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RESUMO

O carcinoma epidermoide de boca (CEB) é a sexta neoplasia mais comum no
mundo, e representa mais de 90% de todos os tumores malignos da cavidade bucal.
Em individuos acometidos pelo CEB, a radioterapia é uma estratégia terapéutica
importante para promover a morte das células neoplasicas e controlar a progresséo
da doenca. Apesar dos avangos obtidos nesta modalidade de tratamento, observam-
se, ainda, quadros de radiorresisténcia, podendo levar um prognostico desfavoravel.
E crucial a realizac3o de pesquisas voltadas para o desenvolvimento de terapéuticas
complementares, visando favorecer a eficicia da radiacdo ionizante. Os venenos
sdo fontes promissoras para a descoberta de novos agentes antineoplasicos. A
crotoxina (CrTX), uma toxina isolada do veneno da cascavel sul-americana
Crotalus durissus terrificus possui algumas atividades biologicas, que incluem
acbes neurotdxicas, imunomoduladoras, anti-inflamatérias, antimicrobianas,
analgésicas e antineoplésicas. Diante do exposto, esse estudo engloba duas
vertentes de trabalho. A primeira teve como objetivo verificar o potencial
antineoplasico da CrTX em diferentes tipos de cancer, através de uma revisao
sistematica. O objetivo da segunda vertente foi avaliar o efeito terapéutico
adjuvante da CrTX em células de carcinoma epidermoide de boca. A revisdo
sistematica do primeiro estudo envolveu a busca de estudos in vitro e clinicos
relacionados ao objetivo proposto. O estudo foi registrado na Plataforma
internacional Prospero (CRD42019137665) e seguiu os critérios de busca da
Plataforma PRISMA, utilizando as bases de dados PubMed, Scopus, Web of
Science e EBSCO. Foram identificados 71 artigos sobre a proposta. A partir da
andlise destes, adotando critérios de inclusdo e excluséo, foram selecionados como
elegiveis para a leitura do texto completo um total de 11 artigos. Os resultados da
revisdo sistematica mostraram que a crotoxina promoveu acgdo antiproliferativa,
apoptose, parada do ciclo celular e ativacdo de genes para promoc¢édo da morte de
linhagens cancerigenas, em estudos in vitro. Ndo foi identificado na literatura
estudo em humanos adequado a proposta da revisdo. Na segunda vertente deste
estudo, foram realizados ensaios in vitro de proliferacdo, morte celular, e niveis de
especies reativas de oxigénio (ERO). Células imortalizadas de CEB, SCC-9, foram
tratadas com CrTX na concentracéo de 100 pg/ml, por 72h, seguida da exposicéo a

2,4 e 6 Gy de irradiagdo, em um acelerador linear. A CrTX foi capaz de aumentar



a sensibilidade das células de CEB a radiacdo ionizante, diminuindo a atividade
proliferativa, aumentando significativamente a morte celular e a formacdo de
EROs. Os achados deste estudo demonstraram que a crotoxina potencializou o
efeito da radiacdo ionizante terapéutica, especialmente, em menores doses de
radiacdo. Assim, a CrTX exerceu efeito antineoplasico em diferentes tipos de
neoplasias e efeito adjuvante a radiacdo em células de CEB, podendo ser apontada
CcomMo uma promissora estratégia terapéutica para futuras pesquisas clinicas para o

tratamento de pacientes com cancer bucal.

Palavras-chave: Antineoplastico. Crotoxina. Crotalus durissus terrificus.
Carcinoma epidermoide de boca. Radioterapia. Radiagéo ionizante.



ABSTRACT

Oral squamous cell carcinoma (OSCC) is the sixth most common neoplasm in the
world and represents more than 90% of all malignant tumors of the oral cavity. In
individuals affected by OSCC, radiotherapy is an important therapeutic strategy to
promote the death of neoplastic cells and to control the progression of the disease.
Despite the advances obtained in this treatment modality, there are still cases of
radioresistance, which can lead to an unfavorable prognosis. It is crucial to carry
out research aimed at developing complementary therapies, aiming to favor the
effectiveness of ionizing radiation. The poisons are promising sources for the
discovery of new antineoplastic agents. Crotoxin (CrTX), a toxin isolated from the
poison of the South American rattlesnake Crotalus durissus terrificus, has some
biological activities, which include neurotoxic, immunomodulatory, anti-
inflammatory, antimicrobial, analgesic and antineoplastic actions. Given the above,
this study encompasses two strands of work. The first aimed to verify the
antineoplastic potential of CrTX in different types of cancer, through a systematic
review. The objective of the second approach was to evaluate the adjuvant
therapeutic effect of CrTX in OSCC cells. The systematic review of the first study
involved the search for in vitro and clinical studies related to the proposed objective.
The study was registered on the international platform Prospero
(CRD42019137665) and followed the search criteria of the PRISMA Platform,
using the PubMed, Scopus, Web of Science and EBSCO databases. 71 articles on
the proposal were identified. From the analysis of these, adopting inclusion and
exclusion criteria, a total of 11 articles were selected as eligible for reading the full
text. The results of the systematic review showed that crotoxin promoted
antiproliferative action, apoptosis, cell cycle arrest and activation of genes to
promote the death of cancerous lines, in in vitro studies. A human study suitable for
the review proposal was not identified in the literature. In the second part of this
study, in vitro assays of proliferation, cell death, and levels of reactive oxygen
species (ROS) were performed. Immortalized cells of OSCC, SCC-9, were treated
with CrTX at a concentration of 100 pg/ml for 72 hours, followed by exposure to
2, 4 and 6 Gy of irradiation, in a linear accelerator. The CrTX was able to increase
the sensitivity of CEB cells to ionizing radiation, decreasing proliferative activity,

increasing cell death and the formation of ROS. The findings of this study



demonstrated that the crotoxin enhances the therapeutic effect of ionizing radiation,
increasing its therapeutic effect of radiation on OSCC cells. Thus, CrTX exerted an
antineoplastic effect on different types of neoplasms and an adjuvant effect to
radiation on OSCC cells and can be appointed as a promising therapeutic strategy

for future clinical research for the treatment of patients with oral cancer.

Keywords: Antineoplastic. Crotoxin. Crotalus durissus terrificus. Oral squamous

cell carcinoma. Radiotherapy. lonizing radiation.
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1 INTRODUCAO

O céncer ¢ a segunda principal causa de morte no mundo, sendo precedido apenas pelas
mortes ocasionadas por doencas cardiovasculares (1). Considerando os tipos de canceres
mais prevalentes, o cancer de boca representa um grave problema de saude publica
mundial associado a elevadas taxas de morbimortalidade; é a sexta neoplasia mais comum

no mundo, principalmente nos paises em desenvolvimento (2-5).

O cancer de boca € uma neoplasia maligna que acomete a cavidade oral ou labios. A
lingua é o sitio mais afetado, correspondendo a aproximadamente 60% de todos 0s
canceres bucais (6, 7). Cerca de 90% dos casos representam o tipo histoldgico
epidermoide, sendo por isso, denominado carcinoma de células escamosas orais (CCEQO)

ou carcinoma epidermoide de boca (CEB) (2, 8).

As estimativas apontam que a incidéncia do cancer de boca varia de um a dez casos por
100.000 pessoas na maioria dos paises (9). Os fatores de risco responsaveis pelo
surgimento do cancer de boca incluem o tabagismo, consumo do alcool, e infeccBes
ocasionadas pelo papiloma virus humano (HPV), sendo que 74% deste risco sdo
atribuidos ao tabaco e alcool (10, 11).

No ano de 2018, foram identificados 354.864 novos casos de cancer de labio e cavidade
bucal e 177.384 pessoas morreram em decorréncia deste tipo de cancer no mundo (12).
Estimativas apontam que dois tercos dos casos de carcinoma de células escamosas

ocorrem no sul e sudeste da Asia (13).

Dentre os canceres de cabeca e pescoco, o cancer bucal afeta individuos, em sua maioria,
na faixa etaria de 50 a 70 anos (14). Alguns achados na literatura apontam que 5% destes
casos de cancer oral sdo representados por adultos jovens com faixa etaria de 25 a 40
anos, estando parcialmente relacionado ao elevado uso de tabaco e outras drogas, bem

como as infecgOes virais transmitidas sexualmente, como o HPV (13, 15, 16).

O estagio do tumor e o sitio anatdmico séo os principais fatores que determinam a escolha
da modalidade de tratamento para 0s pacientes com cancer de boca, sendo necessaria uma

abordagem multidisciplinar para um melhor planejamento do tratamento e avaliacdo da
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resposta pos-tratamento. Os tratamentos para individuos acometidos pelo CEB incluem
cirurgia, radioterapia (RT), quimioterapia ou combinagdes dessas modalidades. Os
tratamentos combinados podem ser entregues simultaneamente ou em diferentes
sequéncias temporais (13, 17, 18). As modalidades terapéuticas de cirurgia, radioterapia,
quimioterapia ou terapia combinada podem favorecer danos teciduais a regido
peritumoral na cavidade oral, lesionando diretamente os tecidos ou interferindo na
producdo de células hematopoiéticas. Estas complicagdes incluem mucosite oral,
disgeusia, doencas infecciosas, osteorradionecrose, xerostomia associadas a perda da

funcdo glandular (18, 19).

Apesar dos avancos relacionados a detecgdo, terapéutica do céncer, e sobre o
conhecimento cientifico sobre os fatores de risco atribuiveis ao aparecimento do cancer,

0 cancer bucal apresenta uma baixa taxa de sobrevida de 50 % a 60% em 5 anos (20).

A crotoxina (CrTX) é uma neurotoxina isolada do veneno da cascavel sul-americana,
Crotalus durissus terrificus (21, 22). Foi isolada e descrita pela primeira vez por Slota e
Fraenkel-Sonrat (1938), pesquisadores do Instituto Butantd, no Brasil (23). A CrTX
exerce atividades bioldgicas, tais como neurotoxicidade, miotoxicidade e
nefrotoxicidade; além disso, estd associada a a¢des imunomodulatérias, anti-

inflamatdrias, antimicrobianas e analgésicas (24, 25).

A atividade antitumoral e antiproliferativa do veneno da cascavel é atribuida a crotoxina
(CrTX), que é descrita em diversos estudos como tendo uma atuacdo sobre as mais
diversas linhagens celulares de cancer, incluindo leucemia, colo do Gtero, ovario, pulmao,

célon, rim, melanoma e cérebro, sendo estes estudos in vitro e in vivo (24-27).

No entanto, a acdo da CrTX sobre o comportamento neoplasico, mecanismos moleculares
e potencial terapéutico adjuvante ndo foi explorada na carcinogénese de boca. Sendo
assim, esse estudo tem como foco principal a investigacdo do efeito adjuvante da CrTX

a radiacdo ionizante terapéutica em células de carcinoma epidermoide de boca.
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2 OBJETIVOS

2.1 Objetivo Geral

Avaliar o potencial antineoplésico e o efeito terapéutico adjuvante da crotoxina extraida
de veneno da serpente Crotalus durissus terrificus em células de carcinoma epidermoide

de boca.

2.2 Objetivos Especificos

e Revisar a literatura acerca da acdo da crotoxina em diversos tipos de cancer.

e Auvaliar o potencial adjuvante da crotoxina sobre o efeito terapéutico da radiagéo

ionizante sobre os parametros fenotipicos de proliferacdo, morte celular e espécies

reativas de oxigénio em linhagem celular de carcinoma epidermoide de boca.
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3 REVISAO DE LITERATURA

3.1 Cancer de boca: Aspectos Gerais

O céncer de boca é uma neoplasia que acomete, preferencialmente, as células escamosas
do epitélio da mucosa, denominado carcinoma epidermoide de boca (CEB) ou carcinoma
de células escamosas orais (CCEO). E o sexto tipo de neoplasia mais comum em todo o

mundo, e corresponde por 2 a 4% de todos 0s casos de cancer no ambito global (28-32).

O CEB corresponde por mais de 90% de todos os tumores malignos que atingem a
cavidade bucal, afetando principalmente a regido anatbmica da lingua, bochecha,
assoalho da boca, gengiva (33, 34). Das 6,4 milhdes de neoplasias malignas
diagnosticadas na populagdo mundial no ano de 2006, cerca de 10% destas estdo
localizadas na boca (35). Este tipo de cancer vem ganhado destaque nas Gltimas duas

décadas, tornando-se, pois, uma das neoplasias mais pesquisadas (29).

O céncer de boca é mais prevalente nos paises em desenvolvimento, sendo considerado
uma problematica crescente em vérias regides do mundo. Devido as mudancas no estilo
de vida nos ultimos tempos, algumas alteracdes na prevaléncia do cancer de boca em
alguns paises foram observadas. Por exemplo, nos paises do sul da Asia, como india,
Srilanka, Paquistdo e Bangladesh, o cancer de boca passou a ser o tipo mais comum de
neoplasia, e contribui com quase um quarto de todos os novos casos de cancer (5, 36).

No ano de 2012, na populacdo mundial o cancer de cavidade oral e labio acometeu 300
mil individuos dos quais 145 mil foram a ébito (31, 37). A incidéncia global do cancer de
boca no ano de 2018, foi de 2,8 casos para cada 100 mil homens e de 1,2 casos para cada
100 mil mulheres, e para ambos 0s sexos sdo 2 casos para cada 100 mil individuos (38).
De acordo com Instituto Nacional do Cancer, Brasil (INCA), nas estimativas dos dez tipos
de cancer mais incidentes para o ano de 2018 na populacao brasileira, o cancer de boca
representou um total de 14.700 casos, sendo mais prevalente no sexo masculino, com
11.200 casos ocupando a 52 posi¢do. No sexo feminino, séo 3.500 casos, estando na 122
posi¢do, com um risco estimado 10,86 novos casos a cada 100 mil homens e de 3,28

novos casos para cada 100 mil mulheres (Tabela 1) (39).
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Tabela 1 - Distribui¢do proporcional dos dez tipos de cancer mais incidentes estimados

para 2018 na populagéo brasileira, por sexo, exceto pele ndo melanoma*

Prostata 68.220 31,7% Homens Mulheres Mama Feminina 59.700 29,5%
Traqueia, Brénquio e Pulmao 18.740 8,7% Colon e Reto 18.980 9,4%
Colon e Reto 17.380 8,1% Colo do Utero 16.370 8,1%
Estdmago 13.540 6,3% Traqueia, Bronquio e Pulmdo  12.530 6.2%
Cavidade Oral 11.200 5,2% Glandula Tireoide 8.040 4,0%
Esdfago 8.240 3,8% Estémago 7.750 3,8%
Bexiga 6.690 3.1% Corpo do Utero 6.600 3,3%
Laringe 6.390 3,0% Qvario 6.150 3,0%
Leucemias 5.940 2,8% Sistema Nervoso Central 5.510 2,7%
Sistema Nervoso Central 5.810 2,7% Leucemias 4.860 2,4%

*NUmeros arredondados para multiplos de 10.

Fonte: INSTITUTO NACIONAL DO CANCER (39).

A avaliagdo clinica da mucosa bucal deve ser realizada minuciosamente por inspecao
visual e palpacdo dos tecidos, examinando principalmente regides como borda lateral e
margens postero-laterais da lingua, orofaringe e assoalho da boca, visando detectar
precocemente lesdes suspeitas de CEB. As lesdes podem apresentar como Ulcecras de
coloracdo vermelha ou branca, nddulo endurecido, fissura ou linfonodo cervical

aumentado (32).

A carcinogénese bucal resulta de multiplas modificacdes genéticas e epigenéticas, onde
0 acumulo destas alteracfes € a base para a iniciacdo e progressdo de uma célula normal
para uma célula cancerigena. Uma série de eventos moleculares favorecem para as
desregulacBes do comportamento proliferativo, apoptose, angiogénese e metastases (40-
42).

Apesar dos avangos associados as modalidades de tratamento para os individuos
acometidos pelo CEB, a resposta terapéutica ainda guarda casos de baixa responsividade,
estima-se que a sobrevida global em 5 anos permaneca estatica em 50% (43). Na grande
maioria dos pacientes que apresentam lesdes potencialmente malignizaveis ou cancer em
estagio inicial, a taxa de cura a sobrevida é alta, mas a ampla maioria dos casos em estagio
Il e IV tende a ser letal, em parte por apresentar taxas de recorréncias locorregionais

relativamente altas (44). A deteccdo precoce de lesGes potencialmente malignizaveis na
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mucosa bucal é de extrema importancia para obtencdo de melhores taxas de sobrevida e

aumento da qualidade de vida dos pacientes acometidos pelo cancer de boca (45).

3.2 Etiopatogénese do Carcinoma Epidermoide de Boca

A iniciac@o e progressdo do CEB sdo atribuidas a uma soma de alteracfes genéticas,
epigenéticas, fatores ambientais e estilo de vida, questdes ligados principalmente ao uso

do tabaco e consumo de alcool (46, 47).

As alteracOes do genoma estdo entre as principais implicagOes para a carcinogénese,
sendo observadas alteracbes no DNA, como a inser¢do, exclusdo ou mudanca de
nucleotideos ou irregularidades cromossémicas, levando a manifestacdo de um fenétipo
defeituoso. A superexpressdo de oncogenes esta intimamente associada ao
desenvolvimento do CEB (48).

As alterac@es na sinalizacdo intracelular oncogénica, como a proteina quinase ativada por
mitogénio (MAPK), fosfatidilinositol-3-quinase (PI3K)/AKT/alvo de rapamicina em
mamiferos (MTOR) e transdutor de sinal e ativador de transcricdo (STAT) favorecem a
patogenia e potencial metastatico do CEB (49).

Desregulaces em genes supressores de tumor sdo eventos frequentes na carcinogénese
de boca, tais como a inativagdo por mutacdes pontuais, delecOes e rearranjos em ambas
as copias do gene. Cerca de 70% dos tumores sélidos adultos ocorre devido a ocorréncia
de alteracBes no gene supressor TP53. A proteina p53 impede a divisdo celular da fase
G1 para a fase S no ciclo celular, estimulando a reparacdo do DNA apds danos no DNA,
e também induz a apoptose (50-52). No mecanismo da doenca, o gene TP53 apresenta
perda da sua funcionalidade, estando presente nas lesGes displasicas e neoplasicas de
mucosa bucal; a progressdo do quadro histopatolégico esta ligado a presenca dessas
mutacdes (53, 54).

As modificacbes epigenéticas também sdo conexas a etiopatogénese do CEB.
Mecanismos epigenéticos podem influenciar a desregulacdo da expressdo génica, a partir
de metilacdo de DNA, modificacdes de histonas e expressédo alterada de micro-RNAs

(miRNAS) oncogénicos. Tais eventos epigenéticos desempenham um papel crucial nos
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eventos de silenciamento génico de genes supressor de tumor, que favorece

desenvolvimento e progressao da doenca (55).

O polimorfismo na metaloproteinase-9 (MMP-9) esté associado a um risco aumentado de
desenvolver os estagios iniciais do cancer bucal, principalmente em pacientes com
elevado uso do tabaco e consumo de alcool. Nota-se niveis elevados de mRNA da MMP-
9 nas displasias orais que evoluiram para o CEB (56). Além das alteracGes genéticas e
epigenéticas, 0s habitos relacionados ao estilo de vida, como o tabagismo e consumo do
alcool, sdo fatores de risco importante na etiopatogenia do CEB, e que estdo presentes em
90% dos casos, promovendo um efeito sinérgico (57). O alcool gera uma alteracdo na
taxa de penetracdo de substancias do ambiente oral através da mucosa e essas
modificacdes na permeabilidade da mucosa podem favorecer a carcinogénese de boca
(58).

A fumaca do cigarro possui substdncias cancerigenas, dentre elas estdo o0s
hidrocarbonetos aromaticos policiclicos, aminas heterociclicas e nitrosaminas. Além do
consumo de alcool por um periodo prolongado, este pode levar a um efeito combinado da
acdo de espécies reativas de oxigénio (ERO) juntamente com o acetaldeido, podendo
promover alteragdes no DNA e a carcinogénese. Alteracdes na funcdo de enzimas
metabolizantes, como glutationa S-transferase (GST), superdxido dismutase (SOD),
proteinas da familia SOD e acetaldeido desidrogenase (ALDH), também pode estar

relacionada a uma maior susceptibilidade para o desenvolvimento do CEB (59).

Existe uma importante relacdo entre o cancer de boca e o tabagismo. A cavidade oral
recebe a fumaca do cigarro, onde o seu principal componente € a nicotina, que € absorvida
pela membrana da mucosa oral, induzindo a alteragdes no DNA, aumento do estresse
oxidativo e promocédo de desregulagcdes do comportamento celular, como proliferagdo

exacerbada e escape da morte celular por apoptose (Figura 1) (60).
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Figura 1 - Principais fatores e seus mecanismos de acdo, envolvidos na etiopatogénese do
cancer de boca. Fonte: Adaptado de MISHRA, 2010 (61).

O papiloma virus humano HPV estd associado ao desenvolvimento do CEB,
principalmente o HPV tipo 16 e 18, que sdo virus oncogénicos que mais causam cancer
(62). As oncoproteinas E6 e E7 sdo os tipos de HPV com risco aumentado; induzem
principalmente a degradacdo e inativacdo de p53 e a proteina do retinoblastoma (pRb).
Além disso, as oncoproteinas interagem com um enorme nimero de proteinas celulares,

alterando suas fung¢des normais e facilitando a transformagéo celular (63).

3.3 Proliferacdo, migracdo, invasdo, angiogénese e morte celular: mecanismos

envolvidos no carcinoma epidermoide de boca.

A célula neoplasica incorpora caracteristicas que permitem sua sobrevivéncia e
manutencdo da proliferacdo desregulada. A carcinogénese é composta por varias etapas,
das quais as alteragdes moleculares e na morfologia e funcbes celulares precedem o
aparecimento da lesdo. Tais alteracdes estdo associadas a caracteristicas fenotipicas que
inclui a migracdo celular e transicao epitélio-mesenquimal (TEM), em regides com baixa
oxigenacdo onde promovem a sobrevivéncia, crescimento de células tronco-teciduais e a

angiogénese (64, 65).

A proliferacdo celular desregulada em tumores solidos ¢ favorecida, especialmente, pela
fosforilagdo em um complexo formado por ciclinas e quinases dependentes de ciclina,
sendo estas proteinas consideradas o ponto chave do ciclo celular. E o controle da
proliferacdo estd ligado a ativagdo e inibicdo do ciclo celular. O mecanismo de
desativacdo do processo proliferativo é baseado em sistemas de transdugdo de sinais

negativos podendo agir sobre a parada do ciclo celular, até que sejam restabelecidas
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condicdes favoraveis para a mitose. Algumas proteinas impedem temporariamente, a
iniciacdo do ciclo celular ou a sua progressdo, inibindo as quinases dependentes de
ciclinas, quando o equilibrio mitogénico esta regulado negativamente (66, 67). Contudo,
o rearranjo do gene da ciclina D1, que é identificada como um oncogene humano derivado
de uma superexpressdo de proteinas, tem sido associado ao prognostico em uma
abundancia de tumores malignos, associada inclusive com o desenvolvimento do CEB e

revelando um valor progndstico (68, 69).

A metastase do cancer tem como caracteristicas a intensificacdo dos processos de
migracdo e invasdo das células neoplasicas, atraves de eventos que sdo facilitados pela
perda de adeséo celular e propriedades epiteliais, rearranjo do citoesqueleto e degradacao
de matriz colagena, dentre outros mecanismos que permitem ativar a migracao e invasdo

neoplasica (70, 71).

O desenvolvimento do CEB pode ser caracterizado pelo desenvolvimento inicial de uma
lesdo potencialmente malignizavel se poderd progredir para uma lesdo neoplasica.
Estudos relatam que o aumento significativo da angiogénese ¢ um fator preponderante
que ocorre na transicdo da mucosa normal para os mais diferentes graus de displasia,
carcinoma invasivo e progressao para metastases (72, 73). A angiogénese é a formacéo
de novos vasos sanguineos que crescem a partir de vasos sanguineos ja existentes. Em
geral, o fator de crescimento endotelial vascular (VEGF) é considerado um dos fatores
pro-angiogénicos mais importantes envolvido nesse processo (72). As caracteristicas
ligadas ao potencial invasivo das neoplasias estdo associadas a degradacdo da matriz
extracelular pelas células neoplésicas, proliferacdo e migracdo de células endoteliais,
diferenciacdo e formacdo de anastomoses capilares (74-76). As metaloproteinases-2 e
metaloproteinases-9 (MMP-2, -9), estdo associadas a degradacdo da matriz extracelular e
envolvidas no processo de invasdo celular (77). A capacidade das células malignas
destruirem a membrana basal e componentes da Matriz extracelular relaciona-se ao

potencial invasivo e metastatico das neoplasias (78) (Figura 2).
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Figura 2 - Principais caracteristicas do microambiente tumoral, fatores de
proliferacdo, angiogénese e invasdo, aspectos de degradacdo de matriz
extracelular. Fonte: Adaptado de KOONTONGKAEW, 2013 (57).

A morte celular pode ocorrer por apoptose ou outras formas ndo apoptéticas, como por
necrose. As caracteristicas morfoldgicas da morte celular sdo dependentes de varios
fatores, que incluem o tipo de célula e vias de sinalizacdo. As células neoplasicas possuem
a capacidade de evitar a ativacdo de seu programa apoptético e escape dos mecanismos
de defesa do sistema imunoldgico. Nas células normais, alguns mecanismos apoptoticos
sdo capazes de eliminar células danificadas por um abundancia de estresse, como falta de
nutrientes, hipdxia, danos ao DNA e terapia antineoplésica. J& nas células tumorais,
podem evitar a ativacdo da apoptose por meio da inativacdo de genes indutores de
apoptose ou pelo aprimoramento da atividade dos genes antiapoptéticos. O gene TP53 é
importante na parada do ciclo celular e na apoptose, exercendo seus efeitos nos multiplos
estagios da progressao do cancer quando estes se encontram inativos. Além da inativacao
da proteina p53, outras proteinas indutoras de apoptose BAX e BAD se encontram

desreguladas nas células de carcinoma bucal (79).
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3.4. Radiagdo ionizante como estratégia terapéutica para o carcinoma epidermoide

de boca

A radioterapia (RT) ou radiacdo ionizante € uma das modalidades terapéuticas utilizadas
no tratamento do cancer de boca, tendo um papel importante no controle do crescimento
neopléasico, em especial quando o individuo é acometido pela enfermidade e ndo apresenta
condigdes clinicas para ser submetido ao tratamento cirdrgico, ou ndo aceita as possiveis

mutilacdes faciais no qual a intervencéo cirurgica podera acarretar (80).

Apesar do efeito terapéutico, que visa promover a morte das células neoplésicas e
controlar a progresséo da doenca, a radioterapia pode gerar danos aos tecidos normais e
consequentes efeitos colaterais, tais como mucosites, osteorradionecrose, xerostomia e
disgeusia. Devido os avangos das técnicas de radioterapia, esses efeitos colaterais agudos
e cronicos vem sendo reduzidos, especialmente em pacientes expostos a radiacdo na

regido de cabeca e pescoco (81, 82).

A radioterapia causa danos nas células-alvo por meio de diversas vias do genoma, tendo
como principal efeito a morte direta das células. As ionizac¢Ges induzidas por radiacdo
podem atuar diretamente sobre moléculas celulares e causar danos, mas também podem
agir indiretamente, induzindo o estresse oxidativo e producdo de espécies reativas de
oxigénio (EROs), derivados da ionizacao ou excitacdo da agua. As quebras de fita dupla
induzidas por radiacdo representam os tipos mais letais de danos ao DNA, levando a
morte celular por apoptose (Figura 3) (83, 84). As quebras nas fitas simples ou duplas do
DNA induzidas pela radiacdo promovem parada do ciclo celular e apoptose,
comprometendo a capacidade de multiplicacdo. A radiossensibilidade de células
neoplasicas esta associada a ativagdo de vias de sinalizagdo, envolvendo principais
protéinas, como p53, p21, Bax e Puma. No entanto, varios mecanismos de reparo de DNA
nas células tumorais interferem nos danos induzidos pela radiacdo, levando a
radiorresisténcia das células neoplésicas. A inibicdo de proteinas de reparo de DNA,
como ATM ou proteina quinase dependente de DNA (DNA-PK), pode favorecer o
aumento da sensibilidade das células neoplasicas ao tratamento por radiagdo. (Figura 4)
(83).



Figura 3 - Principais mecanismos de acdo da radioterapia: As radiacdes
ionizacdes agem diretamente nas moléculas celulares e causam danos;
também atuam indiretamente, produzindo radicais livres, que levam a
morte celular. Fonte: BASKAR, 2014 (83).
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Figura 4 - Principais proteinas ativadas pela radiacdo ionizante terapéutica para

promocédo da morte de células neoplasicas. Fonte: BASKAR, 2014 (83).
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O gene Ataxia-telangiectasia mutado (ATM) é de extrema relevancia para a
radiorresisténcia de células neoplasicas. Trata-se de uma proteina-quinase que funciona
como um gene supressor de tumor, desempenhando um papel fundamental na resposta
celular apropriada a danos no genoma resultantes de exposi¢do quimica a carcin6genos

ou radiacdo ionizante, na parada do ciclo celular, reparo do DNA e apoptose (84, 85).

Apesar dos avancos nesta modalidade terapéutica, os tumores podem recorrer dentro de
um campo irradiado devido a baixa responsividade do organismo a terapia, levando a um
mau prognastico (86). Assim, é de fundamental importancia a realizacdo de pesquisas
buscando um maior entendimento sobre os fatores que interferem sobre a sensibilidade
de células neoplasicas a radiacao ionizante terapéutica (87), bem como a investigacao de
tratamentos alternativos para aumentar a eficacia da radiacdo ionizante. Uma abordagem
promissora para aumentar a eficacia da radioterapia em pacientes com CEB ¢ a descoberta
e uso de drogas que favorecam a radiossensibilidade de células neoplésicas, a fim de
melhorar as taxas de resposta a radioterapia e o controle e/ou progressao da doenca.

3.5 Ac¢do bioldgica e potenciais terapéuticos de substancias isoladas do veneno da

serpente Crotalus durissus terrificus

Os componentes diversos presentes em venenos de cobras possuem diferentes efeitos

terapéuticos, inclusive retardando a proliferacao de células neoplésicas (88).

No mundo, sdo reconhecidas mais de 10.700 espécies de répteis. O Brasil esta em 3° lugar
considerando a sua diversidade admiravel de espécies de répteis, contando com 795
espécies, sendo 36 Testudines, 6 Crocodylia e 753 Squamata (72 anfisbenas, 276
“lagartos” e 405 serpentes). Considerando as subespécies, sdo 6 Crocodylia, 37
Testudines e 799 Squamata no Brasil (75 anfisbenas, 282 “lagartos” ¢ 442 serpentes),

totalizando 842 espécies e subespécies de répteis no pais (89).

Trés géneros de serpentes da familia Viperidae sdo encontradas no Brasil: Lachesis,
Bothrops e Crotalus. As serpentes do género Bothrops estdo vastamente distribuidas na
Mata Atlantica, inclusive em areas habitadas pela atividade humana. Por outro lado, as
cascaveis brasileiras geralmente vivem em areas abertas e secas conhecidas como

Cerrado, mas também podem estar associadas a areas de transicao (90-92).
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Foram identificadas 6 subespécies de Crotalus durissus que habitam o territorio
brasileiro: Crotalus durissus terrificus, Crotalus durissus collilineatus, Crotalus durissus
cascavela, Crotalus durissus marajoensis, Crotalus durissus ruruima e Crotalus durissus
trigonicus (93). Destas seis subespécies de Crotalus durissus encontradas no Brasil, a
Crotalus durissus terrificus é a mais frequente. Através do fracionamento do veneno
dessa espécie realizado por cromatografia de exclusdo molecular foram evidenciadas
quatro principais toxinas enzimaticas, que sdo: convulxina, giroxina, crotoxina e

crotamina (94).

A crotoxina (CrTX) € uma Fosfolipase A2 (PLA2), toxina isolada do veneno da cascavel
da América do Sul, Crotalus durissus terrificus (95, 96). E o componente majoritério
presente no veneno, constituindo aproximadamente de 65% do veneno total (97). O
isolamento de tal substancia foi, inicialmente, descrito, em 1938, por SLOTA e
FRAENKEL-SONRAT (98). E um complexo composto por duas subunidades distintas,
subunidades A e B. A subunidade B possui atividade da PLA2 e contribui para a
citotoxicidade da CrTX (Figura5) (99).

Figura 4 — Estrutura tridimensional da crotoxina (CrTX).
Fonte: Adaptado de SHIMIZU, 2017 (100).

Os principais efeitos toxicos da CrTX consistem em atividades miotoxicas, neurotdxicas,
nefrotdxicas, cardiotdxicas, indutoras de edema, disruptivas lipossdmicas e
anticoagulantes (101, 102). A despeito de sua toxicidade, a CrTX possui potenciais
efeitos terapéuticos, devido a suas agBes imunomodulatdria, antiinflamatoria,

antimicrobiana e antinociceptiva (102). Além disso, a CrTX demonstrou efeitos
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citotoxicos em alguns tipos de neoplasias, tais como cancer de mama, pulméo, leucemia
e esofago (21, 27, 96, 103). No entanto, os mecanismos moleculares envolvidos no
potencial efeito antineoplasico da CrTX nédo sdo bem elucidados. Apesar de incipientes,
pesquisas cientificas tém voltado o olhar para investigar o efeito terapéutico
antineoplasico da CrTX. No cancer de pulmdo, a CrTX exerceu efeito sinérgico ao

quimioterapico gefinitib, amplamente utilizado na terapia do cancer de pulmao (95).

No carcinoma epidermoide de boca, o efeito da CrTX ainda nédo foi investigado. Tendo
em vista os quadros de radiorresisténcia de individuos acometidos pelo cancer bucal, a
investigacdo de estratégias terapéuticas adjuvantes é um foco interessante a ser
pesquisado, visando melhorar a resposta terapéutica e a sobrevida dos pacientes. Assim,
mediante a falta de estudos que evidenciem a acdo sinérgica da crotoxina a radiacao
ionizante terapéutica do carcinoma epidermoide de boca (CEB), o presente estudo tem
como objetivo principal investigar o efeito terapéutico adjuvante da CrTX a radiagao

ionizante em células de carcinoma epidermoide de boca.
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4 PRODUTOS

4.1 Produto 1:

- Artigo cientifico: “Antineoplastic potential of crotoxin in different types of cancer: a
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- Artigo cientifico: “Isolated substance from snake venom Crotalus durissus terrificus
potentiates the therapeutic effect of ionizing radiation on oral squamous cell carcinoma”.
Formatado para submissao segundo as normas do periddico “Journal of Oral Pathology
& Medicine”

4.3 Produto 3:

- Pitch para divulgacao online dos resultados da dissertacdo: Foi elaborado um video de
curta duracdo para divulgacao online dos resultados do estudo, direcionado a populagéo
em geral.
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Abstract

Cancer is one of the leading causes of death in the world; it is caused by the multiple
transformations that a normal cell undergoes over time, conferring changes in the genome
and exacerbated proliferative potential. Crotoxin is a neurotoxin isolated from South
American rattlesnake venom, Crotalus durissus terrificus. It has some biological
activities, which are immunomodulatory, anti-inflammatory, antimicrobial and analgesic,
besides these, crotoxin has antitumor action. The aim of this study was to systematically
review the literature about the potential antineoplastic of CrTX in different types of
cancer. The review involved a search of in vitro and clinical studies related to the
proposed aim. The study was registered in the International Prospero Platform
(CRD42019137665) and followed the standards set by the Preferred Reporting Items for
Systematic Reviews and Meta-analyses. Through the search for studies in the databases
PubMed, Scopus, Web of Science and EBSCO, 71 articles were selected. From the
analysis of studies, adopting inclusion and exclusion criteria a total of 12 articles were
selected as eligibles to read the full text. The antineoplastic potential promoted by
crotoxin was evidenced in this review in studies that evaluated a diversity of tumor
lineages and a phase | clinical and pharmacokinetic study. Crotoxin exerted
antiproliferative activity, promoted cell cycle arrest, increased apoptosis rate, up-
regulated autophagy, and increased expression of caspase-3, p53, p15, caspase-3, pl7,
p38MAPK, LC3-I1, Beclin 1, p-JNK, and H2AX. Morphological damage in cancer cells
was evidenced, such as irregularity in shape, the formation of blisters and autophagic
vacuoles. In phase | clinical study, crotoxin decreased pain, reduced hepatomegaly,
disappeared with edema, reduced lymph node mass, reduced tumor size and allowed
cessation of treatment for 6 months. Taken together our findings points that Crotoxin can
be a promising therapeutic substance due to its antineoplastic role in different cancer cells.

Clinical findings corroborate with in vitro studies, improving tumor progression.

Keywords: Crotoxin. Antineoplastic. Antitumoral. Crotalus durissus terrificus. Cancer.
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Introduction

Cancer has been ranked as one of the leading causes of death in the world [1, 2].
It is characterized by the multiple transformations that a normal cell undergoes over time
[3], and by disordered growth of abnormal cells and dynamic changes in the genome [4,
5].

In the development of carcinogenesis, a series of genetic and epigenetic alterations
are present which, even in the absence of growth factors, confer a proliferative potential
and may resist to pro-apoptotic stimuli and promote angiogenesis [6]. These changes that
may occur include aneuploidy (loss or addition of chromosomes), deletions or addition
of genomic material, and minor modifications in several genes that are spread throughout
the genome of a neoplastic cell [7].

In most solid cancers, its clinical appearance is not clearly defined, but the
carcinogenic agents that contribute to the development of cancer are well documented.
These carcinogenic agents make up broad groups and can be classified as infectious (eg
Human papillomavirus), chemicals (eg alcohol and tobacco), electromagnetic radiation
(eg ultraviolet radiation) and immunosuppressants (eg immunosuppressive drugs) [8].

As of 2015, more than 8.7 million cancer deaths have been reported worldwide
and is cited as the second leading cause of death behind cardiovascular disease alone [4,
9]. In 2018, approximately 9.6 million deaths occurred from cancer. Worldwide, one in
six deaths is due to cancer, and nearly 70% of deaths occur in low-income countries [2].
The number of cases is expected to increase to 24 million by the year 2050 [10].

The most common therapeutic modalities in cancer treatment are surgery,
radiotherapy, chemotherapy, immunotherapy and hormone therapy [11, 12]. Although
some treatments such as chemotherapy are successful, chemotherapeutic drugs are not
selective and most anticancer agents do not differentiate cancer cells from normal cells.
These chemotherapy agents damage healthy tissues, induce toxicity and cause adverse
side effects [13]. Relative conditional survival (SCR) is 5 to 10 years after surviving for
a certain number of years [14].

Crotoxin (CrTX) is a neurotoxin isolated from the South American rattlesnake
venom (Crotalus durissus terrificus) [15-17]. In 1938, Slotta and Fraenkel-Conrat first
isolated, purified and crystallized the toxic principle of Crotalus durissus terrificus [18,
19]. CrTX is formed by a non-covalent complex with 2 subunits, one acidic (subunit CA)
and one basic (subunit CB) [4, 20]. Subunit B is a phospholipase A2 (PLA2) formed by
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a single chain of 122 amino acid residues cross-linked by 7 disulfide bonds, and CrTX
corresponds to 60% of rattlesnake venom [16, 18, 21-23].

Biological activities can be attributed to CrTX, such as neurotoxicity,
myotoxicity, and nephrotoxicity. Besides its toxic effects, many other studies have shown
that CrTX exerts immunomodulatory, anti-inflammatory, antimicrobial and analgesic
actions [17, 18, 24].

The CrTX also has antitumor activity on different cancer cell lines including
leukemia, cervix, ovary, lung, colon, kidney, melanoma and brain, which have been
evaluated in vitro and in vivo studies [17, 18, 24-30]. The antitumor effect of rattlesnake
venom can be attributed to the CrTX due to its antiproliferative activity, which occurs
through apoptotic mechanisms, triggered by mitochondrial membrane alterations,
cytochrome C release, and caspase-3 activation [4, 24, 29].

Although there is a wide spectrum of medicaments, especially antineoplastic
drugs, they are still unable to meet all therapeutic demands [15]. In view of this, this study
systematically reviewed the literature about the antineoplastic potential of crotoxin in

different types of cancer.
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Methods

Resources

This systematic review was recorded in the PROSPERO platform (Registration
CRD42019137665). A literature search was performed in the scientific electronic
databases PubMed, Scopus, Web of Science e EBSCO to identify publications that used
the crotoxin as a treatment for various types of cancer in patients or in cancer cell lines
and was evaluated its antitumor effect. For more complete strategy research, the PICOS
tool was used to design the systematic search strategy. Moreover, to select the studies
related to purpose, we followed the standards set by the Preferred Reporting Items for
Systematic Reviews and Meta-analyses (PRISMA) [31].

The data-collection occurred from June 2019 to November 2019, and we

considered the published studies until November 2019 in the English language.

Search Strateqy

The descriptors were selected through the Medical Subject Headings (MeSH) and
common terms from literature. Furthermore, booleans AND/OR were added in the search
strategy. The term combinations and descriptors were as following: [crotoxin OR
crotoxin A OR crotoxin B] AND [neoplasm OR cancer OR tumor OR carcinoma] AND
[antineoplastic OR antitumor OR anti-tumor OR antitumoral OR cytotoxicity OR
cytotoxic OR cytostatic]. All of these terms were identified by reading the title or abstract
of the articles. This procedure aimed not only to filter the results but also to cross the main

terms to obtain the maximum possible studies.

Eligibility Criteria of the Studies

In order, as searching criteria, we adopted as eligible the randomized controlled
trials and observational studies (cohort and case-control), and original in vitro studies that
investigated the antineoplastic effect of crotoxin on different cancers. Animal model
studies were not eligible, once the systematic reviews are registered in the PROSPERO
database according to the investigated category, as animal or human. We considered the
published studies until November 2019 in the English language. Duplicated papers found
in the databases were excluded.
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Exclusion criteria

Studies wrote in another language than English, that is not related to the purpose
of this study, review article, case report, letter to the editor, conference papers, theoretical
studies (bioinformatics), in vivo studies were excluded. In addition, studies that assessed
the antineoplastic effect of other substances in the different types of cancer or other effects

of crotoxin in cancer, such as analgesic actions, were not included.

Study selection

First, an inter-rater calibration was performed to select the articles. The articles
included in the study were selected by two authors (FADG and RSL). The articles were
identified through the electronic search in the databases, based on the reading of the title
and the abstract of the articles, they were organized, reviewed for the identification of
duplicates by the authors independently.

The agreement between the reviewers was based on the Kappa statistical analysis
and in case of disagreement on the inclusion criteria, a third researcher (LCF) was
consulted. After completing this first stage, the full text of the selected articles was read

to carry out a new selection, data collection, and evaluation of studies.

Data extraction and strategy for data synthesis

Data were extracted and recorded independently, including study results and
methodological steps as a systematic narrative synthesis, showing the following items:
crotoxin treatment, dose and frequency of treatment, assays performed, main findings.
The intervention can be the treatment with crotoxin alone or crotoxin, in addition to

another cancer treatment protocol, such as chemotherapy or radiotherapy.

Quality assessment of studies

The instrument ToxRToll [32] was used to evaluate the quality criteria developed
in the original in vitro studies. The ToxRTool provides parameters with a potential impact
on the data quality of a study, where a minimum set of information is defined in each
group, considered important for data reliability. To evaluate the quality of the study, 18
points were verified, including reliability, relevance, and adequacy. The spreadsheet
available at the URL https://ec.europa.eu/jrc/en/scientific-tool/toxrtool-toxicological-

data-reliability-assessment-tool calculates a score by categorizing the studies as follows:
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15-18 (reliable unrestricted), 11 to 14 points (reliable with possible restrictions), and <11

(unreliable) are available in table 1.

Results

Inter-rater agreement
The inter-rater calibration between the two evaluators for selecting studies was
assessed by Cohen’s k, using the kappa statistic. The kappa value was = 0.82 (p<0.0001),

indicating an almost perfect inter-rater agreement.

Characteristics of included studies

From the literature search, a total of 71 publications were identified, as following:
PubMed (n=16), Web of Science (n=23), Scopus (n=18), EBSCO (n=14). Figure 1
represents the process of selection and eligibility of studies. After the exclusion of 46
duplicated articles in the databases, 25 of these articles were selected for reading the title
and abstract. From these, 12 articles were excluded based on titles and abstracts, because
they did not meet the inclusion criteria. After reading 13 full texts, 1 of the studies did
not enter the review because another substance was tested, than CrTX. A Phase | study
in humans was also excluded because the main aim was not to assess the antineoplastic
role of CrTX, but the toxicity and pharmacokinetic profile of this substance when
administered in patients with advanced cancer refractory to conventional therapy. So, a
total of 11 in vitro articles were included in this systematic review for the result analyses
[4, 15-18, 21, 24, 29, 30, 33, 34].

The quality assessment of in vitro studies, according to the ToxRTool revealed
that 10 studies were considered "reliable without restrictions” and only one was

considered reliable with possible restrictions (Table 1).

Findings on crotoxin effects in in vitro studies

In addition to the to toxic effects of CrTX, like neurotoxicity, myotoxicity, and
nephrotoxicity [17, 18, 24], the studies analyzed in this systematic review demonstrated
that this phospholipase also plays antitumor activity in various cancer cell lines including
leukemia [21, 25], pancreas [24], esophagus [24, 33], breast [16, 34], lung [15, 17, 18,
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29, 34] and brain [4, 24, 34], which were evaluated in vitro. The result summaries of the
studies are shown in Table 2 and Figure 2.

Crotoxin promoted antiproliferative effect on several cancer cell lines, including
A549 (human lung adenocarcinoma cells) [15], Eca-109 (esophageal carcinoma cells)
[33], MCF-7 (human breast cancer cells) [16], K562 (myeloid leukemia cells) [21], ME-
180 (parental cervical carcinoma cells) [30], SK-MES-1 (human lung squamous cell
carcinoma cells) [18, 29], GH3 (benign pituitary adenoma cells) [4], SPCA-1 (lung
adenocarcinoma cells) [17].

Cell viability of SPCA-1 [17], K562 [21], and MCF-7 [16] strains decreased after
treatment with CrTX. Concentration and treatment period influenced the inhibition rate
of MCF-7 cells and the primary rate was 28.85 + 0.01% at 24 hours, at 48 hours the
inhibitory rate was 51.61 + 0.03 % and after 72 hours of treatment the rate was 57.04 £
0.04% [16] and in K562 cells the inhibition rate reached 85.91% + 1.72% at 72 hours
[21].

Evaluating the cytotoxicity of CrTX in immortalized human umbilical normal
endothelial cells (HUVEC) used as control cells, after receiving CrTX 50 pg/mL
treatment for 72 hours, there was a 20% decrease in HUVEC cells, suggesting that CxTX
has lower toxicity in normal cells [21]. Normal human keratinocyte (HaCaT) cells also
received CrTX treatment and had no reduction in cell viability. Chemotherapeutic agents
were used as standards in some cancers, and CrTX had high cytotoxicity in glioma,
pancreatic, and cervical cell lines. CrTX exerted lower cytotoxicity in esophageal cell
lines compared to the chemotherapeutic agent gemcitabine [24].

The cytotoxic role of CrTX was tested on other three cell lines, SK-LU-1 (Lung
adenocarcinoma strain), Hs 578T (Breast Ductal Carcinoma Lineage) and U-87 MG
(Glioblastoma Lineage) and also on control cells, NHEK-47 (human normal epidermal
keratinocytes) at concentrations ranging from 2.3 to 30 pg/mL. The CrTX-treated SK-
LU-1 and Hs 578T cells had a significant reduction, while U-87 MG cells were not
significantly affected. The NHEK-47 cells exposed to CrTX treatment were not as
affected and maintained a considerable percentage of viable cells [34].

Evaluating the CrTX effect on the different phases of the cell cycle in the A549
lineage [15], there was a significant interruption in the sub-G0/G1 phase and in the SK-
MES-1 cells [29] there was a decrease in the cells in the GO/G1 phase, and an increase in
S-phase cells. In cells Eca-109 [33], SK-MES-1 [18], GH3[4], SPCA-1 [17], the CrTX

promoted the arrest of the cell cycle in phase G1.
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The A549 [15] and SK-MES-1 [29] cell lines that received CrTX treatment
increased apoptosis rate, inhibition of cell proliferation, cleaved caspase-3 expression,
wild-type p53 and phospho-P38MAPK levels. The results revealed the positive regulation
of autophagy after treatment with CrTX, as evidenced by high levels of LC3-11 and Beclin
1 proteins, with p62 expression partially blocked by SB203580 treatment. Caspase-3
expression increased after treatment with CrTX and PCNA protein decreased in SK-
MES-1 cells [29].

Gene expression of p15 and caspase-3 p17 gene in Eca-109 cells were elevated by
CrTX treatment, and Bcl-2 gene expression decreased with increasing crotoxin
concentration [33].

The morphological aspects of Eca-109 [33] and SK-MES-1 [29] cells were
evaluated using Hoechst 33342 staining, in which untreated cells maintained regular and
uniform nuclei, whereas, in cells treated with CrTX the cells suffered structure damage,
making them pycnotic, some dendrites were scattered between the cells after their
disruption and DNA fragmentation.

Cell morphology of GH3 cells treated with CrTX showed visible morphological
changes, namely: irregularities in cell form, shrinkage and bubble formation,
characteristics attributed to apoptosis, which were induced by CrTX action [4].

Autophagy vacuoles (AVs) were visualized through monodansylcadaverin
(MDC) when the treatment of MCF-7 [16] and K562 [21] cells was extended for 3 hours.
Some vesicles were labeled with MDC indicating the formation of autophagic vacuoles.
The increase in AVs during the 12 hours of CrTX treatment occurred in MCF-7 cells [16]
and after 6 hours of treatment of K562 cells [21], a steady-state of MDC accumulation in
the vesicles was achieved. There was no difference in MDC labeling in vehicle-treated
control cells within 0.5 to 12 hours [21].

Structural changes in MCF-7 [16] and K562 [21] cells were evaluated by
transmission electron microscopy. The morphology of the untreated cells remained with
normal organelles and nuclei. In K562 [21] and MCF-7 [16] cell lines treated with CrTX,
typical signs of autophagy and apoptosis were observed. Through DAPI staining assay,
CrTX-treated GH3 cells showed characteristics attributed to apoptosis [4].

Changes in mitochondrial potential (AW) of K562 cells [21] were detected 1.5
hours after CrTX treatment, this change lasted for 6 hours after treatment. CrTX
suppressed growth cells with the highest sensitivity in EGFr overexpressing cells in ME-

180R and A431 cells, suggesting a potential correlation [30].
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The action of crotoxin significantly suppressed the formation of SK-MES-1 cell
colonies [18, 29]. The apoptosis rate in the CrTX, Iressa, and combination treatment
groups increased significantly compared to controls, and CrTX increased expression of
active caspase-3 and p-JNK, but Bcl-2 protein was downregulated [18]. In SPCA-1 cells,
it was possible to verify that the p-JNK protein level was up-regulated after CrTX
treatment, establishing a positive relationship in CrTX activation of the JNK pathway
[17]. The immunofluorescence assay also confirmed the enhanced expression of p-JNK
in SPCA-1 cells after CrTX treatment, while SP600125 failed to alter the level of CrTX-
induced p-JNK expression. Based on these results, they suggested that the JNK pathway
Is important in CrTX-induced apoptosis in SPCA-1 cells [17].

HCB 151 and SiHA cells that were not treated with CrTX had a lower percentage
of early and late apoptosis than HCB 151 and had no significant effect on the SiHa cell
line [24]. DiFi cells are able to express EGFr 100 times more than in HT-29 cells based
on the analysis of the intrinsic activity of EGFr tyrosine kinase in cell lysates [30].

In the evaluation of cell signaling, CrTX-treated PANC-1 and HCB151 cells
phosphorylated H2AX, which was overregulated, and is an important marker of DNA
damage. The expression of p21, p-AKT, AKT (pan), pP42/44 and P42/44 protein did not
change in any investigated cell line [24].

The antitumor action of crotoxin on GH3 cells depends on growth factor fetal
bovine serum (SFB) and calcium. The CrTX in the absence of SFB had its potency is
45% lower but remains with its active antitumor effect, the action of CrTX in the GH3

cell line was reduced by 135% in the absence of calcium [4].
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Discussion

Crotoxin (CrTX), a potent neurotoxin, has phospholipase A2 (PLA2)
neuromuscular activity [15, 16, 30, 33]. Studies using CrTX have reported antineoplastic
activity in some cancer strains [4, 15-18, 21, 29, 30, 33, 35].

In this systematic review, the CrTX promoted a decrease in cell viability of cell
lines SPCA-1 [17], K562 [21] and MCF-7 [16, 17, 21], SK-LU-1 [34], Hs 578T [34] and
U-87 MG [34]. In addition to in vitro results, crotoxin (CrTX) was able to reduce tumor
growth on the planar surface of the hind paw of an adult rat on the 5th day of treatment,
resulting in a decrease in blood vessel diameter [28].

In the cell cycle occurs various events within a cell that leads to its division and
duplication. Prior to progression to the next phase of the cell cycle, several checkpoints
are checked [36, 37]. Cell cycle arrest of A549 [15] cells in the sub-GO / G1 phase and
Eca-109 [33], SK-MES-1 [18], GH3 [4] and SPCA-1 [17] in phase G1 is dependent on
the dose and time of treatment with CrTX, proposing the attribution of crotoxin in the
growth inhibitory mechanisms of cancer cell lines.

The TP53 tumor suppressor gene is attributed to responses to DNA damage,
preventing proliferation or inducing cellular apoptosis [35]. Caspase-3 is associated with
cellular sensitivity linked to various apoptotic stimuli [38]. The p38 MAPK protein is
involved in the prostate, breast cancer, transformed follicular lymphoma and leukemia.
Activation of p38 MAPK is linked to the epithelial-mesenchymal transition of primary
tumors, acquisition of tumor cell invasion, migration and extravasation capacity [39]. The
CrTX treatment positively regulated the expression of some genes such as p53, cleaved
caspase-3 and phospho-P38MAPK in A549 [15], SK-MES-1 [29] cells. The CrTX acted
by inhibiting cell proliferation, mediating the apoptotic response and activating
autophagy [15, 29].

Crotoxin inhibited cell growth of ME-180 and A431 cells having greater
excitability in EGFr overexpressing cells, implying a potential relationship [30]. The
same is true of another study, in which epidermal growth factor receptor expression is
closely correlated with tumor cell sensitivity to crotoxin, with the membrane receptor
being associated with a malignant cell phenotype [35].

Structural changes in cells MCF-7 [16] and K562 [21] were promoted by CrTX,
while morphological aspects of untreated cells remained normal. Structural disorders of

cancer cells following crotoxin treatment have resulted in typical signs of autophagy and
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apoptosis (loss of organelles, the formation of many giant autophagosomes, and
cytoplasm vacuolization) [16, 21]. Structural changes were also evident in another study,
where it was possible to identify by DAPI staining signs of apoptosis in groups treated
with crotoxin, such as nucleus condensation, DNA fragmentation, and formation of
apoptotic bodies in GH3 brain tumor cells[4].

Mitochondrial membrane potential analysis is a tool used for monitoring changes
involved in mitochondrial physiological parameters regarding the ability of cells to
generate ATP by oxidative phosphorylation [40]. Mitochondria play a central role in
regulating cell death and survival. In the present review, one study found a collapse of
mitochondrial membrane potential identified by loss of red fluorescence within 1.5 hours
after CrTX treatment. This change reached a maximum of 6 hours after treatment with
CrTX [21].

Considering that the antineoplastic effects of crotoxin are linked to growth factor
fetal bovine serum (SFB), and that in the absence of calcium the CrTX has its action
reduced by 135% on GH3 cells, these results show that CrTX plays an effect calcium-
dependent on cancer cells [4]. Indeed, as described in another study, CrTX exerts a
dependence on calcium ions for glutamate release in the cerebral cortex [41].

We have identified a dearth of clinical studies that assessed the antineoplastic
effect of CrTX in cancer patients. According to the search criteria, we identified only a
single human study [22], Phase | study, that was not included in this review, because the
main aim was not to evaluate the antineoplastic potential of CrTX in parameters as
reduction of tumor size, disease control or metastasis inhibition. It investigated the
toxicity and pharmacokinetic profile of CrTX. However, this study revealed important
findings related to the clinic use of CrtX, such as the maximum tolerated dose without
toxic effects in patients with different types of advanced cancer and refractory to
conventional therapy. Despite this study has shown tumor regression in some specific
cases, it did not use intervention and control groups, as in a randomized clinical trial.

So, according to this systematic review, the CrTX can be highlighted as a potential
and promising antineoplastic substance, showing antiproliferative effects in several types
of cancer cells. Consistent clinical research, as randomized clinical trials, is necessary to
understand whether CrTX plays its antineoplastic effects in a tumor-specific manner, and

also whether it is able to control cancer progression in patients.
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Figure 1- Flowchart of article selection about the systematic review of the antineoplastic

potential of crotoxin in different types of cancer
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Figure 2 - Mechanisms of action of crotoxin (CrTX) and relevant aspects of in vitro
and clinical trials in different types of cancer. @ Increased caspase 3; @ increase in p38
MAPK; decreased BCL2; @ increase in H2AX; e decreased proliferation; ¢ decreased
clonogenic formation; ™M decreased cell viability; o presented cytotoxicity; § decreased
cytotoxicity; ® increase in Beclin 1; © increase in Lc3 - |1; @ increased p53; @ increased p15;®
increased p-JNK; decreased p62; A Higher porcentege of apoptosis; m cresciment inibition;
@ decreased expression of EGFr; @ increased EGFr expression.;



Table 1. Quality assessment of in vitro selected articles according to the ToxRTool [32].

Group I: Group I1: Group I1I: Group 1V: Group V:
References test substance test system Study design Study results plausibility of study Total Reliability
identification characterization description documentation design and data categorization
(points: 0-4) (points: 0-3) (points: 0-6) (points: 0-3) (points: 0-2)
Yeetal. 2011 3 3 5 3 2 16 Rellablge vylthout
[15] restrictions
He etal. Reliable without
2013 [33] 3 3 6 3 2 7 restrictions
Yan et al. 2007 Reliable without
[16] 3 3 ° 3 2 16 restrictions
Yan et al. 2006 3 3 5 3 2 16 Rellablfe vylthout
[21] restrictions
Donato et al. Reliable without
1996 [30] 3 3 5 3 2 16 restrictions
Wang et al. Reliable without
2012 [18] 4 8 6 8 2 18 restrictions
Muller et al. Reliable without
2018 [24] 4 8 6 8 2 18 restrictions
Soares et al. Reliable without
2010 [4] 8 8 5 8 2 16 restrictions
Han et al. Reliable without
2014 [29] 4 3 6 3 2 18 restrictions
Wang et al. Reliable without
2014 [17] 3 3 6 3 2 1 restrictions
Rudd et al. 3 3 4 5 2 14 reliable with possible

2014 [34]

restrictions




Table 2. Result summary on antineoplastic effects of crotoxin in in vitro studies involving different cancer types
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electron microscope examination;
Subcellular fractionation; Protein
preparation and immunoblotting;

Immunofluorescence.

concentration tested
was 100 pg/mL for
24 and 72 hours

Kind of ) . Dosage and )

Number References Cancer Cell line Investigated assays Substance used Treatment type Main effects

study treatment frequency

1 Ye et al. 2011 [15] Experimental | - Cancer cell lines: | Cell Viability (MTT); Flow | Crotoxin (CrTx) | 25, 50, 100 and 200 | Crotoxin dilution | A crotoxin exerted an antitumor effect on
(in vitro and | A549 - Human lung | cytometry; Apoptoses; Western pg/mL for 24 and 48 | method was not reported | concentration-independent A549 cells by
in vivo) adenocarcinoma  cell | blot (p53, caspase-3 and cleaved hours by the author promoting or increasing cell arrest in the

line caspase-3, total P38MAPK and sub-G0 and GO / G1 phases, showing the
P38MAPK). effect of crotoxin on caspase -3 application
and inducing apoptosis.

2 He et al. 2013 [33] Experimental | - Cancer cell lines: | Cell Viability (MTT); Hoechst | Crotoxin and | 25, 50 or 100 ug/mL | Crotoxin was added to | Eca-109 esophageal carcinoma cell growth
(in vitro and | Eca-109 Cells - Human | 33342 staining of Eca-109 cells; | Cisplatin as a | for 24 hours the culture medium to | was inhibited by the action of crotoxin.
in vivo) Esophageal Carcinoma | Flow Cytometry; RT-PCR | control and treat cells How the crotoxin-treated cells had

Lineage (Analysis of gene expression levels Cisplatin-treated pyknotic nuclei and clustered together,
of Bcl-2, p15, caspase-3, and p17). control group how the burst cells and their nuclear
(positive control): 5, dendrites were scattered between the cells.
10 or 20 pg/mL for There was an increase in diploid peak and
24 hours finger cycle cell arrest in the G1 phase.
Expression of pl5 and caspase-3 pl7
apoptosis promoter genes in crotoxin-
treated cells and decrease of pro-apoptotic
Bcl-2 gene with increased crotoxin.

3 Yan et al. 2007 [16] Experimental | - Cancer cell lines: | Cell Viability (MTT); Cytotoxicity | Crotoxin 12.5, 25, 50 and 100 | Crotoxin dilution | Crotoxin inhibited MCF-7 cell viability,

(in vitro) MCF-7 - Human Breast | Assay; Visualization of MDC- | (CrTX) pg/mL and | method was not reported | regardless of dose and time. CrTX
Cancer Cell Line labeled vacuoles; Transmission subsequently the | by the author promoted autophagy and apoptosis

formation, being a dominant mechanism in
MCEF-7 cell death.
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Yan et al. 2006 [21] Experimental | - Cancer cell lines: | Cell Viability (MTT); Cytotoxicity | Crotoxin 6.25,12.5, 25 e 50 Crotoxin dilution | The results shown by autophagy and
(in vitro) K562 -  Myeloid | assay; Visualization of MDC- | (CrTX) pg/mL for 12, 24, 48 | method was not reported | apoptosis were activated during CrTX-
Leukemia Cell Line labeled vacuoles; Transmission and 72 hours. by the author promoted death in K562 cells. Activation
electron microscopic examination; of caspase-3 was reformed 12 hours after
- Normal cell lines: | Mitochondrial Potential Detection; treatment with a K562 cell crotoxin that
HUVEC - | Sub cellular fractionations; Protein was destined to die later, suggesting
Immortalized human | preparation and immunoblotting. autophagy triggered  during initial
umbilical vein treatment that had the effect of delaying
endothelial cell line apoptosis. Apoptosis is a major cause of
cell death in the K562 cell line, while
autophagy delays apoptosis and favors cell
viability.
Donato et al. 1996 [30] | Experimental | - Cancer cell lines: | Isolation and modification of CD | Crotoxin (CT) 1, 10 e 100 pg/mL | Crotoxin dilution | According to experimental data, CrTX is
(in vitro) ME-180 - Parental | and CT; Epidermal growth factor and for 72 hours method was not reported | involved in the decline of cell development
cervical carcinoma cell | and other reagents; Effect of CT on | Cardiotoxina by the author by inhibiting the growth of EGFr
line cell growth; Preparation of cell overproducing cells via a cell growth
membranes; Phosphotyrosine regulatory pathway.
- Cancer cell lines: | immunoblotting of cell extracts;
A431 — Nonmalignant | Immune-complex Kkinase assay;
Melanoma Cell Line Studies on the influence of toxin on
1251 -labeled EQF binding in A431
- Cancer cell lines: | cells
HT-29 - Colon
carcinoma cell line
- Cancer cell lines:
DiFi - Carcinoma
colorectal cell line
Wang et al. 2012 [18] Experimental | - Cancer cell lines: SK- | Cell Viability (MTT); Colony | Crotoxin 12.5, 25, 50 ou 100 | Crotoxin dilution | CrTX increased the apoptosis rates of SK-
(in vitro e in | MES-1 - Human lung | Formation Assay; Cell Cycle | (CrTX) pug/mL) for 24,48 e | method was not reported | MES-1 cells, particularly in the G1 phase,
Vvivo) Analysis; Apoptosis detection by | and 72 hours by the author and its anti-tumor effects of CrTX were
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squamous cell

carcinoma cell line

annexin-V  staining; Protein

preparation and immunoblotting.

Iressa and

Iressa combined

closely related to apoptosis induction and

cell cycle arrest. The present study helped

with CrTX to understand the mechanism of CrTX-
induced apoptosis in SK-MES-1 cells and
allowed a new view on antitumor
combinations for lung cancer therapy.
Muller et al. 2018 [24] | Experimental | - Cancer cell lines: Cytotoxicity; cell viability assay; | Crotoxin 0, 0.5, 1.0, 2.5, 5.0, | Crotoxin dilution | Crotoxin (CrTX) exerted cytotoxic activity
(in vitro) KYSE 30 - Esophageal cell cycle; apoptosis; molecular | (CrTX) 10, 20, 30 pg/ml for | method was not reported | against several cancer cell lines, whereas in
KYSE 270 - | analysis by western blot. 72 hours by the author normal cell lines, they were not affected.
Esophageal . .
GAMG - Glioma Pro-apoptotic effects and possible DNA
U373 - Glioma damage of pancreatic (PANC-1) and
HCB 151 - Glioma . . .
PSN-1 - Pancreatic glioma (HCB151) cell lines increased
PANC-1 - Pancreatic H2AX activity after CrTX treatment.
HelLa - Cervical . .
SiHa - Cervical CrTX had better cytotoxic potential than
standard chemotherapeutic drugs used in
- Normal  cell lines: clinical practice in most types of tumors
HaCat - immortalized . - .
(glioma, pancreatic and cervical cancer).
keratinocytes From the results presented in this study,
functionalities about knowledge about
crotoxin favor the emergence of new ideas
for the development of antitumor
therapies.
Soares et al. 2010 [4] Experimental | - Cancer cell lines: Cytotoxicity ~ Assay  (MTT); | Crotoxin 0.1 to 100 pg/mL for | Crotoxin dilution | Crotoxin exerts an antitumor effect, which
(in vitro) - Cancer cell lines: morphological analysis; DAPI | (CrTX) 24, 48, 72 e 144 | method was not reported | is eventually mediated by apoptosis, with

GH3 - Benign pituitary
adenoma strain

staining assay; DNA cell cycle
analysis; Influence of calcium and
growth factors on the antitumor
effect of VC; Antitumor effect of
major CV polypeptide: Crotoxin

hours

by the author

cell cycle specificity and extracellular

calcium dependence. Calcium is an
important factor for poison components,
including metalloproteases and

phospholipases A2. Crotoxin components
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The antitumor effect: Crotoxin;
Evaluation of the acute toxicity
produced by antitumoral CV dose

established in vitro

can be used to develop low toxicity cancer

therapeutic

9 Han et al. 2014 [29] Experimental | Cancer cell lines: SK- | Cell viability assay (MTT); colony | Crotoxin 25, 50, 100 pg/mL | Crotoxin dilution | CrTX inhibits proliferation and induced
(in vitro) MES-1 - Human Lung | formation test; cell cycle analysis | (CrTX) for 24, 48 e 72 hours | method was not reported | cell cycle arrest, apoptosis, and autophagy
Squamous Carcinoma | and  apoptosis;  morphological by the author in the SK-MES-1 strain. In addition, the
Cell Line evaluation of apoptotic cells; p38MAPK signal transduction pathway is
Western blot analysis. activated by CrTX which induces
apoptosis and autophagy. Through the
findings on the molecular aspects based on
CrTX-induced cell death in lung cancer,
new possibilities may emerge with the
purpose of developing therapies to assist in
cancer treatment.

10 Wang et al. 2014 [17] Experimental | Cancer cell lines: | cell viability (MTT), colony | Crotoxin 12,5, 25,50 €100 pug | Crotoxin dilution | Given the above, the present study
(invitroe in | SPCA-1 -  Lung | formation assay, cell cycle assay | (CrTX) for 24 e 72 hours method was not reported | demonstrated that CrTX induced the
Vvivo) adenocarcinoma strain. | and  apoptosis, western blot, | and by the author activation pathway via JNK and G1 phase
Immunofluorescence assays. Iressa and Iressa arrest in lung cancer cells (SPCA-1),
combined with suggesting an identical mechanism in
CrTX different cancer cells. All results of the
present study provide information on the
antitumor effect of CrTX on lung cancer
and suggest that CrTX may be a potential

antineoplastic agent.
11 Rudd et al. 1994 [34] Experimental | Cancer cell lines: Hs | Cytotoxicity Assay Crotoxin 0, 2.3,30,4.0,5.3, | Crotoxin dilution | NHEK cells were less affected by crotoxin
(in vitro) 578T - Breast Ductal (CrTX) 7.1, 9.5, 12.7, 16;9, | method was not reported | than tumor cells. Although the number of

Carcinoma Lineage;

22.5 e 30,0 pg/ml for
24 hours

by the author

NHEK cells treated with CrTX was smaller

than the control group, and no toxic effects
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Cancer cell lines: U-87 were observed by  microscopic
MG - Glioblastoma examination.
Lineage;

Cancer cell lines: SK-
LU-1 - Lung
adenocarcinoma strain.
- Normal cell lines:
NHEK-47- Normal
Human Epidermal

Keratinocytes

*Assays and results of studies with in vivo approach was not considered in this study, as described in Material and Methods.
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Abstract

Oral squamous cell carcinoma (OSCC) is a serious global public health problem, with
300,000 annual cases and 145,000 deaths. Radiotherapy is one of the main therapies
used in the treatment of OSCC, which promotes neoplastic cell death and controls the
progress of the disease. Despite advances in this therapy, the radioresistance can still be
observed and leads to an unfavorable prognosis. Therefore, the development of
complementary therapies that favor treatment and prolong the patient's survival is of
great value. The Crotoxin (CrTX), a neurotoxin isolated from the venom of Crotalus
durissus terrificus of South America, has been shown to have an antineoplastic effect in
some types of cancer. However, it has not been investigated in OSCC. Through this
study, we investigated the adjuvant potential of CrTX on the therapeutic effect of
ionizing radiation in OSCC cell lines. The immortalized cell line SSC-9 was cultured
and treated with 100 pg/ml CrTX and exposed to the radiation doses of 2, 4 and 6 Gy.
To investigate the CrTX effects concomitantly to radiation exposure, the assays of cell
proliferation, cell death, and analysis of reactive oxygen species (ROS) were performed.
The CrTX was able to increase the sensitivity of SCC-9 cells to the ionizing radiation,
especially at low radiation doses. This effect was associated with a decreased
proliferative activity, an increase in cell mortality and high levels of ROS generation.
The results of this study appoint that crotoxin enhances the therapeutic effect of ionizing
radiation, increasing its therapeutic effect of radiation on OSCC cells. Additionally,
lower doses of ionization can be necessary to control the neoplastic behavior of OSCC
cells when associated with the CrTX treatment

Keywords: Antineoplastic Agents. Crotoxin. Crotalus durissus terrificus. Oral

squamous cell carcinoma. lonizing radiation.
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Introduction

Cancer represents the second leading cause of death in the world. In most cases,
the diagnosis is late, which can lead to high rates of morbidity®. It is predicted that by
2020 there will be 15 million new cancer cases and 10 million deaths 2.

Oral squamous cell carcinoma (OSCC) is the sixth most common malignant
neoplasm, accounting for 2 to 4% of all cancers worldwide, representing about 90% of
all oral cavity cancers >4, It is a serious and growing global health problem, with an
estimated 300.000 annual cases with 145.000 deaths from individuals with oral and lip
cancer 3°,

The pathogenesis of oral cancer is multifactorial, and the main etiological factors
that are strongly associated with its development include primarily smoking, alcohol
consumption and persistent Human papillomavirus infections %’. Drinking and smoking
are autonomously and synergistically associated with an increased risk of oral cavity
cancer, and this risk may increase due to constancy of exposure 8° These factors
predispose the individual to a series of genetic and epigenetic events that generate a
genomic inconsistency in the development and evolution of oral cancer °.

The main modalities of treatment for OSCC are surgical resection, chemotherapy
(QT), radiotherapy (RT) or combination therapy 112, Treatment selection is based on
consideration of disease control, functional outcomes, resource availability, and
knowledge 3. Radiotherapy (RT) provides high cure rates in many human neoplasms,
especially when they are in the early stages >!*: nevertheless, high morbidity and
mortality rates are still observed due to the advanced stage of the disease at the time of
diagnosis *°. lonizing radiation promotes an irreparable breakdown of the DNA strand
and induces apoptosis cell death by activating intracellular proteases in both normal and
cancer cells >*2, Despite the advances made in the treatment of OSCC patients, there are
still cases of low therapeutic responsiveness, either radiotherapy or chemotherapy. Thus,
it is crucial to conduct research focusing on the development of complementary
therapies, aiming to favor the therapeutic response and patient survival.

Venoms and toxins are promising substances for the development of new
anticancer agents 6. Crotoxin (CrTX) is the main toxin isolated from South American
snake venom, Crotalus durissus terrificus ’. Isolation of such a substance was initially
described by Slota and Fraenkel-Sonrat (1938) 8. The main biological effects consist of
myotoxic, neurotoxic, nephrotoxic, cardiotoxic, edema inducing and anticoagulant
activities 2%, Evidence has shown cytotoxic effects of CrTX on some types of cancer,

such as leukemia, breast, lung, pancreas, and esophageal cancer 19:2022-24,
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In this context, this study aimed to investigate the adjuvant potential of CrTX on

the therapeutic effect of ionizing radiation in OSCC cells.
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Material and Methods

Cell culture

The human OSCC immortalized cells SCC-9 (BCRJ Cat# 0196, RRID:CVCL_1685)
were cultured in Dulbecco's modified Eagle medium and Ham F-12 nutrient mixture
(DMEM-F12), supplemented with 10% fetal bovine serum (Gibco, Invitrogen, Carlsbad,
CA), antibiotics and 0.4 pug/mL hydrocortisone (Gibco, Invitrogen) and maintained at
37°C in a humidified atmosphere with 5% CO:..

Drug Treatment

CrTX substance was produced and supplied by a researcher at Butantan Institute (Sdo
Paulo, Brazil). This was purified from the venom of the Crotalus durissus terrificus snake
by a combination of size exclusion and anion exchange. Protein identity was confirmed
by molecular weight determination by mass spectrometry (mean signals at 9500 Da and
14500 Da). The purity obtained was greater than 99%. Cells were treated with 100 pg/ml
CrTX for 72 hours as standardized by the dose-response curve. Exposure of cells to
ionizing radiation (IR) was performed on the day of administration of the last dose of
CrTX by exposing the cells at doses of 2, 4 and 6 Gy using the Elekta Synergy linear

accelerator (Atlanta, GA) to a field-source distance of 97.5 cm.

Cell proliferation assay

The assess proliferative behavior, the cells received the treatment with CrTX and were
exposed to radiation doses, a density of 8.0x10* was plated in 12-well plates and subjected
to CrTX treatments and radiation. After treatments, cell count was analyzed by trypan

blue exclusion.

Cell death test

After the experimental treatments, to analyze the ratio of dead cells/total cells, the cells
were stained with ethidium bromide (EB) 100 pg/mL and acridine orange (AA) 100
ug/mL (AO and EB, Sigma, St. Louis, MO, USA). Intense EB staining (Ex360-370 filter,
Em420460, DM400) indicates cell death, while intense AO (Ex460-495 filter, Em510-
550, DM505) indicates living cells. To analyze the images the FSX100 microscope
(Olympus, Center Valley, PA, USA) was used.
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Reactive oxygen species assay

Following experimental treatments, cells were incubated with 10 pmol/L 2'7'-
dichlorofluorescein diacetate (H2DCFDA,; Invitrogen, CA) for 30 minutes at 37°C,
washed twice with PBS buffer and analyzed immediately in a fluorescence microscope
FSX100 (Olympus, Center Valley, PA, USA). Quantitation of labeled cells was
performed using ImageJ software (http://rsbweb.nih.gov/ij/). Cells treated with 100
umol/L H20z in 2% fetal bovine serum were used as internal reaction control for the

formation of reactive oxygen species (ROS) %.

Statistical analysis

Statistical analysis was performed using SPSS 22.0 software and GraphPad Prism
software (version 6.0, GraphPad Software Inc., San Diego, CA, USA). Anova Two-Way
test was used; probability values p<0.05 were considered statistically significant.



59

Results

Crotoxin increased the sensitivity of oral squamous carcinoma cells to the ionizing

radiation, reducing proliferative activity

To evaluate whether CrTX improves the effect of the ionizing radiation on the
neoplastic cell population, the assays of cell proliferation, cell death, and ROS analysis
were performed.

Fig. 1A shows the proliferative behavior of CrTX-treated SCC-9 cells and the
treatment-free control group after exposure to different doses of ionizing radiation. The
effects of ionizing radiation reducing cell proliferation were enhanced by the action of
CrTX, especially at the lowest radiation doses, 2 Gy and 4 Gy when compared to the

irradiated control group.

Crotoxin enhanced cell death induced by ionizing radiation, increasing the formation of
reactive oxygen species

CrTX promoted a significant increase in the number of dead cells concomitantly
with exposure to ionizing radiation. These results point to a potential effect of CrTX,
greatly enhancing radiation-induced cell death (Fig. 1 B). In accordance with these
results, CrTX-treated cells exposed to radiation, especially at 2 Gy and 4 Gy doses,
showed a significant increase in the percentage of intracellular ROS accumulation (Fig.
1C).
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Discussion

Despite its therapeutic effect in cancer treatment, ionizing radiation plays
deleterious side effects to normal tissues, adjacent to neoplastic tissue, such as mucositis,
xerostomia and one of the most serious effects that can affect the patient undergoing
radiotherapy in head and neck region is osteoradionecrosis 2627, In this in vitro study,
CrTX improved the effect of radiation, requiring lower exposure doses to control the
proliferation of OSCC cells. We verify that CrTX enhances the effect of ionizing
radiation, promoting a significant increase of neoplastic cell death, which may perhaps
be caused by CrTX-induced apoptosis. Other studies revealed the CrTX induced
apoptosis pathways, promoting increase caspase-3, cleaved caspase-3, p38MAPK, LC3-
Il and Beclin 1, suggesting that CRTX promoted apoptosis and autophagy in squamous
cell carcinoma (SK-MES-1) and lung adenocarcinoma cells (A549) 2829,

Although incipient, some research has investigated the antineoplastic effect of
CrTX 242 In lung cancer, CrTX exerted a synergistic effect on gefitinib chemotherapy,
widely used in lung cancer therapy °. There are no studies in the literature demonstrating
the therapeutic adjuvant potential of CrTX on ionizing radiation in OSCC cells.

High levels of radiation-induced ROS promote oxidative stress and
destabilization of neoplastic cell integrity and metabolism, inducing apoptosis
mechanisms *°. CrTX significantly exacerbated the death of the oral neoplastic cell line
induced by ionizing radiation, and it was not necessary to apply high doses to obtain
expressive results, especially the doses of 2 Gy and 4 Gy provided promising effects.

Taken together, our preliminary findings point the crotoxin as a potential
adjuvant substance to the radiotherapy treatment on OSCC cells, highlighting a
promissory effect of CrTX especially when used to at lower doses of ionizing radiation
to favor the control of the neoplastic behavior and possibly to reduce the radio-induced
adverse effects in head and neck region. New functional in vivo and clinical studies will
lead to a better understanding of the action of CrTX and its pathways on the effect of

radiotherapy in OSCC cells.
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Figure 1. Effects of crotoxin on OSCC cells exposed to different doses of ionizing radiation (A) Changes
in SCC9 cell proliferative behavior (B) Changes in percentage of SCC9 cell death (C) Reactive oxygen
species assay in SCC9 cells. In all assays, cells were treated with 100 pg/ml crotoxin and exposed at
different doses of therapeutic ionizing radiation. Anova Two-Way Test. Experimental groups: control,

crotoxin treatment (CrTX). Horizontal bars indicate statistical significance: p<0.05.
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4.3 Produto 3:

- Pitch para divulgacao online dos resultados da dissertacdo: Foi elaborado um video de
curta duragdo para divulgacdo online dos resultados do estudo, direcionado a populacéo
em geral, cujo conteddo pode ser acessado através do  link
http://www.ppgcs.unimontes.br/
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5 CONSIDERACOES FINAIS

A crotoxina destaca-se pelo seu potencial antineoplasico em diferentes linhagens de
células neoplésicas, como evidenciado pela revisao sistematica da literatura. Além disso,
a CrTX foi capaz de potencializar o efeito terapéutico da radiacdo ionizante no tratamento
das células de carcinoma epidermoide de boca, promovendo a reducdo da atividade
proliferativa, morte celular e altos niveis de formagdo de espécies reativas de oxigénio,
utilizando baixas doses de radiacdo. A utilizacdo de menores doses de radia¢ao associada
a estratégias terapéuticas complementares poderdo minimizar os efeitos adversos
provocados pelas doses elevadas de radiacdo ionizante, possibilitando melhor qualidade
de vida e aumento da sobrevida. Novos estudos clinicos e funcionais in vivo poderdo levar
a uma melhor compreenséo da acdo da CrTX sobre o efeito da radioterapia, controlando

o fenotipo neoplasico em individuos acometidos pelo carcinoma epidermoide de boca.
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ANEXOS

ANEXO A - Normas para publicacdo no periodico Oral Oncology

As as normas para a submiss@o no periddico Oral Oncology estdo disponiveis no link a
sequir:

https://www.elsevier.com/journals/oral-oncology/1368-8375/guide-for-authors
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ANEXO B - Normas para publicacéo no periodico Journal of Oral Pathology & Medicine

As as normas para a submissao no periddico Journal of Oral Pathology & Medicine Oral
Oncology estdo disponiveis no link a seguir:

https://onlinelibrary.wiley.com/page/journal/16000714/homepage/forauthors.html



ANEXO C - Aprovacio da pesquisa pelo Comité de Etica em Pesquisa/Unimontes

UNIVERSIDADE ESTADUAL DE
MONTES CLAROS - %"W“M o
UNIMONTES

PARECER CONSUBSTANCIADO DO CEP

DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: Potencial antineoplasico e efeito terapéutico adjuvante de substéncia isolada do
veneno da serpente Crotalus durissus terrificus em células de carcinoma epidermoide
de boca

Pesquisador: Lucyana Conceigéo Farias

Area Tematica: Genética Humana:
(Trata-se de pesquisa envolvendo Genética Humana que n&o necessita de anélise
ética por parte da CONEP;);

Versao: 1

CAAE: 02257618.9.0000.5146

Instituicao Proponente: Universidade Estadual de Montes Claros - UNIMONTES
Patrocinador Principal: Financiamento Proprio

DADOS DO PARECER

Numero do Parecer: 3.037.289

Apresentacgdo do Projeto:

Esse estudo envolvera a condugéo de andlises in vitro, utilizando linhagens de células imortalizadas de
carcinoma epidermoide de boca- CEB (SCC-4 e SCC-9, ATCC, USA). As

linhagens seréo tratadas com diferentes concentragdes da crotoxina-CTX e expostas a radiagéo ionizante
terapéutica e quimioterapico, somente e em conjunto com o tratamento com a CTX, visando avaliar o
potencial antineoplasico e sinérgico da substéncia. O comportamento neoplasico das células, sob
tratamento, sera avaliado por meio dos ensaios celulares de viabilidade, morte celular e formacéo de
colénias. Os ensaios moleculares

envolverédo analise do ciclo celular, apoptose, detec¢éo de espécies reativas de oxigénio, e expresséo de
genes relacionados & proliferagdo, morte celular e invasividade, tais como CICLINA-D1, CASP3, NFKB1 e
IKB. Assim, esse estudo sera norteado ndo somente no intuito de investigar uma possivel agéo
antineoplasica da CTX, mas como uma ferramenta para investigagéo de novas abordagens terapéuticas
para o CEB.

Objetivo da Pesquisa:
Objetivo Primario:
Avaliar o potencial antineoplasico e efeito terapéutico adjuvante de substancia extraida do veneno

Enderego: Av.Dr Rui Braga s/n-Camp Univers Prof® Darcy Rib

Bairro: Vila Mauricéia CEP: 39.401-089
UF: MG Municipio: MONTES CLAROS
Telefone: (38)3229-8180 Fax: (38)3229-8103 E-mail: smelocosta@gmail.com
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Continuacdo do Parecer: 3.037.289

da serpente Crotalus durissus terrificus em células de carcinoma epidermoide de boca

Objetivo Secundario:

- Avaliar a agdo da crotoxina sobre os parametros fenotipicos proliferagdo, migracdo e morte celular em
linhagens celulares de carcinoma epidermoide de boca;- Analisar o potencial sinérgico da crotoxina sobre o
efeito terapéutico da radiagéo ionizante ou quimioterapia em células de carcinoma epidermoide de boca;-
Investigar a influéncia da crotoxina sobre expressdo de genes relacionados & proliferagéo celular, morte
celular e invasividade em células de carcinoma epidermoide de boca.

Avaliagao dos Riscos e Beneficios:

Riscos:

A pesquisa sera realizada a partir do cultivo de linhagens celulares imortalizadas, adquiridas
comercialmente. Os riscos sdo aqueles relacionados & execugéo dos experimentos laboratoriais, que seréo
minimizados com o uso de equipamentos de protecéo individual e obediéncia as normas de biosseguranca
em laboratérios.

Beneficios:

Através deste estudo, podera ser identificado o potencial antineoplasico e efeito terapéutico adjuvante de
substancia extraida do veneno da serpente Crotalus durissus terrificus, visando o controle do
comportamento neoplasico de células de carcinoma epidermoide de boca.

Comentarios e Consideragdes sobre a Pesquisa:

Pesquisa relevante para verificar o potencial antineoplasico e efeito terapéutico adjuvante de substéncia
isolada do veneno da serpente Crotalus durissus terrificus em células de carcinoma epidermoide de boca

Consideragoes sobre os Termos de apresentagao obrigatéria:

Adequados.

Recomendagoes:

Apresentacéo de relatorio final por meio da plataforma Brasil, em "enviar notificagdo".

Conclusdes ou Pendéncias e Lista de Inadequacgdes:

Aprovado.

Consideracoes Finais a critério do CEP:

O projeto respeita os preceitos éticos da pesquisa em seres humanos, sendo assim somos favoraveis a
aprovacéo do mesmo.

Endereco: Av.Dr Rui Braga s/n-Camp Univers Prof® Darcy Rib

Bairro: Vila Mauricéia CEP: 39401-089
UF: MG Municipio: MONTES CLAROS
Telefone: (38)3229-8180 Fax: (38)3229-8103 E-mail: smelocosta@gmail com
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Continuacdo do Parecer: 3.037.289

Este parecer foi elaborado baseado nos documentos abaixo relacionados:

Tipo Documento Arquivo Postagem Autor Situagéo
Informagdes Basicas| PB_INFORMAGCOES_BASICAS_DO_P | 31/10/2018 Aceito
do Projeto ROJETO 1247187 .pdf 15:37:33
Folha de Rosto FolhaDeRostoAssinadaPDF.pdf 31/10/2018 |Lucyana Conceicéo Aceito
15:17:18 |Farias

TCLE / Termos de | JustificativaAusenciaTCLE.pdf 29/10/2018 |Lucyana Conceigéo Aceito

Assentimento / 17:55:07 |Farias

Justificativa de

Auséncia

Declaracéo de DeclaracaoCumprimentoNormasPesquis| 29/10/2018 |Lucyana Conceicéo Aceito

Pesquisadores a.pdf 17:54:20 |Farias

Projeto Detalhado / | ProjetoCompleto.pdf 29/10/2018 |Lucyana Conceigéo Aceito

Brochura 17:42:47 |Farias

Investigador

Orgamento Orcamento.pdf 29/10/2018 [Lucyana Conceigéo | Aceito
17:39:39 | Farias

Declaragéo de Declaracaolnfraestrutura.pdf 29/10/2018 |[Lucyana Conceigdo | Aceito

Instituicéo e 17:37:52 |Farias

Infraestrutura

Cronograma Cronograma.pdf 29/10/2018 |Lucyana Conceigéo Aceito
17:37:41 | Farias

Situagao do Parecer:

Aprovado

Necessita Apreciagao da CONEP:

Né&o

MONTES CLAROS, 25 de Novembro de 2018
Assinado por:
SIMONE DE MELO COSTA
(Coordenador(a))

Endereco: Av.Dr Rui Braga s/n-Camp Univers Prof® Darcy Rib

Bairro: Vila Mauricéia CEP: 39.401-089

UF: MG Municipio: MONTES CLAROS

Telefone: (38)3229-8180 Fax: (38)3229-8103 E-mail: smelocosta@gmail com
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ANEXO D - Registro da Revisdo Sistematica na Plataforma PROSPERO

PROSPERO National Institute for
International prospective register of systematic reviews Health Research

UNIVERSITY oF¥ork
Centre for Reviews and Dissemination

Systematic review

1. * Review title.

Give the working title of the review, for example the one used for obtaining funding. Ideally the title should
state succinctly the interventions or exposures being reviewed and the associated health or social problems.
Where appropriate, the title should use the PI(E)COS structure to contain information on the Participants,
Intervention (or Exposure) and Comparison groups, the Outcomes to be measured and Study designs to be
included.

Antineoplastic potential of crotoxin in different types of cancer: a systematic review

2. Original language title.

For reviews in languages other than English, this field should be used to enter the title in the language of the
review. This will be displayed together with the English language title.

3. * Anticipated or actual start date.

Give the date when the systematic review commenced, or is expected to commence.

02/06/2019

4. * Anticipated completion date.

Give the date by which the review is expected to be completed.

15/11/2019

5. * Stage of review at time of this submission.

Indicate the stage of progress of the review by ticking the relevant Started and Completed boxes. Additional
information may be added in the free text box provided.

Please note: Reviews that have progressed beyond the point of completing data extraction at the time of
initial registration are not eligible for inclusion in PROSPERO. Should evidence of incorrect status and/or
completion date being supplied at the time of submission come to light, the content of the PROSPERO
record will be removed leaving only the title and nhamed contact details and a statement that inaccuracies in
the stage of the review date had been identified.

This field should be updated when any amendments are made to a published record and on completion and
publication of the review.

The review has not yet started: No
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PROSPERO National Institute for
International prospective register of systematic reviews Health Research
Review stage Started Completed
Preliminary searches Yes No
Piloting of the study selection process No No
Formal screening of search results against eligibility criteria No No
Data extraction No No
Risk of bias (quality) assessment No No

No No

Data analysis

Provide any other relevant information about the stage of the review here (e.g. Funded proposal, protocol not
yet finalised).

6. * Named contact.
The named contact acts as the guarantor for the accuracy of the information presented in the register record.

Lucyana Farias

Email salutation (e.g. "Dr Smith" or "Joanne") for correspondence:

Professor Farias

7. * Named contact email.
Give the electronic mail address of the named contact.

lucyanacfarias@gmail.com

8. Named contact address

Give the full postal address for the named contact.

Av Cula mangabeira 562, Santo Expedito

9. Named contact phone number.
Give the telephone number for the named contact, including international dialling code.

+ 55 38 32248377

10. * Organisational affiliation of the review.

Full title of the organisational affiliations for this review and website address if available. This field may be
completed as 'None' if the review is not affiliated to any organisation.

Unimontes

Organisation web address:

11. Review team members and their organisational affiliations.

Give the title, first name, last name and the organisational affiliations of each member of the review team.
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PROSPERO National Institute for
International prospective register of systematic reviews Health Research

Affiliation refers to groups or organisations to which review team members belong.

Mr Felipe Alberto Dantas Guimar&es. Postgraduate Program in Health Sciences, Universidade Estadual de
Montes Claros, Minas Gerais, Brazil

Mrs Renata Sousa Leite. Postgraduate Program in Health Sciences, Universidade Estadual de Montes
Claros, Minas Gerais, Brazil

Mrs Karina Marini Aguiar. Postgraduate Program in Health Sciences, Universidade Estadual de Montes
Claros, Minas Gerais, Brazil

Mr Rogério Gongalves da Rocha. Postgraduate Program in Health Sciences, Universidade Estadual de
Montes Claros, Minas Gerais, Brazil

André Luiz Sena Guimar&es. Department of Dentistry and Postgraduate Program in Health Sciences,
Universidade Estadual de Montes Claros, Minas Gerais, Brazil

Lucyana Conceigdo Farias. Department of Dentistry and Postgraduate Program in Health Sciences,
Universidade Estadual de Montes Claros, Minas Gerais, Brazil

12. * Funding sources/sponsors.

Give details of the individuals, organizations, groups or other legal entities who take responsibility for
initiating, managing, sponsoring and/or financing the review. Include any unique identification numbers
assigned to the review by the individuals or bodies listed.

This study was supported by grants from Conselho Nacional de Desenvolvimento Cientifico e Tecnolégico
(CNPq), Coordenacéo de Aperfeigoamento de Pessoal de Nivel Superior (CAPES), and Fundag&o de
Amparo a Pesquisa do Estado de Minas Gerais (FAPEMIG), Brazil

13. * Conflicts of interest.

List any conditions that could lead to actual or perceived undue influence on judgements concerning the
main topic investigated in the review.

None

14. Collaborators.

Give the name and affiliation of any individuals or organisations who are working on the review but who are
not listed as review team members.

15. * Review question.

State the question(s) to be addressed by the review, clearly and precisely. Review questions may be specific
or broad. It may be appropriate to break very broad questions down into a series of related more specific
questions. Questions may be framed or refined using PI(E)COS where relevant.

Does Crotoxin have an antineoplastic effect on different types of cancer?

16. * Searches.

Give details of the sources to be searched, search dates (from and to), and any restrictions (e.g. language or
publication period). The full search strategy is not required, but may be supplied as a link or attachment.

Fhetiesvillithd e oqidevedoirons tRatidie dY S edp uscidxbsti @ e itcE agiis E BB Gse the following descriptors:
crotoxin OR crotoxin A OR crotoxin B AND neoplasm OR cancer OR tumor OR carcinoma AND
antineoplastic OR antitumor OR anti-tumor OR antitumoral OR cytotoxicity OR cytotoxic OR cytostatic.
These descriptors were selected according to the Medical Subject Heading (MeSH) and common terms from

literature.
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17. URL to search strategy.

Give a link to the search strategy or an example of a search strategy for a specific database if available
(including the keywords that will be used in the search strategies).

Alternatively, upload your search strategy to CRD in pdf format. Please note that by doing so you are
consenting to the file being made publicly accessible.

Do not make this file publicly available until the review is complete

18. * Condition or domain being studied.

Give a short description of the disease, condition or healthcare domain being studied. This could include
health and wellbeing outcomes.

Antineoplastic potential of crotoxin in different types of cancer.

19. * Participants/population.

Give summary criteria for the participants or populations being studied by the review. The preferred format
includes details of both inclusion and exclusion criteria.

IrcBisrdies involving patients with different types of cancer or human cancer cell lines

2- Studies investigating treatments with crotoxin in different types of cancer.

Exclusion:

1- Studies that assessed the antineoplastic effect of other substances in the different types of cancer
2-Studies that assessed other effects of crotoxin in cancer, such as analgesic

actions

3- In vivo studies.

20. * Intervention(s), exposure(s).

Give full and clear descriptions or definitions of the nature of the interventions or the exposures to be
reviewed.

Treatments using crotoxin without limits for dosage and frequency. The intervention might be crotoxin

treatment alone or crotoxin plus other treatment protocol for cancer such as chemo- or radiotherapy.

21. * Comparator(s)/control.

Where relevant, give details of the alternatives against which the main subject/topic of the review will be
compared (e.g. another intervention or a non-exposed control group). The preferred format includes details
of both inclusion and exclusion criteria.

Cancer patients or human cancer cell lines without treatment with crotoxin with no limits to the dosage and

frequency.

22. * Types of study to be included.

Give details of the types of study (study designs) eligible for inclusion in the review. If there are no
restrictions on the types of study design eligible for inclusion, or certain study types are excluded, this should
be stated. The preferred format includes details of both inclusion and exclusion criteria.
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Randomized clinical trials and other original studies are included to investigate the antineoplastic effect of

crotoxin in different types of cancer.

23. Context.

Give summary details of the setting and other relevant characteristics which help define the inclusion or
exclusion criteria.

24, * Primary outcome(s).

Give the pre-specified primary (most important) outcomes of the review, including details of how the outcome
is defined and measured and when these measurement are made, if these are part of the review inclusion
criteria.

The crotoxin may exert an antineoplastic effect on different types of cancer. This outcome will be defined by
reading the "results" section of the included articles, which show the antineoplastic effect of crotoxin in
cancer patients and cell lines. For randomized clinical trials, an effect size analysis and/or descriptive
analysis will be performed, and for in vitro studies, the antineoplastic effect on the cell lines will be evaluated

through the phenotypic assays.

Timing and effect measures

Not applicable.

25. * Secondary outcome(s).

List the pre-specified secondary (additional) outcomes of the review, with a similar level of detail to that
required for primary outcomes. Where there are no secondary outcomes please state ‘None’ or ‘Not
applicable’ as appropriate to the review

None

Timing and effect measures

Not applicable.

26. Data extraction (selection and coding).

Give the procedure for selecting studies for the review and extracting data, including the number of
researchers involved and how discrepancies will be resolved. List the data to be exiracted.

First, we will perform a calibration of inter-evaluators by Kappa statistic for selection of articles. Articles will
be selected independently (FADG and RSL) based on the reading and publication of the abstracts reading.
The rays are reviewed from the selected abstracts. In case of disagreement between the inclusion criteria,
the title, the abstract or the complete article, these will be retained for later evaluation. Disagreements
regarding the inclusion criteria, a third researcher (LCF) will be consulted. Data were extracted and recorded
independently, including study results and methodological steps in a standardized data collection with the

following items: Crotoxin treatment with no dose limits and frequency. The intervention might be crotoxin
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treatment alone or crotoxin plus other treatment protocol for cancer such as chemo- or radiotherapy.

27. * Risk of bias (quality) assessment.

State whether and how risk of bias will be assessed (including the number of researchers involved and how
discrepancies will be resolved), how the quality of individual studies will be assessed, and whether and how
this will influence the planned synthesis.

The risk will be assessed using the Jadad scale to classify the methodological quality of the randomized
controlled trial. Original in vitro studies are very useful for a single item: the use of different cancer cell lines

only for product reviews.

28. * Strategy for data synthesis.

Give the planned general approach to synthesis, e.g. whether aggregate or individual participant data will be
used and whether a quantitative or narrative (descriptive) synthesis is planned. It is acceptable to state that a
quantitative synthesis will be used if the included studies are sufficiently homogenous.

We will provide a systematic narrative summary of the findings from the included studies, covering the
antineoplastic effect of crotoxin on cancer patients or human cancer cell lines. We will provide summaries
about the crotoxin, its antineoplastic effect, dosage, frequency of treatment and intervention type, including
the crotoxin treatment alone or crotoxin plus other treatment protocol for cancer such as chemo- or

radiotherapy.

29. * Analysis of subgroups or subsets.

Give details of any plans for the separate presentation, exploration or analysis of different types of
participants (e.g. by age, disease status, ethnicity, socioeconomic status, presence or absence or co-
morbidities); different types of intervention (e.g. drug dose, presence or absence of particular components of
intervention); different settings (e.g. country, acute or primary care sector, professional or family care); or
different types of study (e.g. randomised or non-randomised).

None planned.

30. * Type and method of review.

Select the type of review and the review method from the lists below. Select the health area(s) of interest for
your review.

Type of review
Cost effectiveness
No

Diagnostic

No
Epidemiologic
No

Individual patient data (IPD) meta-analysis
No

Intervention
No

Meta-analysis
No
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Methodology
No

Narrative synthesis
Yes

Network meta-analysis
No

Pre-clinical
No

Prevention
No

Prognostic
No

Prospective meta-analysis (PMA)
No

Review of reviews
No

Service delivery
No

ﬁynthesis of qualitative studies
o

Systematic review
Yes

Other
No

Health area of the review

Alcohol/substance misuse/abuse
No

Blood and immune system
No

Cancer
Yes

Cardiovascular
No

Care of the elderly
No

Child health
No

Complementary therapies
No

Crime and justice
No

Dental
No

Digestive system
No

Ear, nose and throat
No

Education
No

Endocrine and metabolic disorders

National Institute for
Health Research
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No

Eye disorders
No

General interest
No

Genetics
No

Health inequalities/health equity
No

Infections and infestations
No

International development
No

Mental health and behavioural conditions
No

Musculoskeletal
No

Neurological
No

Nursing
No

Obstetrics and gynaecology
No

Oral health
No

Palliative care
No

Perioperative care
No

Physiotherapy

No

Pregnancy and childbirth

No

Public health (including social determinants of health)

No
Rehabilitation

No

Respiratory disorders
No

Service delivery
No

Skin disorders

No

Social care

No

Surgery

No

Tropical Medicine
No

Urological

No

National Institute for
Health Research
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Wounds, injuries and accidents

No

Violence and abuse

No

31. Language.

Select each language individually to add it to the list below, use the bin icon to remove any added in error.
English

There is not an English language summary

32. Country.

Select the country in which the review is being carried out from the drop down list. For multi-national
collaborations select all the countries involved.

Brazil

33. Other registration details.

Give the name of any organisation where the systematic review title or protocol is registered (such as with
The Campbell Collaboration, or The Joanna Briggs Institute) together with any unique identification number
assigned. (N.B. Registration details for Cochrane protocols will be automatically entered). If extracted data
will be stored and made available through a repository such as the Systematic Review Data Repository
(SRDR), details and a link should be included here. If none, leave blank.

34. Reference and/or URL for published protocol.

Give the citation and link for the published protocol, if there is one

Give the link to the published protocol.

Alternatively, upload your published protocol to CRD in pdf format. Please note that by doing so you are
consenting to the file being made publicly accessible.

No | do not make this file publicly available until the review is complete

Please note that the information required in the PROSPERO registration form must be completed in full even
if access to a protocol is given.

35. Dissemination plans.

Give brief details of plans for communicating essential messages from the review to the appropriate
audiences.

Do you intend to publish the review on completion?
Yes

36. Keywords.

Give words or phrases that best describe the review. Separate keywords with a semicolon or new line.
Keywords will help users find the review in the Register (the words do not appear in the public record but are
included in searches). Be as specific and precise as possible. Avoid acronyms and abbreviations unless
these are in wide use.

37. Details of any existing review of the same topic by the same authors.
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Give details of earlier versions of the systematic review if an update of an existing review is being registered,
including full bibliographic reference if possible.

38. * Current review status.

Review status should be updated when the review is completed and when it is published.
Please provide anticipated publication date

Review_0Ongoing

39. Any additional information.

Provide any other information the review team feel is relevant to the registration of the review.

40. Details of final report/publication(s).
This field should be left empty until details of the completed review are available.

Give the link to the published review.
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