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RESUMO

O cancer do colo do utero ocorre pela infecgao genital persistente por tipos
oncogénicos do HPV. No Brasil, excluindo-se os casos de cancer de pele nao
melanoma, o cancer do colo do utero ocupa a 62 posi¢cao dentre todos os tipos
de cancer e, entre a populacado feminina, este ocupa a 32 posigao, tendo sido
previstos 17.010 novos casos por ano, para o triénio 2023-2025. Existem,
atualmente, alguns quimioterapicos que sao utilizados no tratamento do cancer
cervical. Entretanto, estes farmacos causam, com frequéncia, alta toxicidade as
pacientes. Dessa forma, faz-se necessaria a busca de novos farmacos que
apresentem maior seletividade para as células tumorais, e que causem menos
efeitos toxicos. A Trans-Chalcona € um composto natural presente em diversas
familias de plantas. Ela € uma precursora da biossintese de flavondides, grupo
de metabdlitos secundarios envolvidos em mecanismos de adaptacao e defesa
de plantas. Possui amplo espectro de agdo bioldgica, tendo sua atividade
anticancer ja sido bem discutida na literatura, frente a diferentes tipos de
linhagens de células tumorais. Contudo, a atividade antitumoral da Trans-
Chalcona em modelos in vivo é escassa. No presente estudo, investigamos a
atividade antitumoral e imunomoduladora da Trans-Chalcona, bem como seu
efeito sobre a caquexia associada ao cancer, em modelo animal de cancer
cervical. Foram utilizados camundongos C57BL/6 isogénicos, fémeas, com
idade de 6 a 8 semanas, obtidas do biotério do Departamento de Ciéncias
Patoldgicas. Nestas, foram inoculadas, na regido dorsolateral, células TC-1 na
concentragdo de 2x10° células/100 pl de meio RPMI. Quando o tumor se tornou
palpavel, os animais foram divididos, de forma aleatéria, entre os diferentes
grupos, sendo estes o Grupo Histopatologia e Imunomarcagdes (GHI), Grupo
Homogenato do Tumor (GHT). Cada grupo possui 3 subgrupos, sendo estes o
subgrupo Controle Veiculo (CV), o qual foi tratado com tween 80 10% + salina
(n=8); o subgrupo Trans-Chalcona (TCh), o qual foi tratado com a mesma, na
dose de 30 mg/kg (n=8), e o subgrupo Controle Positivo (Cis), o qual foi tratado
com a Cisplatina, na dose de 2 mg/kg (n=8). Ambos os grupos CV e TCh foram
tratados durante 14 dias consecutivos, por via intraperitoneal. O grupo Cis foi
tratado uma vez por semana, durante duas semanas. Ao final do tratamento, os
animais foram anestesiados, em seguida foi realizada a eutanasia destes por
deslocamento cervical, e os tumores, sangue e musculos gastrocnémio
esquerdo e direito destes foram coletados. Foram avaliados os parametros de
volume tumoral e peso corporal ao longo do periodo de tratamento. Os tumores
dos animais do grupo GHI foram direcionados para cortes histolégicos, com os



quais foi realizada coloragdao com hematoxilina e eosina para avaliacdo de score
patolégico. Os tumores dos animais do grupo GHT foram direcionados para
dosagem de citocinas dos perfis Th1, Th2 e Th17 por citometria de fluxo,
dosagem de Oxido Nitrico, Anion Superéxido, Malondialdeido, FRAP e ABTS
para avaliar o estresse oxidativo no tumor. O sangue dos animais foi direcionado
para dosagem de IL-6 e IFN-y plasmaticos. Este projeto foi aprovado pelo Comité
de Etica no Uso de Animais da Universidade Estadual de Londrina, protocolo
CEUA n° 015.2024. Ao fim dos experimentos, foi observado que o tratamento
com a Trans-Chalcona promoveu inibicdo do crescimento tumoral de forma
semelhante a cisplatina. Em elagdo a analise histopatologica, observou-se
reducdo na vascularizagcado no tecido tumoral. Quanto ao estresse oxidativo no
microambiente tumoral, foi elucidado que o tratamento promoveu aumento dos
niveis de anion superoxido, de metabdlitos do 6xido nitrico e de malondialdeido,
e diminuigao do parametro de FRAP e uma tendéncia a diminui¢do do parametro
de ABTS. Na avaliacdo da imunomodulagao no microambiente tumoral, elucidou-
se que o tratamento tanto com a TCh quanto com a Cis aumentou os niveis das
citocinas IFN-y e IL-17A, e reduziu os niveis das citocinas IL-4 e IL-6. Quanto
aos efeitos sobre os parametros de caquexia, foi observado que ambos os
tratamentos com a Trans-Chalcona e com a Cisplatina impediram a perda de
peso e da massa muscular, promoveram reducéo dos niveis plasmaticos de IFN-
y e IL-6, reverteram a perda da forga de preensdo manual e a Trans-Chalcona
atenuou a diminuigdo do consumo alimentar. De acordo com esses resultados,
conclui-se que a Trans-Chalcona se mostra como um candidato promissor de
farmaco antineoplasico para o tratamento de cancer do colo do utero associado
ao HPV.

Palavras-chave: Cancer do Colo do Utero. Trans-Chalcona. Imunomodulacéo.
Estresse Oxidativo. Caquexia.
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ABSTRACT

Cervical cancer is caused by persistent genital infection with oncogenic types of
HPV. In Brazil, excluding cases of non-melanoma skin cancer, cervical cancer
ranks 6th among all types of cancer and, among the female population, it ranks
3rd, with 17,010 new cases per year predicted for the three-year period 2023-
2025. There are currently some chemotherapy drugs that are used to treat
cervical cancer. However, these drugs often cause high toxicity to patients. This
makes it necessary to look for new drugs that are more selective for tumor cells
and cause fewer toxic effects. Trans-chalcone is a natural compound found in
several plant families. It is a precursor in the biosynthesis of flavonoids, a group
of secondary metabolites involved in plant adaptation and defense mechanisms.
It has a broad spectrum of biological action, and its anticancer activity has already
been well discussed in the literature, against different types of tumor cell lines.
However, the antitumor activity of Trans-Chalcone in in vivo models is scarce. In
this study, we investigated the antitumor and immunomodulatory activity of Trans-
Chalcone, as well as its effect on cancer-associated cachexia, in an animal model
of cervical cancer. We used isogenic female C57BL/6 mice, aged between 6 and
8 weeks, obtained from the vivarium of the Department of Pathological Sciences.
TC-1 cells were inoculated in the dorsolateral region at a concentration of 2x105
cells/100 pl of RPMI medium. When the tumor became palpable, the animals
were randomly divided into different groups, namely the Histopathology and
Immunolabeling Group (GHI) and the Tumor Homogenate Group (GHT). Each
group has 3 subgroups: the Control Vehicle (CV) subgroup, which was treated
with 10% tween 80 + saline (n=8); the Trans-Chalcone (TCh) subgroup, which
was treated with TCh at a dose of 30 mg/kg (n=8), and the Positive Control (Cis)
subgroup, which was treated with Cisplatin at a dose of 2 mg/kg (n=8). Both the
CV and TCh groups were treated intraperitoneally for 14 consecutive days. The
Cis group was treated once a week for two weeks. At the end of the treatment,
the animals were anesthetized, then euthanized by cervical dislocation, and the
tumors, blood and left and right gastrocnemius muscles were collected. Tumor
volume and body weight parameters were assessed throughout the treatment
period. The tumors of the animals in the GHI group were sent for histological
sections, which were stained with hematoxylin and eosin to evaluate the
pathological score. The tumors of the animals in the GHT group were sent for
dosage of Th1, Th2 and Th17 cytokines by flow cytometry, dosage of nitric oxide,
superoxide anion, malondialdehyde, FRAP and ABTS to assess oxidative stress
in the tumor. The animals' blood was used to measure plasma IL-6 and IFN-y.



This project was approved by the Animal Use Ethics Committee of the State
University of Londrina, CEUA protocol no. 015.2024. At the end of the
experiments, it was observed that treatment with Trans-Chalcone inhibited tumor
growth in a similar way to cisplatin. In relation to the histopathological analysis, a
reduction in vascularization was observed in the tumour tissue. With regard to
oxidative stress in the tumor microenvironment, it was revealed that the treatment
promoted an increase in the levels of superoxide anion, nitric oxide metabolites
and malondialdehyde, a decrease in the FRAP parameter and a tendency
towards a decrease in the ABTS parameter. The evaluation of immunomodulation
in the tumor microenvironment revealed that treatment with both TCh and Cis
increased the levels of the cytokines IFN-y and IL-17A, and reduced the levels of
the cytokines IL-4 and IL-6. As for the effects on cachexia parameters, it was
observed that both treatments with Trans-Chalcone and Cisplatin prevented
weight and muscle mass loss, promoted a reduction in plasma levels of IFN-y
and IL-6, reversed the loss of handgrip strength and Trans-Chalcone attenuated
the decrease in food consumption. According to these results, Trans-Chalcone
appears to be a promising antineoplastic drug candidate for the treatment of HPV-
associated cervical cancer.

Keywords: Cervix Cancer. Trans-Chalcone. Immunomodulation. Oxidative
stress. Cachexia.
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1. INTRODUGAO

1.1. Cancer: generalidades

O céncer representa o maior desafio para a saude publica global,
destacando-se como uma das principais razées para o Obito e como uma das
principais barreiras para o aumento da expectativa de vida em escala mundial.
Em grande parte dos paises, figura-se como a primeira ou segunda principal
causa de morte prematura, antes dos 70 anos de idade (Inca, 2023). Estimativas
do Global Cancer Observatory (Globocan), produzidas pela Internacional Agency
for Research on Cancer (larc, 2020), revelam que houveram 19,3 milhdes de
casos novos de cancer no mundo em 2020, incluindo os casos de cancer de pele
nao melanoma. Para o periodo de 2023 a 2025, estima-se que o Brasil enfrentara
aproximadamente 704 mil novos casos de cancer, sendo esse numero reduzido
para 483 mil se excluirmos os casos de cancer de pele ndo melanoma (Inca,
2023).

Também conhecido como tumor ou neoplasia, o cancer € uma terminologia
ampla que abrange um diversificado conjunto de doencas, capazes de afetar
qualquer regiao do corpo. Sua caracteristica distintiva reside na rapida formacéao
de células anormais, que crescem descontroladamente, ultrapassando seus
limites naturais e, eventualmente, invadindo tecidos proximos e disseminando-
se para outros 6rgaos por meio do processo denominado metastase (Paho,
2020). O cancer é predominantemente, mas ndo unicamente, uma doencga de
origem genética. Fenbmenos internos e externos, ou a combinacdo destes,
podem culminar no desenvolvimento de neoplasias. Dentre os fatores externos,
destacam-se os fatores ambientais como, por exemplo, a exposi¢cao a agentes
carcinogénicos, mas nao menos importantes, pode-se citar também fatores
como habitos alimentares e socioculturais que podem desencadear tais

doencas.

Os agentes carcinogénicos sao produtos de natureza quimica, fisica ou
biolégica, que podem vir a causar cancer. A atuagcdo destes se da,
principalmente, pela producédo de espécies reativas de oxigénio (EROs), que

possuem acao lesiva sobre o DNA. As EROs interagem com as bases
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nitrogenadas e desoxirribose, desencadeando reagdes oxidativas significativas
que podem resultar em mutagdes, carcinogénese, apoptose, necrose e doencgas
genéticas. Esse processo conduz a fragmentagdo do DNA, sendo ocasionada
pela ruptura dos nucleossomos, o que causa perturbagdes na compactagao e na
organizagcdo do DNA dentro da cromatina (Juan et al., 2021). Além dos danos ao
DNA, as EROs podem promover peroxidacgao lipidica de acidos graxos (como,
por exemplo, os fosfolipideos de membrana) e a oxidagdo de proteinas (a
exemplo, enzimas) levando, assim, ao comprometimento do metabolismo

funcional nas células (Hawkins; Davies, 2019; Ito; Sono; Ito, 2019).

As células cancerigenas passam por uma seérie de mudangas que
possibilitam a formacdo de tumores, os quais podem assumir diferentes
comportamentos devido a alteragdes, principalmente genéticas, subjacentes a
essa transformacdo (Robinson; Schiemann, 2022). (Hanahan; Weinberg (2000)
sugeriram, inicialmente, seis altera¢des identificaveis nas células cancerigenas,
as quais denominaram “Hallmarks” do cancer, sendo elas a autossuficiéncia em
sinais de crescimento, insensibilidade aos sinais inibidores de crescimento,
evasao da morte celular programada, potencial replicativo ilimitado, angiogénese
sustentada e invasao tecidual. Com o passar dos anos, esses Hallmarks do
cancer foram revisitados por outros pesquisadores, aos quais foram adicionadas

novas caracteristicas.

A carcinogénese € um processo complexo que ocorre em multiplas etapas e
pode abranger um numero significativo de genes, envolvendo mutacgdes génicas,
quebras e perdas cromossdmicas, amplificacbes génicas, instabilidade
genbmica e mecanismos epigenéticos, onde os principais grupos de genes
envolvidos nesse processo sao proto-oncogenes, genes supressores de tumor

e genes relacionados ao reparo do DNA (Baviskar et al., 2021).

O processo de carcinogénese pode ser subdividido em trés etapas distintas:
iniciacdo, promogéao e progressao (Tewari et al., 2018). Na etapa de iniciagao,
ocorrem alteracdes genéticas induzidas por agentes carcinogénicos que, se nao
reparadas, podem levar a uma subsequente mutacido. A etapa de promocgao
consiste na indugdo da proliferagdo celular por agentes promotores, que
contribuem para a manutengao de mutagdes e promovem alteragdes no controle

do crescimento celular. O estagio de progressdo tem a caracteristica de
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irreversibilidade, onde um fendtipo celular neoplasico é estabelecido através de
mutacbes em genes do controle do ciclo e crescimento celular, e ja n&o
dependem mais de estimulos para a proliferacdo celular, apresentando
crescimento desordenado. Deste modo, o cancer desenvolve-se como resultado
da acumulacdo de mutagdes somaticas, sendo encontradas, também,
caracteristicas epigenéticas anormais (Iranzo; Martincorena; Koonin, 2018; Sun;
Zhang; Gao, 2022)

1.2. Cancer do Colo do Utero

O céncer do colo do utero é predominantemente causado por infeccoes
persistentes pelo Papilomavirus Humano (HPV). Dos 200 tipos de HPV
identificados, 15 foram designados como carcinogénicos pela Agéncia
Internacional de Investigagcdo do Cancer, sendo o HPV-16 e o HPV-18, juntos,
responsaveis por, aproximadamente, 70% dos casos de cancer do colo do utero
(Johnson et al., 2019).

Em 2022, estima-se que 660.000 mulheres tenham sido diagnosticadas com
cancer do colo do utero em todo o mundo, e que cerca de 350.000 mulheres
tenham morrido da doencga (larc, 2024). Mais de 90% dos casos ocorrem em
pacientes de paises menos desenvolvidos, onde programas profilaticos
primarios (vacinagdo) ou secundarios (triagem) ndo estdo amplamente
disponiveis ou ndo existem (Siegel et al., 2022). Em outros numeros, esses
dados nos informam que, em cada 20 mulheres diagnosticadas com cancer do
colo do utero, 11 delas evoluiram para 6bito em 2022. No Brasil, foram previstos
17.010 novos casos por ano, para o triénio de 2023-2025. Excetuando-se os
casos de cancer de pele ndo melanoma, o cancer do colo do utero € o sexto tipo
de cancer mais frequente dentre todos os tipos de cancer, e na populagao
feminina, este cancer é o 3° mais frequente (atras apenas do cancer de mama e
colorretal), e a quarta causa de morte de mulheres por cancer (Inca, 2024)

(Figura 1).
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Figura 1. Os 10 tipos de cancer mais incidentes em mulheres, estimados para o
triénio de 2023-2025, excetuando-se os casos de cancer de pele nao

melanoma.
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Linfoma ndg Hodgkin 3.620 2.3%

Fonte: Adaptado de Inca, 2023.

A maior parte dos casos de infeccéo pelo HPV sao resolvidas em um periodo
de até 2 anos pelo sistema imunoldgico do hospedeiro. Entretanto, alguns fatores
colaboram para a persisténcia da infeccdo pelo virus, o que leva ao
desenvolvimento de lesbes pré-neoplasicas e, eventualmente, ao cancer
cervical. Cofatores conhecidos associados a progresséo da doenga incluem a
infeccdo pelo virus da imunodeficiéncia humana (HIV) e outras condigbes
imunossupressoras, como tabagismo, multiparidade e uso prolongado de

contraceptivos orais (Wild; Weiderpass; Stewart, 2020) (Figura 2).
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Figura 2. O curso natural da infec¢ao pelo Papilomavirus Humano ao
desenvolvimento do cancer cervical.
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Fonte: Adaptado de Sasagawa; Takagi; Makinoda, 2012.

As lesdes pré-neoplasicas do colo do utero sdo denominadas lesdes intra-
epiteliais de baixo grau (LSIL) e alto grau (HSIL), cada uma com carateristicas
citolégicas distintas: LSIL estad tipicamente associada a displasia leve e
autoresolutiva e esta frequentemente associada a tipos de papilomavirus
humano (HPV) de baixo risco, enquanto a HSIL indica displasia moderada a
grave e esta predominantemente associada a tipos de HPV de alto risco (De Brot
etal., 2017).

As lesdes intraepiteliais de baixo grau sao caracterizadas por alteragbes
coilociticas e atipia nuclear discreta. Tipicamente apresenta uma menor taxa de
positividade para HPV de alto risco em comparacao com lesdes intraepiteliais de
alto grau (cerca de 80,2%) (Barron et al., 2014). Entretanto, as HSIL apresentam
atipias nucleares significativas, aumento da relacdo nucleo/citoplasma e figuras
mitéticas anormais. Taxas mais elevadas de positividade para HPV de alto risco
(aproximadamente 92,6%) e uma maior probabilidade de detectar lesées NIC 2/3
(70,5%) (Barron et al., 2014; Segura et al., 2019). Enquanto a LSIL é
frequentemente autolimitada, a HSIL requer uma monitorizagao e intervencao

rigorosas devido ao seu potencial de progressdo para cancer invasivo. No
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entanto, alguns estudos sugerem que nem todos os HSIL irdo progredir,
indicando a necessidade de estratégias individualizadas de gerenciamento de
pacientes (Alrajjal et al., 2021).

Os canceres de colo do utero, por sua vez, ndo sao todos iguais. Existem
diferentes tipos de cancer cervical, sendo subdividido em trés tipos: o carcinoma
de células escamosas, o adenocarcinoma e o carcinoma adenoescamoso. O
Carcinoma de células escamosas € responsavel por aproximadamente 70% dos
casos de cancer cervical, seguido do adenocarcinoma, responsavel por
aproximadamente 20% dos casos e, em menores proporgdes, 0 carcinoma
adenoescamoso, responsavel por aproximadamente 10% dos casos (Liu et al.,
2022).

Figura 3. Caracteristicas microscopicas dos diferentes tipos de Cancer do Colo do Utero.

Carcinoma de Células Escamosas Adenocarcinoma

Fonte: Adaptado de larc, 2004.

Os canceres de colo do utero apresentam trés vias de progressido, o
desenvolvimento de cada tipo de cancer depende da natureza da célula
inicialmente infectada. O carcinoma de células escamosas tem sua origem
principalmente das células epiteliais escamosas da ectocérvice e das células
epiteliais colunares metaplasicas da jungdo escamocolunar. O adenocarcinoma
do colo do utero é originado, principalmente, das células epiteliais colunares da
endocérvice (Doorbar; Griffin, 2019). Quanto a origem do carcinoma
adenoescamoso de colo uterino, alguns autores argumentam a favor de uma
origem de células-tronco, no caso, células de reserva cervical, outros
estudos apoiam a visdo de que esses sao tumores mistos de origem monoclonal,
mas a ideia da origem a partir de células de reserva cervical ainda é a mais aceita
(Quddus et al., 2014) (Figura 4).
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Figura 4. Diversidade de sitios de infecgdo pelo HPV no cérvix uterino, e tipos
de cancer de acordo com as células infectadas.
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Fonte: Adaptado de Doorbar; Griffin, 2019.

1.3. Carcinogénese cervical associada a infec¢ao genital por HPVs de Alto

Risco

Os papilomavirus humanos (HPVs) sédo virus de DNA de fita dupla
considerados agentes centrais do tecido epitelial, pois causam cancer em varios
tecidos epiteliais vulneraveis, incluindo o colo do utero, o anus e a orofaringe,
sendo o cancer cervical o mais significativo em termos de numeros (Akinyi et
al.,2024.]; Kreimer et al., 2013)

O genoma viral do HPV é dividido em trés regides: (1) regi&o inicial (E) -
contendo os genes E1, E2, E4, E5, E6 e E7, que estdo associados a replicagao
viral; (2) regiao tardia (L), que codifica as proteinas do capsideo principal (L1) e
secundaria (L2) ; e (3) uma regido nao codificadora (NCR), também conhecida
como regido de controle longa (LCR), que esta localizada entre os quadros de
leitura abertos (ORFs) L1 e E6 (Araldi et al., 2018) (Figura 5).
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Figura 5. Organizacéo do genoma do HPV.
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Fonte: Adaptado de Doorbar, 2006.

Ja foram relatados mais de 200 tipos de papilomavirus que infectam
humanos, podendo todos estes induzirem lesbes proliferativas benignas.
Entretanto, alguns tipos, classificados como de alto risco oncogénico, séo
amplamente relacionados com o surgimento de varios tipos de canceres, sendo
estes os HPV-16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58 e 59 (Szymonowicz; Chen,
2020; Tommasino, 2014).

Cerca de 80% das pessoas com vida sexual ativa, tanto homes quanto
mulheres, terdo uma infecgdo por HPV em algum momento de suas vidas,
podendo ser infectadas com HPV de baixo ou alto risco e geralmente se infectam
com HPV logo apds o inicio da atividade sexual. Na maioria massiva das
infeccdes pelo HPV, o sistema imunolégico elimina o virus, mas para alguns, a
infecgao persiste e pode levar a alteragdes pré-cancerigenas, devido as células
infectadas com HPV de alto risco terem sua taxa de proliferagdo aumentada e,
com o tempo, se essas células ndo forem eliminadas pelo sistema imunoldgico,
podem formar lesdes pré-neoplasicas ou, eventualmente, um cancer
(Szymonowicz; Chen, 2020). Dessa forma, entender como o HPV pode alterar o
ciclo celular das células infectadas ndo somente nos faz compreender o

processo de carcinogénese a ele associado, como também lanca luz sobre
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possiveis alvos terapéuticos a serem explorados na prevengao e tratamento do

cancer do colo do utero.

A carcinogénese viral do HPV esta relacionada a acéo de algumas de
suas proteinas, a citar as oncoproteinas E5, E6 e E7. Aoncoproteina E5 interage
com a ATPase vacuolar aumentando o pH endossomal inibindo, assim, a
degradagao do receptor do fator de crescimento epidérmico (EGF), o que
promove o aumento desses receptores na superficie das células (Disbrow;
Hanover; Schlegel, 2005; Staurengo-Ferrari et al., 2018), levando-as a responder
de forma positiva ao estimulo de proliferacdo do EGF. Além disso, a E5 também
se transloca para o reticulo endoplasmatico e para o complexo de Golgi,
promovendo a deteng¢ao das moléculas de MHC de classe |, mediando, assim, o
escape das células infectadas do sistema imune e a persisténcia da infeccéo
pelo HPV (Ashrafi et al., 2006).

Ademais, a oncoproteina E5 promove a ubiquitinagdo de Bax, uma
proteina pro-apoptotica, o que faz com que as células transformadas evadam da
morte celular (Oh et al., 2009). Foi também observado que a E5 se correlaciona
com a desfosforilagdo da conexina 43, uma das principais proteinas que
compdem a jungcdo comunicante, o que pode culminar na perda da interagao
célula-célula, facilitando, assim, o processo de transi¢cao epitélio-mesenquimal e,

consequentemente, a metastase (Oelze et al., 1995) (Figura 6).
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Figura 6. Mecanismos moleculares da carcinogénese cervical associada a
oncoproteina E5 dos hrHPVs.
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Fonte: Estévao et al., 2019.

A oncoproteina E6, por sua vez, também dispde de mecanismos proprios
que culminam na carcinogénese. Ela pode induzir a ativagdo transcricional do
gene da telomerase, fazendo com que os teldbmeros continuem sendo
produzidos mesmo apods as mitoses, contribuindo assim para a imortalizacao
celular (Tommasino, 2014). Além disso, a E6 também promove a regulacao
positiva de FOXM1, fator de transcricdo que promove aumento da expressao de
genes relacionados a proliferagao celular, tais como da Ciclina B1, D1 e Cdc25,
aumentando, assim, a taxa de proliferagdo das células infectadas (Chen et al.,
2014). Além disso, a regulagao positiva de FOXM1 promove, também, a
translocacao da B-catenina para o nucleo celular, favorecendo o processo de
transicao epitélio-mesenquimal e, por consequéncia, metastase (Chen et al.,
2017).

Adicionalmente, a E6 pode se complexar com a ubiquitina ligase EGAP e
com p53, uma importante proteina supressora de tumor que é regulada

positivamente em resposta a danos ao DNA, formando o complexo ternario E6-
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E6AP-p53, conduzindo a proteina p53 a degradagao proteassomal, reduzindo
assim os niveis celulares desta proteina, ficando, dessa forma, as células
infectadas sem reparo do DNA, o que pode promover acumulo de mutacdes e
consequente transformacgao dessas células (Liu et al., 2022; Zanier et al., 2005).
Ademais, a oncoproteina E6 se liga ao fator regulador de interferons 3 (IRF-3),
um fator de transcricdo que promove a expressao de interferons a e 3, o que
resulta na regulacdo negativa de interferon-, impedindo, assim, a resposta
imune antiviral, o que contribui para a permanéncia do virus e, por consequéncia,
o desenvolvimento de cancer (Ronco et al., 1998) (Figura 7).

Figura 7. Mecanismos moleculares da carcinogénese cervical associada a
oncoproteina E6 dos hrHPVs.
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Fonte: Estévao et al., 2019.

A oncoproteina E7 dos HPVs de alto risco também & uma importante
figura na transformagdo das células infectadas. Seu principal mecanismo
carcinogénico se da pela sua ligacdo ao motivo conservado LXCXE da proteina
supressora de tumor pRb, o que resulta em sua fosforilacdo e no desligamento
desta proteina do fator de transcricdo E2F (Helt; Galloway, 2001; Moody;
Laimins, 2010). Uma vez desligado da pRb, o E2F se transloca para o nucleo
das células, promovendo o aumento da expressdo de genes envolvidos na
progressao do ciclo celular, tais como das ciclinas A, E, D1, D2 e D3,



25

aumentando a taxa proliferativa das células infectadas (Ferraro et al., 2011;

Sacco; Siepi; Crescenzi, 2003; Tommasino, 2014).

Em suma, a oncoproteina E7 também tem agcdo moduladora sobre o
sistema imune, pois a mesma é capaz de se ligar e inibir o TLR9, além de ser
capaz também de bloquear a via cGas-STING, ambos detectores de DNA
citoplasmatico (Hasan et al., 2013; Lau et al., 2015). Também foi evidenciado
que a E7 promove aumento da expressao da metaloproteinase de matriz 9
(MMP9) durante a progressao do cancer cervical, enzima que tem como fungao
a degradacdo de matriz extracelular, o que facilita a invasédo celular e,
consequentemente, a metastase (Cardeal et al., 2012). Além disso, a E7 também
pode causar instabilidade gendmica por meio da degradagao da y-tubulina, uma
proteina crucial dos centriolos, como também pelo aumento da atividade da
CDK2 (He et al., 2003; Nguyen et al., 2007) (Figura 8).

Figura 8. Mecanismos moleculares da carcinogénese cervical associada a
oncoproteina E7 dos hrHPVs.
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Fonte: Estévao et al., 2019.

O conjunto de alteragdes metabdlicas e genéticas promovidas pelas
oncoproteinas E5, E6 e E7 dos HPVs de alto risco em células infectadas, tais
como o aumento da taxa proliferativa das células infectadas, juntamente ao

bloqueio dos mecanismos de reparo ao DNA lesado, tornam-nas susceptiveis a
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mutagdes que podem resultar na transformacdo permanente dessas células.
Como consequéncia de um crescimento descontrolado, ndo responsivo a sinais
de inibicdo de crescimento, mais mutacdes sdao acumuladas, mecanismo pelo

qual os canceres cervicais se desenvolvem.

1.4. Imunomodulagdo no microambiente tumoral pelas células

cancerigenas

O microambiente tumoral (TME) é constituido, além de células tumorais, por
diversas células imunitarias circundantes, vasos sanguineos, matriz extracelular,
fibroblastos, linfécitos e células inflamatdrias originadas da medula éssea, além
de moléculas de sinalizagdo (Del Prete et al., 2017; Spill et al., 2016). As
interagbes entre células malignas e ndo malignas geram um microambiente
tumoral que influencia significativamente o desenvolvimento e a progressao do

cancer (Fang et al., 2022).

Os componentes do TME desempenham importantes funcbes para a
manutengdo e desenvolvimento dos tumores. As células endoteliais presentes
estdo envolvidas no processo de angiogénese tumoral ativa, objetivando a
sustentagao nutricional do tecido tumoral, bem como garantindo um meio de
escape de células cancerigenas para a circulagdo sistémica, permitindo a
instalagdo de um novo tumor em um local distante (Arneth, 2019; Grivennikov;
Greten; Karin, 2010). Outras componentes protagonistas do microambiente
tumoral sao as células do sistema imune, tais como macrofagos, linfocitos,
neutrofilos, eosindfilos e basdfilos, das quais, os componentes mais numerosos

sdo os macréfagos (Mamtimin et al., 2022).

As células cancerigenas tém a capacidade de utilizar subprodutos
metabdlicos para influenciar as fungdes das células imunitarias que se infiltram
no tumor em seu proprio beneficio, como por exemplo, o lactato produzido por
células cancerigenas com atividade glicolitica, que € uma estratégia
frequentemente utilizada para favorecer a polarizacdo das células imunitarias em
direcdo a um fendtipo imunossupressor (Angelin et al., 2017; Colegio et al.,
2014). Dessa forma, as células cancerigenas se aproveitam desses mecanismos
para promover um ambiente imunologicamente suprimido que as ajuda a evadir

do sistema imunolégico e a favorecer sua sobrevivéncia e crescimento do tumor.
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Os macroéfagos associados a tumores (TAMs) formam uma populagao
celular altamente variavel e adaptavel no microambiente tumoral, chegando a
compor até 50% dos componentes celulares de alguns tumores sélidos. Em
grande parte dos casos, os TAMs promovem a progressao da doenca e
contribuem para a resisténcia a terapia, fornecendo as células malignas suporte
trofico e nutricional essencial (Vitale et al., 2019). Um dos principais modos pelos
quais as células cancerigenas condicionam os macrofagos para um fendtipo
imunossupressor é através da liberacdo do fator estimulador de colbénias 1
(CSF1), que, através da sua ligacdo com seu receptor, promove a polarizagao

dos TAMs para um estado semelhante a M2 (Mantovani et al., 2017).

Além disso, as citocinas IL-4 e IL-13, caracteristicas do perfil Th2 de
resposta imune, sdo abundantemente secretadas no TME favorecendo, assim,
o acumulo e manutencdo de TAMs M2. Ademais, a fagocitose de células
tumorais mortas por TAMs ocorre via LAP (Fagocitose Associada a LC3), um tipo
de fagocitose envolvido na absor¢do de conteudo extracelular indesejado,
reforcando assim o estado M2, com concomitante supressao da sinalizagcdo de
interferons do tipo | (Cunha et al., 2018; Galluzzi et al., 2017).

Os macréfagos associados a tumores polarizados em M2 secretam uma
diversidade de citocinas e quimiocinas com propriedades anti-inflamatdrias.
Essas substancias tém a capacidade de inibir a maturagcdo das células
dendriticas, limitando, consequentemente, a apresentacao de antigenos (Ruffell
et al., 2014). Em suma, os TAMs M2 favorecem o recrutamento de células Treg
(T reguladoras), bem como induzem a diferenciagao de células T indiferenciadas
ja presentes no tumor para o perfil regulatério, que sédo conhecidas por
exercerem efeitos imunossupressores no microambiente tumoral (Cassetta;
Pollard, 2018).

O TME é uma ecologia complexa que consiste em células que evoluem com
células cancerigenas e fornecem suporte durante a transformacgao maligna; além
das células malignas, o TME contém células dos linfaticos, vasculatura tumoral
e sistema imunolégico, bem como adipécitos e fibroblastos, podendo essas
células serem recrutadas para o tumor e estarem presentes em todas as fases

do desenvolvimento e progressao do tumor (Arneth, 2019).
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1.5. Caquexia Associada ao Cancer

A caquexia associada ao cancer € uma sindrome complexa caracterizada
pela perda significativa de peso, massa muscular e gordura corporal, que ocorre
em pacientes com cancer. Essa condicdo ndo € apenas uma consequéncia da
desnutricdo, mas sim um disturbio metabdlico multifatorial que afeta a qualidade
de vida e a sobrevivéncia dos pacientes (Zhu et al., 2020). Estima-se que até
80% dos pacientes com cancer avangado apresentem algum grau de caquexia,

tornando-a uma preocupacéo clinica significativa (Rivas et al., 2024).

A caquexia do cancer nao soO afeta negativamente a qualidade de vida de
pacientes com cancer, mas também reduz a eficacia da quimioterapia anticancer
e aumenta sua toxicidade, levando ao aumento da mortalidade relacionada ao
cancer e ao gasto de recursos médicos (Ni; Zhang, 2020). A perda de peso e a
fraqueza muscular podem levar a complicagbes adicionais, como infecgdes,
hospitalizagdes prolongadas e, em ultima analise, uma redugdo na sobrevida.
Além disso, a caquexia esta frequentemente associada a sintomas como fadiga,
dor e depressao, que podem agravar ainda mais a qualidade de vida do paciente
(Virgens et al., 2020).

A fisiopatologia da caquexia associada ao cancer € complexa e envolve uma
interacdo entre fatores tumorais e do individuo. A base da caquexia associada
ao cancer reside na presenga de um estado inflamatorio crénico, mediado por
citocinas proé-inflamatérias, como o TNF-q, IL-183, IL-6, IFN-y, TGF-B e GDF-15,
que ativam varias vias de sinalizacdo que promovem o catabolismo proteico e a
disfungdo metabdlica (Yakovenko; Cameron; Trevino, 2018). Essas substancias
podem induzir a resisténcia a insulina, aumentar a lipdlise (quebra de gordura) e
a protedlise (quebra de proteinas), resultando em perda de massa muscular e
gordura (Meex; Blaak; Loon, 2019). Além disso, a alteragdo no apetite e na
absorcao de nutrientes, frequentemente observada em pacientes com cancer,

contribui para o estado de caquexia.

O tratamento da caquexia associada ao cancer € desafiador e requer uma
abordagem multidisciplinar. Algumas estratégias emergentes incluem
intervengdes nutricionais, o emprego de agonistas do apetite, uso de anti-

inflamataorios, exercicio fisico, terapias farmacologicas, como os moduladores do
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metabolismo e agentes anabdlicos e terapias combinadas, como a combinagao
de intervencgdes nutricionais, farmacoldgicas e de exercicios (Argilés et al.,
2017).

A caquexia associada ao cancer é uma condicdo debilitante que requer
atencao especial no manejo do paciente oncologico. A compreensao de sua
fisiopatologia e a implementacdo de tratamentos emergentes sdo essenciais

para melhorar a qualidade de vida e a sobrevida dos pacientes afetados.
1.6. Potencial terapéutico da Trans-Chalcona

As chalconas consistem em uma cetona aromatica, consideradas
precursores biogenéticos de flavonoides e isoflavonoides (Rammohan et al.,
2020). Abundantes em plantas, s&o sintetizadas a partir do aminoacido L-
fenilalanina, que passa por diversas modificagdes estruturais até formar o
intermediario p-cumaril-CoA. Esse intermediario reage com trés moléculas de
malonil-CoA, em um processo catalisado pela enzima chalcona sintase,
culminando na formacédo do esqueleto estrutural das chalconas (Agra et al.,
2024; Fonséca, 2012). As chalconas podem ser transformadas em auronas,
originando pigmentos amarelos que conferem coloracdo as flores ou podem
ainda ser convertidas em naringenina, um precursor fundamental na biossintese
de todos os flavonoides. Além disso, desempenham um papel essencial em vias
de sinalizagao e estao envolvidas em processos de simbiose (Diaz-Tielas et al.,
2016).

O nucleo das chalconas € composto de dois anéis aromaticos (A e B) que
sdo ligados por um sistema carbonil de trés carbonos a, B-insaturado, ou seja,
derivado de 1,3-difenil-2-propen-1-ona (Figura 9). Estereoquimicamente, a
chalcona pode existir tanto em isbmeros trans (E) quanto cis (Z), sendo o
isdmero trans o mais estavel termodinamicamente e cis mais instavel devido aos
efeitos estéricos do anel A com grupo carbonila. A conjugagao continua dos dois
anéis aromaticos e o sistema carbonil eletrofilico contribui para o baixo potencial
redox, estabilidade, reacdes de transferéncia de elétrons e atividades biologicas

promissoras das chalconas (da Silva et al., 2023)
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Figura 9. Representacgéo estrutural e numérica da trans-Chalcona. Os anéis
aromaticos (A e B) estao ligados através do grupo carbonil a, B-insaturado.

Diversos estudos tem revelado a ampla gama de atividades farmacoldgicas
da trans-chalcona, tais como antimicrobiana (Bitencourt et al., 2013, 2019), anti-
inflamatdria (Ale-Ebrahim et al., 2022; Javadi et al., 2023; Karimi-Sales et al.,
2018; Martinez et al., 2017b, 2017a; Staurengo-Ferrari et al., 2018)
neuroprotetora Dhakal et al, (2021), antiparasitaria (Batiha et al., 2019; Miranda-
Sapla et al., 2019) e anticancer (Bortolotto et al., 2017; da Silva et al., 2023; Hong
et al., 2023; Komoto et al., 2023; Senrung et al., 2023; Siqueira et al., 2021).
Recentemente, em nosso laboratério, foi evidenciado que a trans-chalcona
apresenta atividade antiproliferativa sobre as linhagens de cancer cervical HeLa
e SiHa (dados ainda nao publicados).

Quando avaliado no modelo de osteossarcoma in vitro em células U-2 OS,
a trans-chalcona foi capaz de reduzir a viabilidade celular a partir de 10 yM apés
48 h de tratamento, além de induzir condensacdo de nucleos, indicando
apoptose celular, e aumentar a atividade da caspase 3/7 em 50 yM. O tratamento
com trans-chalcona também levou a regulagdo negativa de Sp1 no nivel
transcricional, e aumentou a expressao de p53 no nivel pds-traducional tanto em
células U-2 OS, bem como em células A549 (cancer de pulmao), FaDu (cancer
oral) e HCT-116 (cancer colorretal). Para fins de comparacgao, foi demonstrado
que a inducao de p53 foi observada como consideravelmente maior em células
tratadas com frans-chalcona quando comparado a 4-hidroxichalcona, sugerindo
que a regulacao dessas proteinas pode resultar da estrutura do backbone da
chalcona, nao do grupo hidroxila (Silva et al., 2016). Em complementar, os
autores avaliaram que a frans-chalcona é capaz de inibir a expressdao da
exportina 1 (CRM1), receptor de exportagdo nuclear envolvido no transporte
ativo de supressores de tumor, além de aumentar a expressdao de HSP40,

favorecendo a manutencéao celular, culminando em acumulo de p53 no nucleo
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(Silva et al., 2018, p. 53).

O efeito da frans-chalcona também foi determinado em células 3T3
(fibroblasto murino) e MCF-7 (cancer de mama), no qual foi capaz de induzir
aumento de LDH extracelular e dano ao DNA em células MCF-7, mas n&o em
células 3T3. Quando avaliado o ciclo celular, trans-chalcona induziu parada em
fase G1, bem como morte celular por apoptose de maneira dose dependente. O
efeito pré-apoptético foi confirmado quando avaliado inibigdo de Bcl-2 e indugéo
de BAX, indicando indugdo de apoptose mediada pela via intrinseca. Em
complementar, os autores avaliaram que o tratamento com trans-chalcona levou
a degradacgao acentuada da ciclina D1, clivagem de PARP e induc¢do de CIDEA
(Bortolotto et al., 2017).

Komoto et al (2018) também avaliaram que em células de cancer de mama
MCF-7 (53,73 uM) e BT-20 (26,42 yM) a trans-chalcona reduziu a viabilidade
celular, reprimiu genes relacionados resisténcia a multiplas drogas (ABCC1 e
ABCGZ2), apoptose e ciclo celular (Bcl-2 e MDM4), fator de crescimento (EGFR)
e metastase (AURKA), bem como inibiu a expressao da proteina AURKA em
células MCF-7 e reduziu a migracdo celular Komoto et al (2018).Em
complementar, Komoto et al (2023) também avaliaram que em células MCF-7 a
trans-chalcona (53,73 pM) alterou a expressao de miRNAs, envolvidos com as
vias de sinalizagdo MAPK, Ras e PI3K-Akt. Dentre os miRNAs avaliados,
miRNAs oncogénicos (miR-27a-3p e miR-891a-5p) e supressores de tumor
(miR-25-5p e miR-449a) demonstraram expressao alterada apds tratamento
(Komoto et al., 2023). No modelo in vitro utilizando células de cancer de mama
triplo-negativo humano (BT-20 e MDA-MB-231), a trans-chalcona também
reduziu o numero de células viaveis apos o tratamento com 30 uM por 24 h e
aumentou a expressdao de heme oxigenase-1 (HO-1). Enquanto no modelo in
vivo, ap6s inoculagao de células BT-20 (xenoenxerto) e administragéo oral de
trans-chalcona (via gavagem) 3 vezes por semana durante 4 semanas (5 mg/kg
e 50 mg/kg), houve redugao do peso e volume tumoral, bem como aumento na
expressao de HO-1 no tecido tumoral (Komoto et al., 2021).

No modelo in vitro de carcicoma hepatocelular (HuH7.5), o tratamento com
trans-chalcona reduziu a viabilidade celular, sendo determinada uma
concentracao inibitéria (ICs0) de 53 pM e 23.66 uM para 24 h e 48 h,

respectivamente, sem induzir hemoélise em eritrécitos. Trans-chalcona também
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foi capaz de aumentar os niveis de ERO e induzir despolarizagdo do potencial
de membrana mitocondrial. Como consequéncia, houve inibicdo da capacidade
metastatica, parada no ciclo celular na fase G0/G1, aumento dos niveis de p53,
reducdo de B-catenina, culminando em morte celular por autofagia (Siqueira et
al., 2021).

Recentemente, em nosso laboratério, foi evidenciado que a trans-Chalcona
apresenta atividade antiproliferativa frente as linhagens celulares de céncer
cervical HeLa e SiHa (dados nao publicados). Diante desse fato, e do potencial
antineoplasico da trans-chalcona, este estudo buscou avaliar sua atividade
antitumoral e imunomoduladora e seu efeito sobre parametros de caquexia in

vivo em modelo de tumor murino associado ao HPV-16.
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2. JUSTIFICATIVA

O cancer de colo do utero € o terceiro mais diagnosticado entre as mulheres,
excluindo os casos de cancer de pele ndo melanoma, e a segunda principal
causa de morte por cancer dentre essa populagao, tendo estimativa de 704 mil

novos casos no Brasil até o ano de 2025.

As estratégias atuais de tratamento do cancer do colo do utero incluem
cirurgia, radioterapia, imunoterapia, terapia enddcrina e quimioterapia. Apesar da
quimioterapia ser eficaz, observa-se cada vez mais frequente resisténcia ao
tratamento entre as pacientes. Isso se da, principalmente, devido a capacidade
adquirida das células cancerigenas de resistirem a acao de farmacos por alguns
mecanismos, tais como a degradacgéo enzimatica destes, bem como a promogao
do efluxo destes das células, neutralizando a acdo daqueles medicamentos que

possui atividade intracelular.

O microambiente tumoral € uma linha de pesquisa emergente, visto que este
ambiente, que apresenta uma vasta variedade de células, contribui para
mecanismos de resisténcia e de invasao de células cancerigenas no tecido no
qual o tumor esta localizado, bem como no escape dessas células para a
corrente sanguinea, fendmeno que possibilita a instalagdo de novos tumores em

locais distante daquele de origem.

A trans-chalcona é um composto natural de origem vegetal que tem se
demonstrado muito interessante do ponto de vista farmacolégico, e apresenta
facil sintese com alto rendimento. Durante os ultimos anos, muito se tem
pesquisado sobre a atividade biologica deste composto, sendo evidenciadas
atividades antimicrobiana, antiparasitaria, anti-inflamatéria, neuroprotetora e,

principalmente, no contexto desta pesquisa, atividade anticancer.

Deste modo, e com base na auséncia de estudos sobre a atividade
antitumoral e imunomoduladora da trans-chalcona in vivo, esta pesquisa tem
como objetivo avaliar a atividade antitumoral, imunomoduladora e efeitos do
tratamento sobre parametros de caquexia em modelo de tumor cervical de

células TC-1 em camundongos C57BL/6.
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3. OBJETIVOS
3.1.  Objetivo Geral

Avaliar a atividade antitumoral e imunomoduladora da Trans-Chalcona e

efeitos do tratamento sobre parametros de caquexia em modelo murino de

cancer cervical.

3.2.

Objetivos Especificos

Avaliar a atividade antitumoral da trans-chalcona por meio da mensuragao
do volume e da densidade do tumor;

Verificar alteragdes histopatoldgicas no tecido tumoral promovidas pelo
tratamento com a trans-chalcona, por meio da coloragdo com
hematoxilina/eosina;

Investigar se o tratamento com a trans-chalcona promove alteragdes
oxidativas no tecido tumoral, por meio da determinagdo dos niveis de
Anion Superéxido, Oxido Nitrico, Peroxidacao Lipidica, FRAP e ABTS;
Avaliar a atividade imunomoduladora da trans-chalcona sobre o
microambiente tumoral, por meio das analises de quantificagdo de
citocinas dos perfis Th1, Th2 e Th17;

Investigar o efeito do tratamento com a Trans-Chalcona no surgimento de

parametros de caquexia associada ao cancer no modelo estudado.
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5. PRODUCAO CIENTIFICA

5.1. Manuscrito: Trans-Chalcone inhibits tumor growth, promotes
immunomodulation, oxidative stress and reduction of vascularization in tumor
microenvironment and attenuates cachexia parameters in a murine model of

cervical cancer.

A ser submetido na revista: Life Sciences.
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Highlights:

e Trans-Chalcone promotes inhibition of tumoral grouth in murine model of
cervical cancer.

e Treatment with Trans-Chalcone increase the production of reactive
oxygen and nitrogen species and decreases antioxidant parameterns in
tumor microenvironment.

e Trans-Chalcone promotes immunomoduation in tumor microenvironment
by the increasing of cytokines Th1 and polarizing tumor-associated

macrophages towards the M1 profile.

e Treatment with Trans-Chalcone reduces vascularization in the tumour
microenvironment.

e Trans-Chalcone attenuates development of cachexia parameters.

Abstract

Aims: This study aimed to investigate the antitumor and immunomodulatory
activity of Trans-Chalcone (TCh) in a murine model of cervical cancer
associated with HPV 16, as well as to evaluate the effects of treatment on the

parameters of cancer-associated cachexia in the model studied..

Main methods: The animals were inoculated on day 0 with TC-1 cells at a
concentration of 2x10° cells/100 L, in the dorsolateral region, subcutaneously.

They then waited for the tumor to develop, from day 1 to day 11 post-inoculation.
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From day 12 to 25 post-inoculation, the respective treatments were carried out
with TCh 30 mg/kg, Cisplatin 2 mg/kg or Control Vehicle with saline
+ tween 80 10%. On the 26th day, the animals were euthanized and the tumors,

blood and gastrocnemius muscles were collected for the respective experiments.

Key findings: Treatment with TCh inhibited tumor growth in a similar way to
Cisplatin. In addition, TCh promoted oxidative stress as well as
immunomodulation for an antitumor profile and reduced vascularization in the
tumor microenvironment. In sum, treatment with TCh, as with Cis, annulled or

attenuated the parameters of cancer-associated cachexia in the model studied.

Significance: Taken together, the results of our study suggest TCh as a
promising candidate for the treatment of high-risk Human Papillomavirus-
associated cervical cancer, having demonstrated effects similar to, or even better

than, treatment with the reference antineoplastic agent, Cisplatin.

Keywords: Treatment, Redox disruption, HPV, Cervix cancer, Cytokines.

Abbreviations: HPV, Papillomavirus Human; TCh, Trans-Chalcone; Cis,
Cisplatin; VC, Vehicle Control; NBT, Nitro blue Tetrazolium; DMSO, Dimethyl
sulfoxide; KOH, Potassium hydroxide; TBARS, thiobarbituric acid reactive
species; TBA, thiobarbituric acid; TCA, trichloroacetic acid; FRAP, Ferric
reducing ability of plasma; ABTS, 2,2-azinobis-(3-ethylbenzothiazoline-6-sulfonic
acid); ELISA, Enzyme-Linked Immunosorbent Assay; IL-6, Interleucin-6; IL-17A,
Interleucin-17A; IL-2, Intereucin-2; IL-4, Interleucin-4; IL-10, Interleucin-10; IFN-
Yy, Interferon- y; TNF-a, Tumor necrosis factor-a; VEGFR2, vascular endothelial
growth factor receptor 2; VEGF, vascular endothelial growth factor; PD-1,
programmed cell death protein 1; PD-L1, programmed cell death protein ligand
1; ROS, Reactive oxygen species; DNA, deoxyribonucleic acid; RNA, ribonucleic
acid; TMBP, 3,3'5,5-Tetramethoxybiphenyl-4,4'diol; TBB, Trilobolide-6-O-
isobutyrate; MAPK, Mitogen-activated protein kinase; MCH, Major
Histocompatibility Complex; LDH, Lactate dehydrogenase; NK, Natural killer; NF-
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kB, Phospo nuclear factor kappa; PI3K, phosphatidylinositol-3-kinase; Akt,
Protein kinase B; GDF-15, growth/differentiation factor 15; TGF-f, transforming
growth factor- 3; JAK, Janus kinase; STAT, Signal transducer and activator of

transcription; Muscle RING-finger protein-1; w-3, 6mega-3.
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1. INTRODUCTION

Cancer represents the greatest challenge to global public health, standing out
as one of the main reasons for death and, consequently, as one of the main
barriers to increasing life expectancy worldwide. In most countries, it is the first
or second leading cause of premature death before the age of 70 (1). Data from
the Global Cancer Observatory (Globocan), produced by the International
Agency for Research on Cancer (IARC), reveals that there were 19.3 million
new cases of cancer worldwide in 2020, including cases of non-melanoma skin
cancer. For the period 2023 to 2025, it is estimated that Brazil will face
approximately 704,000 new cases of cancer, this number being reduced to

483,000 if we exclude cases of non-melanoma skin cancer (1).

In 2022, around 660,000 women were diagnosed with cervical cancer
worldwide and around 350,000 women died from the disease (2). In Brazil,
cervical cancer is the third most common type of cancer in women, excluding
non-melanoma skin cancers, behind breast and colorectal cancers (3). For each
year of the 2023-2025 triennium, 17,010 new cases were estimated, which

represents a gross incidence rate of 15.38 cases per 100,000 women (1)

Cervical cancer is predominantly caused by persistent human papillomavirus
(HPV) infections. Of the 200 types of HPV identified, 12 have been designated
as carcinogenic by the International Agency for Research on Cancer, with HPV-
16 accounting for 50% and HPV-18 accounting for 10% of cervical cancer cases,

respectively (4).

The therapies available for the treatment of cervical cancer include
chemotherapy, radiotherapy, immunotherapy and surgery, combined or isolated,
depending on the degree of malignancy of the case. However, cervical cancer is
the second leading cause of cancer death in women between the ages of 20 and
39 (5). The poor prognosis of cases has been attributed to frequent
chemoresistance and cases of metastasis, which make it difficult to eliminate the

tumor and increase the likelihood of recurrence, respectively (6).

Trans-chalcone is a natural product of plant origin that has proven to be of

great value from a pharmacological point of view. Studies have revealed its wide
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range of pharmacological activities, such as antimicrobial (7,8), anti-inflammatory

(9—14), neuroprotective (15), anti-parasitic (16) and anti-cancer (17-23).

The murine model of cervical cancer in C57BL/6 mice with TC-1 cell
inoculation is already widely used and well-established in research into new
vaccines against HPV and cervical cancer (24—28), as well as in the search for
new compounds to be applied in immunotherapy and immunomodulation of

cervical cancer (29-33).

Thus, this research demonstrated the antitumor activity, immunomodulation
in the tumor microenvironment and the effects on the development of cachexia
parameters of Trans-Chalcone in the cervical tumor model of TC-1 cells in
C57BL/6 mice.
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2. MATERIALS AND METHODS

2.1. Animal experimentation and ethics committee

This study used isogenic female mice of the C57BL/6 strain, aged between
60 and 80 days, weighing between 20 and 25 grams, obtained from the vivarium
of the Department of Immunology, Parasitology and General Pathology at the
State University of Londrina. They were kept at room temperature (25°C), with a
12-hour light/dark cycle (with the light cycle starting at 07h00), fed a balanced
diet and given drinking water ad libitum. The TC-1 cells used for implantation
were kindly provided by Prof. Dr. TC Wu, Johns Hopkins Hospital (Baltimore),
and are epithelial cells transformed with the E6 and E7 oncogenes of HPV16 and
Ej-ras. They were cultured in 10% fetal bovine serum in RPMI 1640 (Thermo
Scientific, Waltham, MS) plus 100 U/ml penicillin, 100 g/ml streptomycin, buffered
with sodium bicarbonate and in a 5% CO2 atmosphere at 37°C. C57BL/6 mice
were inoculated with 2x10° viable TC-1 tumor cells on the dorsum, as
previously described (30). The study included 3 groups: the vehicle control
group (VC), which received vehicle (10% tween 80 + isotonic saline solution);
the experimental treatment group (TCh 30 mg/kg), which received Trans-
Chalcone at a dose of 30 mg/kg (12); and the positive control group (Cis 2
mg/kg), which received Cisplatin at a dose of 2 mg/kg (Chu et al., 2016). The
animals in the VC and TCh 30 mg/kg groups received daily treatment for 14
consecutive days, and the animals in the Cis 2 mg/kg group received weekly
treatment for two weeks, on day 1 and day 8 of the total treatment time. The
dose of Trans-Chalcone used was maintained as it was safe in relation to renal
and hepatic toxicity (12). Each group consisted of 16 animals, totaling 48
animals used, and their tumors were directed to homogenate dosages or
histopathological analysis. At the end of the experimental procedure, the
animals were euthanized by cervical dislocation after anesthesia with ketamine
hydrochloride 180 mg/kg and xylazine 30 mg/kg. This research was approved
by the Animal Experimentation Ethics Committee of the State University of

Londrina (approval protocol n°. 015.2024).

2.2. Tumor volume
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The final tumor volume was meansured after excision of the tumors, using a
manual caliper. The following equation was used to determine tumor volume in
mm3: V = 0,5 x Length x Width? (34).

2.3. Test compounds

The compounds used in this study were isotonic saline solution (sodium
chloride 0,99/100 mL of water; Synth, Diadema, Brazil), Tween 80 (Synth,
Diadema, Brazil), Trans-Chalcone (Sigma-Aldrich, purity 97%, Cajamar, Brazil)

and cisplatin 1mg/ml (Bergamo, Taboao da Serra, Brazil).
24. Measurement of nitric oxide metabolite levels in tumor samples

Nitrite concentrations in the tumour tissue of animals from both groups were
determined using the Griess method, preceded by deproteinization of the
samples and a short period of reduction of nitrate to nitrite using cadmium, as

previously carried out (35).
2.5. Measurement of superoxide anion levels in tumor samples

The levels of the superoxide anion radical (O2) was determined by reducing
the redox dye nitrobluetetrazolium (1 mg/mL; NBT, Sigma-Aldrich). 50 pL of the
homogenate from the tumors of the animals in both groups was placed in the
wells of 96-well plates in contact with 100 yL of nitro blue tetrazolium at the
concentration previously reported. After an incubation period of 1 hour, the
supernatant was removed from the wells and discarted, and the precipitate
formed was solubilized with 120 uL of 2M KOH and 120 uL of DMSO. The optical
density was then meansured by spectrophotometry at 600 nm on a plate reader
(Multiskan GO Microplate Spectrophotometer, Thermo Scientific and Vantaa,
Finland).

2.6. Lipid peroxidation

Tissue lipid peroxidation was assessed by the levels of thiobarbituric acid
reactive substances (TBARS). For this assay, 10% TCA was added to the

homogenate and the mixture was centrifuged (3 min, 7000%g, 4 °C) to precipitate
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proteins. The protein-free supernatant was then separated and mixed with TBA
(0.67%). The mixture was kept in a water bath (15 min, 100 °C), as previously
carried out by (36). Malondialdehyde (MDA), an intermediate product of lipid
peroxidation, was determined by the difference between the absorbance at 535
and 572 nm using a microplate spectrophotometer reader (Multiskan GO
Microplate Spectrophotometer, Thermo Scientific and Vantaa, Finland). TBARS
were corrected according to the amount of tissue in the well and the results were
presented as Lipid Peroxidation (AOD A535 - A572/mg tissue).

2.7. Measurement of antioxidant capacity with iron reduction potential

(FRAP) and free radical scavenging capacity (ABTS) assays

Tumor samples from both groups were homogenized in 1,15% KCI and then
the supernatants were used for the ferric reducing ability (FRAP) and free radical

scavenging ability (ABTS) assays, as previously described (37,38).
2.8. Tumor histopathology

Tumor samples were collected, fixed in 10% buffered formalin for 24 hours.
After this period, the samples were washed 3 times with 1x PBS and then stored
in 70% alcohol until processing. The samples were then submitted to histological
processing for dehydration with graded alcohol baths (70%, 80%, 93% and
100%) (Dinamica Quimica Contemporanea, Sao Paulo, Brazil), diaphanization
with xylene baths (Synth, Diadema, Brazil) and paraffin impregnation (Synth,
Diadema, Brazil). The slides with the sections were dewaxed with a xylol bath,
followed by rehydration with decreasing alcohol baths (100%, 93%, 80% and
70%) and then stained with hematoxylin (Merck) and Eosin (Laborclin, Pinhais,
Brazil). By staining with hematoxylin and eosin, it was possible to observe the
tumor tissue and carry out a pathological score analysis, where the parameters
of stroma, vascularization and immune cell infiltration were observed and
measured in a scale of 0 to 3, where 0 is very little or non-existent, 1 is little, 2 is
a lot and 3 is accentuated. For lymphocytes, the scale/density was from 0 to 6.
The analyses were carried out by two experienced veterinary pathologist.

2.9. Cytokines
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The quantification of cytokines in the supernatant of the tumor homogenate
was performed using the CBA kit (BD Life Sciences, San Jose, CA, USA) for the
quantification of Th1, Th2 and Th17 cytokines in a single sample. The kit contains
seven populations of beads with different fluorescence intensities conjugated to
specific antibodies for the cytokines IL-2, IL-4, IL-6, IFN-y, TNF-q, IL-17A and IL-
10. The sphere-antibody-cytokine complexes were analyzed in the FL3 channel
of the BD FACSCalibur™ flow cytometer.

2.10. Animal body weight

The animals were weighed daily, at the time of treatment, during all treatment
days until the day of euthanasia, on a semi-analytical scale (GEHAKA BG 1000)

previously weighed with the weight of the weighing chamber.
2.11. Weighing the gastrocnemius muscles

The gastrocnemius muscles of the animals were weighed on the day of
euthanasia, after surgical excision, on a semi-analytical balance (BEL
ENGINEERING S203H) previously weighed with the weight of the weighing

paper.
2.12. Determination of plasma levels of IL-6 and IFN-y by ELISA

To measure plasma IL-6 and IFN-y cytokines by ELISA, the plates were first
sensitized one day before the experiments with the respective capture antibodies
(eBioscience). The animals' plasma samples were thawed in an ice bath at
room temperature, while the plates were washed, blocked and the standard
samples of the respective curves were added. Subsequently, 100 uL of plasma
was added to the previously sensitized wells and the plates were stored at 4°C
overnight for greater detection. On the 3rd day, the plates were washed, the
detection antibodies were added and then the plates were read by
spectrophotometry using a microplate reader at 450 nm (Multiskan GO
Microplate Spectrophotometer, Thermo Scientific and Vantaa, Finland). The

results are expressed in picograms of cytokines per milliliter of plasma.

2.13. Grip strength test
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Grip strength was measured by holding the mice by the tail and lowering them
onto a metal grid connected to the shaft of a Shimpo Fgv 0.5X force transducer
(Metrotec Group, Lezo, Spain). When the animals had a firm grip on the grid, a
discreet tug was exerted on their tails (Paolini et al., 2015). The test was repeated
three times to confirm the result, with a 30-second interval between tests to avoid
fatigue. Grip strength measurements were taken one day before the start of
treatment and one day after the end of treatment, in order to assess whether the

treatment promoted the maintenance or slowed down the loss of muscle strength.
2.14. Food consumption

The animals' food consumption was assessed by measuring their daily feed
intake. For this purpose, 300 grams of feed was added the day before the first
day of treatment and, every day, at the time of treatment, the feed was weighed
again to assess daily consumption per box, and this was done until the day of
euthanasia (one day after the end of treatment). The feed was replenished when
necessary, and then weighed again to continue measuring daily food
consumption. When analyzing the data, the individual daily consumption was
averaged by dividing the total consumption, per box and per day, by the number
of animals per box (3 animals per box), in order to obtain the average daily

consumption of the animals.
2.15. Statistical Analysis

The data was initially subjected to an exploratory statistical analysis, with
normality assessed using the Shapiro-Wilk test. The results were expressed as
mean + standard error of the mean (SEM). Comparisons between two groups
were made using the Student's test. Significance was determined by two-way
analysis of variance (two-way ANOVA), followed by Tukey or Kruskal-Wallis
multiple comparison tests. Differences were considered significant when p <0.05.
All statistical analyses were carried out using GraphPad Prism 8.0 software
(GraphPad Software, San Diego, CA).
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3. RESULTS
3.1. Trans-chalcone treatment inhibits tumor growth in a murine

model of cervical cancer

Firstly, we evaluated whether treatment with Trans-Chalcone promoted tumor
growth inhibition. After the treatment period, we found that Trans-Chalcone
promoted significant tumor growth inhibition when compared to the vehicle
control (p < 0.0001) in an incredibly similar way to cisplatin (p < 0.0001), but
there was no difference when comparing the two treated groups (p = 0.9419).
(Fig. 2A/B).

3.2. Treatment with Trans-Chalcone promotes reduction of

vascularization in the tumor tissue

After observing that treatment with Trans-Chalcone inhibited tumor growth,
we tried to investigate whether the treatment promoted histomorphological
changes in the tumor microenvironment. Using a score from 0 to 3, where 0
would be equivalent to absent and 3 would be equivalent to very much present,
it was observed that both the tumors from the animals in the TCh group and the
tumors from the Cis group had a lower amount of vascularization per area
analyzed compared to the VC group (p = 0.0217 and p = 0.0217, respectively),
and that the two did not differ from each other (p > 0.9999). As for the other
parameters evaluated, none of them showed any difference between any of the

groups in this study (Fig. 3A/B).
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3.3. Trans-Chalcone promotes increase in reactive oxygen species,
nitric oxide metabolites, lipid peroxidation and a decrease in

antioxidant protection in the tumor microenvironment.

Since treatment with Trans-Chalcone promoted tumor growth inhibition, we
sought to assess whether oxidative stress was involved in this activity. To this
end, we evaluated the levels of superoxide anion, nitric oxide metabolites, lipid
peroxidation and the capacity for ferric reduction and ABTS radical reduction in

tumor tissue.

It was observed that the administration of Trans-Chalcone promoted an
increase in superoxide anion levels compared to the vehicle control group (p =
0.0003), and that treatment with cisplatin showed no statistical difference
between the two groups, TCh (p = 0.6480) and VC (p = 0.1247) (Fig. 4A).

When assessing the levels of nitric oxide metabolites using the
cadmium/Griess technique, there was an increase in the TCh group in relation to
the vehicle control group (p = 0.0065), with no statistical difference in relation to
the animals treated with cisplatin (p = 0.4778) which, in turn, did not differ from
the control group, despite showing a tendency towards a statistical difference (p
=0.0829) (Fig. 4B).

When we evaluated the levels of lipid peroxidation, using the method for
determining the levels of thiobarbituric acid reactive species, we found that
treatment with TCh was able to increase lipid peroxidation compared to the VC
group (p = 0.0287), but showed no difference compared to the Cis group (p =
0.5106), which showed no difference in lipid peroxidation levels compared to VC
(p = 0.6683) (Fig. 4C).

Observing that treatment with Trans-Chalcone promoted an increase in
reactive oxygen and nitrogen species, as well as an increase in lipid peroxidation,
we evaluated whether the treatment also promoted changes in the antioxidant
protection of tumor tissue. To this end, we tried to assess the capacity for ferric
reduction, using the ferric reduction antioxidant power technique, and found that
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treatment with TCh was able to significantly reduce this antioxidant parameter
compared to the VC group (p = 0.0201), but that treatment with cisplatin showed
no difference when compared to the TCh group (p = 0.1247), nor when compared
to the VC group (p = 0.6480) (Fig. 4D).

We also tried to evaluate the total antioxidant activity in the tumor tissue,
where it was observed that treatment with cisplatin showed a statistical
difference compared to the VC group (p = 0.0347), but the TCh group, despite
showing visually lower levels, did not differ significantly from the VC group (p =
0.1184), nor in relation to the Cis group (p = 0.6480) (Fig. 4E).

3.4. Trans-Chalcone treatment promotes immunomodulation in tumor

microenvironment

To assess whether treatment with  Trans-Chalcone promoted
immunomodulation in the tumor microenvironment, we determined the levels of
cytokines in the tumor microenvironment using the supernatant of the tumor
homogenate, where different beads containing antibodies to the different
cytokines, with different fluorescence intensities, were placed in contact with the
samples and then these were read on the flow cytometer. We evaluated
cytokines from the Th1, Th2 and Th17 profiles.

After the test, it was observed that both treatment with Trans-Chalcone and
treatment with Cisplatin promoted a significant increase in the levels of the
cytokine IFN-y in the tumor microenvironment compared to the vehicle control
group (p = 0.0237; p = 0.0099), with no difference between them (p > 0.9999)
(Fig. 5A). In addition, it was also shown that both treatments, with Trans-
Chalcone and Cisplatin, promoted an increase in the cytokine IL-17A in the tumor
microenvironment when compared to the vehicle control group (p = 0.0002; p =
0.0411), also with no difference between them (p = 0.0593) (Fig. 5B).

In addition, we observed that both treatments with TCh and Cis promoted a
significant reduction in the cytokine IL-4 in the tumor microenvironment compared

to the VC group (p <0.0001; p = 0.0003), with no statistical difference between
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them (p = 0.1778) (Fig. 5C). Not dissimilarly, the treatments with TCh and Cis
also reduced the levels of the cytokine IL-6 in the tumor microenvironment when
compared to the animals in the vehicle control group (p < 0.0001; p < 0.0001),
maintaining statistical equality between them (p = 0.9058) (Fig. 5D).

When we assessed the levels of the cytokine IL-2 in the tumor
microenvironment, we found that there was no statistical difference between any
of the 3 groups, Trans-Chalcone, Cisplatin and Vehicle Control (VC vs. TCh 30
mg/kg, p = 0.8588; VC vs. Cis 2 mg/kg, p = 0.0694; TCh 30 mg/kg vs. Cis 2
mg/kg, p = 0.1896) (Fig. 5E). Similarly, we found that any of the 3 treatments was
also unable to alter levels in the tumor microenvironment of the cytokine TNF-a
(VCvs. TCh 30 mg/kg, p =0.9274; VC vs. Cis 2 mg/kg, p = 0.2463; TCh 30 mg/kg
vs. Cis 2 mg/kg, p = 0.4125) (Fig. 5F). In line with this, the cytokine IL-10 also
showed no significant difference between any of the 3 groups studied (VC vs.
TCh 30 mg/kg, p = 0.2440; VC vs. Cis 2 mg/kg, p = 0.1103; TCh 30 mg/kg vs.
Cis 2 mg/kg, p = 0.9343) (Fig. 5G).

3.5. Effects of treatment with Trans-Chalcone in the appearance of

cancer-related cachexia parameters

The animal cachexia score (ACASCO) establishes some parameters to
assess and/or characterize the onset of cachexia in animals. The parameters for
characterizing animal cachexia involve alterations that are closely related to the
onset of this clinical condition, such as loss of body weight and gastrocnemius
muscles; inflammatory parameters, such as plasma IL-6 and Serum Amyloid A;
metabolic disorders, assessed by serum albumin, glucose, triglycerides and
hematocrit; physical activity parameters, such as total physical activity and
handgrip strength; anorexia parameter, assessed by decreased food
consumption, and quality of life tests, such as discomfort symptoms, resident-
intruder paradigm and forced swim test (39). In this way, we sought to assess
whether treatment with Trans-Chalcone had a mitigating effect on the

appearance of cachexia-related parameters.

When evaluating the weight of the animals in both groups during the treatment
period, it was possible to see that treatment with Trans-Chalcone promoted
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weight maintenance in the animals, which was not the case with the animals in
the VC group (p < 0.0001), and that treatment with Cisplatin also had this effect
when compared to VC (p < 0.0001), but both the TCh and Cis groups did not
differ in terms of weight maintenance (p > 0.9999) (Fig. 6A-1).

When we evaluated the weight of the animals' gastrocnemius, we found that
the animals in the TCh group had significantly higher weights of gastrocnemius
when compared to the weights of the gastrocnemius of the animals in the VC
group (right gastrocnemius, p < 0.0001; left gastrocnemius, p < 0.0001), and
the same phenomenon was found when comparing the weights of the
gastrocnemius of the animals in the Cis group with the animals in the VC group
(right gastrocnemius, p < 0.0001; left gastrocnemius, p < 0.0001), but there was
no statistical difference between the weights of the gastrocnemius of the
animals in the TCh group and the animals in the Cis group (right gastrocnemius,
p = 0.3168; left gastrocnemius, p = 0.9014) (Fig. 6A-2).

Next, we tried to assess whether treatment with Trans-Chalcone reduced the
inflammatory parameters characteristic of cachexia by measuring IL-6 (Fig. 6B-
1) and IFN-y (Fig. 6B-2) by ELISA. The animals in the TCh group had lower
plasma levels of IL-6 (p = 0.0184) and IFN-y (p = 0.0362) than the animals in the
VC group. Treatment with Cisplatin was also able to reduce plasma levels of IL-
6 (p =0.0116) and IFN-y (p = 0.0008) compared to treatment with vehicle control.
When plasma levels of IL-6 and IFN-y were compared between the TCh and Cis
groups, no statistical difference was observed (IL-6, p = 0.9771; IFN- vy, p =
0.7737).

Subsequently, we assessed whether the administration of Trans-Chalcone
would reverse the loss of muscle strength by testing handgrip strength using a
dynamometer attached to a grid where the animal was positioned and then gently
pulled by the tail. Thus, we found that, at the end of treatment, the animals in the
TCh group had significantly greater handgrip strength than the animals in the VC
group (p < 0.0001), a fact also observed when comparing the animals in the Cis
group to those in the VC group (p = 0.0131), but we observed no statistical
difference when comparing the TCh and Cis groups (p = 0.4939) (Fig. 6C).
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Therefore, we investigated whether treatment with Trans-Chalcone had an
effect on the parameter of cachexia-related anorexia, as assessed by the
animals' food consumption. We found that the animals in the TCh group had
higher food consumption than the animals in the VC group (p = 0.0231), which
was not the case for the animals in the Cis group compared to the animals in the
VC group (p =0.3783). However, the consumption of the animals in the Cis group
also did not differ from that of the animals in the TCh group (p = 0.3424) (Fig.
6D).
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4. DISCUSSION

The present study showed that treatment for 14 days with Trans-Chalcone, at
a dose of 30 mg/kg body weight, was able to inhibit tumor growth, with results of
a reduction in tumor volume similar to treatment with Cisplatin, the reference
antineoplastic drug, in the same model. The treatment also promoted an increase
in the production of reactive oxygen and nitrogen species in the tumor
microenvironment. In addition, therapeutic intervention with Trans-Chalcone
reduced vascularization in the tumour. In addition, the treatment also promoted
immunomodulation of the immune cells in the tumor microenvironment for an
antitumor profile. Furthermore, the administration of Trans-Chalcone was able to
reverse the development of cancer-associated cachexia in the model studied.
Thus, according to our data, Trans-Chalcone appears to be a promising

candidate for an antineoplastic drug.

For a long time, the tumor cell was the central component in the investigation
of biological mechanisms, as well as in the search for treatments that could
eliminate these cells. Today, it is known that studying the components of the
environment in which tumor cells are inserted is just as important as studying the
tumor cell itself. One of the characteristics of cancer that enables tumor support
and progression is that tumors can become sufficiently vascularized, either by
activating angiogenesis or by capturing vessels from adjacent normal tissues, a
mark that is now more broadly defined as the ability to induce or access, mainly
through invasion and metastasis, the vasculature that supports tumor growth
(40).

Several studies have shown that inhibiting angiogenesis is an effective
strategy for treating cancer. A clinical trial using apatinib, a tyrosine kinase
inhibitor of the vascular endothelial growth factor receptor 2, VEGFR2, as a
treatment for advanced or metastatic adenocarcinoma of the stomach refractory
to chemotherapy, resulted in an increase in median overall survival and an
increase in progression-free survival compared to patients in the placebo group
(41). Another study associating apatinib with the immune checkpoint blocker
camrelizumab and the antineoplastic agent oxaliplatin in patients with locally

advanced gastric cancer revealed that the association promoted an improvement
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in overall survival and progression-free survival parameters, as well as good
pathological response rates, which was associated with a microsatellite instability
status and decreased PD-L1 expression, in addition to promoting changes in

tumor subclones and the immune microenvironment (42).

Similarly, the combination of atixinib, a VEGF inhibitor, and pembrolizumab,
a PD-1 inhibitor, was shown to promote anti-tumor activity and improved
progression-free survival in a clinical study of patients with advanced renal cell
cancer (43). In this way, and based on our results of the histopathology of the
tumours from the experimental groups in this research, the reduction in
vascularization promoted by treatment with frans-chalcone may be involved in its

anti-tumor activity.

Oxidation-reduction (redox) reactions in living cells are used in fundamental
redox regulation processes, collectively referred to as 'redox signaling' or 'redox
control (44). In this context, many discussions have arisen about oxidative stress.
Oxidative stress is currently defined as a harmful condition that occurs in all living
systems and stems from the imbalance between oxidizing species and

antioxidant defense (45).

This redox imbalance plays a dual role in cancer. On the one hand, oxidative
stress processes and the failure to block them can result in genetic and epigenetic
alterations that drive the onset of carcinogenesis, by affecting various signaling
pathways associated with cell proliferation, such as epidermal growth factor,
nuclear factor erythroid 2-related factor, RAS/RAF, the mitogen-activated protein
kinases ERK1/2 and MEK, as well as the expression of the tumor suppressor
gene p53, which is a key factor in apoptosis (46). On the other hand, excessive
ROS can damage cellular components such as DNA, proteins and lipids, resulting
in oxidative stress, which is an important inducer of autophagy and apoptosis.
Acting as second messengers, low and moderate levels of ROS also play
important roles in regulating autophagy and apoptosis, thus controlling cell death
and survival (47).

In line with this, several studies have shown the generation of oxidative stress

as part of the mechanisms involved in the antitumor activity of different



63

compounds on different cell lines. It was observed in an in vitro model of
hepatocellular carcinoma that frans-chalcone promoted anti-tumor activity, one
of the mechanisms being an increase in the production of reactive oxygen
species (20). Similarly, other studies, in an in vitro model of lung carcinoma,
showed that treatment with the compounds TMBP and TBB promoted an
increase in oxidative stress parameters, mechanisms which were also involved
in the compounds' antitumor activity, since the inhibition of reactive species
reversed the cytotoxicity of the treatments (48-50). In line with these studies, our
research shows that oxidative stress contributes to the antitumor activity of
trans- chalcone in the model studied, evidenced by increased levels of pro-
oxidant substances, such as superoxide anion, nitric oxide and
malondialdehyde, and reduced antioxidant parameters, such as FRAP and
ABTS.

The immune response process against tumors is complex and involves
several mechanisms. Initially, cancer cells can be identified as altered due to the
accumulation of genetic mutations and increased expression of tumor antigens
or proteins that, in a normal context, are expressed at low levels (51). These
tumor antigens or products of abnormal expression are then recognized by
immune cells, mainly cytotoxic T lymphocytes, which then release substances
that culminate in the death of tumor cells (52). In addition, antigen-presenting
cells play a fundamental role in this context, as they process and present antigens

related to tumor cells, promoting the activation of T lymphocytes (53).

However, although the immune system is naturally capable of eliminating
cancer cells, these cells, in turn, develop strategies to evade the immune system.
The activation of different metabolic pathways and the release of metabolites into
the tumor microenvironment create an immunosuppressive environment that
results in the limitation of T cell activity against tumor cells (54). Signaling
pathways such as B-catenin, which is often associated with the desert tumor
immunotype (55), the Ras/MAPK pathway, which results in reduced MHC class |
expression, thus causing tumor cells to escape the cytotoxic action of CD8+ T
cells (56), the loss of type Il interferon signaling, which limits T lymphocyte-

mediated cytotoxicity (57), among several other pathways, are involved in the
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establishment of an immunosuppressed tumor microenvironment, consequently

more permissive to tumor progression.

Numerous studies have demonstrated that treatment with polyphenolic
substances, in the same animal model used in our research, promotes the
inhibition of tumor growth by mechanisms involving immunomodulation in the
tumor microenvironment, as evidenced by the repolarization of tumor-associated
macrophages from an M2 profile to an M1 profile (58), reduction in VEGF levels
(59) and increase in LDH, IFN-y and NO levels followed by decrease in IL-4 and
TGF-B levels (60). Our study presents results similar to the studies above, since
the treatment we used, in the same model, promoted an increase in the
production of the cytokines IFN-y and IL-17A and a decrease in the cytokines IL-
4 and IL-6 in the tumor microenvironment. IFN-y plays a crucial role in the immune
response against tumors through the activation of cytotoxic T cells, NK cells and
macrophages, inhibition of regulatory T cells, induction of MHC class |
expression, inhibition of angiogenesis and induction of apoptosis in tumor cells
(61-63). IL-17, in turn, can promote the recruitment and activation of cytotoxic T
cells (64), in addition to increasing NK cell activity (65), promoting increased
expression of MHC class | and Il (66) and can convert to Th1 upon specific stimuli,

a T cell profile known to be antitumor (67).

On the other hand, IL-4 is known to promote tumor progression through
several mechanisms, such as immunosuppression by stimulating the production
of IL-10 and TGF-B (68), the polarization of macrophages to an M2 profile, which
promotes angiogenesis through the production of VEGF (69), as well as
promotion of immunosuppressive myelopoiesis in cancer, by stimulating the
development and recruitment of suppressor cells derived from the myeloid
lineage (70). IL-6 is known for its promiscuous action, sometimes promoting an
antitumor response, sometimes promoting tumor progression. Several studies
have shown that IL-6 contributes to tumor progression, especially in HPV-positive
cervical cancers, through several mechanisms associated with the IL-6/STAT3
pathway, such as increased expression of the pro-tumor long non-coding RNAs
MALAT1 (71) and UICC (72), inhibition of tumor-associated fibroblast

senescence (73), downregulation of SOCS2 (74), increased survival signals
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through NF-kB activation (75), and upregulation of Mcl-1 through the PI3K/Akt
pathway (76). Therefore, immunomodulation promoted by treatment with trans-
chalcone appears to be another possible mechanism involved in its antitumor

activity.

As cancer progresses, the affected individual often develops organic changes
resulting from metabolic disorders caused by the disease. Among these changes,
one that stands out due to the level of impairment of the sick individual is
cachexia. Cancer-related anorexia-cachexia syndrome (CACS) is a debilitating
condition that afflicts up to 80% of patients with advanced cancer, characterized
by progressive weight loss, muscle wasting, and metabolic abnormalities, which
significantly compromises patients' quality of life and treatment outcomes (77).
Approximately 8.2 million annual deaths are attributed to cancer, with cancer-
associated cachexia playing a significant role in most cases (78). The basis of
cancer cachexia lies in the presence of a chronic inflammatory state, mediated
by pro-inflammatory cytokines, such as TNF-a, IL-1B, IL-6, IFN-y, TGF-B, and
GDF-15, which activate several signaling pathways that promote protein

catabolism and metabolic dysfunction (79).

IL-6 is a key cytokine in cancer cachexia, and its action is mainly mediated by
the activation of the JAK/STAT pathway, which leads to the expression of pro-
inflammatory and catabolic genes, including increased synthesis of acute phase
proteins (such as C-reactive protein) and activation of the ubiquitin-proteasome
system, which promotes the degradation of muscle proteins (80). IFN-y, another
key cytokine in cancer-associated cachexia, activates NF-kB and STAT-1a
signaling, which culminates in increased expression of Atrogin-1 and MuRF1, two
E3 ubiquitin ligases that lead to muscle degradation, particularly under conditions

of inflammation or stress (81).

Although there are still no well-established therapies for cachexia, some
strategies, such as appetite stimulation with megestrol acetate, ghrelin agonists
and serotonin agonists, as well as interference in metabolic and inflammatory
disorders with pro-cachectic cytokine antagonists, such as cyclooxygenase 2
(COX-2) inhibitors, B2 agonists, angiotensin-converting enzyme inhibitors,

selective androgen receptor modulators, myostatin antagonists and w-3 fatty
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acids have shown promise in attenuating metabolic alterations related to cancer
cachexia (82). Similarly, the proposed treatment with Trans-Chalcone is
promising in the clinical context of cancer-associated cachexia, as it reversed
the loss of body weight and muscle mass, promoted a decrease in plasma
levels of the cytokines IL-6 and IFN-y and attenuated the parameters of loss of
handgrip strength and decreased food consumption of the animals in the model
studied.
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5. CONCLUSIONS

In conclusion, our results suggest that Trans-Chalcone is an interesting
candidate for the treatment of cervical cancer, as it promotes the inhibition of
tumor growth, immunomodulation in the tumor microenvironment for an antitumor
profile, reduction of vascularization in the tumor, increase in the production of pro-
oxidant species followed by a decrease in antioxidant protection, and can also be
applied in the adjuvant treatment of cancer-associated cachexia, since it
promoted the reversal of the emergence of cancer-associated cachexia

parameters in the model studied.
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Figure 1. Experimental design. The animals were inoculated on day 0 with TC-
1 cells at a concentration of 2x105 cells/100 pL, in the dorsolateral region,
subcutaneously. They then waited for the tumor to develop, from day 1 to day 11
post-inoculation. From day 12 to 25 post-inoculation, the respective treatments
were carried out with Trans-Chalcone 30 mg/kg, Cisplatin 2 mg/kg or Control
Vehicle with saline + tween 80 10%. On the 26th day, the animals were
euthanized and the tumors, blood and gastrocnemius muscles were collected for

the respective experiments.
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Figure 2. Treatment with Trans-Chalcone promotes inhibition of tumor
growth in murine model of cervical cancer. (A) Image showing the size of
tumors of the animals from the different treatment groups. (B) Final tumor volume
of the animals of the different groups of treatment. Values was expressed as
mean + SEM. Multiple comparisons: VC vs. TCh 30 mg/kg, p < 0,0001; VC vs.
Cis 2 mg/kg, p < 0,0001; TCh 30 mg/kg vs. Cis 2 mg/kg, p = 0,9991. VC: vehicle
control. TCh: Trans-Chalcone. Cis: Cisplatin. (n=8).
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A Vehicle control Trans-Chalcone Cisplatin

Vehicle Trans- Cisplatin
Control Chalcone (Mean)
(Mean) (Mean)
Stromal density inside
tumor (0-3) 12 1,42 1,52
Necrosis inside tumor
(0-3) 1,82 0,42 0,82
Vascularization (0-3) 2,62 1,20 1,20
Lymphocite density +
distribution (0-6) 2,22 22 22

Figure 3. Trans-Chalcone promotes reduction of vascularization in the
tumor. (A) Photomicrographs of tumors from animals in both groups, showing
the reduction in vascularization promoted by the treatment (100 um). (B) Table
showing the means and quantitative comparisons of histopathological
parameters between the different groups. Stromal density inside tumor — Multiple
comparisons: VC vs. TCh 30 mg/kg, p = 0,4687; VC vs. Cis 2 mg/kg, p > 0,9999;
TCh 30 mg/kg vs. Cis 2 mg/kg, p > 0,9999. Necrosis inside tumor - Multiple
comparisons: VC vs. TCh 30 mg/kg, p =0,1213; VC vs. Cis 2 mg/kg, p = 0,2630;
TCh 30 mg/kg vs. Cis 2 mg/kg, p > 0,9999. Vascularization - Multiple
comparisons: VC vs. TCh 30 mg/kg, p = 0,0217; VC vs. Cis 2 mg/kg, p = 0,0217;
TCh 30 mg/kg vs. Cis 2 mg/kg, p > 0,9999. Lymphocyte density + distribution -
Multiple comparisons: VC vs. TCh 30 mg/kg, p > 0,9999; VC vs. Cis 2 mg/kg, p
> 0,9999; TCh 30 mg/kg vs. Cis 2 mg/kg, p > 0,9999. All values was expressed
as mean + SEM. VC: vehicle control. TCh: Trans-Chalcone. Cis: Cisplatin.
(n=8).
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Figure 4. Trans-Chalcone induces oxidative stress in the tumor
microenvironment. (A) Superoxide anion was determined using NBT. Multiple
comparisons: VC vs. TCh 30 mg/kg, p = 0,0003; VC vs. Cis 2 mg/kg, p = 0,6409;
TCh 30 mg/kg vs. Cis 2 mg/kg, p < 0,0001. (B) Nitric oxide metabolites was
determined by adapted Griess method. Multiple comparisons: VC vs. TCh 30
mg/kg, p = 0,0065; VC vs. Cis 2 mg/kg, p = 0,0829; TCh 30 mg/kg vs. Cis 2
mg/kg, p = 0,4778. (C) Lipid peroxidation was determined by TBARS method.
Multiple comparisons: VC vs. TCh 30 mg/kg, p = 0,0287; VC vs. Cis 2 mg/kg, p
=0,5106; TCh 30 mg/kg vs. Cis 2 mg/kg, p = 0,6683. (D) Ferric reduction ability,
determined by using Trolox as antioxidant. Multiple comparisons: VC vs. TCh 30
mg/kg, p = 0,0201; VC vs. Cis 2 mg/kg, p = 0,1247; TCh 30 mg/kg vs. Cis 2
mg/kg, p = 0,6480. (E) Total antioxidant activity, through the capture of the ABTS
radical. Multiple comparisons: VC vs. TCh 30 mg/kg, p = 0,1184; VC vs. Cis 2
mg/kg, p = 0,0347; TCh 30 mg/kg vs. Cis 2 mg/kg, p = 0,8971. All values was
expressed as mean + SEM. VC: vehicle control. TCh: Trans-Chalcone. Cis:
Cisplatin. (n=8).
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Figure 5. Trans-Chalcone treatment promotes immunomodulation in tumor
microenvironment. Cytokines were measured by flow cytometry using the CBA
Th1, Th2 and Th17 kit. (A) Interferon-gamma levels in the tumor
microenvironment. Multiple comparisons: VC vs. TCh 30 mg/kg, p = 0,0237; VC
vs. Cis 2 mg/kg, p = 0,0009; TCh 30 mg/kg vs. Cis 2 mg/kg, p > 0,9999. (B)
Interleucin-17A levels in the tumor microenvironment. Multiple comparisons: VC
vs. TCh 30 mg/kg, p = 0,0002; VC vs. Cis 2 mg/kg, p = 0,0411; TCh 30 mg/kg vs.
Cis 2 mg/kg, p = 0,0593. (C) Interleucin-4 levels in the tumor microenvironment.
Multiple comparisons: VC vs. TCh 30 mg/kg, p < 0,0001; VC vs. Cis 2 mg/kg, p

= 0,0003; TCh 30 mg/kg vs. Cis 2 mg/kg, p = 0,1778. (D) Interleucin-6 levels in
the tumor microenvironment. Multiple comparisons: VC vs. TCh 30 mg/kg, p <
0,0001; VC vs. Cis 2 mg/kg, p < 0,0001; TCh 30 mg/kg vs. Cis 2 mg/kg, p <
0,9058. (E) Interleucin-2 levels in the tumor microenvironment. Multiple
comparisons: VC vs. TCh 30 mg/kg, p = 0,8588; VC vs. Cis 2 mg/kg, p = 0,0694;
TCh 30 mg/kg vs. Cis 2 mg/kg, p = 0,1896. (F) Tumor necrosis factor-alpha levels
in the tumor microenvironment. Multiple comparisons: VC vs. TCh 30 mg/kg, p =
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0,9274; VC vs. Cis 2 mg/kg, p = 0,2463; TCh 30 mg/kg vs. Cis 2 mg/kg, p =
0,4125. (G) Interleucin-10 levels in the tumor microenvironment. Multiple
comparisons: VC vs. TCh 30 mg/kg, p = 0,2440; VC vs. Cis 2 mg/kg, p = 0,1103;
TCh 30 mg/kg vs. Cis 2 mg/kg, p = 0,9343. VC: vehicle control. TCh: Trans-
Chalcone. Cis: Cisplatin. (n=8).
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Figure 6. Trans-Chalcone treatment prevents the appearance of cancer-

related cachexia parameters. (A) Weight parameters. (A-1) Body weight
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parameter. Multiple comparisons: VC vs. TCh 30 mg/kg, p < 0,0001; VC vs. Cis
2 mg/kg, p < 0,0001; TCh 30 mg/kg vs. Cis 2 mg/kg, p > 0,9999. (A-2)
Gastrocnemius weight parameter. Multiple comparisons of Right Gastrocnemius:
VC vs. TCh 30 mg/kg, p < 0,0002; VC vs. Cis 2 mg/kg, p < 0,0001; TCh 30 mg/kg
vs. Cis 2 mg/kg, p = 0,3168. Multiple comparisons of Left Gastrocnemius: VC vs.
TCh 30 mg/kg, p < 0,0001; VC vs. Cis 2 mg/kg, p < 0,0001; TCh 30 mg/kg vs.
Cis 2 mg/kg, p = 0,9014. (B) Inflammatory parameters. (B-1) Plasmatic levels of
IL-6. Multiple comparisons: VC vs. TCh 30 mg/kg, p = 0,0184; VC vs. Cis 2 mg/kg,
p =0,0116; TCh 30 mg/kg vs. Cis 2 mg/kg, p = 0,9771. (B-2) Plasmatic levels of
IFN-y. Multiple comparisons: VC vs. TCh 30 mg/kg, p = 0,0362; VC vs. Cis 2
mg/kg, p = 0,0008; TCh 30 mg/kg vs. Cis 2 mg/kg, p = 0,7737. (C) Physical
activity parameter. Multiple comparisons: VC vs. TCh 30 mg/kg, p < 0,0001; VC
vs. Cis 2 mg/kg, p = 0,0131; TCh 30 mg/kg vs. Cis 2 mg/kg, p = 0,4939. (D)
Anorexia parameter. Multiple comparisons: VC vs. TCh 30 mg/kg, p = 0,0231;
VC vs. Cis 2 mg/kg, p = 0,3783; TCh 30 mg/kg vs. Cis 2 mg/kg, p = 0,3424. All
values was expressed as mean + SEM. VC: vehicle control. TCh: Trans-

Chalcone. Cis: Cisplatin. (n=8).



83

6. CONSIDERAGOES FINAIS

O presente estudo mostrou que o tratamento por 14 dias com Trans-
Chalcona, na dose de 30 mg/kg de peso corporal, foi capaz de inibir o
crescimento tumoral, com resultados de reducdo do volume tumoral
semelhantes ao tratamento com a Cisplatina, droga antineoplasica de referéncia,
no mesmo modelo. O tratamento promoveu ainda estresse oxidativo no
microambiente tumoral, evidenciado pelo aumento da produgdo de espécies
reativas de oxigénio e nitrogénio, e peroxidacgao lipidica, seguido de reducao da
protegao antioxidante. Além disso, a intervengao terapéutica com Trans-
Chalcona reduziu a vascularizacdo no tumor. Ademais, o tratamento também
promoveu a imunomodulacdo no microambiente tumoral para um perfil
antitumoral. Adicionalmente, a administragcao de Trans-Chalcona foi capaz de
reverter o desenvolvimento da caquexia associada ao cancer no modelo
estudado. Assim, de acordo com os nossos dados, a Trans-Chalcona se mostra
um candidato promissor para um farmaco antineoplasico direcionado ao cancer

cervical associado a HPVs de Alto Risco, principalmente o HPV-16.
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ANEXO

Universidade

Estadual de Londrina
COMISSAO DE ETICA NO USO DE ANIMAIS

OF. CIRC. CEUA N° 035/2024
Londrina, 17 de abril de 2024,

Prezado (a) professor(a),

Certificamos que o projeto intitulado: “Avaliagio da atividade antitumoral,
imunomoduladora e efeitos na sobrevida da frans-chalcona em modelo de tumor cervical de
camundongos C57BL/6", protocolo CEUA n°® 015.2024, sob a responsabilidade de Wander Rogério
Pavanelli, que envolve a produglo, manutengdo c/ou utilizagdo de animais pertencentes ao filo
Chordata, subfilo Vertebrata (exceto o homem) para fins de pesquisa cientifica (ou ensino), encontra-
se de acordo com os preceitos da Lei n® 11.794, de 8 de outubro de 2008, do Decreto n® 6.899, de 15
de julho de 2009, e com as normas editadas pelo Conselho Nacional de Controle da Experimentagdo
Animal (CONCEA). e foi aprovado pela Comissdo de Etica no Uso de Animais da Universidade
Estadual de Londrina (CEUA/UEL). em reunido realizada em 17/04/2024.

Este projeto tem por objetivo avaliar a atividade antitumoral, imunomoduladora e efeitos na
sobrevida da trans-chalcona em modelo de tumor cervical de células TC-1 em camundongos C57BL/6.
Grau de invasividade: G13.

Finalidade ( ) Ensino (X ) Pesquisa cientifica
| Vigéncia da autorizagio 25/05/2024 a 25/11/2025
Espécie/ linhagem/ raca Camundongo isogénico / C57BL/6
N° de animais 64
Peso/ Idade 20a 30 g/6 a8 semanas
Sexo Fémeas
Origem Biotério Central da Universidade Estadual de Londrina
Amostras a serem coletadas Tumor

Cumpre orientar que caso pretendam-se quaisquer alteragdes no protocolo
experimental aprovado, deve-se submeter o novo protocolo a apreciagdo da CEUA/UEL anteriormente
a execugdo das modificagdes.

Em cumprimento as exigéncias do CONCEA, em até30 dias da finalizagio do

projeto de pesquisa ou extensiio envolvendo o uso de animais (verificar periodo de vigéncia
expresso neste oficio), ¢ necessirio encaminhar relatério da descrigio de uso de animais
para ceua@uel.br, conforme modelo disponivel no site da CEUA:
http://www.ueLbr/comites/ceua/pages/relatorio-de-projetos.php.

Coloco-me & disposigdio, para quaisquer esclarecimentos que se fizerem necessdrios. Sem
mais para 0 momento, subscrevo-me, cordialmente,

Prof* DMNM“M

Coordenadora da CEUA/UEL

Jimo.(a) Sr.(a) Prof. (a) Dr. (a) Wander Rogério Pavanelli
Responsével pelo projeto

C/C para a Chefia do Departamento de Ciéncias Patolégicas /CCB
C/C para a Diregdo do Centro de Ciéncias Biolégicas /CCB

C/C para a Diregdo do Biotério Central/CCB
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