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RESUMO

BORGES EVANGELISTA, Kimberly. Cultura celular de linhagens celulares
tumorais e analise protedmica baseada em espectrometria de massas: analise
do efeito de veneno da serpente Bothrops jararaca. 2022. 69 p. Trabalho de
Conclusédo de Curso (Especializagcdo em Toxinas de Interesse em Saude) — Centro
de Formacao de Recursos Humanos para o SUS/SP; Instituto Butantan, Sao Paulo,
2022.

As técnicas de cultura celular sdo utilizadas desde o comego do século XX e vém
ganhando espaco em diferentes areas de pesquisa. Um exemplo é na
farmacodindmica, em estudos cujo objetivo é observar o efeito de drogas,
biofarmacos e compostos toxicos, como venenos de serpentes. O veneno de
serpentes € composto por uma mistura complexa de proteinas, peptideos,
aminoacidos, nucleotideos, lipideos e carboidratos que apresentam uma gama de
acOes isoladas ou em conjunto. Diversos estudos tém sido realizados a fim de
analisar o potencial uso de venenos para o tratamento de doencas tais como o
cancer utilizando diferentes metodologias, sendo duas delas: a cultura celular
utilizando linhagens celulares tumorais e a protedmica. Protebmica consiste na
analise dos conjuntos de proteinas e suas isoformas expressas em uma amostra
bioldégica, podendo ser um organismo, tecido ou célula. A analise protedmica
baseada em espectrometria de massas € uma técnica que separa e identifica
proteinas por meio da medicdo de sua massa, medida com base na relagao
massa/carga de ions em fase gasosa. O presente trabalho busca analisar e
caracterizar o perfil morfolégico e proted6mico das linhagens celulares tumorais sob
efeito do veneno da serpente Bothrops jararaca a partir da cultura de células
tumorais MCF-7 e MDA-MB-231. Foram observadas diferentes morfologias entre as
diferentes linhagens celulares apds tratamento com baixa (0,63 pg/mL) e alta dose
sub-citotoxica (2,5 pg/mL) de veneno. A analise por espectrometria de massas
permitiu a identificacdo de diferentes proteinas em cada uma das amostras e a
presenca de proteinas comuns entre amostras controle e tratadas com as diferentes

doses de veneno. Trabalhos subsequentes utilizando doses diferentes de veneno e



tempo de tratamento permitirdo melhor caracterizar o perfil protebmico das

diferentes linhagens tumorais sob efeito do veneno de B. jararaca.

Palavras-chave: Cultura celular. Linhagem celular de cancer. Espectrometria de

Massas. Proteoma. Veneno. Bothrops jararaca.
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1 INTRODUGAO

1.1 Familia Viperidae e Bothrops jararaca

Na natureza existem mais de 100 mil espécies de animais venenosos e
peconhentos, podendo ser mamiferos, répteis, anfibios, insetos e aracnideos, além
de diversas espécies de peixes e moluscos, na qual o veneno desempenha um
papel importante na imobilizagdo, inabilitacdo, digestdo da presa e na defesa contra
predadores (KINI, 2006; STOCKER, 1990) .

No Brasil existem cerca de 392 espécies de serpentes sendo 63 espécies
consideradas serpentes pegonhentas (COSTA; BERNILS, 2015) que s&o divididas
em duas familias: a Elapidae que corresponde aos géneros Micrurus e
Leptomicrurus, e a Viperidae correspondente aos géneros Bothrops, Crotalus e
Lachesis (AZEVEDO-MARQUES; CUPO; HERING, 2003; MELGAREJO, 2009).

A familia Viperidae estdo divididas em quatro subfamilias: Azemiopinae,
Causinae, Crotalinae e Viperinae (MCDIARMID; CAMPBELL; TOURE, 1999). Elas
sdo conhecidas por apresentarem fosseta loreal (orificio termorreceptador)
(UNDERWOOD, 1967) com excecao da subfamilia Viperinae. A subfamilia
Crotalinae € a mais diversificada, apresentando mais de 190 espécies divididas em
29 géneros (GUTBERLET JUNIOR; CAMPBELL, 2001) dos quais 12 géneros
ocorrem no continente americano: Agkistrodon, Atropoides, Bothriechis, Bothriopsis,
Bothrocophias, Bothrops, Cerrophidion, Crotalus, Lachesis, Ophryacus, Porthidium e
Sistrurus (CAMPBELL; LAMAR; BRODIE, 2004).

Segundo o Ministério da Saude, os acidentes ofidicos constituem um sério
problema de saude publica no Brasil, com média de 26.000 casos ao ano. Cerca de
80% dos acidentes ofidicos sdo causados por serpentes da familia Viperidae, mais
especificamente do género Bothrops (RIBEIRO; JORGE, 1997), podendo levar o
individuo picado a 6bito ou a sequelas capazes de gerar incapacidade temporaria ou
definitiva para o trabalho e atividades habituais (SINAN, 2021).

A B. jararaca é caracterizada pela cabeca em forma de langa e habitam
ambientes predominantemente Uumidos, relacionado ao dominio morfoclimatico da

Mata Atlantica. Ela é encontrada em zonas rurais e periferias de grandes cidades e
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possui habito noturno e crepuscular (DIAS, 2013; HARTMANN; HARTMANN;
GIASSON, 2003; PINHO; PEREIRA, 2001; RIBEIRO; JORGE, 1997).

1.2 O veneno da B. jararaca

O veneno é uma mistura complexa composta por proteinas, peptideos,
aminoacidos, nucleotideos, lipidios e carboidratos que apresentam uma gama de
acbes isoladas ou em conjunto (CALVETE; JUAREZ; SANZ, 2007; DOLEY; KINI,
2009; FOX; SERRANO, 2007, 2005, 2008; TANJONI et al., 2005) que resultam em
acbes hemotoxicas, cardiotoxicas, citotoxicas ou neurotoxicas (JIN; VARNER, 2004;
WHITE, 2005).

O veneno da B. jararaca apresenta trés principais acgdes: proteolitica,
coagulante e hemolitica, sendo a atividade proteolitica um fator importante para
caracterizagao clinica de um acidente botrépico (AZEVEDO-MARQUES; CUPO;
HERING, 2003; AZEVEDO MARQUES; HERING; CUPO, 2009; DIAS, 2013),
através da degradacédo de proteinas da matriz extracelular, plasma e superficie
celular (LAING et al., 2003). Além disso, o veneno pode causar lesao local tecidual,
mionecrose, edema, alteragdes cardiovasculares, choque hipovolémico, alteracao de
coagulagao e alteragdes renais, resultante da agao conjunta da atividade enzimatica
e toxica do veneno (BJARNASON; FOX, 1994; CAPRONI, 2009).

Cerca de 90 a 95% do peso seco do veneno da B. jararaca é composta por
uma mistura complexa de proteinas sendo que algumas sdo enzimas como
serinoproteinases, metaloproteinases, fosfolipases A2 (FLA2), L-aminoacidos
oxidases (LAAOs) e nucleotidases (DIAS, 2013; NICOLAU et al.,, 2017). As
metaloproteinases sao enzimas proteoliticas associadas a fibrindlise e coagulacéo, e
estdo envolvidas na migragdo de células e no reparo tecidual, além de estarem
relacionados a efeitos patologicos como o cancer (HOOPER, 1994). As
serinoproteinases afetam a homeostase e a trombose agindo na cascata de
coagulagao causando um desequilibrio homeostatico (MATSUI; FUJIMURA; TITANI,
2000). As PLA2 sao enzimas capazes de hidrolisar as ligagdes éster na posi¢ao sn2
dos glicerofosfolipideos, liberando acido araquidénico, importante para biossintese
de muitos mediadores envolvidos na inflamagao, tais como as prostaglandinas,
tromboxanos e leucotrienos (CUNHA; FULY; ARAUJO, 2011). As L-aminoacidos
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oxidases sao flavoenzimas pertencentes a classe de oxiredutases, que produzem o

alfa-ceto, perdxido de hidrogénio e amoénia (TAN; FUNG, 2008).

1.3 Potencial terapéutico do veneno

Constituintes de venenos de serpentes tém sido isolados e estudados por
apresentarem potencial terapéutico no tratamento de diversas doengas como, por
exemplo, o Eptifibatide, comercializado como Integrillin, derivado do veneno da
serpente Echis carinatus e produzido pela Millennium Pharmaceuticals e
Schering-Plough e utilizado como uma droga anti-plaquetaria (PHILLIPS;
SCARBOROUGH, 1997) e o inibidor da enzima conversora de angiotensina |, o
Captopril produzido pela Bristol-Myers Squibb cujo componente ativo foi derivado do
veneno de B. jararaca e que é utilizado no combate a hipertensao e insuficiéncia
cardiaca (CAMARGO et al., 2012; FERREIRA, 1965; ROCHA E SILVA; BERALDO;
ROSENFELD, 1949).

Além do potencial utilizagdo dos derivados das toxinas de veneno de
serpentes no tratamento de diversas doengas (FOX; SERRANO, 2007), existem
atualmente diversos trabalhos descrevendo caracteristicas anti-tumorigénicas do
veneno de serpente (JAIN; KUMAR, 2012; MARSH; WILLIAMS, 2005; VYAS et al.,
2013). Visando a terapia contra o cancer, o uso de proteinas, peptideos ou enzimas
derivadas do veneno de serpente sao analisados para buscar componentes capazes
de danificar componentes na membrana celular interferindo no transporte de
substancias ou transdugdo de sinal através da membrana ou perturbarem a
membrana de células cancerosas de modo a afetar a migragdo e proliferagao
dessas células (YAMAZAKI; MORITA, 2007).

14 Proteoma do veneno

Nos ultimos anos, analises do veneno por espectrometria de massas tém
permitido esclarecer a composicdo e a variabilidade de proteinas e peptideos
presentes no veneno de serpentes (FOX; SERRANO, 2008).
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Existirem na literatura, inuUmeras abordagens envolvendo a caracterizagao
bioquimica e fisioldgica da agdo do veneno ou derivados isolados de venenos sobre
linhagens celulares ou tecidos (BATEMAN et al.,, 2013; CALDERON et al., 2014;
LEIGUEZ et al.,, 2014; MORA et al., 2005; MOREIRA et al., 2014), porém sao
poucos os trabalhos mapeando o proteoma de linhagens celulares de cancer apos o
tratamento com venenos de serpentes.

O desenvolvimento de metodologias e tecnologias mais sensiveis utilizando
espectrometros de massas acoplados a nano-cromatografia liquida de alta eficiéncia
(nano-LC/MS) tem permitido analises protedmicas mais precisas e cobrindo um
maior numero de proteinas detectadas no mapeamento do proteoma presente em
um determinado tipo celular apos um estimulo ou estresse. Estas analises permitem
entender fungdes biologicas de proteases, peptidases e peptideos associados a
desordens metabdlicas e doengas como o cancer (BARROS et al., 2012a, 2012b;
HAVRE et al., 2008; MEST; MENTLEIN, 2005; TAGORE et al., 2009).

Estudos do efeito do veneno de B. jararaca sobre algumas linhagens
celulares tumorais ja foram realizadas por nosso grupo (KISAKI et al., 2021). O
efeito do veneno foi testado sobre linhagens tumorais de mama MCF7 e
MDA-MB-231 que apresentam caracteristicas ndo metastatica e metastatica
respectivamente, e que se caracterizam por apresentar alto grau de eficiéncia
glicolitica que garante a ligacdo entre célula tumoral e a matriz extracelular
(FURTADO et al.,, 2012; NEGROMONTE FILHO, 2011), além de serem mais
resistentes as drogas terapéuticas (AHMED, 2011). Os resultados mostraram que a
partir da analise da classificagdo funcional das proteinas identificadas sem o
tratamento com veneno e com baixa e alta (sub-letal/citotoxica) concentragdes de
veneno houve mudangas no perfil do conjunto de proteinas na fungdo molecular,
processo biolégico, componente celular, classe de proteina e via celular (KISAKI et
al., 2021).

Baseado no trabalho de Kisaki e colaboradores (2021), analisamos o efeito do
veneno de B. jararaca como parte do treinamento em diferentes técnicas
laboratoriais incluindo cultura celular de linhagens tumorais e preparo de amostras e

analise protebmica baseada em espectrometria de massas.
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2 OBJETIVOS

21 Geral
Analisar e caracterizar o perfil morfolégico e protedbmico das linhagens
celulares tumorais de mama MCF7 e MDA-MB-231 sob o efeito do veneno de B.

Jararaca.

2.2 Especificos

-Tomar conhecimento de técnicas de cultura celular e bioquimica de proteinas

- Cultivo de linhagens celulares MCF-7 e MDA-MB-231

- Analise morfolégica por microscopia o6tica das linhagens tumorais MCF-7 e
MDA-MB-231 sob efeito do veneno de B. jararaca

- Tomar conhecimento de técnicas de anadlise protebmica baseada em
espectrometria de massas

- ldentificacdo de proteinas por espectrometria de massas do tipo LTQ-Orbitrap

Velos.



20

3 METODOLOGIA

3.1 Linhagens celulares

As linhagens celulares MCF-7 e MDA-MB-231 foram obtidas da Dra
Rosangela Aparecida Wailemann Mansano do Laboratério de Ciclo Celular (LECC/
CeTICS). As células foram transferidas para uma garrafa T25 contendo 5 mL de
meio de cultura. Foram utilizados os meios de cultura DEMEM (Dulbeccos’s Modifed
Eagle’s Medium, Gibco, Nova lorque, Estados Unidos) para o cultivo da linhagem
MCF-7 e RPMI (Rosewell Park Memorial Institute, Gibco, Nova lorque, EUA) sem
vermelho fenol para o cultivo da linhagem MDA-MB-231. Os meios de cultura foram
suplementados com 10% de soro fetal bovino inativado e os antibiéticos ampicilina a
25 mg/L e estreptomicina a 100 mg/L. As células foram posteriormente transferidas
para garrafas T75 com 10 mL de meio de cultura e mantidas em estufa a 37°C e 5%

de CO.,. O repique das células foi feito sempre que atingiam 70-80% de confluéncia.

3.2 Veneno de B. jararaca
Foi utilizado veneno de B. jararaca (lote 01/09-2) extraido e liofilizado pelo
departamento de herpetologia do Instituto Butantan e cedida para uso e teste no

Laboratério Especial de Toxinologia Aplicada.

3.3 Tratamento das células com veneno de B. jararaca e lise celular

As células foram cultivadas em frascos T25 e apos atingirem 70-80% de
confluéncia foram carenciadas com DMEM (MCF-7) e RPMI (MDA-MB-231) sem
soro fetal bovino por 24 horas. Apds esse periodo, foram adicionadas ao meio de
cultura dose baixa (0.63 ug/mL) e dose sub-citotéxica (2.5 ug/mL) de veneno de B.
Jararaca seguindo o mesmo protocolo utilizado por Kisaki et al (2021). Vinte e quatro
horas depois, as células foram lavadas com PBS gelado e lisadas com 1 mL de
ureia 8 M + inibidores de protease e fosfatase (Halt protease & phophatase
single-use inhibitor cocktail, Thermo Fischer Scientific, lllinois, EUA). Apos a adigao
da solugéo de lise, foi utilizado um rodo (raspador de células/ cell scraper) para
espalhar a solucéo e coletar o lisado celular da superficie através de forca mecanica

e transferir o conteudo para um tubo eppendorff no gelo. A amostra foi agitada em
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vortex por 15 segundos a cada 5 minutos por 30 minutos. A amostra foi centrifugada
a 1000 rpm por 30 segundos e uma aliquota de 50 pyL do sobrenadante foi separado
para quantificacdo de proteinas. O lisado foi estocado até o preparo da amostra para

analise no espectrometro de massas.

3.4 Quantificagao de proteinas

As proteinas obtidas dos lisados celulares foram quantificadas através do
método BCA (Bicinchoninic Acid protein assay, Thermo Fischer Scientific, lllinois,
EUA) em placas de 96 pocos. Neste tipo de ensaio, ions de cobre formam
complexos com ligagdes peptidicas, produzindo produtos e cor purpura que sao
lidos em espectrofotdbmetro a 562nm. Diluicdes seriadas do sobrenadante foram
plaqueadas em placa de 96 pocos com fundo chato, onde foi adicionada uma
mistura de 50:1 de solugdes A (bicinconinato de sddio 10g/L, carbonato de calcio 20
g/L, tartrato de sédio 1,6 g/L, NaOH 4 g/L e bicarbonato de sddio 9,5 g/L): solugcéo B
(sulfato de cobre pentahidratado 40 g/L). A placa foi incubada a 37° C por2 h e a
leitura feita em espectrofotdmetro FlexStation 3 (Molecular Devices, California, EUA)
a 562 nm utilizando o software SoftMax Pro (vs 3.0.22). A curva padrao foi feita
fazendo-se uma diluigdo seriada com albumina bovina (BSA) partindo inicialmente
de 2 mg/mL a 0.032 mg/mL.

3.5 Preparagao de amostra para analise protedmica - Digestdo FASP e
dessalinizagdao com Stage tip

Apo6s condicionamento do filtro para digestéo, foram acoplados em tubos de 2
mL e submetidos a centrifugacdo em todos os passos. Foram adicionados 30 uL da
amostra lisada com 200 pL de UA (ureia 8 M em Tris 0,1 M/ HCI pH 8,5) e
centrifugados a 14.000 g por 15 minutos. Foram adicionados mais 200 pL de UA, as
amostras foram centrifugadas novamente e o flow-through descartado. Foram
adicionados 100 pL de ditiotreitol (DTT) 0,02 M em UA para reducédo das pontes
dissulfeto, incubados por 30 minutos em temperatura ambiente e em seguida
centrifugados a 14.000 g por 10 minutos. Foram adicionados 100 pyL de solugao
iodoacetamida (IAA) 0,05 M em UA para alquilagdo das cisteinas, mantidas por 30

minutos no escuro em temperatura ambiente. Foram adicionados novamente 100 uL
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UA e centrifugados a 14.000 g por 10 minutos. Esse processo foi repetido 3x. Foram
ainda adicionados 100 pL de solugdo ABC (NH,CO; 0,05 M em agua MilliQ) e
centrifugados a 14.000 g por 10 minutos. Esse passo foi repetido por 3 vezes. Foram
adicionados 20 uL de tripsina, quantidade suficiente para se obter uma razao de
1:50 de enzima:proteina e incubado a 37 °C por 18 horas. A reacgao tripsinica foi
interrompida adicionando 30 pL de acido acético glacial. As amostras de peptideos
resultantes do processo de digestdo tripsinica foram submetidas ao processo de
dessalinizacdo com Stage-tip usando ponteira P-100 com membrana SDB-XC para
remocdo de sal. As ponteiras foram acopladas em tubos eppendorff de 2 mL e
centrifugadas em todos os passos. Antes de iniciar o Stage tip, as membranas foram
condicionadas utilizando 20 pL de solugao 80% acetonitrila (ACN) e 0,5% acido
trifluoroacético (TFA) (solucdo B) e 5% ACN e 0,5% TFA (solugao A) e centrifugadas
a 1000 g por 3 minutos. A amostra foi aplicada ao Stage Tip e centrifugada a 800 g
por 5 minutos e lavada com 20 pyL de solugdo A e centrifugada a 1000 g por 3
minutos. Os peptideos retidos na coluna foram eluidos com solugdo B e
centrifugandos a 1000 g por 5 minutos. O eluato foi seco em speedvac (Hetovac
VR-1, Heto Lab Equipment, Allerod, Dinamarca) e dissolvido em acido formico 0,1%
para subsequente analise em cromatografia liquida acoplada ao espectrébmetro de
massas (nLC-MSMS).

3.6 Analise protedmica por espectrometria de massas

A protedmica por shotgun foi realizada no espectrémetro de massas do tipo
LTQ- Orbitrap Velos (Thermo Scientific, Bremen, Alemanha) acoplado a
cromatografia liquida nLC EASY 1000 (Thermo Scientific). Foi realizado o gradiente
segmentado com 85 min de 5 - 30% do solvente B (acido féormico 0,1% em ACN)
seguido por 10 min de 30 - 90% do solvente B, 10 min a 90% de solvente B, 2 min
de 90 a 5% do solvente B e equilibrio por 18 min em 5% de solvente B com fluxo de
200 nL/min em uma pré-coluna (ID 100 um x OD 360 pym) empacotada com 5 cm de
resina C18 com beads Jupiter de 10 um (Phenomenex Inc., Torrance, California,
USA). Essa pré-coluna foi acoplada a outra coluna analitica (ID 75 pm x OD 360 pym)
empacotada com 15 cm de resina C18 com beads AQUA de 5 ym (Phenomenex

Inc.). Os dados foram coletados em um modo dependente de aquisicao de dados
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(DDA) no qual os cinco ions precursores mais intensos de cada ciclo foram
selecionados para fragmentagao no tipo dissociagao induzida por colisdo (CID) por
90 segundos e a voltagem do nanospray foi selecionada para 2.3kV com
temperatura da fonte de ionizagdo em 250 °C. O tempo de inje¢do no ion trap e no
FT-MS foram de 100ms cada, com resolugao de 30.000 através do intervalo de m/z
de 300-1800.
3.7 Identificagao de proteinas e busca em banco de dados

A identificacdo das proteinas foi realizada utilizando-se o programa Mascot
(Matrix Science, verséo 2.4.0, Boston, EUA) contra o banco de dados Homo sapiens
do Uniprot baixados em outubro de 2021. Como parametros para busca foram
utilizados: oxidacao da metionina como modificacdo variavel e carbamidometilagcao
da cisteina como modificagao fixa. A busca foi realizada com tolerancia de 10 ppm
para MS e 0,5 Da para MS/MS.
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4 REsuLTADOS

4.1 Cultivo de células

O cultivo celular das células MCF-7 e MDA-MB-231 permitiu verificar que as
células crescem de formas diferentes. A linhagem MCF7 cresce mais lentamente
comparada a linhagem MDA-MB-231. Enquanto a célula da linhagem MDA-MB-231
demorava cerca de 3 dias para atingir uma confluéncia de 80%, a célula da linhagem

MCF7 demorava cerca de 4 a 5 dias.

4.2 Analise morfolégica celular do efeito de veneno de B. jararaca

As células MCF-7 e MDA-MB-231 foram plaqueadas com 1,5x10° e 1x10%,
respectivamente, em garrafas T25. Apds as células atingirem 80% de confluéncia,
as células foram carenciadas de soro por 24 h e tratadas com PBS (controle), 0,63
Mg/mL e 2,5 pg/mL de veneno de B. jararaca por 24 h. Verificamos que as células da
linhagem MDA-MB-231 tiveram maior quantidade de morte celular onde as células
diminuiam de tamanho, ficavam menos confluentes e desgrudavam da placa,
enquanto a linhagem MCF-7 apresentou um numero reduzido de células

desprendidas da placa (Figura 1)

Figura 1 - Imagens das células MCF7 (A) e MDA-MB-231 (B) tratadas com PBS
(Controle), 0,63 tg/mL e 2,5 1g/mL de veneno de B. jararaca por 24h

CTR 0,63 ug/mL 2,5 ug/mL
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CTR 0,63 ug/mL 2,56 ug/mL

Fonte: prépria autora, 2022.
Nota: A. linhagem celular MCF-7; B. linhagem celular MDA-MB-231.
4.3 Preparagao das amostras para anadlise protedmica baseada em
espectrometria de massas: lise celular e quantificagao de proteinas

As linhagens celulares foram lisadas respeitando o total de 24 horas a partir
do tratamento com PBS ou veneno. Inicialmente as amostras foram quantificadas
utilizando o método do kit BCA.

Tabela 1 - Concentracao de proteinas totais

Réplica docv‘;':;‘;’:,’:‘g’,‘;l_ MCF-7/ ug MDA-MB-231/ ug

0 (controle) 0,403 0,388

1 0,63 0,661 0,425
2,5 0,652 0,196

0 (controle) 0,717 0,770

2 0,63 0,670 0,236
2,5 0,787 0,484

0 (controle) 0,684 0,730

3 0,63 0,755 0,475
2,5 0,827 0,241

Fonte: prépria autora, 2022.
Total de proteinas em microgramas obtidas em cada condigdo (controle tratado com PBS e 0,63
pg/mL e 2,5 ug/mL de veneno de B. jararaca) nas diferentes réplicas bioldgicas.
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4.4 Analise protebmica

A analise das amostras por espectrometria de massas das trés réplicas de
cada uma das condi¢des permitiu a identificacao de 69 a 862 proteinas nas células
MCF7 e 20 a 705 proteinas nas células MDA-MB-231 (Tabela 2). A lista de todas as
proteinas identificadas em cada uma das amostras estd na nuvem e pode ser
baixada através do link:
<https://drive.google.com/drive/folders/1-vinxwLpOIShTW5Kpz2iaXku6HU4V
GQX?usp=sharing>.

Tabela 2 - Total de proteinas identificadas nas amostras

Concentragao de
Réplica MCF7 MDA-MB-231
veneno/ ug/mL

1 0 72 238
0,63 862 20

2,5 741 663
2 0 69 25

0,63 668 240

2,5 640 286

3 0 104 156
0,63 692 36

2,5 366 705

Fonte: propria autora, 2022.
Numero de proteinas identificadas em cada uma das condi¢des testadas (controle tratado com PBS e
veneno a 0,63 mg/mL e 2,5 mg/mL

O perfil de TIC (Total ion count, ou contagem total de espectros em inglés) dos

dados de MS1 de cada uma das amostras sdao mostrados nas Figuras 2A-2R.
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Figura 2 - Perfil de contagem total de espectros de cada uma das amostras

analisadas.

A. MCF7, controle, réplica 1.
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C. MCF7, controle, réplica 3.
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E. MCF7 tratado com 0,63 ug/ mL de veneno, réplica 2.
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F. MCF7 tratado com 0,63 ug/ mL de veneno, réplica 3.
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H. MCF7 tratado com 2,5 ug/ mL de veneno, réplica 2.
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l. MCF7 tratado com 2,5 ug/ mL de veneno, réplica 3.
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J. MDA-MB-231, controle, réplica 1.
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L. MDA-MB 231 controle, réplica 3.
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M. MDA-MB-231, tratado com veneno 0,63 pg/ mL, réplica 1.
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0. MDA-MB-231, tratado com 0,63 pg/ mL de veneno, réplica 3.
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Q. MDA-MB-231, tratado com veneno 2,5 ug/ mL, réplica 2.
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R. MDA-MB-231, tratado com veneno 2,5 ug/ mL, réplica 3.
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Fonte: prépria autora, 2022.
Andlise por espectrometria de massas das amostras de linhagem celular MCF-7 e MDA-MB-231
tratadas com PBS (controle) ou veneno de B. jararaca. A-C: MCF-7 tratada com PBS (réplicas 1-3),
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D-F: MCF-7 tratada com 0,63 pg/ mL (réplicas 1-3), G-l: MCF-7 tratada com 2,5 ug/ mL (réplicas 1-3),
J-L: MDA-MB-231 tratada com PBS (réplicas 1-3), M-O: MDA-MB-231 tratada com 0,63 ug/ mL
(réplicas 1-3), P-R: MDA-MB-231 tratada com 2,5 ug/ mL (réplicas 1-3).

A analise por espectrometria de massas das células MCF7 permitiu a

identificacdo de um total de 163 proteinas diferentes no grupo controle, 1292
proteinas nas amostras tratadas com veneno a 0,63 ug/mL e 1080 proteinas nas
amostras tratadas com veneno a 2,5 pg/mL. Nas células MDA-MB-231 identificamos
305 proteinas no grupo controle, 255 proteinas nas amostras tratadas com veneno a
0,63 ug/mL e 1080 proteinas nas amostras tratadas com 2,5 pg/mL.

A analise utilizando o diagrama de Venn das proteinas identificadas nas
células MCF7 mostrou 72 proteinas exclusivamente no grupo controle, 479 proteinas
nas amostras tratadas com 0,63 pg/mL de veneno e 261 proteinas nas amostras
tratadas com 2,5 pg/mL de veneno de B. jararaca. Setenta e quatro proteinas foram
identificadas em comum entre o grupo controle e tratado com baixa concentragéo de
veneno a 0,63 pg/mL, 813 proteinas em comum entre o grupo de amostras tratadas
com baixa e alta dose de veneno, e 80 proteinas em comum entre as amostras
controle e tratadas com alta dose de veneno. Sessenta e trés proteinas foram
identificadas em comum entre todas as 3 condi¢des (Figura 3A).

Nas células MDA-MB-231 a analise mostrou 107 proteinas exclusivamente do
grupo controle, 80 proteinas nas amostras tratadas com 0,63 ug/mL de veneno e
872 proteinas nas amostras tratadas com 2,5 pg/mL de veneno. Cento e vinte e trés
proteinas foram identificadas em comum entre o grupo controle e tratado com baixa
concentragdo de veneno a 0,63 pg/mL, 175 proteinas em comum entre o grupo de
amostras tratadas com baixa e alta dose de veneno, e 156 proteinas em comum
entre as amostras controle e tratada com alta dose de veneno a 2,5 ug/mL. Oitenta e
uma proteinas foram identificadas em comum entre todas as trés condigdes. (Figura
3B).
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Figura 3 - Diagrama de Venn mostrando o numero de proteinas identificadas no
grupo controle, grupo tratado com baixa (0,63 Yg/mL) e alta (2,5 ¥g/mL) dose de
veneno de B. jararaca nas células MCF7 (A) e MDA-MB-231 (B)

A. B.

0,63 ug/ul 0,63 ug/ul

Fonte: prépria autora, 2022.
O diagrama mostra o ndmero de proteinas exclusivas em cada uma das condigbes bem como as

proteinas identificadas em comum entre cada uma das amostras e em comum entre todas as
condigdes.
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5 DiscussAo

Um dos objetivos no cultivo das células tumorais in vitro é observar a
alteragao na morfologia e proliferagao celular apos tratamento com toxinas tais como
veneno de serpentes. Por serem células tumorais, elas apresentam um defeito no
mecanismo de morte e divisdo celular comparado com o de células ndo tumorais,
além de serem mais resistentes ao manejo com farmacos ou no caso do presente
estudo, venenos. Dessa forma, esta alternativa acaba sendo muito interessante em
ensaios de farmacodinamica.

A fim de realizar o treinamento com cultura celular e analise protedémica, neste
projeto utilizamos como modelo experimental de treinamento as linhagens celulares
tumorais de mama: MCF-7 (Michigan Cancer Foundation-7 - cancer de mama néo
metastatico) e MDA-MB-231 (linhagem celular de cancer de mama triplo negativo
metastatico). Apesar da mesma origem, de serem muito similares e altamente
correlatas, as linhagens MCF-7 e MDA-MB-231 sao diferentes em alguns aspectos
importantes. A linhagem MCF-7 € um modelo para terapia hormonal, uma vez que
ela é positiva para receptores de estrogeno e progesterona, porém ela € negativa
para HER2v (SHIRAZ et al., 2011), considerada pouco agressiva e nao invasiva
(GEST et al., 2013).

A célula MDA-MB-231 é um modelo ideal para realizar estudos e tratamentos
voltados a quimioterapia, uma vez que ela € conhecida por ser triplo negativo, ou
seja, ela é negativa para os receptores de estrogeno e progesterona, bem como
HER2 (GOLDHIRSCH et al., 2013). Também € mais propenso a agao de agentes
citotdéxicos, uma vez que ela ndo possui capacidade integra do reparo do DNA por
causa da mutacdo do gene BRCA e TP53. Assim, ambos os tipos celulares
apresentam resisténcia e sensibilidades diferentes a diversos tipos de drogas e
tratamentos.

Baseado nos dados do trabalho de mestrado da aluna Carolina Yukiko Kisaki
publicados recentemente na revista Toxicon (KISAKI et al., 2021), utilizamos estas
células como modelo de treinamento no cultivo celular e as concentragdes de
veneno de B. jararaca determinadas como baixa e alta-dose sub-citotoxica de

veneno.
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Foram analisadas o efeito do veneno de B. jararaca nos dois tipos de
linhagens tumorais de mama que mostrou diferentes comportamentos.

A observacao morfologica das células tratadas com baixa e alta dose de
veneno mostrou que as células MCF7 séo mais resistentes ao veneno de B. jararaca
pois pouco mudou a confluéncia na placa, enquanto as células MDA-MB-231
sofreram maior numero de descolamentos de placa.

A protebmica baseada no mapeamento celular estuda a identificacdo das
proteinas em compartimentos celulares especificos e determinagcdo de suas
caracteristicas funcionais. A protebmica também analisa as interacdes
proteina-proteina a fim de caracterizar sistematicamente complexos proteicos, que
podem ser importantes no desenvolvimento da doenga ou da droga, comparando a
nivel molecular, o nivel proteico das células em situagdes normais e patoldgicas
(LAMOND; MANN, 1997). Estudos dos efeitos da veneno de serpentes em
diferentes linhagens celulares tumorais, tais como as linhagens LS174T
(adenocarcinoma colorretal), HCT116 (carcinoma colorretal), HT29 (adenocarcinoma
colorretal), HEL92.1.7 (eritroleucemia) e SK-BR-3 (adenocarcinoma de mama),
demonstraram que a veneno de serpentes, tais como a Calloselasma rhodostoma,
Macrovipera lebetina e Bothrops mattogrossensis, inibem significativamente a
viabilidade celular, seja com a veneno bruta ou fracionada (TAVARES et al., 2016;
ZAKRAOUI et al., 2017). Como parte do presente estudo, amostras de linhagens
celulares MCF7 e MDA-MB-231 tratadas com diferentes concentragdes de veneno
foram preparadas para analise protedmica baseada em espectrometria de massas.
Essa anadlise foi realizada baseando-se no trabalho de Kisaki e colaboradores
(2021).

Foram preparadas trés réplicas de cada condicdo e a analise por
espectrometria de massas permitiu identificarmos até 862 proteinas em uma unica
amostra (condi¢ao de 0,63 pg/mL na célula MCF7, réplica 1). Porém, em algumas
das amostras obtivemos um baixo numero de identificagdo: 20 proteinas na
condicao 0,63 pug/mL na célula MDA-MB-231, réplica 1, 25 proteinas na amostra
controle da célula MDA-MB-231, réplica 2, e 36 proteinas na condi¢éo 0,63 ug/mL
na célula MDA-MB-231, réplica 3. Aparentemente nessas amostras houve uma

possivel perda de amostra durante as etapas de modificagcdo quimica, digestao
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tripsinica e dessalinizacdo das amostras. Descartarmos problemas no equipamento
uma vez que o perfil de TIC dessas amostras (Figuras 2M, 2K e 20) mostram que
praticamente ndo havia peptideos nessas amostras. Por outro lado, verificamos que
o perfil de TIC das amostras em que foram identificadas mais de 500 proteinas:
MCF7 tratada com 0,63 ug/mL de veneno réplicas 1, 2 e 3 (Figuras 2D, 2E e 2F
respectivamente), MCF7 tratada com 2,5 ug/mL réplicas 1 e 2 (Figuras 2G e 2H
respectivamente) e MDA-MB-231 tratadas com 2,5 ug/mL réplicas 1 e 3 (Figuras 2P
e 2R respectivamente) mostraram perfis com inumeros picos ao longo do tempo
(eixo X).

As listas de proteinas identificadas nas trés réplicas foram agrupadas e
analisadas em conjunto. Essa analise mostrou que identificamos 40, 37 e 52
proteinas exclusivas em cada uma das amostras controle, 358, 251 e 469 proteinas
tratadas com 0,63 pg/mL e 242, 223 e 140 proteinas tratadas com 2,5 pyg/mL de
veneno, respectivamente. Além disso, 63 proteinas foram identificadas em comum
em todas as condicbes na linhagem MCF-7. A analise das amostras da linhagem
MDA-MB-231 permitiu identificar 5, 146 e 98 proteinas exclusivas em cada uma das
amostras controle, 165, 3 e 15 proteinas tratadas com 0,63 ug/mL e 219, 574 e 649
proteinas nas amostras tratadas com 2,5 ug/mL de veneno. Além disso, 81 proteinas
foram identificadas em comum em todas as condi¢des na linhagem MDA-MB-231.

Estes dados diferem bastante dos dados obtidos por Kisaki et al (2021)
(Figura 4). Observamos que as amostras referentes ao grupo controle de todas as 3
réplicas em MCF7 nao foram satisfatorias, porém, observamos 802 proteinas em
comum entre as amostras tratadas com baixa e alta dose de veneno. Dessa forma,
cremos que novas preparagdes de amostra referente ao grupo controle poderiam
aumentar as proteinas identificas em comum entre todas as 3 condigbes. O mesmo
ocorreu com as amostras de MDA-MB-231 onde o numero de proteinas em alta e
baixa dose se mostraram muito diferentes comparados aos dados pré-existentes.

Sera necessario que novas amostras sejam preparadas para dados mais precisos.
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Figura 4 - Representagao diagramatica da analise comparativa de proteinas
identificadas nas células MCF7 (A) e MDA-MB-231 (A) tratadas com PBS (CTRL) em

azul, 0,63 Yg/mL em vermelho e 2,5 1g/mL em verde de veneno de B. jararaca.

A. B.

2.5 pg/mL 2.5 ug/mL

Fonte: Kisaki et al, 2021.
Diagrama de Venn das proteinas identificadas em linhagens celulares tumorais MCF-7 e
MDA-MB-231 tratadas com PBS e veneno de B. jararaca.

A analise realizada previamente por Kisaki e colaboradores permitiu identificar
inumeras proteinas cuja abundancia aumentou mais de 1,5x ou diminuiram menos
de 0,75x. Comparativamente, os autores verificaram que a linhagem celular MCF-7
apresentou um maior numero de proteinas que mudaram de abundancia comparado
com o MDA-MB-231. A analise dessas proteinas mostrou que elas estavam ligadas
ao metabolismo e sistema imune/inflamagcdo e as proteinas que mais se
destacaram, tais como HEL-S-156an, MCCC2, GSTM3, IARS, Histona H3.2,
MTCH2, HEL-S-132-P e MRPL12 estavam relacionadas ao céncer e ligadas as vias
de proliferagao celular, invasédo, metastase, apoptose e resposta ao estresse.

A repeticdo das analises das amostras que apresentaram baixo numero de
identificacdo de proteinas e a continuidade das analises dos dados gerados por
espectrometria de massas permitira uma melhor comparacdo com os dados obtidos
por Kisaki e colaboradores (KISAKI et al., 2021). Além disso, analise de diferentes
concentragcdes e tempos e utilizando diferentes linhagens celulares tumorais e nao
tumorais e o aprofundamento das analises do perfil das proteinas exclusivas bem
como nas proteinas identificadas em comum entre todas as amostras de cada uma

das condi¢gdes e a analise semi-quantitativa das proteinas em comum em todas as
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condicbes permitira tracar um perfil mais completo do efeito do veneno de B.

Jararaca sobre as linhagens celulares tumorais vs ndo tumorais.
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6 CONSIDERAGOES FINAIS

O trabalho com cultura de células de linhagens tumorais facilita a manutencgao
das culturas e € um importante meio de analises farmacodindmicas. O tratamento
com veneno de B. jararaca teve resultado satisfatério na analise morfoldgica,
permitindo a visualizagdo das diferengas entre duas linhagens tumorais tanto
pré-tratamento com veneno quanto pos-tratamento com veneno. A metodologia para
obtencdo de amostras para analise por espectrometria de massas deve estar
sempre em constante aprimoramento. Os resultados obtidos neste trabalho, em
comparagado com estudo similar, mostram que durante a obtengdo das amostras
pode ter ocorrido perda das mesmas, sendo recomendado repetir os experimentos
para obter resultados mais contundentes e compativeis com os descritos na
literatura. Uma andlise aprofundada utilizando parametros adicionais de
concentracido de veneno e tempos de tratamentos diferentes bem como utilizar
diferentes linhagens celulares tumorais e n&o tumorais poderéo tragar um perfil mais
completo do efeito do veneno de B. jararaca sobre linhagens celulares tumorais vs
nao tumorais. Este trabalho foi de grande valia para o aprimoramento das técnicas
trabalhadas e pdde ser estendido para outras modalidades de formacdes

académicas.
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Abstract

Cancer is defined as abnormal cells that divide without control and can invade nearby
tissues, causing a disruption in the body's homeostasis and may spread to other parts
of the body becoming a metastasis. Surgery, chemotherapy and immune therapy have
saved many lives but the limits of their efficacy are also well known. As such, the
search for innovative treatments against cancer has been an ongoing endeavor.
Alternative therapies using medical applications of animal venoms are not commonly
discussed for effective cancer treatment. Venoms are a cocktail of complex mixtures
of proteins, peptides, amino acids, mucoproteins, enzymes, inorganic salts and ions.
Scorpion venom toxins are known for their negative and deleterious effects on cells,
tissues and organisms. Moreover, some components of scorpion venoms have shown
antimicrobial, anticancer and immunomodulatory activities. In this review, we describe
the biomedical and immunological action of different scorpion venoms in cancer and
their mechanisms of action with a potential to be explored for the development of new

drugs for cancer therapy and treatment.
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1. Introduction

Cancer is a comprehensive term for a large cluster of diseases that can affect
any part of the body. It is one of the most deadly diseases worldwide, accounting for
nearly 10 million deaths only in 2020, according to the World Health Organization [1].
There are several types of cancer. In terms of new cases, the most common types of
cancer in 2020 were: breast (2.26 million cases), lung (2.21 million cases), colon and
rectum (1.93 million cases), prostate (1.41 million cases), skin (non-melanoma) (1.20
million cases), and stomach (1.09 million cases); and the most common causes of
cancer death in 2020 were lung (1.80 million deaths), colon and rectum (935.000
deaths), liver (830.000 deaths), stomach (769.000 deaths), and breast (685.000
deaths) [1].

Cancer is defined as abnormal cells that divide without control and can invade
nearby tissues, causing a disruption in the body's homeostasis. It can also spread to
other parts of the body through the blood and lymph systems, becoming a metastasis,
which are the primary cause of death from cancer [2]. The incidence rate of cancer
rises dramatically with age. It happens because there is a tendency for cellular repair
mechanisms to be less effective as a person grows older. Still, the causes of cancer
are very comprehensive, since there is no pattern for the cancer to manifest and it can
be due to genetic and/or environmental factors. Cancer is the result of the interaction
between inherited genetic mutation of an individual and environmental factors such as
physical carcinogens (ultraviolet and ionizing radiation), chemical carcinogens
(asbestos, components of tobacco smoke, aflatoxin - a food contaminant -, and
arsenic - a drinking water contaminant -), and biological carcinogens (infections from
certain viruses, bacteria, or parasites) [3].

Although there are preventive ways to avoid the cancer development, once it
starts to grow inside the body, it will demand some kind of treatment. Early detection
or diagnosis of cancer is crucial for the patient survival. A correct cancer diagnosis is
essential for appropriate and effective treatment since every cancer type requires a
specific treatment regimen.

Alternative therapies using medical applications of animal venoms are not
commonly mentioned when discussing effective ways for cancer treatment. Traditional
Medicine is often recognized as “complementary”, “alternative” or “non-conventional”
medicine [4]. Some examples of these traditional medicines are the use of larvae

(Vespa manchuria Smith) in South Korea, eaten daily during winter in order to feel less
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cold; adult vespids and larvae commonly seen in various bottled spirits offered for sale
and used as a fortifying in Taiwan [5 6]; products derived from the Varanus
bengalensis lizard used to treat hemorrhoids, rheumatism, body pain and burns, as
well as spider and snake bites in India [7]; rattlesnake venom pills used for curing a
wide variety of ailments, including skin blotches, cancer, sores, rashes, pimples, welts,
itching, rheumatism, varicose veins, face blotches, acne, blackheads, stress, heart
disease, diabetes, hemorrhoids, and sexual impotence in Mexico [8]. It has been
described over 165 species of reptiles used in traditional folk medicine, where the
groups with the largest numbers of species were snakes (60 species), followed by
lizards (51), turtles and tortoises (43), and crocodilians (11) [9]. There are currently
several drugs derived from animal venom that have been approved by the Food and
Drug Administration of several countries such as the Captopril, commonly used to treat
high blood pressure (hypertension) and it is derived from a peptide present in the
Bothrops jararaca snake venom. It was the first orally active inhibitor of angiotensin-
converting enzyme responsible for conversion of inactive angiotensin | to the potent
suppressor peptide angiotensin Il [10 11]. In addition, Eptifibatide derived from the
Echis carinatus snake venom developed as an antiplatelet drug [12], Zoconotide
derived from Conus magus marine snail venom used for pain therapeutics [13], and
Exenatide derived from Heloderma suspectum gila monster venom used for type 2
diabetes treatment [14].

Venoms are a cocktail of complex mixtures of proteins, peptides, amino acids,
mucoproteins, enzymes and non-protein inclusions such as inorganic salts and ions.
Many organisms are capable of producing venom, such as scorpions, snakes, spiders,
centipedes, frogs, fishes and even birds.

Toxins related to the scorpion venom are known for their negative and
deleterious effects on cells, tissues and organisms. However, despite their toxicity,
scorpion venoms are also a rich mixture of bioactive compounds, which are a natural
source of molecules that have been used for the benefit of human health. Thus,
antagonistically, some components of scorpion venoms have shown antimicrobial,
anticancer, and immunosuppressive activities with potential for the development of
pharmaceutical drugs [15]. Scorpion venom is composed by a mixture of several
different proteins (enzymes and non-enzymes), mucopolysaccharides, serotonin,

histamine, enzyme inhibitors, and peptide toxins [16].
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Studies that permeate anticancer activities have shown that venom molecules
of some scorpions inhibited the growth of human glioma [17], prevented proliferation,
induced apoptosis in leukemic cells [18], inhibited growth and induced apoptosis in
human prostate cancer cells (DU143) [19] and have differential and selective toxicity
against epithelial cancer cells [20]. In addition, Soroceanu and colleagues (1998)
showed that the use of chlorotoxin, a 36 amino acid peptide derived from the Leiurus
quinquestriatus scorpion venom, was efficient in marking primary brain tumors
(gliomas) [21]. A direct application of this toxin is the Tumor Paint BLZ-100, which has
been in the clinical phase 2, and is used in neurosurgery to promote almost complete
resection of gliomas [22]. In addition, a study involving the action of two peptide
components from the venom of a scorpion from the genus Tityus (neopladine 1 and
neopladine 2) revealed that these molecules induce apoptosis in human breast
carcinoma cells (SKBR3) by inducing the expression of FasL and BeclL-2 apoptosis-
related ligands [23]. Also, a few scorpion enzymes have been reported to have
anticancer activities in breast cancer, such as the serine proteinase-like protein BMK-
CBP [24] and a hyaluronidase BmHYAT1 [25], both isolated from the Buthus martensii
scorpion venom. Moreover, a short peptide from Buthus occitanus tunetanus scorpion
venom was recently shown to present potential to inhibit tumor cell migration,
proliferation and angiogenesis [26 27].

In this review, we describe the biomedical and immunological action of different
scorpion venoms in cancer and their mechanisms of action that can be explored for

the development of drugs against cancer (Figure 1)
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138 1.1. Tityus serrulatus scorpion venom induction of inflammation and immune
139 responses

140 The Tityus serrulatus scorpion, popularly known as the "Brazilian yellow

141 scorpion”, is one of the most medical and scientific relevant in Brazil due to the severe
142  clinical manifestations in injured victims.

143 Magalhaes et al., (1999) and Fukuhara et al., (2003) analyzed the production
144  of inflammatory mediators in envenomed patients by T. serrulatus, and these showed
145  high levels of pro-inflammatory cytokines, such as interleukin 1 alpha (IL-1a) found in
146  mild and moderate cases, while high levels of IL-1B, IL-6, IL-8, interferon gamma (IFN-
147  vy) and granulocyte macrophage colony stimulating factor (GM-CSF) were related to
148 the severe cases, indicating a worse prognosis [28 29]. In murine macrophages, T.

149  serrulatus venom (TsV) and isolated neurotoxins - Ts1 (acting on Na+ channels) and
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Ts6 (acting on K+ channels) - also increase the pro-inflammatory mediators IL-6, TNF-
a and IFN-y [16 30]. The production of these mediators is induced by the interaction
of TsV and Ts1 with Toll-like 2 (TLR2) and CD14/TLR4 receptors that activate the NF-
KB and MAPK pathways [31]. It was also reported that the neurotoxin called Ts2
causes increased production of the anti-inflammatory cytokine, IL-10 [30].

Scorpion envenomation has an inflammatory response that lasts over 24 h after
the accident, although the symptoms' evolution starts 5 h after the envenomation [32].
Generally, reports in mild and moderate cases are local pain, sweating, nausea, and
vomiting. In severe cases, there is an evolution to systemic inflammation of the body,
leading to arterial hypertension, tachycardia or bradycardia, which can lead to cardiac
shock or pulmonary edema [32]. The way the immune system is activated by the
scorpion venom is still not completely elucidated, however, two hypothesis are being
studied: 1) Activation through depolarization and repolarization of nerve cells, leading
to the release of neuropeptides that bind to inflammatory cell receptors, which in turn
leads to the release of inflammatory mediators; and 2) Venom neurotoxins having
direct action on inflammatory cells, which leads to the activation of macrophages and
lymphocytes, generating the inflammatory process [32].

From the moment of the scorpion accident, several immune and inflammatory
changes occur, which can be detected through specific blood tests. For example, after
30 minutes of scorpion sting, there is an increase in serum levels of the tumor necrosis
factor TNF-ot, a pro-inflammatory cytokine that induces an immune system response,
promoting systemic or local inflammation leading to vasodilation and stimulation of
other cytokines and chemokines. After 120 minutes of the accident, it is observed an
increase in the number of neutrophils, increase in IL-6 and a drop in spleen cells
number. IL-6 is a pro-inflammatory cytokine that signals the multiplication and
differentiation of B cells into antibody-forming cells and causes an exacerbation of
acute inflammation signs. Within 360 minutes of the envenomation, it is observed a
reduction in the amount of TNF-« and IL-6, and an increase in the amount of IL-10,
and an increase in the number of lymph nodes, spleen cells and mast cells. IL-10 is
an anti-inflammatory cytokine that acts by inhibiting the synthesis of pro-inflammatory
cytokines, gradually reducing acute inflammation. IL-10 also acts as a co-stimulator of
mast cells production, which acts directly on inflammation and may be a risk factor for

pulmonary edema [16 33].

59



184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217

1.2. Buthus martensii Karsch scorpion venom against cancer and pain

The Asian Buthus martensii Karsch (BmK), also known as gold scorpion or
Chinese scorpion, is a very common species in China, Mongolia, Korea, and Japan.
Its venom has been used in traditional Chinese medicine to treat a variety of diseases
for over 2000 years especially as a painkiller such as migraine, rheumatism-related
pain, and cancer pain. Prostate cancer is an invasive type of cancer that can easily
lead the patient to death. The prostate cancer progression has potential to develop
from a small latent carcinoma to originate a high-grade metastasis [34 35]. The growth
and development of prostate cancer is frequently androgen-dependent, making
androgen-deprivation one of the most used therapies against this type of cancer [35
36]. However, there are androgen-independent carcinoma cells, making this type of
treatment usually not 100% efficient [37]. As an alternative to prostate cancer
treatment, Zhang and colleagues (2009) have been studying the use of a Polypeptide
Extract from BmK Scorpion Venom (PESV), which is composed of a major biologically
active polypeptide component of 50-60 amino acids extracted from the venom and
have been reported to have anticancer activities [19]. PESV has been described as a
potent anti-proliferative and anti-apoptosis induced activity against HUVEC cells,
inhibition of neovascularization, and tumor growth suppression of $180 sarcoma and
H22 hepatocellular carcinoma in mice [38]. Also, it has been hypothesized that PESV
could be effective as a chemoprevention or intervention agent against prostate cancer,
inducing DU145 cells to a cell cycle arrest, inhibiting tumor growth and inducing
apoptosis [19]. PESV has also been shown to strongly induce the expression of
Kip1/p27 and decrease cyclin E expression, increasing interaction with CDKls and
CDK, probably causing inhibition of kinase activity of CDKs. The uncontrolled CDKs
activity is one of the major causes of cancer progression and their functions are
regulated by CDKIs [39]. Still, more studies are required to support this hypothesis and
to identify the exact mechanism of action of the venom in modulating mitogenic and
survival signaling cascade in human prostate cancer using different prostate cancer
cells and animal models [19].

In breast cancer cells, the nonsulfated glycosaminoglycan hyaluronan has been
shown to be up-regulated and often correlated to tumor aggressiveness. Moreover, it
has been described that hyaluronan has important physiological and pathological
functions [40]. Feng and colleagues (2008) have shown that hyaluronidase isolated

from BmK scorpion venom was able to completely remove hyaluronan from the triple
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negative MDA-MB-231 breast cancer cell line [25]. Hyaluronan has shown to be
important in cancer cell migration, invasion, adhesion and metastasis by interacting
with CD44 [41], which is also expressed in high levels in cancer cells, generating CD44
variants (CD44v) by alternative splicing of a gene [42]. CD44v6 has been suggested
to be down-regulated after treatment of MDA-MB-231 with hyaluronidase, confirming
that the CD44 variant of cancer cells can be modulated by external signaling by
hyaluronidase treatment [25]. In addition, another study reported a 33 kDa serine
proteinase-like from the BmK (BMK-CBP) binding specifically in a dose-dependent
manner to the MCF-7 cancer cell membrane, although the receptor was not described
[24].

Another peptide isolated from BmK scorpion venom is AGAP-SYPU2. Shao
and collaborators (2014) purified AGAP-SYPUZ2 via bioassay-driven chromatographic
route, and this peptide has shown analgesic and antitumor activities in animal tests
Peptide GAP-SYPU2 exhibited strong analgesic effects against visceral and somatic
pain, and its primary sequence has high homology to sodium channel (Na*) inhibitors
[43]. Scorpion a-toxins bind to sodium channels, blocking neuronal transmission [44].
Although BmK AGAP-SYPU2 has shown it effectiveness, its potency was slower
compared to the positive control painkiller, morphine [43]. Moreover, the anticancer
activity shown by BmK AGAP-SYPUZ2 prolonged the survival of 36.05% Ehrlich ascites
tumor mouse model and reduced the tumor weight of 46.3% S180 fibrosarcoma
mouse model [43]. In another work, Zhao and colleagues (2011) has demonstrated
that BmK AGAP can inhibit the proliferation and migration of Suzhou Human Glioma-
44 (SHG-44) cells derived from lymph node metastatic site, where sodium channels
play an important role in the proliferation and migration of cancer cells [45]. Because
of the high sequence identity between BmK AGAP and BmK AGAP-SYPU2, the
anticancer activity of BmK AGAP-SYPU2 was described to possibly involve sodium
channels [43]. The dual-function shown by BmK AGAP-SYPU2 as a pain reliever and
antitumor effects is clinically valuable, since it improves patient survival without

compromising the patient’'s quality of life [43].

1.3. Effects of Rhopalurus junceus scorpion venom on cancer cells and cancer
mouse models
The Rhopalurus junceus scorpion is an endemic species from Cuba belonging

to the Buthidae family. R. junceus venom has been used in Cuban traditional medicine
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for the treatment of some illnesses, including cancer. Diaz-Garcia and collaborators
(2013) evaluated the anticancer effect of R. junceus scorpion venom on different
cancer cell lines: Hela, SiHa, Hep-2, NCI-H292, A549, MDA-MB-231, MDA-MB-468,
and HT-29, hematopoietic cells lines: U937, K562, and Raji and normal cells: MRC-5,
MDCK, and Vero. They verified that the venom induced a significant viability effect on
HelLa and A549 cancer cell lines without affecting normal cells [20]. In HelLa cells, the
venom induced apoptotic cell death involving p53 up-regulation, which influences the
activation of pro-apoptotic genes, such as bax, and suppression of anti-apoptotic
genes, such as bcl-2, which plays an important role in the activation of caspases and
dominates intrinsic pathways of apoptosis [46]. These results indicate that
mitochondria-mediated apoptosis is involved in scorpion venom-induced cell death in
Hela cells [20]. A more recent study showed that combinations of this scorpion venom
with low concentrations of chemotherapy drugs such as 5-FU, CDDP, and DOX
increased the cytotoxic effect in the HelLa cells [47].

In the adenocarcinomic human alveolar basal epithelial A549 cell line, the R.
junceus venom induced necrotic cell death involving p53 and bcl-2 mRNA down-
regulation, while bax expression level remained the same. Bcl-2 overexpression is
responsible for many drug-resistant or apoptotic-resistant cancers, such as in B-cell
lymphoma and small cell lung cancer [48], and it could be also responsible to mediate
programmed necrosis [48 49]. Higher venom concentration, over the IC50, lead A549
cells to necrosis, while lower concentration, below IC50, lead Hel a cells to apoptosis,
showing that the necrosis and apoptosis could be venom concentration dependent
[20].

The investigation of the R. junceus scorpion venom effect in triple negative-
MDA-MB-231 breast cancer cells showed that the venom has a notable anticancer
activity with minimal effects on normal cells [50]. Cell morphology analysis through
fluorescent DAPI staining showed that the cells treated with the scorpion venom
presented shrunken and marginated nuclei in cancer cells, while the non-treated cells
presented large nuclei. The authors noticed formation of apoptotic nuclei, chromatin
condensation, apoptotic bodies and cell membrane blebbing, providing evidence of
the apoptotic potential in those cancer cells. At the molecular level, the scorpion venom
treatment induced an up-regulation of p53 gene and several pro-apoptotic genes such

as bax, noxa and puma, and down-regulation of anti-apoptotic genes, such as bcl-2
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and bcl-xL, possibly inducing apoptosis through the mitochondrial-apoptotic pathway
[50].

In a pharmacokinetic study, investigating the biodistribution of R. junceus
scorpion venom in tumor-bearing mice after intravenous or oral administration showed
that the R. junceus scorpion venom has a long lasting presence in tumor tissue
compared to other main organs. Both intravenous and oral administration of the R.
junceus venom were able to reach all tissues in the body, however, the scorpion
venom presence was momentary. Although the oral administration showed low
bioavailability of R. junceus scorpion venom at all organs, suggesting high degradation

of venom components, it was observed that the venom kept targeting the tumor [51].

1.4. Heterometrus bengalensis Koch scorpion venom and apoptosis induction
in leukemic cells

Heterometrus bengalensis Koch is a scorpion that is highly prevalent in the
state of West Bengal of Eastern India. Gupta and collaborators (2007) studied the H.
bengalensis Koch venom cytotoxic profile by investigating the antiproliferative and
apoptotic efficacy of H. bengalensis Koch venom against two human leukemic cell
lines, U937 and K562. Nuclear fragmentation and margination were found in treated
U937 and K562 cells in comparison with the untreated control cells, and fluorescence
microscopic observations indicated nuclear disintegration when stained by ethidium
bromide and acridine orange, characterizing an apoptotic event [52]. Apoptosis usually
presents several morphological changes such as membrane blebbing, cell shrinkage,
chromatin condensation, nuclear fragmentation and formation of apoptotic bodies [53].
Evidence from morphological changes, comet assay, and flow cytometry analysis
indicated that H. bengalensis venom has antiproliferative and apoptogenic effects on
both U937 and K562 tumor cell lines [52].

Another study from the same group isolated a component present in H.
bengalensis venom responsible for the action described in the earlier study [18]. They
isolated and purified a protein named Bengalin, which may have anticancer activity
against human leukemic U937 and K562 cells. Bengalin induced U937 and K562 cell
death promoting apoptosis mediated by the mitochondrial pathway where HSP70,
HSP90, telomerase activity suppression and initiation of DNA damage were important

features in Bengalin mediated apoptosis [18]. However, more studies are needed to
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investigate the exact mechanisms of action of this compound and perform in vivo

assays to confirm this anti-tumorigentic activity.

1.5. Effects of Neopladine 1 and Neopladine 2 from Tityus discrepans scorpion
venom in breast cancer

As Tityus serrulatus, T. discrepans belongs to the genus Tityus, and is found in
countries in the North and Northwest of South America, such as Brazil, Suriname,
Venezuela, Guyana and Trinidad and Tobago. Breast cancer is one of the most
common type of cancer worldwide. Although it has many therapies available,
advanced breast cancer remains with poor alternatives. D’Suze and colleagues (2010)
studied the action of Tityus discrepans scorpion venom and two purified peptides on
human breast cancer cells (SKBR3) and on non-malignant epithelial monkey kidney
cell line (MA104). They isolated the peptides Neopladine 1 (Neo1) and Neopladine 2
(Neo2), which presented active effects against SKBR3 cells via the activation of Fas
signaling by induction of FasL expression [23]. The apoptotic effects were similar to
those caused by B. martensii Karsch scorpion venom on human glioma and by
Bengalin from H. bengalensis venom on leukemic cells [17 18]. Neopladines are a new
kind of antineoplastic peptides, which are interesting as tools or as templates for novel
antineoplastic drugs [23]. Olvera and colleagues have recently cloned the gene coding
nNeo2 looking for the best experimental condition to express rNeo2 with high activity
[54]. They found a set of eleven isoforms with potential antineoplastic properties, and
some of them with a more potent activity when compared to the original peptide. These
peptides have been studied to be used for biotechnological and biomedical
applications. Given that chlorotoxin succeeds in better removing glioma tumors [55],
neopladines should be also further studied to test their function, since they exhibit a

significant selectivity for breast cancer cells [23].

1.6. RK1, a short peptide from Buthus occitanus tunetanus scorpion venom,
inhibits tumor cell migration, proliferation, and angiogenesis

The Buthus occitanus tunetanus scorpion, belonging to the Buthidae family, is

responsible for accidents in Middle Eastern countries such as Tunisia. RK1 is a short

14 amino acid peptide purified from the B. o. tunetanus scorpion venom capable of

inhibiting cell proliferation, migration and angiogenesis of U87 glioblastoma cell line

and IGR39 human malignant melanoma cell line. RK1 showed to have a potential anti-
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tumoral activity without manifesting toxicity in vitro and in vivo, as well as a capacity to
form a disulfide bond, increasing stability in physiological conditions, reducing toxic
effects of chemotherapy and radiotherapy, although it strongly inhibits
neoangiogenesis. In addition, due to RK1 small size, it may possibly be less
immunogenic when compared to other larger molecules [26].

In another study by the same group, Khamessi and collaborators (2018b)
analyzed the anti-tumoral activity of a disintegrin-like homologous peptide RK isolated
from the Buthus occitanus funetanus scorpion venom as a targeting molecule for
cancer cell adhesion by its potential interaction with different integrins in vivo and in
silico [27]. Compared to the RK1 peptide, RK has a sequence identity of 47%, where
the conserved residues are localized mainly at the C- and N-terminal ends, including
the disulfide bridge forming cysteines. RK has dual disintegrin activity on a1f1 and
avp3 integrins, due to the presence of contiguous motifs ECD and KSS. This selective
blockade of a1f1 and avB3 integrins is a desirable target for cancer therapy and tumor

angiogenesis [27].

1.7. Effects of scorpion venom on gliomas: apoptosis induction and tumor
paint BLZ-100

Glial cells are non-neuronal cells that do not produce electrical impulses. Glia
surround and support nerve cells, protecting neurons and forming myelin in the
peripheral nervous system and glioma is a type of brain cancer that affects glial cells
[56]. Malignant gliomas are notoriously resistant to currently available therapies, since
they fail to undergo apoptosis upon any anticancer treatment [17].

Several early studies have shown that polypeptidyl toxins purified from the
venom from Buthus martensii Karsch (BmK) scorpion specifically interfere with several
ion channels, altering their functional properties [57-61]. Later, Wang and collaborators
(2005) showed that BmK venom induces human glioblastoma astrocytoma U251-MG
cell death, although it did not induce apoptosis in non-glioma control cells lineages
such as the BEL7404 human hepatocellular carcinoma cells and the CHOC400
Chinese hamster ovary cells, leading to the conclusion that BmK venom specifically
triggers glioma cell death in vitro. Moreover, they observed that BmK were able to
inhibit glioma tumor growth in vivo. Authors showed that Na*, K" and CI- ion channels
play a key role in the processes of glioma cell proliferation, swelling, migration,

invasion, and apoptosis. The dysfunction of these channels by the BmK venom may
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be the key for the negative effects on the gliomas, however, more studies are still
needed to investigate the key factor that induce glioma apoptosis by the BmK venom
[17].

Soroceanu and colleagues (1998) have studied a glioma-specific chloride ion
channel that is sensitive to chlorotoxin (CTX), which is derived from Leiurus
quinquestriatus scorpion venom [21]. CTX is a 36 amino acid peptide that specifically
binds to MMP-2 and small conductance CI" channels [21 62 63]. The CTX peptide
shows a specificity as a tumor-targeting agent in a diversity of forms, including
radiolabeled, conjugated to fluorescent tags, or incorporated into nanoparticles [64-
66].

Many clinical trials demonstrated that CTX toxicity to humans is low, making
this peptide attractive as a targeted imaging agent for cancer [22]. The Tumor Paint
BLZ-100 has been developed by Blaze Bioscience and is derived from CTX peptide.
It has been studied as a new agent to assist in tumor brain surgeries, specifically
gliomas. BLZ-100 is a tumor ligand made of synthetic CTX conjugated to ICG. The
potential of BLZ-100 as a targeted contrast agent is still being tested on animals and
humans. However, many studies have already shown successful results on painting
gliomas and even other types of injuries, and it is being evaluated in a phase 2/3
clinical study in pediatric CNS tumors [22 67-70].

In mouse models studies of glioma, medulloblastoma, prostate cancer,
sarcoma, and colorectal cancer, the CTX conjugated to Cy5.5 (a fluorescent molecular
beacon that emits photons in the near-IR or NIR spectrum) showed a binding to both
primary tumor and metastasis [55]. NIR beacons suit better for intraoperative imaging,
since photons of this wavelength are minimally absorbed by water or hemoglobin.
Studies on mouse models revealed that BLZ-100 was successfully administered and
used as an aid during tumor brain surgery removal [22 67].

A clinical study testing the BLZ-100 in canine patients with spontaneously
occurring tumors was also successfully and safely applied [68]. In addition, the value
of comparative oncology studies in drug development between humans and dogs is
well-recognized, since their cancers have features similar to those seen in human
tumors [71 72]. Therefore, the agents developed for use in humans are frequently used
in the veterinary field, making these comparative oncology studies also beneficial to

animals [72].
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Fidel and collaborators (20135) found that BLZ-100 was safe and effective in
detecting tumors using real-time fluorescence imaging during surgery in dogs,
providing key information to support clinical translation of the product. Many studies
reached a safety profile as a human product candidate, testing BLZ-100 with success
in CD-1 mice, Sprague Dawley rats, beagle dogs and other species of dogs, and
cynomolgus monkeys [68 69].

In a recent study in humans revealed that BLZ-100 also has the potential to
“paint” other tissues beyond tumors. Kobets and colleagues (2021) found an
unexpected binding of BLZ-100 to cerebral vascular malformations while participating
in a phase 2/3 study of intraoperative near infrared fluorescence detection of pediatric
primary central nervous system tumors in patients receiving BLZ-100 intravenously
[70]. Two patients were diagnosed with intracranial lesions, suspected of being
gliomas, although these lesions proved to be cavernous vascular malformations during
the surgery. The drug was administered by an IV bolus injection at least 1h and no
more than 36 h preoperatively, at a dose of 15 mg/mL. Both patients (a 12 year old
boy and a 15 year old girl) were randomized to receive BLZ-100, administered
intravenously before surgery. Canvas imaging showed avid fluorescence of their
lesion, making the surgical resection easier to perform [70].

More recently, Yamada and colleagues (2021) described the use of BLZ-100 in
21 adult patients with known or suspected non-metastatic basal cell or squamous cell
carcinoma or non-metastatic melanoma to assess its safety, tolerability, and
pharmacokinetics. The BLZ-100 showed to be safe at doses up to 18 mg with an
effective and accurate imaging at doses between 3 and 12 mg after 15 min to 2 h post
injection [73]. Further investigation is still ongoing to determine if BLZ-100 may have
a wider range application in identifying pathologies beyond cancer and vascular

malformations.

2. Conclusions
Cancer is one of the most deadly diseases worldwide, despite the various
breakthroughs that have saved many lives, together with standard treatments to
cancer, such as tumor removal by surgery, or chemotherapy and radiotherapy. The
scientific community has always been on the journey searching for innovative

medications to cure or to attenuate symptoms and prolong the lifespan of the patient.
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The study of natural products, especially venoms from different kinds of species
aiming at the treatment of cancer is a relatively new field. In particular, studies involving
scorpion venom, which presents several toxins and potential anti-cancer compounds,
have been increasing along with the years. One example is the BLZ-100 that is a
promising tool that has been developed to help in medical surgeries to remove tumors.
We expect that other promising tools or drugs derived from scorpion venom may be
developed in the near future since venom from these animals may contain several

molecules able to treat cancer.
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