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SIQUEIRA, Elaine da Silva. Mecanismos antiproliferativos do tratamento in
vitro com trans-chalcona em linhagens de carcinoma cervical. 110 f. Tese
(Doutorado em Fisiopatologia Clinica e Laboratorial) — Universidade Estadual
de Londrina, Londrina, 2023.

RESUMO

Moléculas derivadas de plantas medicinais tem sido fonte de pesquisa para
novas terapias antineoplasicas como monoterapia ou terapia adjuvante. Neste
estudo, investigamos o impacto do tratamento com frans-chalcona (TC) sobre
duas linhagens celulares de diferentes tipos histoldgicos de carcinoma cervical,
com destaque para o adenocarcinoma (HelLa) e carcinoma de células
escamosas (SiHa). As linhagens foram tratadas com concentracdes crescentes
de trans-chalcona (6,25 - 100 yM) e a concentragéo inibitéria de 50% das
células (ICsp) foi determinada em 28 yM (HelLa) e 23 pM (SiHa) em 24 horas.
Para avaliar os mecanismos de agao envolvidos foram realizados ensaios para
determinar a viabilidade celular por 3-(4,5-dimetiltiazol-2yl)-2,5-difenil brometo
de tetrazolina (MTT) e azul de tripan, microscopia de varredura (MEV) e
transmissao (MET) para constatar alteracbes morfolégicas e ultraestruturais,
bem como os possiveis mecanismos de morte envolvidos e andlises de
estresse oxidativo, que incluiram a avaliagcdo do perfil de despolarizagcédo
mitocondrial, dosagem dos niveis de hidroperéxidos , determinagdo da
capacidade antioxidante, dosagem dos metabdlitos do oxido nitrico e avaliagao
dos perfis dos fatores de transcricdo reguladores do balango redox NRF2 e
NFkB, realizados por marcacao com tetrametilrodamina-etil-éster (TMRE), terc-
butil hidroperdxido, parametro antioxidante total de captura de radicais (TRAP),
diclorofluoresceina (DCF) e imunofluorescéncia, respectivamente. Observamos
que o tratamento com TC em linhagens HelLa e SiHa de carcinoma cervical foi
capaz de promover a redugdo da viabilidade celular, induzir alteragdes
morfolégicas e ultraestruturais com inibicdo da capacidade de migracdo do
tecido nas duas linhagens. Posteriormente, descobrimos que o tratamento com
TC foi capaz de promover despolarizacdo mitocondrial, induzir a formacao de
goticulas lipidicas e vacuolos autofagicos com consequente morte celular por
apoptose tardia. A TC também induziu a geracdo de estresse oxidativo
observada pelo aumento da geragao de hidroperoxidos na linhagem Hela e
diminuicdo em SiHa. Houve ainda reducdo na produgdo dos metabdlitos do
NOx em ambos modelos avaliados. Concomitantemente, observamos
superexpressdao de NRF2 e diminuicdo da regulacdo do NFkB em células
HelLa, enquanto na linhagem SiHa houve apenas estimulo de NFkB. Estes
achados sugerem que a TC exerce seu efeito antiproliferativo no cancer
cervical a partir da redugéo significativa da viabilidade das células HeLa e SiHa
em todos os tempos testados (p<0,0001), indugdo de atividade citostatica e
geracao de estresse oxidativo via distintos mecanismos de acordo com a
origem e tecido acometido, tornando-se uma alternativa terapéutica promissora
no desenvolvimento de compostos antitumorais frente ao carcinoma cervical.

Palavras-chave: Carcinoma de Células Escamosas, Adenocarcinoma,
Flavonoides, Estresse oxidativo, Alteracdes Metabdlicas.



SIQUEIRA, Elaine da Silva. Antitumor mechanisms of in vitro treatment
with trans-chalcone in cervical carcinoma cell lines. 110 f. Thesis (PhD in
Clinical and Laboratory Pathophysiology) - State University of Londrina,
Londrina, 2023.

ABSTRACT

Molecules derived from medicinal plants have been a source of research for
new antineoplastic therapies as monotherapy or adjuvant therapy. In this study,
we investigated the impact of trans-chalcone (TC) treatment on two cell lines
representing different histological types of cervical carcinoma, especially
adenocarcinoma (HelLa) and squamous cell carcinoma (SiHa). The lineages
were treated with increasing concentrations of trans-chalcone (6.25 - 100 pM)
and the 50% cell inhibitory concentration (ICsp) was determined at 28 puM
(HeLa) and 23 pM (SiHa) in 24 hours. In order to assess the mechanisms of
action involved, tests were carried out to determine cell viability using 3-(4,5-
dimethylthiazol-2yl)-2,5-diphenyl tetrazoline bromide (MTT) and trypan blue,
scanning (SEM) and transmission (MET) microscopy to determine
morphological and ultrastructural changes, as well as the possible death
mechanisms involved and oxidative stress analyses, which included assessing
the mitochondrial depolarization profile, dosage of hydroperoxide levels,
determination of antioxidant capacity, dosage of nitric oxide metabolites and
evaluation of the profiles of the redox balance regulating transcription factors
NRF2 and NFkB, carried out using tetramethylrhodamine-ethyl ester (TMRE)
labeling, tert-butyl hydroperoxide, total radical scavenging antioxidant
parameter (TRAP), dichlorofluorescein (DCF) and immunofluorescence,
respectively. We observed that treatment with TC in HeLa and SiHa cervical
carcinoma cell lines was capable of promoting a reduction in cell viability,
inducing morphological and ultrastructural alterations with inhibition of tissue
migration capacity in both cell lines. Subsequently, we found that treatment with
TC was able to promote mitochondrial depolarization, induce the formation of
lipid droplets and autophagic vacuoles with consequent cell death by late
apoptosis. TC also induced the generation of oxidative stress, observed by an
increase in the generation of hydroperoxides in the Hela and a decrease in
SiHa cell. There was also a reduction in the production of NOx metabolites in
both models. At the same time, we observed overexpression of NRF2 and
downregulation of NFkB in HelLa cells, while in the SiHa cell there was only
stimulation of NFkB. These findings suggest that TC exerts its antiproliferative
effect on cervical cancer by significantly reducing the viability of HeLa and SiHa
cells at all times tested (p<0.0001), inducing cytostatic activity and generating
oxidative stress via different mechanisms depending on the origin and tissue
affected, making it a promising therapeutic alternative in the development of
antitumor compounds against cervical carcinoma.

Key-words: Squamous Cell Carcinoma, Adenocarcinoma, Flavonoids,
Oxidative Stress, Metabolic Alterations.
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1. INTRODUGAO

11 CANCER: DEFINIGOES E EPIDEMIOLOGIA

O céancer é caracterizado como uma massa anormal de tecido cujo
crescimento € excessivo e ndo coordenado em relacdo aos tecidos normais
(ABBAS et al., 2010, OPAS, 2020).

A transformacdo de uma célula diferenciada normal em uma célula
tumoral ocorre pela acdo de agentes carcinogénicos, que podem ser
bioldgicos, fisicos ou quimicos. A partir desses estimulos, inicia-se 0 processo
de formagcao do cancer, denominado tumorigénese, que compreende quatro
estagios: iniciacdo, promogdo, progressao e transformagdo maligna
(MARTINEZ-REYES & CHANDEL, 2021).

Na fase de iniciagcdo, por meio de agentes mutagénicos ou
carcindgenos, ocorrem modificagcdes em alguns genes das células promovendo
alteracgdes irreversiveis no acido desoxirribonucleico (DNA) que, quando
ativadas no préximo estagio, impulsionam a proliferagdo celular de maneira
autbnoma. Embora nesta etapa a morfologia seja igual as células normais, o
que as difere sdo as alteragbes genotipicas fundamentais para sua
transformacao e promocao do crescimento celular (HANAHAN & WEINBERG,
2011, LEMAIRE et al., 2020). No estagio de promocdo, as células
geneticamente alteradas sofrem o efeito dos oncopromotores, os quais
transformam a célula iniciada em célula maligna, de forma lenta e gradual
(SBO, 2022).

Na fase de progressao, ocorre a amplificagdo clonal da célula iniciada
com crescimento celular acelerado, e que, através da transformacdo maligna,
origina um tumor maligno capaz de invadir os tecidos circundantes e formar
metastases, bem como ocasionar alteragdbes moleculares, bioquimicas,
metabdlicas e morfolégicas locais e sistémicas (Figura 1) (BAERISWYL &
CHRISTOFORI, 2009, LEMAIRE et al., 2020).
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Figura 1: Etapas da carcinogénese: iniciagdo, promogao e desenvolvimento (adaptado de SBO,
2022).

De acordo com a Organizagcdo Mundial de Saude (OMS), o risco geral
de desenvolvimento de céncer na populagédo € de 20%. Esta € a segunda
principal causa de morte no mundo, responsavel por cerca de 9,6 milhdes de
obitos (OMS, 2018). Em 2020, foram estimados 19,3 milhdes de novos casos de
cancer no mundo (GLOBOCAN, 2020). Isso se deve, principalmente, ao
processo de envelhecimento natural, que propicia o acumulo das mutagdes que
favorecem o cancer. Fatores de risco se somam a este processo, como
tabagismo, obesidade, doengas cardiovasculares e respiratorias, fatores
ocupacionais com exposicao as radiacdes, consumo de alcool e de alimentos
nao saudaveis. Tais fatores podem ser encontrados no ambiente fisico,
herdados ou serem resultado de comportamentos, habitos ou costumes proprios
de um determinado ambiente social e cultural (INCA, 2023).

Devido ao aumento tanto da incidéncia quanto da mortalidade, esta
doenca tornou-se um dos principais problemas de saude publica do mundo
(BRAY et al., 2018). Estima-se que um em cada cinco homens e uma em cada
seis mulheres em todo o0 mundo desenvolverao cancer ao longo de sua vida, e
que um em cada oito homens e uma em cada onze mulheres morrerao por
consequéncia dessa doenga (GLOBOCAN, 2020).

Com base nos dados divulgados pelo Observatério Global do Cancer
(GLOBOCAN) em 2020 a sequéncia dos dez canceres com maior incidéncia no
mundo é: mama (2,26 milhdes de casos), pulmao (2,20 milhdes), colorretal (1,93

milhdes), prostata (1,41 milhdes), estbmago (1,08 milhdes), figado (905 mil), colo



Mama
Pulmio

Colo retal
Proéstata
Estomago
Figado

Colo de utero
Esofago

Tireoide

Bexiga

(=]

500000 1000000 1500000 2000000 2500000

do utero (604 mil), eséfago (604 mil), tireoide (586 mil) e bexiga (573 mil),
conforme ilustrado na Figura 2.

Figura 2: Canceres com maior incidéncia no mundo, independente do sexo (GLOBOCAN,
2020).

No Brasil, a estimativa para cada ano do triénio 2023-2025 é de 704 mil
novos casos dessa doenga. Nas mulheres, a maior incidéncia sera para tumores
de pele ndo melanoma, com 118 mil casos (32,7%), seguido de cancer mama,
com 74 mil casos (20,3%), célon e reto, com 24 mil casos (6,5%), colo do utero,
com 17 mil casos (4,7%), pulmao, com 15 mil casos (4,0%) e tireoide, com 14
mil casos (3,9%). Nos homens, estima-se maior ocorréncia de tumores de pele
nao melanoma, com 102 mil casos (29,9%), prostata, com 72 mil casos (21,0%),
célon e reto, com 22 mil casos (6,4%), pulmao, com 18 mil casos (5,3%),
estbmago, com 13 mil casos (3,9%), e cavidade oral, com 11 mil casos (3,2%)
Figura 3 (INCA, 2023).
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Figura 3: Incidéncia de cancer em mulheres (A) e em homens (B) no Brasil para o triénio 2023-
2025 segundo dados do Instituto Nacional de Cancer (INCA, 2023).

Em relacdo as taxas de mortalidade estimadas em 2020 no Brasil
(Figura 4), nas mulheres o cancer de mama também aparece em primeiro lugar
(13,6 Obitos/100 mil), seguido do cancer de pulmao (8,4/100 mil), colorretal
(7,4/100 mil) e cancer de colo uterino (7,3/100 mil). Nos homens, ha maior
numero de O&bitos relacionado ao cancer de pulmdo (14,2/100 mil),
posteriormente préstata (14,1/100 mil), colorretal (9,6/100 mil) e estébmago
(8,6/100 mil) (INCA, 2022).
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Figura 4: Taxas de Mortalidade por cancer em mulheres (A) e em homens (B) no Brasil segundo
o Instituto Nacional de Cancer (INCA, 2022).

Devido a sua elevada incidéncia, possibilidade de prevencao e alta
letalidade se diagnosticado tardiamente, apresentamos a seguir os principais
aspectos clinicos patolégicos e moleculares do cancer cervical, que foi o0 modelo

de estudo deste trabalho.

1.2 CARCINOMA CERVICAL

1.21 Epidemiologia

O cancer cervical ou cancer do colo do utero € o quarto tipo de cancer
mais prevalente em mulheres no mundo, com mais de meio milhdo de novos
casos a cada ano (MOMENIMOVAHED et al., 2023). De acordo com a
GLOBOCAN, a estimativa mundial no ano de 2022 foi de 6,5% novos casos, 0
que representa 604.127 mil casos em uma populagdo feminina de 9.227.484
milhdes, correspondendo a um risco estimado de 13,30 casos por 100 mil
mulheres (Figura 5A).

No Brasil, representa o terceiro lugar, com 7,4% das ocorréncias,
namero equivalente 77.182 mil casos por cancer cervical (Figura 5B). Para
cada ano do triénio de 2023 a 2025 estima-se 17.010 mil novos casos, o0 que
corresponde a um risco estimado de 15,38 casos a cada 100 mil mulheres
brasileiras (GLOBOCAN, 2022).



A) B)

== Mama == Mama
3489628 2261419 o Colorretal 35816 masg == Colorretal
(37,8%) (245%) == Pulmao (34,4%) (287%) == Cervical
== Cervical == Tiredide
== Tiredide == Pulmao
== Corpo uterino == Corpo uterino
ges630 B== Estdmago == Estdmago
(8,4%) == Outros Canceres =3 Outros Canceres
95 481
334325‘5 (9,2%)
369 580 770 828 (3:3%)
(8.4%) 45061 77 182
417 367 5 804123 (43%) s7502 76015  (T4%)
(4,5%) (4.9%) {8/5%) (6,5%)  (7,3%)
Total: 9 227 484 Total: 1 042 105

Figura 5: Estimativa mundial de cancer em mulheres no mundo (A) e no Brasil (B) (adaptada
de acordo com dados disponibilizados pela GLOBOCAN, 2022).

Em relacdo ao numero estimado de mortes relacionadas a esse tipo
de tumor, estatisticas divulgadas em 2020 mostram que esse tipo de cancer foi
uma das principais causas de morte em mulheres, representando 7,7% dos
casos, com 341.831 mil ébitos no mundo em 4.429.323 mulheres (Figura 6A).
No Brasil, também representou uma taxa de mortalidade de 8,7%, com 40.750
mil ébitos (BEDEL et al., 2020, GLOBOCAN, 2022) (Figura 6B).
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Figura 6: Taxas de mortalidade por cancer no mundo (A) e no Brasil (B) (adaptado de acordo
com dados disponibilizados pela GLOBOCAN, 2022).

O ultimo levantamento realizado no periodo de 2018-2020 indicou
19.749 o6bitos por 100.000 mulheres na faixa etaria de 0-80 e, a Variagéo
Percentual Média Anual (VPMA) foi de 171,83 casos para o sexo feminino no
periodo de 2018 a 2020 (INCA, 2021).



Portanto, essa neoplasia ginecoldgica é considerada um problema de
saude publica no mundo, especialmente nos paises em desenvolvimento
(GOMEZ & CASTILLO, 2004, SIEGEL et al., 2023).

1.2.2 Classificagao

De acordo com a OMS, as neoplasias epiteliais de colo do utero podem
ser classificadas como: escamosos ou espinocelulares e precursores,
glandulares e seus precursores, epiteliais, tumores mesenquimais de lesdes
pseudotumorais, epiteliais e mesenquimais mistos, melanociticos, linféides e
hematopoiético e secundarios.

Os subtipos mais comuns sdo o carcinoma de células escamosas
(CCE), localizado na ectocérvix e que representa 70% de todos os casos,
representada pela linhagem SiHa, e o adenocarcinoma (ADC), situado na
endoceérvix, derivado de células epiteliais secretoras/glandulares, com 25% das
ocorréncias simbolizada pela linhagem HelLa (COHEN et al., 2019, AMERICAN
CANCER SOCIETY, 2023) (Figura 7).



Trompas

uterinas

Corpo Ovario
do esquerdo
utero

Colo do ttero

1

|
Ovario
direito

Ectocérvix  (SiHa) Endocérvix  (HeLa)
A A

Camada
esquamosa =)
madura

Camada
esquamosa

HPV

Queratinocito

parabasais

l

Queratindcitos basais
(]

Células de

reSetva

Células
colunares

Mitose

Células
estaminais do
colo do utero

CD49f

Anexina
Infecgao CANCER
produtiva SEMANAS ANOS CERVICAL

Figura 7: Cancer cervical e seus subtipos. Carcinoma de células escamosas (CCE),
localizados na ectocérvix, representada pela linhagem SiHa que, ocasionam proliferagcdo de
células basais/parabasais. Adenocarcinoma (ADC) situado na endocérvix, simbolizada pela
linhagem Hela, atingem principalmente as células estaminais, ambas relacionadas a infecgao

cronica pelo papilomavirus humano (HPV) (adaptado de Tingting et al., 2015).

O céancer de colo de utero normalmente se inicia através da ocorréncia
de lesdes no colo uterino, que apresentam graus de alteragbes morfologicas
distintos. A lesao intraepitelial escamosa cervical (SIL) € uma lesdo pré-
cancerosa que pode evoluir para cancer cervical se nao for tratada (KWOK et
al., 2023). E detectada no epitélio escamoso do colo uterino e classificada
como lesdes escamosas intraepiteliais de baixo grau (cLSILs) ou de alto grau
(cHSILs) (OMS, 2020, KWOK et al., 2023). Essa classificagao de tumores da



OMS baseia-se na proporgcao e localizacdo das células imaturas no epitélio
escamoso e nas alteracdes citopaticas causadas pelo papilomavirus humano
(HPV) (OMS, 2020).

As cLSILs sao caracterizadas pela proliferacdo de células
basais/parabasais no terco inferior do epitélio juntamente com alteragdes
nucleares e citoplasmaticas causadas pelo HPV (OMS, 2020). Por outro lado,
as cHSILs apresentam proliferagdo de células basais/parabasais que se
estende até o tergco meédio e superior do epitélio, além de anormalidades
nucleares em toda a espessura do epitélio (OMS, 2020, KWOK et al., 2023).

O inicio e a progressdo do CCE estdo comumente relacionados a
infecgao cronica pelo HPV o que representa cerca 80-90% dos carcinomas de
células escamosas (KALLIALA et al., 2020, LIU et al., 2023). A presencga de
inflamacao estromal, reagdo desmoplasica estromal, numerosos grupos unicos
ou pequenos de células epiteliais altamente displasicas, cristas alongadas e
perda da polaridade nuclear sdo algumas das caracteristicas que determinam a
invasividade do CCE. Em relagdo ao grau histolégico, podem ser
caracterizados como bem diferenciado, moderadamente diferenciado e pouco
diferenciado (JAIN & LIMAIEM, 2023, BRAMBS et al., 2019).

Estudo realizado por Hu et al. (2023) mostrou que no CCE o aumento
da infiltracdo de células imunes pode provocar diferencas significativas no
prognostico e evolugdo do quadro da paciente, por isso, a importancia da
utilizacdo de biomarcadores emergentes, como células TH1/interferon gama
(IFN-y), a fim prever a eficacia e potenciais efeitos clinicos da imunoterapia
tumoral. J4 o ADC, com base na morfologia e etiologia usando os Critérios e
Classificacao Internacional de Adenocarcinoma Endocervical, é categorizado
em associado ao HPV (HPVA) ou independente do HPV (HVPI) (STOLNICU et
al., 2018, MORI et al.,, 2023). O HPVA representa a maioria dos ADCs,
originado secundariamente de uma infecgao persistente e o HPVI, responsavel
por aproximadamente 15% a 20% de todos os casos (MCCLUGGAGE et al.,
2020).

O ADC apresenta mecanismo molecular unico, fenétipo mais maligno e
pior prognoéstico devido a auséncia de sintomas ao exame clinico e maior

propensao para metastase, recorréncia e resisténcia a quimioterapia. No



entanto, sdo utilizadas as mesmas estratégias de tratamento convencionais do
CCE (QlU et al., 2023).

Um estudo de coorte mostrou que mulheres adultas maduras
apresentaram maior probabilidade de serem diagnosticadas com ADC em
estagio inicial (44%), sem diferenca significativa para o CCE, porém, a
incidéncia absoluta e relativa do ADC entre mulheres jovens tem aumentado
(SIEGEL, MILLER & JEMAL, 2020).

Além disso, essas duas variantes apresentam mutagdes em genes
diferentes, como PIK3CA em CCE e expressao de KRAS exclusivamente em
ADC (OJESINA et al., 2014). Mas, o subtipo ADC estad associado a piores
resultados de sobrevida do que aqueles com CCE (ZHOU et al., 2017).

Os meios de prevencao disponiveis englobam citologia cervical, teste
primario de HPV, ou ambos (co-teste) além de vacinas contra HPV. Todavia,
quando detectada alguma anormalidade, o diagndstico é estabelecido
principalmente com base no exame histopatolégico e, o método de tratamento
comumente usado € a bidpsia excisional, sendo o padréo-ouro para avaliacao
histolégica de bidpsias cervicais (PETRY, 2011, LIMAIEM & MAHDY, 2023).

No entanto, este tipo de tratamento pode afetar a anatomia do colo do
utero, e, consequentemente, sua funcionalidade, com risco de parto prematuro
e resultados neonatais adversos, além de infertilidade (COSTANTINI et al.,
2013, KYRGIOU et al., 2016). Além disso, ha muitos casos recorrentes,
diagnosticados geralmente dentro de trés anos apds o tratamento do tumor
primario, bem como casos de recorréncias tardias com maior periodo de tempo
(LIMAIEM & MAHDY, 2023).

1.2.3. Modelos de estudo in vitro do cancer cervical

Considerando-se a importancia destes dois tipos histolégicos no cancer
cervical, existem atualmente dois modelos in vitro baseados nos tipos celulares
que originam o CCE e o ADC, a SiHa e a Hela, respectivamente. Estes
modelos celulares foram utilizados neste trabalho para estudo do carcinoma
cervical.

O estudo dessa neoplasia envolve a utilizagdo de linhagens celulares
derivadas de diferentes tipos celulares e relacionadas aos tipos
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histopatolégicos mais frequentes observados no cancer cervical humano. Séo
varias as linhagens de carcinoma cervical descritas na literatura de acordo com
a origem e tecido acometido, como CaSki, ME-180, MS751, SiHa, SW756,
CLNH5,5 (carcinoma de células escamosas ou epiderméide), HeLa, HEC-1-A
(adenocarcinoma), C-33A (carcinoma células epitelial), dentre outras como HT-
3, DoTc2 4510, C4l, RL95-2, C-4ll e DAKIKI.

Na linhagem SiHa, as células escamosas cervicais s&o transformadas
pelo HPV, cujos gendtipos 16 e 18 representam 70% da prevaléncia
(SANTANA et al., 2016). Sua progressao inclui a integracédo do HPV no DNA
nestas células, os quais evidenciam oncoproteinas virais, especialmente E6 e
E7, que sao responsaveis pelas alteracdes iniciais nas células epiteliais, ou
seja, infectam as camadas de células basais, ocasionando inativacdo das duas
principais proteinas supressoras de tumor, proteina 53 (p53) e retinoblastoma
(pRb) (LONGWORTH et al., 2004).

Essas proteinas sao responsaveis pelos mecanismos de reparo do
DNA, apoptose ou parada de crescimento, porém, quando inativada induz a
proliferagdo celular acelerada, interrompe a angiogénese, inflama o
microambiente (IL-1B8, IL-6) e acelera o desenvolvimento do tumor
(SCHIFFMAN et al., 2007, LOHMUSSAAR et al., 2021, GORVEL & OLIVE,
2023).

Dessa forma, logo apds a infecgao, a oncoproteina viral E6 degrada a
proteina p53 e, assim, desativa sua fungdo normal e impulsiona as células a
entrarem na fase de sintese do ciclo celular (STEWART et al., 2004,
BALASUBRAMANIAM et al., 2019). Por outro lado, ocorre a ligacao de E7 a
Rb, ocasionando a liberagao do fator de transcrigdo E2F, o qual ativa a quinase
dependente de ciclina (CDKs) e alavanca a promogao de células displasicas
anormais (SANTANA et al., 2016, BALASUBRAMANIAM et al.,, 2019,
REINSTEIN et al. 2000).

A linhagem Hela, derivada de um adenocarcinoma do colo do utero de
Henrietta Lacks, em 1951 (também conhecida como células de Henrietta), foi a
primeira célula tumoral humana a ser cultivada e usada como modelo em
laboratérios de pesquisa (LUCEY et al., 2009).

A imortalidade celular é sua caracteristica principal, pois ela sofre uma

mutacdo na enzima chamada telomerase, cuja funcao € proteger os teldbmeros



e controlar a renovacdo dos cromossomos na divisdo celular,
consequentemente possuem a capacidade de se replicarem indefinidamente
de maneira extremamente rapida sem sofrer danos quando se multiplica,
tornando-a imortal (JONES et al., 1971, AKIYAMA, 1987, CALDAS, 2010,
SKLOOT, 2011).

Além disso, por meio de diversos estudos realizados por Gey e
colaboradores (1952) ao longo dos anos, confirmou-se que essa linhagem
celular é positiva para HPV-18 (MARTINEZ et al., 2008, LUCEY et al., 2009).
Os gendtipos HPV-16 e HPV-18 estdo presentes em mais de 65% das
linhagens celulares de carcinomas cervicais invasivos, comumente
encontrados acoplados ao cromossomo do hospedeiro (MEISSNER, 1999,
MUNGER & HOWLEY, 2002, ZUR HAUSEN, 2002, HEBNER & LAIMINS,
2006).

Por conta disso, as linhagens celulares HelLa e SiHa apresentam
caracteristicas que se assemelham ao modelo de carcinogénese cervical
humano, o que as torna o6timas ferramentas para o estudo de drogas e

mecanismos bioldgicos tumorais.

1.2.4 PATOGENIA DO CANCER CERVICAL

Os fatores de riscos associados a elevada probabilidade de
desenvolvimento do cancer cervical podem ser de origem comportamental e
incluem a atividade sexual, estilo de vida, idade precoce da primeira relagao
sexual, multiplicidade de parceiros sexuais sem uso de preservativo, numero
demasiado de gestacgdes, tabagismo, displasia do colo do utero e,
principalmente, o HPV (BEDELL et al., 2020, BOSCH & SANJOSE, 2003).

Outros fatores incluem infecgbes sexualmente transmissiveis (IST),
como herpes, clamidia, Virus da Imunodeficiéncia Humana (HIV), além de co-
infecgdes e imunossupressdo (CASTELLSAGUE & MUNOZ, 2003, INCA
2023).

A infecgao por alguns subtipos de HPV é um dos principais fatores de
risco associados ao cancer uterino, sendo classificada de acordo com o tipo
oncogénico do virus (OYOUNI et al., 2023, GAVINSKI & DINARDO, 2023). As
cepas de baixo risco geralmente s&do assintomaticas, originando lesdes

benignas sem potencial oncogénico. Por outro lado, as de alto risco



apresentam forte potencial oncogénico, sendo responsaveis por mais de 99%
das lesdes pré-cancerosas (displasia cervical), neoplasias, carcinomas
cervicais e pelas lesbes precursoras do cancer uterino (COHEN et al., 2019,
BEDELL et al., 2020).

Na cérvice, a infecgcdo inicia-se nas células basais, onde o virus
instaura o processo de replicagdo no nucleo ou permanece latente. A paciente
infectada pelo HPV pode vir a desenvolver o cancer cervical invasivo 10 a 30
anos apés a infecgao primaria (RHANDAL & GHEBRE, 2016, MURTA et al.,
2000).

Varios fatores s&o implicados na carcinogénese cervical induzida pelo
HPV, incluindo fatores intrinsecos relacionados ao processo inflamatério, como
nucleotideos extracelulares e adenosina-componentes do sistema purinérgico,
integracdo do genoma viral com o genoma da célula hospedeira (o qual esta
associado com a progressdo de lesbes de baixo grau para alto grau),
inativagao de genes supressores de tumores (p53 e pRB) por oncoproteinas do
HPV (E6 e E7), desregulacao dos reguladores do ciclo celular (CDKs, ciclinas,
APCs), sintese de DNA do hospedeiro e apoptose (JAYSHREE et al., 2009,
SHU et al., 2022, KWON et al., 2016, PFAFFENZELLER et al., 2020).

Ja os fatores extrinsecos envolvem o processo de tolerancia
imunolégica do HPV e incluem APCs que expressam a enzima
imunorreguladora indoleamina 2,3-dioxigenase-1 (IDO-1), diminuicdo de
linfécitos Natural Killer, células T reguladoras (Tregs), aumento de interleucina-
10 (IL-10), redugao de interleucina-2 (IL-2) no microambiente tumoral, fator de
crescimento transformador (TGF) e linfocitos CD4 e CD8 (MONNIER-BENOIT
et al., 2006, ADURTHI et al., 2008, JAYSHREE et al., 2009, DE VOS VAN
STEENWIJK et al., 2013, YANG et al., 2013, JIANG et al., 2019).

As alteragdes no equilibrio citogenético acontecem no momento da
transformacao do epitélio cervical normal em cancer, onde pode haver
participacdo de agentes carcinogénicos venéreos presentes no sémen como o
virus de Epstein-Barr, citomegalovirus e herpes simples tipo Il (RIVOIRE et al.,
2006, VALKOVA et al., 2021). Os mecanismos disfuncionais levam a ruptura de
mecanismos que estdo envolvidos na diferenciagdo e morte celular
programada, ocasionando cHSILs ou cLSILs (KHIEU & BUTLER, 2020,
PFAFFENZELLER et al., 2020, MUNTINGA et al., 2022).
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O desenvolvimento desta neoplasia esta correlacionado a infecgao
persistente por HPV de alto risco (hrHPV), que comumente se desenvolve em
10% da populagdo feminina, cujo sistema imunolégico ndo consegue controlar
a infeccao viral (BASEMAN & KOUTSKY, 2005, VAN DER BURG &
PALEFSKY, 2009, MUNTINGA et al., 2022). Portanto, a maior parte das HSIL e
cancer cervical decorrem principalmente de dois tipos oncogénicos de hrHPV,
o hrHPV-16 e hrHPV-18 (CLIFFORD et al., 2006, BOSCH et al., 2008),
apontados como principais patégenos associados ao cancer cervical
(BRANKOVIC et al., 2013).

1.2.5 MICROAMBIENTE TUMORAL DO CARCINOMA CERVICAL

Na neoplasia cervical, o microambiente imunologico € variavel e
determinante para a evolugdo das lesbes precursoras em cancer. Assim,
dependendo da resposta imune, as lesbes podem regredir espontaneamente,
permanecer estaveis ou progredir para cHSILs ou cancer cervical (MUNTINGA
et al., 2022) (Figura 8).

O sistema imunologico desempenha papel crucial na regulagao
tumoral, sendo o sistema imune inato o primeiro a ser ativado seguido
das respostas antitumorais adaptativas quando em contato com um antigeno.
No entanto, a resposta imune inata aos tumores pode ser divergente,
polarizando de duas formas: via células apresentadoras de antigenos (APCs) e
macrofagos do tipo 1 (M1), impedindo a progressdo tumoral, ou via células
supressoras derivadas de mieloides e macrofagos do tipo 2 (M2), propiciando o
crescimento tumoral (HAGERLING et al., 2015, BERRAONDO et al., 2016).

Em cHSILs, baixas concentracbes da expressdo de superficie dos
antigenos CD4 e CD8 indicam uma evasao do sistema imune adaptativo por
uma infecgao persistente por hrHPV, o que pode levar a persisténcia da leséo e
progressao para cancer cervical (MUNTINGA et al., 2022). Além disso, altas
concentragcbes de células T com regulagédo positiva da via proteina de morte
programada 1 (PD-1)/ ligante de morte programada co-inibitéria 1 (PD-L1) em
cHSILs induzem a tolerdncia das células T e consequente supressao
imunolégica no microambiente associado a progressdao da doenga (YANG et
al., 2013).



Por outro lado, quando ha regressao da cHSILs, as células displasicas
sao substituidas por células saudaveis, as quais se desenvolvem a partir da
camada de células basais. Estas células ainda podem conter o genoma do
HPV, persistir em estado de laténcia e, quando ocorre alteragcdo do estado
imunoldgico da paciente, pode haver a reativagdo viral com expressao dos
seus genes virais resultando em doenga recorrente (RAJCANI, 2007,
GRAVITT, 2011, MAGLENNON et al., 2011).

No microambiente imune de cLSILs ha diminuicgdo do numero de
células T epiteliais e estromais CD4+ e CD8+ e aumento no numero de
macrofagos epiteliais M2, células Tregs estromais, proteina PD-L1 e expresséo
da enzima IDO-1, associados a um perfil de citocinas correlaciondas ao tumor
(KOJIMA et al., 2013). Dessa forma, os mecanismos de imunossupressao no
microambiente tumoral podem ser por duas vias: imunossupressao intrinseca
ao tumor e imunossupressao adaptativa local (KATO et al., 2017, WANG et al.,
2021).

T T ! Y
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Figura 8: Microambiente intraepitelial cervical durante evolucdo das lesdes

precursoras em cancer (adaptado de Woodman et al., 2007).

1.2.6 MECANISMOS INFLAMATORIOS NO CARCINOMA CERVICAL



A ativagao da resposta imune antitumoral tem como consequéncia a
geragédo de mediadores que participam da resposta inflamatéria. A ativagédo de
subtipos celulares especificos e secrecédo de citocinas, mediada por fatores de
transcricdo como o fator nuclear kappa B (NFkB), também leva a geracao de
subprodutos oriundos da redugao incompleta do oxigénio durante respiragao
mitocondrial, conhecidos como espécies reativas (ERs) (YANG Y et al., 2017,
YANG L et al., 2023).

A producgao excessiva das ERs em situagdes onde a sua neutralizagao
€ ineficiente, gera uma condigdo denominada estresse oxidativo ou
desequilibrio redox, implicado na fisiopatologia de diversas doengas cronicas
como o cancer (MOLONEY & COTTER, 2018, ARFIN et al., 2021).

As células possuem mecanismos bioquimicos e genéticos complexos
para manter seu equilibrio redox. A formacdo de ERs acontece quando nao
ocorre a redugdo completa do oxigénio molecular por meio de 4 reagdes
sequenciais com doacgdes de elétron até resultar em agua (H2O), conforme
ilustrado na Figura 9. Embora, esses mediadores sejam discutidos como
majoritariamente  prejudiciais, 0s mesmos atuam como moléculas de
sinalizagao intracelular no balanceamento pro-oxidante/antioxidante celular
(NORDBERG & ARNER, 2001).
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Figura 9: Formacdo e metabolismo das espécies reativas (ERs) (adaptado de Nordberg &
Arnér, 2001).

Dessa forma, as diferentes concentragcdes de ERs produzidas nas
células tumorais podem expressar resultados distintos em relagdo ao
desenvolvimento do cancer (ZHAO et al., 2023). Podendo atuar de forma pro-
tumoral através da ativagao de sinais de promocédo do crescimento, aumento
da proliferacado e invasao de células tumorais e danos a biomacromoléculas,

como proteinas e acidos nucleicos. Também, niveis mais elevados de ERs
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podem aumentar o sinal antitumoral do corpo, iniciando a apoptose e a
autofagia induzidas pelo estresse oxidativo nas células tumorais e, isso tem
sido utilizado como uma nova estratégia antitumoral.

Usualmente, nas células tumorais a hiperproliferagcdo € acompanhada
por elevada produgao de espécies reativas de oxigénio (EROs), como o radical
de anion superdxido [0, *7], peroxido de hidrogénio [H2O.] e radical hidroxil
[HO®]. Durante este processo também sdo formadas as espécies reativas de
nitrogénio (ERNs), como o 6xido nitrico (NO) e seus metabdlitos reativos, como
o peroxinitrito (ONOQO") (VAN DER REEST et al., 2018, HAYES et al., 2020).

A fim de amenizar os efeitos nocivos relativos a constante producao de
ERs, existem sistemas antioxidantes diretos e indiretos que atuam sobre as
EROS e ERNs retardando ou inibindo danos em estruturas celulares. Estas
defesas podem ser enzimaticas, como as enzimas superdxido dismutase
(SOD), catalase (CAT) e glutationa peroxidase (GPx) ou ndo-enzimaticas como
as moléculas de baixo peso molecular de a-tocoferol, 3-caroteno, ascorbato e
glutationa redutase (GSH) (HALLIWELL & GUTTERIDGE, 2015).

Além disso, varios fatores de transcricdo sdo ativados pelas ERs e
regulam o estado redox das células, como a proteina ativadora 1 (AP-1), o fator
1-alfa induzivel por hipéxia (HIF-1a), o fator de choque térmico 1 (HSF1), o
fator nuclear-eritréide 2 p45 relacionado ao fator 2 (NRF2) e p53 (MARINHO et
al., 2014).

Dessa forma, as células tumorais, quando em condicbes de estresse
oxidativo prolongado, ativam o fator IX, proteina dependente de vitamina K
(KLF9) que acabam por tegular negativamente NRF2 que, em niveis
excessivos, também aciona os interruptores redox adicionais. Ainda, outros
fatores de transcricdo antioxidantes que modulam genes como NRF2, BACH1
AP-1, FoxO3 e PTEN também sado ativados (XIAO et al., 2003, HAYES &
DINKOVA-KOSTOVA, 2014).

Os alvos biologicos das ERs sao os principais grupos de biomoléculas
celulares, como proteinas, carboidratos, lipideos e acidos graxos, com foco
tanto nas ligagdes peptidicas quanto nas cadeias laterais (LEVINE, 2002).
Outro ponto séo as fragmentagdes oxidativas das bases do DNA por meio da
deplecado de GSH, as quais podem resultar em mutagdo ou danos nas fitas de
DNA (HIGUCHI, 2003).
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No cancer, as ERs sao amplamente produzidas e atuam rapidamente
ocasionando desregulagdo das fungdes celulares essenciais, como a
replicacdo e reparo do DNA, além de gerar metabdlitos ativos que estdo
diretamente relacionados aos fendmenos centrais na progressao tumoral, como
a angiogénese e a vasodilatagdo (SHAW et al., 2013, MENCALHA et al., 2014,
HE et al., 2023).

Durante a carcinogénese, ocorre oxidagdo do DNA pelas ERs gerando
subprodutos como a 8-hidroxi-2'-desoxiguanosina, responsavel por ocasionar
mutacdes. Outros alvos do ataque oxidativo sdo os lipideos, os quais
impulsionam reacdes de peroxidagcao lipidica, promovendo o aumento da
permeabilidade da membrana e consequentemente indugdo de morte celular
(REUTER et al., 2010, REMIGANTE et al., 2023). As proteinas também sao
afetadas pelas ERs, e por meio da oxidagdo podem sofrer modificagdes em
sua estrutura, prejudicando seu funcionamento (DI MEO & VENDITTI, 2020,
REMIGANTE et al., 2023).

Portanto, o aumento de ERs em células cancerigenas resultam em
intensificagdo de diversas atividades celulares (metabdlica, mitocondrial,
peroxissomal, sinalizacdo de receptores, oxidases, ciclooxigenases,
lipoxigenases, oncogénica dentre outras) podendo agir de maneira pré6 ou
antitumoral (STORZ, 2005, LIOU & STORZ, 2010, MOLONEY & COTTER,
2018).

Em diferentes tipos de cancer também ocorre o estimulo das vias de
sinalizacdo por meio de EROs via sinalizagcdo do receptor do fator de
crescimento (GF-R) que promove ativagdao da NADPH oxidase (NOX1) ou da
mitocdndria, com consequente inducdo de diversas cascatas de sinalizagao
celulares por oxidacao reversivel de fosfatases como proteina modificadora da
localizagéo subcelular de FoxO3 (PTEN), o qual atua como importante inibidora
da via PI3K/AKT, que pode culminar em ativagdo de NFkB (LIOU & STORZ,
2010).

Por outro lado, em 1988, Waters & Stack, foram os primeiros cientistas
a manusearem a indu¢ao de ERO como terapia anticancerigena, com o uso de
cloridarato de procarbazina, um medicamento quimioterapico muito empregado
no tratamento de linfoma de Hodgkin e canceres cerebrais. Desde entao, varios

farmacos quimioterapéuticos comuns (paclitaxel, vincristina e antifolato), tém



sido utilizados por promoverem a morte celular mitocondrial através da
liberacado de citocina ¢ via indugdo de EROs (PANCHUK et al., 2017, MEGIAS-
VERICAT et al., 2018).

Um estudo realizado por Binder et al. (2019), utilizou dissulfonato  de
ftalocianina de cloraluminio (CIAIPcS2) em células HelLa tratadas com terapia
fotodindmica (PDT) e terapia sonodindmica (SDT), os quais estimulou um
aumento substancial da fragmentagdo do DNA, induziu a produgdo de EROs e
diminuicao do indice de viabilidade dessas células.

Em linhagem Huh7 de carcinoma hepatocelular (CHC), a geracédo de
EROs apds tratamento com vitamina C, ocasionaram dano ao DNA e deplecao
de adenosina tri-fosfato (ATP), gerando estresse genotoxico e estresse
metabdlico, respectivamente, com ativagao do inibidor de quinase dependente
de ciclina p21, e consequente parada do ciclo celular na fase G2/M seguida de
apoptose nessas celulas (LV et al., 2018).

Corroborando com estes resultados, Rincheval et al. (2012) também
mostraram que as EROs enddgenas ou exdégenas estimuladas pelo uso de
paraquat desencadearam multiplas vias de morte celular através da ativagao
de genes relacionadosa apoptose, como Bcl-2 e enzimas caspases.

Dessa forma, os estimulos inflamatérios das vias de sinalizagao
influenciam no crescimento/proliferacao celular, diferenciacéo, sintese proteica,
metabolismo da glicose, sobrevivéncia celular e inflamacdo (REMIGANTE et
al., 2023). E, no cancer cervical, essas disfungbes podem impactar no
desenvolvimento de lesées bem como na persisténcia do HPV (RIBAS &
SUEN, 2013).

Estudos apontam que no carcinoma cervical ocorrem dois mecanismos
que envolvem o estresse oxidativo e o HPV: atividade genotdxica do estresse
oxidativo e inconstancia genbmica incitada pelo virus, o que estimula o
desenvolvimento de células neoplasicas e interacdo do estresse oxidativo com
um ou mais estagios de iniciacdo e/ou progressao neoplasica induzida pela
infecgao por HPV (BORGES et al., 2018).

Beevi et al. (2007) demonstraram o envolvimento do estresse oxidativo
e nitrosativo no cancer cervical através do aumento da peroxidagao lipidica e

dos niveis de produtos do NO, com diminui¢cao da atividade das enzimas SOD,



CAT e GPx, e elevacao de GST, enfatizando o papel desempenhado por EROs
e antioxidantes no cancer cervical.

De modo complementar, Manju et al. (2002) também observaram
baixos niveis de SOD e CAT, e altos niveis dos marcadores tumorais como
acido sialico total (TSA), aspartato transaminase (AST), alanina transaminase
(ALT) e fosfatase alcalina (FAL) na circulacdo de pacientes com céncer
cervical. Tais achados revelam que o estresse oxidativo induzido por radicais
livres pode ser exacerbado pelo decréscimo da eficiéncia dos mecanismos de
defesa antioxidantes.

Em outro estudo transversal realizado com pacientes com neoplasia
cervical na Coreia do Sul, pesquisadores constataram diminuicdo nos niveis
plasmaticos de multiplos micronutrientes antioxidantes como carotenoides proé-
vitamina A (B-caroteno e criptoxantina), carotenoides nao pro-vitamina A
(zeaxantina, licopeno e luteina), vitaminas antioxidantes soluveis em lipidios (a-
tocoferol e y-tocoferol), vitamina soluvel em agua (ascorbato). Também, houve
diminuicao significativa dos niveis de glutationa peroxidase, sugerindo que o
sistema antioxidante desempenha um papel importante no processo de
transformacao neoplasica do colo uterino (KIM et al., 2004).

Pandey et al. (2020) utilizaram um fitoquimico natural,
desoxielefantopina (DOE) em células de leiomioma uterino (MU) e
constataram que o tratamento induziu a producdo de ROS através do estimulo
da via apoptética intrinseca mitocondrial mediada por caspase-3, além de inibir
a proliferacdo destas através da parada do ciclo celular na fase G2/M e
diminui¢cao do potencial da membrana mitocondrial.

No Brasil, no estado do Para, um estudo com mulheres de 14 a 60
anos com e sem lesOes intraepiteliais escamosas de baixo grau positivas ou
ndao para HPV, mostrou a ocorréncia de niveis mais elevados de
malondialdeido e niveis mais baixos de SOD, CAT, GSH total e oxidada
(GSSG) (BORGES et al., 2018).

Nesse contexto, a terapia antioxidante tem certa contingéncia, pois ao
estimular o aumento de ERs, seu acumulo intracelular pode interferir com a
produgao de alguns marcadores tumorais e ativar as vias da apoptose e da

autofagia além de induzir parada do ciclo celular (LV et al., 2018, ZHAO et al.,



2023). Portanto, devido ao efeito bidirecional dos ERs, é surpreendente
encontrar a sua ampla perspectiva de aplicagao no tratamento de tumores.

Todavia, estas variacbes dos mecanismos inflamatérios e redox
observadas nas pacientes com cancer de colo uterino podem representar
possiveis alvos de investigacado para futuras intervengdes terapéuticas nestas
pacientes (SOUZA et al., 2021).

1.2.7 TRATAMENTO DO CANCER CERVICAL

A escolha da terapia para o carcinoma cervical € baseada em uma série de
fatores, incluindo o estagio do cancer, sua extensdo e presenca de metastases,
além da idade e saude geral do paciente (JOHNSON et al., 2019).

De acordo com as diretrizes de tratamento, recentemente atualizadas pela
Rede Nacional de Cancer Abrangente (NCCN, 2023), os tratamentos farmacoldgicos
para cancer cervical compreendem paclitaxel, fluorouracil, topotecano, doxorrubicina
e farmacos a base de platina como, por exemplo, cisplatina e carboplatina
(DUENAS-GONZALEZ, 2023, SHIRI et al., 2023, SINGH et al., 2020).

Além disso, sdo comumente usadas imunoterapias, visando estimulagao do
sistema imunoldgico através de produtos farmacéuticos (conjugados anticorpo-
droga, nanoparticulas de captura de antigeno, inibidores do ponto de controle
imunoldgico, anticorpos monoclonais, terapias imunoldgicas baseadas em células e
vacinas contra HPV), além de terapias combinadas, como associagcao de drogas
PD-1/PD-L1 ou com outras terapias, radioterapia pélvica, quimioterapia
(concomitante ou adjuvante), braquiterapia, quimiorradioterapia e intervengao
cirurgica delineadas como preservagdo ou nado da fertilidade (RIZVI et al., 2018,
JAIN, 2021, LOHMUSSAAR et al., 2021, PATEL et al., 2023). Mas, para aumentar a
eficiéncia do resultado, geralmente é realizada a combinagcdo de dois ou mais
desses tratamentos (LEITE et al., 2020, DE JAEGHERE et al., 2022, TOSSETTA &
MARZIONI, 2023).

Todavia, a paciente com cancer de colo de utero € submetida ao tratamento
polimodal, ou seja, que associa radioterapia, imunoterapia e, principalmente,
quimioterapia citotoxica. Esta ultima apresenta elevada toxicidade e nem sempre é
efetiva no cancer cervical (MOTOKI et al., 2012, SCHIFFMAN, 2017, VIZZA et al.,



2019, SINGH et al., 2020). Além disso, apresentam resisténcia a droga, causada
pela inativagdo e metabolismo de drogas por diferentes enzimas, como citocromos
P450 e, efeitos colaterais graves, principalmente neurotoxicidade e nefrotoxicidade,
causando recorréncia do tumor (MANDERS et al., 2018, AL-SARAIREH et al.,
2021).

Apesar de o cancer cervical ser uma doenca quase que 100% prevenivel,
seu diagnostico ainda ocorre de forma tardia em diversos paises, levando as
pacientes ao tratamento quimioterapico (VALE et al., 2010, RANDALL & GHEBRE,
2016). Mesmo com avangos das terapias disponiveis para impedir a progressao
dessa neoplasia, como cuidados preventivos por meio da vacinacdo para HPV e
realizacdo de testes regulares de Papanicolau (Pap), ainda ha muitos problemas
relacionados com a resisténcia do tumor, metastase, radiorresisténcia excessiva,
quimiorresisténcia e altas taxas de recorréncia, além dos diversos efeitos adversos
a longo prazo, como toxicidade hematoldgica, gastrointestinal e geniturinaria,
recorréncia local ou disseminacdo secundaria (30-40% dos pacientes),
micrometastases, sobrevida global de 5 anos (68%) e sobrevida livre de progressao
(66%) (MUNDT et al., 2003, VALE et al., 2010, RANDALL & GHEBRE, 2016, DURU
BIRGI et al., 2018, LOHMUSSAAR et al., 2021, MA et al., 2023, WANG et al., 2023).

Além disso, no microambiente pré-oxidante o efeito dos farmacos
antineoplasicos acaba por afetar a adaptacdo das células tumorais e assim,
compromete a eficacia da quimioterapia, cuja atribuicdo € a modulagdo da
homeostase redox sistémica (VICTORINO et al., 2014, LEMOS et al., 2015).

Portanto, ha uma necessidade de triagem e investimento em terapias
antineoplasicas que possuam menos toxicidade e sejam mais eficazes em induzir a
destrui¢cao celular primaria, bem como limitar a disseminagao metastatica impedindo

assim, a progressao para carcinomas invasivos (RAZLOG et al., 2023).

2 O USO DE COMPOSTOS NATURAIS COMO TERAPIA ADJUVANTE NO CANCER

A busca por compostos naturais que possuem propriedades
anticancerigenas tém sido impulsionada como alternativa terapéutica no
tratamento do cancer (YANG et al., 2023, ZHAO et al., 2023).

Terapias adjuvantes baseadas em produtos naturais tém sido utilizadas

no cancer cervical. Um exemplo €& o resveratrol, que apresenta efeitos



antiangiogénese, antiproliferagao, antimetastatico e pré-apoptético comprovado
clinicamente (SHAFABAKHSH et al., 2023).

Extratos de polifendis obtidos de fontes naturais da casca da roma
também  demonstraram  atividades  antioxidantes,  anti-inflamatdrias,
imunomoduladoras e antivirais, além de atividade antiproliferativa e
antineoplasica em modelos in vitro em linhagem celular HeLa de céancer
cervical por atuar na regulacdo do equilibrio redox celular, induzir parada do
ciclo celular e modulagdo de diferentes vias de sinalizagado (ativagdo das
caspases 3, 7 € 9, Bax, p53, mRNA) e regulagdo negativa da expressédo da
proteina NFkB, com consequente alteragdes na morfologia do nucleo da célula
e morte por apoptose (TENIENTE et al., 2023).

O extrato metandlico dos caules de Calystegia silvatica apresentou
propriedades antitumorais contra algumas linhagens de cancer cervical (HeLa),
préstata (PC3), mama (MCF7), colorretal humano (Caco2) e hepatocelular)
(HepG2). No entanto, nenhuma parte do extrato vegetal apresentou qualquer
citotoxicidade para as células normais (WI38) (YOUSSEF et al., 2023).

Ja espécies de Macleaya microcarpa (Maxim.) foram estudadas
utilizando-se o extrato etandlico (95%) das vagens desse fruto, no qual isolou-
se 19 alcaldides que posteriormente foram testadas em células MCF-7 e Hela,
cujo resultado foi apresentar atividade citotoxica sob essas linhagens (SAl et
al., 2023).

Recentemente, Vani e colaboradores (2023) realizaram uma analise in
silico com alguns produtos naturais (Apigenina, Baicaleina, Baicalina,
Ponicidina, Oridonina, Lovastatina, Triterpendide, Narirutina, Acido
Rosmarinico e Xantona) visando tria-los potencialmente contra a proteina E6
do HPV do cancer cervical. Apds estar de acordo com a Regra dos Cinco de
Lipinski, regra utilizada para avaliar se as caracteristicas fisico-quimicas de um
determinado composto quimico com atividade farmacoldgica esta viavel para
sua administragéo via oral e, também ser feita a analise ADME (Absorgao,
distribuicdo, metabolismo, excregédo e toxicidade), a Apigenina e a Ponicidina
foram consideradas as mais adequadas como potenciais inibidores contra a
proteina HPV-16 E6 para prosseguirem com futuros ensaios.

Outra anadlise fitoquimica com extratos metandlicos de raiz de

Pulsatilla vulgaris, composta por saponinas triterpendides, flavondides e acido



fendlico, suprimiram fortemente o crescimento e a proliferagao de células Hela,
alterando as principais moléculas de sinalizagdo envolvidas na progressao do
ciclo celular, com inibicdo da ativagdo dos fatores de transcricdo (AP-1, NFkB,
ETS), oncogenes (MYC, NOTCH), vias de sinalizagdao (Wnt, E2F, STATS3,
Smad, Hedgehog), além de induzir mitose no ciclo celular e morte apoptética
(LASKA et al., 2023).

Assim, nota-se que nos ultimos anos, o uso de compostos naturais
apresenta potencial como uma alternativa viavel no tratamento dos cénceres
em geral. Por conta disso, neste trabalho investigamos o potencial antitumoral
da trans-chalcona, um composto natural pouco explorado e cujos mecanismos

de acao ainda necessitam de estudos mais aprofundados.
2.1 CHALCONAS: CARACTERISTICAS QUIMICAS E POTENCIAL ANTICANCER

As chalconas (1,3-difenil-2-propen1-ona) pertencem a um grupo de
compostos fendlicos de cadeia aberta a,B-insaturadas, que possuem dois anéis
aromaticos ligados por um fragmento propenona de trés carbonos, sendo que
um anel aromatico esta diretamente ligado a carbonila (anel A) e o outro ao
carbono B da funcdo olefinica (anel B) conforme ilustrado na Figura 10
(EDDARIR et al., 2003, NOWAKOWSKA, 2006).

O

B
“

14

Figura 10: Estrutura geral da Chalcona (1,3-difenil-2-propen-1-ona) composta por dois anéis

aromaticos: carbonila (A) e olefinica (B) (adaptado de Custodio et al., 2018).

Sao derivados flavondides e bioflavondides naturais ou sintetizados em
plantas medicinais, sendo relevantes para a pigmentacdo de algumas flores
conferindo cor amarela as pétalas (KUETE et al., 2015, HORTA et al., 2023).



Sado consideradas uma das principais classes de produtos naturais,
abundantemente encontradas em plantas das familias Leguminosae,
Compositae e Moraceae, com ampla distribuicdo em frutas (ex. citricos,
macas), vegetais (ex. tomate, batata), graos, raizes, vinhos, especiarias e chas
(NOWAKOWSKA, 2006, BUKHARI et al., 2012, LIMA et al., 2017).

Essa classe de compostos ja foi descrita como antioxidantes
(SIMIRGIOTIS et al., 2008, NOORI et al., 2023), anti-inflamatéria (ZHUANG et
al., 2017), antimalarica (KUMAR et al., 2023), antifungica (OSMANIYE et al.,
2023), anti-hiperglicémica (DAMAZIO et al., 2010), anticancerigenas
(BHOJWAN et al., 2023, YANG et al., 2023), citotoxicas (CHENG et al., 2001,
VOGEL et al., 2008), anti helmintica (NERYA et al., 2004), antibacterianas (XU
et al., 2019) e antimicrobianas (THEBTI et al., 2023).

As chalconas naturais e sintéticas também apresentaram potente
atividade anticancerigena contra diferentes linhagens celulares devido a sua
capacidade de se ligar a elementos de resposta no DNA, o qual essa ligagcao
inibe a transcricdo de genes que regulam a proliferacao celular, também exibe
atividade anti-inflamatodria, que pode ser devida a inibicdo de citocinas pro-
inflamatdrias, como o fator de necrose tumoral alfa (TNFa) (DIMMOCK et al.,
1999, NI, 2004, BATOVSKA & TODOROVA, 2010, BORTOLOTTO et al., 2017,
PINTO et al., 2019, HORTA et al., 2023).

Algumas chalconas sao fototransformadas a partir de irradiagao de luz
em solugcdo metandlica, sendo entdo isomeradas nas conformagdes cis
(isbmero Z ou 2) ou trans (isbmero E ou 1) de acordo com a posi¢ao do grupo
hidroxila na molécula, sendo intermediarios comuns, considerados precursores
encontrados em plantas de uso medicinal (Figura 11) (IWATA, 1997, Nl et al.,
2004, NOWAKOWSKA, 2007). O isdbmero E (frans-) é considerado
termodinamicamente mais estavel, com sua estrutura predominante entre as
chalconas e, portanto, encontradas em maior concentracdo nas plantas
(AKSOZ & ERTAN, 2011, 2012, WALYELDEEN et al., 2023).
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Figura 11: Conformagdes frans (A) e cis (B) da Chalcona (adaptado de Cesarin-Sobrinho et al.,
2001).

Nos ultimos anos as chalconas vém sendo sintetizadas com o intuito de
desenvolver farmacos contra uma diversidade de doencas como leishmaniose,
malaria, fungos, bacterianas, virais, degenerativas, infecciosas e diversos tipos
de cancer (EDDARIR, 2003; JAYASINGHE et al., 2004, HEIDARI et al., 2009,
VANANGAMUDI et al., 2018, FERREIRA et al., 2018, MIRANDA-SAPLA et al.,
2019). Derivados de chalcona, testados na linhagem MDA-MB-231 de cancer
de mama, apresentaram efeitos citotoxicos confirmados, além de induzir a
morte celular por apoptose, decorrentes da ativagédo de vias apoptéticas e acéo
antiproliferativa (BORTOLOTTO et al., 2017, PADAULENG et al., 2023).

Foi comprovado que esse composto também inibe a cascata de
sinalizagcdo JAK/ STAT reduzindo a fosforilagdo de STAT e inibe a via Wnt,
importante na carcinogénese, consequentemente diminui o crescimento e
proliferacdo de neoplasias malignas (MAHAPATRA et al., 2015).

Em estudo realizado com derivados de chalcona (1-18) revelou
atividade antiproliferativa associado a um efeito antimitotico contra as linhagens
celulares melanoma (A375-C5), adenocarcinoma de mama (MCF-7) e cancer
de pulméo de células nado pequenas (NCI-H460) (PINTO et al., 2019, HORTA
et al.,, 2023). Nesse caso, todas as chalconas foram capazes de afetar a
viabilidade metabdlica de linhagens de células tumorais, derivadas de tumores
liquidos e solidos (Jurkat, LNCaP, PC-3 e HelLa).

Em linhagens celulares de cancer de bexiga humano (T24 e HT-1376),

a chalcona inibiu a proliferagcao delas, induzindo a apoptose e bloqueando a



progressao do ciclo celular na fase G2/M (SHEN et al., 2007). Ja em células
DU145 e PC3 de céncer de préstata suprimiu a proliferagdo e sua migragao
além de ocasionar danos ao DNA celulares (XIAO et al., 2023).

Os efeitos anti-inflamatérios das chalconas e seus derivados, de
acordo com Nowakowska (2006) incluem a redugéo dos niveis de TNF-a, NO,
IFN-y, prostaglandinas e IL-6. Segundo estudos, este efeito se deve ao fato da
inativagdo de NFkB, que regula mais de 400 genes envolvidos na inflamacéo,
sobrevivéncia e proliferagdo celular, invasdao, angiogénese e metastases
(YADAV, 2011, NOURBAKHSH et al., 2023).

Ela foi capaz também de inibir a atividade da enzima mieloperoxidase
(MPO), a expressdo de TNF-a, a producéo de IL-6 além da translocagédo do
NF-kB para o nucleo celular da colite induzida com acido trinitrobenzeno
sulfénico em ratos (PARK et al., 2012).

Ja em quatro linhas celulares de cancer humano, incluindo Hela, A549,
HepG2 e HL-60, mostrou ter atividade antitumoral via produ¢édo de EROs com
consequente indugao de apoptose. Em especifico na linhagem HelLa, melhorou
o fluxo de autofagia sem depender da via de sinalizagdgo mTOR
(WALYELDEEN et al., 2023).

Gunasekaran e colaboradores (2023) avaliaram derivados de
chalconas de acrilamida quanto a atividade para inibicdo da multiplicagcao
celular contra duas linhagens de células cancerigenas MCF-7 e Hel.a, e seus
resultados in vitro mostraram agao antiproliferativa sob as mesmas.

Portanto, este composto e seus derivados sao considerados
promissores para a concepg¢ao de novos farmacos contra células cancerigenas
devido a aplicagdo terapéutica para muitos tipos de cancer, em especial no

carcinoma cervical.

2.2 TRANS-CHALCONAS

A trans-Chalcona (TC) é um produto biossintético que possui dois anéis
aromaticos unidos por um ligante de trés carbonos e, a partir da estrutura do
nucleo sao obtidos varios derivados conforme ilustrados na Figura 12 (1,3-
diphenyl-2-propen-1-one), também denominado de nucleo bifendlico dos

precursores flavondides, o qual pode ser sintetizado pela combinagdo de



benzaldeido e acetofenona (KARKHANEH, 2016, OMIDI-SHAHSAVANDI et al.,
2023).

Figura 12: Estrutura da trans-Chalcona (1,3-diphenyl-2-propen-1-one) (autor).

Um estudo in silico realizado por Miranda-Sapla et al. (2019) mostrou
que a TC esta de acordo com a Regra dos Cinco de Lipinski (Ro5) (LIPINSKI et
al., 1997), pois apresentou parametros seguros e biodisponiveis por via oral,
devido a semelhanga com medicamentos seguida pela regra adicional proposta
por Veber et al., (2002). Em relagdo as propriedades ADMET (absor¢ao,
distribuicdo, metabolismo, excregao e toxicidade) também se mostrou favoravel
a elas, inferindo boa chance para ser desenvolvida como uma candidata a
medicamento (LIPINSKI, 2004).

2.3 MECANISMOS ANTITUMORAIS DA TC

TC administrada por via oral apresentou influéncia positiva na fibrose
hepatica induzida por dieta hiperlipidica (HFD), por ocasionar efeitos
hepatoprotetores, como acido antioxidante, anti-obesidade e aumento dos
niveis de adiponectina, horménio proteico responsavel pela regulagdo de
glicose e catabolismo de acidos graxos no figado (KARIME-SALES et al.,
2017).

Segundo estudos realizados por Shen et al. (2007), a TC também inibiu
a proliferacdo de cultura de células cancerigenas humanas por bloquear a
ativagcdo do NFkB, ocasionando entdo aumento da degradagéo da proteina
inibitéria de kappa B (I-kB) pelo fator IKK no citoplasma. No entanto,
resultados contrarios, com concentragcbess aumentadas desses fatores no
nucleo e no citoplasma de células infectadas pelas proteinas E6 e E7 do HPV

ja foi descrita em neoplasia invasora do colo uterino (JAMES et al., 2006).



Na linhagem tumoral HepG2 de carcinoma hepatocelular (CHC), a TC
melhorou a sobrevivéncia celular ao diminuir a peroxidacao lipidica e promoveu
retardo do consumo de antioxidantes celulares no estresse oxidativo induzido
por peroxido de hidrogénio (SIKANDER et al., 2011).

Em outra linhagem de CHC, células tumorais HuH7.5, a TC reduziu a
viabilidade dessa linhagem, causando alteracbes mitocondriais, atuando de
maneira citostatica com concomitante parada no ciclo celular nas fases G0/G1
via aumento da expressao p-p53 e diminuicdo de B-catenina (SIQUEIRA et al.,
2020).



3 OBJETIVOS

3.1 OBJETIVO GERAL

Investigar a agao antitumoral trans-chalcona (TC) em modelos in vitro
de carcinoma cervical utilizando as linhagens tumorais HelLa e SiHa.

3.2 OBJETIVOS ESPECIFICOS

. Investigar se o tratamento in vitro com trans-chalcona inibe a
proliferagdo e sobrevivéncia das linhagens tumorais HelLa e SiHa;

. Verificar se o tratamento com TC provoca alteragdes morfologicas
e ultraestruturais;

. Analisar se a TC inibe o potencial migratério de ambas as
linhagens celulares;

. Mensurar se a TC altera os niveis de estresse oxidativo das
células tratadas, através da medida da produgdo de hidroperoxidos e
metabodlitos do 6xido nitrico;

. Avaliar se a TC promove despolarizacdo mitocondrial, induz
formacao de goticulas lipidicas e vacuolos autofagicos nas células HelLa e
SiHa;

. Analisar o perfil de expressao dos fatores de transcricao NFkB e
NRF2 nas células tratadas com TC envolvidos no carcinoma cervical.
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Highlights

TC reduces viability of HeLa and SiHa tumor cells;

TC induces mitochondrial depolarization, formation of lipid bodies and
autophagic vacuoles;

TC causes morphological and structural changes in cell lines;

TC inhibits the migratory potential of both cell lines.

Abstract

Background: In this study, the antitumor action of trans-chalcone (TC) on HelLa
and SiHa cell lines of cervical carcinoma was investigated.

Methods: Tumor cells of HeLa and SiHa strains were treated with TC at
increasing concentrations and the 50% cell inhibitory concentration (ICsp) was
determined within 24 hours. Thereafter, assays were performed to determine
the morphological and ultrastructural changes by scanning and transmission
microscopy respectively, cell viability by MTT and trypan blue, as well as the
possible death mechanisms involved.

Results: We observed that TC treatment was able to promote reduced cell
viability of HeLa and SiHa cervical carcinoma cell lines, induce morphological
and ultrastructural changes of these cells with inhibition of tissue migration
ability. Subsequently, we found that TC treatment was able to induce lipid
droplet formation and autophagic vacuoles with consequent cell death by late
apoptosis.

Conclusion: TC treatment was able to reduce the viability of HeLa and SiHa
cells, showed cytostatic activity with reduction of the same, showed a metabolic
stress profile due to the formation of lipid droplets and autophagic vacuoles,
with consequent apoptotic cell death confirmed by MET and SEM images.
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Keywords: Uterine Cervix; Squamous Cell Carcinoma; Adenocarcinoma;

Flavonoids; Metabolic Stress; Cell Death.

Abbreviations: SCC: squamous cell carcinoma; ADC: adenocarcinoma; HPV:
human papillomavirus; TC: ftrans-chalcone; CIS: cisplatin; DMSO:
dimethylsulfoxide; DMEM: Dulbecco's modified Eagle's medium; RPMI: Roswell
Park Memorial Institute; FBS: fetal bovine serum; PBS: Phosphate-buffered
saline; MTT: dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide; 1Csy: 50%
inhibitory concentration; MDC: monodansylcadaverine; SEM: scanning electron

microscopy; TEM: transmission electron microscopy; LD: lipid droplets.

1. Introduction

Cervical cancer is the fourth most prevalent type of cancer among
women worldwide, with an estimated 604,127 new cases and 341,831 deaths in
2020, with more than 90% of new cases and deaths occurring in countries low-
and middle-income groups (WHO, 2020). According to the International Agency
for Research on Cancer (IARC) (2022), the worldwide incidence was 7.7%
cases, in Brazil it represented 8.7% of occurrences.

The most important etiological agent that lead to the development of
cervical cancer is the human papillomavirus (HPV), responsible for 99% of all
cases, with the hrHPV-16 and hrHPV-18 genotypes being the most prevalent
(Siddig et al., 2023; Brankovic et al., 2013). Among the cases, 70% correspond
to squamous cell carcinoma (SqCa), located in the exocervix, followed by 25%
of occurrence of adenocarcinoma (AdCa), located in the endocervix, derived
from secretory/glandular epithelial cells (Cohen et al., 2019; AMERICAN
CANCER SOCIETY, 2023).

According to treatment guidelines, recently updated by the National
Comprehensive Cancer Network (NCCN, 2023), pharmacological treatments for
cervical cancer include paclitaxel, topotecan, doxorubicin and platinum-based
drugs such as cisplatin and carboplatin (Kitagawa et al., 2015; Siegel et al.,
2020; Markandeywar et al., 2023; Duenas-Gonzalez, 2023). In addition,
immunotherapies with pharmaceuticals (antibody-drug conjugates, antigen-
capturing nanoparticles, immune checkpoint inhibitors, monoclonal antibodies),



cell-based immune therapies, immunogenic therapy (vaccines), combination
therapies (combination of programmed cell death protein 1 (PD-1)/programmed
cell death protein 1 (PD-L1) ligand drugs or with other therapies), pelvic
radiotherapy, chemotherapy (concurrent or adjuvant), brachytherapy,
chemoradiotherapy, and surgical intervention outlined preservation or not of
fertility (Rizvi et al., 2018; Jain, 2021; Léhmussaar et al., 2021; Patel et al.,
2023; Xing et al., 2023).

Despite advances in treatments available to prevent the progression of
this neoplasm, there are still many problems related to tumor resistance,
metastasis, excessive radioresistance, chemoresistance, metastasis, high
recurrence rates, in addition to the various long-term adverse effects, such as
hematological toxicity, gastrointestinal and genitourinary tract, local recurrence
or secondary dissemination (30-40% of patients), micrometastases, 5-year
overall survival (68%) and progression-free survival (66%) (Vale et al., 2010;
Randall & Ghebre, 2016; Duru Birgi et al., 2018; Lohmussaar et al., 2021; Ma et
al., 2023; Mundt et al., 2003; Wang et al., 2023). Therefore, there is a need for
screening and investment in antineoplastic therapies that have less toxicity and
are more effective in inducing primary cell destruction, as well as limiting
metastatic spread, thus preventing progression to invasive carcinomas (Razlog
et al., 2023).

Chalcones (1,3-diaryl-2-propen-1-ones), one of the main classes of
natural products, are derived from flavonoids and bioflavonoids synthesized in
plants (Nowakowska, 2006; Bukhari et al., 2012). It has already been described
as antioxidant, cytotoxic, antimicrobial, antiprotozoal, anti-inflammatory and
antitumor (Dimmock et al., 1999; Ni et al., 2004; Batovska & Todorova, 2010;
Bortolotto et al., 2017). This class is phototransformed from photochemical
reactions, either by irradiation of light in methanolic solution into a cis or trans
conformation according to the position of the hydroxyl group in the molecule
and also by photomechanical effects of molecular crystals caused at molecular
dihedral angles in the a,B-insaturated ketones of the chalcone structure (lwata
et al., 1997; Yue et al., 2023). However, trans is considered thermodynamically
more stable than cis, found in higher concentrations in plants, but it can also be
synthesized in the laboratory by combining benzaldehyde and acetophenone
(AksOz & Ertan, 2011; Sahu et al., 2012; Karkhaneh et al., 2016).



Trans-chalcone (TC) is a common flavonoid precursor, a natural
product obtained from chalcone, as illustrated in Figure 1 (1,3-diphenyl-2-
propen-1-one), and can also be synthesized chemically or biologically (lwata et
al., 1997; Aksoz & Ertan, 2011; Karkhaneh et al., 2016). An in silico study
conducted by Miranda-Sapla et al. (2019) showed that TC is in accordance with
Lipinski's rule of five (Ro5) (Lipinski et al., 1997), as it showed safe and
bioavailable parameters by oral route due to drug similarity and also proved
favorable for most ADMET properties (absorption, distribution, metabolism,
excretion, and toxicity) (Lipinski, 2004).

Thus, studies show its various biological effects as antioxidant, anti-
inflammatory and antiproliferative in different lineages, such as bladder cancer
(T24 and HT-1376), liver carcinoma (HepG2), endometrial carcinoma (Ishikawa
strain), breast cancer (MCF-7 and MDA-MD-231), osteosarcoma (U20S and
SJSA-1), colon carcinoma (HCT-116), epithelial carcinoma (FaDu) and
fibroblast (3T3) (Shen et al., 2007; Bortolotto et al., 2017; Mateeva et al., 2017;
Silva et al., 2018, 2016). Recently, a study showed that TC reduced the viability
of HuH7.5 hepatocellular carcinoma tumor cells by causing mitochondrial
alterations, thus reducing viability. In addition, the compound acted in a
cytostatic manner leading to cell cycle arrest in GO/G1 phases via increased
expression of p53 and decreased [3-catenin (Siqueira et al., 2020).

However, as there are still no studies described in the literature using
this flavonoid in vitro on cervical epithelium or cancers derived from it, we
investigated the possible effects of TC on HelLa and SiHa cell lines of cervical

carcinoma, as well as its related mechanisms.

O

Figure 1: Chemical struture of frans-chalcone (TC)



2. Materials and methods

21 Trans-chalcone

Commercial trans-chalcone (TC), with a purity of 97%, was obtained
from Santa Cruz Biotechnology, Inc. (Santa Cruz Biotechnologies, CA- Catalog
Number sc-204681 - Dallas, TX, USA). The TC stock solution was dissolved in
1% dimethyl sulfoxide (DMSO) (GIBCO, Invitrogen, New York, USA). The

concentration of DMSO did not exceed 0.01% in all experiments.

2.2  Culture of tumor cells

Established cervical carcinoma cell lines, HeLa and SiHa, were cultured
in RPMI (Lifetechnologies, Carlsbad, CA, USA) and DMEM (Lifetechnologies)
medium, respectively. Both supplemented with 10% fetal bovine serum (SFB,
GIBCO, Invitrogen, New York, USA), 100 U/mL penicillin and 100 pg/mL
streptomycin (Santa Cruz Biotechnologies) and maintained in an incubator at
37°C, 5% CO; (Sanyo, Japan). Since there have been no studies using this
compound as a treatment for cervical carcinoma, we investigated the

mechanisms of action on these tumor cells.

2.3 Evaluation of cell viability by MTT assay

HelLa and SiHa cells (10*/96 well) were plated and treated with TC at
various concentrations (1.56, 3.12, 6.25, 12.5, 25, 50 and 100 uM). The viability
evaluation took place after 24, 48 and 72 h of treatment through the
metabolization of MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide), as previously described (Siqueira et al., 2020). Thus, after the
treatment time, the culture medium was removed, and 100 pL of MTT solution
(0.33 mg/ml) (Sigma, St. Louis, MO, USA) was added. After 3 hours of
incubation, 100 uyl of DMSO (Sigma-Aldrich) was added for dilution of formazan
crystals. The controls would consist of: negative control (culture medium),
positive control (50 uM Cisplatin) and vehicle (0.01% DMSO). Quantification of
MTT metabolism was performed by means of spectrophotometric reading
(Thermo Scientific Multiskan, GO) at 540 nm. To evaluate the inhibitory

concentration for 50% of the cells (IC50) treated with TC, logarithmic regression



was performed. Thus, ICsg values of 28 uM for HeLa and 23 yM for SiHa were

determined within 24 h, used in the following experiments.

2.4 Viability assessment by trypan blue exclusion

HelLa and SiHa cells (10*/96 well) were treated with their respective ICsg
(28 pM (HelLa) and 23 puM (SiHa). Photomicrographs were taken using the
EVOS Microscope FL Auto Cell microscope (Thermo-Fisher Scientific,
Multiskan GO, Waltham, MA, USA) at 400x magnification. Then, the cell
suspension was diluted in a 0.4% trypan blue solution in a 1:1 ratio. The total
number of viable and dead cells were counted by light microscopy (Olympus
BX41, Olympus Optical Co, Ltd., Tokyo, Japan) with the aid of a neubauer

chamber.

2.5 Determination of autophagic vacuoles

For quantification of autophagic vacuoles, cells treated with TC-ICs5p 28
UM (HeLa) and 23 pM (SiHa) (10* cells/96 well) were stained with
monodansylcadaverine (MDC) (50 uM) (Sigma-Aldrich, St. Louis, MO, USA), as
described by Siqueira et al. (2020). Analysis was performed on a fluorescence
microplate reader (Victor X3, PerkinElmer, Finland) using excitation

wavelengths of 380 nm and emission of 525 nm.

2.6 Detection of lipid bodies

To evaluate the formation of cytoplasmic lipid bodies, HeLa and SiHa
cells (10* cells/96 well) were treated with TC-ICs, 28 uM (HelLa) and 23 uM
(SiHa) for 24 h. Then, they were labeled with Villus Red (10 pg/mL) (Sigma
Aldrich, St. Louis, MO, USA) for 30 min and analyzed in a Perkin-Elmer Victor
X3 fluorimeter using wavelengths of 530 nm (excitation) and 635 nm (emission),
as described by Concato et al. (2020).

2.7 Cellular scratch test

To evaluate cell migration, HeLa and SiHa cells (105/6 well) were kept
in an incubator until they reached confluence. Subsequently, a “scratch” was
made in the monolayer with a delicate passage of a 10 uL pipette tip over the
bottom of each well, which predisposed a discontinuity in the monolayer, whose



cells at its margin tend to migrate to empty spaces. Then, the cells were treated
with concentrations of TC-ICsp 28 yM (HeLa) and 23 upM (SiHa) and
photomicrographs (40x objective) taken by the EVOS microscope (Life
Technologies) at times 0 and 24 h. Migration was evaluated as free area (region
with no cells) and this was measured using the Image-Pro Plus program, and

the percentage decrease in area characterized the cell migration index.

2.8 Assessment of morphological changes by scanning electron
microscopy (SEM)

For analysis of morphological alterations by SEM, cells (5x10° cells/6
well) were treated with TC-IC5 28 pM (HelLa) and 23 uM (SiHa) for 24 h.
Subsequently, the cells were washed in PBS and fixed by immersion in 2.5%
glutaraldehyde and 0.1 M sodium cacodylate buffer for 24 h. Then, the cells
were washed with 0.1 M sodium cacodylate buffer and dehydrated in increasing
concentrations of ethanol (30, 50, 70, 90, 95 and 100%). The cells were then
subjected to the critical point by replacing ethanol with CO,, metallized with gold
and visualized in a double-beam scanning electron microscope (FEI Scios,
Oregon, USA).

2.9 Evaluation of ultrastructural changes by transmission electron
microscopy (TEM)

For analysis of ultrastructural changes by TEM, cells (5x10° cells/6 well)
were treated with TC-ICso 28 uM (HelLa) and 23 uM (SiHa) for 24 h. Then, the
cells were washed in PBS and fixed by immersion in 2.5% glutaraldehyde and
0.1 M sodium cacodylate buffer for 24 h. Afterwards, the cells were washed with
0.1 M sodium cacodylate buffer, post-fixed in 1% osmium tetroxide and 0.8%
potassium ferrocyanide at room temperature, washed in 0.1 M sodium
cacodylate buffer, dehydrated in increasing concentrations of acetone (30, 50,
70, 90, 95 and 100%), embedded in Epon resin and polymerized in an oven at
60 °C for 72 h. Ultrathin cuts were made in an ultramicrotome (PowerTomer
BMC — Germany), and then inserted in a copper grid, counterstained with uranyl
acetate for 20 min, and lead citrate for 10 min, and visualized in a transmission

electron microscope JEOL JEM 1400 (Tokyo , Japan).



210 Cell death assay

HelLa and SiHa cells (10° cells/6 well) were treated with TC-ICso 28 uM
(HeLa) and 23 pM (SiHa) for 24 h, and analysis was performed by Annexin V
staining and cell death kit. For each sample, 2,500 events were acquired and
analyzed in a flow cytometer (Muse Cell Analyzer, Merck Milipore, Billerica ,
MA, USA) as described by Concato et al. (2020).

3. Results

3.1  TC reduced the viability of Hela and SiHa cells

We observed in the MTT assay that the cell viability of the HeLa and
SiHa lineage in the groups treated with TC decreased significantly (p<0.0001) at
all times tested, when compared to the control and vehicle (p<0.0001).
Furthermore, it was observed that after 24 h of treatment, doses of 25, 50 and
100 uM of TC were more effective on tumor cells than the positive control (CIS)
(p<0.0001) and and vehicle (p<0.0001), with reductions of 51.95, 44.49 and
40.52% in the HelLa (Fig. 2A) and in the SiHa cell there was a reduction of
40.39, 40.82 and 26.01%, respectively (Fig. 2D).



150 24 Hours 150 24 Hours
2 ;]
o 1007 S 100 |
3 2 £
2 -—
T 2 s » 3
e 2 504
35 Hiit#
0_
s & o Q‘$ %$ 9:‘?‘“ ﬁ\?é\ Q‘?\x\ o‘#
< & &P PSS
A PP S
B E 48 Hours
150 48 Hours 150
[} g FhdR
T 100 g 1007
o 2@
$ 3
E 50 ] z 50
= S
## :
0- 0-
"y N
SEFTFFHF &S SEIT TIPS
S P - S - P AP AN & Q < o G [ S
(€ B d N ) K
SN e o VS F T Y W VPN
[P I (& PO AT AT KL
150 72 Hours 150 72 Hours
] L]
g 100+ 3 100 i
Q [*]
2 2
g s
> 50 AAEE > 504
= 2
0- 0-
» (] >
& & Q$6§b§ﬁ§0$ﬁ§ & ST
P R P - D - R Y
Q° 3\ "j: BW ,\'], c’q’ 063 D ) K\ . « VvV '3,' orlr ) N
oo A <L [ IR PR NN ¢

Figure 2: Effect of different TC concentrations on the viability of HeLa and SiHa cell lines.
HelLa and SiHa cells were treated with TC for 24, 48 and 72h at concentrations of 6.25, 12.5,
25, 50 and 100 uM for 24 (A, D), 48 (B, E) and 72h (C, F). The relative survival rate of HeLa and
SiHa cells were detected by the MTT assay. Control (culture medium), Vehicle (DMSO 0.01%)
and Positive Control (Cisplatin 50 uM). Values represent the mean + standard error of the mean
of three independent experiments performed in triplicate. The One-way ANOVA statistical

method was used followed by the Tukey Test.**** Significant difference in relation to the control



(p = 0.0001). ## Significant difference compared to the positive control (p < 0.01) and ### (p <
0.0001).

From the viability assay, the TC inhibitory concentrations for 50% of the
cells (ICsp) of each time analyzed in both cell lines were calculated. The results
obtained for HeLa were 27.95 uM (+£0.06) at 24 hours, 1.15 pM (£0.07) and 0.52
MM (£0.10) at 48 and 72 hours (data not show) and for SiHa were 23.00 (+0.03)
at 24 hours, 17.32 (x0.06) and 17.12 (£0.04) at 72 hours (data not show). Thus,
as the values obtained at 48 and 72 hours affected more than 50% of cell
viability, we proceeded with the other experiments with the 1C5y (28 uM = 0.06)
for HeLa and (23 uM = 0.03) for SiHa at time of 24 h, period in which TC
showed effective antiproliferative activity by eliminating tumor cells, without

causing aggressive damage to these cells (Table 1).

ICs0 (XSEM)
Cell Type 24h
HelLa 27.95 uM
(£0.06)
SiHa 23 uM (£0.03)

Table 1: Evaluation of inhibitory concentration for 50% of cells treated with trans-chalcone (TC-
ICs) at 24 h for HeLa and SiHa tumor lines.

In the next experiments the 24 h ICsy values were used. Additionally,
after 24 h of treatment of HeLa and SiHa cells, the total number of viable cells
was counted by the trypan blue exclusion method. We found that treatment with
ICs50 of TC in both lineages significantly reduced the number of viable cells when
compared to control (p < 0.0001), with 51.72% in HelLa and 34.83% in SiHa
(Fig. 3A, B).

Corroborating with these data, representative images demonstrated that
growth was altered in both cell lines after treatment with TC-IC5p at 24 h, as well
as visible morphological changes, such as phenotypic mischaracterization, with

increased cell spacing and elongation, compared to the control group (Fig. 3C).
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Figure 3: Effect of TC-IC5, on viability and morphology of HeLa and SiHa cell lines. HelLa
and SiHa were treated with their respective TC-ICs,. The number of viable cells was determined
by the Trypan Blue exclusion method after 24 h of treatment in HeLa (A) and SiHa (B). The
morphology evaluation was observed by light microscopy, representative images were captured
(400x) (C). Control (culture medium) and Positive control (Cisplatin 50 yM). Values were
expressed as mean + standard error of mean. **** p<0.0001 vs. control. Phenotypic
descharacterization (*); Increased spacing (), Cell elongation (=).



3.2 TC induced morphological and ultrastructural changes in HeLa and
SiHa

In order to evaluate morphological changes, cells treated with TC-ICs
were analyzed by SEM. Thus, both cells from the control group HelLa (Fig.
4Ae D) and SiHa (Fig. 4G and J) presented adhered to the substrate, with the
presence of membrane projections (lamellipodia and filopodia). In addition, the
cell membrane was intact and had projections, the so-called microvilli, all over
the cell surface. However, HeLa (Fig. 4B, C, E and F) and SiHa (Fig. 4H, |, K
and L) cells treated with TC-IC5o for 24 h exhibited severe morphological
changes characterized by size reduction and breakage of lamellipodia and
filopodia, cell membrane shrinkage, irregular surface, reduced microvilli,
damage and membrane rupture. These data show that the treatment besides
inhibiting cell proliferation is efficient in causing morphological alterations in the

cells and consequent reduction of cell movement capacity.



Hela

SiHa

Figure 4: Morphological changes in HeLa and SiHa cells treated with TC IC5, for 24 h.
HelLa and SiHa cells incubated with TC (ICs) for 24 h were evaluated by scanning electron
microscopy (SEM). HelLa cells incubated with culture medium (control) (A, D) and treated with
TC ICs (B, C, E and F). SiHa cells incubated with culture medium (control) (G, J) and treated
with IC50 of TC (H, I, K and L). Filipodia (F); Lamellipodia (L); Microvilli (Mi); Microvilli reduction
(Mi*); Cell membrane retraction (»); Cell membrane damage and rupture (=). Scale bars: 10

um.

Ultrastructural changes were evaluated by transmission electron
microscopy after treatment with TC-ICso HeLa and SiHa cells. Comparative
analyses of untreated and TC-treated tumor cells are depicted in FIG. 5. HelLa
(Fig. 5A and D) and SiHa (Fig. 5G and J) cell lines of the control group show
well-preserved cell structures, such as mitochondria, nucleus, endoplasmic
reticulum, Golgi complex, plasma membrane, and presence of microvilli.
However, HelLa (Fig. 5B, C, E and F) and SiHa (Fig. 5H, I, K and L) cells
treated with TC-ICsy for 24 h showed ultrastructural changes characterized by



increased accumulation of lipid bodies and autophagic vacuoles, mitochondrial

changes, reduction of microvilli, damage and rupture of the cell membrane.

Hela

Figure 5. Ultrastructural changes in HeLa and SiHa treated with TC-IC5, for 24 h. (A,D)
Untreated Hela cells (control); (B,C,E,F) HelLa cells treated with TC-ICs. (G,J) Untreated SiHa
cells (control); (H,l,K,L) SiHa cells treated with TC-ICsq. Golgi complex (Gc); Microvilli (Mi);
Mitochondria (m); Nucleus (Nu); Endoplasmic reticulum (er); Mitochondrial change (m*);
Microvilli reduction (Mi*); Cell membrane damage and rupture (»); Autophagic vacuoles (=);
Lipid bodies (*). Scale bars: 800 nm (A,G,J) 400 nm (B-F,H,|,K,L).
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3.3 TC treatment reduced the migratory capacity of HeLa and SiHa cells



The capacity for migration and tissue invasion was performed through
the wound closure assay, in order to investigate the in vitro migratory potential
of HelLa and SiHa cells treated with TC-ICso and monitored at time intervals O
and 24 hours (FIG. 6). Quantitative analysis revealed that the control group of
both lineages migrated to the wound site covering 100% closure within 24
hours. The group that received the treatment regressed in this process,
confirming the reduced capacity for migration, characteristic of these tumor
cells. Regarding the quantification of the distance, we observed that the
treatment further expanded this space when compared to the control HeLa e
SiHa (100%) (Fig. 6A,C).
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Figure 6: Cell migration with scratch wound healing assay in HeLa and SiHa cell lines
treated with TC-IC5, for 24 h. Analysis of the scratch distance done between 0 and 24 hours
after treatment with TC-ICsy (6A,C). Observation of the calculated trace width using the ImageJ

microscope application (6B,D). Data are presented as mean % standard deviation, *p < 0.05 vs.
control.

3.4 TC induced the formation of lipid droplets and autophagic vacuoles
in HeLa and SiHa cells



In order to elucidate the mechanism involved in the elimination of HelLa
and SiHa cells treated with TC-ICsp, we evaluated whether the treatment causes
metabolic alteration. We found that TC increased the fluorescence intensity of
Nile Red by 54% in HelLa and 73.20% in SiHa, indicating cytoplasmic lipid
droplet (LD) formation in both strains (p<0.0001) (Fig. 7A,B). Also, the
treatment was able to increase the intensity of MDC fluorescence, 73% in HelLa
and 54.50% in SiHa, indicating cellular stress with consequent formation of
autophagic vacuoles and possible metabolic damage in HeLa and SiHa cells
(p<0.0001) (Fig. 7C,D).
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Figure 7: Metabolic stress induced by TC-IC5, treatment in HeLa and SiHa cells. HeLa and
SiHa cells incubated with culture medium or TC-ICs, were evaluated for the formation of lipid
droplets and autophagic vacuoles after 24 h of treatment. The formation of lipid droplets was
determined by staining with Nile Red (A, B). Detection of autophagic vacuoles was assessed
using MDC labeling (C, D).



3.5 TC promotes late apoptosis

The programmed cell death pathway is involved in the normal cycle of
cell development and maturation and, results in the formation of apoptotic
bodies that are rapidly phagocytosed and digested by macrophages or
neighboring cells (Hanggi & Ruffell, 2023; Meng et al., 2023). The detection of
late apoptosis was verified for HeLa and SiHa cells after 24 h of exposure to
TC-ICs treatment.

Fig. 8A,B shows that in HeLa cells treated with TC promoted reduced
cell viability by 71.09%, increased annexin 2.81% and comarcation (13.72%)
(p=<0.0001). In Fig. 8C,D, the treatment with TC in SiHa caused a reduction in
cell viability of 92.85%, an increase in annexin 4.70% and comarcation (1.20%)
in relation to the control, respectively, indicating death by a process similar to

apoptosis (p<0.0001).
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Figure 8: Treatment with TC-IC5, induce apoptosis in HeLa and SiHa cells. For analysis in
dot plots of cytometry, the viable cell induction, apoptosis and necrosis were evaluated for 24 h

for HelLa (A) and SiHa (C) cells. Quantitative analysis of viable, apoptotic and necrotic HelLa (B)



and SiHa (D) cells. Values are expressed as mean + standard deviation. Cytometry data were
expressed in % vs. control; and mean + standard deviation. *p < 0.05; ***p < 0.001; ****p <
0.0001 vs. control.
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Highlights

trans-chalcone has anti-proliferative activity in cervical cancer cell lines;
Treatment with trans-chalcone leads to the generation of oxidative stress;

trans-chalcone promotes NOx reduction and increased NRF2/NFkB expression.

Abstract

Molecules derived from medicinal plants have been a source of research for
new antineoplastic therapies as monotherapy or adjuvant therapy. In this study,
we investigated the impact of trans-chalcone (TC) treatment on two cell lines
representing different histological types of cervical carcinoma, Hela and SiHa.
The cell lines were treated with TC at the inhibitory concentration for 50% of the
cells (ICsp), respectively 28 uM (HelLa) and 23 pM (SiHa) for 24 hours. To
investigate the mechanisms involved in the antiproliferative activity, oxidative
stress analyses were carried out, including evaluation of the mitochondrial
depolarization profile, measurement of hydroperoxide levels, determination of
antioxidant capacity, measurement of nitric oxide metabolites and evaluation of
the expression of transcription factors that regulate the redox balance NRF2
and NFkB. We observed that treatment with TC was capable of promoting
mitochondrial depolarization, inducing the formation of lipid droplets and
autophagic vacuoles, with consequent cell death. TC also induced the
generation of oxidative stress observed by the increased generation of
hydroperoxides. Concomitantly, we observed an increase in the expression of
the transcription factors NRF2 and NFkB in both lineages. There was also a
reduction in the production of NO metabolites in both models. These results
suggest that TC exerts its antiproliferative effect on cervical cancer by
generating oxidative stress and activating the NRF2 and NFkB transcription

factors.

Keywords: Cervical carcinoma; HelLa; SiHa; Flavonoid; Antineoplastic therapy,

Metabolic stress.

Abbreviations:



TC: trans-chalcone; DMSO: dimethyl sulfoxide; DMEM: Dulbecco's modified
Eagle's medium; FBS: fetal bovine serum; PBS: phosphate buffered saline;
MTT: dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide; H2DCFDA: 2'7'-
dichlorofluorescein diacetate; NO: nitric oxide; ROS: reactive oxygen species;
TMRE: tetramethylrhodamine-ethyl ester; CCCP: carbonyl cyanide m-

chlorophenylhydrazone.

1. Introduction

Cervical cancer is a gynecological malignant neoplasm with a high
incidence and responsible for a significant number of women's deaths
worldwide (GLOBOCAN, 2020). It is considered a public health problem and
has a strong association with infection by oncogenic strains of the human
papilloma virus (HPV) (Singh et al., 2020; Seshadri, 2021; Fan et al., 2022;
Derbie et al., 2023).

The oncogenic strains HPV-16 and HPV-18 have a prevalence of 65%
in cervical carcinoma (Boch et al., 2008; Clifford et al., 2006; Brankovic et al.,
2013; Hebner & Laimins, 2006). This association with HPV infection is linked to
prolonged deregulation of the cell cycle, chromosomal instability, resistance to
apoptosis and oxidative damage with consequent alteration of essential cellular
functions, such as DNA replication and repair. As a result, active metabolites
that are directly related to central phenomena in tumor progression, such as
angiogenesis, vasodilation and invasion are generated (Woo et al., 2008; Shaw
et al., 2013; Mencalha et al., 2014; Akki et al., 2018).

Once the precursor lesions of cervical carcinoma have been
established, the disease tends to progress variably, depending on intrinsic host
factors such as the immune response (Pfaffenzeller et al., 2020; Lu et al.,
2022). The disease is classified into different histological types, particularly
squamous cell carcinoma, which accounts for the majority of cases, and
adenocarcinoma, the second most common type. Squamous cell carcinoma
originates in the squamous cells lining the cervix, while adenocarcinoma
originates in the glandular cells of the cervix (Cohen et al., 2019, American
Cancer Society, 2023). In addition to these, there are less common types, such

as adenosquamous carcinoma, small cell carcinoma and reserve cell



carcinoma. ldentifying the histological type is fundamental for accurate
diagnosis, treatment planning and assessing the prognosis of cervical cancer
(He et al., 2014; NHI, 2020).

In general, during the cancer phase, patients undergo polymodal
treatment, which combines radiotherapy, immunotherapy and chemotherapy,
mainly with platinum-based drugs. However, these therapies have high toxicity
and are not always effective in cervical cancer due to drug resistance and
serious side effects, especially neurotoxicity and nephrotoxicity (Motoki et al.,
2012; Manders et al., 2018; Vizza et al., 2019; Singh et al., 2020).

Therefore, there is growing interest in the study of phytochemicals
present in medicinal plants, for the potential development of antineoplastic
therapies. These compounds are expected to show selective cytotoxicity and
greater efficacy on tumor cells (Wang et al., 2021).

In this context, trans-chalcone (TC) stands out, a flavonoid with a wide
range of pharmacological effects, including cytotoxicity on various cancer cell
lines such as lung, breast, bone, colorectal and oral cancer (Shen et al, 2007;
Bortolotto et al., 2017; Mateeva et al., 2017; Silva et al., 2016, 2018) and liver,
as described by our studies (Siqueira et al., 2020), which showed high
selectivity for tumor cells when compared to non-tumor cells (Siqueira et al.,
2020).

However, the in vitro effect of TC on the cervical cell lines HelLa
(adenocarcinoma) and SiHa (squamous cell carcinoma) has not yet been
described. Therefore, this study investigated the effect of TC treatment on two
cervical carcinoma cell lines derived from different histological types. Therefore,
we evaluate the redox mechanisms involved in this process, by measuring
oxidative stress markers (hydroperoxides, antioxidant capacity and nitric oxide
metabolites), mitochondrial depolarization and the expression of redox balance

regulating transcription factors, NRF2 and NF-«kB.

2. Materials and methods

21 Trans-chalcone



Commercial trans-chalcone (TC), with a purity of 97%, was obtained
from Santa Cruz Biotechnology, Inc. (Santa Cruz Biotechnologies, CA- Catalog
Number sc-204681 - Dallas, TX, USA). The TC stock solution was dissolved in
1% dimethyl sulfoxide (DMSO) (GIBCO, Invitrogen, New York, USA). The

concentration of DMSO did not exceed 0.01% in all experiments.

2.2 Culture of tumor cells

Established cervical carcinoma cell lines, HeLa and SiHa, were
cultured in RPMI (Lifetechnologies, Carlsbad, CA, USA) and DMEM
(Lifetechnologies) medium, respectively. Both supplemented with 10% fetal
bovine serum (SFB, GIBCO, Invitrogen, New York, USA), 100 U/mL penicillin
and 100 ug/mL streptomycin (Santa Cruz Biotechnologies) and maintained in
an incubator at 37°C, 5% CO;, (Sanyo, Japan). Since there have been no
studies using this compound as a treatment for cervical carcinoma, we

investigated the mechanisms of action on these tumor cells.

23 Determination of the Oxidative Stress profile

In order to assess whether ROS production would be able to influence
the HelLa and SiHa tumor cell lines, we quantified lipoperoxidation levels using
the t-butyl hydroperoxide-induced chemiluminescence (QL) method described
by Gonzales-Flecha et al., (1991) and adapted by Victorino et al., (2014). 600
ML of sample was added to 300 uL of 10 mM monobasic phosphate buffer pH
7.4 in 0.9% NaCl and incubated at 37° C for 5 minutes. To trigger the reaction,
an aliquot of 20 uL of the t-butyl solution was added. The reaction was read on
a Glomax luminometer (Promega, Madison, WI, USA) at a rate of one reading
per second for 30 minutes, where the qualitative photon emission curve was

evaluated, measured in relative light units (RLUS).

2.4 Evaluation of the Total Radical-Trapping Antioxidant Parameter
(TRAP)

To evaluate the total radical scavenging antioxidant parameter (TRAP)
by chemiluminescence, we used the technique described by Repetto et al.,



(1996) and adapted by Victorino et al., (2016). The compound 2-azobis-(2-
amidinopropane) (ABAP) reacts with the lipids present in the plasma to form
lipoperoxides. This reaction emits photons in small quantities, which cannot be
detected by spectrophotometry. To amplify this reaction, luminol was added, a
more unstable compound than lipoperoxides, capable of capturing the unpaired
electrons of these lipoperoxides, amplifying the emission of light and the
emission of a signal to the luminometer. The greater the amount of antioxidants
present in the sample, the greater the delay in the rise of the ABAP curve,
which corresponds to the impediment in the formation of lipoperoxides due to
the level of low molecular weight antioxidants. Aliquots of 5 pL of the samples
were added to 830 uyL of 1M glycine buffer, pH 8.6, plus 50 pyL of luminol
solution (0.0398 mg/mL) and 50 pL of ABAP solution (54.24 mg/mL) to start the
reaction. The results were analyzed in OriginLab 7.5 software (OriginLab) and
expressed in nM of trolox, based on the inhibition profile of the ABAP curve of a
standard solution of the water-soluble analogue of vitamin E (Trolox 0.5

mg/mL).

2.5 Determination of nitric oxide metabolites (NOx)

Nitric oxide metabolites (NO,) levels were determined using the Griess
reaction, according to a protocol adapted from Panis et al., (2011). Aliquots of
60 pL of sample were deproteinized by adding 50 uL of 75 mM ZnSO4 solution
(Merck), shaken and centrifuged at 12,298 G for 2 minutes and then 70 L of 55
mM NaOH (Merck) were added. They were then shaken and centrifuged at
10,000 rpm for 5 minutes. The clear supernatant was recovered and diluted in
glycine buffer solution (45g/L pH 9.7, Merck) in a 5:1 ratio. The cadmium beads
(Fluka) stored in 100 mM H>SO4 solution (Merck) were washed 3 times in sterile
distilled water and added to a 5 mM CuSOy solution in glycine-NaOH buffer (15
g/L, pH 9.7, Merck) for 5 minutes. The activated beads (600-1000 mg,
approximately 1-2 beads) were then added to the supernatant diluted in glycine
buffer and shaken for 10 minutes.

Aliquots of 200 puL were recovered in tubes suitable for nitrite
determination and the same volume of Griess reagent was added (Reagent I:
50 mg of N-naphthylenediamine in 250 mL of distilled water; reagent Il: 5 g of



sulphanilic acid in 500 mL of 3 M HCI, Sigma-Aldrich, St. Louis, MO, USA).
After a 10-minute incubation at room temperature, the tubes were centrifuged at
12,298 G for 2 minutes and 100 uL were added to 96-well microplates in
triplicate. To determine the nitrite concentration of the sample, the calibration
curve was prepared by diluting NaNO, (Merck) in sterile distilled water to
concentrations of 125 to zero yM and 100 pL of the curve point + 100 pL of
Griess reagent were added in triplicate to the microplate wells. The absorbance
was measured at 550 nm in a microplate reader. The results were expressed in
MM.

2.6 Determination of Mitochondrial Membrane Potential (A¥Ym)

Analysis of AWm was performed by labeling with tetramethylrhodamine-
ethyl ester (TMRE) (Sigma-Aldrich), as described by Siqueira et al. (2020). The
cells (10*796 well) were seeded with their respective culture media and
incubated for 24 hours. Controls and treatments with 28 yM TC-ICsp (HelLa) and
23 uM (SiHa) were incubated for a further 24 hours. They were then washed
with buffered saline (PBS) and incubated with TMRE for 30 min at 37°C. The
depolarization profile of the mitochondrial membrane was assessed by
fluorescence TMRE labeling using an excitation wavelength of 480 nm and an
emission wavelength of 580 nm in a fluorescence microplate reader (Victor X3,

PerkinElmer, Finland).
2.7 Analysis of reactive oxygen species (ROS)

To evaluate the production of ROS, the intensity of the fluorescence
emitted from the conversion of non-fluorescent H2DCFDA into highly
fluorescent 2',7'-dichlorofluorescein (DCF) by intracellular free radicals was
quantified. HeLa and SiHa cells (10* cells/96 well) were seeded and incubated
for 24 hours. After this period, they were treated with TC-ICso 28 uM (HeLa) and
23 yM (SiHa) and incubated for 24 hours. The cells were then washed and
H2DCFDA solution (10.0 M) was added and left in the dark for 45 min.

Fluorescence intensity was quantified using a Glomax spectrophotometer



(Promega, USA) (excitation: 488 nm; and emission: 530 nm), as described by
(Concato et al., 2023).

2.8 Immunolabeling for NRF2 and NF-kB

For NRF2 and NF-kB labeling, HeLa and SiHa cells (10%6 well) were
cultured on round coverslips for 24 hours and previously treated with 3-
aminopropyl-triethoxysilane. The coverslips were incubated overnight with
specific primary antibodies (both from Santa Cruz Biotechnology, diluted
1:2000). After washing, incubation was carried out with secondary antibody
diluted 1:3000 (Texas Red, BD Biosciences) for 2 hours. The nuclei were
labeled with 4,6 diamidinophenylindol (DAPI) (Sigma-Aldrich), 5 mg/mL
solution, for 30 minutes and the final slides were mounted in glycerol. The
images were captured on a Motic BA410E fluorescence microscope coupled to
a MOTICAM ProS5 Plus camera and Motic Images Plus 3.0 ML image
acquisition and processing software. The slides were scanned using a DAPI
excitation filter at a magnification of 200 or 400 x. The following settings were
preset: automatic exposure, gain + 20 and zero deviations. The images

obtained were stored in BMP format, with a resolution of 2048 x 1536 pixels.
2.9 Statistical analysis

Data is expressed as mean * standard error of the mean. Three
independent experiments were carried out, each in triplicate. Data were
analyzed using GraphPad Prism 9.0 statistical software (GraphPad Software,
Inc., San Diego California, USA). Significant differences between the groups
were determined using one-way ANOVA, followed by Tukey's test for multiple
comparisons. Differences were considered statistically significant when p <
0.05.



3 RESULTADOS

3.1 TC interferes with the viability of Hela and SiHa cells

According to work previously published by our group, the results of the
MTT assay showed that, after the 24 h treatment period, TC (6.25-100 uM)
significantly decreased the cell viability of the HeLa and SiHa cell lines
compared to the control group (p<0.0001) (FIG. 1A,B). In addition,
concentrations higher than TC-ICs5 (28 uM % 0.06) in HeLa and (23 uM £ 0.03)

in SiHa were shown to be more effective on tumor cells than the positive control

(CIS) (p=0.0001) (Siqueira et al., 2023).
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Figure 1: Effect of different concentrations of TC on the viability of HeLa and SiHa cell



lines over 24 hours. HelLa and SiHa cells were treated with TC at concentrations of 6.25, 12.5,
25, 50 and 100 uM for 24 hours (A,B). The relative survival rate of HeLa and SiHa cells was
detected by the MTT assay. Control (culture medium), Vehicle (DMSO 0.01%) and Positive
control (Cisplatin 50 uM). The values represent the mean + standard error of the mean of three
independent experiments carried out in triplicate. The ANOVA statistical method was used,
followed by the Tukey test. **** Significant difference compared to control (p<0.0001). ##
Significant difference compared to the positive control (p<0.01) and #### (p< .0001).

3.2 TC induces oxidative stress in HeLa and SiHa cell lines through

mitochondrial depolarization and an increase in ROS

Once the reduction in viability in HeLa and SiHa cells treated with TC
had been verified, the mechanisms involved in this effect were investigated.
Firstly, the depolarization profile of the mitochondrial membrane was assessed
using the TMRE fluorescent probe. It was found that, after treatment for 24
hours with TC-ICsp, there was a significant reduction in total fluorescence
intensity of 29.41% and 27.63% compared to the control group, respectively for
HelLa and SiHa cells (p<0.0001), indicating that the treatment induced
mitochondrial depolarization in both strains (FIG. 2 A,B).

In addition, treatment with TC-ICsy induced an increase in RS by
63.81% and 63.92%, respectively in HeLa and SiHa cells compared to the
control group (p<0.01) (FIG. 2C, D). In both lineages, treatment with TC

reduced the production of nitric oxide metabolites (FIG. 2E, F).
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Figure 2: Mitochondrial depolarization, ROS production and NOx estimates in HeLa and

SiHa cells after treatment with TC-IC5, after 24 h. The TMRE assay was performed for

fluorimetric analysis of AWm after 24 h (A,B). Data are expressed as DCF and analyzed at 24 h

(C,D) to determine ROS levels. NOx were measured by Griess colorimetric reaction, as an

estimate of nitric oxide at 24h (E,F). Values represent the mean + SEM of three different

experiments carried out in triplicate. **Significant difference compared to control (p<0.01),
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3.3 TC shows different lipoperoxidation profiles in HeLa and SiHa cell

lines

Based on this result, we investigated whether this RS production was
capable of damaging tumor cell lines membranes. To this end, we evaluated the
lipoperoxidation profile of cells treated for 24 hours with TC-IC5y. We observed
that in HeLa cells there was an increase in lipoperoxidation induced by TC
(p=<0.001) (FIG. 3A,C), while in SiHa cell lines we observed a reduction in this
phenomenon (p<0.0001) (FIG. 3B,C).
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Figure 3: Effect of TC treatment on hydroperoxide production in HeLa (A) and SiHa (B)
carcinoma cell lines after 24 hours of treatment with TC-IC5,. Hydroperoxide levels were
determined by tert-butyl-induced chemiluminescence. Each curve represents the average of five
samples per group and each point represents a photon emission reading captured by the
luminometer, totaling 1500 readings per sample. Controls are represented by gray dots and TC-
treated cells by black dots. *Statistical differences between the control and TC groups. In C,
data relating to the statistical analysis of the curves by Two-way ANOVA, relative light units
(RLU) for the peak emission values and the area under the curve (AUC) values for each group

(p<0.05).



3.4 TC alters the antioxidant capacity of SiHa cells, but does not

influence Hela cells

Since oxidative stress is correlated with the antioxidant capacity of cells,
we analyzed these profiles in both strains. Analysis of the antioxidant capacity
of the exposed cells revealed that TC reduces the antioxidant content only in
the SiHa cells, without altering the levels in the HelLa cells (FIG. 4A,B). In HelLa
from control (3582 nM) to treated (336.5+50.5) and in SiHa from control
(324.51£24.5 nM) to treated (19919 nM) (p<0.01).
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Figure 4: Analysis of total radical-trapping antioxidant parameter (TRAP) after treatment
with TC-IC5, for 24 hours in HeLa (A) and SiHa (B) cells. Antioxidant capacity was measured
by chemiluminescence and expressed in nM Trolox (water-soluble vitamin E standard). Data
are expressed in nM. *Statistical differences between the control and TC groups (p<0.05). NS =

not significant.

3.5 TC interferes with the levels of transcription factors NRF2 and NFkB

in HeLa and SiHa cells

In addition to the redox variations observed, we also assessed the



levels of the transcription factors NRF2 and NFkB, key regulators of the
oxidative stress process. A reduced expression of NFkB and an increased
expression of NRF2 were observed in HelLa cells when compared to the control
(p=<0.01) (FIG. 5A,B). In SiHa cells, there was an increase in NF-kB expression
when compared to the control (p<0.01), with no significant differences in NRF2
levels (FIG. 5A,B).
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Figure 5: Immunofluorescence of HeLa and SiHa cell cultures for NRF2 and NFkB
labeling. Nuclear staining with DAPI was performed and images were captured after 24 hours.
The values represent the mean + SEM of three different experiments carried out in triplicate.

*Significant difference compared to control (p<0.01) and (p<0.001).

4 DISCUSSAO

Invasive carcinomas such as cervical carcinoma tend to present
problems related to excessive radioresistance, chemoresistance and
metastasis, in addition to long-term adverse effects (Vale et al., 2010; Randall &
Ghebre, 2016). Therefore, the choice of therapy is based on a several factors,
including cancer stage, tumor extension and metastasis. Immunotherapy,

radiotherapy and chemotherapy alone or in combination (chemoradiation), in



addition to surgical intervention, are the most commonly used oncotherapies

(Ldhmussaar et al., 2021). Considering this, the mechanisms underlying the
anti-tumor properties of TC are still being discovered and there is a search for
less toxic strategies that are more effective in inhibiting malignant proliferation.

In a previous study, we revealed that TC has potential activity in
decreasing the migration ability of the HuH7.5 (hepatocellular carcinoma) cell
line, evidencing for the first time the efficacy of this flavonoid in selectively
combating liver cancer cells (Siqueira et al., 2020). TC has also been shown to
be a potent antioxidant with antimicrobial, anti-inflammatory and anti-neoplastic
properties (Alharthi et al., 2023; Shen et al., 2007; Sikander et al., 2011).

In the present study, we demonstrated the cytotoxicity of TC against HeLa and
SiHa cervical carcinoma cell lines using the mean inhibitory concentration (ICsp)
previously defined in a previous study, which showed inhibitory activity without
affecting more than 50% of cell viability and causing damage to non-tumor cells.
TC treatment was able to reduce the viability of cell lines, in which TC reduced
cell viability, caused morphological/ultrastructural changes, and induced
apoptosis-like cell death. Given these promising results, this study investigated
the possible redox mechanisms by TC treatment on HeLa and SiHa cervical
cancer cells.

Similar results were also demonstrated in BT-20 and MDA-MB-231
breast cancer cell lines, which TC-IC5y showed antiproliferative activity and
induced cell death by apoptosis (Komoto et al., 2021). In MCF-7 Luminal
Abreast cancer it effectively inhibited their growth and caused apoptosis
(Bortolotto et al., 2017). In U20S and SJSA-1 osteosarcoma cell lines there
was inhibition of cell growth in a dose- and time-dependent manner (ICsp 10 uM
after 48 h) and consequent cell death by apoptosis (Silva et al., 2016). Silva and
colleagues (2018) also tested TC (ICs50 50 uM for 24 h) on various cell lines such
as HCT-116 (colorectal cancer), U20S and SJSA-1 (osteosarcoma), and FaDu
(oral cancer), and the results obtained showed that HSP40 and ATF3 genes
were highly induced, which are involved in increasing the stability and activation
of tumor suppressor protein (p53). In addition, the 1Cso of TC used in HelLa and
SiHa strains proved to be more efficient than the concentrations tested in these

cited studies.



Under pathological conditions, such as the metastatic process involved in
cancer, cell adhesion, proliferation, migration, differentiation, and invasion are
part of this systematics (Venter & Niesler, 2019). In wound healing assay,
positive regulation of TC suppressed cell migration at the wound site, with
consequent growth restriction of both cervical carcinoma tumor cell lines (Liu et
al.,, 2021). Corroborating these data, it was observed that TC caused
morphological changes through decreased protrusive cell activity, as filopodia in
association with lamellipodia act as local detection antennae and contacts,
responsible for persistent cell migration (VaidzZiulyté et al., 2022; Caballero et
al., 2014; Ruiz-Lafuente et al., 2021).

In association, these results corroborate with the SEM images showing
cell membrane shrinkage, irregular cell surface, reduction of microvilli, damage
and rupture of the cell membrane of both HeLa and SiHa tumor lines. From
transmission electron microscopy it is possible to unravel the ultrastructural and
compositional properties, and by scanning electron microscopy to analyze the
cell topography/surface of macromolecular complexes in vitro in addition to all
subcellular processes taking place there (Golmohammadzadeh et al., 2023;
Yang et al.,, 2023). Through these analyses in conjunction with the other
methodologies performed we found that TC promoted changes in cell size,
morphology, and functionality. In addition, TC interfered with the morphology of
microvilli, whose ability is to increase the surface area for nutrient uptake or
secretion by cells (Liu et al., 2019). Such findings suggest that TC interferes
with the locomotion, adhesion, absorption, and secretion of these cells.

In addition, TC stimulated the increase of LD, which are tasked to store
excess cellular fatty acids in the form of neutral lipids and, serve as an energy
source for cell proliferation (Gustin et al., 2017). However, in response to
cellular stress states and nutrient availability, their lipid and protein composition
changes according to specific cellular needs, i.e., there is alteration in their
biogenesis and turnover (Petan, 2023; Bosh et al., 2020).

The high energy consumption by tumor cells affects intracellular
metabolism contributing to lipid metabolic alterations, which impact the growth,
dissemination and resistance of tumor cells to chemotherapy treatment (Garcia-
Chico et al., 2023; Fernandez et al., 2020; Hojman et al., 2018). The use of TC
has been shown as a potential therapeutic opportunity in the action of these



cancer cells, by influencing the metabolic reprogramming of cancer, impelling
stress and consequent cell death, thus preventing tumor progression (Jarc &
Petan, 2020). Therefore, the alteration of these markers post-treatment signals
that the cells suffer an imbalance in their homeostasis that tend to be
characteristic of metabolic alterations caused by TC culminating in cell death.

Recent studies also point out that the dynamics and multifunctionality of
LDs is of paramount importance for the process of efficient autophagy
regulation (Ogasawara et al., 2020). Thus, TC was shown to have an antitumor
effect by influencing the formation of autophagic vacuoles, a catabolic process
that needs the collaboration of autophagosomes and lysosomes to perform cell
recycling, but due to the tumor pathological process and association with
damage to mitochondria and lysosomes, the treatment possibly induced the
cells to metabolic stress (Settembre et al., 2011; Bordin et al., 2013; Martins et
al., 2019). When activated in tumor cells, autophagy can act in the degradation
of harmful and damaged proteins/organelles, thus minimizing the accumulation
and spread of damage, and is a plausible approach to inhibit tumor progression
(Kumar et al., 2023).

Concomitant to these data, there was a stimulation of the apoptotic
machinery in response to the cellular and metabolic stress suffered, resulting in
cell destruction. Apoptosis occurs in an organized and controlled manner, which
allows the elimination of dysfunctional cells and damaged tissues for the
maintenance of cellular homeostasis (Garcia-Chico et al., 2023). Therefore,
along with autophagy, activation of late apoptosis plays an active role in cell
death, showing the effectiveness of TC treatment in cervical cancer, especially
under HeLa and SiHa cell lines.

We have also shown that TC causes metabolic changes through the
induction of lipid droplets and autophagic vacuoles that culminate in the late
apoptotic death of these cells (Siqueira et al., 2023). Furthermore, we have
seen that these events depend on the type of cell lineage. This information is
new and contributes to understanding the mechanisms of TC's anti-tumor
action.

Thus, considering its potential to generate oxidative stress (Sikander et
al., 2011), we began our investigation by determining whether TC was capable

of inducing changes in mitochondrial potential, triggering the production of ROS.



Mitochondria are organelles that are directly linked to energy
metabolism and the regulation of various processes and, under metabolic
stress, they are damaged, resulting in cell bulging (Zheng et al., 2007; Schafer
et al., 2022). The intrinsic (i.e. mitochondrial) programmed cell death pathway
detects and integrates signals originating intracellularly (Garcia-Chico et al.,
2023). In this context, we found that TC treatment triggered mitochondrial
alterations corresponding to a decrease in AWYm and consequent interference in
mitochondrial homeostasis and dysfunction, according to studies by
(Vijayarathna et al., 2017; Neill et al., 2022), which could affect the generation
of ROS and the production of oxidative stress.

In this respect, we showed that TC increased ROS production in the
HelLa and SiHa lineages. Depending on the level of ROS production, metabolic
diseases and even apoptosis can be induced. High oxidative stress stimulates
the generation of ROS (hydroxyl radicals, superoxide and hydrogen peroxide),
which can also be attributed to mitochondrial dysfunction (Alharthy et al., 2023;
Shpilt et al., 2023; Tuli et al., 2023) and triggers apoptosis, as demonstrated in
a previous study (Siqueira et al.,, 2023), in addition to the activation of
transcription factors such as NFkB, MAPK and NRF2.

In contrast, after treatment with TC there was a depletion in the
production of nitric oxide metabolites in both cell lines. In tumor cells, in addition
to the production of ROS, reactive nitrogen species (RNSs) are also formed,
such as nitric oxide [NOe] and its reactive metabolites (Hayes et al., 2020). In
these conditions of prolonged oxidative stress, TC has been shown to inhibit
tumor hyperproliferation, in addition to improving damage to cell structures,
acting on the antioxidant defense system by reducing NOx (Hayes & Dinkova-
Kostova, 2014; Akki et al., 2018; Remigante et al., 2023).

Concomitantly to the production of NOx and ROS, treatment with TC
was able to increase lipid peroxidation in HelLa cells, a hallmark of oxidative
stress that arises from the attack of ROS on unsaturated lipids in cell
membranes, with the incorporation of a molecular oxygen (free radical) into the
fatty acids, generating some radicals (alkyl (L-), alkoxyl (LO-) and peroxyl (LOO-
)), which lead to the destruction of their structure, the failure of metabolite
exchange mechanisms and even cell death (Benzie, 1996; Lima et al. 2001;

Catala, 2009). Interestingly, SiHa cells showed a reduction in lipid peroxidation



when treated with TC. These results are probably due to the distinction between
the two cell types due to their different origins and tissues.

Since the generation of oxidative stress directly affects the antioxidant
capacity of cells, we investigated TRAP levels in both cervical carcinoma cell
lines after treatment with TC. Only SiHa cells showed depleted TRAP, which
may help to explain why lipid peroxidation levels were reduced in this cell line
after TC treatment. This suggests that TC probably triggered lipid peroxidation
in these cells, whose defense was the consumption of antioxidants.
Modifications in the intracellular redox state, especially antioxidant levels, have
been described in cancer (Peng et al., 2021; Bhardwaj et al., 2023).

Due to the observed redox variations, we further investigated the
expression profiles of the two major transcription factors that regulate oxidative
stress responses, NFKkB and NRF2. NF-kB plays an essential role in immune
regulatory responses, viral replication, inflammation, cancer initiation and
progression, acting as a stress response factor (Hayden et al., 2006; Hoesel &
Schmid, 2013; Taniguchi & Karin, 2018). On the other hand, it plays an
important role in regulating metabolism and cytoprotective genes and was
highly expressed in the cell nucleus in HeLa and SiHa tumor cell lines. When
activated by increased ROS, NRF2 binds to antioxidant response elements
(AREs) and induces the expression of antioxidant enzymes, such as heme
oxygenase, catalase, glutathione peroxidase, and superoxide dismutase,
activating the transcription of their genes and also neutralizing ROS, protecting
cells against damage caused by oxidative stress (Baird et al., 2020; Tossetta &
Marzioni, 2023).

Our results showed that NRF2 and NFkB were differentially expressed
after TC treatment, depending on the type of cervical carcinoma cell. HelLa cells
downregulated NFkB and overexpressed NRF2, while SiHa cells only increased
NFkB expression.

Both lineages are associated with HPV, which when activated there is
negative regulation of NF-kB in order to inhibit replication triggered by the
immune system, regulate HPV and control the expression of E6 and E7 proteins
of HPV-16 and increase several target genes (James et al., 2006; Wong et al.,
2011; Tilborghs et al., 2017). The treatment used can act to prevent the

formation of cells in the cervical region, in addition to functioning as a tumor



suppressor, inhibiting its growth and stimulating the expression of apoptosis-
inducing genes, as happened in the Hela strain, in which TC reduced NFkB
expression, with consequent inhibition of cell growth and late apoptosis (Disis,
2010; Vandermark et al., 2012; Hoesel & Schmid, 2013).

However, in SiHa cells, TC positively regulated NFkB, evidencing the
intensification of nuclear labeling post-treatment (Tilborghs et al., 2017; Nair et
al., 2003). NFkB translocates to the nucleus, with gradual increase and binding
of NFkB to DNA from normal tissue to precancerous and carcinoma, a fact that
is significantly associated with cancer progression, characteristic of
adenocarcinoma (Branca et al., 2006; Tilborghs et al., 2017).

Finally, these results show us that TC modulates several features of
cervical cancer, such as reduced viability and cell survival, decreased migratory
capacity, morphological and structural changes of cells, increased metabolic
stress with consequent apoptotic cell death, becoming a promising therapeutic
alternative in the development of antitumor compounds.

These findings demonstrate that TC acts on cervical carcinoma cell lines
by triggering oxidative stress-driven mechanisms in distinct ways. This is not a
phenomenon of cervical cancer, but this is probably because they have distinct
mechanisms due to the origin and tissue affected, in the case of our study, two
cell types that originate SCC and ADC, SiHa and Hela, respectively. The
different mechanisms of action of this flavonoid, combined with its stability and
low toxicity, make it a strong candidate for chemotherapeutic drug. However,
further studies need to be conducted to complement our findings and elucidate

the mechanisms involved in the context of these cancer cells.



5

CONCLUSAO

Com base nos nossos resultados, podemos concluir que os carcinomas
do colo do utero apresentam niveis elevados de danos oxidativos resultantes
da peroxidacéao lipidica, da nitracdo de proteinas e da oxidagdo do DNA. No
entanto, embora os estudos com TC em HelLa e SiHa sejam iniciais para essas
linhagens, esse composto ndo s6 mostrou atividade antiproliferativa em ambas
as células tumorais, mas também induziu alteragdes morfolégicas e ultra-
estruturais confirmadas por alteragdes metabdlicas através da formacao de
goticulas lipidicas citoplasmaticas e vacuolos autofagicos, além de estresse
oxidativo com reducao de NOx por meio de diferentes mecanismos em relacéo
a expressdao de NRF2/NFkB e lipoperoxidagdo, que resultou em morte
apoptética tardia em ambas as linhagens, e isso pode ser um possivel efeito
pré-oxidante envolvido na citotoxicidade das moléculas de flavondides.

Portanto, como n&do ha estudos com esse composto em relagdo as
linhagens HelLa e SiHa de carcinoma cervical, surgiu o interesse em investigar
a acao antiproliferativa e antitumoral da trans-chalcona, um potente
antioxidante com propriedades anti-neoplasicas menos téxicas do que as

atuais existentes confirmadas por varios estudos em diversos tipos de cancer.
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