéstico atraves da obtencéo de
imagens de Tomografia Computadorizada por Emissdo de Féton Unico, do inglés, Single-
Photon Emission Computed Tomography (SPECT) e Tomografia por Emissdo de Positron, do
inglés, Positron Emission Tomography (PET) ou para Terapia com Radionuclideos de
Receptor Peptidico, do inglés, PRRNT, Peptide Receptor Radionuclide Therapy (PRRNT)
(Tabela 1) (KWEKKEBOOM et al., 2010; SUN; COY, 2015; ABDELLATIF et al., 2018;
BEHLING et al., 2018;LUKOMSKA et al., 2018;PAUWELS et al.,, 2018, RAMAGE;
NARAEV; HALFDANARSON, 2018; WILLIAMS et al., 2019).
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Tabela 1 — Perfil de afinidade in vitro (concentracao inibitdria de 50% (ICsp) em mmoL/L +
erro padrdo damédia) para o receptor de somatostatina humana de véarios analogos

da somatostatina

Peptideo SSTR1 |[SSTR2 |[SSTR3 |SSTR4 |SSTR5
Somatostatina-28 52+0,3 | 2,7¢0,3 |7,7¢0,9 |5,6+04 | 4+0,3
Analagos da Somatostatina

Octreotida >10 000 | 2+0,7 187455 | >1000 |22+6
DTPA-Octreotida >10000 | 1242 376484 |[>1000 | 299450
DOTA-[Try®*]Octreotida >10000 | 14+2,6 | 880+324 | >1000 |393+84
DOTA-[Try*]Octreotato >10000 | 1,540,4 |>1000 |453+176 |547+160
DOTA-Lanreotide >10000 | 26+3,4 | 771+229 | >10000 | 73+12
Imagem SPECT

n-DTPA-Octreotida >10000 | 22+3,6 |182+13 |>1000 |237+52
Imagem PET

%Ga-DOTA-[Try*]Octreotato >10000 | 0,240,04 |>1000 |300+140 |377+18
%8Ga-DOTA-[Try*]Octreotida >10000 | 2,5+0,5 |613+140 | >1000 |73+12
%¥Ga-DOTANOC >10000 | 1,9+0,4 |40+58 |260+74 |7,2+1,6
PRRNT

%y_DOTA-[Try*]Octreotida >10000 | 11+1,7 | 389+135 | >10000 | 114429
%0y_DOTA-[Try*]Octreotato >10000 | 1,620,4 |>1000 |523+239 |187+50
%Y_DOTA-Lanreotida >10 000 | 23+5 290+105 | >10000 | 16434
Lu-DOTA-[Try*]Octreotato >1000 |2,0+0,8 |162+16 |>1000 |>1000

Legenda:DTPA: Diethylene Triamine Pentacetic Acid_Acido Dietileno Triamino Pentacetico; DOTA: 1,4,7,10-

Tetraazacyclododecane-1,4,7,10-Tetraacetic Acid_Acido 1,4,7,10-tetraazaciclododecano-1,4,7,10-
tetraacético, DOTANOC: DOTA-1-Nals-Octreotida; SPECT: Single-Photon Emission Computed
Tomography_Tomografia Computadorizada por Emissao de Féton Unico;*®Ga: Galio-68;''!In: indio-
111; Y"Lu: Lutécio-177; PET:Positron Emission Tomography_Tomografia por Emissao de Pésitron;
PRRNT: Peptide Receptor Radionuclide Therapy_Terapia com Radionuclideos de Receptor
Peptidico; SSTR 1:Cellular Receptors Termed Somatostatin Receptor subtype 1 _Receptor Celular
denominados de Receptores de Somatostatina do subtipo 1; SSTR 2: Cellular Receptors Termed
Somatostatin Receptor subtype 2 _Receptor Celular denominados de Receptores de Somatostatina do
subtipo 2; SSTR 3: Cellular Receptors Termed Somatostatin Receptor subtype 3 _Receptor Celular
denominados de Receptores de Somatostatina do subtipo 3; SSTR 4: Cellular Receptors Termed
Somatostatin Receptor subtype 4 _Receptor Celular denominados de Receptores de Somatostatina do
subtipo 4; SSTR 5: Cellular Receptors Termed Somatostatin Receptor subtype 5 _Receptor Celular
denominados de Receptores de Somatostatina do subtipo 5; Try®: Tyrosine at position 3_Tirosina na
posicao 3; Y: trio-90.

Nota: Todos os valores sdo metade da concentragdo inibitdria maxima (I1Cs).
Fonte: Adaptacdo de KWEKKEBOOM et al.,, 2010, PAUWELS et al., 2018 e RAMAGE; NARAEV;

HALFDANARSON, 2018.



27

1.3 Octreotida

A octreotida (OCT) é uma analogo sintético da somatostatina que possui alta afinidade
pelos receptores de somatostatina, principalmente os subtipos 2 e 5, que podem ser
encontrados nocérebro, hipofise, pancreas e vasos sanguineos. AOCT tem uma afinidade
relativamente maior pelo subtipo 2 (expresso no PPoma) do que a SST (Tabela 1). Outro
aspecto importante € que a OCT tem maior utilidade clinica, pois é mais potente e possui uma
meia-vida bioldgica mais longa (90 a 120 minuntos) do que a somatostatina. Na figura 3
demonstra-se a semelhanca estrutural desses peptideos (KWEKKEBOOM et al., 2010;
PRRNT, 2013; MARTIN-GAGO et al., 2016; YAU et al., 2017; PAUWELS et al., 2018;
WILLIAMS et al., 2019; ZHU et al., 2019).

Figura 3 — Comparacdo estrutural da Somatostatina (A) eda Octreotida (B)

1 2 3 4 5 6 7

Ala Gly Cys Lys Asn Phe Phe
Somatostatina S Trp 8
(55T-14)

? e 9
Cys—— Ser — Thr——Phe —Thr A

14 13 12 11 10

1 2 3
D-Phe Cys Phe
| o-Trp 4
Octreotida |
S Lys 5
Thr{ol)— Cys—Thr B

8 7 6
Legenda: Ala: Alanina; Asn: Asparagina; Cys: Cisteina; Gly: Glicina; Lys: Lisina; Phe: Fenilalanina; Ser:

Serina; Thr: Treonina; Trp: Triptofano.
Fonte: Adaptacdode BRUNTON LL; HILAL-DANDAN; KNOLLMANN, 2018.

1.3.1 Farmacodindmica e Farmacocinética da Octreotida

Em 1988 a Octreotida (Sandostatin®) teve a sua primeira aprovacdo no FDA (Food

and Drug Administration) para tumores carcinoides e tumores secretores de
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peptideovasoativo intestinal. Atualmente ha vérias outras indica¢bes aprovadas. Entretanto, na
listagem ainda ndo se encontra o PPoma (FDA, 2019). O mesmo se observa no Brasil, a
Agéncia Nacional de Vigilancia Sanitaria (ANVISA) aprovou o uso da Octreotida
(Sandostatin®) em 1995 e até hoje tem vérias indicagdes, mas ndo para 0 PPoma (ANIVISA,
2019).

A OCT inibe a secrecdo patologicamente aumentada do horménio do crescimento
(GH), dediversos peptideos endogenos (peptideos vasoativos intestinais, gastrina,
motilina, insulina, glucagom, secretina e polipeptideos pancreaticos) e da serotonina
produzidas dentro do sistema enddcrino gastroenteropancreatico. Sua acdo se deve pela
inibicdo, principalmente, do SSTR 2, consequentemente inibicdo de diversos hormdnios,
como 0s pancredticos, dentre eles o PP. A cascata de eventos se da pela inibicdo da
sinalizacdo da quinase c-Jun N-terminal, ou seja, ligacdo ao receptor acoplado a proteina G
inibitoria de modo a inibir o acimulo de AMPc e ativam os canais de K™ (potassio) com
consequente bloqueio dos canais de calcio (Ca**) voltagem-dependente do tipo L e do tipo N.
Com a inibicdo da abertura do canal de Ca**, impossibilita a entrada de calcio no meio
intracelular, consequentemente impede a liberacdo de neurotransmissores e/ou hormonios
(Figura 4) (BODMER et al, 2016; NORVATIS, 2017; RAMAGE; NARAEYV,
HALFDANARSON, 2018; HERRERA-MARTINEZ et al., 2019; ZHU et al., 2019;
WILLIAMS et al., 2019).
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Figura 4 —Mecanismo de Acéo da Octreotida

Voltagem

[
®

sstrl sstr2 sstr3 sstrd

/ cAMP
Somatostatina
l Sec1 ecdo Hormonal

B e VI

- Serotonina- Insulina . Gastrina
- VIP " Glucagom - SST
Motilidade PP Motilidade

Legenda: AMPc: Adenosina 3',5'-Monofosfato ciclico; Ca®*:Célcio; K: Potéassio; PP: Polipeptideo Pancreético;
SST: Somatostatina; VIP: Pep:tideo Intestinal Vasoativo.
Fonte: Adaptacdo deHERRERA-MARTINEZ et al.,2019.

A OCT pode seradministrada por via subcutanea apresentando uma biodisponibilidade
plasmatica maxima em 2 horas, sendo o efeito supressor persistente por um periodo de até
doze horas. Também pode ser administrada por via intravenosa (na forma de bolus) tendo
biodisponibilidade plasméatica maximaem 1 hora apds a administracdo (NORVATIS, 2017,
BRUNTON; HILAL-DANDAN; KNOLLMANN, 2018; PARAGLIOLA, SALVATORI,
2018).

O uso da Octretotida radiomarcada para fins diagnésticos em Medicina Nuclear é
datada de muitos anos. A OCT pode ser radiomarcada com Tecnécio-99 metaestavel (**"Tc) e
indio-111 (***In) para imagens de Tomografia Computadorizada por Emissdo de Féton Unico,
do inglés, Single-Photon Emission Computed Tomography (SPECT) ou com Gélio-68 (**Ga)
para imagens de Tomografia por Emissdo de Pdsitron, do inglés, Positron Emission
Tomography (PET), principalmente para deteccdo dos tumores neuroendocrinos, onde se

encaixa o PPoma. Contudo, até o presente momento, ndo ha estudosdesses radiofarmacospara
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o diagndstico especifico e diferencial do PPoma (PRRNT, 2013; OVALLES; VERA;
OLIVIERIA, 2014; SUN; COY, 2015;PAUWELS et al., 2018; ZHU et al., 2019).

1.4 Radiofarmaco

Historicamente, os radiofarmacos comecaram a ser utilizados em 1905, apos a
descoberta da radioatividade, em 1895, por Henri Becquerel e Wilhelm Conrad Rdntgen. Em
1886 Henry Becquerel descreveu o fendmeno da radioatividade do uranio, e em 1898, Marie e
Pierre Curie descobriram o Radio e Poldnio. Em 1903, o Prémio Nobel de Fisica foi
concedido em conjunto a Henry Becquerel e Marie e Pierre Curie pela descoberta da
radioatividade. Maria Sktodowska Curie recebeu o Prémio Nobel de Quimica de 1911 por sua
descoberta de Radio e Polonio (KULAKOWSKI, 2011; SNMMI, 2019).

Radiofarmécia é uma especialidade farmacéutica, sendo uma sessao dentro da area de
Medicina Nuclear encarregada da pesquisa, producao, distribui¢do e dispensacao de espécies
quimicas contendo material radioativo, usualmente denominado Radiofarmaco (HIRONAKA
et al., 2012). A ANVISA definiu em 2008 Radiofarmaco como “medicamento com finalidade
diagndstica ou terapéutica que, quando pronto para o uso, contém um ou mais radionuclideos”
(ANVISA, RDC N° 38/2008).

Os radiofarmacos sao, em geral, administrados por via intravenosa (IV), aguardando-
se a concentracdo no tecido-alvo antes de adquirir as imagens. As imagens obtidas na camara
de cintilacdo refletem a distribuicdo do radiofarmaco no paciente e podem ser planas ou
tomograficas (SPECT — tomografia por emissdo de féton nico). No caso de radiofarmacos
emissores de pdsitrons, as imagens sempre sdo tomogréaficas (PET — tomografia por emissédo
de positrons) (GUTFILEN; VALENTINI, 2014; SAHA, 2018).

Devido as propriedades fisicas ideais do Tecnécio-99 metaestavel (**"Tc), tais com
baixo custo de producdo, facil disponibilidade através do gerador de Molibidénio-
99/Tecnécio-99 mestaestavel (*°Mo/**™Tc), emissdo de gama puro com energia de 140 keV e
meia-vida fisica de 6 hora, sendo ideal para formacdo de imagens SPECT, nimero de
oxidacdo variavel possibilitando a marcagdo com varios farmacos, torna o *™Tc o
radionuclideo de maior aplicacdo clinica na Medicina Nuclear, correspondendo a mais de
90% dos procedimentos atuais. Por isto, pesquisas com este radionuclideos sdo justificadas
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com forte indicio de aplicacdo clinica futura (SAGER et al., 2013; MIKOLAJCZAK;,
MAECKE, 2016; PAUWELS et al., 2018; SAHA, 2018).

1.5 Métodos de Diagnosticos do PPoma

Segundo o protocolo de investigacdo do Instituto Nacional de Cancer José Alencar
Gomes da Silva (INCA) (2019), néo existe sinal ou sintoma cuja presenga seja sindbnimo do
diagndstico de qualquer tipo de cancer de pancreas. Recomenda-se, exames de imagem, como
ultrassonografia (convencional ou endoscépica), tomografia computadorizada, e ressonancia
magnética no processo diagnostico. Além deles, os exames de sangue, incluindo a dosagem
do Antigeno Carboidrato CA 19.9, podem auxiliar no raciocinio diagnéstico. O laudo
histopatoldgico, obtido ap6s bidpsia de material ou da peca cirdrgica define o diagnostico da
neoplasia (INCA, 2019).No entanto, devido a sua sensibilidade e especificidade relativamente
baixas (70-90% e 68-91%, respectivamente), o CA 19.9 ndo é um biomarcador ideal para o
rastreio e a deteccdo precoce de cancer de pancreas e a sua principal aplicacdo clinica é no
monitoramento da terapia e/ou progressao da doenca (ZHOUetal., 2017).

As técnicas ndo invasivas de diagnostico por imagem, como a tomografia
computadorizada e a ressonancia magnética, sao utilizadas para obter imagens das alteracdes
morfoldgicas e anatbmicas, normalmente, associadas a alguma patologia. No entanto, essas
técnicas sdo pouco especificas e sensiveis para o diagnéstico precoce de varios tipos de cancer
ou para a detecgcdo de pequenos neoplasmas (menores que 1 cm) (BOENO; NABINGER,;
SCHMITT, 2014). Dentre as técnicas de imagens utilizadas em Medicina Nuclear, tem-se: a
Tomografia Computadorizada por Emissdo de Féton Unico, do inglés, Single-Photon
Emission Computed Tomography (SPECT) e Tomografia por Emissao de Pdésitron, do inglés,
Positron Emission Tomography (PET), as quais possibilitam a avaliagdo deparametros
funcionais e metabdlicos in vivo, de forma ndo invasiva, mediante administracdo dos
radiofarmacos que podem ser gama emissores para SPECT, principalmente, Tecnécio-99
metaestavel (**™Tc) e lodo-123 (***1) ou emissores de pésitron, sendo os principais, Fldor-18
(*®F) e Galio-68 (*®Ga). As informacdes fornecidas podem auxiliar no raciocinio clinico em
varias situagdes nas quais 0s métodos de imagem anatdmicos sdo limitados (por exemplo,
infiltracdo de pequenos linfonodos ou pesquisa de tumor residual apds tratamento). Além

disso, as doses absorvidas pelos pacientes sdo relativamente menores, sendo uma técnica mais
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segura tanto para adulto quanto para criancas (BOENO; NABINGER; SCHMITT, 2014,
BIASSONI; EASTY, 2017; FAHEY et al., 2017; YORDANOVA et al., 2017).

Os métodos diagndsticos que utilizam radiofarmacos apresentam uma sensibilidade de
deteccdo na escala de 10™ moles (Figura 5). Isto quer dizer, de maneira geral, que com uma
quantidade muito pequena de um radiofarmaco, 10 moles, ja consegue obter uma imagem
precisa, ou seja, apresenta alta especificidade. Outro ponto importante é o seu escalonamento
espacial, por ser um método altamente especifico a possibilidade de translacionamento é a
maior de todas as técnicas disponiveis. Isto € essencial, porque o ato de translacionar, agiliza a
transferéncia de resultados da pesquisa bésica para pesquisas clinicas, a fim de produzir
beneficios para a comunidade como um todo (DEBBAGE; JASCHKE, 2008;
CHAKRAVARTY; HONG; CAl, 2014; SANTOS-OLIVEIRA, 2016; CHAKRAVARTY et
al., 2017; GOEL et al., 2017).

Figura 5 — Comparacdo de diversas tecnologias de imagem molecular utilizadas na pratica da
clinica médica

L )
e
: ~FMO(!SCQ‘“CQ
SENSIBILIDADE ., . ... \ J|.
(1/quantidade) Z

Rato Escala Humano
« Espacial ‘

Legenda: MR:Magnetic Resonance_Resonancia Magnética; MRI: Magnetic Resonance Imaging_Imagem de
Resonancia Magnética; PET:Positron Emission Tomography_Tomografia por Emisséo de Pdsitron;
SPECT:Single-Photon Emission Computed Tomography Tomografia Computadorizada por
Emisso de F6ton Unico; US: Ultrasonography_Ultrassonografia.

Fonte: Adaptacdo de SANTOS-OLIVEIRA, 2016.

Cabe ressaltar que quando a Figura 5 € projetada para um radiofarmaco na escala

nanomeétrica, chamado de nanorradiofarmaco, a escala de sensibilidade pode alcancar valores
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de referéncia ainda mais baixos, cerca de 10%° a 10% devido & permeabilidade,
biodirecionamento e efetividade dos radiofarmacos em escala nano. Com a juncdo da alta
especificidade do radiofd&rmaco na imagem molecular com a nanotecnologia aumentando
ainda mais a sensibilidade, faz com que este medicamento atinja um patamar de superioridade
inalcancéavel por qualquer outra técnica disponivel no mundo atualmente. Portanto, torna-se
essencial o desenvolvimento de uma tecnologia especifica, sensivel e confidvel que permita a
realizacdo do diagndstico precoce e preciso. Novas abordagens com o intuito do
desenvolvimento, tanto terapéutico quanto de diagnostico, tem sido intensificadas nos ultimos
anos com o objetivo de um diagnostico precoce e maior direcionamento no tratamento,
principalmente na area da oncologia (CHOI; KWAK; PARK, 2010; SARCINELLI et al.,
2016; CHAKRAVARTY etal., 2017; GOEL et al., 2017).

1.6 Nanotecnologia

A nanotecnologia é uma tecnologia revolucionadorano campo da medicina e
trouxeinovacdes desafiadoras tanto no diagnostico quanto no tratamento de doencas, em
especial na constru¢do de nano-agentes de varias modalidades da imagiologia, por fornecer
substancias biologicamente ativas aos tecidos oudrgdos (MORITZ; GESZKE-MORITZ,
2015; GOEL et al., 2017).

Na oncologia, esta revolucdo se deve, principalmente, na tentativa de superar os
limites intrinsecos das terapias convencionais contra o cancer e de modificar osagentes de
diagnostico que na sua maioriaaumentam o contraste de imagem entre os tipos de tecido, com
base, principalmente, em propriedades fisicas diferentes (prioritariamente pela perfusdo)
gerando imagens de baixa resolucdo (PATEL S.; PATEL P.; PARE, 2014; CHAKRAVARTY
etal. 2017; SCHEINBERG et al., 2017; PELAZ et al., 2017; PAN et al., 2019).

Atualmente, tem-se observadoavancos na nanomedicina, nanotecnologia aplicada na
area da saude, como a utilizacdo de multiplos tipos de nanoparticulas (NPs) marcadas com
radionuclideos (nanorradiofarmacos) para diagndstico e terapia. Estas NPs exibem melhores
resultados diagndsticos e efeitos terapéuticos, menor toxicidade e biodistribui¢do controlavel,
em comparacdo com radiofdrmacos de pequenas moléculas. Portanto, a nanotecnologia
representa uma abordagem promissora e versatil para o desenvolvimento de nano-agentes
altamente especializados, demonstrando ser uma excelente estratégia para o diagnostico

precoce e diferencial por meio do uso de técnicas ndo invasivas: SPECT ou PET
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(SARCINELLI et al., 2016; SHI et al., 2017; ZHAO et al., 2017; GOEL et al., 2017). Além
disso, recentemente, o uso de NPs radioativas como agentes de imagem e terapia, definidos
como agentes teranosticos, é altamente esperado pelo mercado farmacéutico (PELAZ et al.,
2017; GOEL et al.,, 2017; YORDANOVA et al., 2017; ZHAO et al., 2017; SANTOS-
OLIVIERA; STABIN, 2018).

De modo geral, para a aplicagio em nanomedicina, adota-se o conceito de
nanoparticulas como agentes com tamanho entre 1 a 100 nm. Contudo, as NPs destinadas a
administracdo de farmaco tem esse espectro de grandeza ampliado, utilizando-se particulas de
1 a 1000 nm, visto a necessidade intrinseca de processos bioldgicos singulares, tais como
fenestracdes especificas e angiogénese diferenciada (PATEL S.; PATEL P.; PARE, 2014;
ZDROJEWICZ et al., 2015; HUANG; ZHANG, 2018; OJHA; KUMAR, 2018).

A principal justificativa do usodos sistemas nanoestruturados como agentes
diagndsticos e terapéuticos em oncologia € méaxima agdo seletiva sobre as células tumorais.
Ou seja, o controle do tamanho da particula, bem como da sua constituicdo quimica e
caracteristicas fisicas e biologicas, permite conseguir um transporte eficiente e uma
distribuicdo mais seletiva (alvo-especifica) do farmaco, superando as limitagcdes encontradas
nos tratamentos e nos métodos de diagndsticos convencionais (ALAM et al., 2014,
ZDROJEWICZ et al., 2015; LUCAS et al., 2017; PAN et al., 2019). Com isso, as NPs s&o
absorvidas pelas células de forma mais eficiente que as micromoléculas e, portanto, podem
ser utilizadas como sistemas de transporte e entrega eficazes. Atribuicdo da sua eficacia € ao
seu pequeno tamanho que possibilita a penetracdo nas membranas celulares, a estabilizacdo e
ligagdo as proteinas e ao escape da degradacdo lisossomal (NAOUM et al., 2016).

Uma desvantagem relativa as nanoparticulas é a sua opsonizacdo® por anticorpos e
fatores do sistema complemento, facilitando a fagocitose pelos macrofagos e neutréfilos. Com
isso, a retirada das NPs da circulacdo sanguinea pode ocorrer rapidamente em menos de 5
minutos e concentra-las, principalmente, no figado, baco e nédulos linfaticos, onde ha maior
concentracdo de células do sistema mononuclear fagocitario pertencente ao sistema
reticuloendotelial. Esse processo € dependente das caracteristicas fisico-quimicas dos
nanocompostos tais como: tamanho, carga e hidrofobicidade. Sabe-se que nanocompostos
menores que 200 nm conseguem passar pelas fenestracdes entre as células de Kupffer no
figado, sendo aprisionadas neste 6rgdo (PATRICIO, 2012; ALAM et al., 2014; HOSHYAR et
al., 2016; PELAZ et al., 2017; CALZONI et al., 2019).

O processo de excrecdo costuma ser dependente do tamanho: particulas pequenas (<

20 a 30 nm) séo eliminadas por excrecdo renal enquanto particulas maiores séo rapidamente
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reconhecidas por células do sistema fagocitario mononuclear presentes no figado, baco e, em
menor grau, na medula déssea. Assim NPs com tamanho na faixa de 30 a 150 nm s&o
localizadas na medula 6ssea, coracdo, rins e estbmago, enquanto as NPs de 150 a 300 nm séo
concentradas principalmente no figado e baco (PELAZ et al., 2017;DANAEI et al.,
2018;HUANG; ZHANG, 2018).

Uma vantagem no uso das nanoparticulas é seu efeito protetor contra o
reconhecimento por mecanismos de resisténcia a farmacos, como a resisténcia mediada pela
glicoproteina P, acarretando assim uma maior concentracdo do farmaco no interior das células
cancerosas (MIAO; HUANG, 2015; LUCAS et al., 2017). Com isso, 0 uso de sistemas
nanoestruturados tem demonstrado melhorar as propriedades farmacoldgicas, terapéuticas e
toxicoldgicas dos agentes utilizados no tratamento e diagndstico do cancer (MIAO; HUANG,
2015; SUN et al., 2017).

'O termoopsonizacéo é utilizado em Imunologia para definir o processo que consiste em fixar opsoninas, €.g.
imunoglobulinas, em epitopes do antigeno, permitindo a fagocitose (ABBAS; LICHTMAN; PILLAI, 2019).

1.6.1 Tipos de Nanoparticulas

O conhecimento da fisiopatologia a nivel molecular atrelada a modulacéao e regulacédo
dindmica, permitiu as NPs aplicadas na medicina, alcangarem um excelente controle das
doengas com elevada precisdo. Portanto varios sistemas s@o propostos para a utilizacdo em
nanomedicina podendo ser classificadas de acordo com o0s seus componentes e tipos de
material encapsulante, sendo as mais estudadas: i) nanoparticulas poliméricas, ii) micelas
poliméricas, iii) dendrimeros, iv) lipossomas, v) nanoparticulas lipidicas sélidas, vi) micelas
fosfolipidicas, vii) nanoparticulas de ouro, viii) nanoparticulas magnéticas, ix) quantum dots
(QDs)e x) silicas mesoporosas. Além disso, podem ser dividas em dois grandes grupos
principais dependendo do material de construgdo principal presente, NPs orgénicas e
inorganicas. Lipossomas, dendrimeros e NPs de carbono sdo bons exemplos de NPs
organicas. Enquanto, quantum dots (QDs), NPs de ouro (Au) ou de o0xido de prata (Ag) sdo
exemplos de NPs inorganicas (CONNIOT et al., 2014; PATEL S.; PATEL P.; PARE, 2014,
ZHAO et al., 2017).
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Seu tamanho ajustavel, quimica de superficie e arquitetura confere as NPs
propriedades bioldgicas distintas e permitem o transporte de diversas moléculas com alta
eficiéncia (SCHEINBERG et al., 2017). Analisando as caracteristicas intrinsecas dos
farmacos e dos nanosistemas, por exemplo, uma plataforma de lipossomas, nanoparticulas
poliméricas, dendrimeros ou micelas poliméricas, melhoraram a solubilidade em &gua de
farmacos pouco sollveis em agua e, subsequentemente, aumentar a estabilidade do farmaco
nas células tumorais, prolongando o tempo de circulacdo do farmaco no sangue,
proporcionando habilidades passivas e ativas de direcionamento de tumores e captacdo
inespecifica pelo sistema reticuloendotelial (CHAKRAVARTY; HONG; CAl, 2014;
GENDELMAN et al. 2015).

1.6.2 Nanoparticulas Poliméricas

As NPs poliméricas apresentam-se como sistemas de distribuicdo capazes de
promover um melhor controle da liberacdo do farmaco e uma distribui¢do direcionada no
orgdo-alvo, alcancando, assim, altas taxas de captacdo intracelular e menor exposicdo aos
6rgdo-ndo-alvos, mostrando ser um potencial veiculo de entrega de farmacos (CONNIOT et
al., 2014; HUANG; ZHANG, 2018). Com isso, tem sido dada mais atencdo as NPs
poliméricas, principalmente devido ao seu potencial para transportar farmacos hidrofobicos e
hidrofilicos, caracteristicas favoraveis de liberacdo controlada do farmaco, baixa toxicidade,
alta estabilidade e tempo de circulagdo prolongado que aumenta o acUimulo nos alvos
tumorais. Muitos trabalhos de pesquisa e revisdo envolvendo a coadministracdo de agentes
terapéuticos por NPs poliméricas na terapia do cancer foram publicados (PAN et al., 2019).
Portanto, a grande vantagem desse tipo de sistema de liberacdo nanoestruturado polimérico é
0 aumento da estabilidade fisica, quimica e biologica do farmaco (MOREIRA, 2013).

Em 1995, com a aprovacdo do Doxil® (doxorrubicina lipossomal) pelo FDA dos
Estados Unidos da América (EUA), a nanotecnologia farmacéutica passou seu primeiro
marco evolucionario com a subsequente aprovacdo de outros produtos, mas as aprovagoes
estdo em seu estagio iniciais com menos de 50 farmacos aprovados pelo FDA nos EUA
(KOOPAEI; ABDOLLAHI, 2016). Na Tabela 2 relata o tipo de polimero utilizado na
confec¢do das NPs polimérica, a indicacdo e o efeito dos farmacos ja aprovados pelo FDA
(SAAD; JAHAN; BAGUL, 2012).
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Tabela 2 — Alguns exemplos de farmacos utilizados na pratica clinica que séo entregues
por nanoparticulas poliméricas

, Tipo de Polimero / Indicagéo / .
Farmaco . T . Efeitos
Funcionalizagéo Atividade
Anfotericina B PLA-b-PEG Doengas Transporte
neurodegenrativas | aprimorado atraves
do BHE
Cisplatina Aptamero-PEG- Cancer de Aumento da
PLGA Prostota eficiéncia
Doxorrubicina+ | PACA Varios tipos de Efeito sinérgico
Ciclosporina A cancer
Estavudina PBCA SIDA Aunmento da
permeabilidade de
8 a 20 vezes
Fator de PBCA revestido com | Parksionismo Transporte
Crescimento polissorbato 80 aprimorado através
Nervoso do BHE
Lamivudina Metilmetacrilato- SIDA Aumento de 100%
sulfopropilmetacrilato as permeabilidade
pela BHE
Paclitaxel Aptamero-PEG- Gliomas Entrega aprimorada
PLGA
Vincristina + | PLGA Carcinoma Reducéo da
Verapamil Hepatocelular resistCencia de
maltiplos farmacos
Zidovudina Poli (isohexil cianato) Aumento de 4
vezes dos niveis
Segmentacdo de p!asmésticos do
. tecido linféide | 12/maco
Acrilato de Niveis mais altos de
polihexilciano Zidovudina no
organismo

Legenda:BHE:Barreira Hematoencefalica;PACA: Polialquilcianoacrilato;PBCA: Acrilato de Polibutilciano;
PEG: Polietilenoglicol; PLA-b-PEG: Polissorbato 80 revestido poli (acido lactico) -b-poli
(etilenoglicol); PLGA: poli(acido latico-co-acido glicolico); SIDA: Sindrome da Imunodeficiéncia
Adquirida.

Fonte: SAAD; JAHAN; BAGUL, 2012.

Em contra partida, varios estudos tem demonstrado a aplicabilidade de NPs
poliméricas através de modificagdes na sua superficie com ligantes que lhe permitam atingir
com precisdo o0 microambiente tumoral ou organelas de células tumorais. Por exemplo,
ligacdo aos anticorpos monoclonais para interromper o crescimento ou invasdo celular;
entrega e liberagdo intracelular de quimioterapicos ou agentes de terapia genética por
endocitose para melhorar a acdo do farmaco; distribuicdo de farmacos no tecido cerebral
devido a capacidade de penetragdo das NPs poliméricas na barreira hematoencefélica,

possibilitando o tratamento das doencas de Alzheimer, Parkinson e Epilepsia; na vacinacao
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oral (SAAD; JAHAN; BAGUL, 2012; HUANG; ZHANG, 2018; ZHANG et al., 2018; PAN
et al., 2019; LI et al., 2019; MUSUMECI; BONACCORSO; PUGLISI, 2019; WONG et al.,
2019). No entanto, o transporte das NPs poliméricas pela circulacdo sanguinea para os tecidos
e células patologicas é fortemente dependente do tamanho, assim o tamanho das NPs
poliméricas € um fator critico no desenvolvimento destas (BANIK; FATTAHI; BROWN,
2016; HUANG; ZHANG, 2018).

Denomina-se NPs poliméricas os sistemas coloidais poliméricos com tamanho entre
10 e 1000 nm, onde o farmaco pode se encontrar dissolvido, recoberto, encapsulado ou
disperso (BHATIA, 2016; ZAMBRANO-ZARAGOZA et al., 2018; HUANG; ZHANG,
2018).

As NPs poliméricas podem ser divididas em nanoesferas e nanocapsulasas quais
diferem entre si segundo a composicdo e organizacdo estrutural (Figura 6). As nanoesferas
possuem um tipo de matriz de estrutura, uma matriz polimérica. FArmacos podem ser
absorvidos na superficie da esfera ou distribuidos/encapsulados de forma homogénea no
interior da matriz, sendo libertados por difusdo. Desta forma obtém-se um sistema
monolitico, onde ndo ¢é possivel identificarum ndcleo diferenciado. Além disso,
nanoesferas ndo apresentam éleo na composicao. Ja as nanocéapsulas sdo sistemas vesiculares
nos quais o farmaco é confinado a uma cavidade que consiste em um nucleo liquido interno
cercado por uma membrana polimérica, ou seja, invélucro polimérico disposto ao redor de um
nucleo oleoso. Neste caso, as substancias ativas sdo geralmente dissolvidas no nucleo interno,
mas também podem ser adsorvidas a superficie da capsula na parede polimérica, sendo
denominadas os sistemas do tipo reservatério (ASSIS et al., 2012; CONNIOT et al., 2014;
SUTRADHAR; AMIN, 2014; BHATIA, 2016; CALZONI et al., 2019).
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Figura 6 — Representacdo dos Tipos de Nanoparticulas Polimeérias, Nanocapsulas e

Nanoesferas
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Fote: GIORDANI, 2012.

As taxas de absorcdo de células também sdo fortemente afetadas pelo tamanho das
NPs poliméricas. As células internalizam particulas atraves de diferentes vias dependendo do
tamanho, geralmente, endocitose mediada por receptor para particulas de 100 a 200 nm e
fagocitose para as maiores. A taxa diminuiu exponencialmente quando o tamanho ultrapa os
100 nm. Por outro lado, verifica-se que NPs de 150 nm tem a taxa de captacdo étima por nao-
fagocitos murinos. Alguns estudos demonstram que particulas inferiores a 200 nm e com um
indice de Polidispersdo (PDI), que mede a dispersdo do tamanho em torno da média, menor
que 0,2, obtendo particulas monodispersas, podem diminuir a captacdo pelo figado, prolongar
o tempo de circulacdo no sangue e melhorar a biodisponibilidade (BANIK; FATTAHI,
BROWN, 2016; HUANG; ZHANG, 2018; LI et al., 2019). Além disso, a disponibilizacdo do
farmaco no meio tumoral por parte da NPs poliméricas esta atrelada a dissolucdo e
desintegracdo do polimero da NP e da difuséo do farmaco pela NP (DELGADO, 2013).

Nos ultimos anos, varias pesquisas tém sido realizadas no intuito desenvolver NPs
baseadas em polimeros biocompativeis e biodegradaveis, como poliésteres de é&cido
polilactico (PLA) e seus copolimeros com &cido glicolico (PLGA), demonstrando a formacéo
de sistemas nanoestruturados com melhor estabilidade do farmaco e maior eficiéncia de
aprisionamento (SHARMA et al., 2014; BHATIA, 2016; CALZONI et al., 2019). Apesar de
sintéticos, esses polimeros sdo degradados no corpo em oligbmeros € mondmeros que sdo
eliminados através das vias metabdlicas normais, como o ciclo de Krebs (DIAZ; VIVAS-
MEJIA, 2013; CALZONI et al., 2019).
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Em 2004, o FDA aprovou para uso em humanos os polimeros biodegradaveis e
biocompativeis, PLA e o0 PLGA (MUSUMECI; BONACCORSO; PUGLISI, 2019).Pode-se
dizer que os polimeros biodegradaveis sdo preferidos pelo fato da rapida eliminacdo do
organismo e possibilidade de maior controle e manutencao da liberacdo do farmaco, isto
porque, dependendo da formulacdo escolhida,podem decompor-se em poucas horas ou
resistirem a degradacdo pelo organismo durante dias ou até mesmo semanas. Os polimeros
biodegradaveis sdo divididos em dois grupos: os naturais (tais como albumina, celulose,
alginatos, colagéno e quitosano) e os sintéticos (como PLA, PGLA, a poli (e-caprolactona)
(PCL) e o poli(metil-metacrilato) (PMMA)). Anatureza do polimero influéncia
significativamente no perfil de liberacdo do farmaco e, de modo geral, os polimeros naturais
promovem uma liberacdo mais rapida do que os sintéticos. Portanto, para a selecdo do tipo de
polimero que sera utilizado para o desenvolvimento da NP polimérica de liberacdo controlada
de farmacos, avalia-se principalmente a biocompatibilidade, a velocidade de degradacdo e a
facilidade de obtencéo/producdo do polimero (DELGADO, 2013; WONG et al., 2019).

Os meétodos classicos para a obtencdo de NPs polimérica sdo: nanoprecipitacéo,
emulsdo-difusdo, emulsificacdo-coacervacdo, emulsificacdo dupla, polimerizacao superficial e
métodos camada-a-camada. Além disso, estruturas poliméricas multifuncionais com
morfologia precisamente definida podem ser obtidas por um método controlado de
polimerizacdo por radicais de transferéncia de atomos (ATRP) (CONNIOT et al.,
2014;SHARMA et al., 2014;BHATIA, 2016; PAN et al., 2019).

A escolha do método de encapsulamento esta relacionada com as caracteristicas fisico-
quimicas do farmaco. Segundo Felippi (2008) a taxa de associacdo ou eficiéncia de
encapsulamento esté relacionada a solubilidade do farmaco na fase orgéanica. Na literatura, 0s
teores de associacao utilizando a técnica de polimero pré-formado variam muito. Sabe-se que
diversos sdo os fatores que influenciam o teor de encapsulamento do farmaco, os mais
importantes sdo: as caracteristicas fisico-quimicas do farmaco, o pH do meio, a superficie das
particulas ou a natureza do polimero, a quantidade de farmaco adicionada a suspenséo, a
ordem de adi¢do do farmaco na suspensdo, a natureza do 6leo utilizado e o tipo de tensoativo
utilizado (SOUTO; SEVERINO; SANTANA, 2012; MIRAKABAD et al., 2014; BHATIA,
2016; Ll et al., 2019; TAO; CHOW; ZHENG, 2019; WONG et al., 2019).

O método dupla emulsificacdo agua/dleo/agua (A/O/A) é o mais adequado para
encapsular farmacos hidrossoliveis, como peptideos, tal como a Octreotida, proteinas e
vacinas, enquanto o método de simples emulsificacdo agua/dleo (A/O) é perfeito para

farmacos hidrofébicos, como esterdides. No caso dos principios ativos hidrossolUveis séo
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dissolvidos numa fase aquosa incorporada por dispersdo na fase orgénica, esta constituida do
polimero dissolvido num solvente orgéanico tal como diclorometano, cloroférmio ou acetato
de etila, posteriormente vai constituir a fase interna de uma emulsao multipla A/O/A. Como a
fase aquosa interna tem tendéncia para coalescer durante a agitacdo, para formacdo da
emulsdo, a presenca de um tensoativo na fase aquosa é essencial para aumentar a estabilidade
da emulsdo primaria A/O e, em consequéncia, da emulsdo multipla A/O/A. A agitacdo da
emulsdo é a etapa determinante para a obtencdo das nanosferas e deve ser realizada antes da
precipitacdo do polimero, de modo a serem obtidas goticulas de fase interna de dimensdes
coloidais. Por fim, promove-se a remog¢édo do solvente organico, ocorrendo a precipitacdo do
polimero na fase externa aquosa e consequente formacdo das nanoesferas (SOUTO;
SEVERINO; SANTANA, 2012; MIRAKABAD et al., 2014; BHATIA, 2016;
MORITZ; GESZKE-MORITZ, 2015).

O tensoativo também é denomidado surfactante ou estabilizador da emulsdo. Sua
selecdo e concentracdo sdo parametros fundamentais para as NPs poliméricas, tanto para
estabilizar quanto para a obtencdo de NPs contendo o farmaco com menor tamanho. Os
tensoativos sdo moléculas anfifilicas que apresentam apeténcia para agua e Oleo por
possuirem na sua estrutura duas regides com polaridades opostas, uma hidrofilica (polar) e
outra hidrofébica (apolar). Devido a sua estrutura ser composta por duas regides distintas, 0s
tensoativos promovem a estabilidade de uma emuls&o reduzindo a tenséo interfacial entre dois
liquidos imisciveis. Por isto, seu uso na formulacéo é essencial. Ha varios tipos de tensoativos
gue podem ser: polimero ndo ibnico (exemplo, PMMA), polimero iénico (exemplo,
quitosana), polimero linear (exemplos, PVA e polietilenoglicol (PEG)), polimero hidrofébico
(exemplos, PLGA e PLA), copolimero anfifilico (exemplo PEG-PLA), surfactante do tipo
ibnico (exemplos, acido colico de sédio e sodio desoxicolico acido) ou ndo-ibnico (exemplos,
Tween e lecitina). A afinidade de diferentes estabilizadores na superficie do farmaco
determina sua cinética de adsorcdo. Assim, a quanto maior afinidade do estabilizador-
farmaco, mais rapido o estabilizado adsorve na superficie do farmaco, obtendo NPs de
tamanho menores. Mas esta afinidade depende das propriedades fisico-quimicas tanto do
estabilizador quanto do farmaco. Por exemplo, estabilizadores com maior hidrofobicidade e
maior capacidade de ligacdo a hidrogénio (com mais grupos hidroxila e carboxila)
frequentemente tiveram melhor afinidade com a superficie da particula (SOUTO;
SEVERINO; SANTANA, 2012; DELGADO, 2013; MIRAKABAD et al., 2014
MORITZ; GESZKE-MORITZ, 2015; RAUDSZUS; MULAC; LANGER, 2018; TAO;
CHOW; ZHENG, 2019; WONG et al., 2019).
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1.6.3 Mecanismos de Captacdo das Nanoparticulas

Em 2009, Kim e colaboradores ja demonstravam as estratégias de sistemas de
direcionamento (Figura 7) das NPs a um alvo como basicamente duas: 1) sinalizagdo passiva,
que age em consonancia com o Efeito de Permeabilidade e Retencdo Aumentadas, do inglés,
Enhanced Permeability and Retention (EPR) e 2) sinalizacdo ativa, que emprega vetores ou
ligantes direcionais. Além disso, outras estratégias foram descritas como: modificacdo da
farmacocinética e da distribuicdo bioldgica dos farmacos; presenga prolongada na corrente
sanguinea quando a sua superficie é revestida com molécula de polietilenoglicol (PEG) que
ajuda a escapar da fagocitose pelas células do sistema reticuloendotelial (BERTRAND et al.,
2014; DING et al., 2016; CHAKRAVARTY et al. 2017). Observa-se que o direcionamento
ativo é estritamente dependente do direcionamento passivo e garantido pela adequada
funcionalizacdo dos NPs através da ligacdo na superficie de anticorpos, proteinas ou peptideos
especificos. Em geral, o ligante é escolhido com base no tipo de receptor que ¢é
homogeneamente sobre-expresso em células tumorais (BERTRAND et al., 2014; CALZONI
etal., 2019).

Figura 7 — Estratégias de direcionamento das Nanoparticulas pela sinaliza¢do passiva e ativa

Corrente
Sanguinea

Tecido Tecido
Normal Tumoral

@ Nanoparticulas
« Farmaco

Direcionamento Passivo Direcionamento Ativo

Fonte: Adaptacdo de MIRAKABAD et al., 2014
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O direcionamento passivo é conseguido por meio da incorporacdo do agente
terapéutico em uma macromolécula ou NPs que atinge o 6rgdo alvo de forma passiva.
Farmacos encapsulados em NPs ou acoplados a macromoléculas podem passivamente chegar
aos tumores atraves do efeito EPR (MIRAKABAD et al., 2014; BHATIA, 2016), mecanismo
descoberto por Matsumura e Maeda em 1986. Alguns estudos mencionam que o
direcionamento passivo via EPR é obtido com NPs com tamanho até 200 nm promovendo
acumulo destas no tumor (MIRAKABAD et al., 2014; CHAKRAVARTY et al. 2017;
DANAEI et al., 2018).

A vasculatura de tecidos saudaveis é extremamente unida, logo as fenestracdes do
endotélio sdo de aproximadamente 2 a 4 nm, impossibilitando a pentracdo passiva dos
nanocarreadores. Entretanto, nos tecidos tumorais possuem uma deficiéncia nos vasos
linfaticos funcionais e demonstram um aumento de permeabilidade, regulado, parcialmente,
pela secrecdo anormal de fator de crescimento do endotélio vascular; bradicinina; 6xido
nitrico; prostaglandinas; metaloproteinases apresentando fenestracdes bem maiores (300 a 780
nm) permitindo, assim, a entrada dos NPs na regido tumoral (BLANCO; SHEN; FERRARI,
2015; BHATIA, 2016; DINGet al., 2016; CHAKRAVARTY et al. 2017;CALZONI et al.,
2019). No caso de tumores solidos, os neovasos tém fenestracdes numa faixa que varia de 100
a 780 nm (OLIVEIRA et al. 2012).

As NPs poliméricas, micelas ou lipossomas com tamanhos caracteristicos na faixa de
10 a 500 nm, aproveitam dessa caracteristica do microambiente tumoral, o aumento da
permeabilidade vascular, ou seja, EPR e carregam farmacos anticancerigenos para o interior
dos tecidos afetados (Figura 7) (SUTRADHAR; AMIN, 2014; PAN et al., 2019). Em alguns
casos, esse efeito pode aumentar a concentracdo do farmaco encapsulado nos tumores sélidos
em 70 vezes (OLIVEIRA et al. 2012; LIECHTY; PEPPAS, 2012). A eficiéncia desses
sistemas € tdo maior quanto maior for a capacidade da particula de prolongar os periodos de
circulagdo sanguinea (BHATIA, 2016).

O modo de direcionamento ativo confere ao sistema de liberagdo de farmacos pelas

NPs um "julgamento inteligente"

para discriminar as células cancerosas (DING et al., 2016).
Isto se deve principalmente pelos receptores de superficie celular propensos a internalizag&o,
que sdo superexpresso por células cancerosas, consequentemente melhoraram a captagéo
celular dos nanocarreadores (Figura 7). A especificidade e concentracdo desejadas sdo
melhores alcangadas pelo direcionamento ativo das NPs pelos pequenos ligantes, anticorpos e
biomarcadores capazes de se ligar especificamente a receptores moleculares expressos pelo

tumor, facilitando a captacdo eficiente do tumor, internalizacdo e endocitose mediada por
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receptor em concentracdes elevadas em células tumorais. Portanto, o direcionamento ativo
torna-se muito atraente para a entrega intracelular de farmacos encapsulados em NPs e
aumento da eficacia antitumoral (OLIVEIRA et al. 2012; ALAM et al., 2014; BERTRAND et
al., 2014; MIRAKABAD et al., 2014). Além disso, esta estratégia aumenta a concentracao de
NPs no ambiente tumoral, servindo com um agente diagnoéstico (ALAM et al., 2014;
BERTRAND et al., 2014; CHAKRAVARTY et al. 2017; ODA et al., 2017). Na Figura 8
demonstra de forma planar o possivel mecanismo de captacdo de uma NP polimérica
carregando a Octreotida que ira reconhecer seu receptor celular (SSTR 2) numa célula

tumoral, como o PPoma, servindo como um agente de diagndstico.

’N.A:“Julgamento Inteligente”: no sentido de fazer uma escolha acertiva e justificada pelo principioda técnica,
gue no caso, € o direcionamento ativo para células cancerosas, conseguindo reconhecé-las.

Figura 8 — Proposta do reconhecimento da Nanoparticula polimérica com Octreotida e
radiomarcada com Tecnécio-99 metaestavel pelo receptor de Somatostatina
(SSTR 2)

PmTe

OCTREOTIDA

SSTR 2

Célula Tumoral

Nota: PLA: Acido Polilactico; SSTR 2: Receptor de Somatostatina do subtipo 2; **™Tc: Tecnécio-99
metaestavel.
Fonte: Adaptacdo de YORDANOVA et al., 2017.

A aptiddo da NP para ser internalizada apos a ligacdo a célula-alvo é um critério
primordial na selecdo de ligantes de direcionamento adequados. Os receptores mais propensos
a internalizacdo sdo: i) receptor da transferrina, que podem ser até 100 vezes maisexpressos
nas celulas tumorais que nas normais; ii) receptor de folato, sendo a isoforma alfa (o)

(receptor de folato-a) superexpressa em 40% dos canceres humanos; iii) Glicoproteinas
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expressas nas superficies celulares sendo reconhecidas pelas lectinas, por exemplo; iv) O
receptor do fator de crescimento epidérmico, do inglés, Epidermal Growth Factor Receptor
(EGFR), superexpressos em varios tipos tumorais, por exemplo, o receptor epidérmico
humano-2, do inglés, Human Epidermal Growth Factor Receptor 2 (HER-2) é relatado como
sendo expresso em 14 a 91% dos pacientes com cancer de mama; v) receptor celular como
receptores de somatostatina que sdo sdo supreexpressos nas células tumorais, sendo SSTR 2
presente em 80% dos NET gastroenteroenpaticos (ALAM et al., 2014; BERTRAND et al.,
2014; MIRAKABAD et al., 2014; ABDELLATIF et al., 2018; LUKOMSKA et al., 2018).

As dimensbes méaximas das vesiculas formadas para internalizagdo das NPs
independente da via ndo sdo definitivas, mas suas dimensdes tendem a limitar este processo
de internalizacdo. Os tamanhos das vesiculas diferem para cada espécie, tipo de célula e
carga, sejam NPs ou microorganismos estranhos como os virus. Portanto, assume um
tamanho méaximo de NP para internalizacdo de até 200 nm. De modo resumido, pode-se dizer
que o mecanismo de captacdo das NPs ocorre da seguinte maneira: captacdo de uma NP
grande por fagocitose, internalizacdo por macropinocitose, ligacdo especifica de ligantes a
receptores de superficie celular e subsequente endocitose mediada por receptor e difusdo de
NP através da membrana celular (Figura 9) (LIECHTY; PEPPAS, 2012; KETTLER et al.,
2014; CHAKRAVARTY et al. 2017; HUANG; ZHANG, 2018). O tamanho da NP e o PDI
dos sistemas nanocarreadores sdo 0s principais atributos fisico-quimicos que influenciam a
absorcédo celular dependente de endocitose (DANAEI et al., 2018). Ap6s a internalizacao, as
NPs geralmente atingem o compartimento lisossomal, no qual as enzimas hidroliticas
degradam a NP, liberando o seu contetdo, farmaco (SUTRADHAR; AMIN, 2014).

Figura 9 — Mecanismos de captacdo de nanoparticulas
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Fonte: Adaptacdo de KETTLER et al., 2014.
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Uma vez que um objeto estranho entra em um corpo, a opsonizagdo comeca. Proteinas
Opsonina se anexam ao objeto estranho e tornad-lo mais visivel para o sistema fagocitico
mononuclear (MPS). Uma resposta rapida do MPS resulta na depuracdo de NPs nao
revestidas da corrente sanguinea dentro de poucas horas apés a injecédo, o que podera limitar o
seu uso, pois com a rapida depuracdo ndo havera tempo para atingir o tecido alvo. Uma
estratégia de evitar o MPS é o direcionamento ativo, que ir4 promover alteracGes estruturais,
principalmente na superficie trapalhando o reconhecimento pelo MPS e facilitara a passagem
pelas barreiras biologicas, viabilizando o seu uso clinico (LIECHTY; PEPPAS, 2012;
BERTRAND et al., 2014; BLANCO; SHEN; FERRARI, 2015; HOSHYAR et al., 2016;
CHAKRAVARTY et al. 2017). Porém, isto ainda é controverso, pois alguns estudos relatam
gue a opsonizacao é prejudicial as estratégias de direcionamento ativo para NPs, ja que as
suas alteracdes estruturais facilitam o reconhecimento pelo MPS, resultando em uma reducéo
acentuada na especificidade (BLANCO; SHEN; FERRARI, 2015; CHAKRAVARTY et al.
2017).

1.6.4 Nanotoxicologia

A absorcdo das NPs pelas células ocorre rapidamente através de mecanismos ativos e
passivos e 0s mesmos podem apresentar comportamentos diferentes devido a variagcdes no
tamanho, forma, revestimento superficial e carga das NPs. Isso dificulta a categorizagcdo do
comportamento das NPs nos sistemas bioldgicos e a identificacdo da sua toxicidade. Ao
contréario da toxicologia classica, a métrica de dose das NPs ndo é direta, os protocolos de
bioensaios envolvendo nanomateriais estdo sendo desenvolvidos e ainda ndo ha validacéo
internacional (ALAM et al., 2014). De fato, conhecer a toxicidade desses nanomateriais tanto
na salde humana quanto no meio ambiente € crucial, ao ponto em que a nanotoxicologia esta
se consolidando como um novo ramo da toxicologia. Tem-se observado que 0s sistemas
nanoesteuturados ndo obedecem completamente aos principios cientificos que formam a base
para do conhecimento sobre como o sistema fisiolégico humano frente aos compostos
exogenos e os testes de toxicidade também ndo abordam adequadamente as questbes de
nanotoxicidade (KOOPAEI; ABDOLLAHI, 2016; CALZONI et al., 2019).

Muitas varidveis, como dispersdo, aglomeragdo, agregacdo, concentracdo e matriz,

requerem mais consideracdes nas pesquisas com 0s nanomateriais in vitro e vivo. Com todas
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as caracteristicas em mente, ha certas preocupagfes com relagdo a estrutura nanoparticulada
para uso humano. A toxicidade das NPs tem atraido a critica mais vital porque elas
representam caracteristicas excepcionais como tamanho, distribuicdo de tamanho (PDI), carga
superficial, grande area de superficie, composicdo quimica, solubilidade, geometria e
estabilidade, caracteristicas essas que as tornam unicas. Por exemplo, ha uma relagdo inversa
entre o tamanho e concentragdo dos quantum dots afetando a citotoxicidade, ou seja, quanto
menor o tamanho e a concentracdo, sao mais toxicos. A toxicidade de NP poliméricas varia
dependendo da superficie da natureza do revestimento aplicado a NP (KOOPAEI,
ABDOLLAMHI, 2016; LI et al., 2016; RADOMSKA; LESZCZYSZYN; RADOMSKI, 2016;
CALZONI et al., 2019).

Embora as rotas de entrada de nhanomedicamentos nos seus alvos terapéuticos tenham
sido identificadas, mecanismos detalhados precisam ser melhores compreendidos para
elucidacdo dos possiveis efeitos toxicos (ALAM et al., 2014). Estudos iniciais podem ser
realizados a partir do acimulo da NP nos seus érgdos alvos, pois sua deposi¢do provoca
alteracdes intracelulares que podem afetar a integridade celular e, portanto, a funcdo de 6rgao
(CIAPPELLANO et al., 2016; KANNAN et al., 2014).

Em contrapartida, estudos tém sido realizados na tentativa de controlar e minimizar os
efeitos indesejaveis de NPs utilizam abordagens quimicas, tais como, a adicdo de grupos
funcionais. Entre os polimeros biodegradaveis sintéticos como o polietilenoglicol (PEG) tem
sido amplamente investigado devido a sua hidrofilicidade, que leva a formacdo de uma
barreira altamente ligada a agua, resultando em baixa adesdo celular e baixa absorcdo de
proteinas. Essas propriedades sdo extremamente atraentes, pois conferem recursos as NPs de
PEG, que podem, assim, evitar a ligacdo de opsoninas e uma menor limpeza pelo sistema
imunoldgico, consequentemente aumentando o tempo de meia-vida das NPs na circulacdo
(OJER et al., 2015; RADOMSKA; LESZCZYSZYN; RADOMSKI, 2016; CALZONI et al.,
2019). De maneira geral, uma NP biocompativel tendera ao sucesso se apresentar baixa
toxicidade, uniformidade de tamanho, grande capacidade para cargas diversas, alta
rastreabilidade, estabilidade coloidal, ligacdo e internalizacdo especificas de células seletivas
e liberacdo de carga desencadeada (CIAPPELLANO et al., 2016; RADOMSKA,;
LESZCZYSZYN; RADOMSKI, 2016).

A interacdo de NPs com a pele recebeu recentemente uma atencéo significativa, na
visdo da nanotoxicidade, devido ao uso crescente de NPs em roupas resistentes a manchas,
cosmeticos e protetores solares. A via dérmica de exposi¢cdo também é importante devido a

tendéncia das NPs transportadas pelo ar se aglomerem, acomodarem na superficie da pele e



48

imperidem o contato de outras particulas e sua penetracdo. No entanto, o uso de NPs na
medicina deve ser cauteloso, tendo em vista 0s potenciais riscos a salde que elas podem
representar porque os seus efeitos toxicos ndo foram estudados em detalhes e tdo pouco
elucidados (ALAM et al., 2014). Assim é importante compreender as vias de contato da NP
com o organimso humano. Na figura 10 demonstra as principais vias que devem ser estudadas

para os estudos de nanotoxicidade, de acordo com a sua aplicabilidade.

Figura 10 — Principais vias para estudos de Nanotoxicidade
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Fonte: Adaptacdo de ALAM et al., 2014.

A expansdo do conhecimento nos mecanismos envolvidos na nanotoxicidade tera um
grande potencial para auxiliar na compreensdo dos riscos associados a nanotecnologia e ao
projeto de nanomateriais mais seguros e até mesmo de nanomedicamentos, entre eles os
nanorradiofarmacos. Além disso, o potencial de eficacia terapéutica das NPs para o cancer
pode, de fato, depende muito dos mecanismos que induzem sua toxicidade (GULUMIAN;
ANDRAOS, 2018; PINTO et al., 2018). Uma etapa primordial para a aplicagédo clinica de

NPs poliméricas sdo os estudos de seguranca que precisam ser realizados por longos periodos
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de tempo para que a potencial toxicidade das substanciasexdgenas que se acumulam no corpo
possa ser descartada. Como consequéncia, enormes custos devem ser cobertos durante a
realizacdo de ensaios destinados a verificar a aplicabilidade do sistema no corpo humano
(CALZONI et al., 2019).
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2 OBJETIVOS

2.1 Objetivo geral

Desenvolver e caracterizar nanoparticulas de PLA/PVA com Octreotida radiomarcada

com Tecnécio-99 metaestdvel como agente de diagnostico para o Tumor Secretor de

Polipeptideo Pancreéatico, em inglés, Pancreatic Polypeptide-Secreting Tumor of the Distal

Pancreas (PPoma).

2.2 Objetivos especificos

Produzir de nanoparticulas de PLA/PVA com Octreotida a 4%;

Caracterizar as nanoparticulas de PLA/PVA/Octreotida quanto ao tamanho e indice de
polidispersao;

Avaliar a citotoxicidade das nanoparticulas de PLA/PVA/Octreotida;

Incorporar o radionuclideo Tecnécio-99 metaestavel nas nanoparticulas de
PLA/PVA/Octreotida;

Avaliar o perfil de biodistribuicdo das nanoparticulas de PLA/PVA/Octreotida
marcadas com Tecnécio-99 metaestavelem camundongos machos BALB/c nude com

modelo xenogréafico de cancer de pancreas (MIA Paca 2) com expressdo de SSTR 2.
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Abstract: Generally, pancreatic polypeptide-secreting tumor of the distal pancreas (PPoma) is
classified as a rare tumor, and may occur sporadically or be associated in families or with multiple
endocrine neoplasia type 1 (WEM 1) It grows slowly, reaching large dimensions at the time of
diagnosis and the symptomatology is fundamentally due to the mass effect, causing cither non-specific
abdominal pain or symptoms suggestive of obstruction of the pancreatic or biliary duct. Therefore,
when detected, they are usually malignant, with metastases mainly in the liver. The combination of
serum analysis of increased levels of chromogranin A and pancreatic polypeptide and pancreastatin
is very useful with a sensitivity of up to 95%. However, in addition, scintigraphicexams with
somatostatin analogues should be performed to better clarify the diagnosis, Surgical resection is
the treatment of choice, despite surgical difficulty and because they are generally palliative due
to the metastases. Surgeries for tumor volume reduction are also performed to relieve symptoms,
Chemotherapy commonly uses streplozotocin and somatostatin analogues to treat residual disease,
Unfortunately, the survival rates are still very low, less than 109, and if metastases already exist,
this percentage drops to 3%.

Keywords: cancer; oncology; imaging; radiopharmacy; nuclear medicine

1. Introduction

Historically, the first time that the pancreas was spoken of was by a Greek anatomist and
surgeon known as Herophilus (335-280 BC). However, it is only much later that Ruphos, another
Greek anatomist, gave the pancreas its name [1]. In antigquity and the middle ages, knowledge
about the anatomy of the pancreas was very limited and its Funclion was completely unknown.
Significant progress was first made in the seventeenth and eighteenth centuries. Johann Georg Wirsung,
the prosector of the University of Padua, discovered the main pancreatic duct, and Giovanni Santorini
discovered the accessory duct. Regnierde Graaf was the first to perform a pancreatic exocrine study,
and Paul Langerhans's discovery of pancreatic islets was in 1869. After the discovery of Langerhans,
the first steps toward recognizing the pancreas as an endocrine gland were done. The twentieth century
brought the discovery of insulin and other pancreatic hormones. Early, pancreatic studies led to crucial
advances in scientific knowledge and were recognized, among other things, with seven Nobel Prizes.
The first of these went to Ivan Pavlov in 1904 for his work on the physiology of digestion. The most
recent was awarded to Giinter Blobel in 1999 for discovering signaling mechanisms that govern the
transport and localization of proteins within pancreatic acinar cells [2-4].

The pancreas consists of a gland that has an elongated, pointed shape measuring about 15 cm
and which is located below the stomach, between the duodenum and the spleen. It is part of the
digestive system and the endocrine system of vertebrates, and consists of endocrine cells introduced
into exocrine tissue [5).
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The endocrine part of the pancreas is made up of clusters of cells known as the islets of Langerhans.
In these islets, there are four types of cells (alpha, beta, delta and PI") that although difficult to
differentiate, can nevertheless be classified according to the material that they secrete. I cells,
which account for less than 2% of the islets, produce the pancreatic polypeptide (PI') whose function is
to inhibit the exocrine pancreas and reduce the release of somatostating In addition to enzymes and
hormomes, the pancreas also secretes large amounts of sodium bicarbonate, which is intended to protect
the duodenum from acid from the stomach by neutralization |5,6]. Although the pancreatic polypeptide
(PP is secreted by the PP cells in the endocrine pancreas, these cells are also spread throughout
the exocrine pancreas. It consists of 36 aminoe acids and has a molecular weight of approximately
4200 Da, being a cholecystokinin antagonist, suppressing pancreatic secretion and stimulating gastric
secretion [7]. Its secretion in humans is increased after a protein meal, fasting, exercise and acute
hypoglycaemia, and is reduced by somatostatin and intravenous glucose. The role of PI” is unknown,
but effects on hepatic glycogen levels and gastrointestinal secretions, such as the stimulation of
gastric and intestinal enzyme secretion and inhibition of intestinal motility, have been suggested [8,9]
The highest concentration of PP cells is in the head of the pancreas, where 90% of all PP cells are
located |6]. PP was first reported in 1972 when it was simultaneously isolated by two independent
laboratories [10,11].

Pancreatic neoplasms are divided into two groups: exocrine pancreatic cancer (approximately
94'%), represented mainly by adenocarcinoma, and endocrine pancreatic cancer (approximately 6%,
represented by carcinoid tumors (well-differentiated neurcendocrine tumor) and neuroendocrine
tumors (NETs) [12-14]. Meuroendocrine tumors (METS) are also found in the stomach and intestine,
but are heterogeneous in their morphology, function and biology. Therefore, the WHO classification
distinguishes gastroenteropancreatic NET according to its location, histopathology, proliferative
activity, extension, Functional activity and hereditary antecedents [15]. Most cases of pancreatic
neuroendocrine tumors affect the right side of the organ (the head); pastrinomas, pancreatic
polypeptide (Secretory Tumor of the Distal Pancreas) and somatostatinomas are more frequent,
whereas insulinomas and glucagonomas predominate in the centre (body) and in the left side (tail) [16],
Its location in the retroperitoneum is associated with its natural history, and forms a great challenge
for early diagnosis. All pancreatic neuroendocrine tumors are considered malignant and have the
potential of metastasis; for this reason, its curative treatment is stll restricted to o minority of patients;
in addition, lesions are g{.-n{.-rully unresectable and 50% are metastatic at dileI“!HiH,‘ in the case of
PPoma, the number of metastatic tumaors at diagnosis rises to 90% [12,13,17].

Climically, nevroendocrine tumors (NET), including endocrine pancreatic tumaors, can be divided
into functional and non-functional tumaors [12], Non-functional tumors acoount for 50-600% of all NETs
and include those which are clinically quiet but secrete a predominant substance, e.g., the 'Poma,
which make up about 50% of all pancreatic NETs (PNET). Tumors are non-functioning or are diagnosed
incidentally {for example, by endoscopy) or due to the nonspecific symptoms of mass effects, such as
enlarged liver, obstruction of the pancreatic duct, or jaundice being diagnosed mainly in the head of the
pancreas and between the 5th and 6th decade of life. PPoma presents a shorter overall survival time
than functioning tumors [13,18,19]. Also, differentiation between a non-functional pancreatic NET and
an adenocarcinoma of the pancreas is extremely important because the prognosis is clearly different;
usually, NETs have a better prognosis than exocrine tumors of the pancreas. However, because the
differences bebween these two types of tumors may be sublle, itis often difficult to distinguish between
them [19=23].

2, Epidemiology

Caneer is considered a worldwide public health issue, especially among, developing countries,
according to the World Cancer Report database of the International Agency for Research on Cancer
(IARC) of the World Health Organisation (WHO). It is estimated that in the coming decades, the impact
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of cancer on the population will correspond to 80% of the more than 20 million new cases estimated
for 2025 [24],

In this scenario, we have the pancreatic cancer. This type of cancer is rare before the age of 20,
but becomes more commaon from the age of 60, According to the International Union Against Cancer
(UTCC), cases of pancreatic cancer increase with age: from 10,/ 100,000 inhabitants between 40 and
50 years to 116,/ 100,000 inhabitants between B0 and 85 years. The incidence in the Brazilian population
is more significant in men, with 8710 deaths having occurred in 2003, of which 4373 were men and
4335 were women. Between 62% and 82% of the patients present with tumors originating in the
gastrointestinal tract [ 12,25]. When evaluating endocrine tumors of the pancreas (PNET, the annual
incidence is even lower, approximately one in 100,000 or 1-2% of all pancreatic neoplasms [26,27],

Monfunctional pancreatic tumors like Ppoma, are the most common PNETS, representing
approximately 50-60% of all PNET. These tumaors are diagnosed more frequently between the 5th
and 6th decade of life. They occur more frequently in the head of the pancreas and most of these
tumors are malignant, Non-functional PETs are tumors that do not present the clinical syndrome
of hormonal hypersecretion, which means that most of them are silent. These tumors may occur
in 20-40% of patients with MEN (multiple endocrine neoplasia) and they can also be found in Von
Hippel-Lindau's disease, In fact, PNETs whose are associated with this disease are almost always
non-functional tumors [28,29].

PPoma is considered a rare disease, since it represents less than 1% of non-functional
neuroendocrine tumors [3]. For all combined stages, the relative five-year survival rale is 8%,
For the small percentage of people diagnosed with local disease (99%), the five-year survival is only
29%. About half (52'%) of patients are diagnosed at an advanced stage, for which the five-year survival
is 3% [14]. Most of this situation is due to the fact that it is difficult to detect, and pancreatic cancer
has a high mortality rate because of the late diagnosis and aggressive behavior. In Brazil, it accounts
for about 2% of all cancers diagnosed and 4% of all cancer deaths [25]. Tt is considered one of the
main causes of cancer death in Brazil, being the ninth highest cause among men and the sixth highest
cause among women [31], In the US, it is estimated that 53,670 new cases of pancreatic cancer will be
diagnosed in 2017 and it is considered the third leading cause of cancer death in men and women in US,
since they are associated with a wide range of other tumors, for example, ovarian, breast, endometrial,
bladder, prostate, or esophageal cancer, with a predicted 43,090 deaths in 2017, and a risk of one in 67
(Figure 1) [14,32-34].
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Figure 1. Top causes of cancer death, by sex in Brazil, 2008 [31] and the US [14]—Estimates for 2017, As
eatimates are rounded to more than ten cases, the exclusive cases of basal cells and squamous cells
are skin cancers and carcinoma in situ, except for bladder urinary tract infection, Brazilian souroe;
MS/SVS/DASIS/CGIAE/ Sistena de InformagiosobreMortalidade—SIM; MS/TNCA/Conprev/
Divisio de Informagio ¢ andlise de Situagio. American Source: AMERICAN CANCER SOCIETY.
Cancer Facts & Figures 2007, Atlanta; 2007 [14],

From 2004 to 2013, pancreatic cancer incidence rates increased by about 1% per year in Caucasian
individuals, but were stable in afro descendant [14]. Regarding mortality rates, an increase of (0.3% per
year was observed in Caucasian men from 2005 to 2014, and a decrease of 0.5% per year was observed
im afro descendants both men and women in the same period [14]. The relative five-year survival rate
has increased from 3% in the mid-1970s to 9% in the most recent period (2006-2012) [35].

3. Risk Factors

Some risk factors for pancreatic cancer have been identified and an important association has
been found in relation to age, since incidence rates increase progressively with age, with more than
BO% of cases of pancreatic cancer occurring in individuals aged between 60 and BD years [36].

Tobaceo use is one of the main risk factors for pancreatic cancer, showing that it clearly plays an
important role in this neoplasia [31]. Some cigarette smokers have a risk of developing pancreatic
cancier that is about bwice as high as that for individuals who have never smoked. The use of smokeless
tobaceo also increases the risk (Figure 2) [33].

Other risk factors include a family history of pancreatic cancer, a personal history of chronic
pancreatitis or diabetes mellitus, obesity, a diet rich in meat and fats, and low levels of serum folate,
Excessive alcohol consumption can increase the risk. Individuals with Lynch syndrome and certain
other genetic syndromes, as well as BRCAT and BRCA2 mutation carriers, are also at an increased
risk [ 14,37]. In addition, approximately 7-10% of patients show a familial predisposition for pancreatic
cancer [38], Consuming fruits and vegetables reduces the risk of pancreatic cancer [39],

Regarding specific risk factors to PPoma, there are some that deserve attention: (i) high intake of
saturated fat, (i) malignancy and associated impairment in glucose metabolism, (iii) thyroid dysfunction,
(iv) aleohol consumption, (v) cigarette smoking, (vi) chronic medical conditions, like diabetes mellitus,
and (vii) environmental factors, like radiation [40],
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Figure 2. Proportion of cancer deaths attributable to smoking in adults aged 35 years and over, USA,
2011, Source: Adapled from Siegel et al. 2005 [28],

4. Aetiopathogenesis

According to the distribution the cells in the islets of Langerhans of the pancreas, there is a
predominance of certain tumors. The head is the area of the gland with the greatest density of P
cells, which produce P, and give rise to PPoma, The current targets of sereening include identification
of early pancreatic cancer, as well as the two most important precursor lesions intraductal papillary
mucinous neoplasm and high grade pancreatic intraepithelial neoplasia, In other words, it is more
likely that endocrine pancreatic tumors originate from the already differentiated cells of the islets of
Langerhans [6,16,18,23,26,27].

Pancreatic neuroendocrine tumaors (PNET) are uncommon neoplasms, with an annual incidence
of approximately one in 100,000; these are distinguished by several characteristics and account for
only 1-2% of all pancreatic malignancies |26,41]. Neuroendocrine cells (derived from Enterochromalfin
cells or Kulchitsky cells) are distributed throughout the body. They exhibit similar biochemical and
functional behavior, with the possibility of taking up precursors of amines and their decarboxylation;
therefore, they also receive the designation of cells of the amine precursor uptake and decarboxylation
(APUD) system. The embryological origin appears to be the gastroenteropancreatic tract, not the neural
crest as previously thought. Neoplasms from cells of the APUL system have the ability to synthesize
and secrete polypeptides that have specific endocrine hormone activity, such as the FPoma [12,18,42,43],

Clinical behavior and the occurrence of well-defined syndromes depend on the production
of substances secreted by tumor cells (insulin, glucagon, etc.). As PPoma is a non-functioning
{non-secreting) tumor, it has no clinical manifestation until it is large enough to cause compressive
symptoms, despite having high serum levels of pancreatic polypeptides. However, histologically,
non-secretory tumors are indistinguishable from secretors, but they do not have the characteristic of
the production of molecules with hormonal activity [18,44,45].

The 2010 World Health Organisation (WHO) classification of neuroendocrine nmpla:im:‘. arising
in the digestive system (gastroenteropancreatic NETs) separates these tumors into bwo broad
categories [46]. The first includes well-differentiated neuroendocrine tumors, which show a solid,
trabecular, gyriform, or glandular pattern, with fairly uniform nuclei, salt-and-pepper chromatin,
and finely granular cytoplasm. These tumors have been traditionally referred to as carcinoid tumors
when arising in the tubular gastrointestinal tract or pancreatic neuroendocrine {islet cell) tumors,
where the PPoma fits and has a high degree of malignancy [38,47]. The second includes poorly
differentiated neuroendocrine carcinomas, which are high-grade carcinomas that resemble small cell or
large cell neuroendocrine carcinoma of the lung [48]. Poorly differentiated neurvendocrine carcinomas
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are often associated with a rapid clinical course; as such, their clinical behavior is similar to that of small
cell carcinoma of the lung, and they are treated similarly, using platinum-based chemotherapy [49,50].

In contrast, well-differentiated neuroendocrine tumors of the digestive system generally have a
much better prognosis. However, these tumors are not a homogeneous group, but instead display a
spectrum of aggressiveness. Even in the presence of liver metastases, some patients may survive for
many years. Within the subgroup of well-differentiated NETs, morphology alone cannot predict fumor
behavior, Proliferative rate, as assessed by mitotic count and for Ki67 labelling index, is of prognostic
significance, independent of tumaor stage [49,50]. The WHO classification separates well-differentiated
gastroenteropancreatic NETs into low-grade (G1) and intermediate grade (G2) categories based upon
proliferative rate (Table 1). All poorly differentiated neuroendocrine tumors are high-grade (G3)
neurcendocrine carcinomas according to this classification scheme, However, there is a small subsel of
tumors that displays a high proliferation rate but well-differentiated morphology [46].

Table 1. Evalution in WHO terminology of neuroendocrine tumors of the digestive tract,

WHO 1980 WHO 2000 WHO 2010
1. Well-differentiabed endocrine tumor 1. Mewroendocrine tumor grsde 1{G1)
(WIDET) * {carcinoid)

1. Carcinnid 2 Wall-differrtisiod endociine . Mesroenduocrine tumor grde 2 (G2)

carcingama (W) ™
3 Poorly differentlated endocrine 3 Mewroendocrine carcinoma {large cell
warcinoma/small cell carcinoma (FOEC)  or small cell bype)

1. Bl uencarcinmid
4 " 4. Mined exocrine-endocrine carcinoma 4. Mived adenoneuroendocrine carcinoma

Tl Mixed forms carcinoid {MEELC) (MAMEC)
wdendanindms
1%, Pseudotumor leslons B Tomor-like lesbons (TLL) . Hyperplastic and pre-neoplastic lesions

* The difference between WIET and WIDEC was defined according to staging features in the WD 300 classification
G2 NET does not necessarily ramslate info WIDEC of the WHO 2000 classification. Definition in parentheses for the
Intermational Classification of Diseases for Oneology (1012200 coding.

The term “MNeuroendocrine tumor grade 3 (G3)" has been used for this category but is not advised,
since neurpendocrine tumors are, by definition, well-differentiated. Reproduced with permission from:
WHO Classification of Tumors of the Digestive System, 4th edition, Rindi GAR et al. [46]

5, Clinicopathoalogical Presentation

Muost of the signs and symptoms of neursendocrine pancreatic lumors are caused by the excess
hormones that tumors release into the bloodstream. In PPoma, there is an overproduction of the
pancreatic polypeptide, which helps to regulate both the exocrine and endocrine pancreas. However,
this excess hormone does not usually cause any identifiable hormonal syndrome, since the hormone
is biologically inactive, Thus, they grow slowly, reaching large dimensions at the time of diagnosis;
the symptomatology is mainly due to mass effect, causing abdominal pain, jaundice, altered general
condition, palpable mass, diabetes mellitus and weight loss, with some patients also presenting
gastrointestinal bleeding and watery diarrhea, The latter has been associated with very high levels of
I'P; in addition, most cases of PPoma are malignant when diagnosed (909%). Jaundice (yellowing of the
skin and eyes) can sometimes facilitate early diagnosis. A recent report suggests the association of
I"Pomas with diabetes mellitus, demonstrated in five case reports where patients had an improvement
or resalution of diabetes after resection of the tumor [13,17,18,33,51,52]. The literature also reports on
the use of genetic algorithms in the development of genetic resources in the United States. The evolution
of patients with pancreatic neuroendocrine tumors s quite variable, Indolent tumors can lead to
the patient being asymplomatic, even without specific treatment. Other patients require therapy
due to compressive symploms, or hormone peplide production. The predominant site of metastasis
is the liver [3,17,18]. In PPoma, enlargement of the lver is one of the main symptoms used for its
detection [33].
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Multiple endocrine neoplasia type 1 (MEN-1) was first described in 1954 by Wermer [53]; for this
reason, it is also known as Wermer syndrome [54-56]. MEN-1 syndrome is rare, occurring with a
provalence of 0.001-0.25%, and reaches all age groups, presenting an identical distribution in both
sexes, 1E results from inactivation of the tumor suppressor gene MEN-1, has autosomal dominant
transmission and the penetrance is almost 100% with age. Tt is observed that penetrance increases
with age, because it is estimated that penetrance is 3% at 20 years of age in non-functional pancreatic
neuroendocrine tumors, increasing to 53% at 80 vears. The term multiple endocrine neoplasia (MEMN)
encompasses distinet, genetically determined disorders associated with the process of hyperplasia or
neoplasia in two or more endocrine glands of the same patient. The major MEN types are multiple
endocrine neoplasia type 1 (MEN-1), primarily affecting the parathyroid, pancreas and pituitary
gland, and multiple neoplasia type 2 (MEN-2), which involves the thyroid (medullary carcinoma),
parathyroid and adrenal medulla (phacochromoeytoma), However, von Hippel Lindaw’s syndrome,
neurofibromatosis type 1 and the Carney complex are still part of the MEN spectrum [12,54,57-59],

The gene related to MEN-1 was identified in 1997 and is located on the long arm of chromosome 11
(P13, Tt consists of ben exons, spans approximately 9 Kb and encodes a nuclear protein of 610 aming
acids, called MENIN or girl. Since the characterization of the MEN-T gene, different studies have
demonstrated multiple mutations causing familial and sporadic MEN-1, Approximately 261 germline
mutations were reported in independent families [12,54]. Mutation of the MEN-T gene is the most
common genelic alteration found in pancreatic neuroendocrine carcinomas (I"NC), but with distinctly
different frequencies between them; PPoma is present in 18-44%; of the cases [60]. In the case of
insulinomas (7%), the first genetic key [61] has been revealed. The fact that mutations in MEN-T are
found in non-functioning PNC is not surprising when considering that non-functioning PNC are
common in patients with multiple endocrine neoplasia type 1 (MEN-1) and higher morbidity and
maortality are associated with MEN-1, not to mention that the average life expectancy for patients
with these tumors was lower than that of patients with MEN-T who did not present with PNC
tumors. In the last few decades, MEN has aroused special attention, since the inheritance characteristic
of these syndromes offers a unique opportunity to the study of genes involved in the process of
carcinogenesis [12,62].

Rarely, neurcendocrine tumors are associated with von Hippel Lindau disease, characterized by
pancreatic islet tumor, where the 'l"oma is located. This syndrome is characterized by inactivating
mutations of the VHL gene (3p25) encoding the elonginprotein [12,54].

6. Diagnosis

The vast majority of non-functional pancreatic neuroendocrine tumors (PNETs) are diagnosed as
a result of nonspecific abdominal pain or symptoms of pancreatic or biliary duct obstruction. Because
of this, non-functional PNETs tend to be ]H'I'Hl;!r when detected (5.9 cm), have a hig'her rate of metastasis
(0% in general, but tising to 90% in the case of PPoma) and a worse prognosis (33% survival in
5 years) [52].

MNeuroendocrine tumors comprise a large family of neoplasms of neuroectodermal origin or
pluripotent cells, They are characterized by the presence of neurosecretory granules identified by
electron microscopy or by immunohistochemical study of chromogranin, synaptophysin, specific
neural enolase or PGP 95 (Protein of the product gene 9.5—Protein Gene Product 9.5). Biomedical
evidence shows that abnormal serum concentrations of nonspecific neuroendocrine markers, such as
chromogranin A (60-100M%), pancreatic polypeptide (PP) (25-70%) and pancreastatin, are the main
findings. Chromogranin A, called secretagranin T, is from a group of proteins present in several
neuroendocrine tissues, and is a good marker for both neurcendocrine tumors and pancreatic islet
cell carcinoma, as well as multiple endocrine neoplasia. The reference range in the serum is from
10 ng/mL to 50 ng/mL. The dosage of chromogranin-A should be assessed annually for follow-up,
but this marker is found to be 60-80% higher in patients with neurcendocrine tumors, regardless
of the primary site. I'I" dosage is determined by the radicimmunoassay technique, using plasma
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EDTA, with a standard value lower than 300 pg/mL. For the most part, the co-association of elevated
PP levels in PNETs and other hormones has maintained its value in the diagnosis and follow-up
of patients with functional and non-functional PNETs. Therefore, PP is a good marker to test in all
cases of suspected PNET, in addition to the hormones suggested by a clinical syndrome, if present.
However, this parameter has some interferences like other PNETs, nesidioblastosis, PP cell hyperplasia
and renal dysfunction. Pancreastatin, a pancreatic peptide derived from chromogranin A, has a
counter-regulatory effect on insulin action, and is also useful for monitoring the effects of therapy and
the progression of PPoma [63]. In this paper, we present the results of a study of the results obtained
in the literature based on literature review of Ppoma [12,17,18,44,63-66]. Figures 3 and 4 show some
immunohistochemical evidence of PPoma cases,

Figure 3. Immunohistochemical (IHC) analysis to PP (Novocastra NCL-PPp, dilution 1/500)
(A). All PPomas were not encapsulated but well circumseribed and separated from the adjacent
normal pancreas (arrows) by a smooth pscudocapsule (arrow heads) (B). All PPomas exhibit
characteristic features typical of neuroendocrine differentiation, including speckled chromatin (“salt
and pepper”) and a nested and trabecular architecture. Original H & E 600x amplification (C).
All PPomas show strong diffuse positive staining for general markers of neuroendocrine differentiation
including chromatin immunohistochemistry. [HC original amplification 600 x (D) [30]. All PPomas
showed positive labelling for pancreatic peptide by immunohistochemistry. Immunohistochemistry of
pancreatic polypeptide, original amplification 600x [30] (Figure 4).

Figure 4, Immunohistochemistry showing strong positive staining for chromogranin A (A) and PP (B)
in a case of PPOMA [26].
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The use of radiopharmaceuticals to achieve nuclear medicine imaging is the best way to
anatomically and functionally identify an organ, This technique allows the characterization of
functional and metabolic parameters in vivo and in a non-invasive way, by the administration of
radiopharmaceuticals ready for use or coupled to other molecules. The information provided may
assist in clinical reasoning in several situations in which anatomical imaging methods are limited
(e.g., small lymph node infiltration or residual tumor screening after treatment). Thus, the diagnostic
applications of nuclear medicine in oncology include the detection and characterization of the primary
lesion, staging and control of the therapeutic response [12,67,68).

Radiopharmaceuticals are generally administered via IV (intravenous), awaiting concentration on
the target tissue prior to acquisition of the images. The images obtained in the scintillation chamber
reflect the distribution of the radiopharmaceutical in the patient and can be flat or tomographic single
photon emission tomography (SPECT) [12,69,70].

In the 1960s, in a study of hypothalamic factors, somatostatin [71] was discovered and later
identified in the delta cells of the islets of Langerhans and similar cells of the gastrointestinal tract and
central nervous system. This hormone is a cyclic peptide containing 14 amino acids (aa) and belongs
to a group of peptides including the original somatostatin (S-14), an enlarged molecule of 28 aa (5-28),
and an initial 12 aa fragment of somatostatin 28 [S-28 (1-12)] [20]. These bind cellular receptors termed
somatostatin receptor (SSTRs) in normal and tumor cells. Five SSTR subtypes were isolated, cloned
and sequenced |72], and subtype 2 was found in PPoma [17]. Somatostatin inhibits the release of
various hormones such as those from the pancreas [73]. Therapeutic uses of this polypeptide include

blocking hormone release in secretory endocrine pancreatic, carcinoid and GH-secreting adenomas [74].

Therefore, knowing these properties, somatostatin analogues (octreotide and lanreotide) are labelled
with radioactive substances for the acquisition of SPECT images.

Octreotide conjugated to indium-111-labeled diethylene triaminepentaacetic acid (IDTPA)
(Octreoscan: 111 In-DTPA-octreotide) has a high affinity for somatostatin receptors (mainly subtypes
2 and 5) expressed in several neuroectodermal lineage tumors. This enables positive images to be
acquired for PPoma (Figure 5), showing progression of the tumor or new lesions, but other options
should be considered for PPoma tumors. The sensitivity of the test is dependent on the expression of
somatostatin receptors [12,17,75].

Figure 5. Octreoscan scintigraphy (Octreotide labelled 111-Indium """ In-DTPA-octreotide) showing,
tumor-free uptake of the pancreatic head (arrows). There is normal absorption of the marker by the
liver, spleen, and kidney. Normal excretion of non-intestinal radioactivity is observed [18].
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Scintigraphic exams with somatostatin analogues of the pancreas can be performed every three
years. These bests are nol performed annually because it is known thal, mainly in the case of pancreatic
tumors, its diagnosis is based almost exclusively on biochemical screening by the detection of
Chromogranin-A, since the abnormality of pancreatic hormones precedes the radiological detection of
these tumors by at least five years [54].

7. Prognosis

Pl'oma remains a reserved prognosis neoplasm due to its aggressive biological power, both locally
and in relation to the spread of the disease [36]. The poor prognosis of this neoplasm is, in part, related
to the difficulty of early detection. When the first symptoms appear, the majority of the patients present
at an advanced stage of disease, usually metastatic, where curative surgery is no longer possible |13,76],
In this case, we pay attention to some initial symptoms, such as epigastric malaise, diarthea or jaundice
is crucial and should not be neglected [12,13,17,33,76].

Surgical resection is only performed in approximately 2006 of cases, although it is the treatment
of choice. Surgeries for tumor volume reduction are also performed to alleviate the effects of mass
and malignant behavior. Complementary therapies are generally ineffective. Unfortunately, there is
currently no sensitive and effective screening test for the early detection of PPoma or even to identify
individuals predisposed to the development of this neoplasia [14,18,36).

8. Staging

Staging must be performed from two anatomical and functional points of view, besides TRNM.
Anatomic staging should be performed by computed tomography (CT) of the thorax, abdomen and
pelvis, and nuclear magnetic resonance imaging (MR1) of the liver may be useful in the characterization
of liver metastases (Figures 6-8), Upper digestive endoscopy with ultrasonography (US) helps to detect
small lesions, allowing needle biopsy. Octreoscan, restricted to some centers, is an important staging
test, and is important for in vivo evaluation of tumor expression of somatostatin type 2 receplors,
In-111-labeled octreotide scintigraphy in combination with conventional imaging (CT or MREI),
has improved the detection of primary and metastatic lesions, as well as selecting patients for
radicactive therapies. However, research aimed at early detection should be an incentive for PPoma
because of its high degree of malignancy. In patients with suspocted MEN-1, U5 is used for evaluation
of the parathyroid, since 90-97% of patients with this syndrome have primary hyperparathyroidism,
Bone scintigraphy should be performed in patients with suspected bone metastases | 17,68,77 78]

Figure 6. CI' scan showing a 'Poma of the head (solid arrow) of the pancreas causing, pancreatic duct
dilation (dashed arrow). The tumor is a diserete legion, with well-defined borders, and shows contrast
enhancemaent in the arterial phase [30],
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Figure 7. 3D axial magnetic resonance imaging showing pancreatic polypeptide-producing tumors in
the head of the pancreas (arrow) [ 18]

Figure 8. (a) Computed tomography of the abdomen showing a tumor of the pancreas 4.2 x 3.3 em in

size. (b) Intraoperative ultrasound showing a hypoechogenic tumor [26].

Functional staging involves plasma chromogranin A, which is increased in about 80% of cases,
regardless of whether the tumor is functioning or not. This marker correlates well with the hormonal
secretion of the tumor, and may not be related to the tumor mass. Its elevation may anticipate tumor
srowth detected by imaging tests. In addition, the pancreatic polypeptide-specific polypeptide should
be dosed. Calcium and serum phosphorus, parathyroid hormone (PTH) and urinary calcium for
characterization of hyperparathyroidism (present in MEN-1 in more than 90% of cases) should be
performed at least once at diagnosis [17,52,78].

The first results published by the National Cancer Institute’s SEER (Surveillance, Epidemiology
and End Results) program separated tumors by localized extension, regional extension or with
distant metastases; these parameters were fundamental to initiate the first classification systems of
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neurcendocrine tumors NET) [79]. In 2006, a work group of the European Society of Neuroendocrine
Tumors (ENETS European Meursendocrine Tumor Society) [80] developed and published a proposal
for THM classification of neuroendocrine tumaors (NET) of the anterior intestine (stomach, duodenum
and pancreas). This was the first TNM (Tumor, Modes, Metastasis) classification to be developed
for NETs that takes into account the distinctive growth patterns of these tumors and differentiates
these tumors from other gastroenteropancreatic carcinomas (GEP). These classification systems
complemented the WHO classification of GEP-NETs, using some aspects that had already been
recognized as prognostically relevant. In the years following the publication of these proposed THNM
classifications, the GEP-NET classifications of the previous gut and particularly pancreatic NETs were
validated by several studies, and their biological relevance and the power to discriminate between the
prognostic groups was broadly confirmed [81].

Later in 2009, the seventh edition of the THNM staging manual was published by the American
Joint Committee on Cancer (AJCC) and the International Union Against Cancer (UICC) for all tumors,
also including NET of all tumor sites, such as TNM of gastrointestinal carcinoids and pancreatic
neurcendocrine tumors, which had not previously been included in the AJOC/UICC staging
classifications, However, the seventh edition of the AJCC /UTCC TNM classification does not apply
to high-grade neuroendocrine carcinomas {large and small cells) and does not exactly follow the
EMETS classifications for some anatomical sites, especially for tumors of the pancreas, stomach and
appendix, although both TMM classifications overlap in the greal majority [82]. Mo data are presented
tos justify the use of different staging parameters. The result is that there are now two parallel systems,
each of which uses identical TNM terminology, but may refer to different types and extensions of
disease for particular NETs. This discrepancy leads to much confusion among clinicians and probalbly
limits the ability to compare research studies that use TNM staging as a prognostic factor or to stratify
treatment [H1].

Specifically, the AJOC /UTCC and ENETS scores differ in the definitions of T stages for pancreatic
tumors (Table 2). The ENETS system is widely used in Europe; in the United States of America,
many professionals are already required to use the AJCC/UTCC system. The confusion that will arise
from these parallel systems is a problem. When a TMM classification is being applied in practice, it is
important, therefore, to make clear which elassification is being used. Another point is that, given the
differences in these two systems, it is critical to document the underlying characteristics that contribute
to the T-stage (tumor size, extent of invasion, ete.) classification in the pathology reports to allow
translation between the ENETS and AJCC/UICC classifications [81]. Therefore, it is recommended that
the pathologist's report show, in addition to the TNM classification system, iks basis for classification,
which essentially includes the size of the tumor and the level of invasion |83],

Table 2. Comparison of the criteria for the T category in the BNETS and UNCC THNM classifications of
pancreatic neuroendocrine tumors [81)].

TMM EMETS AJCCUICT
T Confined to pancreas, <2 cm Comfined to pancreas, <2 cm
T Comfined bo pancreas, 2-4 cm Comfined to pancreas, =2 cm
T Confined o pancreas, =4 cm, Moripanereatic sproad, but without major vascoular
of invwvasion of dusdenum or bile duct invaslon (superior celioe or mesenlens vessels)
T Trvasion of adjacent argans or majoer — Major vascular invasion (oclioe axis o the superior
virssels maesenieric artery)
9, Treatment

Surgery and chemotherapy are treatment options that aim to prolong suevival and for alleviate
symptoms, but rarely produce a cure [14]. Thus, to define the treatment strategy for neuroendocrine
tumors, the characteristics of tumor resectability are characterized, regardless of the condition
of asymptomatic or symptomatic patients. PPomais are usually included in the classification of
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metastatic tumors and resectability, depending on the size of the tumor to be classified as resectable or
unresectable, Resectable metastatic tumor resection of hepatic metastasis is curative and they present
five-year survival in 70%; however, the use of somatostatin analogues is controversial, For metastatic
and unresectable tumors, treatment will depend on the symptoms. If the patient is asymptomatic,
somatostatin analogues will be used, although this is considered controversial when one suspects
the progression of the disease. There are studies that show an improvement of symptoms with
the use for short periods of time (less than three months). The symptomatic symptom control is
mandatory [17,18,60].

Due the lack of early symptoms, patients with non-functional endocrine tumors of the pancreas
(PNET) tend to present with much larger lesions than with functional tumors (4 em vs, 1.9 em) and,
consult doctors in the late stages. Therefore, at the time of diagnosis, advanced metastatic disease is
present [13,20,84-86]. For this reason, one study demonstrated that the five-year survival of malignant
PNETs was lower in non-functional tumors (29%) than in functional tumors (41%) [87].

Unfortunately, curative surgical resection can only be performed in a minority of patients with
pancreatic cancer (about 20%), since most have metastatic disease at diagnosis; in cases of PPoma,
this percentage drops to less than 10% of eligible patients [10,13]. There are reports of cases of resection
of PPoma tumors that present a well-defined solitary mass with benign histological characteristics
resulting in good long-term survival (Figure 9) [25]. Tt is worth noting that total pancreatectomy,
although resulting in a cure, is not indicated as it results in diabetes mellitus and exocrine pancreatic
insufficiency. This procedure is only acceptable in patients from families with a high incidence of
metastatic disease, because in this case, despite the consequences, total pancreatectomy can prevent early
death [54]. There is also indication for cases of neuroendocrine tumors associated to MEN-1 [88,89]. It is
important to emphasize that in patients with PPoma, they usually have distant metastasis, especially
in the liver, meaning that they are considered incurable and therefore considered inoperable most of
the time [12,13,17]. Another strategy is to submit patients to adjuvant chemotherapy (and sometimes
radiation) treatment in order to reduce the risk of recurrence [ 14].

Figure 9. (a) Situsintra-operatory showing the tumor before enucleation. The tumor is flanked by four
sutures that attach and enucleate from the surrounding tissue. (b) Specimen showing tumor 3 cm in
diameter |26].

Recently, the technique of minimally invasive pancreatoduodenectomy (MIPS) as a laparoscopic
pancreatoduodenectomy (LPD), has become a safe and viable alternative for benign tumors. However,
this technique cannot be used for tumors in the head of the pancreas (where PPoma is located).
The main concern regarding MIPS relies in blood loss, and although alternative, is a traumatic surgery
proceeding [90].

With the identification of the MEN-T gene and mutations causing this syndrome, it was
believed that it would be possible to identify the mutations associated with the malignancy of the
pancreatic tumors and to identify patients at high risk of developing metastatic disease. However,

63



Disenses 2008, 6, 8§ 14 of 2

mutational analysis of hundreds of families around the world did not demonstrate any significant
phenotype-—genotype correlation [91]. For the reasons mentioned above, the surgical goal is to remove
the maximum tumor mass without a loss of pancreatic function [54]. In addition, tumor resection has
shown an improvement or resolution of tumor-borne diabetes mellitus [52].

Since liver metastasis is commaon in PPoma, liver resection may be considered for localized
disease without compromising organ function or extensive metastasis beyond the liver. Due to the
indolent nature of most pancreatic nevroendocrine tumors, liver resection can lead to both long-term
symptom relief and increased survival [12]. However, some authors consider treating, patients with
liver metastases to be somewhat controversial. In non-functional tumors less than 2 cm in diameter
associated with MEN-1, surgery is not recommended [87],

In patients with predominantly hepatic disease, one strategy is embolization of the hepalic artery
for those patients who are not candidates for surgery, observing response rates higher than 500,
although this is fleeting [12]. Thus, the combination of cytotoxic chemotherapy and local ischaemia,
i.e., chemoembolisation, was evaluated in several studies, Symptomatic responses were obtained
in most patients, whereas tumor shrinkage was observed in about half of patients with progressive
disease prior to chemoembolisation [92]. Theretore, this procedure, which results in the ischaemia and
necrosis of tumor tissue, has been useful for the reduction of hormonal hypersecretion syndromes [54],
The results of embolization show that symptom control and tumor growth occur in 9% of cases,
leading to a five-year survival of up to 40%, and median survival of up to 32 weeks [12].

In cases where curative surgery is not possible, the debulking type should be considered,
The advantages of cytoreduction (resection of up to 9%0% of the tumor volume must be achieved)
include the reduced production of hormones by the tumor, control of symptoms and a decrease in
tumaor mass for the optimization of systemic chemotherapy doses. Clinical remission can be induced
by palliative surgery, so the presence of lymph node and for hepatic metastases is not necessarily a
comtraindication to surgery, obviously in the individual context of each patient, Thus, the cytoreduction
of hepatic metastases with palliative intent to control symptoms increases median survival by 3-4 times,
as well as providing excellent symptom control [12,93],

Radiofrequency ablation or cryoablation can be used for solitary liver lesions. Although less
morbid, they can only be used in small lesions, Radiofrequency ablation in tumors <5 em in size have
shown 70-80% symptomatic responses with the control of symptoms for up to a year [17,85,94].

When surgical intervention is not indicated or when it does not result in the control of hormonal
hypersecretion, patients are treated with drug therapy. This includes somatostatin analogues (octreotide
and lanreotide), which have the power to inhibit the secretion of virtually all hormones, and From
more specific treatments, which is not the case with 'Poma [54]. Octreotide acts on somatostatin 2
and 5 receptors, inhibiting the release of neurohormones. [t promotes optimal symptomatic control,
with a significant improvement in the quality of life by up to 80%, a biochemical response of up to
0% and tumor stabilization in up to 20% of progression cases. However, the objective radiological
decrease of the tumor occurs in less than 10% of cases. Therefore, the use of somatostatin analogues
such as octreotide is highly effective in controlling signs and symptoms. Although octreotide may
also decrease tumor size, evidence of its objective relationship is rare. Regarding the administration
of octreotide, there is a need for reapplication every 8 h, which was supplanted by the availability of
the deposit presentation, Sandostatin LARY, which can be applied on a monthly basis, Long-term
oetreotide is inibiated at a dose of 20 mg IM (intramuscular), with a gradual inerease to the dose
that is necessary for symptom relief after a period of sensitization. 1t is generally well tolerated;
however, it has some side effects, such as nausea, abdominal discomfort, diarrhea and malabsorption
of fats, which are mostly self-limited. In a randomized study, Sandostatin LA R¥ at 10, 20 and 30 mg
monthly doses was compared to daily octreotide 5C (subcutaneous) (0.3-0.9 mg /day). The efficacy
was similar in all groups in relation to control of the number of episodes of diarrhea (p > 0.72), and the
20 mg/month dose showed the best control of hot flushes. In patients who maintain symptoms al the
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dose of Sandostatin LAR 20 mg /month, dose escalation seems to rescue patients with initially resistant
disease [12,17,95,96).

Systemic chemotherapy is used in patients with progressive metastatic disease, In this condition,
patients with pancreatic islet tumors, where the PPoma is located, are more sensitive lo systemic
chemotherapy and therefore this is the treatment of choice. The chemotherapeutic agents used include
streptozocing, doxorubicin, 5-fluorouracil (5-FL), dacarbazine and cyclophosphamide, but the responses
are modest, The combination of streptozocin and doxorubicin is currently the chemotherapeutic
regimen of choice; when compared to streptozocin alone, this combination improves the objective
response from 36% to 65%, increases the mean duration of response to 200 months, and increases
survival, Schemes combining doxorubicin and streptozotocin, with or without 5-FU, for four to
six cyeles, produce objective response rates ranging from 6% to 45%. Other agents such as taxanes
and gemeitabine are relatively inactive in neuroendocrine tumors, Dacarbazine appears (o be the
single most active agent and is a good option for debilitated patients, In a phase 11 study of the
Bastern Cooperative Oncology Group with 42 patients, an objective response rate of 33% was achieved,
Like temozolamide, an alkylating agent was developed as a less toxie oral regimen than that of
dacarbazine in a phase Il study published in the Journal of Clinieal Oncology in 2006, where twenty-nine
patients were treated with a combination of temozolomide and showed a radiological response rate of
45%, which is comparable to that of studies of dacarbazine and streptozocin, It is important to emphasize
that objective responses with chemotherapy can take up to four months to be documented [54,97,98].

Complete responses to chemotherapy treatment are rare and the vast majority of patients show
recurrence, For this reason, and sinee it is generally an indolent process, chemotherapy should only be
initiated when periodic monitoring demonstrates significant progression [54]. Against this background,
new therapeutic approaches are being studied, such as the use of “target radiotherapy” and regimens
incorporating the use of anglogenesis and tyrosine kinase inhibitors, such as sunitinib and gefitinib
(Table 3). Sunitinib has been available in Brazil since 2006, and is used in the daily dose of 50 mg,
VO (via oral), for four consecutive weeks every six weeks [12]. Therefore, when chemotherapy
(sometimes along with a target therapy drug) prolongs survival for advanced disease, clinical trials are
needed to further improve survival, and are currently in progress for several new agents [14].

Table 3. Studics with new target therapies for neuroendocrine tumors,

Agent Target Patients  Response I"FS or TFP
Sunitinik PFIMCTFR; RET [] 17% I3 woecks (TTP)
Cofinitib BGER 3 6% Mo response

Everolimus mTOR 13 15% Mo response
Temsimalimus m TR 15 % M TSRS

PS5 Progression-free survival; TEP: Time for progression,

In patients with octreotide (Octreotide-labelled Octreotide 111) hypercaption, especially when
this uiptake is greater than that of the hepatic parenchyma, the use of radicactve molecules coupled
to a somatostatin analogue becomes a very attractive option. There are currently three radioactive
compounds with different characteristics: 111-In-octreotide, 90-Y-octreotide and 177-Lu-octeotate,
111-In-octreotide has a lower tissue penelration, but in a small study with 16 patients (most with
carcinoids) it showed a clinical benefit in Y0% of the cases, for at least six months after the last
application. In 30% of patients, the clinical benefit persisted for 18 months, without significant
toxicities. 90-Y-octreotide has higher energy and, therefore, greater tissue penetration. Partial responses
of the order of 8-29% were recently reported [12]. The most promising analogue appears to be
177-Lu-octreotide. Another study demonstrated that the octreotide somatostatin analogue has an
affinity for somatostatin subtype 2 receptor that is nine times greater than octreotide. Using 177-Lu-
octreotide in 131 patients with neuroenteropancreatic tumors resulted in a 2% partial response, with a
median duration of response exceeding 36 months. In addition, a smaller response (reduction between
25% and 50%) was observed in more than 19% of the patients treated [99].
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10. Conclusions

It is already Fully accepted that the development of cancer involves the accumulation of genetic
alterations. Knowledge and understanding of the genetic basis of cancer were mainly results of the
rapid progress in molecular engineering.

Studies of the biology of pancreatic cancer have increased intensely making it very
well-characterized. The demonstration that ductal adenocarcinoma presents distinct molecular
characteristics compared to non-ductal and neurcendocrine tumors has important implications for the
development of genetic theses, as well as for early diagnosis and prognostic markers,

Although there has been substantial progress in diagnostic imaging methods such as helical
CT, endoscopic ultrasound associated with tumor markers and SPECT, there has been no significant
improvement in cure rates in recent years.

It is hoped that with the prospect and availability of new technologies and the constant
contributions of researchers in many related disciplines, we will obtain better results, not only for
prevention and early diagnosis, but also to cure this fatal disease,

Against this background, PPoma has advanced from one of the most difficult objects of study,
for which there was previously little genetic knowledge, to one of the best characterized human
tumors, Therefore, the development of new diagnostic, preventive and treatment modalities requires
an understanding of the molecular mechanisms of the complex mulli-slage processes of lumorigenesis
of the pancreas; research into these fields must therefore be performed.
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ABSTRACT

Purpose: Pancreatic Polypeptide-secreting tumor of the distal pancreas (PPoma) is a rare,
difficult and indolent type of cancer with a survival rate of 5-year in only 10% of all cases.
The PPomais classified as a neuroendocrine tumor (NET) not functioning that overexpresses
SSTR 2 (somatostatin receptor subtype 2). Thus, in order to improve the diagnosis of this
type of tumor, we developed nanoparticulate drug carriers based on polylactic acid (PLA)
polymer loaded with octreotide and radiolabeled with Technetium-99m(**™Tc).

Methods: PLA/PVA octreotide nanoparticles were developed by double-emulsion technique.
These nanoparticles were characterized by Atomic Force Microscopy (AFM) and Dynamic
Light Scattering (DLS) and radiolabeled with *™Tc by the direct via forming **™Tc-
PLA/PVA octreotide nanoparticles. Then, this nanosystem were evaluated in xenografted
inducted animals (n=12) as were evaluated in the MTT assay.
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Results: The results showed that an 189nm sized nanoparticle were formed with a PDI of
0,097, corroborating the monodispersive behavior. These nanoparticles were successfully
radiolabeled with *™Tc as showed a great uptake by the inducted tumor. The MTT assay
corroborated the safety of the nanosystem for the cells.

Conclusion: The results support the use of this nanosystem (**"Tc-PLA/PVA octreotide
nanoparticles) as imaging agent for PPoma.

Keywords: PPoma, Octreotide, nanoradiopharmaceuticals, radiopharmacy, imaging agent
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INTRODUCTION

The Pancreatic Polypeptide-secreting tumor of the distal pancreas (PPoma) is
classified as a neuroendocrine tumor (NET) not functioning that overexpresses SSTR
2(somatostatin receptor subtype 2). This type of cancer affects the right side of the organ (the
head) where 90% of the PP cells (responsible to produce the pancreatic polypeptide hormone)
are found(1-4).The PPoma is considered a rare tumor more prevalent in individuals between
the 5th and 6th decade of life (2,5-9).

The PPoma cancer overexpress the pancreatic polypeptide (PP), which is composed of
36 amino acid peptide produced and secreted by PP cells primarily located in the Islets of
Langerhans. Is important to notice that this pancreatic peptide is biologically inactive, being
considered a clinically silent tumor. This fact, leads to a difficult diagnosis, which often
occurs accidentally (2,5-11). Also the PPoma are generally unresectable and in 90% of the
cases they are metastatic, with a survival rate of 5-year in only 10% of all cases (12). The
high malignant potential of PPoma (90%) is mainly due to its slow and silent growth,
reaching large dimensions at the time of diagnosis (5.9 cm) (2,9,13,14). The main risk factors
related to PPoma are: high saturated fat intake; malignancy - associated impairment in glucose
metabolism; thyroid dysfunction; alcohol consumption; smoking; medical conditions such as
diabetes mellitus and environmental factors such as radiation. It is known that the risk for
developing pancreatic cancer is 1 in 67 (2,3,15,16).

Octreotide is an octapeptide, developed as a drug, who acts as a potent octapeptide
analog of somatostatin. The various actions of somatostatin are mediated through specific
membrane receptors, especially the octreotide binds with high affinity to somatostatin
receptor subtype 2 and subtype 5 and with moderate affinity to subtype 3. In the case of
PPoma the most abundant receptor is the SSTR 2 (11,17,18).

Thus, considering that the PPoma is an aggressive and incurable tumor with a high
lethal rate and without any specific tumor test, we developed, characterized and pre-clinically
tested a™Tc-PLA/PVA/Octreotide nanoparticlesas a new nano-radiopharmaceutical for early

and differential diagnosis of PPoma.
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MATERIALS AND METHODS

Synthesis of Ocreteotide Nanoparticle

Nanoparticles were prepared by the double emulsification with solvent evaporation
method, according to the protocol described by Patricio et al. (19). A aqueous solution of 0.6
mL of poly(vinyl alcohol) (PVA, 0.1%w/v, 85% hydrolysed; Sigma-Aldrich, USA) and 0.4
mL Octreotide (4% w/v; Norvatis) was prepared. This solution was poured into 50 mg of
polylactic acid (PLA, 40-100kDa, 0.15-0.25 viscosity, Sigma-Aldrich, USA) in 4 mL of
dichloromethane and then emulsified by sonication (ultrasonic processor UP100H, 100W,
30kHz, Hielscher Ultrasonics, Teltow, Germany) for 2 min (55W), producing awater/organic
solvent (W/O) emulsion.Thissolution was then emulsified with 10 mL of PVA (1% w/v)
solution by sonication for 2.5 min (55W), producing a water/organic solvent/water (W/O/W)
emulsion. Then, the organic solvent was removed by evaporation under a vacuum (1.5 h)
(Rotavapor Water bath B-480, BuchiLabortechnik AG, CH, Switzerland) at 25°C at 60 rpm.
The particles were recovered by centrifugation (Avanti™ J-25 High Performance Centrifuge,
Beckman Instruments, Palo Alto, CA, USA) at 20,000 rpm for 20 min at 20°C to remove the
excess PVA. This procedure resulted in PLA/PVA/Octreotide nanoparticles.

Dynamic Light Scattering

Size distribution, mean size and polydispersity index (PDI) of the
PLA/PVA/Octreotide nanoparticles were determined by dynamic light scattering (DLS) using
the equipment Zetasizer Nano ZS (Malvern Instruments, UK). Measurements were performed
in triplicate at 25°C and the laser incidence angle in relation to the sample was 173° using a

12 mm? quartz cuvette. The mean + standard deviation (SD) was assessed.
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Atomic Force Microscopy

The morphology and dimensions of the PLA/PVA/Octreotide nanoparticles were
analyzed by atomic force microscopy (AFM) using a Multimode 8 (Bruker, Santa Barbara,
CA, USA) coupled with software NanoScope Analysis 1.50 (Bruker, Santa Barbara, CA,
USA), in tapping mode (intermittent contact) for acquisition of topographic and phase images
to investigate diameter, height and phase composition of particles. All the experiments were
performed with cantilevers spring constant of 0.24 N/m and nominal tip radius of 2 nm.
Particles solutions were diluted in a concentration of approximately 10° to 10™° particles per
cm?®. Solution was dropped in fresh cleaved mica and rest to dry in vacuum chamber protected
from contamination. The experiment was performed with scan resolution of 512 x 512 lines
and frequency of 0.5 Hz. For indentation experiments, cantilevers of 0.57 N/m were used and
maps of nano mechanical properties (Young’s modulus, adhesion, energy dissipation and
deformation) of particles. These maps were acquired simultaneously with particles
topography using PeakForce QNM (Bruker, Santa Barbara, CA, USA).

Entrapment Efficacy (EE)

The calculation of the entrapment efficiency (EE) was made using an indirect analysis
by UV visible spectrophotometer (Shimadzu model UV-2550) with A max value of 279 nm,
where it is part of the initial value of the Octreotide incorporated in the nanoparticle and free
Octreotide in the supernatant using the Equation 1:Encapsulation efficiency (%) = [1-(Drug
in supernatant liquid / Total drug added)] X 100.
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Cytotoxicity

Tumor Cells Cultures

Briefly, cells from human pancreas carcinoma (MIA Paca-2) that express SSRT 2
(somatostatin receptor subtype 2) and can mimicking the PPoma behavior (20,21). Were
obtained from Cell Bank of Rio de Janeiro (Rio de Janeiro, Brazil). The cells were routinely
maintained in DMEM supplemented with 10% FBS, NaHCO3; (3.7 g/L), HEPES (5.2 g/L),
penicillin (0.5 U/mL) and streptomycin (0.5 mg/mL). Cells were incubated at 37°C in a
humidified atmosphere of 5% CO,. Cells were grown to confluence culture flasks. Cells were
detached by brief treatment with trypsin (0.1%)/EDTA (0.01%) (22).

MTT assay

Thereafter, the MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide)
solution was removed and added 200 pL of absolute isopropanol to lyse the cells and
solubilize the MTT crystals in all conditions. The absorbance of the extract was read at 570
nm in a reader ELISA plates.

MTT assay using PLA/PVA/Octreotide nanoparticles at concentration of 1, 5, 10, 20,
50 and 100 pM, at the times of 24, 48 and 72 hours. The MTT assay was performed and
optical density was obtained at 570 nm. The graphs represent the mean * standard deviation
(SD) from three independent experiments. UT: Untreated cells. Statistical significance was
analyzed by the one-way ANOVAtest (*p<0.05; **p<0.01) (23).

Labeling Process with Technetium-99m (**™Tc)

The labeling process was done by the direct radiolabeling process described by
Portilho et al. (24) and Sousa-Batista et al. (25).In this methodology we used 150 pL of each
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sample: i) loaded nanoparticle with Octreotide (PLA/PVA/Octreotide nanoparticles) and ii)
unloaded (empty) nanoparticle, incubated with 150 pL of stannous chloride (SnCl,) solutions
(30 pg/mL) (Sigma-Aldrich) for 10 minutes at room temperature. Then this solution was
incubated with 100 pCi (3.7 MBq) (approximately 300 pL) of *™Tc (IPEN/CNEN) for 10

minutes in order to label their structures, as schematically demonstrated in Figure 1.

Figure 1 — Schematic labeling process of nanoparticles with Technetium-99m by the direct
method.
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Quality Control of the Labeling Process with " Tc

In order to confirm the efficacy of the nanoparticles labeling process, paper
chromatography was done using Whatman paper n°® 1 using 2 upuL of sample | —
loadednanoparticle with Ocreteotide (PLA/PVA/Octreotide nanoparticles); Il — unloaded
(empty) nanoparticle and acetone (Sigma-Aldrich) as mobile phase. The radioactivity of the

strips was verified in a y-counter (Perkin Elmer Wizard® 2470, Shelton, CT City, State).
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Labeling Stability Test

To confirm the stability of the nanoparticles labeling process, paper chromatography
was done using Whatman paper n°® 1 , 2 uL of sample | — loaded nanoparticle with
Ocreteotide (PLA/PVA/Octreotide nanoparticles); Il — unloaded (empty) nanoparticle and
acetone (Sigma-Aldrich) as mobile phase in the following period of time: 0, 30°,1h, 2h, 4 h, 6
h and 24 h. The radioactivity of the strips was verified in a y-counter (Perkin Elmer Wizard®
2470, Shelton, CT City, State) (26-28).

In vivo Analysis

Tumorxenografted models — PPoma Animal Model

Human pancreas carcinoma (MIA Paca-2) (Cell Bank of Rio de Janeiro, Brazil) were
cultured in RPMI (Gibco, Life technologies, MD, USA) supplemented with 10% of fetal
bovine serum (Gibco, Life technologies, MD, USA) and 50 pug/mL of gentamicin (Gibco, Life
technologies, MD, USA). Mycoplasma contamination in cultured cells was excluded using
Lonza Mycoplasma Detection Kit.

Is important to state that we used the MIA Paca-2 cell line since this cell line express
great amounts of SSRT 2 (somatostatin receptor type 2), which is the most prominent
somatostatin receptor presented in the PPoma, once the PP (pancreatic polypeptide) cannot be
used as original biomarker because his expression is marginally recognized (2,11,29-31).

Tumors were established by subcutaneous (SC) injection of 1x10° MIA Paca-2 cells at
the right flank of eight-week-old maleBalb/c nude mice (n=6). Tumor size was monitored for
3 weeks and measured by a caliper. Mice were observed three times per week for evidence of

distress, ascites, paralysis or excessive weight loss.
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Biodistribution

For the biodistribution studies, 3.7MBqg/0.01mL of each sample: sample | — loaded
nanoparticle with Ocreteotide (PLA/PVA/Octreotide nanoparticles) and 11 — unloaded (empty
PLA/PVA nanoparticle) nanoparticle were injected by retro-orbital via as described by De
Jesus Felismino et al. (32) and Salviet al. (33). Briefly, male Balb/c nude mice (n=6 per
group) were anesthetized intramuscularly with a solution mix of 10% Ketamine and 2%
Xylazine and then,**™Tc-PLA/PVA/Octreotide nanoparticles as PLA/PVA nanoparticle were
administered by retro-orbital injection. Two hours after administration male mice were
sacrificed by asphyxiation (CO, chamber) and organs of interest (heart, brain, stomach,
intestine, kidney, lung, liver, spleen, lesion (tumor) and blood were immediately dissected out
and weighed for quantitative estimation of gamma counts using a gamma counter (Perkin
Elmer, Wizard® 2470). Results were expressed as percentage of injected dose per organ
(%ID/organ).

Statistical analysis

Statistical analyses were performed using Origin Pro 8 (OriginLab, USA) software.
Results are shown as means + standard deviation (SD). P-values less than 0.05 were

considered significant.

RESULTS AND DISCUSSIN

Nanoparticle Fabrication

The double emulsion followed by solvent evaporation method showed to be

anefficientmethodology for the encapsulation of hydrophilic molecules and proteins such as
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Octreotide (34,35). The results from DLS and AFM corroborated this efficacy, as shown
below.

Dynamic Light Scattering

The PLA/PVA/Octreotide nanoparticle showed a mean size of 189 £ 1 nm with a
polydispersity index (PDI) of 0.097+ 0,022 (Figure 2), corroborating the monodispersive
behavior (36-38).

Figure 2 — PLA/PVA/Octreotide nanoparticle size distribution and mean size. Analyses were

performed at 25°C after preparation. Error bars indicate SD for the triplicates.
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The acquired size (189 nm) is suitable for a higher EPR effect (EnhancedPermeability
and Retention) in tumor cells, specifically in solid tumors, as PPoma, since with this size the
PLA/PVA/Octreotide nanoparticle can reach the broader fenestrations of the neo-vessels, but
cannot enter the narrow endothelial fenestrations of normal tissues (36,39-43).In this direction
is expected a higher accumulation (uptake) in the tumor with low accumulation (uptake) in

normal tissues (44).
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Atomic Force Microscopy (AFM)

In topographical AFM images (Figure 3), PLA/PVA/Octreotide nanoparticles showed
high homogeneity in shape (spherical) and a narrow size distribution in the middle area of 180
to 200nm, corroborating the DLS analysis.

Figure 3 — Topographic image of nanoparticles obtained by atomic force microscopy showing
their size and the spherical shape. (A) Film adhesion; (B) Adhesion; (C) Film 3D;
(D) Height; (E) and (F) Uniformity of structures.
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The result from EE% was also consistent and showed that 60% of the Octreotide were
incorporated into the nanoparticles, corroborating the double-emulsion methodology as a

good technique to produce high-loaded nanoparticles of Octreotide.
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Cytotoxicity

The results from the MTT assay are expressed in Figure 4. The results corroborate the
safety aspect of the nanoparticle. Also, confirmed that the amount of Octreotide used was not
enough to kill the cells (MIAPaca-2). This is quite desirable especially when developing

contrast/imaging agent as is the case of this nanosystem(26,27).

Figure 4 — MTT assay using PLA/PVA/Octreotide nanoparticles at concentration of 1, 5, 10,
20, 50 and 100 pM, at the times of 24, 48 and 72 hours. The MTT assay was
performed and optical density was obtained at 570 nm. The graphs represent the
mean + standard deviation from three independent experiments. UT: Untreated

cells. Statistical significance was analyzed by the one-way ANOVAtest (*p<0.05;

**p<0.01).
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The results corroborates itself the safety and harmless of these nanoparticles and it use

as imaging agent (24).
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Labeling Process

The PLA/PVA/Octreotide nanoparticles were successfully labeled (>90%). The use of
acetone as the mobile phase provided efficient separation from free **™Tc and labeled

nanoparticles, as shown in tablel.

Table 1 — Percentage of labeled PLA/PVA/Octreotide nanoparticles observed over time, after

ascending chromatograms of *™Tc compared with free pertechnetate (Na*™TcO,).

Time (h) Labeling (%)
0 99.8+0.2
0.5 99.7+0.3
1 98.8+£0.6
2 99.7+£05
4 98.6 £0.9
6 98.7+£0.6
24 98.3+0.8

This result is in agreement with the literature, which says that the amount of sample
must be sufficient to bind at least90% of the ®™Tc, thus obtaining an image with few artifacts

(45-47).Similar results were found for empty nanoparticles as shown in table 2.

Table 2 — Percentage of labeled emptynanoparticles observed over time, after ascending
chromatograms of ®"™Tc compared with free pertechnetate (Na**™TcO,).

Time (h) Labeling (%)
0 99.9+0.4
0.5 99.8+0.2
1 99.8+0.6
2 99.7+04
4 99.6 £0.7
6 98.2+05

24 98.0+0.2
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Biodistribution

The biodistribution (Figure 5) of both nanosystem (**"Tc-PLA/PVA/Octretide and
9MTC-PLA/PVA, respectively loaded and empty nanoparticles/nanosystems) is quite different
in inducted animals andchanged the behavior of the loaded nanoparticles when compared with
empty nanoparticles (Figure 5). The uptake by the liver (64.51% and 61.86%, respectively
empty and load nanoparticle) were very similar and may be explained by the fact that
nanoparticles are recognized by the mononuclear phagocytic system (MPS) (48-51). This
theory is corroborated by the high uptake by the spleen (10.79% and 7.8%, respectively
loaded and empty nanoparticles) in both cases.

A high uptake in stomach was observed in the intervention group (treated with *™Tc-
PLA/PVA/Octreotide nanoparticles), which can be explained by the fact that stomach express
somatostatin receptor (21). The uptake in large and small intestine in the same group was also
observed and can be explained duethe high amount of SSRT 2 receptor in intestines too
(21,52). In both cases a negligible uptake were observed in brain (0.06% and 0.05%,
respectively empty and loaded nanoparticles) corroborating the safety aspect in terms of
radioactive imaging agent.

In both groups were observed the renal uptake (3= 14.7% and > =6.8%, respectively
empty and loaded nanoparticles), but with imperceptible amount in bladder (0.9% and 1%)
respectively empty and loaded nanoparticles, which suggest that the both nanosystems were
reabsorbed in the luminal space instead of been excreted (53).

The uptake by the lungs (3= 4.5% and > =5.1%, respectively empty and loaded
nanoparticles) can be explained by the administration route (33,54). Finally, the uptake in
lesion (tumor) by the loaded nanosystem (5.3%) in contrast with the empty nanosystem
(0.01%) corroborated the targeting of the nanosystem as it use as a nano-imaging agent for
PPoma.
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Figure 5 — Biodistribution of the *™Tc-PLA/PVA/Octreotide nanoparticles compared with the
biodistribution of the *™Tc-PLA/PVA nanoparticles both with similar size in
xenografted mice (n=12, 6 animal per group) using MIA Paca-2 cell to mimic the
PPomamicro environment, with expression of somatostatin subtype 2 receptor
(SSRT 2). The red group is control group (empty nanoparticles/**™Tc-PLA/PVA
nanoparticles) and the green group is the intervention group (loaded
nanoparticles/*™Tc-PLA/PVA/Octreotide).

80 ~
70 -
60 - I
50 -
40 -
30 -
20 -
10_ :[

0

10 - X & & & @& & P (\%,?}\Q‘z"\\

CONCLUSION

AlthoughPPoma is being considered a rare type o tumor, the aggressiveness as the
very low rate of treatment’s success makes this cancer a challenge. Most of the issues related
to PPoma rely in the difficult to early detect, since no great metabolic or physiological
changes are observed in the first stages of the tumor. In this direction, the developed *™Tc-
PLA/PVA/Octreotidenanoagent showed to be a precise and efficient agent capable to
correctly targeting and identify this tumor. Further studies are necessary, especially in
orthotopic cancer model, in which the biology of the cancer is more preserved. Also, imaging
studies using Micro PET/SPECT are required to undoubtedly proof the concept.
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CONSIDERACOES FINAIS

A grande vantagem da nanomedicina é a possibilidade de fornecer ao paciente um
atendimento cada vez mais personalizado e individualizado, através do aperfeicoamento tanto
dos métodos de diagnostico quanto das terapias. Além disso, os estudos na &rea da
nanomedicina fornecem uma maior compreensdo do mecanismo da doenca ao nivel
molecular, fato essencial na integracdo do diagnostico e da terapia. Devido a estas
caracteristicas, a nanomedicina possui um vasto leque de aplicagdes clinicas.

Atrelado a isto, pesquisas sobre o Tumor Secretor de Polipeptideo Pancreatico
(PPoma) devem ser icentivadas. Por ser um tipo tumoral altamente agressivo e fatal com
poucas alternativas para reversdo deste quadro. O ponto de partida pode ser dado com o
desenvolvimento de um agente diagndstico. Assim utilizando as informacGes da area da
nanotecnologia, problemas no direcionamento para essas células tumorais, podem ser
superados pela producéo e adeséo do nanoradiofarmaco no érgéo alvo, pancreas.

Neste contexto, o presente trabalho demonstrou que a metodologia de dupla
emulsificacdo para a obtencdo de nanoparticulas (NPs) poliméricas de acido polilactico (PLA)
carregado com Octreotida foi eficaz. As mesmas foram caracterizadas pelas técnicas de
Microscopia de Forga Atdmica (AFM) e Dispersédo Dindmica de Luz (DLS). Os resultados
obtidos demonstram uma distribuicdo de tamanho em torno de 189 nm e monodispersa com
indice de Polidispersdo (PDI) de 0,097, sendo ideal para a penetracdo em células tumorais
através, principalmente, do efeito de EPR (Efeito Permeabilidade e Reten¢do Aumentadas). A
eficéncia de encapsulamento da Octreotida pelo espectofotometro UV-VIS, de forma indireta,
obteva-se uma eficiéncia de 60%, sendo aceitdvel pelas carteristicas de dificuldade de
adsorcdo do farmaco hidrosoluvel.

Um ponto importante a ser avaliado no desenvolvimento de umnanorradiofarmaco
como agente de imagem é a sua citotoxiciade. Essa foi avalida pelo ensaio de MTT frenteas
células do carcinoma do pancreas humano (MIA Paca-2) que expressdo SSTR 2. Observou
que mesmo aumentando a concentracdo das nanoparticulas de PLA/PVA/Octreotida, ndo
houve alteracdo significativa na viabilidade celular, corroborando com o uso seguro das
mesmas.

A marcacdo pelo método direto com tecnécio-99 metaestavel (**™Tc) apresentou alto
rendimento, maior que 98%, que persisitiu por 24 horas. Isto possibilita o estudo de

biodistribuicdo em camundongos machos de Balb/c induzidos pelo xenoenxerto de MIA
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Paca-2 com as NPs de PLA/PVA (grupo controle) e NPs de PLA/PVA/Octreotida (grupo de
intervenco)radiomarcada com *™Tc para prever seu comportamento bioldgico. Os resultados
obtidos de alto valor do percentual de captacdo no figado nos dois grupos, sugeremo
reconhecimentos das NPs pelo sistema fagocitario mononuclear (MPS), que corroboram com
o percentual encontrado no baco. Por fim, o nanorradiofarmaco de *™Tc-
PLA/PVA/Octreotida apresentou significativa diferenca na captacdo pela lesdo que o
nanorradiofarmaco de *™Tc-PLA/PVA sem a Octreotia. Sugerindo que este sistema podera
servir como agente de imagem para o PPoma.

Portanto, o estudo da biodistribuicdo associada a técnias de caracterizagdo das NPs por
DLS e AFM e estudos citotoxicoldgicos, fornecem uma visdo mais ampla do comportamento
das nanoparticulas in vivo. Isto tudo é essencial para os estudos pré-clinicos de novos
nanorradiofarmacos com o intuito de utilizacdo clinica futura, no caso, para o diagndstico do

PPoma.

Sugestdes para trabalhos futuros

Sugerimos como continuidade deste trabalho um estudo detalhado do processo de
viabilidade celular, ensaios in vitro, para determinacdo da ocorréncia ou ndo da toxicidade
sobre outras linhagens tumorais, testadas para fins exclusivamente diagndsticos.

Propostas que avaliem o perfil de concentracdo plasmatica das solugdesfarmacoldgicas
de NPs utilizadas no modelo animaltambém séo desejadas.

Estudos de imagens cintilograficas dos animais sadios e induzidos para avaliar melhor
a biodistribuicdo das nanoparticulas e possibilitar o estudo dosimétrico dos 6rgdos.Assim
como estudos que extrapolem o tempo de geragdo de imagens SPECT no modelo animal

resultando em étima qualidade de analise.
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ANEXO B - Producédo de Nanoparticulas Poliméricas

No trabalho, o método utilizado para a preparacdo das nanoparticulas (NPs) foi o de
dupla emulsificacdo seguido pela evaporacdo do solvente, segundo adaptacdo do protocolo
descrito por Patricio e colaboradores (2014). Este método pode ser dividido em 4 etapas:

a) 12 Etapa: Preparacdo da Emulsdo Agua/Oleo (a/0);
b) 22 Etapa: Preparacdo da Emulsdo Agua/Oleo/Agua (a/o/a);
c) 3% Etapa: Evaporacao do Solvente Organico;

d) 4° Etapa: Retirada do Excesso de residuos.

Foram preparados dois tipos de NPs: a primeira vazia (sem Octretida) e a segunda com

o Octreotida.

1. Obtencdo das nanoparticulas vazias de PLA/PVA

a) 1?2 Etapa: Preparacdo da Emulsdo Agua/Oleo (a/0):

Em 4 mL de diclorometano (CH,ClI,) foram dissolvidos 50 mg de acido polilactico
(PLA) e levado para a ultrassonicacdo a 55 W (100% da poténcia) por 2 minutos (Ultrassonic
Processor - UP100H). Durante este processo foi vertida sob gotejamento 1mL da solucéo de
alcool polivinilico (PVA) a 0,1%. No final desse processo obteve-se uma emulsao a/o (Figura
1).

b) 22 Etapa: Preparacio da Emulsio Agua/Oleo/Agua (a/o/a):

Em seguida, 10 mL de uma solucéo aquosa de PVA a 1% foi gotejada sobre a primeira
emulsdo obtida na etapa anterior sob a ultrassonicacdo a 55 W (100% poténcia) por 2 minutos
e 30 segundos (Ultrassonic Processor -UP100H), obtendo-se por fim, uma emulsdo a/o/a
(Figura 1).

c) 32 Etapa: Evaporacdo do Solvente Organico:
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A emulséo final foi colocada no rotaevaporador (Blichi Waterbath B-480) sob vacuo a
temperatura ambiente (aproximadamente 25°C) durante 1 hora e 30 minutos a 60 rpm para
eliminacdo do excesso de diclorometano, obtendo as nanoparticulas vazias de PLA/PVA
(Figura 1).

d) 42 Etapa: Retirada do Excesso de residuos:

O contetdo final foi entdo centrifugado (Beckman Avanti® J-25) a 20.000 rpm a 20°C
por 20 minutos obtendo-se nanoparticulas vazias PLA/PVA purificadas (Figura 1). Nesta

etapa o sobrenadante é separado para posterior analise da eficiéncia de encapsulacao.
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Figura 1- Esquema de formacdo das nanoparticulas poliméricas sem o Octreotida. Uma fase

organica (representada em amarelo) contendo o PLA dissolvido em

Diclorometano (CH,ClI,) foi colocada no ultrassonicador sobre a qual foi vertida

fase aquosa (representada em tom mais claro de azul) contendo o PVA a 0,1%,

formando uma emulsdo a/o. Em seguida, verteu-se outra solugdo aquosa

(representada em tom mais escuro de azul) contendo PVA a 1% sobre a emulsdo

previamente formada, originando a emulsdo a/o/a ap0s outro processo de

ultrassonificacdo. O solvente organico foi evaporado sob pressdo reduzida

formando as nanoparticulas vazias de PLA/PVA. Por fim, as nanoparticulas foram

purificadas na ultracentrifugadora.

Fase Aquosa
1 mL PVA0,1%

Fase Organica

4 mL CH:Cl
50 mg PLA > J
( ¢ /??
Ultrassonicador
(100% Poténcia)

2 minutos

Ultracentrifugadora
(20.000 rpm por 20 minutos a 20°C)

Fonte: Adaptacdo de SARCINELLI, 2014.

Emulsio
A/O )

Fase Aquosa
10 mL PVA 1%

(o}
©009% Oo(ﬁ

/

Ultrassonicador
(100% Poténcia)

2 minutos e 30 segundos

B8

Nanoparticulas
Vazias PLA/PVA

© 6,0
CRAE)
©@@©

Emulsdo A/O/A

.
Rotaevaporador

. (vacuo a temperatura ambiente
por 1 hora e 30 minutos a 60 rpm)
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2. Obtencdo das nanoparticulas de PLA/PVA/Octreotida

a) 12 Etapa: Preparacdo da Emulsdo Agua/Oleo (a/o0):

Em 4 mL de diclorometano (CH,CI,) foram dissolvidos 50 mg de acido polilactico
(PLA) e levado para a ultrassonicacdo a 55 W (100% da poténcia) por 2 minutos (Ultrassonic
Processor - UP100H). Durante este processo foi vertida sob gotejamento 1mL da solucéo
aquosa a 4% de Acetato de Octreotida (Sandostatin®) e 0,1% de &lcool polivinilico (PVA). No

final desse processo obteve-se uma emulséo a/o (Figura 2).

b) 22 Etapa: Preparacio da Emulsio Agua/Oleo/Agua (a/o/a):

Em seguida, 10 mL de uma solugdo aquosa de PVA a 1% foi gotejada sobre a primeira
emulsdo obtida na etapa anterior sob a ultrassonicacdo a 55 W (100% poténcia) por 2 minutos

e 30 segundos (Ultrassonic Processor -UP100H), obtendo-se por fim, uma emulsdo a/o/a

(Figura 2).

c) 3% Etapa: Evaporacao do Solvente Organico:

A emulsdo final foi colocada no rotaevaporador (Blichi Waterbath B-480) sob vacuo a
temperatura ambiente (aproximadamente 25°C) durante 1 hora e 30 minutos a 60 rpm para

eliminacdo do excesso de diclorometano, obtendo as nanoparticulas de PLA/PVA/Octreotida

(Figura 2).
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d) 42 Etapa: Retirada do Excesso de residuos:

O contetdo final foi entdo centrifugado (Beckman Avanti® J-25) a 20.000 rpm a 20°C
por 20 minutos obtendo-se nanoparticulas de PLA/PVA/Octreotida purificadas (Figura 11).

Nesta etapa o0 sobrenadante é separado para posterior analise da eficiéncia de encapsulacgéo.

Figura 2 — Esquema de formagdo das nanoparticulas poliméricas com o Octreotida. Uma fase
organica (representada em amarelo) contendo o PLA dissolvido em
Diclorometano (CH,ClI,) foi colocada no ultrassonicador sobre a qual foi vertida
fase aquosa (representada em tom mais claro de azul) contendo o PVA a 0,1% e
Octreotida a 4%, formando uma emulsdo a/o. Em seguida, verteu-se outra solucao
aquosa (representada em tom mais escuro de azul) contendo PVA a 1% sobre a
emulsdo previamente formada, originando a emulsdo a/o/a apds outro processo de
ultrassonificacdo. O solvente organico foi evaporado sob pressdo reduzida
formando as nanoparticulas de PLA/PVA/Octreotida. Por fim, as nanoparticulas

foram purificadas na ultracentrifugadora

Fase Aquosa Fase Aquosa
0.4 mL Octreotida 4% 10 mL PVA 1%
0,6 mL PVA 0,1%

®
®
@
®
ani O 00 © o
Fase; Orgaica Emulsdo | oo % o
4 mL CHxCL, A/O 52 oo °
50 mg PLA l < J o X o
( £ 009 0PN )
Neo®
. Emulsdo A/O/A
Ultrassonicador Ultrassonicador
(100% Poténcia) (100% Poténcia)
2 minutos 2 minutos e 30 segundos
e
|
R e,
£ ¥,
%?8 /ﬂ »:
tmeectiiinndors yepasenl iy (véacuo };(:L?I?;:f;tf;:(:;nbieme
(20.000 rpm por 20 minutos & 20°C) PLA/PLA/Octreotida .

por 1 hora e 30 minutos a 60 rpm)

Fonte: Adaptacdo de SARCINELLI, 2014.



ANEXO C - Diagrama do Estudo de Biodistribui¢cdo no modelo animal induzido

p
Os tumores foram estabelecidos por injecdes SC de 1x10° da linha de células do

MIA Paca-2 no flanco direito de 12camundongos machos Balb/c de8 semanas de
idade

Monitorizacao dos tumores por 3 semanas e medicdo por um paquimetro

[ Anestesiado (10% de cetamina + 2% de Xxilazina) por via intramuscular (coxa)

nanorradiofarmaco segundo De Jesus Felisminoet al. (2018) e Salviet al. (2018)

[ Grupo Controle (n=6) <:ﬁ:> Grupo Intervencdo (n=6)

@ [ Administrado por via retro-orbital em 2 grupos (3,7 MBq /0,2 mL) do ]

NPs vazias: NPs cheias:

BMT_PLA/PVA <|'1—;:> BMT_PLA/PVA/Octreotida

Apos 2 h, os camundongos foram sacrificados em uma camara de gas CO, e
dissecados para a remocao de érgdos, sangue e lesdo tumoral

A atividade em cada 6rgdo, sangue e lesdo tumoral foi determinada pelo contador
gama com um cristal de Nal (TI) sob condicdes eletronicas 6timas para a leitura do
radiosétopo " Tc

1L

[ Os resultados serdo expressos Dose Injetada por Orgéo }

Dose por érgéao
(%I1D/organ)
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